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SUMMARY

Thisﬁs.t'uay-'iﬁ;}estigated the possib.:iulity of 'clhe"detection of low-
energy, extremely low-frequelnc‘_':;} ___(‘ELF) electromagnetic radiation by
the pigeon and by the rat, fhroﬁg‘hi s‘elected measurement of.operant
behavior, With the rat,.a conditi:oned suppression procedure was used
in which the signal to be defected' .wa.s superimposed on a stable base-
line of responding, a variable interval schedule, and terminated with a
brief electric shock, Provided a stimulus was discriminable, a few
pairings with shock resulted in the suppression of responding in its
presence. A suppression ratio was computed by dividing the rate of
responding in a 1-min interval prior to the onset of the signal into the
response rate during the l-min presentation of the signal, Detection
of the ELF signal was operationally defined by a mean suppression
ratio which fell outside the 99% confidence interval around the mean
suppression ratio'of a control condition in which a pre-shock signal
was absent. For the pigeon, a conditioned acceleration procedure was
used which could engender increases in the rate of responding in the
presence of a detected stimulus followed by time-out from reinforce-
ment period. An acceleration ratio was computed in the same manner
as the suppression ratio. Detection of an ELF signal was operationally

defined by a mean acceleration ratio falling outside the 99% confidence
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interval around the mean acceleration ratio of a control condition in
which a pre-time-out signal was absent,
No reliable evidence of detection of ELF electromagnetic fields

at 45, 60, 75 Hz, 0,13-2,0 G, and 0 to 100 V/m was found.



CHAPTER I
BACKGROUND

Introduction

A broad region of the electromagnetic spectrum long thought to
have little influence on living systems under natural conditions has
been critically re-examined over-the past decade. This spectral region
extends from the microwave frequencies, through the radiowave frequen-
cies, to and including essentially static-electric and magnetic fields.
This renewed interest has stemmed from an increasing knowledge re-
garding the basic electromagnetic nature of many meteorological and
geomagnetic phenomena, as well as from the increased use in modern
society of external sources _‘of electromagnetic radiation (EMR) such as

radar, television and radio broadcasting, communications, power sys-
L ) =| ) kS

tems, an.d: 'e_le_“c-:,trica.'l appliances.  This’ situdx}'lf-izi-'sif?;éliznvestigated the possi-
bility that animal behavior might be affected by electric and magnetic

fields of low intensity alt;rr‘l‘atiin'g at extremely low frequencies (ELF).

- Ele¢tfomagnetic Radiation: :
Since electromagnetic radiation phenomena are not widely under-
stood, it will be helpful to describe the electromagnetic environment of

concern prior to describing the effect of that environment on an organ-



ism. This section describes the basic nature of the energy and com-
pares the energy with other, more familiar types. Although the infor-
mation provided can be found in most any physics textbook, as well as

in many literature reviews on the effects of EMR, this reviewer has

relied heavily on Winch ('195f5)f§, «White (1959), and Presman (1970) to pro-

i

vide the readiér with the necessary intréduction to-electromagnetism.

'E.le;c{:romagnetic ﬂéi'.gj-s&;.g;l:tfgr the properti.es-of' é:yl)a_(;e__‘r in their vi-
ci;;ty in a manner simila:; tot a:t[‘gf a gravitational field, In the pre-
sence ofka. mass, the propért—‘i‘é's ;)f space in“its vicinity can .be consid-
er..e'd fc; be s.o all’c;'ed ﬂiéit ancl>‘t21;ér n;ass brougﬁtljlto .thvis é‘egion will ex-
perience a gravitational force. Comparable interactions occcur between
electric charges and magnetized particles in an electromagnetic field.

The nature of electromagnetic energy is reflected by its two
components, the electric field and the magnetic field. An electric
charge produces an electric field around it that interacts with any other
charges present. The electric field created in the vicinity of an elec-
trically charged body is a vector quantity. The magnitude of the force,
acting on a unit charge situated at a particular point in space, is called
the electric field strength and is measured in volts per meter (V/m).
The direction of the vector is the direction in which a positive charge
moves in this field, The trajectories of the motion of this charge,

placed at one point or -another in the field, are called the electric lines

of force.




A magnetic field is formed aroun.d a conductor carrying a cur-
rent or exists in the vicinity of a permanent magnet, and is also a vec-
tor quantity., The magnetic field strength is the magnitude of the force
with which the field acts on an element of current situated at a particu-
lar point, and is measured in Gauss (G). The trajectories of the mo-
tion of an element of current, or the ofientatibns of an elementary mag-
net in a magnetic field, are called the ;nagnetic lines of force.

A flow of electric charge from one place to another is called an
electric current. An electromagnetic wave may be thought of being
made of moving fields of electric and magnetic force. Electric currents
generate electromagnetic radiation. The lines of force in the electric
field and magnetic fields are at right angles and mutually perpendicular
to the direction of travel.

Many electrical household appliances generate electric and mag-
netic fields. Some of these and their respective field intensities, as
measured in V/m for the electric fields and G for the magnetic fields,
are listed in Tables 1 and 2.

Figure 1 shows the electromagnetic-frequency spectrum and
some corresponding sources of radiation at various levels. Notice
from the illustration that"the ELF rﬁegion, that js of experimental con-

cern in this research, istthe same«region of the spectrum occupied by
fields produced by commercial-power systems. PQWé;‘- lines are not

funi¢tional radiators, but they do radiate some electrorrllé.hgffletic energy.
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Electrical Fields Meé,sured near Electrical
Appliances in a Private Dwelling

(Sanguine, 1972)

Aggliahce

Electric Blanket
Broiler

Phonograph
Refrigerator

Iron

- Food Mixer

Toaster

Hairdryer

Vaporizer

Color Television Set
Coffee Percolator
Vacuum Cleaner

Clock Radio

Electric Range

- Incandescent Light Bulb

Electric Field*

{volts/meter)
250
130

90
60

. 60
50
40
40
40
30
30
16
.15
4

2

*Measured 30 centimeters from device




_Table 2

Localized 60-Hz Magnetic Flux D‘enéities
Produced by Some Electrical Appltances

(Sanguine, 1972}

10-25 Gauss

325-Watt Soldering
Magnetic Stirrer
Power Feeder Cable
Hair Dryer

5-10 Gauss

Can Opener

140-Watt Soldering Gun

Fluorescent Desk La
Kitchen Range
Electric Shaver

1-5 Gauss

Bench Grinder
Arc Welder
Food Mixer

. Power Transformer .-

Induction Motor

Color Television:Set "

Food Biender
Electric Drill -
Portable Heater

0.1-1.0 Gauss -

Gun Toy Auto Transformer
Garbage Disposal

Clothes Dryer

Black/\White Television Set
Vacuum Cleaner

Heating Pad _

Eleciric Toaster

Bell Transformer

mp

0,01-90,) Gauss -

Home Electric Service Unit
Kitchen Fluorescent Lamp
Dishwasher

Laundry Washer
Phonograph

Calculator

~ Electric Irons .

. 0.001-0.01 Gauss

Refrigerator

TS R s T

PRt - e
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The wavelength of the radiation of concern to this research, 106 to 107rn,

is much longer than radiation generated by commercial broadcast sys-
tems or radar stations.

Finally, the distinction betwegp ionizing and non-i’oﬁizing radia-
tion is useful when examining the potential effects of ELF fields on be-
havior. Although there is no fundamental difference in the radiation
from various parts of the electromagnetic spectrum, the various radia-
tions affect living organisms differen'_cly. The ability to produce ioniza-
tion is related directly torvthe energy'levels of the radiation., Ionizing
radiation requires energty of thge-.o;jder of several electron volts in order
fo; it to Jexgaff ‘:‘suff_'liii-“:ient é:flectl.fo"r“hég.;:tét'ié}fox';i_c;e"tic‘i’iéltgr-the,outer'elec-
trrons‘“»._(')f the‘ atoms they —pa."s"s...,-::;;_'_I;“_\,he, energy as soc;ia;ted with electromag-
netlic radiation is proport_inonal,“to frequency,.and its value! is sufficiently
high to produce i?nizétion at the frequency of x-rays and in the ultravio-
let and \"r:iéib-l‘-e.pr.)hrtioﬁ' of thé ;pectrum 'Af";?:’l;;e- n;ucﬁ lo{vér microwave
and radio frequencies, the energy levels :;re' many times lower than
the ionizing potential, i.e., they are non-ionizing radiation. At these
positions on the spectrum, the principal effect is one of heating due to

the resistance which matter presents to the passage of the electromag-

netic wave.

Historical Background

Recently Becker (1963) and Kholodov (1967) have reviewed the
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éa:i;ly: %nxzé!siéi.g‘a';.tions of the effects of EMR on ‘1iv‘iﬁ§ §y:st_ems. The fol-~
lo-w-iné historical section}ésgﬁr\hﬁ#‘;};ji‘;es their finding;s:

Distinguishing iron—..:aigff:“:’a;"c‘t:i‘:n-g-nlagnets from other minerals,
physicians qulcl‘cly a.ss.-;c’:i:ib:éld:‘l}.?@li-n'g‘_%P’%op:ert;;ngs rt_?‘z-.t;}-le,_ mysterious rocks.
Each doctor used them in his own manner, Galen used a magnet as a
purgative. Avicenna treated diseases of the liver with a magnet.
Paracelsus used a magnet to treat hernias, dropsy, jaundice, and other
diseases, Mesmer treated nervous disorders with magnets. Finally,
the French Academy of Sciences stated in a written report that the heal-
ing effect of a magnet is caused by the direct effect of a magnetic force
on the nerves, In so doihg, this commission gave its official approval
of the use of magnets for medicinal purposes.

In 1879, Shiff repeated Charcot's experiments on the restoration
of skin sensitivity in hysterical females by placing their hands in the
field of a solenoid. In 1891, the biclogical effect of high-frequency
fields on an entire organism was independently observed for the first
time. Placing his subjects inside a solenoid that had a high-frequency
current flowing in its windings, D'Arsonval observed increases in
respiration and perspiration and decreases in weight and blood pressure
in hamsters and mice.

One year later, Peterson and Kelly repér_ted an extensive series

of experiments using the very large electromagnets available to them

in the Edison Laboratory. In one of the experiments, a dog was placed




in a non-uniform field of 4, 000 G to 14, 000 G for five hours with no ob-
vious discomfort. The investigators reported no subjective sensations
in five human subjects who had placed their heads within a 20, 000 G
field, whether the field was on continuously or repeatedly turned off and
on. In 1896, however, D'Arsonval reported that the application of
changing fields to the human head produced a subjective sensation of
light., This finding has since been referred to as ""magnetic phosphene"
and has been studied at length.

The problem of the biclogical efféct of EMR was first exten-
sively formulated in 1900, In a two-volume monograph, J. V,
Danilewsky reported the effects of different frequencies of "electricity
at a distance' on a frog. The original purpose of these experiments
was to observe the electric-field stimulation of the frog motor nerve by
means of open and closed.secondary magnetic circuits. From this sim-
ple problem, however, Da.n'gzle'f\&';éky ,z\:iv;e'r;.,t on tq;ié.tn?fly such problems as
the e@lect;?_ri_c.é.l-; p’ropﬂerties ;f the .mof.:or nerveand;he _grf-fec:ts of EMR on
e};qit;;b{lity of sensory nervesand nerve centers. I;qu a.lso investigated
the physiblogical effect of”ellectrlcal beams, ' magnetic flux, and com-
binations oija:rious glqﬁctricj?alieffeptsl. An geper_al,A the experimenter
found that EMR stimﬁlatioﬁ dildnnot diffea-’dx' fl:offl c;)n-f;a,ct stimulation in
that they both, for example, would cause muscle contraction in a frog.

Stimulating human sensory nerves with EMR, Danilewsky recorded di-

verse sensations--labored breathing, warmth, tingling, pain. Some-
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times, when the head was placed in the field, light flashes were sensed.,
When the entire subject was pla.c'ed in the field, nervousness often re-

sulted.

After the Worki ' "E]E)-énilewsky, it would seem that interest in the
, 3o . £y
problem of thph-‘efffg_gt of” EiMR ‘on an prganism would have developed ra-

;_;R;e%s:éai-éh declined, ,hp\'ﬁ,ev_e_r, until the 'de'vel_(a_"é;n}__ent of extensive

pidly,
5 S ] T i .
vaculim tube circuitry made’ itspossible to produce powerful EMR fields,

H

Since then, there have beén-,dia;_;ép-s" of monographs and thousands of arti-

c les;devgg ed,t othe effe ct s7 of 1EM Rpublishe d ‘durin g ti’lls p‘e riod: (Kholoddv, -

©1967)

Although the second World War abruptly cut off the development
of this interest, the atomic explosions over Hiroshima and Nagasaki
gave preeminence to the problem of the biological effect of ionizing ra-
diation.

The post-war appearance of radar stations, the proliferation of
electrical appliances, and the conquest of cuter space have reintroduced
the problem of the effects of EMR with renewed interest. For example,
the earth's magnetic field varies in time and place from about 0.3 G to
0.6 Gat ground level (Becker, 1963). Magnetic fields of many other
planets are much less intense than the earth's, The question has arisen
among space researchers of whether or not the human body, during its
evolution, has become dependent on the presence of the earth's magnetic

field for the maintenance of its normal functional integrity. Accordingly,
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it has become very important to determine whether a low-intensity
magnetic-field exposure could possibly lead to an impairment of
health or performance of an individual. Similarly, radiation effects
from electrical appliances and power systems have aroused the pub-

lic's concern,

Literature Review

Introduction

In examining specific environmental effects on behavior, it has
been useful to think of behavior as segmented into units called responses
and to think of the environment as segmented into units called stimuli,
The responses composing behavior have been further divided into two
classes. One class has been called operant, or instrumenté.l, responses;
the other has been called respondent, or reflexive responses.

Respondents show relatively sirnple relationships with changes
in the environment. Reflexive behavior is considered as innate, inheri-
ted responses to certain environmental events, for example, pupillary
constriction to a light in the eye or salivation to food in the mouth. Such
behaviors are said to be elicited by the stimulus, that is, they follow

the presentations of spec1f1c classes of stimuli. In addition, the magni-

=

tude and latency‘(df‘v--@. resﬁon’aeﬁt is de'pe‘pdent'cfm g‘.he magnitude, duration,

|
.

él.hd"qu'eqi‘ii‘en‘cY of the preceding stimulus. When'af""st—imp-lus elicits a re-

sponse because of the inherited structure of the org—anigﬁl; "and not be-

cause the organism has any‘specific previous experience with the stimu-

.




12

lus, the response is called unconditioned, and the associated eliciting
event, the unconditioned stimulus.
Although each respondent has an associated class of uncondi-

tioned stimuli, a new stimulus, previously ineffective, may acquire

eliciting properties., After so doing, the stimulus is called a conditioned

stimulus, and the response it elicits becomes the conditioned response.
The process whereby new stimuli gain the power to elicit respondents
is called respondent, classical, or Pavlovian conditioning and requires

that the new stimulus be‘temporally paired with an unconditioned stimu-

i -

lus. 4
N j"i .
R ~~D-Té:s_1i>‘.i."cké"1l:he fact that respondents cangt'k':;;bm‘e.,’;ux}der the control of

5 P
elicited respondents représent only

new ..s't-?rr-luli through cond1t10n1
a small proportion of the.;beha.;i\tiiaé?:f of the higher organisms. A more
pr;_‘cn_r_ni;rtll_-él}t class is desi‘g_.rlaﬁfte'd_was operant, ‘{‘;Ihel_',eas the frequency of
r'esponder;t behavior is determined mainly by the frequency of its elicit-
ing stimulus (the environmental event that precedes it), the frequency
of operant behavior is primarily determined by its effect (the environ-
mental event that follows it). Because no specific stimuli can be iden-
tified that elicits operants, these behaviors are said to be emitted,
Manipulation and control of operant behavior by the use of rein-
forcing stimuli is referred to as operant conditioning., If the appear-
ance of a stimulus as a consequence of a response results in an in -

creased probability that the response will reoccur in the future, the




b

s

stimulus -is called a positive. reinforcing stimulus,: 6r positive rein-
forcer. If the offset of a“stimulus, as a consequence of a response,
Al
B

results in an increased prot‘)éb‘ility that the response will reoccur in
the ‘f;t{lre, the sti;nuiﬁéilis c"alied a nega”éive relﬁforcer After the re-
sponse has been reinforced in the presence of a particular stimulus a
number of times, that stimulus may come to control the occurrence of
the behavior, i.,e., the rate and pattern of responding becomes a func-
tion of the stimulus value., Such a stimulus is called a discriminative
stimulus. It is said to set the occasion on which the response has pre-
viously been reinforced.

The behavioral Anl?.ge"out of which specific operants are shaped
is termed free operant behavior. The stimuli which generate this be-
havior are not specifiable. General motor activity is an example, Al-
though the level of activity may be substantial enough to measure, the
stimuli that control the activity are likely to be too complex to identify,

A detection experiment is one in which the presence or absence
of some aspect of stimulation is indicated by the subject (Gibson, 1969).
The stimulus to be detected might be a tone, a light, a pressure on the
skin, or a more vague form of stimulation such as a pulse of electro-
magnetic radiation, The indicator respohse of a subject in a detection
experiment may be verbal, such as a ""yes'" or ''no," or it could be
nonverbal, such as a change in the ‘rate of keypecking or lever pressing,

The interpretation of nonverbal data has been considered a for-
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midable obstacle to infrahuman psychophysics and believed insurmount-

able by early experimenters. In 1865, in his Introduction to Experi-

mental Medicine, Claude Bernard wrote; ''Experimental study of sense
,,\~T, -
organs must be made on man because animals-¢an not directly account

to us for the sghsations which they expetience” (1949, p. 125). The atti-
tude of 'mé.ny present-day._éﬁima;lzz.i?gychophysicists,. however, has been
that the problem has become o 1e’ of developing proceduresto provide

the necessary substitute for verbal instructions, and thus overcoming

- . TR 4

. o H 3, . e . ey =
LB

the T‘lé.ng{lage barrier" between subjééf and ekpefirﬁénter. In Animal

Psychophysics; The Design and Conduct of Sensory Experiments,

William Stebbins explains that "procedures must insure that the animal
can learn to attend to the relevant stimulus dimension and report on
very small changes in the stimuli along this dimension' (1970, p. 8).

The behavioral demonstration of detection is dependent upon how
detection is operationally defined, An operational definition must
clearly specify the relationship between the dependent and the independ-
ent variable. For example, an operational definition of detection of a
stimulus might be the occurrence of a reliable behavioral change in the
presence of the stimulus, Depending on the procedure used, however,
the behavioral change to be observed may be directly linked or indi-
rectly linked to the stimulus to be detected.

In the direct procedure the response is explicitly controlled or

elicited by the stimulus; the stimulus to be detected is utilized as an
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unconditioned stimulus, conditioned stimulus, or discriminative stimu-
lus. The strength of the behavior tends to vary as a function of the in-
tensity of the stimulus, particularly near threshold. If an EMR signal
can be demonstrated as an unconditioned, conditioned, or discrimina-
tive stimulus for a response, its detection by the organism may be said
to be directly demonstrated,

Indirect procedures study the effect of the imposition of a speci-
fic environmental condition on established behavior. In these proce-
dures, the control imposed by the stimulus on the behavior examined is
not as explicit as in direct procedures. The most that can be concluded
is that a reliable change in behavior has occurred that accompanied the
presentation of the stimulus; i, e., the detection of an EMR signal may
be indirectly demoqstrated if the presence of that field reliably affects
the development or maintenance of respondent or operant behavior.

Figure 2 provides a further exarnple which explicates this dis-
tinction among operational definitions. The diagrams depict two possi-
ble relationships between an ELF signal and a reaction time perfor-

mance demonstrated via a keypress response. In order to demonstrate

ELF detection with the” r ct procedure, reaction time might be mea-

sured to the pr‘egen‘_@tionhof an ELF:-;sig;ial. Iin_,,t,his case, the latency of

PR P S

the keyp eé“hs:ar'response is c_bnfroilqd by the onset of ‘the' ELF signal,

Howeéver, detection might,bé,igperationally demonstrated w1th an indi-

rect procedure by comparing”"'r"ea;ction time to another stimulus, such

o
Tl




DIRECT STIMULUS-RESPONSE RELATIONSHIP

Key-press
Response

INDIRECT STIMULUS-RESPCNSE RELATIONSHIP

EIf Signal

Key-press

Response

Figure 2. Two Procedures for Demonstrating
the Detection of ELF Signals.

16




17

as a light, in the presence and absence of the ELF signal. If the sub-
ject's response time to the light would reliably change during ELF ex-
posure periods, this procedure might be said to indirectly demonstrate
detection. In this case, the effect of the ELF signal may be described
as an ambient effect on the )k'éyprg-s;.s_‘ response controlled by the light,
The most that can be concluded from this procedure is that the change
in reaction time can be associated with the presentation of the ELF sig-
nal., Other demonstrations of detection of ELF signals through indirect

procedures might show the effect.of .ELF fields.on the level of general
motor acfci\r{it"i;“'or:on thé?ij’atte'Lﬂl'ﬂ'o“f"il'éépiéndi;ig under various schedules

..’ K Ep i‘i’- - ,"F - . - i B ' — !
of reinforcement, or on such tasks:as matching-to:sample,

A LAw
GoowEE T

The following section rTeviews the effects of EMR on behavior.

The author agrees with appraisals of the literature by past reviewers,
in that his summational beliefs have bBeen reflécted in their conclusions.
The following reaction by Becker (1963, p. 293) clearly reflects that of
the present author:
To review the literature pertinent to possible biological effects
of magnetic fields is a frustrating task, Many reports in the
scientific literature are based upon insufficient data and experi-
mentation of the crudest nature, Frequently, diametrically
opposite results are reported under what appear to be identical
conditions. In order to reach even tentative conclusions, some
type of critical, organized review is necessary.
Papers reviewed have been limited to those published or pre-

sented within the last 20 years, Those studies based upon grossly in-

adequate techniques, and those which fail to specify in sufficient detail
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the‘te;chniques utilized, ha.ve 1'1;l‘¢-3‘;'.1;'0mit'ted. An outiine»‘of_.fi_i{‘e material
that follows is presented in'iné%?é"&

Eiven though n’aué;-h'i-ﬁff:;‘nmat;xqggis';a.va._‘i"lf‘ilglglc—:-opc:%"ermng-the ef-
fects of electromagnetic fields, most studies have dealt with frequen-
cies far different from ELF. The microwave region (1000 MHz and
higher) has received the most attention (Thompson and Bourgeois, 1971).
Much direct evidence that microwaves can be detected has been pub-
lished in the Soviet literature (Presman, 1970).

Although different from microwaves, signals in the radio fre-
quency region have often been considered with them in the more general
reviews (Barnothy, 1964, 1969; Frey, 1965; Presman, 1970). This re-
gion extends from about 14 kHz to about 1000 MHz, where the micro-
wave region begins,

Considerable research has also been performed using steady or
alternating magnetic or electric fields (Becker, 1963, 1969; Busby,
1968; Aceto, Cornelius and Silver, 1970; Conley, 1969, 1970; Reiter,
1972). Steady magnetic fields may be generated by direct current
sources or natural magnets.

As shown in the outline in Figure 3, Section 1 reviews the be-
havieral effects of non-ELF electromagnetic radiation, i.e., EMR at
frequencies different from ELF. Only those studies which examine
microwave, radio frequency, and static or alternating magnetic or

electric fields are reported, since the physical characteristic of sig-
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Table 3

Organization of Material
in Literature Review Section

SECTION 1, BEHAVIORAL EFFECTS OF_N'ON-ELF
ELECTROMAGNETIC RADIATION
Indirect Procedure Results '
Part a, Effecis on free=operant behavior,
Part b, Effects on conditioned behavior.
Direct Procedure Results |
Part ¢c. Non-ELF radiation as unconditioned
stimuli. | |
Part d. Non-ELF radiation as conditioned

stimuli.

SECTION 2. BEHAVIORAL EFFECTS OF ELF
ELECTROMAGNETIC RADIATION
“Indirect Procedure Results
Part a. Effects on free-operant behavior.
- Part b, Effects on conditioned behavuor
: ,A.Dlrect Procedure. Results o .
PR Part c. ELF radlatlon as uncondutuoned
, stlmul|
Part d. ELF radiation as condutroned ’

stimuli.
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nals from these regions most clearly resemble ELF signals. Section 2
considers those behavioral effects directly attributable to ELF field
stimuli,

Before examining these studies, it is imperative to distinguish
between high-frequency EMR physical reactions .and low-frequency
EMR, physical reactions. According to Thompson and Bourgeois
any object located in a non-ionizing radiation field absorbs power, and
this power is dissipated in the form of heat, They explain that the
amount of power a.bsorbgd is a2 function of the power density of the field,
the physical size of the :objects as related to the wavelength of the radia-
tion and the ra.dia.tion—a.-bsorptibn characteristics of the objects. The
authors conclude that, generally speaking, living organisms are of
such physical size that ai? f_}'_equencies below about 20 MHz, they consti-
ture only a fraction of a wavelength thus abso;b’i‘ng relatively little
power 'frorn":‘th,ej field unlééé power c'i\eriisities .a._r':e' '.f;}_?rdilnately high, It
should :'b'é noted that in fie::l'éi:sf-“a)h‘('n‘.;«@ 20 MHz and at ;.b;)wé'ﬂ'fhaqfierate in-
tensities, behavioral effe:&:éfs;'a;rei, most likely due to heating of the organ-
ism (thermal effects), On. the .other.hamd, the source Qf giifects asso-
ciated wi£h fields l;elér;n; fhis eé;ablished Acriteriorn is yet té be conclu-
sively determined. . The poessibility remains that these effects are due
to some other intrinsic stimulation of the neural structures by the ra-
diant energy itself (athermal effects).

No clear biological effects, like visibility, are apparent in the
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presence of low-frequency EMR. Because of this, it is beneficial to
examine the effects of the surrounding frequencies, non-ELF, as well

as the effects of the fréqu

ency range of primary concern, ELF. The
value of this jinf‘(%irﬁjiationf}fieé- in __thel_'.id:e;ﬁificat‘i‘oz}-{pf potential methodol-

P

o’gy b'yWh).Ch ELF signals maybeexannned

: Inf‘é'u,(‘i;dij‘.{:._i_on,u since desig-
nations such as ELF, VLFHFVHF UHF, 'MICROV\?AVE? ctc., are
arbitrary in respect to biolo-g'f;}__ficjlif'ire::%fects, the demonstration of behav-
iotal gfféctsiof non-ELF fields would tend to stréngthen the possibility
of ELF effects,

A variety of behavioral approaches have been used for studying
the detection of EMR in animals., Four ca.teg“or-ies of behavioral effects
are reviewed in both the non-ELF section and the ELF section that fol-
lows.

Part a considers the effects of EMR on free operant behavior.
The behavior elaborated in this part of the literature review refers to
behavior that has been elicited or initia.lly controlled by stimuli that
remain unidentified, Studies are reviewed in which experimenters have
used indirect procedures to demonstrate detection of EMR by associa-
ting reliable changes in behavior with exposure to EMR.

Various measurements of motor activity constitute a large por-
tion of these behavioral changes. These include revolution of an activ-

ity wheel, transversals of squares in an open field situation, crossing

from one cage compartment or section {o another, jumping from perch
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to perch, or cage tilting,

Part b reviews the behavioral effects on conditioned behavior.
Also focusing on results from indirecf procedures, this analysis com-
prises EMR effects on Pavlovian or operant-conditioned behavior, such
as the latency of a conditioned response, or scheduled behavior, such
as the rate of responding under a schedule of food reinforcement, Stimu-
lus-controlled behavior, such as reaction time in a'simple cne-choice
task, is also reviewed,

_If alterations in either free operant or conditioned behavior can
be reliably demonstrated during or after exposure to EMR fields, the
studies reviewed in Parts a and b will have demonstrated detection of
EMR through indirect procedures.

Parts ¢ and d review results from studies which used direct pro-
cedures to demonstrate detection of EMR. Part ¢ focuses on studies
which have used EMR radiation as unconditioned stimuli, and Part d
considers studies which have used EMR radiation as conditioned.
stimuli., The unconditioned behaviof elaborated in Part ¢ refers toa
larger variety of behaY;Qrs that evidence has indicated may be elicited

by EMR signals, e.g., rfé’viga:tifﬁ'n and orientafion._.responses, escape
and avoig-g,ﬁ;c.eI:frA.esp‘o.nses, and visual and audit{b‘;y:sex_lsations. Although
the upcdnditioned responses -ma"y.--l'rlot be explicit, the rble;'of; the EMR

as an eliciting stimulus is clear;in all of the studies reviewed,

_ Patterns of keypecking, rate of lever pressing,, directions of




ma.;e turning, etc., ha.ve%-."b;eh._’ma.f:.t-_?flznpt'ed to be bro-ught unfier the con-
trol of EMR -stimgli i_n stuqie-s reviewed in Part d. Stimulus control
tecliihiqué‘é of‘th-eé;;e s"cfu‘.diges" pr:évide éxé;,nii)leaé"“.o'f dlrect procedures for
demonstrating detection. The following literature review considers
each of the four behavioral approaches to demonstrating the detection
of first, non-ELF signals, and second, ELF signals.

Section 1, Behavioral Effects of Non-ELF Radiation

Part a. Effects on free operant behavior. One of the most popu-

lar approaches utilized to study animal behavior in the presence of non-
ionizing radiation has involved the measurement of general motor ac-
tivity. Considerable effort has been devoted to the idea that electro-
magnetic fields may interfere with the control exerted by naturally oc-
curing, environmental events on behavior in various animals.

Ultra -high frequency radio fields seem to affect activity in an
inconsistent manner. Eakin and Thompson (1965) observed the effect
on general activity level in rats exposed for 42 days to microwave ra-

diation, 0,02 mV/em?

, swept from 450 MHz to 950 MHz in 2-min
cycles. Recording the number of squares crossed in an open field dur-
ing 1-hr post-exposure session, the experimenters found that activity
was significantly greater for the experimental subjects than for unex-
posed control subjects during the early portion of the experiment. The

level of activity of the experimental group, however, approached that

of the control group as the experiment continued and the teotal exposure

e T
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time increased. By the 13th day of exposure the number of squares
traversed by the experimental group was significantly less than those
crossed by the control group. Thus there seemed to be a reversal of
effects as the total exposure time increased,

Results from static field studies appear equally inconclusive.
Barnothy {1960) measured the number of times a mouse would cross
from one compartment of this cage to the other. He concluded that for
40 female subjects during their first 70 days of life, the average activ-
ity rate was 100 to 300 traversals per day. Ten mice designated as
the experimental group were exposed to a steady magnetic field of
4200 G for 4 weeks by placing their cages in front of a 300-1b magnet,.
Beginning on the 223rd day after the subjects were removed frorﬁ the
field, activity measures were recorded fora p__eriod of 185 days. The
activity of the magnetlcally t‘r‘;a:t:ad‘ ;ninié.:ls was on the average of 50%
higher-thanLth;a,t of the 30 non-gxpdls_:ed (:ontroi sulf;ij:ect‘s.

Other studies have?:repértéd no behavioral effects due to expo -
sure to magnetic fields. Jennmgs and Ratner (1963) found no signifi-
cant"d—iff;éren'cés 1n rze‘volugiciitr.lj-sfperi‘dé,:j} betweerfmlce 1n r;.;r'i activity
wheel exposed to a steady magnetic field and mice in an unexposed ap-
paratus. The magnetic field parameters varied from 200 G to 3500 G
over the experimental condition but remained constant at one setting
during each 24 -hr exposure period,

Investigators also have examined the drinking and eating habits
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of mice during exposure to a steady magnetic field. Russell and Hedrick
(1969) prepared a T—mazg in which both ends provided food and water,
but one end was gonstalgtié; egpogfedsgo a high, st»ea_.fiy magnetic field of
1100 G. In th}‘us study acfivituy was é};pré'ésedg?‘;é' ‘the tol:a.l number of

t-;'iips each ;rllimal made to ";eithjg_a'“r ‘1‘6“catio-n and the t;)té.i a.rnount of time
sper;%: there. The 11 mic;iwéi“;‘e not deprived when observed. The total

time spent in the unexposed end (2103. 8 min} was greater than in the

K ¥l

exposéd é'rid (1839 5 mfni, butthe é.rili.;;lals rr;a“.ci-e.n;(-)’r; :{.:ri:ps to the ex-
posed end (2, 240 trips vs. 17, 044 trips).

Although the authors state that the animals showed a preference
toward increased activity in the high magnetic field environment, the
basis for their conclusion can be questioned since the two activity mea-
sures were in conflict,

Kholodov (1967) observed the effects of steady magnetic fields
on the activity of fish and birds. The experimenter placed sticklebacks
in a tank around which a solenoid was wound; this solenoid, connected
to direct current, created a 50-G to 150-G steady magnetic field.
Dorsal-fin motion as recorded on a kymograph indicated that motor
activity of the fish during 1-hr exposure periods to magnetic fields was
greater than before or after each exposure, In the absence of quantita-
tive data, the author summarized the test results by showing how fre-
guently the -effect was observed. In 64% of the cases (54 test exposures),

a magnetic field increased the motor activity where decrements were
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observed in 15% of the cases. Procedural irregularities again have
marred the conclusions, The number of test exposures run for each
subject varied greatly. Out of 11 subjects, 8 were tested less than 6
times each, and 3 were tested more than 16 timesrea.ch.

El'darov-and Kholodov {1967) observed the effects of low-intensity,
static -magnetic fields on the motor activity of 10 birds from the sparrow
family. Some of the home cages were exposed to a steady 0.7-G to
1,7-G magnetic field for 2-hr or 9-hr duration, and other cages were
unexposed. The frequency of peréh,—to—perch movement was measured,
Out of 28, 2-hr test exposures on 5 subjects with the number of exposures
per subject varying from ! to 12, increases were observed in perch-
jumping behavior in 90% of the cases. Of the remaining 10% of the cases,

either no effect or a decrease in activity was recorded. In the 9-hr

-exposure condition, a total of 20 exposures were given to 5 birds, where

the number of exposures per subject varied from 1 to 7 exposures per
bird. The results of this condition were similar to those of the 2-hr
exposure condition, Increases in activity were noted in 85% of the ex-
posures, and decreases 1n the remarining 15%. As in the Kholodov ex-
periment rg;ﬁq;téd’:garlie%—; fHe ;nuﬂiﬁerf‘_pf fie;l-'(g'_ll, ngposures per subject
va.rled enoughto introduce r--‘?l‘i;é‘prS‘s'iibility th;t‘" :thé observed results might
B"é* du;a to uncontrolled suijeéfi}affécts. |

Some studies have défﬁoﬁs‘frated increments in animal activity

du'}i_né "éx;p_o sure to constant el.ébt ri'c-': fields., "'--Altraﬁa.n;, obs e{rved that tilt-
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cage activity of white mice and zebra finches was clearly increased in
a constant electric field of 1000 V/m.

The foregoing studies have indicated few reliable effects of EMR
on the activity of higher organisms. The discussed motor reactions
such as square crossing, perch jumping, wheel turning, etc., may be
attributed to a number of variables. Because of this complexity, the

use of general motor activity as a measure of the effects of EMR has

Tum?

provided little understanéiing;, since-the variables controlling these be-

#,

haviors are: liyth_ unaersfgbd. E'Mé)re 'sp'ecifiq;.u érviﬁf(ajnce ‘of the action of

EMR has been provided bystudl -is__“"df conditioned behavior,

Part b. Effects on condltloned behavior. Suppression of condi-
tioned responding after expomsgrqe to a moderately'high-power density
microwave field has been reported by Tallarico and Ketchum (1959).
Rats were conditioned to barpress for food under a schedule of continu-
ous reinforcement (food was available after every barpress response).
Then the experimenters restrained their subjects in a prone position
and exposed the rats to 1.25-cm microwaves at 109 rnV/c:rn2 for 15-30
min, The subjects 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 (interresponse time) and a decrease in the frequency of
barpresses. This effect appeared reversible because after 1 month of

no exposure, the subjects' responding returned to the original baseline.

Because the restraint of the subjects was confounded with exposure to




the radiation, the observe-c-l effectcou.ld be due to either variable,
'=Sif:gn'1fi'ca-_n:t_,deg:'reé.s'fésf;in‘ _1ater.i<iz}r of cdnditipned respondent be-
haviors during exposure to low-power density microwave fields have
been reported by at least two reviewers (Presman, 1970; Thompson
et al., 1971). DBoth have described a series of experiments by
Lobanova and Lobanova and Tolgskaya in which rats were subjected to
pulsed microwave fields of low (athermal) intensity (10 mW/cmz) in
three frequency ranges--millimeter, centimeter (10 cm), and deci-

meter.

After the establishment of a conditioned response and a discrimi-

nation response, the specific nature of which was not described, the
animals were irradiated daily for 45 days with the number of exposures
per day per subject varying each-.day. The subject's behavior was as-
sessed from the length of the latent period, the interval between the
signal (a light or a tone) and the initiation of the motor reaction, and
from the percentage of failures of discrimination,

According to Presman the irradiation with millimeter waves
had a relatively weak effect. There was a slight reduction in the latent
period and failures of discrimination in 62% of the total number of
cases, but these effects did not occur until after 48-52 exposures. Ir-
radiation with centimeter waves (36 exposures in all) had a greater ef-
fect, The first few exposures led to failures of the conditioned re-

sponse, and by the end‘fi‘é"f_:;_\the treatment the latent period had increased
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from 2 to 7 sec., Discrimination, however, was unaffected, After
50-52 exposures to decimeter waves, there was a slight reduction in
the latent period, and discrimination was upset in 50% of the cases.
After the next 54 exposures, opposite changes occurred. Presman con-
cluded that in all of the described experiments, there was an increase
in sensitivity and a weakening of discrimination in the first period of
irradiation and a reduction of sensitivity and the‘dev'eloprnent of dis-
crimination in the second period. Presm:a.n, however, has provided
the reader with too little specific information to accept his account with-
out question,
Subbota {1958) also has reported the deterioration of conditioned

responses after exposuyqtgjnicrowave fields. He exposed dogs for

I to 2 hours a day at a power density Qflf'zrnW/lém»Z. After irradiation,
the:dogs were. allowed to-;x;alk é.l;éut for 10-15rﬁmand were then placed
in the- conditioning apparatus. A classical conditio-nir-lg;Jp?o.cedure that
utilized the salivation resp-c;nse'wa.as used, As in many Soviet experi-
ments, after preliminary condltlomng tr}ials the expe_.riimepter divided
his sui;jects into two g:1;0up5, ]:hosé who Were é;c:citali.:ﬁle. and those who
were not, In the excitable dogs the saliva response was decreased in
quantity and the latency shortened after exposure to microwave radia-
tion, In the other group, the response to the treatment was the oppo-

site,

Electric field studies with rats and monkeys have demonstrated
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little effects on conditioned responding., Hirsch and Bruner (1972) ex-
amined the effects of h;ig_l?-i'htensity electric fields on rat maze-
running behavior, Afterhtheanlma.ls had 1earr§t%<fi:;to Tun a maze without
makmg an-.y_;:i.fzf.-(')‘rs, they were ISfujtaj:?cte:d‘-to tﬂfee' p;i_u,lse:f.s oof 600 kV/m,
The_.dBSE;rved startle responseg a.t .‘the instant of puilsin&g*.-w:’e*fe probably
associated with the uncont"rdllllq,&;'j_,.l—:éud cracking noise of the discharge
an:fgi;-_mg:s&'likfe‘_ly;,?;q;cogp‘figd for the meedmteces satmnofthe maze run-
ning that followed. The effect was temporary, however, as the pre-
exposure performance levels quickly recovered.

In another experiment reported by Hirsch et al. (1972), arhesus
monkey was trained on a shock avoidance task whereby a pressing re-
sponse was required on one of four 'pla.sﬁc keys whenever illuminated
or on 2 fifth key when a 200-Hz to 20, 000-Hz tone was presented, Fail-
ure to respond within 5 sec resulted in a brief, neck-collar shock of
10 ™A After the animal responded immediately with virtually no er-
rors or emissions, it received ten successive electric field pulses
spaced approximately at 10-min intervals. The first five pulses were
about 300 kV /m; the next three were 450 kV /m; and the last two were
600 kV/m. Following the electric field exposure, the éubjects con-
tinued to perform rapidly without error on the avoidance-discrimination
task, . The startle response was present again,

Beischer, Knepton and Kembro (1962) observed that rhesus mon-

keys stopped lever pressing for food upon exposure to a 60, 000-G static
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magnetic field, Similar results have been observed in studies using
rotating magnetic fields utilizing conditioning procedures based on
aversive as well as appetitive motivation,

To summarize, non-ELF EMR has demonstrated some eifects
on conditioned behavior at high-frequency and intensity levels. Although
the behaviors examined were better differentiated than general motor
activity and the variables controlling these behaviors -were more appar-
ent, the effects do not appear especially reliable. More specific evi-
dence of the detection of EMR has been provided by the studies that
utilized non-ELF radiation as unconditioned or conditioned stimuli.

Part ¢. Non-ELF radiation as unconditioned stimuli. Many

changes in sensory function and perceptual organization under the ef-

fect of non-ELF fields have been reporfed in the literature. Auditory,
visual, and tactual sensations have been reported by subjects exposed
to microwave, radio-frequency, or static magnetic or electric fields,
Such responses imply that EMR signals may serve as unconditioned

stimuli,

Frey (1963) observed that the human aﬁditpry system can re-

L
I

spond to ;_gléc.f-%‘r;gméig'netic energy in the UHFportgon of the spectrum,

He re_‘_f):orte'd that this effq_ct odfﬁg:r’éd instantaneously -a:'g_id at. moderate
power densities (100 mW/-crriZ_),?, Frey established the following fea-

tures: (1) People exposed to a pulse-modulated EMR hear various

sounds dé})en&ing on the modulation, The nature of the perceived sound
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was described as being a buzzing, ticking, hissing, or knocking,
(2) Surrounding noise of up to 90 db does not dispel the '"radiosound'' or
the sensitivity to it, (3) The use of earplugs enhances the radiosound
effect., (4) There are certain threshold intensities below which there
is no effect, and the greatest sensitivity was to the frequency range
from 300 to 1200 MHz,

Frey's work with radiosound has clearly demonstrated a sen-
sory effect. It has presented, however, rather formidable problems
in the analysis of the nature of the effect. Although experimental data
have not been complete enough for clear differentiation, Frey's explana-
tion is that this phenomeﬁéh fﬁay be the result of direct-cortical or
nerve-fiber stimulation (1965), Othe.r evidence _pg:ints toward the fact
that in many of tHese cases electroméchanical excitation of tissue may
set up -vibrations which would be carried by bone conduction to the inner
ear stimulating the cochlea in thé Inorrna.l manner (Sommer et al.,
1964). -
A study by Jones (cited by King, Justesen, and Clark, 1971)
yielded negative results. According to the reviewers, Jones reported
that none of 20 college students examined could discriminate between
the presence or absence of 30- or 60-cm microwaves. King et al,
note, however, that since unmodulated energy was used in Jones'
study, its negative findings agree with Frey's belief that modulation is

necessary for the detection of microwaves.
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Wieske (1963) has repofted auditory effects due to the action of
alternating electric fields from €0 Hz to 15 kHz (with maximum sensi-
tivity at 3 kHz) and also in response to the application and removal of
an electrostatic field, This report was more of a chronicle of the au-
thor's encounter with two women who appeared to be sensitive to the
signals as opposed to an experimental investigation, and its data should
be considered in this light. The subjects discussed had reported con-
siderable discomfort in their homes due to noise which was systematic-
ally eliminated by the author through grounding and shielding proce-
dures.

Thompson et al. (1971) has reported the results of an unpub-
lished doctoral disseri:ga;:i'gil by Bourgeois that_‘:_inyestiga.ted the effects
of exposure tb,U_HE radiat’ioﬁ ;:>n‘ the ma-ludi_':itory ‘thz‘;_e;shold of human sub-
‘jécts. Subjects were exposed to low-intensity (0: 5, 1.0, and 1,5
m‘}\l;Ysz) radiation at 1 GHzfor 2 min previous to and d’L;f'iﬁg the pre-
sentation of an auditory stlmulus Auditory stimuli were pure tones
of 500°, 2000, and 5000 ﬁ;ﬁiéé‘entéd‘ through héadphones. Radiation
modulation parameters included continuous wave {no modulation), 400-
and 1000-Hz sine-wave amplitude modulation. The reviewer reported
that exf)osure to UHF radiation resulted in a significant decrease in au-
ditory threshold and that this decrease was directly proportional to the
magnitude of the average power density to which the subjects were ex-

posed. According to Thompson et al. thresholds were also found to be
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a function of the type of modulation used, since the auditory thresholds
were significantly lower upon exposure to the 1000-Hz modulated radia-
tion than upon exposuré to 400-Hz modulated radiation.

Experiments with microwave radiation have also reported orient-
ing or attentional responses in higher animals, implying that these sub-
jects were aware of the radiation. Michaelson, Thomson and Howland
(1958), in the course of studying temperature and blood changes, inci-
dentally observed avoidance and orientation reactions in dogs. Moder-
ately high-power densities, i.e., 45, 100, and 165 rnW/cmZ, at 2800
MHz durations of 60, 90, and 120 min, respectively, were used.
Michaelson notes that although dogs were sometimes quite agitated,
they continued to face the source of the radiation. These responses
have also been interpreted as thermal effects (McAfee, 1961, 1962) and
auditory effects (Frey, 1965),

Data from studies investigating the potential of an electric field
to serve as an unconditioned stimulus for an escape reaction have re-
mained inconclusive. Schua (1953) and Zahner (1964) performed the
same experiment and observed different results. Schua exposed two
groups of golden hamsters to a constant field of 9 V/cm and observed
no effect., However, upon exposure to a 9-V/cm electric field alter-
nating at 10 kWz, the an%m?ls would move their nests to an unexposed

area of their cage. After the first 24 hr, 40% of'tﬂ'e animals had re-

acted; after 72 hr almost 100% of the nests had been changed,




Zahner rephcateél :Scf;'ﬂaf';s experlments ﬁ'singw:g_é.n,g,'l;O?‘;kLI—I'z,i 6+ to 7-V/m,
electric field and found no effects.

Humans appear extremely tolerant to high-intensity constant
magnetic fields. In his search for data on human exposures to magnetic
fields, Beischer (1962) asked a number of nuclear physics laboratories
to comment on the experiences of their personnel who enter high-
intensity fields in their work. From the results of his survey, Beischer
concluded that exposure of part- or total-body to magnetic fields up to
20,000 G for short periods of time can be tolerated by man without sen-
sation. Also, there seems to be no effect of cumulative exposure to
fields of 5,000 G, for a total of 3 days per year per man.

Studies investigating the phenomenon called magnetic phosphenes
have been reviewed by Aceto et 2l. (1970) and Frey (1965). The mag-
netic phosphenes have been uniformly described as colorless or occa-
sionally light-blue tinted, shimmering luminosities appearing in the
borders of the visual fields. Most reviewers have noted that the inten-
sity as well as the character of the sensation is strongly frequency
dependent, Phosphenes are produced by the application of 10~ to 100-Hz
alternating magnetic fields with intensities as low as 200-1000 G, The
intensity of the phosphene is greatest at about 20 Hz, and at such low .
frequency it appears to be synchronized with the magnetic field. Above
90 Hz the effect becomes 1ess Prqngpnced. Finally, the patterns of mag-

netic phosphenes appear to be ideintical to thog';e'-.p'frgduced by electrical
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stimulation of the visual cortex.

Studies reported by Jaski (1960) have indicated that people exposed

to radio frequencies were subject to visual hallucinations. According to

Jaski in 1935 an Italian university professor, Cazzamalli, placed human

subjects in a shielded room and exposed them to high-frequency radio
waves which ranged up to 300°'MHz., The experimenter found that some
of his subjects would hallucinate under the influence of the waves. Un-
fortunately, the details of his experiments have not been published.
Beischer has apparently carried out the only human experiments
to date in which the effects of extremely low-intensity magnetic fields
{below 1,0 G) were obsgryg@. Preliminary experiments indicated that
the absence of the earth'sl mag;n'gtﬂi;— fleld {0, 3-6: 6AG) caused a decrease
in the s,cojrt_opéic critical flicker—ffusflon :‘f:;'équeﬁc:y (1963) During the post-
expgsun::;e control pericd lnvfhlchthe subjects lived OutS].dethe field,
frequency values returned‘tgwﬁn_a,,pre-exposure levels aver-a period of
several d,ays,._ In a follow-up St‘!;ldy:, four subjec;tst were exposed to mag-
netic fields of less tha’n 1.0 G.(SO gammas) :n -inten.sity for 10 days, with
reference behavior in the earth's magnetic field established by a 5-day
control period living in the same chamber before and after exposure
(Beischer, 1966). As in the preliminary study, the scotopic critical
flicker-fusion frequency again showed a tendency, in 3 of the 4 subjects

studied, to diminish gradually during the exposure period and then re-

cover rapidly to baseline levels in the post-exposure period.
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Orientation reactions to magnetic fields have been frequently

o

reported 1n10{5ver %’fﬁga,nisﬁii'ns' such é:.st:'pl;a,lﬁari%r“l-sk.;a.ﬁd snails {(Brown,
li;i)rf)i.’.)"é,nqﬁihs-ects (Faski, 1960,2[.;.1nda.uerand Ma.rtm, 1972) In addition,
thebrists have explained thenav1gatlorn of birds by the (uJV:.o!rfolis force

for the measurement of 1atitﬁﬁ€-3ar,f'i’iid., by variations of the earth's magnetic
field 'foii':,:f]lg'_(la_ngituaéi:‘"(Yéza;.glﬁe;, }1947 3 Keeton, 1972)“‘ Mucfl of the support-
ing evidence for such hypotheses have been from studies in which mag-
nets mounted on birds have disoriented their homing behavior (Keeton,
1972).

Numerous variables, however, have consistently appeared un-
controlled in these field studies. Many subjects are not recovered.
QOthers return missing their magnets, misplaced somewhere along the
way. Considering such conditions, one is not surprised when neither
Yeagley (1951) nor other investigators {Gordon, 1952; Van Riper and
Kalmbach, 1972), attempting to repeat his experiment, ever obtain the
same results again. Furthermore, well-controlled laboratory studies
have often provided contradicting evidence (Orgel and Smith, 1954;
Meyer and Lambe, 1966),

The studies reported above have demonstrated that electro-
magnetic radiation at frequencies lower than visible light and thermal
radiation can serve as unconditioned stimuli. In this respect these

stimuli may be called detectable, inasmuch as a reliable change in

behavior has been associated with their presence or absence. In addi-
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tion, physical characteristics of the signals such as frequency, intensity,
and modulation have affected their detectability., Such revelations sug-
gest that sensation; possibly similar to magnetic phosphenes or radio-
sounds, may be as socia.tea with ELF electromagnetic fields as well.
Before one pursues this question, however, it would be advantageous to
investigate the possibility that EMR signals could serve as conditioned
stimuli, Conditioning of behavior to EMR stimuli would establish their

detection in that organism.,

Part d. Non-ELF radiation as conditioned stimuli. Numerous
Russian experimenters have used EMR signals as conditioned stimuli
for the elaboration of Pavlovian conditioned responses (Presman, 1970;
Barnothy, 1964, 1969). An extensive series of studies on a wide vari-
ety of animals have been reported by Kholodov (1967), His studies in-
vestigating effects on activity were reviewed earlier. The following
studies represent the experimenter's attempts to condition a variety of
respondents to constanl;_--r}{a_'a:gnetic fields. A head-shaking response in

to a tqr}re.f ) 'Iﬂhiéi"zi'esponse conditioned in birds"r'a.nd fish"wa.s a "food-
getting! ﬁotion in the presence ;)f:.;;a conditioned (discrilmi:'nj:;.l‘i:ive) stimu-~
lus which was either a light 0;';-5.’~-t,oﬂe. Since these "food-getting' mo-
tio_"n;ls: Weii-qué‘g_u‘i‘r,éd tc_);‘ gllczé,giﬁ,'_i'lin«thei‘p‘Lz_‘gas‘énce of the sf:'ii'ﬁu{l_eus and were

rewarded with food directly after their occurrence, the conditioning

paradigm appeared to be more related to.one of operant conditioning
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than onejof Pavlovian .-:onditioning. An ";:lectrodefeﬁsi;re" reflex in fish
was established by pairing dorsal-fin movement to an unconditioned
shock stimulus and then pairing a light or sound stimulus with the shock.

Using electromagnets, Kholodov generated constant magnetic
fields 100 G to 300 G. After a behavior had been conditioned, the ex-
perimenter introduced the field signal as the conditioned stimulus instead
of the light or tone, It was found that '"food-seeking' and '"electrodefen-
sive' conditioned reflexes can be produced in fish by static magnetic
fields of 100-G to 200-G strength. Food-seeking responses (5 fish) oc-
curred on the average after 5 trials; they were established (to a crite-
rion of 5 successive times) after 23 trials and reached 60% stability.
Electrodefensive conditioned reflexes (14 fish) occurred after 11 trials
on the average. They proved established after 64 trials and reached
39% stability. According to the author's conclusions, it was easier to
produce food-seeking conditioned reflexes in fish to a magnetic field
than electrodefensive reflexes; however, the production of both by a
magnetic field was more difficult than by light or sound stimuli, At-
tempts to condition rabbits and pigeons to magnetic fields of 200 G
were unsuccessful,

Procedural irregularities, manv of which were referred to ear-
lier, again do not supR%rg--the author's conclusions. Foremost among
these are the compilete neglect ‘6f' stlmulus con;:ro} conditions, The ex-

e

p,e'x"‘:iment:'er: si‘rh@ly conditioned behavior to light }aﬁd sound stimuli and
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compared the S-R interval (the interval between the presentation of the
stimulus and the experimenter's observation of the response as timed
with a hand-held stopwatch) with that of behavior conditioned to magnetic
field stimuli, After considering the author's previously reported finding
of increases in activity during field exposures, the lack of pseudocondi-
tioning controls in the present experiment can be questioned. Until a
condition is examined in which conditioning can be observed separately
from activity effects, onhe cannot conclude from the above data that
magnetic fields can be weak conditioned stimuli.

Classical conditioning procedures have been employed by other
investigators in well—cén‘fi';lle.d experiments. ..,_:Qrgel and Smith (1954)
gave two ;fer‘na."lve hogijling };i;'g'eor;‘s"‘pr‘é‘l“ifn_i_ﬂary trai,r‘i:ing on buzz-shock

a

'seque‘nc,es Until both anima_._»l__é- :w'e.ré' conditioned to {iralk,- or run, at the

pre:enta.tion of the buz.zeif_“:a.‘nq before the onset of shock, 1n 19 out of
20 trials (95%). After 820.’:'1""13,1-;: tﬁe animals were conditioned in the
sa.n;;e m‘a;nnei-‘"foa’ligii"lli::éérti;{ui&ﬁs' also to a crlterlonof .1';35%. After ap-
proximately 200 trials per bird, a constant magnetic field of 5 G was
substituted for the buzzer and light used previously, After approxi-
mately 1000 trials per bird, no apparent learning had occcurred during
the magnetic field-shock sequénce, despite the fact that training was
continued for a longer period than in the other two sequences. The re-

sults gain added significance from the fact that previous buzzer and

light-shock sequences might be expected to facilitate the learning of a
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later field -shock;. that is,%é:p'd;sitifire f‘xi,aﬁs_fgr of :ta;a.{ining should occur.

e ._-.Ré":c_é"ﬂtilylxmany experimenters have récog:ni:.%.edxthe advantages

'?:;. R L ? ; - ’
that operant-conditioning methodology provide for determining whether
or not EMR can serve as a g:_o(n'.d-iit.,ié%ed stimulus. Standard animal psy-

PR

chophysical procedures incorporate, cp.‘;itg'ol conditions‘tog;often absent

omey

in previous experiments,

A series of experiments by ';Tiist'esen-and King (1970) first re-
ported that rats could not discriminate microwave stimuli, In these
studies the experimenters intermittently presented 12, 25-cm microwave
energy to each of six rats as a cue for obtaining sugar water, but none

of the rats discriminated thé cue, The investigators believed that be -

cause this test of detection was based upon appetitive rather than aver-

sive motivation, it may have lacked sensitivity, Recent experiments

utilized a conditioned suppression paradigm and demonstrated that irra-
diation by microwaves (12.25 cm) could function as a conditioned stimu-

lus for rats (King et al., 1971). Reinforcement of the tongue-lick re-

sponse was presented at variable intervals averaging 2 min (VI 2-min)

using discrete volumes of sugar water. The presentation of an unavoid-

able electric shock at the termination of randomly superimposed periods
of irradiation produced a decrease in rate of licking for intensities
above a specific value, thereby designated as a threshold. Although

lacking the saliency of an auditory stimulus, irradiation by microwaves

was observed to function as a reliable cue, .
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In another well-controlled study, the pigeon's ability to discrimi-
nate changes in magnitudes of constant magnetic fields.from the earth's
normal field was investigated (Meyer and Lambe, 1966), Four pigeons
maintained at 80% food deprivation were trained to keypeck for access

to grain for an interval of.4.sec. After steady responding was estab-
lished on a schedule of reinforcement ithat reqiiréd variable intervals

averaging- 1.min to elapse before a response was, reinforced (VI l-min),
, i "—-_il -,“:" . _"~%‘ . A 5 “; .

either the experimental condition or one

LR .

the birds were presented With "

.

of the control conditions. - -

During the experimental condition, the subjects were presented

*
i &5

a ﬁlﬁgﬁ-eti; field as the ‘discrimi-nat'i\}e 3t1mu1us(SD) allénnéw_ith aVll-
min reinforcement schedule. On the other hand, no reinforcement oc-
curred (SA) during periods when the earth's normal mean magnetic
field for that area (0. 582 G) prevailed., The magnetic fields presented
as S were 0.560 G, 0.567 G, 0.585 G, 0.588 G, 0,591 G, and 1,000 G.
The length of time intervals for the SD and SA varied from 2 to 4 min.
to prevent the birds from learning to respond to time, Each daily
session comprised 32 trials, 18 intervals of SD and 18 intervals of SA .
Four conditions were used to control for stimulus effects. A
bird was presented a green keylight as the s and a white keylight as
the SA . In the second control condition, a red key was presented as
A

the S” and a green key as the SA . The third method, no SD or ST mag-

netic field was given, and the key was white. For the last method, a
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magnetic fleld*??below the earth‘g_.,__ normal field-'idf 0 582 G was presented

dur—ing%ﬂﬂi'é sP periods ancl;‘__th'._e ‘\1‘?‘1_91‘-,;-na.1 mean magnetic field of 0.582 G
during the SA periods. Except g.;grr_thése procedures, the methods

were similar to those for the g}gper_imental procedures. . .
N Sy . Y - s T ERRE ] ] R o
[ o ; = B oy e d N . ) S,

VU‘.r;‘forlt\lJ.n:;te'ly, =.the bird‘-s udid not sérvé ‘as their OWI’; controls,
since each bird received different conditions. In no case, however,
did the birds learn to discriminate the magnetic fields. In general,
half of the total responses during every experimental condition were
made during the sD periods. The birds that were given the control
condition in which both S and SA were different keylights quickly
reached the criterion of 80% or more of the total responses during the
sP periods. The subjects that were presented white keyliéhts for both

D

A
ST and S  did not discriminate between the periods.

The studies presented above have clearly demonstrated the in-

ability to condition behavior to most EMR signals. Although King et al,

{1971) have successfully conditioned responding to 12, 25-cm micro-
waves, sensitive conditioning procedures were required to do so. Be-
fore conclusions can be drawn about the detectability of EMR fields,
more well-controlled research utilizing sensitive psychophysical tech-
niques is needed on a greater variety of parameters (e.g., King et al.,

1971, and Meyer and Lamb, 1966).
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Section 2, Behavioral Effects of ELF Electromagnetic Radiation

Extremely low-frequency (ELF) electromagnetic fields have
been associated with geomagnetic disturbances, weather perturbations,
electrical appliance discharges, and possible outer-space environ-
ments, Many investigators have believed that ELF electromagnetic
fields may be important biclogical stirmuli because of their penetrabil -
ity and long-range of propogation (Persinger, Ludwig and Ossenkopp,
1973; Marr, Rivers and Burns, 1973). This possibility has been fur-
thered upon recognition that ELF field frequencies and intensities are
within the magnitude and range of signals generated within living organ-
isms.

The Sanguine Environmental Compatibility Assurance Program
(Sanguine) represents the research and developmental effort organized
to assess the total impact of an extremely low-frequency communica-
tions system on the en\:’i;én;hen‘lg.. Designed to-determine whether expo-
sure to 10w11ei{eA1HE2‘f;’F elé&tromagnétic rédiatié~n,..1i§s any effect on bio-
lf'cngica..l/ecol:c;"gi;:al systems;" thié program has produceéd mast of the stu-
die—gl;cm the behavioral effec_fs' of ELF fields. Consequenﬁtig: this review
has drawn much from this program‘s published reports {(Sanguine, 1972,
As in the non-ELF section, those studies that examined the ef-

fects of ELF fields on free operant and conditioned behavior are re-

viewed first, with those studies that utilized ELF signals as uncondi-
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tioned or conditioned stimuli following, .

;"?‘Paft a, Effects on'free "c')ﬁrant behavior. 'Pe'}é'fi-ng_er, Persinger,

FH

& 5

Qs‘éénkopp and Glavin (1972')-?1_'§ﬁort that rats exposed for 21 to 30 days

to a 0.5-Hz, 3- to 30-G, 1072 V/in, rotating magnetic field showed

R
R

sigﬂi-fic%ﬁ-_t 1nc réases in open-ﬁeld,ambulato»rybeimvwr a.fter being re-
moved from the field, The authors note, however, that the possible
role of apparétus noise was not sufficiently controlled in this experiment.

Activity measures, after exposure to-electric fields, have also
shown no systematic effects. Utilizing a uniquely designed activity cage, .
in which the movements of mice in their individual compartments could
be recorded, Moos (1964) observed the effect of exposure to.a 60-Hz
electric field of 8 V/m to 12 V/m on the general motor activity of mice.
The cages were exposed to alternating"‘ir’ljz. -hr periAods of light and dark-
ness, and activity counts were taken after every period. Field effects
were observed under exposure durations of 1 day, 5 days, and 1 month,
for light periods, dark periods, and light and dark (24 hr) periods com-
bined. The recording of the activity of the same animals during periods
when no electric field was applied allowed the mice to serve as their own
controls.

These data indicated a preponderance of nocturnal activity when
the electric field was applied when compared with the control periods.
Field activity increased approximately 69% over the no-field condition.

As expected, the mice--being nocturnal animals--were quite inactive
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during periods of illumination and exhibited even fewer movements
when the electric field was connected., On the average, the daily re-
duction in activity for experimental condition was 36% greater than the
control condition, For._;g_llfg,_jlight and dark periods combined, electric

field exposure accompanied a.49% increase in activity over control
levels. : ) - el
. sy 7ad e

BT

oo . .
ies that reported increments in activ-

Vsl

- - L8
In the same series: of.!

ity during exposure to sta.fijc.‘__ e-:;;tri:"c fields, Altman also observed de-

crements in :t_he,afctiv:ifgy{ofgrr}if:é durlng equ‘sure_to elect;‘:ic fields alter-
nating at ;?Vr.equencies loff‘l‘-.'-?5. I;Iz‘-andHS- Hz a.t“4)0 V/m. Reiter (1972) re-
ported similar activity decrements in studies by Ludwig and Mecke in
which hamsters were exposed to alternating electric fields with fre-
quencies from 5 Hz to 300 Hz and amplitudes from 10 mV/m to 1.0 V/m.
As with the EMR activity studies, the analysis of ELF activity
studies not only has demonstrated few reliable effects of ELF on behav-
ior but has also shown activity measures too complex to be of any use

to the gquestion of detection,

Part b. Effects on conditioned behavior. Spittka, Taege, and

Tembrock (1969) have demonstrated alterations in operant behavior in
rats during exposure to a high-voltage electric field of 500 to 700 V/cm
alternating at 50 Hz. Deprived rats lever pressed for water under-a
continuvous schedule of reinforcement., The electric field which sur-

rounded the chamber was switched on and off in 2-min intervals. Al-
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though the effect varied in degree across the 16 subjects, on the aver-
age, the rats showed a decreased rate of lever pressing during expo-
sure to the field as opposed to the baseline rate. It should be noted
that this effect was observed at very high intensities.

Persinger et al. (1973) report that after training rats to lever
press for water reinforceﬁién’t, La Forge exposed the rodents to‘either
a constant 0, 2-Hz or 2, 0-Hz magnetic fig'_-_l;i of abggt 800 G for 45 min
per day f(__)r 2 da;yé, or to a no-field ;ontrol coﬁaitibn. ) Immediately
after removal from the field, rats‘_tila.t had been exposec;l'to"‘either field
showed significantly fewer leve;t.'l'_ip‘resses, especially those which had
been exposed to the 0.2-Hz field. When tested 24 hr later, no signifi-
cant differences were found between the number of lever presses
emitted under the control or constant field conditions., Persinger et al.
believed that the increased activity in the rats exposed to the magnetic
fields might explain the decrement in lever presses.

Persinger and Foster (1970) demonstrated that adult male rats,
which had been‘continuously exposed during their prenatal development
to a 0.5-Hz, 3- to 30-G, rotating magnetic field, emitted a significant
decrease in lever presses in a free operant avoidance situation, con-
trasting with rats which had been prenatally exposed to control condi-
tions. In addition, the data show that the field-exposed rats and the
control rats acquired the free operant avoidance response equally well,

as reflected by the non-significant difference between average number
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of shocks feceiyed..

Although the area is cluttered with conflicting results, some in-
vestigators feel that there exists sufficient support for the conclusion
that a primary effect of magnetic fields is to produce heightened sensi-
tivity to novel and aversive stimuli (Persinger and Pear, 1972). Utiliz-
ing a conditioned suppression procedure, Persinger and Pear demon-
strated support for their hypothesis. Male rats were exposed pre-
natally to a 0.5-Hz, 0.5-3,0- to 10-30-G, rotating magnetic field.

The field-exposed rats showed greater suppression in response rate
{relative to controls) during the 4-min conditioned stimulus preceding
a 0.5-mA, 0,5-sec shock. Although significant, the suppression dif-
ferences occurred only during the first few shock exposures. Subse-
quent conditioned stimulus-shock pairings were followed by similar
suppression in both groups. The authors felt that these results along
with those from Persinger studies reported earlier sufficiently support
their novelty hypothesis. They stated:
These findings are consistent with previous open field and Sidman
avoidance data that suggest that the RMF -exposed animals are
more reactive to novel and aversive stimuli, and underline the
importance of understanding the effects of everyday geophysical-
meteorological variables upon development and consequent behav-
ioral changes (Persinger and Pear, 1972, p. 269)}.

In light of the evidence presented above, the hypothesis of

Persinger and Pear seems tenable but premature. Even if one disre-

gards the lack of reliability previously mentioned and accepts the

reported dataiprimafacie, it is difficult to unde‘fs-tand__how such evi-
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dencesupp“ortsany hypothesi's.f":"? First, each study :rel:l)c')rted was per-
formed a.;: specific intensi.ti“e_g;'_‘_ah”d frequencies, all of \n;;xic;}_i"'{:raried
across studies. Valid conc-:llisvi_(;ﬁé.; about the specificity or gqualitative
effects, of EMRﬁelds iiéa',hri'btfﬁé rnade on'the ba51sofbeha.v1oral data
obtained at a single intensity or frequency or duration (Persinger et al.,
1973; de Lorge and Marr, 1973). After reviewing the ELF radiation
literature, Persinger et al. concluded the following:

. The measured changes in RT (reaction time), ambulation,
colloidal suspension rates and brain electrical changes show
selected susceptibility to different field frequencies,

. » ELF-induced changes exhibit an intensity relationship,

static or high intensity fields usually producing different or

opposite effects relative to intensities in the natural range.

(1973, pp. 43-44).
Second, operant techniques have been shown to be extremely reliable in
demonstrating effects of many physical agents, and the conditioned
suppression and avoidance conditioning techniques have been shown to
be among the most reliable of the operant techniques (Smith, 1970).
Although Persinger appears aware of the advantages afforded to him by
operant methodology (Persinger and Foster, 1970; Persinger et al.,
1972; Persinger et al,, 1973), he is still willing to accept effects that
occur during the initial phases of his experiments and disappear during
the later periods., Such initial effects should be deemphasized unless
they can be replicated (Sidman, 1960).

Another study examined the effects on avoidance learning from

exposure to ELF fields {(Sanguine, 1973). In this study, 188 rats at 30-
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32 days of age were used. The pups were the progeny of parents ex-
posed to 45-Hz, 75-Hz, and no-field control conditions for 80 days
prior to mating. The pregnant females and the litters were similarly
exposed until the pups were tested, The procedure involved placing
the subject on a safety platform which would collapse at scheduled infer-
vals and dump the rat onto a grid floor. The platform was returned to
horizontal immediately-after attaining vertical, Three sec later, a
0.2-mA shock was delivered through the grid for a duration of 5 sec.
if the animal had attained the safety platform prior to shock onset,
avoidance response was scored. If the animal had been in contact with
the grid when the voltage was turned on, but had reached the platform
before it was terminated, an escape response was scored. Each rat
received a maximum of 50 trials to attain the criterion of five succes-
sive avoidance reSpons‘{Qs_?.,;I‘he experimenters reported that the data

b

suggested no effect-

*.

n avéjdz'a‘,-n-cerlearnin_'g’ ability\f’rom ELF exposure,

i 4t

Irﬁvgéiigaffof‘s have also-attempted to determine whether ELF
éle_g:‘t‘r'omtagnetic fields exei‘t:.ej:dia_ny effects on temporalﬁdi:s':-,t.:_rimination
in the pigeon, Marr et a_l. (1 “)77??):-,'_11'51_3(31 a technique which established

stimulus ;control -along-a-dimension of duration,

T

it inveclved differen-

[

tially reAinforcing a response dependent on the duration of a previously
presented stimulus. In a 3-key chamber a center key was transillumi-
nated with a blue light. A single keypeck changed the key to white for

discrete durations ranging from |l te 10 sec in an irregular order,
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Following the selected duration, the white key was turned off and two
side keys were transilluminated in random left-right alternation from
trial to trial. One key was red and the other was green. If the white
key had been on for 1 te S:i.r.Sé,c, a peck on the r_‘ed key was correct, If
the white keylbafd been on‘forﬁ tolOsec, a peg‘lﬁjéin the green key was
cofrec’t. .i\G‘;:r%'é_ct I;esponse_:s.ji—_\iifere'.-fpllow;ed b‘feiffl"lé{l;géf‘pyief stimulus
that had been paired W1thfood presentation, or the stix;i'ﬁlég'jAand food
together. On the .E;Lvera,ge:g everyflfth correct response (V‘R—-S) was fol -
lowed by food, presentatlfon. VAR -incf"‘o"ril;_.;eg‘:t‘ re i"sgt_j?dn's,g:"pr'ofd&;:‘ed a 10-sec
time-out ﬁeriod {(TO} during which all lights were extinguished. Three
performance measures were calculated: number of errors, point of
subjective equality (PSE), and d', a signal detection measure of detect-
ability. The PSE is a "neutral' point above which the probability of a
6- to 10-sec choice is greater than 0,50 or below which the probability
of a 1- to 5-sec choice is greater than 0.50,

Performance was observed under field-exposure conditions and
no-field exposure control conditions., Field parameters investigated
were frequencies of 45 Hz, 60 Hz, and 75 Hz at intensities up to 2 G
and 100 V/m. No reliable alterations in any of the measures of tem-
poral discrimination occurred under ELF field conditions.

Reaction time studies have been a method frequently used to in-

vestigate effects of EMR on stimulus-controlled behavior. Reaction

times taken during field-exposure conditions have been compared to
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times taken under no-field exposure to EMR fields. Alterations in re-
action time associated with exposure-to EMR fields may indicate a
form of detection, Similarly animal timing behavior has been investi-
gated to determine whether it may be altered as a result of EMR expo-
sure.

Humans have displayed alterations in their reaction time to
sfimuli during exposure to EMR fields. In many cases, reaction time
has appeared to be frequency dependent,‘"r _:e_:g.i!“lo;rige'i';féé._‘c_’:fidn fimes are
recorded when the f1eldconta1ned low frequenfc:le sthan whenthe field
had high frequencies. This systematic éffect has been reported re-
cently by Friedman, Becker and Bachrnan (1967). Reaction times were
measured during exposure to a magnetic field of 5-11 G alternating at
0.1 Hz or 0.2 Hz and during a no-exposure control condition, Where
no effects were observed for the 0.1-Hz and contrel condition, reac-
fion times were significantlyf]',-oﬁg.;we"‘r during exposure to the 0.2-Hz field.
In addition, experiments have shown that at 2 V/m human reaction time
either increased at 3 Hz-6 Hz (Konig, 1962) or decreased at 9 Hz (Konig,
1960).

On the other ha{‘]fd’_.-g; a series of studies demonstrated that magnetic
fields have no -g_gne,ral beﬁi@.vi—orél- Vin';ﬂt'uémce on ;I;bn}%uman primates.

Grissett a;_xcﬁif‘de Lorge (1971) measured the eff-éct,,s‘_::bfn a 3-G, 7-Hz, or

r

4"5"——21-;2 magnetic field upori‘“rea.&:; ion time, reinforcement r@tio, and effi-

ciency ratio {correct responses/total responses) in squirrel monkeys




53

trained on a simple discrimination task. No significant differences

were found for any of the three measures between the control sessions

and the exposure sessions.

Hamer (1968) conducted a reaction-time experiment on 29 human

subjects to a 1000-Hz tone. Concerned with the frequency parameter,
reaction time was tested during exposure to electric fields at two ran-
domly applied frequencies--high and low--with a constant field strength
of 4 V/m. A control condition with the field off was established in the
first 5 days. The stud}u{il':i{zedp‘a_ double-blind experimental technique.
Unfortunate}y'," the tsubjects v;rer; run under diff;ri;lg pairs of frequen-
cies within th; range of 2-12 Hz A The prese:lce bfﬂ: t_hé?glgctromagnetic
fielﬁ produced an abrupt f:nc“reais-é in reaction time la.tené)wf;fﬁnwith the
Ei‘ghér flh‘equency in each pa.if'fngwp"xdnducing longer reaction times,
Of those studies whlch have éxﬁlored’f—fioss‘ible‘ éileéfric field in-

fluences on time-related behavior, several have utilized nonhuman pri-
mates. Gavalas, Walter, Hamer and Adey (1970) found a frequency ef-

fect on scheduled, controlled responding in Macara Hérmiestrina exposed

to electric fields of 2.8 V/m. Two monkeys performed under a sche-
dule that reinforced a pause of 5 sec followed by a response within 2.5

sec. Interresponse times (IRT) greater than 7.5 sec or less than 5

sec reset the 5 sec timer and were not reinforced. In the presence of

7-Hz electric fields, an increase in the frequency of short IRTs oc-

curred. With the absence of this effect during exposure to 10-Hz fields,
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the authors concluded that the shift was fréq-uency dependent, cccurring
at 7 Hz but not at 10 Hz. This approach, however, has been subject to
criticism by de Lorge and Marr (1973, p. 16), who contend that *'the
controlling relations and the inherent dynamic quality of the performance

generated under such dié:ﬁéhiiencies as the interresponse-time and fixed-
s MR I

interval schediules are tooicomplex to;be.subsumed under any simple

Yoo

notion’ of timing behavior,' * .

In a series of expéf:i%n'i_ nts, de Lorge (1972, 19%3&1’,'";""1973b) ab-

)

T

served the effect of ELF f;e"lidé_"d‘ﬂ"reaction time, matching-to-sample
behavior,, and fixed- interval s chedlile, kespopding in fhesus monkeys.
All of de Lorge's experiments used 10-G magnetic fields and 7.4 V/m
electric fields,

Reaction time was measured using a limited-hold procedure. In
this task four monkeys were trained to lift a lever in the presence of a
red light and to release it when a tone occurred in order to receive re-
inforcement (food or water). The period between the lever lift during
the red light and the tone onset varied between 0.5 sec and 10 sec, and
intertrial intervals (ITI) were fixed at 10 sec. If the tone came on and
the levef was not released within 3,0 sec, the tone and red light went
off and the ITI was reset (limited hold 3 sec}). Reaction times were
measured from the onset of the tone to the release of the lever, In addi-
tion, anticipatory responses, i.e., lever releases during the foreperiod,

and ITI responses were also recorded,




Matching -to-sample tasks require a subject to respond to a
stimulus on one displayl that is the same-as a stimulus on another dis-
'pla.y. In these studies, pressing a colored center key was followed by
the removal of the stimulus and the appearance of the same color 1 sec
later on either a left or right lower key, When the key with the match-
ing color was pressed, all stimuli were removed and reinforcement
became available, Another trial was presented with a new stimulus
color 10 sec later, If the key‘-\'i?ifh‘-the nonmatching color was pressed,
all stimuli were removed for 15 sec, followed by the same stimulus on
the top key. In the matching-to-sample task, percentage of errors and
latency of response measures were recorded,

In the fixed-interval responding condition, monkeys were trained
to lift a lever in the presence of a green stimulus light. The response
was reinforced after a 20-sec interval had elapsed (FI 20-sec). The
measures recorded were reinforcement time (the time between rein-
forcement being made available and.a reinforced response), pause time
(the time between a reinforced response and the next lever response),
and response rate (the number of lever responses per sec),

Each of these tasks was presented for three 15-min components
during an experimental session. Each t:ompon-ent was followed by a
5-min extinct%on‘ {ext) pexii;odﬁ'i"h whlch no ?ca.sk wa ;ava.ilable. The se-

quéﬁce Wa 8§ as follows: FI 20" setext, 'Reacti'c‘)nf-"*i’»im'é, ext, Match-
to-Sample, ext. The sequence was repeated three times eatch experi-
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§

ﬁ.w_‘éptal?j?'séssi:on. In general, the p:rbcedure was to produée‘stable' re-
sponding on each task, turn 6ﬁ;:_t"1‘1e ELF field, and after several ses-

sions turn the field off again. Behavioral measures were taken continu-
L ! . N . ) : . “oa ‘ T L

- A

ouslyrFleldexposure condltlons Were either 54 hr :1(.1972:).-, 33 days
{1973a), or 12 days (1973b). Frequencies were either 75 Hz (1972), 45
Hz and 10 Hz (1973a), or 60 Hz and 10 Hz (1973b).

No influences of ELF fields on behavior were observed in any of
the measures of behavior. The author concluded that these results pro-
vide supportive evidence that these specific electromagnetic fields have
no behavioral influence on nonhuman primates.

As with effects on conditioned response, more work is needed to
justify concluding that ELF fields reliably affect reaction time; however,
these studies have been instructive in a different manner. They have
served to emphasize the importance of the parameters being investi-
gated. The importance of frequency (wavelength) has been recognized
by reviewers other than Persinger., For example, after reviewing VHF,
UHF, and SHF fields, Frey (1965, p, 335) reported '"changes are seen,
but sometimes the character of both functional and morphological
changes are dependent on the wavelength.' The importance of wave-
length is also apparent upon the realization that humans clearly react
to a specific portion of the EMR spectrum from about 3 x 1014 Hz to

14

8 x 10° * Hz, which represents visible light.

Part c. ELF radiation a.s unconditioned stimuli. ELTF fields
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are associated with 60 Hz power transmission lines. Although the con-
cern of the power companies traditionally has been the health and safety
of workers exposed to the intense electric fields produced in air near
power lines, investigations by the power comparies have been valuable
in illustrating poss-ible unconditioned responses to ELF fields, San-
guine reviewers (1972) reported that the most definitive work has been
a series of papers published in 1966 and 1967 by the Institute of Elec-
trical and Electronic Engineers (IEEE). These studies reported that
currents produced ‘in organisms by electromagnetic fields in air are
negligible even at intensities over 100 kV/m. A particularly significant
result of these studies were reports that "an electrical field intensity of
6000 V/m' in air (approximately 236, 000 V/m) causes a current density
of about 0.5 m.A/in2 to enter the skin area which a man is barely able
to feel, The sensation%'i;fé}ii;e a gentle breeze blowing on the skin and
is not assoc‘ia;-tl:\edt with the-"éens.a.ti'or‘x '(ﬁ eziectr%c shock!" (1972, Annex C,
p C- 5}_-1 .. ‘7
B A variety of ELF —related bﬁhavi.ors have been reﬁ:;{;;"ced in human
subjects. Men exposed to a3-Hz field reported headaches and fatigue
w1th1n*a. few sec o‘ﬁf a £1e1d apphcatwn (:K;mig, 1962) \: Exé%sure to this
frequency at 5 V/m was followed by decrements in skin resistance in
50% of the subjects, Persinger et al. (1973) reported that 20 human

subjects exposed to 3-Hz or 10-Hz ELF fields do not differ significantly,

in terms of types of complaints from 20 subjects who were inside the
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same radiation chamber with no field applied. They state that both
groups reported pains in the neck, ringing in the ears, apprehension,
flughes, stiffness, fatiggg,p?.nd "slight headaches.'" They conclude
that the report of p.‘r,rivate Iéel‘%a-\:{i?;fs;-;e_i;etper-.-ienceﬂd" ir}w ELF experimental

situations ié.‘pifobab;iy subject to other céntrdlﬁl""ing_:'sjtimuli.

ted a classical pré.ferencg':_ljpethod to

. ‘Another -Sanguine js{fudij;:;m
determine whether Va.rious;a.p:i:mé_ls‘jwould tend to leave, sfay in, or be-

species included fish, turtles,

have indiﬁfferen‘_clytiﬁzo ELF fl%ld?, T\est
ducklingé,': raté, fruit i’lies, Ea.;dz dog;k ';he ;ﬁimals-were tested in
their appropriate media: soil, water, or air. Both 45-Hz and 75-Hz
frequencies were used with electric field intensities either 10 V/m or
20 V/m and magnetic field intensities either 1.0 G or 2.0 G, Although
procedures differed slightly from species to -species, Sanguine re-
searchers report the general methodology as follows:

In general each animal was placed at random in one pair of cells
and allowed to acclimate, Then a series of tests was given as
follows:

1. The appropriate electric field was turned on in the cell
occupied by the animals at the end of the acclimation period.

Z. Sixty minutes later the field was turned off and the position
of the animals was recorded.

3. If the animals were out of the field, the position of the field
was shifted,

4., If the animals were in the original cell (in the field) the
position of the field was not shifted. (1973, p. 28),

The experimenters found that the ELF fields used were insufficient to
promote a translocational movement in any of the animals tested,

In addition to the temporal discrimination experiment reported
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previously, Marr et al. (1973) also.examined whether or not pigeons
preferred ELF fields. The effects of 45-Hz and 75-Hz fields at the
highest intensities available (2 G and 100 V/m) were explored in refer-
ence to influence on a choice baseline. The baseline for this experiment
employed a concurrent chained schedule. Marr and de Lorge explain
that''a concurrent chain schedule provides different consequences for exe-

cuting alternative and incompatible responses'’ (_"1'(973,: p 21). In gen-
eral, two k'éyrlkifg‘ht;e?; were available in this task and ident—ica.l, food rein-
forcement occurred for a response to either key. After the responding
pattern was established, the ELF fields weré applied after responses
on the preferred key., No alterations in preference occurred,

In none of the foregoing studies has the assumption of detection

of ELF signals been reliably supported through replication.

Part d. ELF radiation as conditioned stimuli. Only one study

(Reille, 1968) has examined whether or not ELF fields can act as condi-

tioned stimuli, Reille presented a 5-sec conditioned stimulus previous

e
H EOE R

toa 6-15V, 0,5-msec shock and observed heart rate -a.flt-era.tie»;*ls. in
homing and nonhoming pigeons after the presentation of the stimulus

but before the onset of fhe“%'shoqk...,,_. E‘o_r the experimental conditions, the

.

experimenter :‘lﬂll;se:dei:riagne‘i?i‘c fields "é'i}.thef of 0.27Hz to 0.5 Hz at 0.15 G,

-

300 Hz to 500 Hz at 0.15 @G, 'Q‘r: _:Qé,nftinuO\ls at 0.8 G Thé"cgntrol condi -

tions consisted of light-shock.and no-conditioned stimulus shock proce-

dures. Each subject was given approximately 20 trials per condition.

ST,




60

Three measures of performance were taken--the average percentage
increase in heart rate over the baseline rate per condition-and the maxi-
mal and minimal percentage increase in heart rate per conditién.

The experiments with light stimuli produced large increases in
heart rates., A mean increase of 61% with 2 maximal increase of 94%
and a minimal increase of 24% was observed for 'the homing pigeons.
Only one nonhoming pigeon was presented a light-conditioned stimulus
and its mean rate i’ncre;}g.—:gg’*ﬁias 34%. The greatest field-associated in-
creases occurred with theOZ -Hz tQO. 5;Hz SLgnél The homing pigeon's

'
e

rate incré‘as-“a_.ad on ti’xe average-of 37, 5% l:with ai"iﬂa}c‘:i"mum increase of 56%,
and.the nonhoming pigeonjﬁ.s?,fafié';.:lh-creased on the a\}era;ge;;.‘éf 30. 5% with
a maxirmal increase of 46%:" S&;ni'-l_i-l'é.r increases were observed under

the 300-~-Hz t;C)_l 500-Hz. “c'o_.ndi_iti_‘on-‘ in which the ‘mean: rate increase for hom-
ing pigeons was 34, 6% and the maximal increase was 56% and 30, 5%

and 46%, respectively, for nonhoming pigeons, Performance was lower
in the static field condition, where the average increase was only 21.5%
and the maximum was 56% for the homing ,pigeo‘ns (the nonhoming pigeans
were not presented this condition). It should be noted, however, that

no increases were recorded in all thé field conditions due to the fact that
the behavior in 8 out of 26 homing pigeons and 9 out of 23 nonhoming
pigeons exhibited an inability to be conditioned to magnetic field stimuli,

Finally, performance in the no-field shock condition was remarkably

constant. The maximum rate for the homing pigeon's increase being
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T3

13%‘#2nd the mean being 94 mga.ln the nonhoming pigeons'i;vere not pre-

sented this condition).
: Thls experlmentcl;arly‘ﬂdemonstratedtha.tbeﬂa:.r1;r in the pigeon
can be conditioned to ELF 1ow-frequ-énc;y and static magnetic fields,
The difference between the performances obtained with the light stimuli
and those obtained with the magnetié stimuli seem to indicate that the
latter are more difficult to perceive for the pigeon. This difficulty may
explain the failure of some previous experiments to demonstrate detec-
tion {Orgel and Smith, 1954; Meyer and l.ambe, 1966) as ngl as the in-
ability of some subjects in this experiment to detect the magnetic fields.
In addition, the experiment appeared weéll-controlled. Mechanical noises
from the electrical switches, the physiograph, and other extraneous
sources were controlled as well as thermal effects from the Helmholtz
coils and the possibility of pseudoconditioning. Although a frequency
effect was not apparent from the data,the different intensity levels may
have confounded the results. The large sample size can only add credi-
bility to the results, but it is unfortunate that the participation of the
nonhoming pigeons was limited. Here, as in EMR studies reported ear-
lier, (King et al., 1971), aversive condifioning procedures have shown
a greater sensitivity by demonstrating detection while appetitive proce-

dures have failed (Orgel and Smith, 1954).

Definition of the P roblem

After considerin‘gﬁf}‘iéupreceding review, it is apparent that many
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more studies have dealt with non-ELTF {fields than with ELF fields.
This lack of interest in ELF research has stemmed from attitudes
which have discounted the significance of ELF fields as behavioral
stimuli because of the difficulties techpicians have encountered in mea-
suring them, and because research accomplished so far with ELF has
not produced data suggesting that a profoupd psychological hazard
might be developing. For example, one Sanguine reviewer has stated:

Hypothetical ELF biclogical effects almost certainly would be
associated with high intensity fields. The electromagnetic fields
defined by Maxwell's equations with their mutually orthogonal
electric and magnetic fields are extremely weak at Sanguine an-
tenna current levels and are comparable with ambient environ-
mental fields, Their detection even by specially devised receivers
is no trivial technological feat. The Navy therefore considers
these electromagnetic fields an unlikely source of significant bio-
logical effects, (1972, p. 111).

Another Sanguine‘n'rle\,r}iewer has stated:
The fact that" g’ gross blologlcal effects have been reported along
electrlcal ‘power line'Toutes over a perlod ‘of fnany years of con-
# “tinuing, a.cc.elerated growth of-the power 1ndustry is probably the
' main reason why very: 11tt1e sc1ent1flc research ha.s been done at
- ELF. {Annex C, 1972,- pp...C:3-C-4),

Frequently, such cenee‘ﬁtuﬂi’zations have been followed by fan-
tastic apd-illogical accounts. For example: - ., 5 .

Synchronization of organisms and communities of organisms to
environmental rhythms probably are examples of sub-threshold
stimuli. Thus, they may be perceived, but they evoke no behav-
ioral response. (Sanguine, 1972, p. 114),

Simple and complex animals respond to fantastically weak stimuli
for their orientation, food acquisition, circadian rhythms and
other such phenomena, If one of these receptors were responsive
to low-level ELF signals, a sensitive performance might be ex-
pected, but there is no reason to believe that such effects exist.
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Furthermore, there is no obvious biological advantage for
having such a response mechanism. (Sanguine, 1972, p. 113).

One may ask that if animals respond to fantastically weak stimuli for

their orientation,, food acquisition, etc.; why is thiere no biological ad-
A ary »{‘_‘_ . . P . '-“ ,"“'.
N ¥ I s )

vantage for hdaving such a response mechanisim? Also, how can a sig-

P
-

nal be detected without evoking'a"behavioral response? -

Recently, renewed int_e;‘i:.e-:§j:-r‘lias stemmed from attitﬁdes which

have. emphasized the significance of ELF fields because.of the unique

s
R B
LR

conditions realized in space explorations and because of greater aware-
ness of earth's natural fields. Beischer (1962, p. 48) has pointed out
the possibility that "man on earth may have become so accustomed to
the geomagnetic field that only its absence can reveal any effects."
Busby (1968) has described this predicament in relation to future space
exploration. He has stated:

Since astronauts will soon be exposed to magnetic fields which

are much less in intensity than the earth's magnetic field, the

question arises as to whether or not the human body has during

its evolution become dependent on the presence of earth’s mag-

netic field for the maintenance of its normal functional integrity.

Accordingly it has become most important to determine if a low-

intensity magnetic field exposure could possibly lead to an impair-

ment of health or performance of an individual, (Busby, 1968,

p- 27).

" A more realistic approach to the effects of electromagnetic en-

ergy has evolved upon awareness of naturally occurring fields., After
reviewing the literature, Persinger g_i: al. (1973) have suggested that

""natural intensities should be used to a greater extent if generaliza-

tion of results to natural occurrences is to be possible.' They have
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pointed out that ''the assumption that greater than natural intensities
will enhance the effect, as in ionizing radiation research, may not be
valid' and that '"organisms may show increased sensitivity to a narrow
band of natural intensities' (p. 46).

There has been no greater advocate of this point of view than
F. A. Brown, whose studies in biclogical rhythmicity and animal orien-
tation have supported the contention that living things are sensitively
responsive to physical factors of their environment, like ELF fields,
which are above and beyond those commonly recognized as effective
ones. Brown's hypotheses have centered around biological clocks.
which have been described as the '"hereditarily transmitted ability of
most living organisms to measure the time of day and to regulate their
main physiological processes in accordance with it" {Presman, 1970,
p. 203). The operation of the biological clock has been hypothesized
to be correlated with periodically occurring processes in the environ-
ment such as the alternation of day and night, geomagnetic fields, and

temperature.

-"'Wihile there is 1,ittl9.~..gontrover5y- as to the existence of biolegical-
‘é:c_‘_hanisms,_”'Presrgarf: has st"a.-.i_:e'd‘,._"'One:""q;ué;\stion, however, still

remiains’

ngij:ns'x;if”e'z-ed: Is the periodicity of bigio_g.iiéial‘,processes deter-

us,regulators or is it affected by periodic

chaﬁggisi 1In external factors?™" “;‘Bfi‘;cﬂﬁ*n has supported the latter point of

R
Liaqi

h has come to'be:known as the ''external-timér hypothesis, "

-

view)
o
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This hy’potheslis advocates that the organism's bieological clock com-
prises a capacity to receive timing information from the environment
and transduce it into the observable ‘biolbgical rhythms. This contro-
versy has focused attention directly on naturally occurring electromag-
netic fields as a major source of timing information from the environ-
ment. Consequently, ELF low-intensity fields have been heavily em-

phasized. Brown's reasons for stressing natural occurring fields have
been clearly stated as follbw's:
+In the, last century experlments d(=s1gned to show animal re-
spons es'to magnetism were indecisive, but they dealt with
flelds much stronger,than the-half gauss of the: earth's. magnetic
“field. It occurred tha.t ‘the usual approach to this fascinating
problem was wrong. ‘The ea.rth's magnetic field is very weak
and relatively constant: _the organism is normally submerged
in it in much the game way as an agquatic organlsm in water or
a terrestrial one in'still; warm. air. However, the magnetic
medium, unlike water on still air, has direction; and both its
direction and strength are slowly changing over a very small
range. Organisms are very sensitive to small changes in other
media--to changes in the ""concentration'' and temperature of
water, for instance. But they respond only over a very small
range--to temperature, for example, only between about 0°C,
and 400 C. One would never seriously contemplate studying

the perception of temperature over the range from--273°C up
to say 20,0000C, Thus it is reasonable to assume that living
things respond to changes in magnetic field only over or close
to the natural range: and it is in these ranges that one should
look for responses. (Brown, 1963, p. 18).

In summary, it seems that the psychological research on the
influence of electromagnetic energy has identified few tangible effects.
Other than the above study by Réille (1968), no detection of fields has
been reported, For the most part, the experimental efforts to date

lack a systematic approach to the examination of the critical variables
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involved, and parametric studf‘és* are the exception rather than the

| D T
o

rule. This scarcity of research has been attributed to misguided atti-
; . & & T w7 %

tudes which have regarded the absence of effects at higher frequencies
sufficient reason for not pursuing studies at lower frequencies. Re-
newed interest in outer-space conditions and naturally occurring fields
has stimulated research in ELF (Wilson, '19;('3).

There is a clear I;eed for behavioral studies to investigate more
carefully the possible detection of ELF electromagnetic radiation. In
addition to the space program, the widespread interest and public con-
cern that naturally occurring fields might cause biological effects con-
stitute both an opportunity and an obligation to study the potential for
detection carefully,

Investigators have noted that if a species of organisms could de-
tect the presence of such fields, it might imply that natural environ-
mental rhythms play a role in controlling significant behaviors of the
species (Marr et al., 1973). If this is true, then the imposition of
similar man-made fields such as those generated by power lines and
communications equipment migﬁt interfere with those behaviors., Marr
et al, point out an additional possibility. They state that although ex-
tremely low-frequency fields might be of no particular significance to
species-specific behavior, the presence and detection of such fields
could lead to active avoidance or approach, These behaviors could

alter local animal popu“lé‘..’:céér:l distributions with possible deleterious

.
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ecological effects., In addition, investigations into the detection of ELF
signals may be used to increase our understanding of the nervous sys-
tem and behavior. It is common knowledge that many animals can
make discriminations in some sense modalities far more defined than
man. According to Stebbins (1970) most lower animals clearly surpass
man in their olfactory a;_"}ilii.litriels_. Thefrequencyra.ngeofheal_'mgof the
domestic dog, the visual acuity of th-é hawk, the perception of ultra-
violet rays by the bee or infrared rays by the snake represent only a
few of countless other examples,

This research has utilized the sensitive, well-controlled psycho-
physical techniques of conditioned suppression and conditioned accelera-
tion to investigate the possibility that ELF fields may be detected at a

variety of values.

o,
. )

) . . . JF :,-‘ i ..
€ ‘ Methodological Background”- -

oo

Experimental Controls

Operant conditioniﬁlg i;rf-rt;tl"roﬂ%c')log'y can afford detaile:d, extensive,
and ;pre‘c"i_l"s.e q‘Qqﬁ;nOl oter.thfe envxronment oftheSubJects 1n an experi-
ment. An ELF exploratory study should profit directly from some of
these controls.

One of three animals serve as subjects most often in operant
conditioning research: the pigeon, the rat, and the monkey. One of
the chief advantages of the standardized use of these animals, besides

the fact that so much is already known about their behavior, has been
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"the relative ease of controll'i;ﬁg‘ their behavioral history and of provid-

- ot X . A ; ERRE ¥

iné themexpe”mmentallf with whate\;*er h"istéffy'* ;sperﬁlnent to a given
investigation'' (Sidman, 1960, p. 384). In respect to ELF studies,
much is already known about their sensory functions as well as general
behavioral effects due to ELF exposure, In addition, these animals are
known to be responsive to the stimulus control procedures that will be
used (Stebhbins, 1970).

-Second, an enclosed light- and sound-isolated chamber has been
used most often in operant research, Not only can the conditions within
such an environment be precisely controlled, but they can b;a done so
automatically by programming equipment, thereby further minimizing
participation of the experimenter and experimenter error. In ELF
studies, these chambers can be easily inserted into Helmholtz coils and
between electric plates, With the control or recording of environmental
and behavioral events remotely administered, the interference of elec-
trical or magnetic noise and other ocutside extraneous influences can be
substantially eliminated. An additional advantage of automatic equip-
ment has been that it allows for the exact repetition of the experimental
conditions, In ELF exploratory studies, such replication will be essen-
tial in dermonstrating reliable eff.ects,

Finally, the reduction of intersubject and intrasubject variability
resulting from the utilizaj:if)n of well -controlled and well-defined environ-

ments should provide a very efficient approac}f‘:to,.‘;,_,an exploratory study,

4 - -
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In this respect it would seem more desirable to look for evidence of
ELF detection in a small number of subjects under well-controlled con-
ditions than in a large number of subjects under poorly controlled condi-
tions,

Stimulus Control Procedures

In general, psychophysics has been an area of research concerned
with the analysis of sensory functions. The stimulus has been an environ-
mental event specified in physical units and varied along a physical di-
mension, The basic data have been the responses of an awake, intact
organism. ''The endpoint of a psychophysical experiment has been a
functional relation hetween environmental stimuli and behavior" (Stebbins,

1970, p. 2). SO
Psych'oph;;s);_i}(?a.l mi%théd“s refer to technLqués for presenting stimuli
to an orga.msm to determine.limits.and dimenSions of lits sensory system.
.l;xb_a._sic ‘;;juestion of psychf‘_c:)i:’s}%"’ys:_i-cs has concerned thle alg‘ili?'t;*-;bf an organ-
ism to respond differentially, to “x?a."l-lles along a stimulus dimension. It

was-noted’ in

S

Eg‘;&qafgaw._jrligr ‘sectionithat tbe essence of*stlmulu*s control is
that changes in the pattern of operant behavior accompany changes in
stimulus value. Thus, psychophysical methods may be incorporated into
a2 more general category of procedures for establishing stimulus control.
Blough (1966) has categorized stimulus control procedures into

two types, the differential type and the non-differential type. The differ-

ential procedure has emphasized stimulus differences to which the organ-
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ism is required to vary its behavior. Absolute and differential thresh-

old determination procedures are examples. The stimulus is varied

A COTR

along a narrow physical dimension’+ Hufnan stbjécts may respond,

?.r'yes,’;;I',d'e{ect it!" or "no, I-”_("'io”"b"c”f_d?atect it, " Ariﬁﬁ_a‘l subjects ‘may

prg’s-s one lever for in.tenrs.i,ti?és_ above the threshold and andther lever

for intensities below the threshold. ‘The temporal discrimination study

Y I

e

bYMarre_rl: a_f}(l9?3)dlscus‘ééd” ea.rliler usedamdlfferen:cla*l, animal-
psychophysical procedure.ﬁ

Blough (1966) explains that the non-differentidl experiment has
tended to stress "similarity.' Stimulus generalization and magnitude

scaling have been examples. The stimulus has varied alonga wide

physical dimension, The number of categories of response are greater

for the non-~differential experiment than for the differential types. For

example, a human subject may assign numbers to different intensities
or an animal may respond at different rates,

An experiment by Herrnstein and van Sommers (1962) has util-
ized a non-differential, animal-psychophysical procedure. Investigating
magnitude estimation in pigeons, the experimenters trained birds to
respond at different rates to a number of different stimulus intensities,
Using a power function, an "estimation of magnitude’ was calculated
from the data which predicted the response rates under intermediate

intensities not yet presented. After the animals’ performance was

studied under the intermediate stimuli, the recorded rates were found
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to agree with the calculated r.a.tes--an interesting result in view of re-
cent arguments and data in human psychophysics {Stevens, 1957, 1962).

It has been specified earlier that an organism may be said to de-
tect a stimulus if that stimulus has acquired eliciting or discriminative
properties., In this context, it has been noted that procedures which es-
tablish these properties can be utilized to determine whether or not an
organism can detect the presence of a stimulus, Studies have been re-
viewed where either respondent-conditioning techniques (Kholodov, 1967;
Reiller, 1968; Orgel and Smith, 1954), as well as operant-conditioning
techniques (Meyer and Lambe, 1966; Justesen and King, 1970; King et
al., 1971), have been utilized to assess detection of electromagnetic
fields in various organisms.

The conditioned suppression paradigm has been a useful operant
method for determining if an organism is sensitive to the presence of a
stimulus, A sensitive non-differential procedure for establishing stimu-
lus control, the technique has been applied extensively in animal psycho-
physics. Thresholds in v1510n, audition, olfaction, and somesthesis

have been measured in a .wide ‘variety of-organismnis. References for

X uF
o 3

some stud}é‘.éfh?ave been summarized in Tablé 4,
- The conditioned suppregéion paradigm has Ecomb{ir},ed_, methodolog -

1

ical features of both opera'}nt,a}n_@-’ respondent conditioning (Estes and

-

e

Skinner, 1941).. In general, the procedure has been as follows:

Ffrst, a stable rate of responding is established under an inter-
mittent schedule of reinforcement. The variable interval (VI)




A Summary of Ea.rch Using the. Condltxoned
Suppre551on Technlquefor'Sensory Threshold
‘ Measurements (Smlth 1970)

SENSORY MODALITY - < SPEEYES REFERENCES

Vision _
Critical flicker fusion pigeons Hendricks, 1966;

Powell, 1967;
Powell & Smith,
1968; George,1568;

Critical flicker fusion rhesus monkeys Shumake, 1968;

) ) Shumake et al.,
Brightness difference pigeons 1966; Shumake,
thresholds ' et al., 1968

Coler vision and acuity opossum and Masterton et al.,
tree shrew 1969b
Audition
Audiograms opossum, Masterton, et al.,

hedgehog, tree 196%a
) shrew, bushbaby
Audiograms potto,slow Masterton et al.,

loris, rabbit 196%b
Audiograms pigeon Dalton, 1967
Frequency difference pigeon Price et al.,
thresholds 1967
Olfaction
Absolute intensity pigeon - Henton, 1966,
thresholds, quality 1969; Henton
discriminations et al.,1966
1965
Somesthesis
Temperature sénsitivity rhesus monkey Duncan, 1968
X-ray Discrimination
Exposure rate thresholds rats, pigeons, Dinc & Smith,
and role of olfaction in rhesus monkeys 1966; Morris,
x-ray detection 1966; Smith et

al., 1964 ;Smith,
.. 1967 Smith &
-Tucker 1569

72
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schedule, during which reinforcement is presented at irregular
periods of time, is most often used. .Its frequent use is mainly
due to the relatively -constant rate of responding that it generates
and maintains throughout a lengthy experimental session.

After stable performance is established, a stimulus of short
duration (e.g., 1 min) is superimposed on the operant perfor-
mance at varying intervals., It is terminated independent of the
animal's behavior and coincident with a brief, unavoidable, no:
electric shock, Pairing of the stimulus with shock represe:
respondent conditioning paradigm, although the conditioned and CHE
unconditioned stlmulus are not specified.

Aty

After 2 number of. stnnulus ig hockv pa1r1ngs the operant re- i
sponding 'is suppressed during’ the pl;e -shock, gstlmulus presenta— i
tions'and ‘relatively unaltered in their absence. This decrea.se 1n'f"
the rate of reSpondmg duv" fstlmulus wh1ch precedes shock 1s '

_called conditioned sup_pres-= AZ)n. The extent to which re«spondmg

is suppressed depends®dn thé detectability of the stimulus w1th 3
which shock is associated: ¢ Thus, the extent of suppression.can!

be related to stimulus 1nten31ty allowing threshold determlnatlon.
-The extent to which a.subject is able to detect the 51gnal is quantl—
tatively reflected: by the suppressmn ratio, the measure often ca.lcu—
lated by dividing the rate of responding before the presentatmr& of a
pre-shock stimulus, into the rate of responding during its presenta-
tion. §- o

T
PE n

Conditioned suppression procedures have proven valuable: 1n x-

ray detection research by enabling the experimenter to obtain rel-:i‘a:blé::i

threshold values without subjecting the organism to prolonged exp"oéul“'ie

o

to harmful radiation. In one such experiment, rhesus monkeys weére .

trained to lick a tube for sucrose presentations and this behavior WaS'

-
i b

maintained on a VI 2-min schedule during which sucrose was available’
Do

X

at irregular intervals averaging 2 min, This was followed by peri‘:pt“iié[

o

pairing of brief exposures of x-radiation with shock to produce Suﬁp“reis;,-
sion. All monkeys were suppressing significantly to a 3-sec x-ragf

-exposure by the end of the 20th trial (Smith, 1970). Experiments utiliz-
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ing a conditioned suppression paradigm to investigate detection of i
microwaves were discussed earlier {King et al., 1971)./

Terminating the conditioned stimulus by events other than shock,
such as time-out from positive reinforcement (TO), may cause enhance-
ment of responding rather than suppression, This is called conditioned

acceleration. Similar to the conditicned suppression paradigm, the

conditioned acceleration procedure alseo superimposes a conditioned
stimulus of short duration on an operant performance and terminates it
independently of the animal's behavior, 1t differs from conditioned sup-
pression by pairing the termination of the stimulus not with shock but
TO, a period in which no response produces reinforcement. The extent
to which a subject is able to detect the signal is measured by changes in
the acceleration ratio, the measure relating the rate of responding be-
fore the presentation of a time-out stimulus with the rate of responding
during its presentation,

Incorporating TO with a conditioned suppression paradigm,
Herrnstein {1955) was one of the fi'rsf‘investi.gators te demonstrate con-
ditiohed_acq—eleration. He observed that the pre-TO stimulus suppressed

behavior only when the reinfgx;eeme‘nt was given very frequently--approxi-

mately once every 30 sec (variable interval schedule of reinforcement or
VI 30 sec).. At higher mean values of a variable interval schedule such
as 7 and 9 min, the pre-TO stimulus controlled higher rates of keypeck-

ing in pigeons than the prevailing interval rate. Herrnstein also found
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that when the VI schedule had 2 mean interval of 7 min and the TO dura-

tion was increased from 30 sec £0 50 min, the ‘degree of response accel-

eration in. theipresence of the pre-TO condxtlonea stimulus progressively

Hy.

increased. Further support {3 §ﬁ-ditioned acceleration was provided

by Ferster (1958, Exp I),w}} i#found that chimpanzees' rate of response

on a VI 3-min schedule of reinforcement accelerates in the presence of
K 3 R .‘ s TR e wE . e - )
L oE .

a 30—s‘ec, :-pre—TO .stirhulus.
Both Ferster and Herrnstein, in their studies with TQ, used a
procedure somewhat different from the usual response-independent,
conditioned suppression procedure employed with shock, In their
response -,ddgipé;ndent procedure, the 'fi{rst response after the conditioned
stimulus haje;_ibéen on for 30 sec produced the TO; the longer the subject
delayed resEPo‘li;ding, the longer the conditioned stimulus remained on
and the longer .TO was delayed, In order to clarify whether it was the
difference 1nthe contingency or the difference in the nature of the event
that is respé:psible for conditioned acceleration, Leitenberg (1966) com-
pared both the usual response-independent and the response-dependent
procedure that Ferster and Herrnstein used with TO. Pigeon keypeck-

ing behavior E;ﬁ’.f;jla.'1nta.'med by a VI 2.5-min schedule of reinforcement was

suppressed bya red keylight (approximate duration of which was 30 sec)

s A
before shock i)f 40 msec duration, whose intensity varied from 1.0-
o

‘\H:;: - -
3.5 mA across subjects. The same baseline response rate was accel-
R

erated by a gf'een light before a 10-min TO and was unchanged by a
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stimulus before loud noise or a stimulus hefore loud tone. Conditioned
acceleration with TO and conditioned suppression with shock were ob-
tained regardless of whether a response-dependent or response-
independent procedure was employed.

Although the stimulus control attained through the conditioned
acceleration method has not yet been demonstrated to beas reliable as
the control attained through the conditioned suppression method, it re-
mains a desirable modification inasmuch as it allows for threshold de-
termination of ELF electromagnetic radiation without the involvement
of shock, Since it is technically difficult to shock many animals, like
pigeons, without interfering with EMR-field uniformity, the conditioned

acceleration procedure shows great potential for future investigations,

Statement of Purpose

The purpose of this study was to investigate the possibility of
the detection of low-energy, extremely low-frequency (ELF) electro-

magnetic radiation by the pigeon and by the rat, through selected mea-
surement of operant behaﬁior.i ".:‘;I'l.lésfe“'olr—-ga,nisﬁ%sr"pccur in large num-

bers in a'varkety of natural environments, and they are convenient lab-

oratory {subjects whose beh'q,,\'f_'l'___‘."‘r;has been explored ext‘ensiyely. Inher-

ent in the execution of the rlgsu'éi.aarchf has been the development and utili-

zation. of{,condit__ioned suppzession and conditioned acceleration tech-

LAy
: s v g
-1 - . o a L,

niques suitable for behavioral studies with ELF.
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CHAPTER II

METHOD

Sub]eciz_g

Two Sprague-Dé@iéf rats d;e:_signatéd R-5 and R-9, two Holtzman

A

rats designattéd:,f{—éﬁand R*8, and four: V.thite V:_G_él.‘.-l:ﬁ'“éaux pigeons desig-

n;a.ted ‘P:—2|=3.? ," P-i4, P—354,""é£ P-276, served a,ls‘ ’sui::)j"'e‘c'ts. Each sub-

jeéfii;vas maintained at 80% o'f" ;i:ﬁs‘l}.frlee-feeding weight. At all times in
their home cages, rats ‘hadl“ access Hto water and pigeons had access to
grit and :W'a.te‘r. Experu:nentally na..i‘.;re,'E the r-‘a‘t"s»" wereabout 90 days of
age at the initiation of the study. Prior to this experiment, all birds

had extensive histories of responding under various schedules of food

presentation,

AEBa ratus

The subjects were tested in a standard operant-conditioning
chamber located inside an electromagnetic field-generating apparatus.
The magnetic field was generated by a Helmholtz coil approximately
3 it in diameter. Maximum potential field strength was 3 G.’ Current
directed to flat metal foil plates, 14-in square, generated the electric
field, The electric field was mutually perpendicular to the magnetic

field and could be continuously varied from 0 to 300 V/m. The cages
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were élil const'ructed of 'ﬁlexi‘giléis and :‘vﬁeri"tilaf?éaf byablower All
switches, controls, feeding apparatus, etc., were remotely located
or replaced with dielectric materials, Detailed design and calibration
information can be found in an earlier report (Marr et al., 1972).

The rat chamber contained a houselight and a stimulus light,
both of which could be transilluminated by a white 6-W lamp. The rat
was required to press a lever with a minimum force of 0.2 N in order
to obtain food, The reinforcer consisted of a 0.97-mg Noyes rat pellet,
A grid floor was wired to a Grasen-Stadler, Model E1064GS, shock
generator.

The pigeon chamber contained a white 6-W transilluminated
houselight and a response key that could be transilluminated by a red,
green, or white 6-W lamp. The response key required a minimum
force of 0.1 N to operate. Reinforcement was 5-sec access to mixed
grain,

Conventional relay equipment located in an adjacent room sched-
uled stimulus events, The data were recorded by impulse counters,
running elapsed time meters, and cumulative recorders. A white noise

generator was used to mask extraneous noise.

Procedure

Conditioned Suppressicﬁh"; '

After magazine training, lever pressing of-the rats was shaped

by successive approximations in the presence of a'white stimulus light,




79

Stable performance was developed on a variable interval 1-min (VI 1-
min) schedule of food presentation, Thus, the first response that oc-
curred after an average interval of 1 min had elapsed from the last
pellet presentation was reinforced. Daily sessions comprised 50 pellet
presentations.

The conditions of the conditioned suppression procedure are pre-
sented in Table 5. The sequence of the events within each condit'ion is
diagrammed in Figure 3.

The {irst ten sessiohs following the establishment of a stable Vi -
1-min baseline, represented the flicker-no shock condition (F-E). Dur-
ing this condition, a flash}ng (1.3/sec) stimulus light was superimposed
on the operantPélr'fié'»rmaﬁése.h This-'-s?;i;n:ﬁ_lus had a duration of 1 min and
\i}a.sj Sc:-hec‘iﬁ‘lle-.ci to occur at v._a'.ﬂr:-ié‘.j:_)le intervals a.vel':a.gih'g;\:,lo min apart.
Wlth ‘the absense of a diff_;a.i'ie'ncéﬁbetween the rate of respondmg during
the 1-min interval immediately“;)fi“or to each presentation of the flicker
signal, and fhe r'é.te c;f re spondmg durmg thel-mmmterval in which
the flicker stimulus was presented, the neutrality of the flicker stimu-
lus was established. |

The second set of sessions comprised the {licker-shock condi-
tion (F-S). In these sessions the 1-min flicker signal was terminated
coincidentally with 0.5-mA, 0.5-sec shock delivered to the feet through
a grid floor., The flicker stimulus now served as a warning signal for

impending shock, As responding during the flickering light decreased




Table 5

The ELF Field Parameters and Control Conditions

with the Number and Order of Sessions at Each
Value, for Each Subject, for the Conditioned

Suppression Procedure
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Figure 3. The Sequence of Events under the Conditioned
Suppression Procedure,
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to a low level relative fo j:;hé baseline, conditiened suppression was es-
R o N L A

tablished. The -raterof ré;épo'ndi.'n"’g in thel —mm ,.i--r'-lé.grval prior to the

onset of thé'signa.l was comba.:ﬁeﬁd"\gith the rate dﬁring'éh_e._.signal, and a
suppression ratio (rate duij:ikng»;‘(ré.'te prior) was computed, - Detection
was defined as'a mean suppkr‘es"s'iuohn ratio less than one. The extent to

s

which thesubJ écts werd able to ‘detect the s Lif"g'il-"laﬁll.\;{ra s manifested by the

differences between the suppression ratio of the F-S condition, and the
response ratios of the other conditions,

The following five sessions comprised a no {licker-shock condi-
tion (E‘-S). By presenting an unsignalled shock on a VT 10-min sched-
ule and dividing the response rate ! min previous to the ! -min pre-shock
interval into the response rate during the pre-shock interval, a rate ra-

tio was computed for comparison against the signal-shock conditions,

This condition assessed the effect of shock alone on performance.

Following the F-S condition, an ELF signal was used as a pre-

shock stimulus in the manner of the flashing light. This condition was

called the ELF-shock condition (ELF-5). The extent to which ELF

field was detected was directly assessed upon comparison with the pre-

vious conditions, If an ELF signal was detectable, its use as a pre-

shock stimulus would result in response suppression, particularly when

compared to the unsignalled shock condition, Detection of the ELF sig-

nal was operationally defined by a mean suppression ratio which fell

outside the 99% confidence interval around the mean suppression ratio
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of the F-S condition,

Several combinations of intensity and frequency were studied in
an attempt to determine if the subjects could detect the presence of the
signal. Both F -5 and F-S sessions were interposed between field ses-
sions. The field parameters explored for each subject and the number
of sessions at each value are shown in Table 5,

Conditioned Acceleration

Essentially the same procedure was used for the conditioned ac-
celeration experiment as for the conditioned suppression experiment,
The conditions of the conditioned acceleration procedure are presented
in Table 6. The sequence of the events within each condition is dia-
grammed in Figure 4.

After establishing stable keypecking under a variable-interval
Z-min (VI 2-min} schedule of food presentation in the presence of a
white keylight, a red-keylight no-time-out condition (RL—T—.O) was ini-
tiated., In this condition a change in key color from white to red was

programmed.to occur at irregular intervals averaging about 10 min

aigpéi';;rt': ) Theredllght had a c_l‘)‘l-r_a-t:igr} of 1 m1n Wlth the ”a.bsenc:e of a
diﬁ&r’i‘ance between the re‘sllﬁgiiée‘%"ﬁ"ate during the 1 rjnin p-.x'ié;f\'to presen-
tation of the red light and“"th'e:%-;-gsﬁonse rate during the 1 -min duration
of the,-re(_;l"light,r-ﬂ the neutrality _pf'thg_: red 1igh§,~wa:s established.

| Inr the red-light time-out condition (RI;-TO), the red keylight

was terminated after its 1-min duration coincidentally with the initia-
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The ELF Field Parameters and Control Conditions
with the Number and Order of Sessions at Each
Value, for Each Subject, for the Conditioned

Acceleration Procedure
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CONDITIONED ACCELERATION
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Figure 4. The Sequence of Events under the Conditioned

Acceleration Procedure,
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tion of a 10-min extinction period. . Signalled by a green keylight, this
"extinction interval was served as time out from po‘sitive reinforcement
(TO). During this TO, not only were keypecks not reinforced, but each
keypeck that occurred reset the 10-min clock, thus delaying the onset
of the white keylight and the availability of reinforcement. The green

keylight therefore c0nt'r011ed a very low rate of responding. As respond-

- 3

ing increased Q'Y,er«:‘f':he ba.geline “x—"é.t-.e.dli;.-i'ng the 11-1:r11n, pre-TO, keylight
ﬁe__rio_di hé"on‘di,tioned a.ccel,eh‘ll"i%ti;agisfviias established': Therate of respond-
ingi 1n the 1-min interva.lji}')r::i‘or,"_téé the onset of the red hght was compared
with the rate during thg SLgné.l, é.na an acceleration ratio (rate during/
rate prior) wa.s cbmﬁnt;d.; -tb'éi;ection ‘was d‘éfi’nefd as an acceleration
ratio greater than one. The extent to which the subjects were able to de-
tect the signal was manifested by the differences between the suppression
ratio of the RL-TO condition and the response ratios of the other condi-
tions,

The following five sessions were a no-red keylight TO condition
('Ii_i-TO)‘ﬁ. By presenting an unsignélled TO ona VT 10-min schedule
and dividing the response rate 1 min previous to the 1-min, pre-TO
interval into the rate during the pre-TQ interval, a rate ratio was com-
puted for comparison against the signal TO conditions. This control
condition assessed the effect of the TO alone on performance,

Following the RL-TO condition, an:ELF signal was used as a

pre-TO stimulus in the manner of the red keylight. This condition was
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e3 .

called thé ELF-TO cc;nldition and corresponc;; to the EI:..F-S condition
in the conditioned suppression procedure. If an ELF were detectable,
its use as a pre-TO stimulus should result in response acceleration,
Detection of an ELF signal was operationally defined by a mean accel-
eration ratio falling éutslivde fhe 99% confidence interval around the mean
acceleration ratio of the RL-TO condition.

Several combinations of intensity and frequency were studied in
an attempt to determine whether the subjects could detect the presence
of the signal. Furthermore, RL<TO and RL-TO sessions were inter-
posed between field sessions. The field parameters explored for each

subject and the number of sessions at each value were shown in Table 6.
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CHAPTER III
RESULTS

Figure 5 shows the behavior of R-4 on the four conditionsg of the
conditioned suppression experiment, The sighal interval and the shock
presentations are identified by the offset of the response pen. The down-
ward pen deflection represents both the termination of the 1-min pre-
signal interval and the initiation of the 1-min signal interval; the upward

pen deflection represents,both the end of the signal interval and the oc-

2 :

currence of the 0,5-sec shock pfag'éni_:&%i_on.

P

Suﬁppressmn is clearly exemplified byu the r&:'es,p'l__onse decrements
du;lng tﬁe pre-shock sigﬁal;-i 1nterva.ls in the F-S co’nditfi"orn'.r_-;-'i—As evident
in the record, the stable, moﬂé;"“iff'@té response rate typical Nof VI schedules
was-not dirstu-};-be‘d in the F—Sof F-V_S_._:.c‘,o,ntrrols‘, '_.'I'h,-:is‘ la'_.éjk of effect con-
firmed the initial neutrality of the flicker stimulus and indicated the abil-
ity of the subject to recover after nonsignalled shock, Upon comparison,
the response during the field condition {ELF-8) is similar to that of the
F-S condition in that no baseline alteration is apparent, Failure of the
field signal to produce suppression similar to that of the flicker signal
in F-S attests that at the p’a.ramete(rs and exposure times investigated,
the ELF signals were not detectable by those subjects using these meth-

ods,
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Figure 5. Behavior of R-4 on Four Conditions of the
Conditioned Suppression Procedure, The
Arrows Point to the Onset of the Events
(F-Flicker, F-No Flicker, S-Shock, and
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In an attempt '!:"6,,317i;'ef1é¢t the dependenéy béfwhéen the rate of base-

line reég_ci}“r‘jdingﬂ §nd tilgd'efe':ction of astlmplus, riteé ratios were calcu-
lated forr-ach p:i“'oc‘édu.j:'.f‘le.* Each raﬁtie ?ra{-,iéo compared the response rate
during the 1-min interval prevzouq to the stimulus presentation with
the response rate during the l-min stimulus interval,

For the suppression procedure, the response rate decreased
during the presentation of a detectable stimulus followed by shock. By
dividing the rate of responding during ‘the l-min pre-shock signal by the
rate of responding during the 1-min interval pfeceding the onset of the
signal, a rate ratio of less than unity would result if the stimulus were

not detected. Thus detection of a stimulus under the conditioned sup-

pression procedure can be represented as follows:

. RATE OF RESPONDING DURING THE
| - © 1-MIN, PRE-SHOCK SIGNAL
DETECTION - onmmmmmmmmmm e mmmee '.._ ........... ' 1
" RATE OF RESPONDING 1-MIN PREVIOUS

. TO THE ONSET OF THE SIGNAL

" RATE OF RESPONDING DURING THE

| .1-'-.MI_1§_, PRE-SHOCK SIGNAL

N _NO-]A)ETEC"'I.?I:O-N '_-;-__';--_'--.‘.--'.--'.'..-.--.'.__-_.'.'____'_-.._‘ S— 1
- 'RATE OF RESPONDING L-MIN PREVIOUS -

TO THE ONSET OF THE SIGNAL
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Rate ratios were calc:ula;t-éd bytwo general methods, one by
sessior;s and the other by tr'iai‘l.s"‘;.- l_»':The session method consisted of ac-
cumulating the total number qf fééponse,s made dur_ing all the stimulus
presentation intervals for the ent.ife seis"'éio.n ana dividing this sum by
the total stimulus presentation time for the entire session, resulting
in a conservative estimate of the rate of responding during the pre-
shock signal interval, This estimate was divided by the rate of respond-
ing during the 1-min interval prel.vious to the onset of the si.gnal, which
had been calculated in a similar manner using the total number of re-
sponses accumulated over the entire session. This ratio was called the
rate ratio by sessions and proved to be a reliable measure,

The trial method consisted of calculating a rate ratio for each
individual stimulus presentation trial during the session and computing
the mean rate ratio by trials over the entire session. This imeasure
proved to be too variable to be of any use.

The results for the conditioned suppression procedure are shown
in Figure 6. The figure shows the mean rate ratio per session for each
subject under each condition enclosed by the 99% confidence interval,
When a flashing light (F) was used as a pre-shock stimulus, the rate
during that stimulus decreased by at least 50%, and in the case of R-4,
over 80%. When no pre-shock stimulus was used (-F-‘-), the rate ratio
remained near unity, i.e., no rate change occurred., Such was the case

for all of the field conditions, indicating that at the field parameters and
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exposure times investigated, the ELF signals were not detectable by
those subjects using those methods.

Figure 7 reveals the behavior of P-237 on the four conditions of
the conditioned acceleration procedure. - As in Figure 5, stepping pen
deflections identify the signal interval when the stimulus is present
(RL) or absent (IR_I:)) The upward deflection, however, now represents
the initiation of the-10-;m'1n‘ TO period, Very few, if any, responses oc-
curred during the TO (green keylight) interval. Similar to the condi-
tioned suppression c-ontr‘ols,r the red keylight did not alter performance
when presented without the TO (T'c')). Thus the signal had no control on
behavior before the conditioning procedure was initiated. Acceleration
is clearly evident on RL-TO as responding markedly increases during
the red keylight interval, Perforfna.nce during field conditions wasas
undisturbed as during RL-TO conditions. This lack of effect during the
ELF-TO conditionfi signifie;s the inability of the ELF field (45 H=z, 10
V/m, 2 G) to coptfrol 'a‘,n increase in l;espohd'mg.;

| The coﬁditioned acceleraf-‘-i'm; response ratiosAwere computed by
dividiﬁg the rate of respondiﬁ:g:' during the 1-min, pre-TO signal interval
by the rate of responding duriné thé l-min interval previous to the sig-
nal presentation. For the ‘accélei‘ation procedﬁre, however, the re-
sponse rate increased during the pre-TO signal if the signal was de-
tected., In this case, a ratio greater than unity would result if the sig-

nal was not detected. Thus detection of a stimulus under the conditioned
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CONDITIONED ACCECERATION

SUBJECT P-237"

CONDITION | RL-TO RL-¥0 -~~~ RL-TO ELF-TO
C oL (75 Hz,
' 10 v/m,

; 26G)

v | 7
by Signal ‘Interval Time-out

Z {1 min) e—To {10 min)

= .

< Presignal Interval \ =

a (1 min) RL 7o —
v

::J A \EL_F
S A RL

o

15 MINUTES

Figure 7. Behavior of P-237 on Four Conditions of
- the Conditioned Acceleration Procedure.
The Arrows Point to the Onset of the Events
(RL-Red Light, RL-No Red Light,
TO-Time-Out, and TO-No Time-Out}.
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acceleration proceduré can'be’ repres'gnted as follows:

\ RATE “OF - RESPONDING DURING THE "
| 1 MIN, PRESTO: SIGNAL
 DETECTION -----------‘zf'sa-’--‘fi‘i ------------------- .I
“RATE OF RESPONDING 1-MIN PREVIOUS .

TO THE ONSET OF THE SIGNAL

RATE OF RESPONDING DURING THE
1-MIN, PRE-TO SIGNAL
NO DETECTION ==ee-s-c-ceccmsmmmmme—=enmoo—c== :'l
RATE OF RESPONDING 1-MIN PREVIOUS -

TO THE ONSET OF THE SIGNAL

Rate ratios were calculated by sessions and by trials, Apgain the only
rate fatio by sessions was reliable enough to use,

'Fi‘gure 8 shqws mean rate ratios per ses sion enclosed by the
-99% confidence intetval, U;ing a red keylight (RL) as a pre-I"O signal
resﬁlte'd in an ave;‘age rate Aincrearse of 50%. When TO -vn;as unsignalled,
ﬁ, the rate ratio__remained r;ear un'ity“,' i.e., no acceleration oécurred.
-No Vlieliabrie;indications of z's."c'cel"efa..tion for any subject oécurrgd when
e;.n 'ELF“sigﬂnaI -p:reice‘déd_ TO, indica;cing that at the para;néter valu;es and
exposure times studied, these signals were un‘c'letected using these meth-

ods,
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CHAPTER IV
CONCLUSIONS

No reliable effects of ELF electroma.gnetié fields at 45, 60, and
75 Hz, 0.13-2.0 G, and 0 to 100 V/m were found. These results sug-
gest that these signals were undetected, The results do not imply, of
course, that effects could not have been shown using other baselines,
longer exposures, more subjects, different species, or other field para-
meters.

It should be noted that to prove statistically that detection did
not occur is to prove the null hypothesis, which is logically impossible,
Any study of this nature involves some risk taking., A desirable design
should be one that procures favorable odds for a detection. This study
did so by utilizing the following:

1. Three frequencies within the range of interest.

2. A series of intensities within the range of interest,

3. Subjects whose behavioral histories were familiar

and manipulable,

4. Reliable and sensitive procedures,

Given the.above'provisidﬂ_s', h;jwéver, byﬂ.fil.q?mea.ns may one con-
clude lr‘t'ha.t ELFJ‘A“.eglectromagnetic radiation has b:een-'aaequately investi-

gated,- This inadequacy becomes-more apparent as one compares possi-
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ble detection within the ELF spectrum with known detection within the
vigible light spectrum. Before doing so, it shc;wuld be noted that this
may be an unfair comparison in many ways due to the physical differ-
ences in these spectrums, The 300-Hz frequency range is much
smaller than the 5 x 1014_Hgz frequency range of visible light, The
waveléngths differ proportionally in that visible light wavelengths range
from 400 nm {one-millionth of a meter) to 700 nm, and ELF wavelengths

6 to 10? meters., In any case, according to Day (1969)

range from 10
the human observer can discriminate 128 colors when wavelength alone
is varied. More important, however, is that he can discriminate be-
tween about 7, 500, 000 different colors when intensity, wavelength, and
purity of light reachiﬁg the éﬁre are varied conjoi‘ﬁt'ly. The potential for
det;:ction within the ELF spectrum should indeed be si;nilarly related
to frec;uency, intensity, and p-;arity cq_rnbina.tions.

Exposure effect§ should also be considered, The effects of high-
energy ionizing ra.;di'a.tion are inversely proportional to the length of
their exposure durations. With the high-energy radiation-exposure
intervals being as short as a few sec, ELF radiation might require many
years for effects to occur,

The conclusions that one can draw from these data are limited
by the number and species of the subjects used as well as the parameters

investigated., A larger sample might have increased the probability of

discovering a subject sensitive to the fields. Electric and microwave
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field studies reviewed earlier demonstrated the possibility that only a
select samp}é{pf; humans may be sensitive to audit‘ory effects (Frey,
‘1963,1 1965; ;;‘fieske, 1963), Othé'f studies have clearly demonstrated
that some species are more séns-i_tive-. to electric fields. According to
Presman _(1970)' some fish Wlth ei_ectpic organs can react to electric
field pulses of very low strength (1 x 10._6V/m)-. Electrosensitivity

in fish seems to be a type of species-specific behavior, a process which
may have no analog in other species, as is the case with other kinds of
reception in animals, suchas the perception of ultraviolet rays by the
bee or infrared rays by the snake. ELF perception may be similarly
species-specific,

The lack of observable ELF effects in the present study agrees
with most of the previous findings reviewed in Chapter I. The nature
of an effect, however, no doubt depends on the kind of animal, the type
of higher nervous activity, the parameters of the acting electromagnetic
field, and the exposure conditions. Since there are innumerable possi-
bilities for these characteristics to be varied, the results of different
studies cannot readily be related to each other,

Presently available data provide no suggestion of distinct ef-
fects on humans or on populations of other higher animals in ELF fields.,
However, subtle effects of ELF fields in individual organisms have been
demonstrated for example by Gavalas et al. (1970) and Persinger and

Foster (1970) and Reille (1968). These experimenters are working
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under the assumption that if the natural magnetic field is of significance
to behavicr, then one must postulate that organisms possess an organ
capable of acting as a direct magnetometer, since field strengths and
variations are of such low values that induced currents are negligible,

Traditionally the auditory and visual systems have been distin-
guished in part by the bel.i,ef,:.-tha.t the two systems respond to different
types of energy; acoustic and electromagnetic, i;;s-pectively. Frey's
work (1963, 1:96:5‘)' not only indica?es ti:ha.t fhe hﬁ'ma,.n auditory system c¢an
respond to electromagnetic energy, .in at least a portion of the radio
frequency spectrum, but a.léo sééig.e.sts a possible magnetometer.

A sgcog},d possibility is that organisms might be sensitive to ELF
fields without possessiné a sole receptor syst;,m resl;onsible for re-~
ceiving electromagnetic radiation, converting it, and transmitting it on
to an efferent system. The behavior under the influence of ELF low-
energy fields may well be a result of a slow-acting, generalized body
response--one which is not detected at one specific physiological loca-
tion or by one specific mechanism.,

This is conducive to Brown's external timer hypothesis for bio-
logical clocks, From his studies with plants and lower animals, Brown
(1970) concludes that the orientation of the animals normally includes a
true response to the earth's magnetic field and proposes that every cell
of the body contains the perceptive capacity for magnetic fields,

A third possibility proposed by this author is as follows: ELF
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fields mavy, affect higher 'ax}ima.l:s thrqugh synaptic modifications which
would chanée nerve cell excitabilities throughéut the central nervous
system. The effects of exposure to ELF radiation would be similar

to those observed in many higher animals, including man, under the
influence of alcohol and barbituates. Many animals can be trained
while not drugged to perform a response different from the one learned
while drugged (e.g., left turn in a maze instead of right turn}. After
training, the response performed will depend upon the state of the or-
ganism. Thus many learned behaviors can be conditioned to the drug-

state during acquisition,  Such behaviors are said to be state-dependent

and exemplify dissociated learning. In a recent review of the litera-

ture, Overton (1971) has described state-dependent learning as a gen-
eral phenomenon that occurs in a variety of tasks, in a variety of ani-
mals, including man, and is produced by many centrally acting drugs
like barbituates and curare., Most relevant to the ELF-field literature
is that sensory cues do not appear to be involved in dissociated learning,
that it appears to be totally a central nervous system response to the
drug. .One mechanism explained by Overton not only provides a good
example of how dissociated learning could conceivably be produced but
also suggests how an ELF effect might occur. Overton describes a
model originally proposed by Girden in 1940. Girden postulated that
learning takes place in the cortex and that subcortical regions retain

the ability to be conditioned. TUnder normal (und-fu’gged) conditions these
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regions are inhibited by the neocortex, but under drugged conditions

the cortex is inactivated, lg_qrtical inhibition disappears, and subcorti-
cal structures are ia.llowed to acquire the conditioned response. Re-
sponse leargea-;quer ‘the drug, howezver, is dissociated and can be per-
forr";r1ed only \;;lll'ile the animal is diugged. Without the drug the cortex
suppresses the subcortical regiep?. Meanwhile, a different fesponse
to the same stimulus may be acquired by the cortex under undrugged
conditions, and this; response ';xr.ill be observed Unless the; animal is
drugged, at which time the subcortical response will reappear.

The author admits that the only support for his proposal that a
similar mechanism might result under ELF exposure is a number of
physiological studies described by Presman (1970). After examining
-EEG records from a variety of animals, some experimenters report a
recurring main reaction and a secondary reaction that are similar to
the changes which are observed during sleep and anesthesia. From
these studies, Presman concluded that radio-frequency electromagnetic
radiation of athermal power densities may have an inhibiting effect on
brain structures. Additional supporting evidence can be found in studies

on electroanesthesia recently reviewed by Herin (1968), Electroanes-

thesia is anesthesia produced by applying 1-mA to 10-mA, 1-Hz to 10-kHz

currents to the nervous system., Persinger et al. (1973) reported that
the anesthesia induced by transtemporal electric currents can be poten-

tiated by 5-Hz pulses and that 0,1-Hz pulses more readily potentiated
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the Aéffect_- than‘-lO;Hz or 100-Hz pulses,

"It is clear that the i,d.éntification of those variables or combina-
tions of variables which determine the occurrence of behavioral effects
of ELF fields féq’ili:,r;'e-s’_‘;nd merifts much more research. The future of
this field of study, however, depends upon the type of research. What
is needed is well-planned and well-reported experimentation by patient,
dedicated scientists., The use of unsystematic, unspecified field condi-
tions along with unreported or nonexistent measurement techniques and
experimental procedures, will be of doubtful value in the advancement
of this area of research. The absence of profound psychological hazards
in the literature so far should not limit the interest in this field to those
searching for exciting and rapid developments. Lastly, there is a need
for more correlational studies between environmental, geophysical
parameters and life processes as a source of stimulation and guidance

for future experimental exploratory studies.
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