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Behavioral Sensitivity to Microwave· Irradiation 

Abstract. Rats assayed by the technique of conditional suppre.uion were able 

to detect the presence of J 2.25-centimeter microwm•e.1· at doses of power approxi-

1riating 0.5 to 6.4 milliwatts per gram. The assay, whicl, controlled for sensitiza

tion, for pseudo and temporal conditionin,::, and for several. possible so11rcc.1· of 

arti/ai:tual rneing, rei•ealed tl,at irradiation by micrm1·m•£;,f, altl,011gh lacking the 

saliency of an auditory .ftimulus. can function as a ./1ighly rcliahle cue. E{Ticiell<'y 

of detection was stro.ngly and positively related to tl,c amo1111t of microwave 

energy to which the rats wer(' exposed. 

Nearly a decade ago, Frey ·(/)· re

ptirted that huinan beings can detect 

pulse-modulated electromagnetic energy 

ut wavelengths of 10 to 70 cm arid at 

average power densities of 0.4 to 2.1 
mw/cm~. The sensations n;ported were 

usually auditory in character and were 

often described as "hissing, buzzing, 

and clicking sounds." Although no con

firmatory studies have been . published 

s;nce Frey's reports, three instances of 

verification have been communicated to 

him (2), and he has· referred to success

ful use of microwave energy as a sig
naling stimulus in cats (3). Two directly 

related studies yielded negative results. 

Jones (4) reported that none of 20 col

lege students could discriminate pres

ence from absence of 30- or 60-cm 
microwaves. Justesen and King {5) in

termittently presented l 2.25~cm micro

wave energy to each of six rats as a cue 

for obtaining sugar water, but none of 

the rats discriminated the cue. Since 

unmodulated energy was used in Jones·s 

study, its negative findings comport with 

Frey's belief (2) that modulation is 

necessary for perception of microwaves. 

Modulated energy was used by Justesen 

and King. but the ,assay for perception 

was based upon appetitive rather than 

aversive motivation and may have 

lacked sensitivity. Much indirect evi

dence of relevance to detection of mi

crowaves has been published, particu

larly in the Soviet literature (6); altered 

thresholds to physiologically adequate 

stimulation have been reported as se

quelae of microwave irradiation in 

olfactory (7), auditory ( S), visual (9), 

and cutaneous,(/ 0) modalities. Other af
tereffects include cardiovascular changes 
(/ 1-13). irritability and irascibility (] /), 

neurasthenia (13), and he~dache and 

disturbance of sleep (/ J). Acute re

sponses observed during irradiation in

clude c1hanges of blood pressure (14), 

heart rate ( 15). and cortical and sub
cortical elcctrophysiological activity (3, 

/6). 
Although the mechanisms respon

sible for chronic and acute changes are 

unresolved and much debated (3. / 7). 

the evidence suggests that microwaves 

at densities below the safety limit of 

10 mw/cm:! observed in the United 

States ( 18) can affect nervous activity 

and co't1ld. therefore, possess stimulus 

properties. We report here attempts to 

assess in rats the efticacy and thl! re

liability of modulated 12.25-cm micro

waves as a warning stimulus for im

pending electrical shock. 
Six male albino rats of common age 

were obtained from the Simonsen Com

pany of Minnesota. Three randomly 

selected rats (R-1, R-2, and R-5) served 

as subjects for irradiation; control rats 

( R-3, R-4, and R-6) were never ir

radiated, but were maintained in their 

home cages with unrestricted access to 

Purina Lab Chow and water. Although 

irrad_iated rats had the same access to 

water, they were partially deprived of 

food until their individual weights fell 

to 75 percent of that before experimen

tation; a diet that led to 75 percent of 

normal gains in weight was thereafter 

instituted on the basis of data on weight 

gained hy the control -animals. Weights 

of R-1, R-2, and R-5 at the commence

ment of experimentation were, respec
tively, 409. 455. and 427 g. 

A highly sensitive measure of con

ventional sensory stimulation. t!le tech
nique of conditional suppression (/9). 

was used. With this technique. a sub
ject is reinforced after making an oper

ant response; then reinforcement is 

scheduled intermiltently until the re

sponse occurs frequently ,and consist

ently. Finally, a Pavlovian conditioning 

regime is superimposed in which a 
warning signal ·is presented . from time 

to time, always terminating in a brief, 

but aversive, unconditional stimulus 

(US). After repeated presentations of 

the warning signal and the US, a subject 

will respond stably except when the 

warning signal is being presented: that 

's. operant behavior is conditionally 

suppressed. The operant response re

quired of our rats was the tonrue lick. 
which was detected photoelectrically 

:tncl reinforced hy discrete voltmll'S 

[30 ,.,I) of sugar water (dextrosl.'., 16 g/ 

I 00 ml). A radiolucent ensemble hy 

which licks were detected and rein

forced is described elsewhere (20). An 

aperiodic schedule of reinforcement 

was used during all experiments: the 

passage of each 2-second interval after 

re nforcement led to availability of an

other reinforcer with a probability (P) 

of .25, .125, or .06'.!5. The P value 

was not changed during a given experi
ment, but was varied across experiments 

to maintain stable responding. The US 

was unavoidable electrical shock to the 

feet presented by a radiopaquc floor
grid of aluminum rods (.? I). A conven
tional warning stimulus. with which 

microwave irradiation was compared 

for cueing efficacy. was a 525-hz tone, 
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and was produced by a 3-inch, 4-ohm 

loudspeaker (Jensen VK~300) driven by 

a sinusoidal current at 800 µ.w of con

tinuous power. 
Because conventional (open space) 

methods of exposure to microwaves re

quire immobilization of a subject in 

order to preserve constancy of incident 

energy (5, 22, 23), we irradiated our 

animals in the closed space of a multi

modal exposure cavity, a modified Tap~ 

pan R3L microwave oven (5, 22). Mi

crowaves (at 2450 ± 50 Mhz) were 

generated by a QK707-A magnetron 

and were doubly modulated at 60 and 

12 hz. · The exposure cavity was fitted 

with a.· Plexiglas conditioning chamber 

(internal dimensions, 26 by 3 7 by 24 

cm) and with the radiolucent ensemble 

by which licks were detected and re

inforced (20). Dosimetry was accom

plished by measuring available micro

wave power (22) within the chamber by 

water calorimetry {24), then dividing 

obtained wattage values by mean weight 

of the three rats to yield average doses 

within ± 15 percent of 6.4, 4.8, 2.4, 

and 1.2 mw I g. The smallest dose was 

not based upon calorimetry but was 

estimated to be 500 ± 90 µ.w I g on the 
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basis of the level of focusing current 

used to control and monitor the output 

power of the magnetron (25). A shift 

from zero to a preset level of available 

power in the exposure cavity was ac

complished by applying 5 kv of 60-hz 

a-c voltage to the anode of the mag

netron. 
The exposure cavity was cooled and 

sounds transmitted to the conditioning 

chamber were masked by fans that pro

vided a continuous flow of air from 

an e){lernal, thermostatically controlled 

source. Temperatures within the oper

ant chamber were maintained at 24 ° :t: 

2 °C; relative humidity was between 20 

and 40 percent. One-minute periods of 

tonal stimulation or of microwave ir

radiation and 0.5-second periods of 

electrical shock (averaging 790 µ.a root~ 

mean-square) . were programmed for 

automatic presentation by a punched

tape control system. The number of 

licks th.at occurred during 60-second 

control ("safe") periods, and during en

suing 60-second periods of warning 

stimulation (which usually terminated 

in shock), were tallied by digital coun

ters and cumulative recorders. A rat's 

discriminative efficiency (that is, the 

,@ 
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degree to which an animal's operant 

responding was suppressed during warn

ing stimulation) was quantified by the 

formula [(S - W)/ S] X 100 (where S 

is the number of responses made during 

safe periods and W is the number made 

during periods of warning stimulation). 

Each of the three rats was tested in a 

total of 14 experiments based upon 62 

2-hour sessions. The 62 sessions wen: 

interspersed with another 87 sessions 

(without irradiation) in which baselines 

of operant responding were established 

or reestablished, all 149 sessions being 

conducted within 6 months. Each ses

sion was 120 minutes long, and the 

minimum interval between sessions was 

22 hours. During each session condi

tioning stimuli were presented eight 

times, and the length of interval~ be

tween presentations was made random 

to control for temporal conditioning. 

Each of the· 14 experiments comprised 

a set of two or more contiguous sessions 

(Fig. I). 
None of the rats exhibited signs of 

spurious (unconditional) suppression 

when the tonal stimulus was presented 

without shock to the feet (session set I): 

but during sessions of the second set, 

1.2 <.6 Tone 6.4mw/r;i Tone 

Microwave power in mw/o 
plastic orld 

8 9 4 3 9 4 3 4 2 2 

2 5 7 10 8 9 11 12 6 14 

of set 
L-control meosures__J 

LExtinction _J 
Measures in tests for suppression measures 

Fig. 1. Mean efficiencies of rats discriminating a 525-hz tone or microwave irradiation presented as a warning stimulus that usually 

preceded unavoidable. footshock. Means of individual subjects (rats I, 2, and 5) are shown by encircled numbers; overall means 

are illustrated by verticle bars. A total of 14 experiments was ordered across time in sets of two or more contiguous sessions as 

indicated in the two rows of entries at the bottom of the figure. Conditions are explained in text. 
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when shock did follow the tone, sup

pression of responding was quickly 

conditioned. When periods of micro~ 

wave irradiation were presented alone. 

(session set 3) or made random in 

time with respect to an equ,vah:nt num

ber of shocks {session set 4), neither 

spurious suppression nor aversive sensi

tization, respectively, was observed. 

During the fourth set, one rat, R-1, re

ponded reliably more often during 

periods of irradiation than it did during 

control periods ( P < .0 l ); since shock~ 

never coincided with irradiation R-1 

apparently learned that it was "safe" to 

respond when irradiated. During ses

sions of the fifth set. shock was pre

sented at the tem1ination of each period 

of irradiation, and the rats were again 

irradiated at 6.4 mw/g. All rats sup

pressed reliably, R-1 less . efficiently 
than the others. During sessions of the 

sixth ·set, a conditioning chamber 

formed entirely of Plexiglas was · in

serted into the exposure c·avity. Only 

microwaves were presented. This ar
rangement permitted assessment of re

sistance to extinction (which was rela

tively high in all animals). but was pri

rnarily used to control for (and was 

. found to eliminate) the possibllity that 
the suppression observed during the 

prior set of sessions was produced by 

demodulated microwave energy that 

could have been wave-trapped by the 

aluminum shock-grid and could have 

led to artifactual electrical stimulation 

of the footpad. Periods of microwave 
irradiation terminating in shock were 

programmed during several subsequent 

sessions ( sets 7 through 11), but at 

lower doses. During the 12th set of 
sessions the 525-hz tone again pre

ceded shock; efficiency of discrimina

tion was almost as high for all three 
rats as during the second set. In order 

to test for spurious auditory or vibra

tory cueing by relays and switches con

trolling presentations of microwave 

energy, neither irradiation nor shock 

was presented during the 13th set of 

sessions. The source of current to the 

anode of the magnetron was intcr

ru pted. preventing generation of micro

wave energy, but all control relays and 

switches were operated as in the fifth 

set. Spurious suppression was not ob

Sl'rwd. During the 14th and final set of 

sl'ssilms. resistance to extinction to the 

tl1nal stimulus was measured. All three 

rats continued to suppress during tonal 

stimulation in spite of the absence of 

shock. 
Detection of microwaves was gener

ally less dlkient than detection of the 

tonal cue, but was •highly rcliahlc at all 

but the two lowest doses: hinomial P 

values ranged between I 0- 7 at 6.4 

mw I g for the best performing rat to 

~ .10 at 1.2 mw/g for the worst per

forming (26). Even at the lowest dose, 

one of the rats discriminated reliably 

(R-2, P < .001). The appearance of a 

strong relation between dose and re

sponse was tested by plotting mean 

efficiency of discrimination against aver

age dose as presented during session 

sets 5, 7, 8, 9, 10. and 11. The product

moment r is .95 (at 4 d.f.. P < .01 ). 

Under the conditions described, the 

albino_ rat ,.:an either detect microwave 

energy or is sensitive to some concom

itant of irradiation. Because of the 

strong dose-response relation, an arti

factual cue would have varied. in iuten

sity with the amount of available power. 
X-irr:1di;1tion is· a possibility and is not 

only generated hy high-voltage, therm

ionic devices such as the magnetron, it 

has also been demonstrated to function 

as a signaling stimulus (27). However, 

a metallic wall of ~he exposure cavity 

and the 1-cm-thick Plexiglas sheet from 

which the conditioning chamber was 

fabricated separated the rats from the 

magnetron; x-rays at the low photon 
energies developed in a magnetron 
would have little probability of pene

trating the metallic wall and the· Plexi

glas sheet. Another possible cue derives 

from the small portion of microwave 

energy that is absorbed by the met:111ic 

walls of a multimodal cavity. The loud

speaker used to present the tonal cue 

was located on the external surface of 

the cavity and could have trapped 

demodulated microwave energy and 

translated it into an audible vibration 

of the spc:iker-conc. Even though our 

experiments controlled for this possi

bility (compare session sets 2 and 3), 

we took the additional precaution of 

. removing the loudspeaker from the ap

paratus during most of the tests for 

microwave cueing. 
The only unargued fate of absorbed 

microwave energy is thermalization. 

However, rats exposed to 6.4 mw/g 

and lesser doses of irradiation for 60-

second periods have never exhibited 

reliable elevations of whole-body tem

perature in our laboratories, even when 

measured by expanded-scale electronic 

thermometers with a resolution of 

0.05°C. Some investigators (28) would 

conciude that nonthermal effects are 

implicated; others (29) would argue 

with some cogency that the rats were 

simply more sensitive to a weak thermal 

stimulus than were our thermometers. 

Whatever the mechanism of detection 

(30) we offer our data as evidence that 

confirms und extends the generality of 

Frey's findings: mammals arc sensitive 

to something that inheres in or accom

panies illumination by microwaves at 

low levels of available power. 
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