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Abstract

Recordings from elements of the auditory system of cats in response to pulsed microwaves, as well as determi–

nations of thresholds of2audibility of humans to the pulses indicate that an auditory sensation may be elicited by
pulse energies >20 uJ/cm , regardless of average or peak power.

Summery

Introduction

There have been numerous reports of microwaves eli-

citing an auditory sensation [1, 2, 3], although the
neural substratum for the sensation remains obscure.
In this paper we wish to describe the responses of cer-

tain elements of the auditory system to pulsed micro-
wave radiation. The recording of cochlear microphonics,

auditory nerve responsea, and thalamic-evoked potenti-
al from the cat in response to stimulation by both a-
coustic energy and microwave energy indicate that the
microwave pulses. are eliciting authentic auditory acti-
vity. The threshold of audibility of the microwave
pulses to both cats and humans was determined as a

function of pulse characteristics.

Results

Microwave pulses in both the UHF and microwave

bands evoke activity in the medial geniculate nucleus

of the cat. As is seen in the lower portion of FIG. 1,

the radiation-evoked activity from the nucleus, which
is involved in auditory mechanisms, ie very similar to

that evoked by a conventional click stimulus from a
pulsed loudspeaker. The late slow wave in another
brain area of the same cat (in the general somatosenso-
ry thalamic region) is the same for both pulsed micro-
wave stimulation and conventional acoustic input (FIG.
2). That both acoustic and microwave energy are eli-

citing similar responsea in parts of the CNS other than

auditory areas indicates that the microwave input is
not merely generating an artifact in either the prepa-

ration or the recording equipment.

A high-resistance carbon electrode, transparent to

microwaves, applied to the round window of the cochlea

of the cat waa used to record activity in response to
both a conventional click etimulus and microwaves in

the UHF and microwave bands (FIGs. 1, 3). Both acous-

tic stimuli and microwave pulses elicit activity at the
round window that includes the cochlear microphonics andl
or the N and N response of the auditory nerve.

z

There

is a str~ng ind cation that the microwave pulse is pro-

ducing Nl and N2 activity with little or no microphonics
activity. The microphonics in the microwave case is

either extremely brief and lost in the microwave arti-

fact, greatly attenuated, or absent. Frey [4] has dis-

counted the role of the cochlea in microwave acouatic
effects, partly on the basis of not observing a micro-
phonics in either cats of guinea pigs. We think, on the
basis of our own obaervationa, that thie question de-

serves careful examination, particularly as we did ob-
serve a nearly classic N1 and N response as supported

1?by latency characteristics and y response to anoxia as
indicated in FIG. 4.

The round window responses suggest intriguing ques-

tions regarding the mechanism of action of microwave

radiation of the auditory system. As shown in FIG. 3,

microwave pulsea at 2450 MHz yield potentials at the

round window which, while having the same periodicity as

acoustically evoked signals, have components whose amp-

litudes are dependent on the orientation of the radia-
tion source with respect to the cat’s head. Of parti-

cular interest is the observation that round-window re-
sponees elicited by radiation directly over the inferi-

or temporal area have the same form as those elicited

by the acoustic click stimulus. On the other hand, by

positioning the applicator at a variety of sites re-
moved from the immediate auditory area, a unique series

of potentials with increasing amplitudes is obtained.
As can be seen, these potentials are produced by radi-
ation in the X as well as the S band. The pulse cha-

racteristics for eliciting auditory effects are given
in parts ~, ~ and ~ of TABLE I for three different fre-

quencies for the cat. The pulsed microwave were also
audible to the co-investigatora with the pulse charac-

teristics shown in part ~ of TABLE I. The data clearly
indicate that the threshold is a function of the energy

per pulse rather than the average or peak power. It is

significant to note that the threshold energy for de-

tection by one subject with normal hearing reflected by

the audiogram in FIG. 5 was approximately one-third to

one-fourth that required for another subject with sen-

sori-neural hearing impairment shown by the audiogram
of Subject 2. Each individual pulse could be heard as

a distinct click with the sound originating from some-
where within and near the back of the head. Short
pulse trains could be heard as chirps with tone corres-
ponding to the pulse recurrence rate. When the pulse
generator was keyed manually, transmitted digital codes

could be accurately interpreted by the subject. The

threehold for two pulses within several hundred micro-

seconds apart was the same as one pulse with the same
total energy as the pulse combination.

Conclusion

While there is thus considerable evidence for the

perception of pulsed microwave radiation as an auditory
sensation, a number of questions regarding the mechan-
ism responsible for the phenomenon remain. Further
analysis of the mechanical, electrical, as well as the

neural mechanisms involved is necessary, particularly
as this phenomenon seems to represent the elusive clasa
of “non-thermal” EN radiation effects in a situation,

accessible to experimental analysis.
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Peripheral and central auditory responses to

speaker clicks and microwave pulses-in the
cat.
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FIG. 2 Cross-modal CNS responses to speaker clicks and

microwave pulses in the cat.
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FIG. 3 Peripheral and central auditory responses to

speaker clicks and microwave pulses in the cat.

Arrow indicates cochlear microphonics.
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* For microwave pulses, pulse rate = 1 pulse/see., pulse width =

S band, >28.3 pJ/cm2 for UHF and >500 pJ/cm2 for X band.
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Decrement in speaker and microwave pulse-in-

duced round window response resulting from

tracheal occlusion. Xicrowsve-induced response
dropped out at 4.0 minutes, coincident with the
loss of the N1 and N2 components of the speaker-
induced response.

32 psec. Energy density/pulse ~47.O pJ/cm2 for
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TABLE I

Pulse characteristics at threshold of evoked auditory responses.

THRESHOLDOF EVOKEOAUOITORYRESPONSESIN CAT

a. 918 MHz (ONEPULSE/SEC) BACKGROUNDNOISE 64 OB

PEAKPOWER AVG POWER NAx POWER PULSEWIOTH ENERGYOENSITY
OENSITYK&v OENSIT
(pW/cmz) J

(lIs) PULSE
(pW/cm ) (uJ/cmz)

5.8 i7.4 12.3 3 17.4

3.88 19.4 13.8 5 19.4

2.26 22.6 16 10 22.6

1.37 20.6 14.6 15 20.6

1.17 20.6 16.6 20 23.4

0.97 24.3 17.2 25 2k.3

0.80 28.3 20 32 28.3

(a)

THRESHOLDOF EVOKEOAuDITORYRESPONSESIN CAT

c. CAT’ (ONEPULSE/SECOND,x BAND)

BACKGROUNDNOISE 64 DB

APPROXIMATEVALUES

PEAK INCIOENTPOWER(W/CM2) 14.8T0 38.8

AVG INCIOENTPOWER(@l/CH2) k72 TO 1240

PULSEWIDTH (IIS) 32

ENERGYDEN5iTy/PUL5E (UJ/CNz) 472T0 1240

(c)

Footnotes:

THRESHOLOOF EVOKEOAUOITORYRESPONSESIN CAT

b. 2450 MHZ (ONEPuLSE/SEC) BACKGROUNDNOISE 64 DB

I 50 i

1 I .

10 20.3 I 2 20.3

20.3 4 I 20.3 —,
4.0 20.3 5 20.3 —

2.2 21.6 10 21.6

1.9
—

28.0 15 28.0

1.7
—

33.0 20 33.0

.61
—

15.2 25 15.2

1.5
—

47 32 47
—

(b)

THRESHOLOOF EVOKEOAUOITORYRESPONSESIN
d. HuNAN2(2450 HHz 3 puLsEs/sEc) BAcKGRoLJNO~lsE k5 LIB

IPEAKINCIDENT
POWER(W/CH2)

I I‘VGl~:fi~)powER‘uLsf,:;OTH
40 120 1

20 I 20 2

13.3 I 20 3

10 120 4

8 I 20 5

4 120 10

2.33 105 15

2.15 129 20

1.8 135 25
I I

I
1.25 I 20 32

(d)

1. Application of power directly to top of exposed skull required to elicit responses.

2. Thresholds for subject #1 in FIG. 5.

3. 28 with earplugs.
4. 135 for subject #2 in FIG. 5.
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FIG. 5 Audiograms of human subjects used for determining thresh-

olds of audibility to pulsed microwave.
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