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PREFACE

In the book brought to the attention of readers, for the first
time in domestic and foreign literature, data on the sensory acoustic
effect of microwave frequencies, called “radio sound,” are
systematized. Radio sound is the phenomenon of the appearance
of an auditory sensation in a person when his head is irradiated
with pulses of electromagnetic microwave energy. Today, —
this is the only effect of the biological action of microwaves
known to science that is objectively perceived by humans.

For the first time, the phenomenon of radio sound, after
its accidental observation in the coverage area of a radar station
antenna, was reproduced in laboratory conditions by the
American physiologist A. Frey, and he also proposed the name
of this phenomenon “radio sound”. A hypothetical consideration
of the mechanism of the occurrence of auditory sensations
from a physical point of view was first proposed by the American
physicist J. Lin in his single-circuit concept of radio sound.
However, this concept was unable to explain some
fundamentally important aspects of the phenomenon under study.

The study of radio sound as a manifestation of the
action of a pulsed microwave field on a whole organism is not
only of scientific interest. Based on studying the characteristics
of this phenomenon, fundamentally new ways of transmitting
information to a person or animal can be developed.
Naturally, the main direction of these studies was focused
on the search and development of an information communication
channel based on bionics. By that time, it was already
clearly clear that the search for anatomical structures of
the head capable of clearly playing the role of nonlinear elements
or systems for converting the absorbed energy of
microwave pulses into an information signal does not make sense.
New approaches and methods were required for determining
the functions of anatomical structures, allowing them
to ultimately be described using mathematics. And if acts
of primary interaction of biological structures with electrical
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Since microwave magnetic radiation was at least to some extent

amenable to comprehension, the issues of detection remained
a huge blank spot for a long time.

The formalized detection function was introduced by the
author of the book in the form of a thermal pulse formed in
the bone and tissue formations of the skull when absorbing the
energy of a microwave pulse and repeating the envelope of the
radio pulse. In this case, the thermal impulse is considered as a
source of mechanical vibrations, the spectral analysis of which
occurs in the auditory system.

In the presence of complex modulated microwave
radiation, the auditory analyzer will simultaneously separate two
signals of the first harmonic of the pulse sequence
(subcarrier) and the useful signal (message function). The separation
of both signals occurs in different frequency groups and
they should be subjectively perceived by a person
simultaneously. But thanks to the masking effect, a person perceives
only the function of the message. It seemed promising to
explore the possibilities of creating a communication channel
based on bionics in an aquatic environment using ultrasound
as a carrier. An analysis of the literature data on the
electrophysiology of dolphins showed that the hearing threshold
curves of dolphins can be calculated using the methods
and approaches used in studies of radio sound threshold
curves. The two-circuit concept of the formation of auditory
sensations in humans, proposed and developed by the author
of the monograph, turned out to be acceptable when
description of hearing threshold curves in dolphins.

As a result of our own research and analysis of literature
data, we can talk about unified principles for
constructing a bionic communication channel for transmitting
useful information in various environments to humans and
animals without the use of technical means of reception.

The author considers it his pleasant duty to express sincere
gratitude to the staff of the microwave irradiation service of the
Institute of Biological Physics of the USSR Academy of
Sciences, Ph.D. V. V. Shorokhov, Ph.D. S.V. Koltun, engineers A.L.
Gorokhov and A.A. Safroshkina, technicians 1.VV. Markin and S.A.
Zherebina for their active participation in the work and constant help.
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Biochemistry named after. |. M. Sechenov to the head of
the laboratory, Doctor of Biological Sciences |. A. Vartanyan,
Candidate of Medical Sciences E. M. Tsirulnik for the
opportunity to carry out work on audiometry in the laboratory and
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Special thanks to E. M. Tsirulnikov, now a Doctor of Medical
Sciences, for reviewing the manuscript and making a
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INTRODUCTION

This monograph presents materials on the study of the
mechanism of the phenomenon of radio sound and the possibility of
creating a bionic communication channel for transmitting
information to a person without the use of technical means of
reception using pulsed EMR microwave radiation.

The development of modern means of communication for
transmitting and receiving useful information at a distance is mainly
associated with the further complication of the technical devices
that make up the communication channel in order to increase their
tactical and technical data. These measures entail an increase in

energy consumption, increase costs and require the development
of new technologies.

The operation of a communication channel is subject to
the influence of numerous external “parasitic” factors that
interfere with the reception of useful information and, thereby,
reduce the efficiency of the entire system as a whole. Increasing
the noise immunity of a communication channel is
currently one of the urgent tasks and requires attracting huge
funds for its implementation.

One of the necessary conditions often imposed on a
communication channel is its secrecy—the —— impossibility of
receiving information by other correspondents, on the one hand,
and deep encryption of the transmitted information, on the other.

In modern conditions, one of the pressing issues is
maintaining the operability of a communication channel in conditions
of strong radio and electromagnetic radiation, for example,
during an atomic explosion or under the influence of

powerful pulsed electromagnetic fields during the operation
of radar stations, as well as in time of installation of radio

curtains or at a high level of acoustic noise. As a rule, modern
technical means of communication are not always effective
in such situations. In search of new principles for constructing
systems and communication channels, people began to
study some species of animals, both terrestrial and marine.
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The ability of bats not only to emit and receive ultrasonic
vibrations, but also to determine a target with high
accuracy is known. The location system of dolphins is even
more effective, which they use for many purposes —
of hunting, navigation, and transmitting various information.
A comparison of the dolphin location system with
existing modern radar systems in terms of basic parameters
shows [79] that nature has far surpassed human thought.
At the same time, living beings created by nature,
despite their complexity compared to any most modern
technical system, have a reliability that is immeasurably greater
than the reliability of technical systems. And in this
regard, the search for ways to create a communication
channel based on bionics, i.e., based on the study of the
functions and principles of organization of biological systems,
can be considered one of the most promising
directions [5].

Currently, biological bionics is especially actively
studying the properties of specialized receptors and elements
of the nervous system of representatives of the animal world,
using them for orientation in the surrounding space, when
communicating, during hunting, etc. The mechanism of
sound perception is being intensively studied by a person
using electronic models that reproduce the frequency properties
of the ear. Of great interest are works on creating models
of the auditory system that can distinguish weak signals
against a background of noise.

Communication systems may be of practical interest in
special cases of combat use of military equipment, for
example aircraft, in conditions of increased levels of external
noise. In such a situation, the transformation of the speech
frequency spectrum into mechanical vibrations perceived
by human skin could help increase the likelihood of
correct recognition of transmitted information and
secrecy [5]. Thus, we can say that the bionic aspect, as applied
to the development of new means of communication,
consists in the refusal to use technical means of receiving

information, i.e., in a fundamentally new approach to solving
this problem.
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Obviously, to transmit information over long distances,
a carrier is needed that is perceived by a person in one
way or another. There is a need to select a physical factor
that plays the role of a carrier, to study possible ways of
converting the energy of the carrier into a signal accessible
for perception and analysis of the transmitted function
of the message by the auditory system, i.e., it is necessary
to study the capabilities of the human body with an
inadequate mechanism perception of information.

In this case, there cannot be direct borrowing from
living nature. However, the study of known biological
phenomena and effects that have the potential to be
used in creating a bionic communication channel can
lead to the discovery of new principles of transmission
and reception.

One of these effects may be the emergence of a complex
auditory sensation in a person when his head is irradiated
with pulses of electromagnetic radiation of ultra-high
frequency (EMR microwave), which is called “radio sound”
in the specialized literature. This phenomenon was first
discovered in 1947 at one of the airfields in the United States,
when persons maintaining radar stations accidentally
found themselves in the coverage area of a radiating antenna.

It was noted that people experience sounds of very
different colors. This is the only known effect of the distant
action of this factor, causing in a person its objective
perception in the form of an auditory sensation.

A sufficient number of works in this area, both
theoretical and experimental, have reliably shown the
existence of radio sound as a real phenomenon.

For the first time, an attempt to explain the mechanism of the
occurrence of radio sound was made by J. Lin. The hypothesis proposed
by J. Lin is the most significant in the history of radio sound research.
For the first time, the phenomenon of radio sound was considered from
a physical point of view..

J. Lin proposed a thermoelastic concept of radio
sound, based on the assumption that when a person’s head
is irradiated, as a result of the absorption of electromagnetic
energy by brain tissue, a rapid expansion of these
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tissue thermoelastic shock, which excites mechanical
vibrations. These vibrations give rise to sound

sensations in humans. J. Lin's work is theoretical in nature
and is mainly devoted to a computer calculation of

the distribution of sound pressure amplitude inside a
spherical model with infinite quality factor and acoustic
and electrical parameters in values approaching

those for brain tissue. The interpretation of radio
sound he proposed was developed under the influence of
earlier works by Foster and Finch, as well as White,
who showed that when certain liquids are irradiated

with microwave pulses, mechanical stresses arise in the
absorbing medium.

Actually, the problem of temperature stresses in an
elastic half-space arising as a result of sudden heating of its
boundary was solved in the late 40s and early 50s-by
the Soviet mathematician V. |. Danilovskaya.

In accordance with the thermoelastic concept of J. Lin,
the excitation of mechanical vibrations in the bone and
tissue formations of the skull occurs due to the resonant
properties of the head as an acoustic resonator.

Demonstration of the energetic capabilities of excited
mechanical vibrations to activate the cochlea of the hearing
organ [206] suggests the participation of the bone conduction
mechanism in the transmission of these vibrations to the cochlea
of the hearing organ. Work in this direction, however, did
not receive further development.

At the same time, an analysis of the literature data has
shown that when various types of non-ionizing radiation
(microwaves, lasers, ultrasound, vibration) act on biological
structures of the same type, in all cases the same effect occurs:
the transformation of part of the absorbed energy of non-
ionizing radiation into the energy of mechanical vibrations.

The questions discussed in the book allow us to regard the
mechanism of radio sound as a particular manifestation of a general
property of biological objects. The generation of acoustic vibrations
in biological objects upon absorption of a pulse of microwave
electromagnetic energy can play the role of a hidden mechanism.
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nism leading to specific effects. Therefore, the very
phenomenon of generation of acoustic vibrations in biological
objects is of great scientific and practical interest. However, the
single-circuit concept of radio sound, proposed by J. Lin,

was unable to explain many of the issues that arose during
the study of this phenomenon, and the main one was the

discrepancy between the resonant frequency of the human

head and the region of a sharp increase in the threshold on the

radio sound threshold curve [ 234], whereas the opposite should
have been observed—it was at a microwave pulse repetition

rate equal to the resonance frequency that a low threshold
should have been observed.

Direct human reception of pulsed electromagnetic
microwave radiation required the study of “physical”
connections of anatomical structures involved in the formation
of a physiologically unconventional auditory sensation
and quantitative assessments of bone conduction of
sound in a wide frequency range.

Based on the analysis and generalization of the entire
volume of psychophysical, electrophysiological experiments,
theoretical works devoted to the excitation of mechanical
vibrations, our own results on the study of the parameters
of mechanical vibrations excited by microwave pulses
in cylindrical and spherical liquid resonators and audiometry
of auditory thresholds on bone conduction, the author of
the monograph proposed a new concept of the formation
of auditory sensation. Its essence lies in the assumption of
the existence of a complex oscillatory system responsible
for the perception of radio sound, which consists of at least
two low-Q circuits with a coupling coefficient between
them above the critical one. This approach made it
possible to explain the complex spectral composition of
the perceived auditory sensation, the shape of the threshold
curves of radio sound, as well as some features in bone
conduction audiograms that were obtained when recording
auditory thresholds using a previously unused technique.

Based on the proposed concept, a two-circuit
resonant electrical model has been developed and built,
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having functional analogues in the original. Model
experiments show the identity of the amplitude-frequency
response (AFC) of the model in the pulsed excitation mode
and the mirror image of the threshold curves of the radio
sound effect,

Almost all experiments to study the phenomenon of
radio sound were carried out on volunteers, and the
conclusions that various researchers then came to were
based on the subjects’ subjective assessments of their own
sensations.

The electronic model proposed by the author of the monograph,
which implements a new concept of the formation of the
auditory sensation, made it possible to eliminate the need to conduct
experiments on humans. Thus, for the first time, the phenomenon
of radio sound began to be studied using the method of physical
modeling.

Justification and confirmation in a model experiment of
the possibility of transmitting information to a person without
the use of technical means of reception using pulsed
microwave radiation became possible only through the use of
methods and principles of bionics and bionic modeling in
the categories and terms of the theory of quadripoles.

Meanwhile, it was obvious that the excitation of an
auditory sensation under these conditions, regardless of its
interpretation, already creates the prerequisites for the creation
of a fundamentally new communication channel based on
the study of some physiological features of the anatomical
structures of the human head and the physical patterns connecting
these structures - tours. Here it would be possible to
fully realize the informational effect of microwave radiation,

i.e., try to find the law of change in the amount of emitted
electromagnetic energy perceived by a person after decoding
by anatomical structures in the form of useful information
in the physiologically normal perceived range of
sound frequencies.

The creation of a bionic communication channel for transmitting
information to a person for the first time made it possible to
abandon technical means of reception, which in some situations is
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I

would represent a qualitatively new interaction between man and the
environment. However, the lack of knowledge about the characteristics
of the emerging auditory sensations, about the very mechanism of
the occurrence of these sensations, about the structures of the human
head involved to one degree or another in the formation of the auditory
image, did not allow us to talk about the implementation of a bionic
communication channel as such .

The study of the conditions for the excitation of mechanical
vibrations in a model experiment, their characteristics and
energy, as well as the analysis of the known provisions of the
theory of hearing as applied to the emergence of auditory sensations
in humans in an inadequate way made it possible to theoretically
substantiate the possibility of the existence of a bionic
communication channel. At the same time, in a direct experiment, the

possibility of modeling radio sound with acoustic analogues was
shown, by directly exciting the tissues of the skull with a bone

vibrator.

The correctness of the calculation of the characteristics of the
bionic communication channel was confirmed in model and then
in natural experiments on the transmission of useful information and
its reception by a person without the use of technical means of
reception.

The possibilities of implementing a bionic communication
channel are not limited to the use of pulsed
microwave EMR in the air. Excitation of mechanical vibrations
in absorbing media by pulsed laser and ultrasonic radiation
is known. Analysis of data from electrophysiological
studies of dolphin hearing suggests the possibility of using
the two-circuit concept of radio sound to explain the
dependence of EP in the dolphin auditory cortex on the parameters
of the tonal signal [126]. That is, we can talk about
the universality of the methods and approaches discussed
in the monograph for finding ways of communication
between living beings.

The book is written in such a way as to give the reader a general
picture of the development of radio sound research and to introduce
him to the equipment and research methods. Radio sound - yav-

unique and until g,]ptgnggm’?gge'search department *

Physical Institute named

after. P.N. Lebedev RAS
| -
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The mechanisms were in the area of interest of a very limited circle
of specialists and laboratories. Given the narrow focus of the
topic, the author’s desire to make the book accessible to non-
specialists determined the style of presentation. That is why the path
chosen by the author, a preliminary story using examples of
the most illustrative and defining works in the field of research
into the mechanism of radio sound, can be considered successful.

| would like to hope that the book will be useful to a wide
range of readers. The work is intended for specialists working

in the field of biophysics, electromagnetobiology, acoustics,
hearing theory, and bionics.
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HISTORY AND DEVELOPMENT OF RESEARCH OF
THE RADIO SOUND PHENOMENON

The first report that pulse-modulated electromagnetic
radiation can cause auditory sensations in humans dates
back to 1956 [130]. The radar station operated at a carrier
frequency of 1.3 GHz. The antenna emitted rectangular
radio pulses with a duration of 2 uys, a power of 500
kW, and a repetition rate of 600 Hz. The sound was
observed at a distance of 1.5...2 m from the emitting
horn. Using a cylindrical (2/4 in diameter) screen, it
was found that the most sensitive area of the head is the
zone near the point located in the middle and slightly
above the conventional line connecting the ear and eye.

It is noted that the sound was felt enriched in high frequencies
and had almost no fundamental frequency, i.e. 600

Hz. Two people who had a high-frequency hearing

limit (HFH) near 5 kHz perceived the signal significantly
worse than those whose hearing sensitivity extended to

at least 15 kHz. ’

The systematic study of the discovered phenomenon
began with the work of A. Frey [168]. The experiments used
two oscillators with carrier frequencies of 1.31 and 2.982
GHz. The first generator emitted rectangular radio pulses
with a duration of 6 ys with a frequency of 244 Hz, the —
second 1 us, 400 Hz. The subjects were located at a distance of
6 m from the emitting antenna. The ears were closed with
special plugs, which made it possible to reduce the level of
ambient noise to 40...50 dB above the absolute hearing threshold
(ATH), equal to 0.0002 dyn cm-2. 8 people took part
in the experiments. A buzzing character was felt by all faces
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sound. The sensation arose without a noticeable latency

period, immediately after turning on the generator or a person

entering the irradiation zone. As the ambient noise

decreased, the subjectively perceived volume of the radio sound
increased. For all subjects, the sound source appeared to be
located a short distance behind the head, regardless of

their orientation relative to the emitter.

When determining threshold values, average values of
power flux density (PPMD) were obtained - for a generator
with a carrier frequency of 1.31 GHz - 0.4 mW cm2, for a
generator operating at a frequency of 2.982 GHz - 2 mW cm-2.

When multiplying these values by the duty cycle,
we obtain a pulse power flux density (PPD) of —
266.8 mW cm2 and 5 W cm-2, respectively. A parameter
is used that has the meaning of the amount of energy
transferred during the pulse action through a unit area, e
the energy flux density (EFD). In this case, PES = 1.6
and 5 pJ cm-2.

Air and bone conduction audiograms were taken
from the volunteers who participated in the experiment. Moreover,
volunteers with different types of hearing impairments
and with different pathologies were selected.

In Fig. 1-4 show audiograms for individual
volunteers.

The results of the experiments and audiograms of volunteers
allowed us to come to the following conclusions:

1. To perceive radio sound, it is necessary for a person
to perceive an acoustic signal with a frequency above 5 kHz
through bone conduction.

2. To perceive radio sound there is no need for
the ability to perceive sound due to air conduction.

Thus, the first conclusion actually predetermined the search
in further work for the mechanism of the occurrence of radio
sound as a consequence of the physiological characteristics
of human hearing. It was completely natural after this to
direct efforts to search for the point of application of the
.electromagnetic field, which, as follows from the conclusions made
in [169], most likely should have been located in the region
of the hearing organs. Along with this, a principle appeared







