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Freedom of Information Act Request

This is a request under the Freedom of Information Act (5 U.S.C Sec. 552).

I want all FBI records on mind-control. The FBI does have records on it. I’ve attached three
documents to this request, proving that they have them. Two of the attached documents are from the
CIA’s Freedom of Information Act website. They are both unreleased news articles stating that the FBI
wanted to test mind-control technology on people. The third attached document is a patent owned by

the United States Air Force, for the technology described in the previous two documents.

I want all records on the incident, where the FBI considered testing mind-control during the
Waco Siege, and also all other records on mind-control, mind-control technology, government

operations using mind-control, or mind-control research. I want all of them released to the public.

The requested records will be made available to the public. I am requesting expedited
processing for my request; I believe that it is in the best interest of the general public that all federal
records on mind-control are released, to prevent the misuse of the technology and enhance government

transparency. I am willing to pay all fees associated with my request.

My Info:
Name: Matthew Sherven
Address: 693 State Road 78, Mount Horeb, WI 53572

Email: shervenm@protonmail.com
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Source: Arms Control Association

U.S. Explores Russian Mind-Control Technology

By BARBARA OPALL
Defense News Staff Writer
WASHINGTON — The Russian
government is perfecting mind-
control technology developed in
the 1970s that could be used to
hone fighting capabilities of
friendly forces while demoraliz-
ing and disabling opposing

“troops.

Known as acoustic psycho-cor-
rection, the capability to control
minds and alter behavior of civil-
ians and soldiers may soon be
shared with U.S. military, medical
and political officials, according
to U.S. and Russiay sources,

The sources say the Russian
government, in the spirit of im-

DEFENSE NEWS/ Jerold Council

proved U.S.-Russian relations, is
beginning to lift the veil of secre-
Cy surrounding the technology.
The Russian capability, demon-
strated in a series of laboratory
experiments dating back to the
mid-1970s, could be used to sup-
Press riots, coritrol dissidents, de-
moralize or disable opposing
forces and enhance the perfor-
mance of friendly special opera-
tions teams, sources say.
Pioneered by the government-
funded Department of Ps cho-
Correction at the Moscow Medi-
cal Academy, acoustic psycho-
correction involves the
transmission of specific com-
mands via static or white noise

Cleared the way for completing the tfeaty that was
signed in Moscow on Jan. 3. U.8, ne;
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under START 11, analysts saitl, and cement will be
poured into the silos to prevent relo:

Russian negotiators also gained

bands into the human subcon-
scious without upsetting other in-
tellectual functions. Experts said
laboratory demonstrations have
shown encouraging results after
exposure of less than one minute,

Moreover, decades of research
and investment of untold millions
of rubles in the process of psy-
cho-correction has produced the
ability to alter behavior on willing
and unwilling subjects, the ex-
perts add.

In an effort to restrict potential
misuse of this capability, Russian
senior research Scientists, diplo-
mats, military officers and offi-
cials of the Russian Minisg

Russian Ministry of .
Higher Education, Science &
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an extension of a

s

der START I1.

Technology Policy are beginning
to provide limited demonstra-
tions for their U.S. counterparts.

Further evaluations of key
technologies in the United States
are being Dblanned, as are discus-
sions aimed at Creating a frame-
work for bringing the issue under
bilateral or multilateral controls,

ton-based Arms Control Association, estimated th
number of weapons carried by U.S. strategic bomb
ers would decline from 3,700 warheads to 1,27¢
0s. The 10-warhead missiles must be destroyed ~ warheads, or 36 percent of the total permitted un

The United States also would be able to reconvert

See START I, Page 2:

U.S. and Russian sources said.
An undated paper by the Psy-
chor Center, a Moscow-base
group ted with the Depart-
ment of Psycho-Correction at the
Moscow Medical Academy, ac-
knowledges the potential danger
of this capability. The Russian ex-
See CONTROL, Page 29

Correction

A page three article in the Dec.
14-20 issue about agreement on
the European Fighter Aircraft de-
velopment incorrectly stated that
the new EFA design called for

‘ 03-3
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dramatically scaled down combat
and radar systems, A family of
EFA variants will be developed
allowing each country to choose
the level of sophistication it can
afford.



Case 1:23-cv-03923-UNA Document 1-2 Filed 12/31/23 Page 3 of 12

Approved For Release 2003/0

Wiy

3

Z

9110 : CIA-RDP96-00792R000600150003-3

CONTROL, From Page4

perts, including George Kotov, a
former KGB general now serving
in a senior government ministry

~ post, present in their report a list

of software and hardware associ-
ated with their psycho-correction
program that could be procured
for as little as $80,000.

“As far as it has become possi-
ble to probe and correct psychic

strict the emerging capabilities.

Janet Morris of the Global
Strategy Council, a Washington-
based think tank established by
Ray Cline, former Central Intelli-
gence Agency deputy director, is
a key U.S. liaison between Rus-
sian and U.S. officials.

In a Dec. 15 interview, Morris
said she and the Richmond, Va.-
based International Healthline

contents of human beings despite™ ~Corp. have briefed senior U.S. in-
their will and consciousness by-3telligence and Army officials

instrumental means. ..
having been achieved can get out
of [our] control and be used with
inhumane purposes of manipulat-
ing psyche,” the paper states.
The Russian authors note that
“World opinion is not ready for
dealing appropriately with the
problems coming from the possi-
bility of direct access to the hu-
man mind.” Therefore, the Rus-
sian authors have proposed a

bilateral Center for Psycho-tech-
Jwlogies where U.S. and Russian

authorities could monitor and re-

results 3 about the Russian capabilities,

which Morris said could include
hand-held devices for purposes
of special operations, crowd con-
trol and antipersonnel actions.
Healthline Corp. is evaluating
Russian health care technologies
and will underwrite Russian dem-
onstrations in the United States.
“We talked about using this to
screen and prepare special oper-
ations personnel for extremely
difficult missions and ways in
which this could be integrated
into doctrine for [psychological

ficials had expressed interest in

operations],” Morris said. .
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“U.S., Russia Hope To Safeguard Mind-Control Techniques

specific details.

She said Army officials were~§ U.S. sources said government

concerned about the capability 3
being directed. against armored
systems and personnel through
electronic communications links.
Ground troops, she said, risk ex-
posure to bone-conducting sound .
waves that cannot be offset by 3
earplugs or.other current protec- »
tive gear. Morris added that U.S.
countermeasures could include
sound cancellation, a complex
process that involves broadcast-
ing oppositely phased wave
forms in precisely matched ~.
frequencies.

Mg] Pete Keating, a U.S. Army
spokesman, said senior Army of-
reviewing Russian capabilities
but that repeated plans to sched-
ule visits to the former Soviet
Union were rejected by Donald
Atwood, deputy secretary of de-
fense. Keating said he was unfa-

miliar with the mind-control tech-
nology and could not discuss

French Government Links Firms
To Make Them More Competitive

CONSOLIDATE, From Page 4

“The immediate benefits of
common research and develop-
ment are small, and the long-term
benefits are dubious because
there is practically no industrial
synerav hetween the two compa-

On Dec. 29, the government
also shifted 20 percent of its 99
percent stake in Aerospatiale to
Credit Lyonnais, the nationalized

== i R BIARRE g Gp792R

in turn owns 17 percent of Credit

officials and leaders from the
business and medical communi-
ties will consider Russian offers
to place the mind-control capabil-
ity under bilateral controls.

At least one senior U.S. sena-
tor, government intelligence offi-
cials and the U.S. Army’s Office
for ¢ Operations, Plans and Force
Development are interested in re-
viewing the Russian capabilities,
U.S. sources said.

In addition, International .

Healthline Corp. is planming_to
bring a team of Russian special-

gh,gh%gﬂll_ﬁn_ch:;mxt.mm

of months to demonstrate the car
pability, company President Jim
Hovis said in a Dec. 2 interview.

Meanwhile, the U.S. Army’s Ar-
mament Research, Development
& Engineering Center is conduct-

Ing a one-year study of acoustic
beam technology that may mirror

some of the effects reported by

the Russians.

Army spokesman Bill Harris

said Dec. 3 the command award-
ed the one-year study contract to
Scientific Applications & Re-

%@_Asmﬂaaeumaon
each, Calif. Related research is
being conducted at the Moscow-
based Andreev Institute, U.S. and
Russian sources said.

Despite the growing interest in
a capability traditionally reserved
for science fiction novels and cin-
ema, industry and academic ex-
perts are cautious and skeptical

“about its potential battlefield use.

. ““This is not something that
strikes me as requiring high-level -
attention,” Raymond Garthoff, a .
defense and intelligence analyst
at the Washington-based Brook-
ings Institution, said in a Dec.2
interview.

Morris contends that the capa-
bility has been demonstrated in
the laboratory in Russia and
should be placed under interna-
tional restrictions at the earliest
possible opportunity.

ASPIN, From Page 15

B Determining the future
U.S. force structure and Amer-
ica’s role in U.N. peacekeep-

ing and enforcement actions.
069015580354 o fin

many Pentagon posts with his

Aspin Staff Members
To Fill Pentagon Posts

is unclear exactly what job he
will get. Sources said Smith’s
broad defense experience
makes him well-suited to head
the Pentagon’s program analy-
sis and evaluation office or the
Army secretary’s post.
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B DOD, Intel Agencies Look at Russian Mind Control Technology, Claims
FBI Considered Testing on Koresh.

ederal law enforcement
officials considered

testing a Russian scien-
tist’s acoustic mind control de-
vice on cultist David Koresh a
few weeks before the fiery
conflagration that killed the
Branch Davidian leadet and

more than 70 of his followers _

in Waco, Texas, Defense Elec-
tronics has learned,

In a series of closed meet-
ings beginning March 17 in
suburban Northern Virginia
with Dr. fgor Smirtiov-of tie

Moscow Medical-Academy, -

FBI officials were briefed on
the Russian’s decade-long re-
search on a computerized
acoustic device allegedly ca-
pable of implanting thoughts
in a person’s mind without
that person being aware of the
source of the thought.

"It was suggeésted to us [by
other federal officials] that
they bring in the FBI, which
was looking for a viable op-
tion to deal with Koresh,” said
a source who participated in
the Smirnov meetings who
agreed to discuss the gather-
ings only on condition of
anonymity.

His account of the meetings
was confirmed by an execu-
tive suminary memorandum
prepared by officials of Psy-
chotechnologies Corp., a Rich-
mond, Virginia, based firm
that owns the American rights
to the Russian technology. A
copy of the Psychotechnalo-
gies sumutary, which has becn
circulated among U.S. intelli-
gence executives, was ob-
tained by DE.

The Psychotechnologies
memo described the standoff
between federal agents and
Koresh in Waco as “an on-
going domestic hostage situa-
tion.”

After several meetings with
Smitnoy, FBI officials, who
repeatedly expressed fears
during the discussions that Ko-
resh and his followers were
suicidal; asked for a praposal
describing requirements and
procedures for using the de-

vice in Waco, he said,

“They wanted the Russians
to promise zero risk™ in using
the device on Koresh, but the
Russians wouldn’t do that,”
the participant said. Another
obstacle was the fact Smimov
had only brought “entry-level

equipment” and more sophisti- -~
cated hardware would have”

had to be rushed over from
Russia before the device could
be used in an attempt to end
the standoff in Texas. S

As a result, Koresh and his
band were not used as test sub-
jects for a demonstration of a
technology developed under
the former Soviet Union and
apparently used against civil-
ians in Afghanistan, which is
why the U.S. defense and in-
telligence communities were
well-represented in the March
meelings in Virginia.

“There was a strong interest
among the intelligence agen-
cies because they had been
tracking Smirnov for years,”
the participant said, “and be-
cause we know there is evi-
dence the Soviet Army’s Spe-
cial Forces used the technelo-
gy during the conflict in
Afghanistan.”

Alcohol and drug abuse
among Red Army soldiers was
80 pervasive during the
Afghan war that Soviet offi-
cials relied upon the technolo-
gy in preparing troops for mis-
sions involving atrocities
against civilians.

Officials from the Central
Intelligence Agency (CIA),
Defense Intelligence Agency
(DIA) and the Advance Re-
search Projects Agency
(ARPA) were also present, ac-
cording to the source. Spokes-
men for those agencies did not
teturn a reporter’s telephone

. calls seeking to confirm

whether individuals from their
organizations attended the
Smirnov meetings,

Because the U.§. has.ng

-Knowii counter-medsire to the
_technology, intelligence com-

munity and ARPA officials
are concerned that weaponized

versions of the device may
still be in the Russian military
inventory, and-they expressed
fear during the meetings that
the technology could be ex-
ported to Third World nations
via the growing black market
in military equipment from
the former Soviet Union, he
said. e

The ntain pirpose of the

‘March ‘meetings was de-

scribed. in the Psychotech-
nologies memo as (6 “deter-

~mine whether psycho-correc-
tion technologies represent a

present or-future threat to
U.S. national security in situ-
ations where inaudible com-
mands might be used to alter
behavior,” v

The menio ‘went on to- note
that meeting atténdees were
also interested in whether
“psycho-correction detection.
decoding and counter-mea-
sures programs should be un-
dertaken by the U.S.” An ef-
fective psycho-correction de-
vice could be a military threat,
the memorandum continued,
if it were deployed to “nega-
tively affect morale of U.S.
troops in combat” or to “affect
Jjudgement or opinions of de-
cision-makers, key personncl
or populaces” in a conflict.
Further, the memo said De-
partment of Defense (DOD)
officials were concerned that
the technology could be used
in the protction of U.S. em-
bassies, military training and
in noni-violently “clearing
areas of potential enemies,
snipers, et¢.”

Non-military participants
were also ‘included in the
Smimov meetings in Virginia,
as well as a series of subse-
quent briefings by the two
Russians at the University of
Kansas: Medical Center in
Topeka. - The non-military at-
tendees included Dr. Richard
Nakamura of the National In-
‘stitute: of Mental Health and

“Dr. Christopher Green, direc-

~tor of General Motors Corp.

(GM) biomedical research de-
partment inf Detroit.

Dr. Nakamura could not be
reached for comment, but he
was described in the Psy-
chotechnologies memo as
being “familiar with U.S.
patents” in the area and that
“the Russians seemed to have
solved” mathematical prob-
lems “which had prevented
development of 1.8, work be-
yond basic stages,”

Dr. Green said through a
"GM spokessmast fhiat he attend-
ed the Smirniov biiefings in his
capacity as a miember of a Na-
tional Academy of Sciences
(NAS} panel on: 28st Ceniury
Army technologics. “This has
no connection to anything
being done by GM,” the
spokesman said.

“It looks promising, but we
don’t have enough details yet
to really appraise it,” Dr.
Fowler Jones of University of
Kansas Medical Center’s psy-
chology division told DE. “It
was really more of a presenta-
tion than an actual demonstra-
tion because, unfortunately, a
lot of the software we
couldn’t get going.” Jones
said he and his colleagues at
the Kansas facility are look-
ing for funding sources for re-
search to determine whether
the Russian psycho-correction
technology can be used in
treating alcoholism and other
addictions.

The Psychotechnologies
memo described an agreement
company officials entered into
with Smirnov in March in
which “the Russian side
agreed to commit the psycho-
correction technologies still in
Russia and all related know-
how to the U.S. company in
exchange for stock. The Russ-
ian side has agreed to provide
all support necessary to recre-
ate current {psycho-correction]
capability in the 1.S. and to
upgrade the capability using
U.S. components. and comput-
er programiners; All necessary
developmental and existing al-
gorithms will be provided by
the Russian side.”

— By Mark Tapscott
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(7) ABSTRACT

A modulation process with a fully suppressed carrier and
input preprocessor filtering to produce an encoded output;
for amplitude modulation (AM) and audio speech prepro-
cessor filtering, intelligible subjective sound is produced
when the encoded signal is demodulated using the RF
Hearing Effect. Suitable forms of carrier suppressed modu-
lation include single sideband (SSB) and carrier suppressed
amplitude modulation (CSAM), with both sidebands
present.
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APPARATUS FOR AUDIBLY
COMMUNICATING SPEECH USING THE
RADIO FREQUENCY HEARING EFFECT

This application is a division of U.S. patent application
Ser. No. 08/766,687 filed on Dec. 13, 1996, now U.S. Pat.
No. 6,470,214, and claims the benefit of the foregoing filing
date.

The invention described herein may be manufactured and
used by or for the Government for governmental purposes
without the payment of any royalty thereon.

BACKGROUND OF THE INVENTION

This invention relates to the modulating of signals on
carriers, which are transmitted and the signals intelligibly
recovered, and more particularly, to the modulation of
speech on a carrier and the intelligible recover of the speech
by means of the Radio Frequency Hearing Effect.

The Radio Frequency (“RF”) Hearing Effect was first
noticed during World War II as a subjective “click” produced
by a pulsed radar signal when the transmitted power is above
a “threshold” level. Below the threshold level, the click
cannot be heard.

The discovery of the Radio Frequency Hearing Effect
suggested that a pulsed RF carrier could be encoded with an
amplitude modulated (“AM”) envelope. In one approach to
pulsed carrier modulation, it was assumed that the “click” of
the pulsed carrier was similar to a data sample and could be
used to synthesize both simple and complex tones such as
speech. Although pulsed carrier modulation can induce a
subjective sensation for simple tones, it severely distorts the
complex waveforms of speech, as has been confirmed
experimentally.

The presence of this kind of distortion has prevented the
click process for the encoding of intelligible speech. An
example is provided by AM sampled data modulation

Upon demodulation the perceived speech signal has some
of the envelope characteristics of an audio signal. Conse-
quently a message can be recognized as speech when a
listener is pre-advised that speech has been sent. However,
if the listener does not know the content of the message, the
audio signal is unintelligible.

The attempt to use the click process to encode speech has
been based on the assumption that if simple tones can be
encoded, speech can be encoded as well, but this is not so.
A simple tone can contain several distortions and still be
perceived as a tone whereas the same degree of distortion
applied to speech renders it unintelligible.

SUMMARY OF THE INVENTION

In accomplishing the foregoing and related object the
invention uses a modulation process with a fully suppressed
carrier and pre-processor filtering of the input to produce an
encoded output. Where amplitude modulation (AM) is
employed and the pre-processor filtering is of audio speech
input, intelligible subjective sound is produced when the
encoded signal is demodulated by means of the RF Hearing
Effect. Suitable forms of carrier suppressed modulation
include single sideband (SSB) and carrier suppressed ampli-
tude modulation (CSAM), with both sidebands present.

The invention further provides for analysis of the RE
hearing phenomena based on an RF to acoustic transducer
model. Analysis of the model suggests a new modulation
process which permits the RF Hearing Effect to be used
following the transmission of encoded speech.
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In accordance with one aspect of the invention the pre-
processing of an input speech signal takes place with a filter
that de-emphasizes the high frequency content of the input
speech signal. The de-emphasis can provide a signal reduc-
tion of about 40 dB (decibels) per decade. Further process-
ing of the speech signal then takes place by adding a bias
level and taking a root of the predistorted waveform. The
resultant signal is used to modulated an RF carrier in the AM
fully suppressed carrier mode, with single or double side-
bands.

The modulated RF signal is demodulated by an RF to
acoustic demodulator that produces an intelligible acoustic
replication of the original input speech.

The RF Hearing Effect is explained and analyzed as a
thermal to acoustic demodulating process. Energy absorp-
tion in a medium, such as the head, causes mechanical
expansion and contraction, and thus an acoustic signal.

When the expansion and contraction take place in the
head of an animal, the acoustic signal is passed by conduc-
tion to the inner ear where it is further processed as if it were
an acoustic signal from the outer ear.

The RF to Acoustic Demodulator thus has characteristics
which permit the conversion of the RF energy input to an
acoustic output.

Accordingly, it is an object of the invention to provide a
novel technique for the intelligible encoding of signals. A
related object is to provide for the intelligible encoding of
speech.

Another object of the invention is to make use of the
Radio Frequency (“RF”) Hearing Effect in the intelligible
demodulation of encoded signals, including speech.

Still another object of the invention is to suitably encode
a pulsed RF carrier with an amplitude modulated (“AM”)
envelope such that the modulation will be intelligibly
demodulated by means of the RF Hearing Effect. A related
object is to permit a message to be identified and understood
as speech when a listener does not know beforehand that the
message is speech.

Other aspects of the invention will be come apparent after
considering several illustrative embodiments, taken in con-
junction with the drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram model of RF to Acoustic
Demodulation Process making use of the Radio Frequency
(“RF”) Hearing Effect;

FIG. 2 is a spherical demodulator and radiator having a
specific acoustic impedance for demodulation using the RF
Hearing Effect;

FIG. 3 is a diagram illustrating the overall process and
constituents of the invention; and

FIG. 4 is an illustrative circuit and wiring diagram for the
components of FIG. 3.

DETAINED DESCRIPTION OF THE
PREFERRED EMBODIMENT

With reference to the drawings, FIG. 1 illustrates the RF
to acoustic demodulation process of the invention. Ordi-
narily an acoustic signal A reaches the outer ear E of the head
H and traverses first to the inner ear [ and then to the acoustic
receptors of the brain B. A modulated RF signal, however,
enters a demodulator D, which is illustratively provided by
the mass M of the brain, and is approximated, as shown in
FIG. 2, by a sphere S of radius r in the head H. The radius
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r of the sphere S is about 7 cm to make the sphere S
equivalent to about the volume of the brain B. It will be
appreciated that where the demodulator D, which can be an
external component, is not employed with the acoustic
receptors of the brain B, it can have other forms.

The sphere S, or its equivalent ellipsoid or similar solid,
absorbs RF power which causes an increase in temperature
that in turn causes an expansion and contraction which
results in an acoustic wave. As a first approximation, it is
assumed that the RF power is absorbed uniformly in the
brain. Where the demodulator D is external to the brain B,
the medium and/or RF carrier frequency can be selected to
assure sufficiently uniform absorption.

For the modulated RF signal of FIG. 1, the power
absorbed in the sphere S is proportional to the power
waveform of the modulated RF signal. The absorption rate
is characterized quantitatively in terms of the SAR (Specific
Absorption Rate) in the units of absorbed watts per kilogram
per incident watt per square centimeter.

The temperature of the sphere S is taken as following the
integrated heat input from the power waveform, i.e. the
process is approximated as being adiabatic, at least for short
term intervals on the order of a few minutes.

The radial expansion of the sphere follows temperature
and is converted to sound pressure, p(t), determined by the
radial velocity (U,) multiplied by the real part of the specific
acoustic impedance (Z,) of the sphere, as indicated in
equation (1), below.

Z=pc(kn)/(L+jkry=p ¢ ifif JA+ifIf,) ®

Where:
p,=density, 1000 kg/m> for water
c=speed of sound, 1560 m/s, in water @ 37° C.
k=wave number, 2r/wavelength
r=sphere radius, in meters (m)
f=audio frequency
f =lower cutoff break frequency,=c/(2mr)

j=the 90 degree phase-shift operator

The specific acoustic impedance for a sphere of 7 cm
radius, on the order of the size of the brain, has a lower
cut-off break frequency of about 3,547 Hertz (Hz) for the
parameters given for equation (1). The essential frequency
range of speech is about 300 to 3000 Hz, i.c., below the
cut-off frequency. It is therefore the Real part (R,) of Z,
times the radial particle velocity (U,) which determines the
sound pressure, p(t). The real part of Z_ is given by equation
(1a), below:

RAZ)=p (il 711+ (1a)

In the speech spectrum, which is below the brain cut-off
frequency, the sphere S is an acoustic filter which “rolls oft”,
ie. decreases in amplitude at —40 dB per decade with
decreasing frequency. In addition to any other demodulation
processes to be analyzed below, the filter characteristics of
the sphere will modify the acoustic signal with a 40 dB per
decade slope in favor of the high frequencies.

Results for an AM Modulated Single Tone

An RF carrier with amplitude A, at frequency w, is AM
modulated 100 percent with a single tone audio signal at
frequency w;. The voltage (time) equation of this modulated
signal is given by equation (2), below:

V(H)=A. sin (o) (1+sin (0,£) 2
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The power signal is V(1)* as given by equation (3), below:

P(H)=A [ ¥+sin(ws)-Y% cos(2058)-% cos(20£)-cos(20L)
sin(wsf)+% cos(20.£) cos(2ws1)] (©)]
To find the energy absorbed in the sphere, the time

integral of equation (3) is taken times absorption coefficient,

K. The result is divided by the specific heat, SH to obtain the

temperature of the sphere and then multiplied by the volume

expansion coefficient, Mv to obtain the change in volume.

The change in volume is related to the change in radius by

equation (4), below:

dVIV=3drfr @

To obtain the amplitude of the radius change, there is
multiplication by the radius and division by three. The rms
radial surface velocity, U, is determined by multiplying the
time derivative by r and dividing by 2%/, The result, U,, is
proportional to the power function, P(t) in equation (5),
below.

U,=0.3535 P())rKM./(3SH) (5)

The acoustic pressure, p(t), is given in equation (6),
below, as the result of multiplying equation (5) by the Real
part of the specific acoustic impedance, R, (1).

p(O=RAZU,}=R(Z)U, O

The SPL (Sound Pressure Level), in acoustic dB, is
approximated as 20 log[p(t)/2E-5]. The standard acoustic
reference level of 2E-5 Newtons per square meter is based
on a signal in air; however, the head has a water-like
consistency. Therefore, the subjective level in acoustic dB is
only approximate, but sufficient for first order accuracy.

In a single tone case the incident RF power, P(t), from
equation (3) has two terms as shown in equation (7), below,
which are in the hearing range.

sin(w,£)-Y cos(2m,t) @)

This is converted to the acoustic pressure wave, p(t), by
multiplying by the specific acoustic impedance calculated at
the two frequencies. Therefore, the resulting pressure wave
as indicated in equation (8), below, becomes

PO=CLZ(0y)sin(0,)-HZ(20,)cos 2050)] ®

The result is an audio frequency and a second harmonic
at about % amplitude. Thus using an RF carrier, AM
modulated by a single tone, the pressure wave audio signal
will consist of the audio tone and a second harmonic at about
-6 dB, if the specific acoustic impedances at the two
frequencies are the same. However, from equation (1) the
break frequency of a model 7 cm sphere is 3.547 Hz. Most
of the speech spectrum is below this frequency therefore the
specific acoustic impedance is reactive and the real compo-
nent is given by equation (8a), below:

RAZ(Dy=poclffy(1+(ff) (82)

Below the cutoff frequency the real part of the impedance
varies as the square of the frequency or gives a boost of 40
dB per decade. Therefore, if the input modulation signal is
1 kHz, the second harmonic will have a boost of about 4 time
in amplitude, or 12 dB, due to the variation of the real part
of the specific acoustic impedance with frequency. So the
second harmonic pressure term in equation (8) is actually
four times the power or 6 dB higher than the fundamental
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term. If the second harmonic falls above the cutoff frequency
then the boost begins to fall back to 0 dB. However, for most
of the speech spectrum there is a sever distortion and strong
boost of the high frequency distortion components.

Results for Two Tone AM Modulation Analysis

Because of the distortion attending single tone
modulation, predistortion of the modulation could be
attempted such that the resulting demodulated pressure wave
will not contain harmonic distortion. This will not work,
however, because of the non-linear cross-products of two-
tone modulation are quite different from single tone modu-
lation as shown below.

Nevertheless, two-tone modulation distortion provides an
insight for the design of a corrective process for a complex
modulation signal such as speech. The nature of the distor-
tion is defined in terms of relative amplitudes and frequen-
cies.

Equation (8b) is that of an AM modulated carrier for the
two-tone case where w,; and w,, are of equal amplitude and
together modulate the carrier to a maximum peak value of
100 percent. The total modulated RF signal is given by
equation (8b), below:

V(O)=A. sin(fwH[1+% sin(w, H)+% sin(w,,1)]

The square of (8b) is the power signal, which has the same
form as the particle velocity, U.(t), of equation (9), below.
From the square of (8b) the following frequencies and
relative amplitudes are obtained for the particle velocity
wave, U (t), which are in the audio range;
U, (0)=C[sin(w,, H)+sin(w,,)+% cos((w,,-w,)(£) =Y cos((w,,+
Wo))—Y% cos(20,,)- Y8 cos(2m,,1)]

If the frequencies in equation (9) are below the cut-off
frequency, the impedance boost correction will result in a
pressure wave with relative amplitudes given in equation
(9a), below:

P()=C[sin(w )+ sin(w 1)+ (1-5)/4 cos((w,1~w,)E)+(1+b7)/4
co8((00,1+0,2)f)~Y5 co8(20,1)D)-b*/2 cos(2m 1) (%92)
where: b=w,,/w,; and w>w,,

Equation (9a) contains a correction factor, b, for the
specific acoustic impedance variation with frequency. The
first two terms of (9a) are the two tones of the input
modulation with the relative amplitudes modified by the
impedance correction factor. The other terms are the distor-
tion cross products which are quite different from the single
tone distortion case. In addition to the second harmonics,
there are sum and difference frequencies. From this two-tone
analysis it is obvious that more complex multiple tone
modulations, such as speech, will be severely distorted with
even more complicated cross-product and sum and differ-
ence components. This is not unexpected since the process
which creates the distortion is nonlinear. This leads to the
conclusion that a simple passive predistortion filter will not
work on a speech signal modulated on an RF carrier by a
conventional AM process, because the distortion is a func-
tion of the signal by a nonlinear process.

However, the serious distortion problem can be overcome
by means of the invention which exploits the characteristics
of a different type of RF modulation process in addition to
special signal processing.

AM Modulation With Fully Suppressed Carrier for
the Intelligible Encoding of Speech by the
Invention for Compatibility With the RF Hearing
Phenomena

The equation for AM modulation with a fully suppressed
carrier is given by equation (10), below:
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V(H=a(sin(o.f) (10)

This modulation is commonly accomplished in hardware
by means of a circuit known as a balanced modulator, as
disclosed, for example in “Radio Engineering”, Frederick E.
Terman, p.481-3, McGraw-Hill, 1947.

The power signal has the same form as the particle
velocity signal which is obtained from the square of equa-
tion (10) as shown in equation (11), below:

P()=C U,=a(t)*/2-(a(t)*/2)cos(20,1)) amn

From inspection of equations (10) and (11) it is seen that,
if the input audio signal, a(t), is pre-processed by taking the
square root and then modulating the carrier, the audio term
in the particle velocity equation will be an exact,
undistorted, replication of the input audio signal. Since the
audio signal from a microphone is bipolar, it must be
modified by adding a very low frequency (essential d.c.) bias
term, A, such that the resultant sum, [a(t)+A]>0.0, is always
positive. This is necessary in order to insure a real square
root. The use of a custom digital speech processor imple-
ments the addition of the term A, i.e. as shown in equation
(10%), below:

V(O)=(a()+A)*7 sin(w,f) (10%)

The pressure wave is given by equation (11*), below:

p(O=C U,=A/2+a(t)/2—-(a(t)/2)cos 2o 1)-(A/2)cos(20 1) 11

When the second term of the pressure wave of equation
(11%) is processed through the specific acoustic impedance
it will result in the replication of the input audio signal but
will be modified by the filter characteristics of the Real part
of the specific acoustic impedance, R_{Z(f)}, as given in
equation (8a). The first term of equation (11%*) is the d.c.
bias, which is added to obtain a real square root; it will not
be audible or cause distortion. The third and fourth terms of
(11%) are a.c. terms at twice the carrier frequency and
therefore will not distort or interfere with the audio range
signal, a(t).

Since the filter characteristic of equation (7) is a linear
process in amplitude, the audio input can be predistorted
before the modulation is applied to the carrier and then the
pressure or wound wave audio signal, which is the result of
the velocity wave times the impedance function, R {Z ()},
will be the true replication of the original input audio signal.

A diagram illustrating the overall system 30 and process
of the invention is shown in FIG. 3. Then input signal a(t)
is applied to an Audio Predistortion Filter 31 with a filter
function As(f) to produce a signal a(t)As(f), which is applied
to a Square Root Processor 32, providing an output=(a(t)As
(D+A)"?, which goes to a balanced modulator 33. The
modulation process known as suppressed carrier, produces a
double sideband output=(a(t)As()+A)""* sin(w,t), where o,
is the carrier frequency. If one of the sidebands and the
carrier are suppressed (not shown) the result is single
sideband (SSB) modulation and will function in the same
manner discussed above for the purposes of implementing
the invention. However, the AM double sideband suppressed
carrier as described is more easily implemented.

The output of the balanced modulator is applied to a
spherical demodulator 34, which recovers the input signal
a(t) that is applied to the inner ear 35 and then to the acoustic
receptors in the brain 36.

The various components 31-33 of FIG. 3 are easily
implemented as shown, for example by the corresponding
components 41-42 in FIG. 4, where the Filter 41 can take
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the form of a low pass filter, such as a constant-K filter
formed by series inductor L. and a shunt capacitor C. Other
low-pass filters are shown, for example, in the ITT Federal
Handbook, 4th Ed., 1949. As a result the filter output is
AS(f) a 1/f2. The Root Processor 42 can be implemented by
any square-law device, such as the diode D biased by a
battery B and in series with a large impedance (resistance)
R, so that the voltage developed across the diode D is
proportional to the square root of the input voltage a(t)As(f).
The balanced modulator 43, as discussed in Terman, op.cit.,
has symmetrical diodes Al and A2 with the modulating
voltage M applied in opposite phase to the diodes Al and A2
through an input transformer T1, with the carrier, O, applied
commonly to the diodes in the same phase, while the
modulating signal is applied to the diodes in opposite phase
so that the carrier cancels in the primary of the output
transformer T2 and the secondary output is the desired
double side band output.

Finally the Spherical Demodulator 45 is the brain as
discussed above, or an equivalent mass that provides uni-
form expansion and contraction due to thermal effects of RF
energy.

The invention provides a new and useful encoding for
speech on an RF carrier such that the speech will be
intelligible to a human subject by means of the RF hearing
demodulation phenomena. Features of the invention include
the use of AM fully suppressed carrier modulation, the
preprocessing of an input speech signal be a compensation
filter to de-emphasize the high frequency content by 40 dB
per decade and the further processing of the audio signal by
adding a bias terms to permit the taking of the square root
of the signal before the AM suppressed carrier modulation
process.

The invention may also be implemented using the same
audio signal processing and Single Sideband (SSB) modu-
lation in place of AM suppressed carrier modulation. The
same signal processing may also be used on Conventional
AM modulation contains both sideband and the carrier;
however, there is a serious disadvantage. The carrier is
always present with AM modulation, even when there is no
signal. The carrier power does not contain any information
but contributes substantially to the heating of the thermal-
acoustic demodulator, i.e. the brain, which is undesirable.
The degree of this extraneous heating is more than twice the
heating caused by the signal or information power in the RF
signal. Therefore conventional AM modulation is an ineffi-
cient and poor choice compared to the double side-band
suppressed carrier and the SSB types of transmissions.

The invention further may be implemented using various
degrees of speech compression commonly used with all
types of AM modulation. Speech compression is imple-
mented by raising the level of the low amplitude portions of
the speech waveform and limiting or compressing the high
peak amplitudes of the speech waveform. Speech compres-
sion increases the average power content of the waveform
and thus loudness. Speech compression introduces some
distortion, so that a balance must be made between the
increase in distortion and the increase in loudness to obtain
the optimum result.

Another implementation is by digital signal processing of
the input signal through to the modulation of the RF carrier.

What is claimed is:

1. An apparatus for communicating an audio signal a(t),
comprising:
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an audio predistortion filter having a filter function As(f)
for producing a first output signal a(t)As(t) from the
audio signal a(t);

means for adding a bias A to the first output signal, to
produce a second output signal a(t)As(f)+A;

a square root processor for producing a third output signal
(a()As(D)+A)'"* responsive to the second output signal;
and

a modulator for producing a double sideband output
signal responsive to the third output signal, having a
carrier frequency of w,, and being mathematically
described by (a(t)As(f)+A)"? sin(w_t); and

transmitting the double sideband output signal to a
demodulator, whereby the audio signal a(t) is recovered
from the double sideband output signal.

2. The communication apparatus defined in claim 1

wherein:

the double sideband output signal has RF power; and

the demodulator is for converting the RF power into
acoustic pressure waves.

3. The communication apparatus defined in claim 2

wherein:

the demodulator converts the RF power into the acoustic
pressure waves by means of thermal expansion and
contraction, whereby

the acoustic pressure waves approximate the audio signal
a(t).

4. The communication apparatus defined in claim 2
wherein the demodulator includes a mass that expands and
contracts responsive to the RE power of the double sideband
output signal.

5. The communication apparatus defined in claim 4
wherein the mass is approximately spherical.

6. The communication apparatus defined in claim 1
wherein:

the double sideband output signal is comprised of a first
sideband component and a second sideband compo-
nent; and

means for suppressing the second sideband component,
whereby

the demodulator recovers the audio signal a(t) solely from
the first sideband component.

7. The communication apparatus defined in claim 1

wherein the audio predistortion filter is a low-pass filter.

8. The communication apparatus defined in claim 7
wherein the audio predistortion filter is a digital processor.

9. The communication apparatus defined in claim 1
wherein:

the square root processor is a diode biased by a voltage
source, in series with a resistance, whereby

a voltage across the diode is proportional to a square root
of the second output signal a(t)As(t)+A.

10. The communication apparatus defined in claim 1

wherein the modulator is a balanced modulator.

11. The communication apparatus defined in claim 1
wherein:

the audio signal a(t) includes a high frequency compo-
nent; and

the audio predistortion filter de-emphasizes the high fre-
quency component by approximately 40 dB per decade.
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