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ABSTRACT: The present invention relates to a method and
apparatus utilizing R-F carriers of predetermined frequencies
to stimulate the sensation of hearing in human subjects and,
more particularly, to a method and apparatus for establishing
a peak LC series resonant coupling, at approximately the
predetermined R-F carrier frequency, between a signal source
and the facial nerve system of the human subject to transmit
A-F information modulated onto the R-F carrier to the brain
through the “facial nerve system,” well-defined anatomical
network of nerves. More particularly, the modulated R-F
signal is capacitively coupled to opposite sides of the head at
the periaural and/or stylomastoid region through electrodes.
A series inductor is included between the source of R-F signals
and each of said electrodes and the inductance of said series
inductors is related to the capacitance of the coupling elec-
trodes and the capacitance of the head of the subject so as to
tune the R-F signals in peak LC series resonance substantially
at the selected carrier wave frequency regardless of changes in
the physiology of the subject, said means being a necessary
condition for auditory information transfer to the deaf.
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METHOD AND APPARATUS FOR HEARING BY
BIODETECTION AND BIOTRANSDUCTION OF
RADIOFREQUENCY ENERGY

CROSS REFERENCES TO RELATED APPLICATIONS

This application is a continuation-in-part of application Ser.
No. 446,267, filed Apr. 7, 1965 and now abandoned. This ap-
plication is also related to copending application Ser. No.
682,152, filed Nov. 13, 1967 and now U.S. Pat. No.
3,497,637, and is also related to copending application Ser.
No. 633,035, filed Apr. 24, 1967. The pertinent subject
matter of the aforcmentioned copending applications is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention relates to the electrical stimulation of
hearing in human subjects, and is directed more specifically to
establishing and controlling electrical circuit parameters in
order to achieve efficient and accurate **hearing” stimulation
of the “'facial nerve system." The present invention represents
an improvement on our prior inventions described and
claimed in U.S. Pat. No. 2,995,633, granted Aug. 8, 1961,
U.S. Pat. No. 3,267,931, granted Feb. 23, 1965, and U.S. Pat.
No. 3,267,931, granted Aug. 23, 1966, and reference may be
made to these patents for a fuller understanding of principles
underlying the present invention.

In accordance with our previous inventions, a human sub-
ject may be stimulated to “hear”’ normally audible sounds by
converting those sounds to correspondingly modulated elec-
trical signals and impressing the signals upon the subject
through his “facial nerve system.” The modulated signals are
transmitted to hearing centers of the brain, where they
produce sensations of hearing. The principles of the invention
are applicable in a way which enables the essentially mechani-
cal aspects of the conventional hearing processes of the ear to
be bypassed, enabling hearing stimulation to be achieved in
subjects whose normal *‘ear system auditory facilitics have
been impaired by utilizing the “facial nerve system’ as the
conduit of encoded “sound™ information (R-F signals am-
plitude modulated with audio information) to the brain.

In accordance with one of our previous discoveries, electri-
cal stimulation of the *“‘facial nerve” hearing system may be
significantly enhanced by supplying the signal in the form of
an amplitude-modulated carrier signal, i.e., a transdermal TD
signal, which apparently is processed and demodulated in
some way by the mechanisms of the body. Even further gains
in efficiency may be realized in many instances by establishing
a feedback coupling between the body and the signal genera-
tor, open essentially to the carrier signal.

SUMMARY OF THE PRESENT INVENTION

In accordance with the principles of the invention, novel
and improved circuit arrangements are provided so that the
coupling between the output of a TD signal transmitting
system and the human subject is in series resonance at approx-
imately the carrier signal frequency. In this respect, in ac-
cordance with certain of our prior inventions, the principal
coupling between the subject and the electrical system is
established by means of capacitive coupling elements, which
may typically be in the form of dermal electrodes or dental
caps, for example. The present invention, as a specific critical
aspect, provides for the incorporation of series inductances in
conjunction with the capacitive coupling elements. These se-
ries inductances are either variable or so selected in the first
instance as to bring the “circuit load” (including the subject,
the capacitive couplings and the series inductances) into LC
series resonance substantially at the chosen carrier signal
frequency.

In one system according to the invention, the high frequen-
cy carrier signal is supplied from a controllable external signal
source and is substantially fixed during operation of the
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system. However, in sume instances, the capacitive coupling
of the TD signal source to the subject may be of a nature
which varies according to such things as the momentary
physiological characteristics of the subject. Accordingly, the
invention includes novel and improved circuit arrangements
in which the carrier frequency is generated within the body of
the subject and at least partly as a function of the capacitive
coupling of the circuit to the subject. In accordance with this
arrangement, the carrier frequency may vary during operation
of the circuit, but it will at all times be generated substantially
at the instantancous LC scries resonant frequency of the
system.

Through experimentation and research, it has been deter-
mined that effective, electrical stimulation of hearing, utilizing
amplitude modulated R-F stimulation signals (TD signals),
requires the establishment of an LC series resonant coupling
at approximately the R-F carrier frequency between the
source of stimulating signals and the facial nerve system of the
human subject being stimulated. Morcover, it has been deter-
mined that all tissues that are electrically stimulated have dif-
ferent ‘‘characteristic frequencies” (for resonance) which
vary from human subject to subject and which vary within a
single human subject from electrode site to electrode site. The
invention herein is based upon the premise that the viable tis-
sues, in the subjects being stimulated with modulated R-F
energy, behave as dielectric materials in LC circuits and, that
in order to establish the desired series resonant coupling at R-
F carrier frequency, a series inductance must be matched to
the capacitance of the tissue at the site at which the coupling
electrodes are to be placed. However, since the *charac-
teristic frequency” and the capacitance of tissues is not a fixed
value, being variable due to physiological changes in a given

‘subject, and, in any event, being nonuniform from site-to-site

in a given subject, and being nonuniform from subject-to-sub-
ject, it is necessary to make some suitable arrangement in
order to maintain the aforementioned, desired LC series reso-
nant coupling.

It is to this concept that the present invention is directed,
i.e., the concept of the maintenance of a series LC resonant
coupling at carrier frequency between the signal source and
the human subject by the appropriate selection of a series in-
ductance. It is this basic concept which enables the apparatus
of the present invention to be used to stimulate hearing in the
totally deaf.

Moreover, it is not the energy transfer characteristics of the
LC series resonant circuit that are relied upon to achieve ef-
fective hearing stimulation; it is rather the phase relationship
of the current and voltage of the applied signals that is critical.
In other words, the “brute force™ application of high-power
TD signals will not be effective in achieving TD hearing unless
the current and voltage vectors of the applied signals are sub-
stantially completely in phase with one another. Accordingly,
the desired maintenance of LC series resonance is for achiev-
ing proper phase relationships between the current and volt-
age vectors for the purpose of effective auditory information
transfer to the deaf human,

More specifically, the present invention is directed to the
establishment of the desired LC series resonant coupling at
carrier frequency by the use of appropriately selected series
inductors. That is to say, the apparatus of the invention pro-
vides for OF THE DRAWINGS the specifically “tuned” LC
series resonant coupling by the use of inductors which have
sufficient inductance when placed in series with the “varying”
capacitance of the facial nerve site (variation owing to
physiological change or differences in site selection or dif-
ferences from subject-to-subject) to provide LC series reso-
nant coupling at the carrier frequency regardless of said *-
variations.”

DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention
and a fuller appreciation of its attendant advantages,
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reference should be made to the following detailed description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a simplified schematic representation of an electri-
cal hearing stimulation system according to the invention,
utilizing an external source of carrier signal;

FIG. 2 is a simplificd schematic representation of an clectri-
cal hearing stimulation system according to the invention,
utilizing a self-generated carrier signal; and

FIG. 3 is a schematic circuit diagram showing a transdermal
signal generator having automatic resonant frequency control
and embodying the principles of the present invention.

DESCRIPTION OF THE INVENTION

Referring initially to FIG. 1, the reference numeral 10
designates a human subject coupled through output conduc-
tors 11, 12 and an isolating transformer 13 with an electronic
power amplifier generally designated by the numeral 14. The
amplifier 14 is supplied from a preamplifier 15 which receives
and combines signals from a carrier signal generator 16 and an
audiofrequency signal generator 17. The audiofrequency
generator may comprise a microphone, tape recorder, radio
receiver, etc., and the carrier signal generator 16 may be a
conventional frequency generator capable of supplying a
sinusoidal carrier wave in the range of, say, 6 to 60 kHz.
(1,000 cycles per second). The output of the preamplifier 15
and of the amplifier 14 is the carrier wave, amplitude modu-
lated by the audiofrequency signal, and this is impressed upon
the subject through the conductors 11, 12. As set forth in our
prior patents, the modulated electrical output is transmitted to
the “facial nerve system™ of the subject, which consists of a
recognized, identifiable groups of nerves located in the head
and neck region of the subject. The conductors are coupled
with the facial nerve system by means of capacitive coupling
elements 18, 19 which may be derma! electrode elements
covered with a dielectric insulator and placed properly against
the skin of the subject.

According to discoveries of our invention, the carrier
frequency should be within the range of approximately 6—60
kHz. the specific value depending significantly upon the
specific configurations of the electrodes employed.

With increasing carrier signal frequencies, the system util-
izes increasing amounts of power, at least up to carrier
frequencies of about 200 kHz. Most advantageously, for a
system adapted to stimulate a hard of hearing (but not
completely deaf) subject to hear speech and music with
adequate quality, the carrier signal frequency may be on the
order of 50 kHz. For totally deaf subjects, the carrier signal is
in the narrow range of 18—37 kHz. and other factors, includ-
ing time of stimulation must be considered, as will be
discussed in greater detail hereinafter.

In accordance with the invention, the coupling of the TD
signal generating circuitry of the subject should be in series
resonance at approximately the frequency of the carrier
signal. In each instance, the capacitance of the couplings
made by electrode elements 18, 19 with the subject, and the
capacitance introduced by the subject himself, may be signifi-
cantly variable from subject to subject and may, in any event,
be such as to establish the series resonant frequency of the
coupling circuit well above the desired level of the carrier
frequency. Accordingly, as a specific aspect of the invention,
the coupling circuit includes series inductance coils L, L,,
which may be variable in order to cnable the series resonance
of the coupling circuit to be precisely tuned to the carrier
frequency, of it may simply be appropriately sclected to
achicve the series resonance at the carrier signal frequency for
the particular subject. In either instance, the series resonance
of the coupling circuit to the carrier signal frequency ensures
that the current and voltage vectors of the TD signal are in
phase. Moreover, it greatly increases the efficiency of the
system and enables it to be adapted readily to different sub-
jects and to different modes of capacitive coupling to the sub-
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ject (e.g., through dermal bare or insulated clectrodes, dental
caps, ete.).

Theoretically, it would be possible to provide the coupling
circuit initially with inductance of a predetermined, fixed
value, with arrangements being made to control and vary the
capacitance of the coupling to the subject in order to achieve
the desired serics resonance. However, as a practical matter,
the capacitance of the coupling to the subject is variable from
person to person and may be difficult to control. In the case of
coupling through dental caps, for example, the capacitance
may not even be determinable until the coupling has been
completed. Accordingly, the invention provides for tuning to
the desired series resonance through the subsequent deter-
mination or adjustment of a desired level of inductance.

The system of FIG. 1, as so far described, may optionally
further include a feedback coupling between the subject and
the input of the preamplifier 15, substantially in accordance
with the teachings of our prior U.S. Pat. No. 3,267,931 This
coupling may be effected by a capacitor plate 20 positioned in
proximity to the body of the subject, to have an air
capacitance coupling therewith. The plate 20 is connected
through a conductor 21, which may include a control switch
22 to the input of the preamplifier 15. Our previous discove-
ries have established that the subject will tend to reradiate
energy at the carrier frequency which when fed back to the
input end of the system brings about an advantageous im-
provement in the response of the subject to energization.

In the system of FIG. 1, it is advantageous to provide for
substantially fixed capacitance in the coupling to the subject,
in order to keep the coupling system tuned properly to the
desired series resonant frequency. This may be difficult in
some instances, however, because physiological or
psychophysiological changes in the subject may bring about
unintentioned uncontrollable changes in capacitance. Thus, in
some cases, the circuit of FIG. 2 may be used to advantage,
because it includes provisions for generating a carrier frequen-
cy which can vary as a function of the capacitance of the
coupling with the subject.

The system of FIG. 2 includes an amplificr circuit arrange-
ment generally designated by the numeral 38 which includes
an oscillator designed to oscillate over a relatively broad range
of carrier signal frequencies, according to stimulations
received from the subject. The input to the amplifier 30 con-
sists of a suitable input element, such as a microphone 31,
which is connected to a preamplifier 32. The preamplifier is in
turn coupled with the amplifier through a coupling trans-
former 33 having predetermined inductance characteristics.
An MT26-FV transformer has been used with success. The
secondary coil of the transformer 33 is designated as in-
ductance L.

The output of the amplifier circuit consists of the secondary
coils of coupling transformers 34, 35, the secondary coils of
which are designated as inductors L,, L,. The inductance coils
L, and L, are connected in series, with one side of the coil L,
being connected through an inductance coil L, and capacitive
coupling C, to the subject, while the inductance coil L, is con-
nected through and inductance L, and the capacitive coupling
C, to the subject. Coil L, is center tapped to ground, as shown.
Typically, the secondary coil L, of the transformer 34 may
consist of 30 turns and the center-tapped primary coil 38 of
the transformer may likewise consist of 30 turns. The core
may be Ferroxocube 1408. The secondary coil L, of the trans-
former 35 may be 90 turns, while the center-tapped primary
coil 39 may have 40 turns. The center tap of the primary coil
38 is connected directly to the secondary coil L,, while the
cnd terminals of the primary coil are connected through con-
ductors 40, 41 to the base electrodes of transistors 42, 43,
which typically may be of type 2N1482. The collector elec-
trodes of thé transistors are connected through conductors 44,
45 to the outer terminals of the center-tapped primary coil 39,
while the emitter electrodes are connected through resistors
46, 47 to a terminal point 48. The resistors 46, 47 typically
may be of about 2.7 ohms resistance.
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A battery 49, which may be of about 22 volts potential has
its negative side connected to the terminal point 48 and its
positive terminal connected to the center tap of the trans-
former coil 39. The negative side of the battery is also con-
nected through the terminal point 48 and a resistor 50 of
about 15 ohms to the secondary coil L, of the input coupling
transformer. A shunt resistor 51 of about 3000 ohms is conn.-
nected in bypassing relation to the resistor 50 and battery 49,
as indicated.

With the circuit arrangement of FIG. 2, an audio signal

_ input through the transformer 33 is amplified and impressed

" upon the subject. In accordance with discoveries reflected in
the teachings of our copending application Ser. No. 802,788,
filed Feb. 27, 1969, the energy thus supplied to the subject
energizes the subject in a manner to cause the subject to
radiate high frequency energy over a fairly broad spectrum of
frequencies. The mechanism for this is not clearly understood,
but it has been observed and measured, as set forth in the last-
mentioned copending application, This radiated high frequen-
cy energy is selectively passed through the output coupling
circuit of the system, in accordance with the series resonant
frequency established by the inductances L,—L; and the
capacitive coupling elements C,, C,. The series resonant
frequencies passed by the output coupling circuit are im-
pressed into the oscillating circuitry of the amplifier, am-
plified, and become a component of the information-bearing
energy applied to the subject, by in phase or substantially in
phase current and voltage vectors of the TD signal so that the
desired sensations of hearing are achieved in substantially the
same manner as explained in connection with the system of
FIG. 1.

In the system of FIG. 2, variations in the physiological con-
dition of the subject or otherwise, which could cause varia-
tions in the total capacitance of the output coupling circuit,
would simultaneously vary the series resonant frequency “‘ac-
cepted” from the subject, so that the amplified carrier
frequency would at ail times be substantially the series reso-
nant frequency of the output coupling circuit, enabling the
system to operate at maximum effectiveness at all times. The
initial parameters are so selected, of course, that the nominal
or desired series resonant frequency level will approximate a
predetermined value between approximately 6—60 kHz.

Referring now to FIG. 3, there is shown schematically a typ-
ical amplifier-oscillator circuit arrangement for advantageous
incorporation in the system of the invention. In particular, the
output circuit oscillator system is especially advantageous in
that it provides for the generation of a carrier signal which is at
all times in or substantially in resonance with the output cir-
cuit, which includes the subject. Moreover, the oscillator cir-
cuit is effectively able to maintain resonance conditions as the
parameters of the output circuit change with physiological
changes in the body of the subject, variations in electrode con-
tact pressures, etc.

The amplifier section 141 shown in FIG. 3 is a simple, two-
stage amplifier, the output section of which includes a
transistor 150, suitably a 2N1184B, the emitter side of which
is connected through a 680-ohm resistor 151 to the positive
terminal of an 18-volt power supply 152. The collector ele-
ment of the transistor is connected through a 0.01-microfarad
condenser 153, to ground at 154, and the signal output tap for
the amplifier is also connected to the collector electrode at
155. The base electrode of the transistor 150 is connected
through a 1,000-ohm variable resistor 156 to the positive side
of the power supply and through a 1,000-ohm resistor 157 to
the collector element of a transistor 158, suitably a 2N1481.
The emitter side of the input stage transistor 158 is connected
through a 1,000-ohm resistor 159 to ground and through a
35,000-ohm resistor 160 to the collector of the output stage
transistor 150. The base element of the transistor 158 is con-
nected to the input at 161. It is also connected through a
100,000-ohm resistor 162 to the positive terminal of the
power source and through a 3,300-ohm resistor 163 to
ground.
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The output signal of the amplifier stage 141 is applied to an
oscillator circuit 118 which includes a pair of electrodes 110,
111 and the head of the subject 164. In accordance with the
present invention, the output circuit, including the subject, is
specially designed to constitute an L-C oscillator circuit hav-
ing a resonant frequency in a desired frequency range, most
advantageously approximately 6—60 kHz. Of particular sig-
nificance, the oscillator circuit is designed to accommodate
the fact that a significant circuit component is the capacitance
of the coupling between the electrodes 11@, 111 and the body
of the subject. This can vary widely as a function of frequency,
and of the interface conditions between the electrodes and the
subject (e.g., assume that the subject begins to perspire), and
is also known to vary with physiological changes in the subject
having to do with his emotional condition. In this respect, ex-
perience has shown that capacitance across the head of a sub-
ject may vary as widely as from about 0.002 to about 1
microfarad.

Since the circuit coupling to the subject is essentially
capacitive, and since the capacitance values of such coupling
may vary significantly because of physiological factors which
are transient in nature, the circuit has incorporated therein
relatively large inductances, such that the inductances are
principally influential in determining the resonant frequency
of the oscillator system. Pursuant to this arrangement, signifi-
cant variations in the capacitance at the subject will have a
relatively suppressed effect upon the resonant frequency of
the circuit as a whole, such that the oscillator can readily ac-
commodate these changes in circuit parameters.

The design parameters of the oscillator circuit are such as to
oscillate at the desired carrier signal frequency. Accordingly,
the output of the amplifier stage 141 may be a low frequency
signal, which is combined in the oscillator stage with the
higher frequency carrier. The thus modulated carrier (TD
signal) is applied to the subject 164 in a manner which assures
the resonance conditions which are desired.

For a circuit as thus far described, the oscillator circuits 118
may be provided with added inductance, usually in the form of
coils 165, 166 on cpposite sides of the subjects, which typi-
cally have the following inductance values for the following
circuit conditions: The oscillator 118, connected for use in
conjunction with a pair of bare metal electrodes, most ad-
vantageously has a pair of series inductances of 70 millihenries
each, which experience indicates provides for a carrier
frequency oscillation in the range of 6 kHz. to 10 kHz. (It may
also be desirable to provide a still further oscillator, not
specifically shown, having a pair of series inductance elements
of 2 millihenries each, for use in connection with a pair of bare
clectrodes, to provide for a carrier frequency oscillation in the
range of about 10 to 20 kHz.) The oscillator 118, intended for
use in connection with the insulated electrodes ad-
vantageously includes a pair of inductance elements of 30 mil-
lihenries each, which experience indicated typically results in
a carrier frequency oscillation of 40 to 60 kHz. The oscillator
intended for use with dissimilar pairs of electrodes, ad-
vantageously has a pair of inductance elements of 50 millihen-
ries each, which experience indicates will provide a carrier
frequency oscillation of from about 20 to 40 kHz.

In the overall oscillator circuit, the amplifier output is con-
nected through a 180,000-ohm resistor 167,a0.01 microfarad
condenser 168, and one of the large inductances 165 to one
side of the head of the subject. The other side of the subject’s
head is connected through the inductance coil 166, one side of
a transformer 169, which suitably may be an NH1702GA, and
thence through conductor 170 to ground. The other coil of the
transformer 169 is connected to the collector element of a
transistor 171, which suitably may be a 2N3053. The emitter
element of the transistor is connected to ground at 172, and
the base element is connected between the resistor 167 and
the capacitor 168 and through a diode 173 to ground.

When activated by signals from the amplifier stage 141, the
oscillator circuits will oscillate at a desired carrier frequency
signal, as a function of the L-C parameters (principally)
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thereof. Since the resonant circuit includes the subject itself,
the carrier signal typically can be applied under peak
resonance conditions, extraordinary changes in the circuit
parameters being suppressed through the utilization of rela-
tively large inductance elements, as described.

APPLICATION OF THE INVENTION TO THE TOTALLY
DEAF

In cases of total deafness, even where there is strong
evidence that the nerves of the cochlea have been totally
destroyed by an infectious process, hearing may be achieved
by the practice of the invention. To that end, an amplitude-
modulated low R-F signal may be coupled to the skin of the
patient below the mastoid process (bilaterally) via circular,
bare metal plate electrodes. The head, of course, is the dielec-
tric between the two plates in the required series LC resonant
circuit. Hearing is possible in the totally deaf when all of the
following specific conditions are met:

1. the patient initially has received several weeks of TD
therapy in accordance with principles of our copending appli-
cation Ser. No. 633,035;

2. the R-F carrier is automatically tuned at peak LC series
resonance, with R-F carrier between 18—37 kHz., and the se-
ries inductors are 2 millihenries;

3. small (e.g., 0.8-inch-diameter) bare plate electrodes are
bilaterally placed on stylomastoid area of the skin;

4. the TD generator has a balanced signal output; and

5. a DC polarization of energized tissue cells is achieved as a
function of time, usually 10—20 minutes after energization
has commenced.

The basic condition for hearing in *‘normals™ is that the dor-
sal cochlear nucleus (DCN) in the brain stem be intact, and
that the neural circuits from the DCN to the temporal cortex
are intact. In the “‘normal” hearing person the cochlea trans-
duces and encodes sound which is delivered to the DCN as a
temporal digital code. Therefore, for a totally deaf person to
hear speech sounds linearly, the TD signal must deliver to the
DCN the same coded information that a normal cochlea
would deliver. It is believed and currently hypothesized that
the applied TD signal, as described above, does indeed
synthesize electronically the natural cochlear encoded electri-
cal signal or a close equivalent.

It should be understood that the critical importance in the
employment of peak LC series resonantly tuned signals is to
obtain the voltage and current vectors which are in phase,
which in phase vectors are believed to provide the subject with
the requisite synthesized audio information to provide A *‘sen-
sation of hearing.” While peak resonance is the desired op-
timum, a very small degree of detuning from resonance is per-
missible without destroying the sensation of hearing. In the
totally deaf a deviation of not more than 1 percent from the
LC series resonant frequency may be tolerated in some in-
stances, while in “normals” or nontotally deaf, a somewhat
greater deviation of approximately 3—4 percent may be
tolerated. Thus, the expression “LC series resonance™ as util-
ized herein should be interpreted as being inclusive of these
very small tolerances.

The time factor recited as being of critical importance in
obtaining hearing in the totally deaf is due to the barrier
potential, which in totally deaf subjects is approximately 0.6
volt and requires anywhere from 5—26 minutes (usually 10—
20 minutes) to be achieved with the continuous and uninter-
rupted application of the TD signal through bare electrodes to
the head.

From our work to date, it has been determined that the
totally deaf can achieve a quality sensation of hearing only
when the TD signals are applied in peak LC series resonance
at the carrier frequency and when the signal is applied bi-
laterally to the stylomastoid areas through bare electrodes.
When these and the other collateral conditions (time factor;
balanced output from TD signal generator; etc.) are met, a
subject experiences *‘hearing” in the center of his head. Were
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dielectric covered electrodes to be used, the totally deaf sub-
ject would be unable to hear and if the TD signals were ap-
plied in other than peak LC series resonance the totally deaf
subject would be unable to hear. Interestingly, if one bare
electrode and one dielectric covered electrode are used to
couple the TD signal to a totally deaf subject, the subject will
tend to have lateralized hearing and substantially more power
will be required to achieve that hearing as compared to the use
of a pair of bare electrodes. However and in any event, it has

been determined that the power of the signal applied to a

totally deaf subject must be limited to band levels of 40—60

milliwatts. When the power of the signal exceeds 60 mil-

liwatts, the quality of the *‘sensation of hearing” quickly and

seriously degrades. Moreover, when the power falls below 40

milliwatts, no “*hearing” whatever is possible.

From the foregoing disclosure, it will be appreciated that
the achievement of hearing through the application of TD
signals to a subject in peak LC series resonance at the carrier
frequency is due to a biological phenomenon rather than high-
energy transfer phenomenon. The discovery and utilization of
this phenomenon may and should, of course, be employed to
advantage in the practice of the inventions disclosed in our
previously issucd patents.

It should be understood that the specific forms of the inven-
tion herein illustrated and described are intended to be
representative only, as certain changes may be made therein
without departing from the clear teachings of the disclosure.
Accordingly, reference should be made to the following ap-
pended claims in determining the full scope of the invention.

We claim:

1. In an apparatus for electrically stimulating hearing in
human subjects, the combination of

a. a signal source for supplying carrier wave signals at a

frequency above the normal audible range of the subject,

b. a second signal source for supplying audiofrequency

signals,

. means modulating said carrier wave signals with said au-
diofrequency signals and having an output comprising a
modulated Lc series source, and

d. a tuning and coupling circuit adapted to connect the sub-
ject to said modulated signal source in tuned LC series
resonance,

. said tuning and coupling circuit including a pair of
capacitive coupling means,

. said tuning and coupling circuit further including a pair of
inductance means each of which is connected in series
with each coupling means, )

g. the inductance of said inductance means being related to
the capacitance of said coupling means and the
capacitance of said subject so as to tune said modulated
signals in peak series resonance substantially at said carri-
er wave frequency regardless of changes in the physiology
of the subject.

The apparatus of claim i, in which

. the source of carrier wave signals comprises an external

signal generator circuit.

The apparatus of claim 1, in which

. the source of carrier wave signals comprises an amplifier
circuit having its input and output coupled with said
coupling circuit and actuated to supply amplified carrier
wave signals thereto in accordance with high frequency
signals imparted to the coupling circuit by the subject.

4, The apparatus of claim 1, in which

a. said carrier wave is supplied at a frequency in the range of

18 to 37 kHz., '

b. said capacitive coupling means comprises a pair of bare

electrodes.

5. In the method of electrically stimulating human subjects
to produce sensations of hearing, the improvement which
comprises

a. supplying an audio-modulated carrier wave in a predeter-

mined frequency range,

o
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b. applying said wave to the subject and tuning the applied
wave to LC series resonance at carrier wave frequency
through a pair of capacitive couplers and a separate pair
of series inductor means,

c. the inductance of said pair of series inductor means being
related to the capacitance of the coupling established by
said capacitive couplers and to the capacitance of the tis-
sue of the subject to achieve said series resonance sub-
stantially at the carrier wave frequency.

6. The method of claim §, in which
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a. at least one of said capacitive couplers is a bare electrode.

7. The method of claim 5, in which

a. said capacitive couplers comprise a pair of bare elec-
trodes placed bilaterally at stylomastoid regions of the
head,

b. said carrier wave is in the range of 18—37 kHz., and

c. the power of said applied modulated carrier wave does
not exceed 40—60 milliwatts.



