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3,160,886
COMPRESSIONAL WAVE TRANSMITTER
Meyer Marks, Clarendon Hills, ik, assignor to Admiral
Cerporation, Chicage, 1., a corporation of Delaware
Filed Apr. 27, 1959, Ser. No. 809,652
3 Claimss. - (CL 348--15) :

This invention relates to signal apparatus for produc-
ing sound waves of predetermined frequency or frequen-

cies, and it is an object of the invention to provide im-

proved apparatus of-that character,

In the growing art of remote control apparatus for tele-
vision receiver sets, it is common practice to employ com-
pressional or 'ultrasonic waves of predetermined fre-
quency -as a means of transmitting a signal or a plurality
of distinguishable signals from & remote transmitting
station to a receiver station within the television receiving
set. These ultrasonic waves are of frequencies well
above the upper hearing limit of the human ear. This
eliminates . objectionable audible - sound during - signal
transmission and substantially eliminates the possibility
of unintended operation of the receiver. set control sys-
tem by andible noise. Apparatus constructed in accord-
ance with the present invention is particularly well adapted
to such use but it will be appreciated by those skilled in
the art that the apparatus is of broad applicability.

Prior art apparatus of this general type has suffered
from one or more of a number of objectionable charac-
teristics. - Among these are objectionable bulkiness of
the transmitting unit, short battery life where batteries
are employed as a power source, unreliability of opera-
tion, delayed operation and high cost.  As opposed to this,
apparatus constructed in accordance with the present in-
vention may be very compact, requires such m. small
amount of power that the life of a battery incorporated in
the apparatus is substantially the shelf life of the Dbattery,
is instantaneously operative and is inherently reliable in
operation and economical to manufacture.

Accordingly, it is an other object of the invention to
provide improved “apparatus for producting ultrasonic
waves of one or more predetermined frequencies which
is small in size and economical to manufacturs.

It is a further object of the invention to provide im-
proved apparatus of the character described above which
is inherently reliable in operation.

It is a still further object of the invention to provide
improved - apparatus of the character described above
which employs one or more piezoelectric transducers as an
ultrasonic propagating means.

Another object of the invention is to provide improved
apparatus of the character described above which em-
ploys a transistor as -a signal translating device.

Further features of the invention pertain to the partic-
ular arrangement of the elements of the ultrasonic pro-
ducing apparatus, whereby the above outlined and addi-
tionl features thereof are attained.

The invention, both as to its organization and method
of operation, together with further objects and advantages
thereof, will best be understood by reference to the fol-
lowing specification, taken in connection with the accom-
panying drawings, in which:

FIGURE 1 is a circuit diagram illustrating an embodi-
ment of the invention for producing ultrasonic waves of
a single predetermined frequency;

FIGURE 2 is a circuit diagram of an embodiment of
the invention for producing ultrasonic waves of selected
predetermined frequencies;

FIGURE 24 is a partial circnit diagram illustrating an
alternative to the embodiment of the invention shown in
FIGURE 2, and

FIGURE 3 is a circuit diagrain of another embodiment
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of the -invention for producing ultrasonic waves of se-
lected predetermined frequencies.

As indicated above, the present invention is well adapted
to the generation of ultrasonic waves for actuating-a re-
mote receiving device which controls a television receiver
in response to the generation of such ultrasonic waves.
The embodiments of the invention illustrated in the draw-
ings and described below are specifically adapted to.such
use, but it will be readily apparent to those skilled in
the art that the invention is of broad applicability with
or without modification or adaptation of the illustrated
embodiment thereof. :

In the embodiment of the invention illusirated in FIG-
URE 1, apparatus is provided for producing ultrasonic
waves of a single predetermined frequency, but which,
with slight modification may produce ultrasonic waves of
two or more frequencies. The specific frequency pre-
ferred is 40,000 cycles per second, this frequency being
well above the audible range whereby it cannot be heard
and is not readily duplicated in casual noise. The nltra-
sonic wave produced by this apparatus may, for example,
be employed to actuate control apparatus which advances

. the channel selecting switch of a television receiver suc-
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cessively from ‘one channel to the next in a manner well
known in the art.

Included in the -signal generating apparatus of FIG-
URE 1 is a piezoelectric transducer. 10 which may be of
conventional form and, therefore, is not described in detail
herein.. For the purpose of appreciating the present
invention it is necessary to understand only that the trans-
ducer 1@ includes a piezoelectric element with suitable
electric. terminals and physical mounting such that elec-
trical excifation of the piezoelectric element through the
electric  terminals causes mechanical vibration thereof
which is transmitted to the surrounding air. - Where the
term “piezoelectric transducer” is employed herein, it is
intended that it be interpreted broadly to include micro-
phones, such microphones incorporating not only genuine
crystals, either matural or artificial, but materials such as
barium titanate, which do not qualify as crystals in the
technical sense.

As i3 also well understood in the art, any given piezo- .
electric element has a natural or resonant frequency.
The piezoelectric element included in the transducer 10
is selected ‘to have a resonant frequency equal to the
frequency of the sound wave that is intended to be gen-
erated. - In the specific embodiment of the invention illus-
trated in FIGURE 1, the piezoelectric element of the
transducer 1@ should, therefore, have a resonant frequen-
¢y of 40,000 cp.s.

The transducer 10 is connected across the terminals of
an dnductance coil 11, as shown, to form an LC circuit
also having a resonant frequency of 40,000 cps. One
form of transducer which has been employed in the circuit
of FIGURE 1 has a capacity .of 932 micro-microfarads.
An dinductance .of 17 millihenries for the coil 11 in coop-
eration with such a transducer produces an LC circuit
resonating at 40,000 c.p.s. The coil 11 includes an ad-
justable slig such that it. may be tuned in a well known
manner.. Preferably, the coil has a relatively high Q fac-
tor (e.g. 50) for reasons well known in the art. - If de-
sired, additional capacity may be arranged in parallel
with the transducer in keeping with various parameters
of the circuitry.

The LC circuit formed by the transducer 10 and the
coil 11 may be excited. by various forms of apparatus.
In the preferred embodiment of the invention, the excit-
ing apparatus includes a junction type transistor 12, which
may be a 2N217 transistor, and a power source consisting
of a three-volt dry cell 13, One of the output leads of the
transistor 12, namely, the collector lead 14, is connected
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to a tapped point on the coil 11, and the negative termi-
nal of the battery 13 is connected through a switch 15
to another tapped point on the coil 11, the positive termi-
nal of the battery 13 being represented as connected to
ground. ~The output circuit of the transistor 12 is com-
pleted by connection of the other output lead, namely, the
emitter lead 16, to ground through a bias resistor 17 and
a-paralieling bypass capacitor 18, A bypass capacitor 19
is contiected between ground and the negative terminal
of the battery 13. :

A feedback circuit is connected to the control lead of
the transistor 12, namely, the base lead 20. This feed-
back circuit connects a point 21 of the LC circuit to the
base lead 20 of the transistor through a resistor 22, the
base lead 20 being connected to ground through another
resistor 23. It will be apparent that the resistors 22 and
23 comprise a voltage divider. A coupling capacitor 24
is arranged across the resistor 22. It will be seen that the
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oscillator thus provided is of the Hartley type. As will be -

apparent, however, to those skilled in the art, various
other forms of oscillators may be employed.
Tt will also be. appreciated by those skilled in the art
. that with the coil 11 adjusted such that the LC circuit,
comprising the coil 11 and transducer 10, resonates at
the resonant frequency of the transducer, an mltrasonic
wave of substantial magnitude may be emitted by the
transducer with a very small power input. - The simple
three-volt dry cell which is recommended to power the
circuit. will have long life since the circuit draws very
little current and since the dry cell is disconnected from
the circuit when the apparatus is mot in operation. At
the same time, there is no delay in operation of the cir-
cuit since the transistor is instantaneously operative. It
will also be seen that the apparatus is inexpensive to manu-
facture since it requires in addition to a small number
of conventional resistors and capacitors only a dry cell,
a transistor, a slug tuned coil and a piezoelectric trans-
ducer. | «
-'While the values of the various resistors and capacitors
employed in the circuit are mnot critical, a list of recom-
mended wvalues is given below: :

R17—47 ohms C18—0.1 mifd.
‘R22—200K - C3i9—.01 mfd. -
R23—5K C24--150 mmfd.

" ‘The apparatus of FIGURE 1 is particularly suited to
the production of ultrasonic waves of one predetermined
frequency.  However, as will readily be recognized by
those skilled in the art, the LC circuit comprising the coil
11 and the transducer 19 may very simply be forced to
oscillate at frequencies differing by a few hundred cycles
from the 40,000 c.p.s. resonant frequency of the LC cir-
cuit and of the transducer. Two or more frequencies may
thereby be produced to convey different signals to a highly
discriminatory receiving station. Since such modification
of the frequency output of the apparatus may be accom-
plished by various well known means, and since such
.means do not constitute a feature of the present inven-
tion, they are not shown, or described in detail herein.

The embodiment of the invention illustrated in FIG-
URE 2 is much the same as the embodiment of FIG-
URE 1, with the exception that it includes a plurality of
piezoelectric transducers for producing ultrasonic waves
of a plurality of predetermined freguencies, and switch
means for selecting a transducer and, hence, a frequency
of ultrasonic waves. The plurality of different frequencies
of these waves may be employed to initiate four differ-
ent control operations at a receiving station. For example,
as applied to remote control of a television receiver, the
four different. frequency signals may control the on-off
switch, the volume control, clockwise rotation of the chan-
nel selecting switch, and counterclockwise rotation-of the
channel selecting switch. 'Where a single broad-band re-

ceiver is provided at the receiving station, followed by ap- .

paratus which discriminates between the four different
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signal frequencies, it is preferred that the four signal fre-
quencies differ by zelatively small percentages. In one
application of the apparatus illustrated in FIGURE 2, it
has been found desirable that the four frequencies be
33,285, 39,285, 40,805 and 41,805 cycles per second.

In FIGURE 2 four piezoelectric transducers 31, 32, 33
and 34 are arranged with one terminal of each connected
in common to one end of an inductance coil 35, the latter
preferably being slug tuned.. The coil 35 dis selectively
coupled with any one of the transducers 31-—34 in the
manner described below such that the coil 35 and the
selected transducer form an LC circuit which resonates
at the resonant frequency of the corresponding transducer.
In the interest of economy, the four piezoelectric trans-
ducers are substantially -identical with the exception of
their resonant frequencies and, accordingly, their capaci-
tive values are substantially equal. Since the same in-
ductance coil 35 is to be employed in each of the four
possible LC circuits, capacitors 32a, 33a and 34aq are
arranged in parallel with the transducers 32, 33. and 34,
respectively, to provide the necessary additional capacity
to tune the corresponding LC circuit to the resonant fre-
quency of the corresponding transducer.

The transducer and associated capacitors . are selec-
tively coupled to the inductive coil 35 to form LC circuits
of the desired resonant frequencies by means of switches
41, 42, 43 @nd 44. More particularly, closing of con-
tacts 41a and 41bh of switch 41 connects -the. transducer
31 across the coil 35 to form an LC circuit resonating
at the resonant frequency of the transducer 31.  Sim-
ilatly; closing of the comtacts 424 and 42b, or 43a and
43b, or 44a and 44b completes an LC circuit incorpo-
rating a transducer 32, 33 or 34, respectively, along with
its associated capacitor and the coil 35. i

Fach of the switches 41—44 preferably includes three
contacts whereby closing of the “4” and “b” contacts of
any of the four switches to form an LC circuit is accom-
panied by closing of these contacts with a “c” contact,
whereby the selected LC circuit is connected to the neg-
ative terminal of a battery 45, whose positive terminal
is represented as being connected fo ground. ’

Switches such as the switches 41—44 are well known in
the art and, accordingly, are not described in- detail
herein. For the purpose of explaining the present in-
vention, it is necessary only to point out that all three
contacts of any of the switches are brought into electrical
contact with each other upon actuation of the switch,
whereby the “g” and “b” contacts are electrically con-
nected to complete an LC circuit, and these are connected
to the “c” contact to connect the LC circuit to the power
source. . .

A transistor 47 is provided across the output-leads of
which the battery 45 and a selected LC circiut are con-
nected by the closing of -any of the switches 41-—44.
More specifically, the collector lead 48 is connetced to
a tapped point on the coil 35, as shown, and the emitter
lead 49 is connected to ground through a bids resistor 50
and a bypass capacitor 51. Another bypass capacitor
52 is connected between the LC circuit and ground, as
shown. .

In this embodiment of the invention, feedback is pro-
vidisc'é by a coil 54 which is inductively coupled with the
coil 35.
the transistor, as shown, and to the intermediate point of
a voltage divider extending between one end of the coil
35 and ground. The voltage divider comprises a pair

of resistors 56 and 57, the latter of which is paralleled by -

a bypass capacitor 58. - :

Operation of the apparatus illustrated in FIG. 2 is be-
lieved to be obvious. 1If the switch 42, for example, is
closed, the contacts 42a and 42b° are closed to complete
an LC circuit. The total capacity of the crystal micro-
phone-32 and the capacitor 32a coupled with the induct-
ance of the coil 35 provides an L.C circuit which resonates
at the resonant frequency of the transducer 32. Con-

The coil 54 is connected to the base lead 55 of
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nection of the contacts 424 and 426 to the contact 42¢
completes the output circuit of the transistor 47. Feed-
back is provided by the coil 54 such that the circuit may
oscillate at a frequency determined by the selected LC
circuit. The transducer 32, accordingly, emits an ultra-

" sonic wave of substantial magnitude and of .a predeter-

mined frequency., Waves of four different predeter-
mined frequencies may be obtained by closing selected
ones. of the switches 41—44,

A modification of the apparatus of FIG..2 is illustrated
in FIG. 2a. This figure is a partial circuit diagram show-
ing only the LC circuits, the selective switches and the
power source, since the remainder of the circuit may be

- identical to that disclosed in FIG. 2. In the embodi-

ment of FIG. 24, the coil 35, the transducers 31—34, the
switches 41-—44 and the battery 45 may be identical to
the corresponding parts employed in the apparatus in
FIG. 2. ' In particular, the transducers 31—34 may be
of equal capacity but of different resonant frequencies.
The various LC circuits: obtainable by selective closing
of any of the switches 41—44 are tuned to the resonant
frequencies of the corresponding transducer by means of
inductive coils 325, 33b; and 34b, which are connected
between one end of the coil 35 and respective ones of the
switch contacts 425, 43b, and 44b. The coils 32b—34p
are of diffeérent inductive values whereby -addition of the
inductance of any one of these coils to the inductance of
the coil 35 provides a total inductance which will resonate
with the capacity of the corresponding transducer at ‘the
resonant frequency of the corresponding transducer. The
coils 32b—34b comprise means, alternative to the con-

© densers 32a—34a of FIG. 2, for tuning the various LC

circuits to the resonant frequency of the corresponding
transducer. ‘ ‘ v

The embodiments of the invention illustrated in FIGS.
2 and 2a permit the generation and transmission of ultra-
sonic waves of four substantially differing frequencies
with a minimum of power and with a single signal trans-
lating device. The ‘four frequencies suggested above
difer in steps of approximately two and one-half percent
and four percent. With these selected frequencies, a
single broad-band received may. accept ali four signals
and readily distinguish between them. It will be appre-
ciated by those skilled in the art that the transmitting
apparatus of FIGS. 2 and 24 may, if preferred, generate
and. transmit ultrasonic waves of much more widely
differing frequencies.

Recommended valiles for the various resistors.and ca-
pacitors employed in the circuits of FIGS. 2 and 2a are
tabulated below:

R50—47 ohms C51—0.1 mfd.
R56—200K C52—.01 mfd.
R57—S5K C58—.01 mifd.

It will be understood that the values of the capacitors
32a—34a are selected. to produce resonance of the as-
sociated LC circuits at the desired frequencies, in a man-
ner well understood in the art.

The embodiment of the invention illustrated in FIG. 3
differs from that dllustrated  in FIG. 2 primarily in that
the plurality of transducers 31—34 of FIG. 2 are replaced
in the oscillator stage of FIG. 3 by conventional capaci-
tors, and an amplifier stage incorporating a second signal
translating device is provided: which is excited by the
oscillator stage. ' A single transducer is employed in an
LC circuit across the output leads of the second stage
signal translating device. ‘The single transducer, prefer-
ably resonant at 40,000 c.p.s., is readily driven at the
four frequencies suggested above in connection with the
embodiment of FIG. 2.

Since the entire first stage of the embodiment of FIG.
3 is identical to that of the embodiment . illustrated in
FIG. 2 with the exception of the substitution of conven-
tional icapacitors 61, 62, 63 and 64 for the transducers
31—34 of FIG. 2, this stage will not be redescribed.
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6
Each element of the oscillator stage of FIG. 3 is identified
by the same reference numeral as in FIG. 2.

It will be noted that the capacitor 61 which replaces
the transducer 31 is not connected to the contact 41a of
the switch 41 but is, instead, connected directly across the
coil 35. This capacitor is, therefore, included in all four
LC circuits. Accordingly, the capacitors 62, 63 and 64
need be only of such value as to add to the capacitance of
the capacitor 61 to provide total capacitance which will
resonate with the coil 35 at the desired  frequencies.
With this arrangement, the coil 35 may be tuned by slug
adjustment with' the. capacitor ‘61 such that this basic LC
circuit resonates at.the highest of the desired frequencies.
Discrepancies in the capacitive values of the capacitors
62—64 because of manufacturing tolerance then have
less effect upon the total capacity of the LC circuits ob-
tained by closing any one of the switches 42, 43, or 44
than would be the case if the capacitors $2-—64 comprised
the total capacitance of these LC circuits.

The second stage of this embodiment of the invention
includes a piezoelectric transducer 79 arranged across a
coil 71. ‘The capacitance of the transducer 70 and the
inductance of the coil 71 form an LC circuit resonating
at 40,000 c.p.s., this also being the resonant frequency
of the transducer 70. A transistor 72 of the junction type
has its collector lead 74 connected to a tapped point on the
coil 71. Upon the closing of any of the switches 41—44,
one end of the coil 71 is connected through a resistor 75
and the “b” and “c” contacts of the selected switch to the
negative terminal of the battery 45." The same end of the
coil 71 is connected to ground through a bypass capacitor
76. The output circuit of the transistor 72 is completed
by connection of the emitter lead 77 to ground through
a resistor 78. A bypass capacitor 79 parallels the re-
sistor 78.

A signal is fed from the oscillator stage to the output
stage of this embodiment of the invention through a lead
80 which connects to a tapped point on the coil 35 in the
output circuit of the oscillator stage. - This lead connects
to one end of a voltage divider comprising a pair of re-
sistors 81 and 82, the other end of the voltage divider
being connected to ground. The resistor 81 is bypassed
by a capacitor 83, and the base lead 84 of the transistor
72 is connected to the intermediate point of the voltage
divider.

Recommended values for- the various resistors and ca-
pacitors employed in the second stage of the circuit of
FIG. 3 are tabulated below:

R75—47 ohms C76—0.1 mfd.
R78—47 ohms C79—0.1 mfd.
R81—200K C83—150 mmfd.
R82—35K ‘

As will be apparent to those skilled in the art, the oscil-
lator stage is unaffected by the output stage, and, accord-
ingly, oscillates at a frequency determined by the selected
LC circuit of the first stage. - A signal is fed from the os-
cillator stage to the output stage through the lead 8¢
whereby the output stage is made to oscillate at a fre-
quency dictated by the oscillator stage.: While the LC
circuit, including the coil 71 and the transducer 79 con-
tained in the output circuit of the second stage, tends to
oscillate at 40,000 c.p.s., it is readily forced to resonate at
a frequency as low as 38,285 c.p.s., or as high as 41,805
c.p.s., as dictated by the oscillator stage. Accordingly,
a single transducer 70 may be made to propagate ultra-
sonic waves of various frequencies which differ sufficiently
that they are readily distinguishable by a receiving sta-
tion. ‘

Various embodiments of the invention have now been
described which produce compressional or ultrasonic
waves- of one or more predetermined frequencies. The
simple embodiment illustrated in FIG. 1 is intended pri-
marily for the production of one predetermined frequency
but can readily be made, with minor and obvious modifi-
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cation, to produce ultrasonic waves of two or.more fre-
quencies which' differ by relatively small percentages.
The embodiment illustrated in FIG. 2 employs a plurality
of transducers for producing ultrasonic waves of a plu-
rality of frequencies ‘which may differ from each other

.to. any desired extent. The embodiment illustrated in
FIG. 3 employs a single transducer but two-signal trans-
lating devices. - This embodiment may produce ultrasonic
waves of a plurality of frequencies which may differ from
each other by substantial percentages.

The apparatus included in the various illustrated em-
bodiments of the invention may readily be arranged in a
very small housing. ~As will be readily apparent to those
skilled in the art, the apparatus incorporated in the illus-
trated embodiments of the invention is inherently reliable
in operation and ‘will produce -ultrasonic waves of fre-
quencies varying only minutely from preselected values
as a result of changes in temperature, humidity, and bat-
tery strength.

The invention is well adapted to the use of transistors
as signal translating devices and accordingly may be in-
stantaneously: operable even though the power source is
idle except when the apparatus is actually producing
sound waves. This, combined with the fact that the ap-
paratus draws very little power even when actually pro-
ducing ultrasonic waves, assures battery life substantially
equal to shelf life of the battery where a battery is used
as the power source. It will also be apparent that ‘the
illustrated embodiments of the invention incorporate rela-
tively inexpensive components whereby the total cost of
the sound producing apparatus is low in spite of the above
referred to and other desirable characteristics of the
apparatus.

- Tt will be apparent to those skilled in the art that many
modifications of the illustrated apparatus may be effected
without departing from the spirit of the invention. By
way of example electron tubes may be employed where
desired in place of the suggested transistors. In general
various types of exciting circuits may be employed and
various forms of apparatus may be employed for con-
trolling oscillator frequency.

Accordingly, while there has been described what are
at present considered to be the preferred embodiments -of
the invention, it will be understood’ that various modifica~
tions may be made therein, and it is intended to. cover in
the appended claims all such modifications as fall within

 the true sprit and scope of the invention.

The invention having thus been described, what is
claimed and desired to be secured by Letters Patent is:

- 1. A portable transmitter for generating and transmit-
ting ‘ultrasonic compressional waves of predetermined
frequency comprising; a transistor having a base, an emit-
ter and a collector; a tank circuit coupled in the emitter-
collector circuit of said transistor, said tank circuit being

resonant at said predetermined frequency and including '
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an inductive element and a capactive piezoelectric {rans-
ducer element; a battery source for said transistor; a volt-
age dividér; means, including a portion of said inductor
for coupling said voltage divider to said battery source
s0 as to supply voltage to said divider and to the collector-
emitter circuit of said transistor;. said -base being con- -
nected to a point on said voltage divider, and being sup-
plied both a difect current ‘potential from said battery
source and a feedback potential from said tank circuit,
whereby said transistor oscillates at the frequency of res-
onance of said tank circuit and said piezoelectric trans-
ducer element transmits -said ultrasonic compressional
waves. : : '

2. A low powered battery operated portable transmit-
ter for generating and transmitting ultrasonic compres-
sional waves of predetermined frequency comprising: a
transistor having an emitter, base, and collector: electrode;
a resonant tank circuit, incliding an inductor and a ca-
pacitive piezoelectric transducer for transmitting com-
pressional waves responsive to electrical excitation there-
of, coupled between said collector and said emitter elec-
trodes; a portion of said resonant tank circuit being cou-
pled between said collector and: said. base electrodes to
provide. a feedback connection for feeding back a portion
of the voltage across said resonant tank circuit to cause
oscillation of said transistor; biasing networks for said
ibase and said emitter electrodes; a battery source of elec-
trical power having a first terminal connected to said col-
lector electrode through said resonant tank . circuit, and
a second terminal connected to said base and said emitter
electrodes through said biasing networks respectively; said
transistor oscillating at the resonant frequency of said
tank circiut upon connection of said battery source there-
to, whereby said capacitive piezoelectric transducer trans-
mits corresponding compressional waves of said predeter-
mined ultrasonic frequency. '

3."A low powered battery operated portable transmit-
ter -as claimed in claim 2 further including another ca-
pacitive piezoelectric transducer for resonating at a dif-
ferent predetermined ultrasonic frequency with said in-
ductor and means for selectively including said trans-
ducers in said resonant tank circuit.
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