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ThlS 1nvent10n relates to srgnal apparatus fer produc- :

N 3 100 886
Patented Aug 13, 1963-.-__- |

of =the 1nvent10n for produelng nltraseme Waves of se- :

lected predetermined frequencies. - |
As indicated above, the present 1nventren 18 Well adapted'

- to the generation of ultrasonic waves for aetuatrng a re-

- mote receiving device which controls a television receiver

. In response to the generation of such ultrasonic ‘waves.
The embodnnents of the invention illustrated in the draw-

| -mg sound waves of predetermined frequency or frequen— -

B cies, and it is an object of the mventren to prnvrde im-
proved apparatus of that character. | |

10

- Inthe. growing art of remote control apparatns for te]e- |
VISiOn receiver sets, it is common practice to employ com-

‘pressional or. nltra,seme waves of predeteu ined fre-
- quency -as a means of transm1tt1ng a signal or a plurality

- seft,

above the upper hearing limit of the human ear. This
- eliminates objecticnable audible sound during srgnal

transmission and substannally eliminates the possibility.
of unintended operanen of the receiver set conirol sys-

tem: by audible noise. Apparatns constructed in accord-

ance with the present invention is particularly well adapted
to such use but it will be appreelated by those skﬂled in

- the art that the apparatus is of broad : applicability,
- . Prior art apparatus of this general type has suff

o frem one or more of a number of objectionable charac- _
- Among these are objectionable bulkiness of
- the transmrttlng unit, short battery life where batteries

teristics.

‘ings and described below are specifically adapted to such
use, but it will be re&dﬂy apparent fo those skilled in

the art that the invention is of broad applicability with

or without mndﬁcanon or adaphatmn elf the 111ustrated,
| embndrment thereof. |

In the embodiment df the 1nventron ﬂlus irated in FIG-'

" URE 1, apparatus is provided for producing ultrasonic

| 15

- of drstrngurshable signals from a. remote trafnsmrtnng”_ .
; sta‘nt}n to-a receiver station within the television receiving

These ultrascnic waves are of frequencies well -

iwo or more frequencies.

waves of a single predetermined frequency, ‘but which,
with slight modification nra,y produce ultrasonic waves ef
The specific frequency pre-
ferred is 40,000 cycles per second, this frequency being

~ well above the audible ran ge Whereby it cannot be heard

20

‘and is not readily duplicated in casual noise.

sonic wave produced by this apparatus may, fer example,

~ be employed to actuate control apparatus which advances

. the channel selecting switch of a television receiver suc-

25

ered

cessively from one ehannel to the next in e, 1
-knewn in the art. - -

Included in- the srg:nal generatrng app araJtus nf FIG-
URE 1 is a piezoelectric transducer. 10 which may be of

_ conventional form and, therefore, is not described in detail

30

~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 . small

amount of power that the life of a battery incorporated in

' the apparatus is substantially the shelf life of the battery,
s instantaneously operative and is mherently reliable 111

- opemtron and economical to manufacture.

Accordingly, it is an other object of the niventlon to;-'. |
- provide improved - apparatus for producting ultrasonic 40
‘waves of one or more predetermined frequeneles which

| _.1s small 1n size and economical to manufacture,

It is a further object of the invention to provrde im-

30

“herein. .

For the purpose of appreciating the present
invention it is necessary to understand only that the trans-

~ducer 10 includes a piezoelectric element with suitable

- ¢electric. terminals and physrcal mounting such that elec-
Arical excifation of the piezoelectric element through the
‘electric terminals causes mechanical vibration thereof

which is transmitted to the surrenndrng air.  Where the

- term “piezoelectric transducer” is employed herein, it is

- .1ntended that it be interpreted broadly to include micro- |

- phones, such microphones incorporating not only genuine
-crystals, either natural or artificial, but materials such as |
- barium titanate _whleh do not quahfy as erystals 1n the

- technical sense.

preved apparatus of the character descnbed abeve Whrch' o

18 1nherently reliable in operation.

~ It is a still further object of the invention to prevrde'_ :
 improved apparatus of the character described above
which employs one or more plezneleetrle transducers as an -

nltrasonrc propagating means, o
~ Another object of the mvennen is to provrde 1rnpreved

45

apparatus of the. character described above which em-

ploys a transistor as a 51gnal translating device.

Further features of the mvention pertain to the partrc-

ular arrangement of the elements of the ultrasonic pro- 55
ducing apparatus, whereby the above outhned a:nd addr-__ |

tionl features thereof are attained.

The invention, both as to its organization and methndl'
of operation, together with further objects and advantages
thereof, will best be understood by reference to the fol-

lowmg spemﬁcatmn taken in connection Wlth the : accoin-
panying drawings, in which: |

60

FIGURE 1 is a circuit diagram 1llustrat1ng an embedl-_' |

'I;'I. .

~ a single predetermined frequency;

predetermmed frequencres

FIGURE 24 is.a partial circuit dragram 111u|strat1ng an

 alternative to the embodiment nf the rnvenrtmn shnwn in 70

FIGURE 2, and

~ment of the invention for producing ultrason1e waves of

coil 11 may be excited by various forms of apparatus.
~ In the preferred embodiment of the invention, the excit-
. ing apparatus melndes a junction type transistor 12, which
may be a 2N217 transistor, and a power source conerstrng |

FIGURE 3 is a cireurt d1agram of a.nether ernb-ndrment.

As is also well understeed in the art, any iglven prezni- .

electric element-has a natural or resonant frequency.

The piezoelectric element included in the transducer 10

is selected to have s resonant frequeney equal to the
: _freqneney of the sound wave that is intended to be gen-

erated. - In the specific embodiment of the invention ﬂlus— *

~ trated in FIGURE 1, the piezoelectric element of the
- 50

transducer 16 should, therefore have a resonant frequen-
¢y of 40,000 c.p.s. |

The transducer 16 is eonnected across the terminals of
- an inductance coil 11, as shown, to form an LC circuit
' One

also having a resonant frequeney of 40,000 c.ps.
form of transducer which has been employed in the circuit
of FIGURE 1 has a capacity -of 932 micro-microfarads. -

- An inductance 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 slug such that it may be tuned in a well known

manner. Preferably, 'the coil ‘has a relatrvely high Q fac-
tor (e.g. 50) for reasons well known in the art, If de- |
sired, additional capacrty may be arran'ged in parallel. -

- “with: the transdueer in keeping Wlth various parameters. o
o5 © of the circuitry.
| FIGURE 2 is a circuit diagram of an ernbndrment of 2
- the invention for producing uLtra,snnrc waves of selected

~The LC 'GII‘CLIT ferrned by the transducer 10 Iand the

of a three-volt dry cell 13. One of the output leads of the
trans;tster 12, namely, the eellecter lead 14, is lcenneoted

The ultra-

anner Well o




. " base lead 20 being connected to gr .
- resistor 23. It will be apparent that the resistors 22 and -

- of ultrasome waves.,

, e

_3_

u,IOO eee

~to a tapped point on the coil 11, and the negative termi-

nal of the battery 13 is connected tln'ough 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

o emitter lead 16, to ground through a bias resistor 17 and

~ aparalleling bypass capacitor 18. A bypass capacitor 19 .

is connected between ground and the negatwe terminal

of the battery 13. . .
A feedback circuit is Iconneoted 1o the eont:rol lead of_ |
This feed-

 the transistor 12, namely, the base Jead 29.
back circuit connects a point 21 of the LC circuit to the
“base lead 20 of the transistor through a resistor 22, the

ound through lanother

23 comprise a voltage divider. A coupling capacitor 24

10

elgual frequencies, it is preferred that tl"e four 51gnal fre- o

In one

quencies differ by relatively small percentages

_uappheatlon of the apparatus illustrated in FIGURE 2, it
-~ has been found desirable that the four frequencies be'_ -~
- 38,285, 39,2635, 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 eonneeted_- .
in common to one end of an inductance coil 35, the latter
- preferably being alug tuned.

coupled with any one of the transducers 31-—34 in the -
‘manner described below such that the coil 35 and the

The coil 35 is seleetwely

selected transducer form an LC circuit which resonates

| -at the resonant frequency of the oorrespondmg transducer.

- In the 1nterest of economy, the four piezoelectric trans-
“ducers .are. substantially identical with the exception of

their resonant frequencies and, accordingly, their oapam-.
- tive values are substantlally equal

15

. is arranged across the resistor 22. 1t will be seen that the

oscillator thus prowded is of the Ha:rtley type. Aswill be

- apparent, however, to those skilled in the art, VELI’IOHS.

other forms of oscillators may be employed.
Tt will also be appreciated by those skilled in. the art
) that rW1th 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 ultrasonic

wave of substantial magnitude may be emltted by the
- transducer with a very small power input,
three-volt dry cell

~ 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 not in operation.

'[-r

- 'I:I

- 'cle—_—o.-l mitd,

R17——47 ohms
R22——--200K 3 C19—.01 mid.
R23—-—5K C24—150 mmfd

The :apparatus of FIGURE 1 is pameularly suited to
| the production of ultrasonic waves of one predetermined
- frequency.

Tl and the transducer 1¢ may very simply be forced to

. oscillate at tfrequene1es differing by a few hundred eyeles

o However, as will readily be reoogmzed by
"~ those skllled in the art, the LC circuit comprising the coil

20

Since the same in-
ductance coil 35 is to be employed in each of the four
possible LC circuits, capacitors 32a, 33a and 34a 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 Iesonant fre-_' _'

quency of the corresponding transducer.

25 . |
~ of the desired resonant frequencies by means of switches
More particularly, closing of con-
_tacts 41q and 41b of switch 41 connects the transducer
. 31 across the coil 35 to form an LC circuit . resonatmg -
at the tesonant frequency of the transducer 31.  Sim-

-The simple
which is recommended to power the

30
- At
- the same time, there is no delay in operation of the cir-
~cuit since the transistor is instantaneously operatwe It -
- will also be seen that the apparfatus is inexpensive to manu~
~ facture since it requires in addition to a small mumber
- of conventional resistors and capacitors only a dry cell,
- a transmtor a slug ‘tuned oo:d and a plezoeleetne trans- -
duoer o - | :
- While the r\«*alues of the various remstors and eapaentors.
employed in the circuit are not ermeal a llst of reeo
o '?._ﬂnended values 18 given ibelow - o

35

40

- 43b,

The transdocer and associated capae:ttors' are selee- -
tively coupled to the inductive coil 35 to form LC circuits

41 42, 43 and 44.

ilarly, closing of the contacts 424 and 42b, or 43a and
or 44a and 44b completes an LC circuit incorpo-
rating a transducer 32, 33 or 34, respeotwely, along Wlth_
its associated capacitor and the C(}]l 35. -
Fach of the switches 41—44 preferably 1ueludes three._- :
‘contacts whereby closing of the “g” and “b” contacts of

- any of the four switches to form an L.C circuit is accom-
. -panied by closing of these contacts with a “c” contact,

whereby the seleoted L.C circuit is connected to the neg- -

ative terminal of a battery 45, whose positive termlnal |

is represented as being connected to ground. |
‘Switches such as the switches 41—44 are well known in

 the art and, aeoordlngly, 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 “a” and “b” contacts are electrically con-

50

from the 40,000 c.p.s. resonant frequency of the LC cir-

o “cuit and of the transducer. Two or more frequencies may

- thereby be pro duced 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-

_tlon 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 embodi
- URE 1, with the exception that it includes a plurality of

ent of FIG-

piezoelectric transducers for producing ultrasonic waves
of a plurality of predetermined frequencies, and switch

 means for selecting a transducer and, hence, a frequency
‘The plurality of different frequencies
- of these waves may be employed to initiate four differ-
~ ent control operations at a receiving station. For exa

“as applied to remote control of a television receiver, the
- four different frequency signals may confrol the on-off
~ switch, the volume control, clockwise rotation of the chan-

el 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 discrlmmatee between the four different

5o

a tapped point on the coil 35, as shown, and the e o
lead 49 is connected to ground through a bids resistor 50

. 60

nected to complete an LC circuit, and these are connected "
to the “¢” contact to oonnect the LC c1reu1t to the powerz |

source. . .
A transistor 47 is provtded aeross 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

and a bypass capacitor 51. Another bypass capacitor

52 is conneeted between the LC ClI'CI.IIt and ground as
shown, = | :

In this embodnnent of the 1nventton feedback is pro- |

 vided by a coil 54 which is inductively coupled with the

65

coil 35. The coil 54 is connected to the base lead 55 of
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 eomprlsee a pair

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

ple,

70
- closed,’ the contacts 424 and 42b are closed to complete

~~ an LC circuit. The total capacity of the crystal micro-

‘a bypass capacitor 58.

Operation of the apparatus a]lustrated in FIG 2 18 be-
lieved to be obvious. Tf the switch 42, for example, is-

' phone 32 and the capacitor 324 coupled with the induct-

75

ance of the coil 35 provides an LC circuit which resonates -
at the resonant frequency of the transducer 32. Con-

itter



- oscillate at a frequency deter
_crrcutt

":,1I1FIG 24,

3,100, 886

-

_' “nection” ef the contacts 42a and 42h te the ceutact 420.
- eor upletes the output circuit of the transistor 47. Feed-

1&37 .

back is provided by the coil 54 such that the. circuit
ined by the selected LC

mined frequency. Waves of four dif

ones of the switches armata -
A modification of the. apparatus of FIG 2 1s ullustrated

o The transducer 32, accordingly, emits an ultra- -

" sonic wave of substantial magultude and of a predeter- -
| ‘erent predeter-
- mined frequéncies may be ebtamed by clesmg selected

This ﬁgure is a partial circuit diagram show- -
- 1ng only the LC circuits, the selective switches and the
- power source, since the remainder of the circuit may be

. 1dentical to that disclosed in FIG. 2. In the embodi-
-ment of FIG. 2a, the coil 35, the transducers 31—34, the

- switches 41-—44 and the battery 45 may be identical to

Each elemeut of the oscillator stage of FIG 3 is 1dent1ﬁed
by the same reference numeral as in FIG, 2.

It will be noted that the capacitor 61 whtch replaces.

" the transducer 31 is not connected to the contact 4la of

ot

LC circuits.
- need be only of such value as to add to the capacitance of
. the capacitor 61 to provide total capacitance which will
10
- With this arr angement, the coil 35 may be tuned by stug

_ad]ustmeut with the capacitor 61 such that this basic LC

the switch 41 but is, instead, connected directly across the

coil 35.. This capacitor is, therefcre included in all four -
Accordrugly, the capacitors 62, 63 and 64

resonate with the coil 35 at the desired frequencies.

- circuit resonates at the highest of the desired frequencies.
. Discrepancies in the capacitive values of the capacitors

15

the corresponding parts employed in the apparatus in

FIG. 2.

The various LC circuits: obtainable by selective closing

| In particular, the transducers 31-—34 may be
o of equal capacity but of  different resonant frequencies.

20

of any of the switches 41—44 are tuned to the resonant |

- frequencies of the cerrespcndtug transducer by means of
'- _-_julducttve coils 32b, 33b, and 34b, which are connected -
. between one end of the coil 35 and respective ones of the

 switch conitacts 425, 43b, and 44b. The coils 32h— 34}

" lating device.

are of dif
- 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 cerrespendmg transducer at the

‘and four percent,

~and readily dsstmgulsh between them. |
ciated by those skilled in the art that the transmitting
apparatus of FIGS. 2 and 2a may, if preferred generate
. and transmit ultraseruc waves ef much more wrdely o
o diff ering frequencies. | S |
- Recommended values for the 'varmus remstcrs and ca- -
. pacitors employed in the C1rcu1ts of FIGS 2 aud 2a are
o _'tabulated below: - S -

erent 1nduet1ve values whereby addition of the

resonant frequency of the corresponding transducer. The

- coils: 32b—34b comprise means, alternatwe to the con-
+ densers 320—34a of FIG. 2, fe-r tuning the various LC

62-—64 because of mauufacturmg 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 62—64 cemprtsed-
the total capacitance of these L.C circuits. |

The second stage of this embodiment of the mventron
imcludes a p1ezcelectr1c transducer 790 arranged across a

coil 71. " The capacitance of the -transducer 70 and the
1uductauce of the coil 71 form an LC circuit resonating
at 40,000 c.p.s., this also being the resonant frequency

25

of the transducer 70. A transistor 72 of the junction type .

- has its collector lead 74 cenuected 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

30

. circuits to the resonant frequeucy of the currespeudmg__:_ |
- transducer. .

‘The embodlutents of the 1uvent10n sllustrated 111 FIGS

o _2 and 2a peruut the generation and transmission of ultra-
.~ sonic waves of four substantially differing frequencies

with a minimum of power and with a single signal trans--

The four frequencles suggested above

differ in steps of approximately two and one-half percent
‘With these - selected frequencies, a
single broad-band received may. accept all four signals
It will be appre-

R50—47 ohms ,' Cs1—0.1 mrd._--

- R36—200K - CSZ-'— 01 mfd..
RS?—SK CSS— 01 mfd

It wrll be understeed that the values of the - capac1t0rs.

32a—34a are selected to produce resonance of the as-
sociated LC circuits at the desu*ed frequencles 111 a mau--
ner well understood in the art.

o ‘the plurality of transducers 31—34 of FIG. 2 are replaced
in the oscillator stage of FIG. 3 by conventional capaci-
tors, and an amphﬁer stage 1r1cerporatmg a second signal

 signal translating device.

translat_mg device is provided which is excited by thef -

oscillator stage. A single transducer is employed in an

'LC circuit across the output leads of the second stage
- The. srugle transducer, prefer-.
- ably resonant. at 40,000 c.p.s., is readily driven at the
four frequencies suggested above in cennectteu wrth the
embodiment of FIG. 2.

Since the entire first stage cf the embeduueut of FIG

- 3 is identical to that of the embodiment illustrated in

FIG. 2 with the exception of the substitution of conven-

- tional capacitors 61, 62, 63 and 64 for the transducers

31—-34 of FIG. 2, th1s stage will not be redescrlbed

* The embodiment of the mventlen ﬂlustrated 1u FIG 3
‘differs from that illustrated- in FIG. 2 primarily in that -

40

~and the “b” and “¢” 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
35 |

A bypass capacncr 79 parallels the re-
srstcr 78. |
A signal is fed from the osclllater 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. -
to one end of a voltage divider comprising a pair of re-

‘This lead connects

sistors 81 and 82, the. other end of the veltage divider

‘being ceunected to ground. The resistor 81 is bypassed

by a capacitor 83, and the base lead 84 of the transistor

45

55

72 1s.connected to the mtermedlate pctut ef the veltaﬂe
dwrder o | L |
Recommended values fer the various reststers and ca-

| .'paclters employed n the seceud stage ef the cueult cf_ B
FIG. 3 are tabulated belew | |

R75—47 ohms C76—-—0 1 rufd
R78——47 ohms : - C79—0.1 mfd..
R81—200K 083—-1150 mmfd.._

- R82—5K .

| As will be apparent to these skrlled in the art the escul-

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 89

60 quency dictated by the oscillator stage.

- whereby the ocutput stage is made to oscillate at a fre-
While the LC

- circuit, including the coil 71 and the transducer 70 con-

C.p.S.,

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
as dictated by the oscdlator stage. Acccrdmgly,_'_.
a su1gle transducer 70 may be made to propagate ultra-
sonic waves of various frequencies which differ suhc1eutly

that they are readtly d1st1ngu1$hahle by a recelwug sta— :

- ‘tion.
Y0

Various emhedlmeuts of the mventleu Thave ucfw heeu |

- described which produce compressional or ultrasonic

75

‘waves- of one or more predetermined frequencies.
simple  embodiment illustrated in FIG. 1 is intended pri-
marily for the production of one. predetemuued frequency

but can readﬂy be made, w1th minor and obvious modifi-

.The:__



. _to any desired extent.

" cation, to produce ultrasonic waves of two or more fre-
quencies which  differ by relatwely small percentages.
The embodnnent illustrated in FIG. 2 employs a plurality

rality of frequencies Wthh may differ from each other

lating devices. This embodiment may produce ultrasonic
“waves of a plurality of frequencies which may differ fro 1
: eaeh other by substantial percentages. | |

- The apparatus included in the various 1llustrated em-

bodrments of the 1nyentron may readily be arranged in a
very small housing. As will be readily apparent to those

“gkilled in the ar
trated embodiments of the invention is inherently reliable

n Operatron and ‘will produce ultrasonic waves of fre-

quencies varying only minutely from preselected values
- as a result of changes in. temperatrure humidity, and bat-

tery strength. .

The invention is well adapted to the use of tran31stors

as signal translating devices and aceordrngly 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.

tively inexpensive components Whereby the total cost of

| _' - the sound producing apparatus is low in spite of the above
- referred to and ether desirable characterrst1es of the-

| "apparatus |
Tt will be apparent to these skilled in the art that many

- rnodrﬁcatlons of the illustrated apparatus may be effected
“without departing from the spirit of the invention. By

The embodiment illustrated in
~ FIG. 3 employs a single transducer but two signal trans-

3,100886

8

an inductive element and a eapaotlye p1ezoelectr1c trans-'

 of transducers for producing ultrasonic waves of a plu-

1 §

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_.-'

0 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-

~ducer element transmttssald ultrasonte con

-phed both a difect current potential from said battery B
source and a feedback potential from said tank circuit, -
10
~ onance of said tank circuit- and said piezoelectric trans-
presstonal_ B

whereby said transistor oscillates at the frequency of res-

- owaves.,

rt, the apparatus 1neorporated in the illus-
15

2. A low powered battery operated portable transnnt-'
“ter for generating and transmitting ultrasonic compres: -
sional waves of predetermrned frequency comprising: a -

- transistor having an emitter, base, and collector electrode;

20

25

It will also be apparent that the
{llustrated embodiments of the invention incorporate rela-

30

a resonant tank circuit, 1nclud1ng 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 eleetrodes to ..,
_ provide a feedback connection for feeding back a portlon o
of the voltage across said resonant tank circuit to cause
oscillation of said transistor; biasing networks for said -

base and said emitter elecirodes; 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 sa1d base and said ernrtter-

“electrodes through said biasing networks respectively; said o
 transistor oscillating at the resonant frequency of said @

 tank circiut upon connection of:said battery source there-
 to, whereby said capacitive plezoelectne transducer trans--
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~ way of exarnple 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.

Aeeordmﬂly, while there has been described What are
~ at present considered to be the preferred embodiments of

_ the invention, it wiil be understood that various modifica-
45

1,968,617

- 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. | |
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“The dinvention having thus been descr1bed what 1s'_ |

clanned and desired to be secured by Letters Patent 1s:

1. A portable transmitter for generatmg and transmit-
- tlng ultrasonic eornpress1onal 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 frequeney and 1nclud1ng

50
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~mits corresponding eompressronal Wayes of sard predeter- ,'

mined ultrasonic frequency.. o
- 3.°A low powered battery operated portahle transmrt— |

‘ter -as claimed in claim 2 further including another ca-
pacltive plezoeleetrlo transducer for resonating at a dif-
ferent predetermined ultrasonic frequency with said in-
ductor and means for seleetrvely 1ne1ud1ng sa1d trans-

dueers 1n said resonant tank c1reu1t
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