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The present invention relates to .electri¢c sys-
tems, and more particularly to receiving systems
using. sound waves .as the agency of communica-
tion. The term “sound” will be. employed here-
inafter, in the specification and. the.claims, to
include. not only the audible part of the sound

spectrum, but also, and_.more particularly, the.

ultrasonic spectrum, and to include also .all kinds
of elastic vibrations.

An object of the invention is to provide.a new
and improved sound-receiving system.

Another object is to provide a novel combined
sound-and-television system.

Another. object of the present invention is to
provide a new sound-locator system for both de-
tecting. the presence of .a body and producing a
visible likeness thereof.

A further object is to provide a. new range-
finder.

Other and further objects will be explained

hereinafter and will be more particularly pointed .

out in the appended claims.

The invention will now be more fully explained
in connection with the accompanying drawing,
the single figure of which is a diagrammatic view
of circuits and apparatus arranged and con-
structed in accordance with s preferred embodi-
ment thereof.

A directive ultrasonic transmitter is shown
comprising ultrasonic oscillator {05 for exciting
a piezo-electric crystal 10! and an auxiliary re-

flector: 183 *for reflecting the energy emitted by"

the piezo-electric crystal 18{ upon a parabolic
sound reflector |. _
propagated toward an object 3, illustrated as an

underwater submarine. - The sound waves are re-

flected and scattered from the surface of the ob~
ject '3 toward a sound-receiving station.- The in-
vention is operable also with objects. 3 that emit,
as-well as reflect or scatter, sound waves.

At the receiving station, the:sound waves-thus
reflected and- seattered from the-chject 3 may-be
focused, converged or directed by a seund-lens §
upon a bank or array 26, comprising a plurality
of. sound-receiving pick-up unit: elements, vibra-
tory:in:response to-the sound-energy -impinging
thereon. The sound lens 5 may be replaced: by

any.-other type of well-known. lens, mirror or.
other. directive system for focusing. the.sound:
waves scattered-and. reflected froem.-the:object 3-

on the bank or array 26 of pick-up elements.

The:sound lens may, for. example, be constituted .

of..a .collodion balloon filled.with. carbon dioxide
or sulphur dioxide;  or. any .other substance for
refracting.the-sound waves.. .

Ultrasonic waves are thus-
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The vibratile-pick-up. elements of the bank.or.
array-26.are illustratively. shown as. piezo-electric-
crystalereceiver elements.embedded in-the. insu= .
lating..face 1. 0f-a -cathode-ray-oscilioscope-like.
member- 8. They may,. for example, be consti-
tuted of. Roechelle . salt,: di-hydrogen - potassium:.
phosphate;: or any. other suitable substance, in- -
cluding-quartz.. The front surface of each crystal..
element projects- forward. beyond -the face- 7 of.-
the member:9, in the direction. of the incoming..
sound.: . waves,-but the-rear surface of each crystal.-
element is disposed within the cathede-ray-tube .

. member 9.

. The-crystal pick-up-units -are: shown all elec= -
trically-poled it the- same: manner:-and arranged:.
in‘the form of rows and columns,in: the-proximity.
of the -focal:plane:of -the lens.- 5.- The first: or:
uppermost row- of-the-bank is-illustrated as.com= -
prising-the-group:of .crystals25; 23, 27, 24, 19,.11,
{5,-13 and li; shewn as equally spaced horizon--

~ tally: The-second:row from .the top-is- shown:
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constituted -of a group of similarly :disposed crys-
tals, respectively: disposed- directly:below the cor=-
responding ;crystals-of -the fizit' row; several.of: -
these are: illustrated-at 29; 31 and 33. The-third:-:
or next-lower row is similarly constituted, sev~
eral of the crystals being:illustrated at 35 and 37.
Though only :a-small: number: of pick-up units is
shown in each row; and: though only;three rows -
are shown, this.is-merely:for illustrative purposes;.
in -order not: to confuse the disclosure:- It will be-
understood:.that, in practice; 3. large number-of .
pick-up.units will. be employed:in each row.

The:crystal elements 25:28;: 35, etc:, are shown:-
equally-spaced-vertically in:the first.or right-hand:
column. The crystal: elements23,:.35, 3%, etcs; .
are disposed:in:the seecond column from the right. .
The: crystal elements 27, 33,-etc.; are:disposed ini:
the..third - column. .from: the: right; and: so on..
There may; or may: hot,:be as many columns-as::
there are :pick-up units:in.each row. Though:
each column is shown- as-comprising only a -few-
pick-up: units, this is.again. in order ot to-com=-
plicate the drawing. .

The: pick-up: units. will; of ‘course,:all. receive:-
the-reflected or scattered sound waves through
the:lense 5 simultaneously. There will be fo-.
cused -on the front surface: of each pick-up unit.
a -sound-wave intensity corresponding to. the in-.-
tensity of the sound energy reflected or scattered
frem .a. corresponding component part, portion =
or area of .the.object 3. FEach pick-up unit will.
vibrate individually and separately in response
to.the sound waves impinged upon it. Electric-
wave energy, alternating-current voltages will
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thus be translated, produced or generated across
the pick-up elements corresponding to the dif-
ferent field strengths of sound-wave energy thus
received by them. Since the piezo-electric effect
is linear, these voltages will be proportional to
the intensity of the sound-wave energy reflected
or scattered or otherwise emanating from the
various component portions of the object 3 and
converged upon the array 26 of pick-up elements
by the lens 5. The sound lens 5 or its equivalent
will thus focus upon the array 26 the sound waves
reflected or scattered from the various component
portions of the object 3 in various energy
strengths dependent on the reflecting properties
of the component parts of the object 3, thus to
produce 2 faithful sound image of this distribu-
tion of the sound waves in approximately the
focal plane of the lens 8. The same result may
be attained, as first pointed out by Lord Ray-
leigh, with the aid of a circular disc (not shown) ;
the sound waves from the object will become dif-
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fracted about the periphery of the disc to pro- .

duce a similar sound image of the object 3. - It
has heretofore been proposed to convert a sound-
energy picture of this character into a visible~
picture likeness {23 of the object 3 upon the
fluorescent viewing screen 30 of a display cath-
ode-ray oscilloscope tube 90. The tube 90, as
well as the cathode-ray-oscilloscope-like mem-
ber 9, is shown operating on the electrostatic
principle, but, of course, a magnetic deflector, or
a combination of magnetic and electrostatic
forces, may equally well be employed in both the
tube 90 and the tube 9. Improved results may be
obtained, however, in accordance with a feature
of the present invention, with the aid of a load
circuit in which may appear the totality or re-
sultant of the voltages produced by all the sound-
wave receiving elements in response to the im-
pingement of sound waves thereupon. This re-
sultant voltage may then be diminished by sue-
cessive gquantities dependent upon the sound-
wave energy impinged upon the successively dis-
posed sound-wave receiving elements, thereby to
effect a scan of the distribution of sound waves
impinged upon the elements. .

The crystals [f, 13, 5, etc. may be held in
metallic crystal holders. The crystal I, for ex-
ample, is illustrated as disposed between a pair

of metal electrodes 41 and 51, and the crystal 13, -

between a pair of metal electrodes 45 and 53.
Adjacently disposed electrodes of adjacently dis-
posed crystals are shown electrically connected
together. The electrode 51 of the crystal I, for
example, is shown electrically connected to the
adjacently disposed electrode 45 of the adjacently
disposed crystal {3.
the end crystal of each row, moreover, is shown
electrically connected, as at 28 and 32, to the
terminal electrode of the corresponding crystal
of the next row. The crystals are thus all con-
nected together in series relation with a source
of energy, shown as a battery 2, one of the func-
tions of which is to sensitize the vibratory re-
sponse of the crystals, and a load impedance 4.
There will thus be produced across the load
impedance 4 a voltage dependent upon the sum
of the alternating-current voltages produced
across the individual-crystals by the incident
sound waves and the direct-current-biasing volt-
age of the battery 2. Provision is made, however,
for short-circuiting successively disposed crys-
tals, thus to develop or produce successively
across the impedance 4 fluctuating current or
voltage signals or indications corresponding to the
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voltage drops across the successively disposed
crystals and, therefore, to the corresponding
strengths of sound-wave energy received by the
crystals.

According to a further feature of the present
invention, this short-circuiting or scanning proc-
ess is effected with the aid of a scanning elec-
tron stream in the cathode-ray-oscilloscope-like
member 9, which is shown provided with a vac-
uum-tube - electron gun comprising g cath-
ode 6, a control-grid electrode 8 and an anode
{0. This obviates the necessity for mechanically
moving parts or other complex scanning mecha-
nisms and permits the use of common scanning-
voltage ecircuits for effecting both the scan of
the sound-wave receiving elements and the scan
of the electron stream of the display cathode-ray
tube, as hereinafter explained. Electrons emitted
from the cathode 8 will become accelerated, in
response- to proper stimulation of the grid 8, so
as to pass by the grid 8 to the anode 18 of the
member 9. The electrons will continue to travel
in a2 stream from the anode 10, between a pair of
vertically disposed deflector plates 16 and 18, of
which the plate 18 is shown grounded, and be-
tween a pair of horizontally disposed deflector
plates 12 and {4, of which the plate i4 is shown
grounded, to impinge finally on the disc T of the
member 3. A horizontal-sweep-time base, ap-
plied to the vertically disposed deflector plates 16
and {8, will cause the electron stream from the
cathode 6 to become deflected horizontally as
many times as there are rows of pick-up elements.

. After each horizontal sweep or scan of the cath-

w
o

" ode-ray or oscilloscope-like member 9 has been

combpleted, a successively larger voltage will be
applied to the horizontally disposed deflector
plates 12 and {4 of the member §, by a vertical-

.Sweep-time base causing the electron stream.to

40

--rows of elements.
5 positioned along the successive pathg of the elec-

650

65

The terminal electrode of .
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become deflected vertically, and causing each of
the horizontal sweeps to appear at successively
lower levels on the face 7 corresponding to suc-
cessively lower vertically disposed levels of the .
The rows of crystals may be

tron stream, as the electron stream successively
sweeps or scans the successive rows of the array
on the disc 7. After the last such horizontal
sweep, the horizontally disposed plates of the
member 9 will become restored to their starting
voltage. The next horizontal sweep, therefore,
will start again at the first or top row. Sweep or
scan-voltage generators 20 and 22 may be em-
ployed to produce the horizontal-time-base sweep
and the vertical sweep, according to conventional
and well-known television techniques.

The distance or spacing between the electrodes
of ‘each érystal, such as the electrodes 41 and 5
of the crystal 11, may be made of value necessary
to give a desired capacitance to provide a circuit
resonant to the frequency of the received sound
waves, thereby further to enhance the mechanical’
vibrations of the crystals, and the anode 10 may
be adjusted so that the distance between the pair
of electrodes of each crystal shall be equal to the
width of the electron stream. The electron stream -
will thus become enabled to fill the gap between

_the electrodes of each crystal, thereby discharging

70
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the capacity between these electrodes.

As the electron stream produced from the cath- -
ode 6, in response to appropriate horizontal
sweep-time-base voltages applied to the vertically
disposed deflector plates 16 and I8 of the cathode-
ray-like member 9, travels across between the °
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erystal eléctrodes; the voltages buiit up across the-

crystal electrodes of ‘each: crystal become succes=
sively discharged fo-effe¢t-the short-circuiting of
the-erystals, thus affording successive indications
of ‘the infensity of the sound energy impinged
upon ‘the -particular crystals. . These indications
will' be made - evident :across -the impedance -4,
and may be amplified in a preferably linear am-

plifier 24, This amplifier 24 is operated at a high’

point on its characteristic curve by virtue of the

bias battery 2 in series with the small alternating.-

voltages from- the crystals across the input of the

amplifier. The positive swings of the alternating.

voltages from the crystals drive the tube 24 into

the saturation: region; while: the negative swings--

are-amplified on the linear characteristic, thus
prodicing- positive pulses- at the-plate or anode
of the-amplifier-24. Operating, in this manner,

as an overdriven-amplifier; it serves, therefore, as

a rectifier.

Upon-the successive short-circuiting of each
crystal-condenser element by the electron stream,
as discussed-above, the alternating voltage across
the impedance 4 is diminished by the small volt-
age from the particular crystal element repre-
sentative of the intensity of the sound wave im-
pihged on that element. The amplified positive
pulses occurring in the output of the amplifier
24, during the scanning of a crystal, therefore,
will have a peak amplitude that is less than be-
fore by an amount equal to the amplification of
the tube multiplied by the voltage appearing
across the particular crystal element. 'The output
of the amplifier 24 will thus obviously vary, at
successive instants, in accordance with the dis-
charge or short-circuiting of the successive crys-
tals, which discharge, as before stated, is a meas~
ure of the strength of the sound energy received
by the corresponding pick-up elements.

Means is provided, controlled by the discharge
or short-circuiting of the crystal electrodes, for
producing, upon the screen 38 of the display os-
cilloscope 98, images §28 corresponding to the
sound energy received by the corresponding pick-
up elements. Successively disposed parts, por-
tions, regions or areas of the.screen 28, that cor-
respond to the.similarly disposed pick-up .ele-
ments, are energized by an electron stream in the
oscilloscope 98.to illuminate them. This electron
stream is synehronized to travel with the electron
stream of the cathode-ray-like member 9. The
horizontal sweep circuit 28 is shown connected
to.the horizontal-deflector plate 116 of the oscil-
loscope 88, and to-the horizontal deflector plate
16.of the oscilloscope-like member §.. 'The verti-
cal-sweep circuit 22 is shown connected to the ver-

tical-defiector plate ! {2.0f the cscilloscope 86 and

to .the vertical-deflector plate 12 of the oscillo~
scope-like member 9. The other horizontal-de-
flector: plate . 18 and the other vertical-deflector
plate:: t{&: of the oscilloscope 80 : are shown
grounded.. 2

The-amplifier 24 is shown connected by a con-
ductor 38 to the control-grid electrode 80, and
by a-conductor 3% to-the cathode &8 of the cath-
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ode-ray-oscilloscope 98.: Electrons emitted from -

the cathode 68:will become enabled, as hereinafter
explained; in response to the action of the ampli-
fier 24, to-pass by the grid 88, to-the anode (80
of :the osciiloscope:tube 98 The electrons will
continue to-travel in-a stream: from:the anode
100;ibetween the pair:of. vertically ‘disposed oscil-

loscope:deflector plates (18 and ({8, and between -
the:pair of. horizontaly. disposed. oscilloscope-des

70

flector:plates 112 and. {14, to impings finally 6t~
the flucrescent viewing screen 30 of the. oscillo- .
scope 80. As previously described in connection
with the oscilloscope-like member 9, the horizon-
tal-sweep-time base, applied to the vertically dis-
posed: deflector plates 48 and 18, will cause the
electron stream from the cathode §0 to become
defiected- horizontally, and the vertical-sweep-
time base, applied to the horizontally ‘disposed
deflector plates {12 and 114, will cause the elec-
tron strearm te become deflected vertically.

Since the cathode-ray tubes 9 and 90 are sub-
jected to the-same scanning voltages, the electron
stream in the tube 9§ will impinge on the fluo-
rescent screen- 3% in synchronism with the elec-
tron-strearm impinging on the erystals on the face
T of the oscilioscope-like member 8 during the
voltage-discharging or scanning process. The
signals -ampiified by the amplifier 24, and fed
between the cathode 68 snd the control electrode
80, will produce intensity modulation of the beam
impinging on the screen 30. Prior to the dis-
charging process, the positive swings or pulse out-
puts of the amplifier 24 would make the cathode
89 periodically positive with respect to the grid
88, In conjunction with the hias of a battery 38
disposed between the cathode €0 and the grid
&9, this would permit the passage of but few of
the electrons of the electron stream beyond the
grid 88. Since, during the discharge of a crystal
element, however, the positive swings or pulses -
in the output of the amplifier 24 are of a peak
amplitude less than the original pulses by an
‘oportional to the voltage produced by
the sound waves across the particular crystal
element, the cathode &8 is periodically driven less
pogitive with respect to the grid 83. A larger
guantity of elecirons are thus permitted to travel
pericdically past the anode 189, during the train
of pulses produced by a crystal-condenser dis-
charge, to impinge finally on the fiuorescent
screen 38. The quantity of electrons that reach
the screen 3§ to produce intensity modulation
during the scenning of a particular crystal,
thersfore, depends on the decrease in the output
of the amplifier 24, and this, in turn, depends
upon the voltage produced across the crystal by
the sound-wave infensity impinged thereon. The
electromagnetic illumination resulting from the
intensity of modulation on the screen 38 will be
such that the intensity of illumination of parts
of the screen 38 corresponding to parts of the
crystal hank 2§ will correspond to the sound-
wave image on the rows and columns of the bank
28; this sound-wave image, in turn, correspond-
ing  to correspondingly disposed parts of the
object 3. -

To each row of crystals, therefore, there corre~-
sponds, on the face T of the oscilloscope-like
member .8, a horizontal electron stream that dis-
charges the crystals of that row. To the sound
distribution on each row of crystals, moreover,
there corresponds, on the oscilloscope screen 39,
a horizontal electron stream that is graded in in-
tensity. This intensity is, as before stated, dis-
tributed in synchronism with the corresponding
state of veliage across the corresponding crystals.
of the array 23 of the oscilloscope-iike member 9.

The sound waves received successively by the-
crystal units along the sucecessive rows and . col-
umns, as the units are rendered successively ef=:
fective in the display circuit, will thus become::
converted . into successive elemental portions of :.
the wisual likeness, along: correspondingly - dis= -

‘posed rows and columns thereof, along the suc~ .-
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éassive time bases. The elementsal pértions of
the visual-picture likeness 122 of the object 2
thus produced on the oscilloseope screen 30 will
accordingly correspond to the elemental portions
of the sound energy picture on the array 26 of
pick-up elements which, in turn, corresponds to
the elemental portions of the actual object 3. A
visual image {23 of the object 3 is thus produced
on the screen 30.

The crystals of the bank 2§ may be wafer thin
in order to make possible the use of a sufficient-
1y large number of them in the array 26 to pro-
vide for good definition. The frequency of the
sound waves, for example, may be 100 megacycles,
corresponding to a wave-length of approxi-
mately 5x10-5 feet, in water, and produced, for
example, by an oscillating quartz erystal, as de-
seribed, for example, in an article by W. P. Mason
and I. E. Fair, entitled “A New Direct Crystal-
Controlled Oscillator for Ultra-Short-Wave Fre-
quencies,” Proceedings of the Institute of Radio
‘Engineers, October, 1942, vol. 30, No. 11, pages
464 to 472 Lower-frequencied crystal oscillators
may also be used, as described, for example, in an
article by G. W. Fierce, entitled “Piezoelectric
Crystal Oscillators Applied to the Precision Meas-
urement of the Velocity of Sound in Air and COz
at High Frequencies,” Proceedings of the Amer-
ican Academy of Arts and Sciences, October,
1925, vol. 60, No. 5, pages 275 to 295. Reference
may be made also to W. G. Cady, Piezoelectricity,
McGraw-Hill, 1946, pp. 501 to 508 and 682, and
Kamayachi and Watanabe, Electrotechnical
Journal of Japan, vol. 5, No. 1, 1941 pp. 18 and 20.

According to a further feature of the inven-
tion, it is possible to find the range of the ob-
ject 3, assuming that its size is known. All
that is necessary is to adjust the position of the
lens 5 so as to produce a sharp sound image on
the array 28 of pick-up elements; the range may
then be obtained by simple geometrical optics.
If, for example, the object 3 is a submarine of
known size, the size of the visible likeness (23,
divided by the known size of the submarine, will
have the same ratio as the ratio between the
distance of the lens 5 from the bank 28 of pick-
up elements, adjusted to obtain clear vision, di-
vided by the distance of the object 3.

Although the invention has been described in
connection with pick-up elements arranged in
rows and columns, it will be understood that this
is not essential, for other arrangements are also
possible. Pick-up elements arranged along con-
centric circles covering the field, or along a con-

tinuous spiral, will also serve, though the oscil- 5

loscope arrangement would, of course, be corre-
spondingly modified. '
Further modifications will occur to perscns
skilled in the art, and all such are considered to
fall within the spirit and scope of the invention,
as defined in the appended claims.
What is claimed is:

" 1. An electric system having, in combination,
a bank of piezo-electric sound-receiving ele-
ments, means for focusing sound waves from an
object upon the sound-receiving elements, a load
circuit, means for permanently connecting the
bank of receiving elements to the load circuit,
means for scanning the receiving elements to de-
velop signals in the load circuit representative of
the sound-wave energy focused upon the receiv-
ing elements, and means operating in synchro-
nism with the scanning means and responsive to
the signals developed in the load circuit for pro-
ducing a likeness of the object.
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2. An electric system having, ini cémbination;,
a bank of sound-receiving elements, means for
focusing sound waves from an object upon the
sound-receiving elements, electron-beam scan-
ning means associated with the receiving ele-
ments for successively scanning the elements to
develop successive signals, and cathode-ray-os~
cilloscope means acting in synchronism with said
scanning means and controlled in accordance
with the signals for producing a likeness of the
object.

3. An electric system having, in combination,
a plurality of sound-receiving elements each ca-
pable of developing a voltage in response to re-
ceived sound-wave energy, means for impressing
sound waves upon the elements to develop a volt-
age upon each element, means for successively
discharging the voltages, and means- controlled
by and synchronously with the discharge of the
voltages for producing a likeness corresponding
to the energy received by the corresponding
element.

4. An electric system having, in combination,
a plurality of sound-receiving elements each ca-
pable of developing a voltage in response to re-
ceived sound-wave energy, means for impressing
sound waves upon the elements to develop a volt-
age upon each element, means for successively
discharging the voltages, a screen successively
disposed areas of which correspond to the suc~
cessively disposed elements, and means controlled
by and synchronously with the discharge of each
voltage for energizing the area corresponding to
the corresponding element.

5. An electric system having, in combination,
a plurality of sound-receiving elements each ca-
pable of developing a voltage in response to re-
ceived sound-wave energy, means for impressing
sound waves upon the elements to develop a volt-
age upon each element, means for successively
discharging the voltages, an oscilloscope having
a screen successively disposed areas of which cor-
respond to the successively disposed elements,
and means for sending an electron stream
through the oscilloscope in synchronism with the
discharge of the voltages to illuminate the areas
in synchronism with the reception of the sound
energy received by the corresponding elements.

6. An electric system having, in combination,
a plurality of sound-receiving elements each ca~-
pable of developing a voltage in response to re-
ceived sound-wave energy, means for impressing
sound waves upon the elements to develop a volt-
age upon each element, means for sending an elec-
tron stream to the elements successively to dis-
charge them, an oscilloscope having a screen suc-
cessively disposed areas of which correspond to
the successively disposed elements, and means
for sending an electron stream through the oscil-
loscope in synchronism with the first-named
stream and for controlling the electron stream in
accordance with the discharge of the elements to
illuminate the areas in synchronism with the re-
ception of the sound energy by the correspond-
ing elements.

7. An electric system having, in combination,
a plurality of sound-receiving elements capable
of responding electrically when mechanically vi-
brated by sound waves from an object, each
sound-receiving element corresponding to a pre-
determined elemental portion of the object from
which it receives sound waves, means for produc-
ing scanning voltages, means responsive to the
scanning voltages for scanning the successive
sound-receiving elements thereby to scan the
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~sound- waves received from the object, and means
s responsive to the scanning voltages.and.controlled
“by the electrical response of the successive sound-
crecelving elements produced when mechanically
vibrated by the sound waves received from the
.corresponding predetermined élemental portions
of the object to produce a likeness of the corre-
sponding successive. elemental portions of the ob-
“ject.
8. An electric system having, in combination,
~a cathode-ray apparatus comprising means for
- producing an electron stream, a mosaic provided
with .a plurality of groups of piezo-electric ele-
ments substantially equally spaced along.a. pre-
determined dimension, with the piezo-electric ele-
ments of each group. substantially equally spaced
along a second predetermined .dimension, the
piezo-electric elements being mounted to vibrate
individually and separately .in ‘response to sound
waves impinging upon the respective piezo-electric
‘elements, means for: causing the electron.stream
-to impinge upon the piezo-electric elements, and
means controlled. synchronously with and re-
sponsive to the  impingement of the electron

.-stream upon the piezo-electric elements for pro-
ducing a likeness corresponding to the received
sound waves.

8. An electric system havmg, in: comblnatlon
a cathode-ray apparatus:comprising  means for
“produecing an electron stream, a mosdic provided
~with a plurality of groups -of piezo-electric ele-

ments substantially. equally spaced-along -a pre-
determined dimension, with the piezo-electric ele~
ments of each group substantially equally spaced

along “a second predetermined --dimension, the

piezc-electric elements being mounted to vibrate
individually and separately in response to sound
waves impinging upon the respective piezo-elec-
tric elements, means for causing the - electron
stream to-scan successively the successive piezo-
electric elementsof each successive-group of piezo-
electric elements, an image-reproducing -means,
and means operating synchronously with - the
scanning means and responsive: to the scanning

of the successive piezo-electric elements for pro- -

ducing upen the image-reproducing means-a like-
ness corresponding to the received sound waves.
10. An electric system having, in combination,
“a cathode-ray apparatus ‘comprising means for
producing an electron stream, a mosaic provided
with a plurality of multi-surfaced piezo-electric
elements for. receiving sound waves from- an:ob-
ject, each element being provided with o pair of
‘electrodes adjacent to ‘two surfices of the ele-
‘ment, means for-causing the electron: stream to
travel towards the element surfaces unprovided
with electrodes in order to'scan the piezo-electric
- slements, and means:responsive to the scanning
‘of the piezo-electric  elements ‘and controlled

~synchronously therevvlth for producmg a hkeness {

~of the object.
11, An electric system having;.in combmatmn,
~a cathode-ray apparatus comprising means: for
producing ' an electron:stream,” a-‘mosaic “upon
which the electron stream may:impinge provided
“with a plurality ‘of ‘groups-of ‘piezo-electric ele-
ments having front and rear “surfaces and:sub-
stantially equally spaced: along a predetermined
dimension, with ‘the piezo=electric-elemetits of
each group substantially equally spaced dlong a
second predetermined: dimension, the front:sur-
“faces of the elements being exposed tosound
“‘waves from an object and the rear suifaces of
“the elements being exposed:to the electron stream

within the cathodesray capparatus, meansfor:

10

causing the-electron stream to scan the rear sur-

~faces. of the piezo-electric elements, and means

b
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~controlled synchronously with the scanning means

‘and responsive to the scanning of the piezo-elec-
tric elements for producing a- likeness of the ob-
ject.

12.- An electric system having, in cembination,

& cathode-ray apparatus comprising means for

producing an electron stream, a mosaic of piezo-
electric elements. for receiving sound waves from

-an object, each element of the mosaic having two

electrodes- spaced- a distance corresponding sub-

‘ stantially to-the -width of the electron stream,

means for causing the electron stream to scan the
biezo-electric-elements, and means controlled syn-~
chronously with -the scanning - means and -re-

~sponsive to the scanning of the piezo-electric ele-

“ments for producing a likeness of the object.

2

=

13. ‘An: electric system having, in combination,
a 'cathode-ray apparatus comprising means. for

-producing --an-electron stream, a mosaic upon

‘whicli-the electron-stream may impinge provided

. with-a-plurality. of groups -of piezo-electric- ele-

-ments substantially equally spaced along a pre-

-determined -dimension, with the piezo-electric ele-~

: ments of each group substantially equally spaced

along a seccnd predetermined dimension, the

- piezo-electric elements being mounted to vibrate

individually and separately in response to sound

“waves from an object impinging upon the re-
~gpective piezo-electric elements, each piezo-elec-

“tric element having two electrodes connected in

a common electric circuit, means for causing the

~electron stream to scan the piezo-electric -ele-

" ments in order to produce electrical-signals in the
-electric circuit; and means responsive to the elec-

trical signals and controlled synchronously with
the: scanning means for producing- a likeness of

- the object.

40

14. An electric system having, in combination,

“a, mosaic comprising a two-dimensional array of

1

sound-receiving -elements for ‘receiving sound
waves: from:an -object, means for producing an
electron stream impinging on the elements, an
electric circuit in which the elements are con-
nected for producing a likeness corresponding to
the sound -energy received by the elements from
the object, means for causing the stream to scan
the elements in two-dimensional order, thereby
to produce -successive signals in the electric cir-

“cuit, and means controlled in synchronism -with

-+the scanning means and responsive to-the signals

in the electric circuit to- produce successive por-

“tions ofia likeness- of the object in two-dimen-
i. gional order synchronously with the reception of

“the sound energy from Lhﬂ ohject by the receiving

-+ elements.

[4e3
<

15. An electric system having, in combination,
a first electron tube having a screen and means

-for producinga first electron stream impinging on

the screen, a-second: electron tube having a plu-
rality of -sound-receiving elements for receiving

_-sound -energy- and means for producing z second
-electron stream impinging on the elements, means

5" for synechronizing- the operation of the electron

streams, and means operable in response to the
:sound energy received by the sound-receiving. ele-
ments and cooperative with the second electron

-stream for -causing the first electron stream to
“produce upon-the screen a likeness corresponding
“to ‘the-energy received by the sound-receiving

- ~elements.

‘16.--An -eléctric; system havmg, in combmatmn

- sound:receiving-means the dimensions of which

~yary in~response-to.-the received-sound. -waves,
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“means for producing an electron stream imping-
ing on the sound-receiving means, means for
causing the electron stream to scan the sound-
receiving means, an electric circuit in which the
sound-receiving means is connected, and means
for directing sound energy on the sound-receiv-
ing means to produce changes in the dimensions
of the sound-receiving means, thereby to vary
the current in the circuit ag the electron stream
scans the sound-receiving means,

17. In combination, means for imaging sound
waves from a scene to be reproduced, a sound-
wave pick-up device comprising piezo-electric
means, means for producing scanning voltages,
means responsive to the scanning voltages for
scanning an area successive portions of which
correspond to successive portions of the sound-
wave image, means controlled in accordance with
the scanning for converting the energy picked up

during the scanning by the pick-up device from

the different portions of the image into corre-
sponding electrical signals, a display cathode-ray
tube, means responsive to the scanning voltages
for operating the tube in synchronism with the
scanning, and means for supplying the signals
to the tube, whereby a picture of the scene is
obtained.

18. In combination, means for imaging sound
waves from a scene to be reproduced, a sound-
wave pick-up device comprising mechanically
vibratory means, means for producing scanning
voltages, means responsive to the scanning volt-
ages for scanning an area successive portions of
which correspond to successive portions of the
sound-wave image, means controlled in accord-
ance with the scanning for converting the energy
picked up during the scanning by the pick-up
device from the different portions of the image
into corresponding electrical signals, an image-
reproducing means, means responsive. to the
seanning voltages for operating the image-repro-
ducing means in synchronism with the scanning,
and means for supplying the signals to the image-
reproducing means, whereby a picture of the
scene is obtained.

19. A system for transforming an image formed
by sound waves into an image formed by electro-
magnetic waves, said system comprising a plu-
rality of spaced sound-receiving elements each
~ having two conductive surfaces separated by a
piezo-electric element, means for impinging the
sound waves of the sound-wave image upon the
receiving elements, each said receiving element
being poled with the conductive direction of each

element the same as any other with respect to the :

plane of the sound-wave image, whereby the
sound intensity variation at any given point in
the sound-wave image gives rise to alternating
currents on the conductive surfaces of a particu-
lar one of said receiving .elements in proportion
to the sound intensity at the given point, means
periodically discharging said receiving  elements
" in succession, thereby producing a fluctuating
current varying in accordance with the magni-
“tude of the alternating currents from element to
- element, and means producing an electromag-
netic image from the information carried by the
fluctuations in said current.
~ 20. An electric system having, in combination,
“means comprising a plurality of vibratile ele-
ments for receiving sound waves from an object,
each element being capable of translating sound
- waves received by it into electrical waves of in-
‘tensity corresponding to the intensity of the re-
“eeived sound waves, means for focusing a sound-
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.Wa,ve image of the object upon the receiving ele-

ments, & load circuit, means for permanently con-
necting the plurality of receiving elements to the
load circuit to develop electric-wave signals rep-
resentative of the sound-wave energy focused
upon the receiving elements, means for scanning
the elements thereby to scan the sound-wave
image, and means connected to the load circuit
operating in synchronism with the scanning and
responsive to the electric-wave signals trans-
lated from the received sound waves by the re-
ceiving elements and developed in the load cir-
cuit for producing a likeness of the object.

21. An electric system having, in combination,
a plurality of sound-receiving elements for re-
ceiving sound waves from an object, each ele-
ment being capable of translating sound waves
received by it into corresponding electric energy,
a load circuit, means for connecting the plurality
of receiving elements to the load circuit simul-
taneously to produce electric energy in the load
circuit representing the resultant of the electric
energy produced by all of the pluralily of re~
ceiving elements, means for instantaneously di-
minishing said resultant of the electric energy by
quantities corresponding to the electric energy
translated by the successive sound-receiving ele-
ments from the sound waves received thereby,
and means operating synchronously with the
diminishing means connected to the load circuit
and responsive to the electric waves for produc-
ing a likeness of the object.

22. An electric system having, in combination,
a plurality of vibratile means for receiving sound
waves and translating the received sound waves
into corresponding electric energy, means for
focusing sound waves from an object upon the
sound-wave receiving means, a load circuit com-
prising an amplifier, means for producing a bias-
ing voltage, means for permanently connecting
the biasing-voltage-producing means and the
sound-wave receiving means to the load circuit,
and means connected to the amplifier and re-
sponsive to the electric energy translated from
the received sound waves by the receiving means
for producing a likeness of the object.

23. An electric system having, in combination,
sound-energy receiving means capable of re-
sponding electrically in response to sound energy
received thereby, means for producing electrons
for varying the electrical response of the sound-
energy receiving means thereby to develop a sig-
nal, and means controlled by the signal for pro-
ducing an indication corresponding to the sound
energy received by the sound-energy receiving
means.

24. An electric system having, in combination,
mechanically vibratory means adapted to be set
into mechanical vibration in response to sound
energy impinging thereon and capable of re-
sponding electrically when vibrated mechani-
cally, means for producing electrons for varying
the electrical response of the mechanically vi-
bratory means when vibrated mechanically
thereby to develop a signal, and means con-
trolled by the signal for producing an indication
corresponding to the sound energy impinged
upon the mechanically vibratory means.

25. An electric system having, in combination,
mechanically vibratory means adapted to be set

*into mechanical vibration in response to sound

energy impinging thereon and capable of re-
sponding electrically when vibrated mechani-
cally, means for impinging electrons upon the
mechanically vibratory means to vary the elec-
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trical . response of the mechanically vibratory
means when vibrated mechanically thereby to
.-develop -a signal, and means controlled by the
~signal for producing an indication corresponding
““to.the sound energy impinged upon the mechani-
‘cally vibratory means.
26.. An electric system having, in combination,
“a . plurality of mechanically vibratory means
-adapted to be set into mechanical vibration in
- response to sound énergy impinging thereon and
capable of responding electrically when vibrated
mechanically, .means comprising an electron
stream for scanning the mechanically vibratory
means to vary the electrical response of - the
mechanically vibratory means when vibrated
mechanically thereby to develop successive sig-
nals, and means controlled in accordance with
the signals and synchronously with the scanning
-effected by the scanning means for producing an
‘indication corresponding to the sound energy
vimpinged upon - the mechanically vibratory
smeans. .

:27.-An’electric system having, in combination,
va plurality of mechanieally : vibratory means
;adapted to be set into mechanical vibration in
wresponse to sound waves impinging thereon and

capable of responding electrically when vibrated
~mechanically, means for converging sound
-energy .- emanating from an object upon the

~mechanically vibratory means to. szt the me- .

-~chanically vibratory means into mschanical vi-
bration, means comprising an electron stream
“for-scanning the mechanically vibratory means
to vary the electrical response of the mechani-

--cally vibratory means when vibrated mechani-.

cally: thereby to develop successive signals, and
~means controlled in accordance with the signals
and synchronously with the scanning effected
by the scanning means for producing .a likeness
of the object.

“28. An electric system having, in combination,
~a plurality of piezoelectric means, means for
" converging sound energy emanating from an ob-
:ject upon the piezoelectric means to set the piezo-

electric: means into mechanical vibration; means
comprising an electron stream for scanning the
‘piezoelectric means to vary the electrical re-
:sponse of the piezoelectric means when vibrated
.mechanically thereby to develop successive sig-
~nals,~and means controlled in accordance with
- the signals and synchronously with the scanning
.produced by the scanning means for producing a
“likeness of the object. .
29. An electric system having, in combination,
7 a plurality of mechanically vibratory. sound-re-
“ceiving elements each adapted to be set into
mechanical vibration in response to sound energy
. impinging thereon and each capable of respond-
ing- electrically when vibrated mechanically,
-:means for converging sound energy emanating
from an object upon the mechanically vibratory
elements: to set the mechanically vibratory -ele-
ments into mechanical” vibration, means com-
‘prising .an electron stream for successively scan-
- . ning the mechanically vibratory elements succes-
sively to.vary the electrical response of the me-
chanically - vibratory .elements when vibrated
mechanically thereby to develop successive sig-
nals, and means controlled in accordance with
~the signals and synchronously with the scanning
- effected by the scanning means for: producing a
likeness. of the object.
“:30. An electric system having, in combination,
-.a~plurality of piezoelectric. sound-receiving ele-

srmentszmeans for converging sound. energy.ema-~ -

707
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- nating from an-cbjectupon the piezoelectric ele-
ments to-set the. piezoelectric elements into me-
-chanical . vibration,. means -comprising. an.elec-
“tron stream for successively scanning the:.piezo-

5" electric. elements thereby: to ‘develop..successive
sighals, and means.controlled in.accordance with
the signals and:synchronously ‘with the .scanning

effected by the scanning means for producing a

‘likeness -of the object.
31. An electric system having, in combination,

-2 plurality of mechanically vibratory “means

adapted to be set into mechanical vibration in

response.- to-sound waves impinging thereon. and
~capable of responding electrically: when-vibrated
mechanically, means for converging sound ‘ener-
“gy emanating from an object upon the mechani-
~cglly vibratory means to set the mechanically
- vibratory means into ~mechanical vibration,
“means comprising an electron stream for scan-
ning the mechanically vibratory means to: vary
-the electrical response of the mechanically vibra-
tory means when vibrated mechanically thereby
“to - develop -successive signals, a cathode~ray
- escilloscope having a screen and mezns. for. pro-
v3-ducing - an' electron stream for scanning ' the
screen, and means controlled in accordance with
the -signals and synchronously with the scan-
ning -éffected by the scanning means for:con-
“trolling- the scanning operation of the electron
-stream of the oscilloscope-to produce .a.likeness
-of the object upon the screen.
- %32. An-electric system having, in combination,
a plurality of piezo-electric means, means for
converging sound energy emanating from an ob-
5-ject: upon the piezoelectric means to :set the
piezoelectric means into mechanical vibration,
means comprising -an electron stream for effect-
ing:the scanning of the piezoelectric:means-to
-vary the electrical response of the piezoelectric
‘means when - vibrated .mechanically - thereby to
-develop successive signals, a cathode-ray -oscil~
-loscope having g, screen and means for produc-
“ing -an-electron stream for-scanning the-screen,
“and means controlled in accordance with the
. signals and synchronously with the ~scanning
“effected by the first-named scanning means for
controlling the scanning operation of the elec-
tron stream of the oscilloscope to produce a like-
ness of the object upon the screen.
"33, An electric system having, in combination,
2 plurality of mechanically vibratory elements
each adapted.to be .set into mechanical vibra-
tion in response to sound energy impinging
. thereon and.each. capable of responding -eléc-
55»trica11y when vibrated.mechanically, means for
..converging sound energy emanating from an ob-
ject upon the mechanically vibratory elements to
cet the mechanically vibratory elements into.me-
chanical vibration, means comprising.an elec-
tron stream for successively scanning the sound-
receiving elements successively-to vary the. elec-
~trical response of the mechanically vibratory
- elements when- vibrated mechanically thereby to
develop successive signals, a cathode-ray oscil-
loscope having g screen and means for produc-
ing an electron stream for scanning the screen,
~and means- controlled .in accordance -with -the
signals and synchronously with the scanning ef-
fected by the scanning means for controlling
the scanning operation of the electron stream
‘of .the -oscilloscope to produce a likeness-of the
:objeet upon- the screen.
.34. An electric system having, in combination,
75saxplurality of piezoelectric sound-receiving ‘ele~
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ments, means for converging sound energy
emanating from an object upon the piezoelectric
elements to set the piezoelectric elements into
- mechanical vibration, means comprising an elec-
tron stream for successively scanning the piezo-
electric elements thereby to develop successive
_signals, a cathode-ray oscilloscope having a
screen and means for producing an electron
stream for scanning the screen, and means con-
. trolled in accordance with the signals and syn-
chronously with the scanning effected by the
~scanning means for controlling the scanning op-
‘eration of the electron stream of the oscilloscope
to produce z likeness of the object upon the
screen.
35. An electric system having, in combination,
a plurality of mechanically vibratory means
adapted to be set into mechanical vibration in
response to sound energy impinging thereon and
capable of responding electrically when vibrated
mechanically, means for converging sound
- energy emanating from an object upon the me-
chanically vibratory means to set the mechani-
cally vibratory means into mechanical vibration,
a load circuit, means for permanently connecting
the mechanically vibratory means to the load cir-
cuit, means for scanning the mechanically vi-
bratory means to develop in the load circuit sig-
nals representative of the sound energy con-
verged upon the mechanically vibratory means,
and means connected to the load circuit and re-
sponsive to the signals developed therein for pro-
ducing a likeness of the object.
36. An electric system having, in combination,
a plurality of piezoelectric sound-receiving ele-
ments, means for converging sound energy
emanating from an object upon the piezo-elec-
tric elements to set the piezo-electric elements
into mechanical vibration, a load circuit, means
for connecting all the plurality of piezo-electric
“elements to the load circuit simultaneously to
produce electric energy in the load circuit repre-
- senting the resultant of the electric energy pro-
-duced by all the piezo-electric elements, means
comprising an electron stream for successively
scanning piezo-electric elements in order to di-
minish the said resultant of the electric energy
~ during the scanning of the respective piezo-elec-
tric elements by quantities corresponding to the
. sound energy converged upon them by the con-
verging means from the object, and means oper-
‘able synchronously with the diminishing means
connected to the load circuit for producing a
likeness of the object.
37. An electric system having, in combination,
a plurality of piezoelectric sound-receiving ele-
ments, means for converging sound energy
. emanating from an object upon the piezoelectric
"elements to set the piezoelectric elements into
mechanical vibration each with an intensity cor-
responding to the intensity of the sound energy
emanating from the component part of the ob-
ject from which the sound energy impinging
thereon emanates, means for enhancing the me-
chanical vibration set up in the piezoelectric ele-
ments, means for scanning the successive piezo-
electric elements thereby to develop correspond-
ing signals, and means operable as each piezo-
electric element is scanned for producing, in a
region corresponding to the component part of
the object from which the sound-energy imping-
ing on such piezoelectric element emanates, in
response to the corresponding signal an illumi-
. nation of intensity corresponding to the intensity
- of the sound energy emanating from such com-
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ponent part of the object, thereby to produce a
likeness of the object. -

38. An electric system having, in combination,
a plurality of piezoelectric sound-energy receiv-
ing elements for receiving sound waves from an
object, a plurality of spaced electrodes respec-
tively associated with each of the plurality of
receiving elements, the electrode spacing pro-
viding sufficient capacitance to produce reso-
nance to the frequency of the received sound
waves, means for scanning the receiving elements
to develop signals, and means responsive to the
signals and controlied synchronously with the
scanning for producing a likeness of the object.

39. An electric system having, in combination,
piezoelectric means .of the type that produces
electric energy when vibrated mechanicaly,
means for converging sound energy emanating
from an object upon the piezoelectric means to
set the piezoelectric means into mechanical vi-
bration thereby to produce electric energy,
means for producing a biasing voltage to sen-
sitize the piezoelectric means, and means con-
trolled in accordance with the electric energy
produced by the mechanical vibrations of the
piezoelectric means for producing a likeness of
the object.

40. An electric system having, in combination,
mechanically vibratory sound-energy receiving
means, means for converging sound energy
emanating from an object upon the sound-energy
receiving means to set the sound-energy receiv-
ing means into mechanical vibration thereby to
produce electric energy, means for producing a
biasing voltage to sensitize the sound-wave re-
ceiving means, and means controlled in accord-
ance with the electric energy produced by the
mechanical vibrations of the sound-energy re-
ceiving means for producing a likeness of the
object.

41. An electric system having, in combination,
a bank of Rochelle-salt piezo-electric sound-re-
ceiving elements, means for focusing sound waves
from an object upon the sound-receiving ele-
ments, a load ecircuit, means for permanently
connecting the bank of receiving elements to the
load circuit, means for scanning the receiving
elements to develop signals in the load circuit
representative of the sound-wave energy focused
upon the receiving elements, and means oper-
ating in synchronism with the scanning means
and responsive to the signals developed in the
load circuit for producing a likeness of the ob-
Jject.

42. An electric system having, in combination,
a bank of quartz piezo-electric sound-receiving
elements, means for focusing sound waves from
an object upon the sound-receiving elements; a
load circuit, means for permanently connecting
the bank of receiving elements to the load cir-
cuit, means for scanning the receiving elements
to develop sighals in the load circuit representa-
tive of the sound-wave energy focused upon-the
receiving elements, and means operating in syn-
chronism with the scanning means and respon-
sive to the signals developed in the load circuit
for producing a likeness of the object.

43. An electric system having, in combination,
a bank of di-hydrogen potassium phosphate
piezo-electric sound-receiving elements, means
for focusing sound waves from an object upon the
sound-receiving elements, a load circuit, means
for permanently connecting the bank of receiv-
ing elements to the load circuit, means for scan-
ning the receiving elements to develop signals in
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the load circuit representative of the sound-wave
energy focused upon the receiving elements, and
means operating in synchronism with the scan-
ning means and responsive to the signals de-
veloped in the load circuit for producing a like-
ness of the object.
ROBERT HARVEY RINES.
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