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This invention relates to multiunit radiating
and receiving devices and to high power com-
pressional wave radiating devices. In the here-
inafter described preferred embodiments, illus-
trative of the principles thereof, it relates par-
ticularly to radiating and receiving devices em-
ploying a large number of piezoelectric crystals
which. are capable of radiating high power com-
pressional energy waves and fto compressional
wave energy radiators and receivers which have
“prismatic” properties.

By way of definition, in the present specifica-
tion a prismatic device, for other than light
energy waves, should be understood to be a device
which in transmitting a wave comprising en-
ergy of numerous frequencies within a particular
frequency spectrum will spread the frequency
spectrum by imparting a direction, differing for
each frequency, to the several frequencies of the
spectrum or which in receiving energy will re-
spond to the several frequencies of the spectrum
only when they approach the device at particular
respective angles, differing for each frequency.

The prismatic characteristics of the devices of
the present invention are similar to those of the
devices of my copending application entitled
“Pipe antennas and prisms,” filed March 1, 1941,
Serial No. 381,236.

The object of the invention is to provide an
efficient low frequency submarine projector or
hydrophone which may be used for transmitting
and receiving signals in a range where condi-
tions are more favorable than for the ordinary
devices used for this purpose.

In accordance with the present invention a
submarine projector or hydrophone is formed of
a mosaic structure of piezoelectric crystals in the
form of a thin blanket of considerable area at-
tached to the hull of a ship. Such a blanket
consists of a plurality of narrow vertically dis-
posed units connected in an electrical network
by which a prismatic effect may be achieved
and including amplifying means adjusted to
suppress secondary lobes. By way of example,
such a blanket may be of the order of three
feet in height, seven and a half feet in length
and-an inch and a half in thickness.

Each of the said units consists of an array
of bimorph crystal structures of a size and shape
best suited for the frequency range desired.
Such a plurality of crystals are electrically con-
nected in parallel and physically housed in a
single container whereby in form each unit ef-
fectively consists of a long, narrow and thin
strip.

A feature of the invention is a hydrophone
consisting of a blanket-like structure comprising
a plurality of crystals divided into groups, each
group being connected into an electrical network
providing means for achieving a prismatic effect
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and the suppression of secondary lobes, the sep-
arate crystals being constructed and arranged to
respond to frequencies within the audible range.

The drawings consist of two sheets having
fourteen figures, as follows:

Fig. 1 is a fragmentary view of a plurality
of radiators showing how they may be mounted
on the hull of a ship;

Fig. 2 is a cross-sectional view taken on line
2, 2 of Fig. 1 of a crystal showing how the
crystal may be mounted and illustrating the
relationship of the oil and air chambers with
respect thereto;

Fig. 3 is a similar view showing another form
of crystal arranged to be insensitive to longi-
tudinal waves in the metal frame; .

Fig. 4 is a fragmentary circuit diagram show-
ing an electrical circuit equivalent to the bi-
morph crystal;

Fig, b is a similar but more detailed circuit;

Fig, 6 is a circuit diagram showing the rela-
tionship of the equivalent constants for a crys-
tal of a particular size as derived in the body
of the specification;

Pig. 7 is a circuit diagram showing a half
section of a confluent type filter illustrating the
manner of using the electromechanical driving
elements;

Fig. 8 is a fragmentary side view of the hull

‘ of a ship showing the placement of the radiator

in relation to the water line;

Fig. 9 is a schematic ecircuit diagram showing
how a plurality of radiators are connected in a
network with a plurality of filters to produce a
prismatic effect;

Fig. 10 is a schematic circuit diagram showing
how unidirectional amplifiers may be used in the
network of Fig. 9;

Fig. 11 is a circuit diagram showing a circuit
arrangement by which the amplifiers may be
pointed in one direction or the other as the
crystal devices are to be used as radiators or
hydrophones;

Fig, 12 is a graph showing the result of cal-
culations of the radiation impedance of an in-
finite cylinder;

Fig. 13 is a pair of graphs showing funda-
mental constants of a 45-degree X-cut Rochelle
salt crystal vibrating in flexure; and

Fig. 14 is a pair of graphs showing the efficiency
of conversion of a bimorph Rochelle salt pro-
jector used at low frequencies. The solid line
graph shows the projector designed as a filter cir-
cuit and the dotted line graph shows an alterna-
tive wide band low efficiency design.

This disclosure sets forth a method for cbtain-
ing an efficient low frequency projector or hydro-
phone which uses 45-degree X-cut Rochelle salt
crystals in the form of g bimorph unit. Calcula~-
tions indicate that such a unit will cover a fre-
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quency range from 2750 cycles to 6000. cycles with
better than a 50 per cent efficiency of conversion.
By resonating the static capacity at a lower fre-

quency than the resonant frequency of the crys- -
tal, it is possible to cover the frequency range °
from 700 cycles to 7000 cycles with a 10 p»er cent. .

efficiency of conversion.

A low frequency radiator of this sort-can be
used as an element in g prism type projector and

receiver for submarine location. Due to the low
frequencies possible, the medium will have less
attenuation and less refractivity, and hence it
is possible to locate a submarine at greater dis-
tances and with a greater certainty. Such a
projector also has the advantage that on account
of the lower frequency a pulse sent out from the
searching ship will not. be as eas11y located by a
submarine. :

In the low frequency range from 1000 to 6000
cycles, it is difficult to obtain a projector or hy-
drophone which will radiate or pick up. sound
with a good efficiency. Magnetic projectors made
in this range have an efficiency of less than 1 per
cent and, furthermore, have a small power han-
dling capacity. The device of the present in-
vention is a projector or pick-up device using
bimorph Rochelle salt crystals capable. of ‘radi-
ating a wide band of frequencies. efﬁc1ently and
with considerable amounts of power. co

In form, the radiator consists of a long stnp,
by way of example, 7 to 8 centlmeters wide, 3 to
4 centimeters thick and several feet lohg: In the
drawings, Fig. 1 illustrates how a plurahty of
such radiators may be attached to the external
surface of the hull of a ship. ‘The same showmg
is made in Fig. 8 to illustrate the position of the
plurality of radiators with respect to the water
‘line. In Fig. 1, each radiator comprises a frame
{ housing a plurality of bimorph crystals 2 in-
dicated by a plurality of horizontal lines. The
various units may be secured to the surface of
the hull of the ship in any cohvenient inanner,
such, for instance, as by a plurality of clamps 3
which may be loosened and rotated to allow the

removal and replacement of any one Unit, at X

time.

Such a unit can be used as an efﬁcmnt plck-up
device having a directivity normal to the Jength
thereof but no directivity along other directions.

By mounting a number of such radlators side by ¢

side, attached directly to the ship’s hull and con-
nected to a suitable filter or phase shiftér a
prism-type projector and hydrophone can be ob-
tained capable of working in the low frequency
range. Due to the lower attenuation and re-
fraction of the medium for such frequencies the
range of such a device may be largér than for the
ultrasonic type of radiator. Furthermore, the
position of a ship sending out a low frequency
pulse is not as easily located by a submarme
unless it also has a large receiver capable of
Workmg to low frequenc1es

On account of the blmorph type of constructlon
used, such a device mounted in’ the side of 'a
ship will not pick up the structural noise propa-
gated through the frame of the ship. :

One form of the low frequency projector is
shown In Fig. 2. Tf consists of a steel framework
comprising the elements 4 and 5 which, when as-
sembled in any convenient manner, securely hold
the bimorph erystal. This crystal consists of two
slabs of crystals T and 8, plated on their sur-
faces with conducting material. The conducting
surfaces of the outer faces of the crystal are
connected together and form one electrical ter-

. ,

minal of the device and. the plating of the inner

8 urfa.ces are connected -together: and: connected

to conductor 12 which forms the other terminal
of the device. As shown, the outer surfaces are

~ electrically connected to the frame but it will be
~understood that the device may easily be com-
“pletely insulated from the frame.

In the com-

- plete unit consisting of a plurality of crystals the
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‘impedance on the crystal. -

side,

" electrical - éonnections of such terminals are in
-maultiple, ‘so- that -each radiator will have two

terminals. )

- On the radiating or upper side, the chamber
hetween the crystal and the rubber diaphragm {3
is filled with castor oil {4, which conducts the
vibrations from the crystal to the rubber dia-
phragm, which, in turn condicts the vibrations
to the sea water _On the other side of the crys-
tal is an air chamber 15 Wthh 1ntroduces a low
Smce the two sides
of the chamber are in series in the equivalent
electrical circuit, all ‘of the energy will be trans-
ferred to the sea water side- and none to the air
VVhen the radiator -is ‘lowered into the
water, the air chamber is compressed but main-
tains an equalizing pressure on the crystal sur-
face and prevents the crystal from being bent.

In order to prevent the leakage of air through
the rubber diaphragm i1, a thin metal diaphragm
9 is soldered to the metal frame 5 on both sides
of the chamber. In order to prevent the leakage
of castor oil to the crystal a similar thin metal

‘diaphragm 18 is soldered to the frame part 4. In

35

assembling the unit the crystal is first glued to
‘the lower steel frame part 5. The upper part 4
is then screwed down to the lower part 5 and
glued to the upper surface of the crystal. - ‘The

‘chamber is then filled with castor oil and the

40

-erystal chamber.

upper rubber diaphragm is screwed in place. It
will ke noted that g thin strip of rubber 16 be-
tween the upper and lower metal frame parts 4
and 5 prevents sea water from coming into the
This is crushed down until a
metal-to-metal contact is made between the two
parts 4 and 5 of the frame,

‘When it is desired to have the pick- up insen-

‘gitive to longitudinal waves in the metal franie,

50

88

as would be the case if the projector is mounted .

in the ship’s frame, the construction shown in

Fig. 3 may be used.  For this case the crystal
is surrounded on both sides by 0il chambers which
have small interconnecting holes which -allow
the-oil to flow at a slow rate from one chamber
to the other." In this constructlon there is a bot-
tom frame member 1T and an upper frame mem-
ber 18. A thin metal diaphragm (9 is soldered

‘to the lower frame member {7 and the crystal
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of two slabs 20 and 21 is clamped between the
frame members. The chambers between the
rubber diaphragm 22 and the crystal 21 and the
crystal 20 and the metal diaphragm 13 are filled
with castor oil. Au air chamber is provided be-
tween the metal diaphragm (9 and the metal
backing plate 23. Small by-pass holes 24 and
25 are provided to allow communication between
the two chambers filled with castol oil. - At very
rapid fréquencies these small openings act like
choke coils and do not allow a rapid 1nterchange
of oil from one chamber to the othier. At a high
water pressure, the rubber diaphragm is pressed
in and more oil flows to the back oil chamber
causing the air chamber to compress. In this
way nho static pressure acts on the crystal. “When
a longitudinal vibration actuates the frame of
the projector approximately equal pressures are
generatéd in the two oil chambers on each side
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of the bimorph crystal. As a result, since the
crystal is responsive only to unbalanced pressures,
no voltage will be generated by such a vibration.

Cualculation of radiation efficiencies

The equivalent circuit of a bimorph crystal of
this type has been worked out for a unit which
is supported on the two ends but is free to kend.
This corresponds closely to the case considered
here since the glue will prevent the ends from
moving but is not stiff enough to keep them from
bending. The equivalent circuit as shown in Fig.
4 relates the input voltage and current into the
crystal to the average pressure and volume ve-
locity over the surface of the crystal. In this
equivalence Co is the static capacity of the crys-
" tal,” Cu the acoustic compliarice” of "the ¢rystal
electrically short-circuited, i. e., the ratio he-
tween the average pressure over the surface to
the time rate of displacement of the crystal sur-
face, and M is the effective inertance of the crys-
tal. In centimeter-gram-second electrostatic
wunits these quantities have the values,

K
L
B,
Cn=1o15v7

1.23pl,
i,

.kDK)lt
2 dnk

where I, Iwv and It are respectively the lengths,
width and total thickness of the bimorph crystal,
K is the longitudinally clamped dieleciric con-
stant of the crystal, Yo’ the value of Young’s
modulus of the short-circuited plated crystal, p
the density of the crystal and D g funection of
the piezoelectric moduli.

The complete equivalent circuit for the crys-~
tal used on a radiator is shown in Fig. 5. The
impedances on the two sides of the crystal are
effectively in series. On the non-radiating side
the impedance will consists of the inertance of
the oil chamber in series with the compliance of
the air chamber. This compliance is so large
compared to the compliance of the crystal that
it can be neglected. On the radiating side the
elements consist of the inertance of the oil cham-
ber and the radiation resistance and inertance
of the medium. For a circular source the re-
sistance for small apertures increases propor-
tional to the square of the frequency, but for a
long thin source it is to be expected that the re-
sistance would vary more nearly proportional to
the frequency. This has been confirmed by cal-
culations on the radiation resistance of infinite
and finite eylinders vibrating radially. Such cal-
culations show that if the length of the cylin-
der is greater than half a wave-length at all fre-
quencies concerned, the resistance and reactance
of a radiating cylinder vary as shown in Fig. 12.
The dotted line shows the multiplying factor
plotted as a function of wR/c, to correct the ra-
diation resistance for the effect of finite length,
where w=2nf; a=radius of cylinder; I=length
of eylinder; A= wave-length; p—=density of water;
and C=velocity of sound in water.

We are interested primarily in the radiation
resistance and reactance of a pulsating rectangle
in an infinite baffle. However, comparison be-
tween radiating spheres and radiating pistons in
baffles shows that if the ratio of the diameter to
the wave-length is less than two tenths, the

Co =

Ma=2eloPl

1
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radiation resistance and reactance for the sphere
and piston do not differ appreciably. Hence, we
are justified in assuming that the radiation re-
sistance and reactance of a rectangle a half wave-
length long or greater over the frequencies of
interest will have the same resistance and re-
actance as a cylinder having the same diameter
as the rectangle is wide. 'This results in a radia-
tion resistance of the right order of magnitude
to work well with the impedance cof a bimorph
Rochelle salt crystal.

The most advantageous type of crystal for this
use is a 45-degree X-cut Rochelle salt crystal.
Although it cannot radiate as much power as a
45-degree Y-cut crystal, it has a higher electro-
mechanical coupling which results in a consider-
ably wider frequeticy range than can be radiated ~
efficiently with a 45-degree Y-cut crystal. Fur-
thermore, on account of the increased area of
such a radiator, the amount of power radiated
per square centimeter can be less. In a bimorph
type of crystal, the properties do not vary as
much as for a longitudinal crystal and hence the
temperature effect will not be as large. For these
reasons the 45-degree X-cut crystal is here em-
ployed.

With this crystal the values of the constants in
centimeter-gram-second units are:

p=1.775
D=9.70X10¢
Y0=3.16 X101

when Yo is the value of Young’s modulus for an
unplated crystal. Yo/, the value for the plated
and short-circuited crystal, is given by

(D*K)
(4rY,

when K, the clamped. dielectric constant, is as
shown in Fig, 13. With this value of K the effec-
tive Young's modulus for a plated crystal is as
shown in Fig. 13 as a function of temperature.
Since most of the projectors are worked below
18° C., we can take as rough values

Yo' '=2.2x1011; K=150 4)

By way of example, let it be assumed that it
is wished to radiate a band of frequencies centered
around 4000 cycles. It is assumed that 6 centi-
meters is about the longest 45-degree X-cut
crystal that is commercially feasible. The
resonant frequency of the crystal in air will be

F 1 = .4551, ’Zﬂ:
2%\/_]‘4—0);1 3 P

In water, however, we add masses due to the water
load and the weight of the oil in the chambers.
If we make these chambers a total thickness of
.5 centimeter on a side or 1t=1.0 centimeter, the
added inertance due to the oil will be

L\ 1
il—w oil——m (6)

The added inertance of the water as determined
from Fig. 12 will be

2)

Yo —[1 LK) @)

()

M0=

ey \_2.38
T\ 4000 )= 11, ™

~ Actually an allowance of 3/1lw is made since the
piston type usually has more added mass than
the cylinder type. Hence, the tofal inertance
added to the inertance of the crystal should be

Mo=g- ®
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The resonant frequency will then be-

1 455lt _\/ Yo' 1 9

ply

Inserting the values

Yo'=2.2%1011; p=1.775
this becomes

1.6 X 10%, 1
fe=—"% 171837, (10)

If the band is centered at 4000 cycles, the resonant
frequency of the crystal should be 4000 cycles.
Assuming I=86. centimeters and solving for Ir, we
find -

1:=1.34 cm 11

This total thickness would be made up of two
oppositely poled crystals, each .67 centimeter
thick.

With these values, the constants of a crystal
bimorph unit 1 centimeter- wide, 6 centimeters
long and 1.34 centimeters thick will be

Co=214 c, g. s. units=238 mmf.
Cr=1.47T%10-°
M=1.,08
»=2.15%105 ¢. g. s. units=.226 in practical units.
The radiation resistance at 4000 cycles, accord-
ing to Fig. 12, will be about v
R=.58 pc=8.TX10¢ acoustic ohms per square
cm, (13)

In acoustic impedance units we have to divide
this by the cross-sectional area which is 6 square
-centimeters, so

(12)

R=1,45% 104 ohms, acoustic resistance. (14)

If we take these quantities through the elec-
tromechanical transformer, we will have electri-
cal quanfities as shown on Fig. 6, having the
values for a crystal 1 centimeter wide

Co=238 mmf.
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is then g half section of a confluent type whmh
has the element values
6 et VA
2T f 1f2
S S
R s 5y A
_Zy
27 (f2—11)
=i
2 f 1f2Zo

Lo
(16)

L= o

Ci=

Taking the ratio of Co to Ci1, and the- product

L1C1, we have

Co_ _
a—3.17-—

J1fe
(fo—f1?

Lb=gz77,
Solving the first equation, using the value 3.17
for Co/C1, we find

fa=1.738f1 (18)
The second edquation shows that the crystal
resonance occurs at the mean frequency of the
rass band which in this case is 4000 cycles.
Hence, for this case

f1==3040 cycles
f2==52T70 cycles

(19)

The image impedance at the main frequency
should be

Zo=2n(f2—f1) L1=2.96 X 105 ochms per unit length

(20)

which agrees well with the 1ad1at10n re51stance
as calculated hereinbefore .
The actual loss in conversion from electnca,l

45 to mechanical energy can be calculated by solv-

Ci=Cuy¢?="75 mmf. ing for the current in the output of the network

Ly= M/¢*==21.3 henries (15) of Fig._'? and comparing that to what would

, be obtained by the use of a perfect transformer

RB:&@Z(_IQ =2,84% 105 ohms between the input resistance Ra and the output

¢ 50 radiation resistance Rs. This resultg..in the

The filter-type structure is the most efficient equation : s
z‘z ' 2R —Rp (21)

V[Rat Bs = gt (= L0 (=T | +] 22

way to utilize electromechanical driving elements,
since the filter with matched impedance termi-
nations is the device which will deliver to its out-
put all the energy sent into it over the widest

iy _

*w2L1C'1 4 RARB(l—wLoCO)
wly

If we insert the filter relations hereinbefore
stated in relation to Fig, 7, and let Ra, the out-
put impedance of the amplifier equal Zo for the
ﬁlter we have

2vZyRg

frequency range consistent with the elements of
which it is constructed. The widest band filter
using the elements of Fig. 6 as part of the filter
configuration is one using a series or shunt coil
to annul the static reactance of the shunt con-
denser. For such a wide band it makes little
difference which configuration is chosen and so
Pig. 7 shows the use of a shunt coil.. The filter

Ve BRG]

70

75

(22)

where

wy= .G, = oG, =the mean frequency of the radiator
A plot of this equation with Rz taken from Fig.
12 and

Go_
G =38.17




-9,405,226

9
is then shown in Fig. 14. -As can be seen, the
efficiency of conversion does not drop below 6
decibles or 25 per cent from 2400 cycles to 6000
cycles.

By separating the resonance of the electrical
coil with crystal capacity from the mechanical
resonance, a somewhat wider band can be ob-
tained as shown by the dotted line graph of
Fig. 14 at some sacrifice of efficiency of conver-
sion. It can be shown that the hest efficiency
will be obtained by letting the right-hand terms
of Equation 21 vanish when «?=waws is the reso-
nance of the coil and condenser, and ws the me-
chanical resonance of the mystal and added
mass, This results in the relation

RARB= L = !

w 0pCiCy (28)

(.z)AouBC()2
where r is the ratio of capacitances
&
o)
For this case the expression for the efficiency
becories

2yRaks
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hull of a ship, and the change in direction is ob-

- tained by prism methods, the device becomes

practical.
As an example let us consider what can be done

-with a radiator working from 2.75 kilocycles to

6 kilocycles, as calculated previously. To get the
same directivity as at ultrasonic frequencies will
require a radiator 6 wave-lengths long which at
the mean frequency of 4000 cycles will be a
length' of 225 centimeters or 7.4 feet. If we di-
vide this up into long radiators which are .4 of
o wave-length apart at the top frequency of
6000 cycles, this requires twenty-two strips each
10 centimeters wide, The length of the strips is
determined by the directivity in a vertical plane.
A length of three feet would concentrate most of
the power in an angle =15 degrees -from the
horizontal. Such g blanket radiator 7.4 feet
long, three feet wide and approximately 1.5 inches
thick could be attached to the hull on each side
of the ship as shown in Fig. 8. On account of
the smooth surface, streamlining is obtained and
a freedom from turbulent noise. Leads from each
radiator connect to a filter or phase shifting net-

’Lg=
T w? wAZ
VIr{-(-2)(% -
As an example, let us take fa=1000 cycles,
fB=4000 cycles.

cycles, Rs the radiation resistance for a crystal 1
centimeter wide is

Rp=1.72x10° electrical ohms (25)

Using the same constants as in the example’

considered above, the best amplifier impedance is

R4=2.07x10¢ electrical ohms. per centimeter

width of crystal (26)

With these values, and teking Rs from the curve
of Fig. 12 the efficiencies of conversicn in deci-
bels below perfect efficiency of conversion are
shown by the dotted line of Fig. 14. From 700
cycles to 6500 cycles an efficiency of conversion
averaging around 10 per cent is obtained with a
variation of about =4 decibels over this region.
On account of the large area and relatively high
efficiency of conversion such a device would pro-
vide a more efficient listening device than has
previously been obtained for his frequency range.
To work -down to 700 cycles a device about 105
centimeters or 3.5 feet long would be required.
This would have a receiving area of 630 square
centimeters and would be able to deliver 5xX10-7
watts electrical power to a receiver when a pres-
sure of 100 dynes per square centimeter was act-
ing on it. Since a telephone receiver has a
minimum power of about 4 X 10—1* watts to reach
audibility, this would represent enough power to
operate the receiver without the need of an am-
plifier. For such a hydrophone, the static ca-
pacity of the crystals would be 25000 puf, so the
additional capacity put on by a cable would be
small, and could be neglected. The electrical im-
pedance of an amplifier or receiver to work with
the unit should be about 20000 ohms.

Use of low frequency projector in a prism type
detection system

In order to make full use of the lower attenu-
ation and refractivity cf the lower frequency
range, a radiator sufficiently large to obtain a
good directivity may be used. Such a radiator
is too large to turn manually. If, however, it is
used in the form of a thin skin attached to the

&l [ (=2

At the mean freéquency of 2000

D2

work as shown in Fig. 9 for a listening system.
On. account of the low power calrying capacity of
coils and condensers used in filters or phase shift-
ing networks it is desirable to place a power am-
plifier between each radiator and the filter as
shown in Fig. 10. By adjusting the gain of each

- amplifier it is possible to compensate for the

loss in filter or phase shifting network and more-
over secondary lobes can be suppressed by driv-

- ing' the middle segments harder than the outer
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segments. Since amplifiers are one-way devices
it is necessary to have the input connected to
the phase shifter and the output connected to
the radiator when a pulse is sent and reversed
when a listening condition is desired. If the
input and output impedances of the amplifier are
made the same, this can be accomplished by a
simple switching arrangement as shown in Fig, 11.

Even if the power radiated by each unit is kept
down to the 0.1 watt per square centimeter ra-
diated from other 45-degree X-cut Rochelle salt
crystals, the power radiated from each strip will
be 150 watts. For all twenty-two strips the total
power would be 3.3 kilowatts which is consider-
ably more acoustic energy that has been radi-
ated from ultrasonic prcjectors. This coupled
with the lower aitenuation and lower reiractiv-
ity realizable at the lower frequencies, and the
freedom from noise due to streamlining indicates
that submarines could be located at farther dis-
stances and under more exacting conditions for
the low frequency radiator than for the ultra-
sonic radiator. Such a systerma also has the ad-
vantage that on account of the lower frequency
the direction of a pulse sent out from the search-
ing ship will not be as easily located by a subma-
rine.

What is claimed is:

1. A sonic device for use as a submarine pro-
jector or hydrophone consisting of a blanket-
like array of vertical and horizontal rows of co-
ordinately arranged piezoelectric crystals for
placement on the external surface of the hull of
a ship, said crystals of each vertical row consti-
tuting a unit, an electrical network for connect-
ing said array of crystals to transmitting and re-
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ceiving apparatus, said network including phase
shifting circuits, each said unit being electrically
separated from other cf said units by said phase
shifting circuits, and each said crystal compris-
- ing a bimorph structure constructed and arranged
to respond to frequencies within the audible
range, i
2. A sonic device for use as a submarine pro-
"jector or hydrophone consisting of a blanket-like
array of vertical and horizontal rows of coor-
dinately arranged piezoelectric crystals for place-
ment on the external surface of the hull of a
ship, said crystals of each vertical row being
connected in multiple, housed in & single con-
tainer and constituting a unit, an electrical net-
work for connecting said array of crystals to
‘transmitting and receiving apparatus, said net-
work including phase shifting circuits, each said
unit being electrically separated from other of said
units by said phase shifting circuits whereby a
prismatic effect is secured, an amplifier for each
~said unit, the gains of the amplifiers being higher
for the middle units and lower for the end units
whereby secondary lobes are suppressed,-and each
said crystal comprising a bimorph structure con-
structed and arranged to respond to frequencies
within the audible range. )

3. A sonic device for use as a submarine pro- .

jector or hydrophone consisting of a blanket-
like array of vertical and horizontal rows of co-
-ordinately arranged piezoelectric crystals for
placement on the external surface of the hull
of a ship, said crystals of each vertical row being
connected in -multiple, housed in-a single con-
. tainer and constituting a unit, an electrical net-
work for connecting said array of crystals to
transmitting and receiving apparatus, said net-
work including phase shifting circuits, each said
. unit being electrically separated from other of
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said units by said phase shifting circuits where-

by a prismatic effect is secured, an amplifier for
each said unit, the gains of ‘the: amplifiers being
higher for the middle units and lower for the
end units whereby secondary lobes are sup-
pressed, meang for directively pointing said .am-
plifiers in accordance with the direction.of use
of said device, and each said crystal comprising
a- bimorph structure constructed and arranged
to respond to frequencies within the  audible
range, ' : .

4. A sonic device for use as a submarine pro-
jector or hydrophone consisting of a blanket-
like array of piezoelectric crystals in vertical
and horizontal rows, the crystals of each verti-
cal row being connected in multiple and acting
as a unit, an electrical line including a series of
phase shifting networks with a connection to
each said vertical row of crystals made to a point
in said line between succeeding networks, where-
by different frequency currents connected to said
line will cause correspondingly different fre-
quency signals to be transmitted in correspond-
ingly different directions or whereby incoming
signals may be received from  correspondingly
different directions in accordance with their fre-
quency. )

5. A submarine projector or hydrophone con-
sisting of a plurality of bimorph crystals re-
sponsive to frequencies within the audible range,
means coordinately arranging said crystals in a
sheet of vertical and horizontal rows, means
whereby the crystals in each vertical row are con-
nected in parallel and comprise a unit, means
whereby the various units are connected to a
transmission line and phase shifting networks
interposed in said line electrically between each
of said units to produce a prismatic effect. -

" WARREN P. MASON.




