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The present invention relates to transducers for opera 
tion in liquid mediums, and speci?cally relates to a trans 
ducer of a simpli?ed type which has a single-lobed well 
de?ned directional pattern with respect to sound Waves 
in a liquid medium. 

It is frequently desirable to send out a pattern of sound 
waves in a liquid medium, such as water, with a direc~ 
tional pattern which is essentially a single lobe; that is, 
one in which all other lobes which may be present are of 
a relatively small amplitude. As used in this speci?ca 
tion, the term “sound” is intended to include any of the 
audible frequencies as well as any of the frequencies above 
the audible range or in the supersonic range. Also, in 
many cases, it is desired to pick up a sound wave in a 
liquid medium with a microphone which has a directional 
characteristic similar to that described above. Various ar 
rangements have been proposed for the general types of 
operation here under consideration. In general, many 
of these arrangements will operate in either direction; that 
is, they can be caused to produce a pattern of sound waves 
in a liquid medium, or they can be used to receive sound 
waves in a liquid medium with a directional characteristic 
of the type here under consideration. Speci?cally, most 
underwater piezoelectric transducers can be used either to 
send or receive sound waves in water. 

Prior art transducers of the type here under considera- -~ 
tion have taken many forms. For example, a single-crys 
tal expander element has been utilized to provide a radia 
tion from a face of the crystal, but a very poor direc 
tional characteristic is associated with such an element. 
Accordingly, therefore, such elements have been used in ‘ 
various arrays and mosaics in order to provide more de 
sirable directional characteristics. Some of these devices 
have used hundreds of crystal elements and, inasmuch as 
each such element must be constructed to operate at a pre 
determined frequency and arranged in a predetermined 
position with relation to the other elements involved, such 
devices become very diflicult to construct and very expen 
sive. Many of the devices using mosaics are intended to 
provide a structure which has a “piston action”; that is, 
one in which all elements move forward and backward si 
multaneously in the water, but it is very difficult to control 
the phase of an element with respect to other elements of 
the mosaic, thus adding to the di?iculties involved in a 
transducer of the mosaic type. 

Attempts have also been made to obtain the “piston ac 
tion” by means of a diaphragm which is driven by a single 
crystal or a mosaic of crystals. This, in general, is very 
di?icult to do for the reason that ?exural modes of mo 
tion are always encountered and such motions generally 
have the effect of providing a directional pattern of a very 
undesirable type. 

Applicant has discovered that it is possible to operate a 
disk of solid material in a liquid medium in a particular 
manner such that the di?'iculties mentioned above are 
eliminated, thus providing a very simple and useful trans 
ducer for use in a liquid medium. 
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It is an object of the invention, therefore, to provide an 

improved transducer for operation in a liquid medium. 
It is a further object of the invention to provide an im 

proved transducer for operation in a liquid medium and 
one which has essentially a single-lobed well-de?ned di 
rectional pattern with respect to sound waves in the liquid 
medium. 

It is still another object of the invention to provide an 
improved transducer for producing sound waves in a liq 
uid medium having a directional pattern which is essential 
ly a single lobe. 

It is still a further object of the invention to provide an 
improved transducer for receiving sound waves in water 
and which has a directional characteristic which is essen 
tially a single lobe. ' 

In accordance with the invention, a transducer for trans 
ducing between sound energy of a predetermined fre 
quency in a liquid medium and energy of another type in 
the transducer, and having essentially a single-lobed well 
de?ned directional pattern with respect to the sound en' 
ergy in the liquid medium, comprises a device for trans 
ducing between energies of'the above-mentioned two dif 
ferent types which includes a disk of material having at 
the above-mentioned predetermined frequency a mechani 
cal resonance across a diameter thereof which is coupled 
relatively strongly mechanically to motions in the thick 
ness direction of the disk due to the Poisson ratio of the 
material of the disk and having other mechanical reso 
nances all of which are relatively remotely removed from 
the above-mentioned predetermined frequency. This 
transducer also includes a means for operating the disk in 
the liquid medium so that the edge or rim and one end 
face of the disk are acoustically shielded from the liquid 
medium and so that at least a portion of the other face 
of the disk is acoustically coupled to the liquid medium. 
Means are also provided for exciting the disk to reso 
nance across 'a diameter thereof with energy of one of 
the types mentioned above and for deriving therefrom en 
ergy of the other of the types mentioned above. 
For a better understanding of the present invention, to 

gether with other and further objects thereof, reference is’ 
had to the following description taken in connection with 
the accompanying drawing and its scope will be pointed 
out in the appended claims. 

Reference is made to the drawing 
description of several embodiments 
tion. ' 

In the drawing, Fig. 1A illustrates the desired action of 
a piston-type transducer; Fig. 1B illustrates a defect which 
is almost always present in piston-type devices of the prior 
art; Fig. 2 illustrates the operating principles of a disk 
operated in accordance with the teachings of the present 
invention; Fig. 3 shows a directional characteristic which 
can be obtained with a particular form of the invention il 
lustrated schematically in Fig. 2; Fig. 4 is a cross~section 
through a complete transducer device which is eifective to 
produce the directional characteristic of Fig. 3; while 
Fig. 5 illustrates another embodiment of a transducer de 
1vice‘cin accordance with the invention and operated in'a 
1qu1 . 

It has been stated above that transducer devices for 
operation in a liquid and which have a piston-type action 
have been widely used in prior-art devices. The desired 
action of such a transducer is represented by the illustra 
tion of Fig. 1A wherein the numeral 11 represents the 
transducer which may, for example, be comprised of 
piezoelectric material and which is so operated that the 

for a more complete 
of the present inven 

application of alternating voltages thereto causes expan- . 
sions and contractions of the element in the direction 
of the arrows‘ shown and in the opposite directions. The 
arrows areintended to indicate that, at the instant under 
consideration, the upper face of this plate is moving in 
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: direction indicated by the arrows. It will be under 
:od that, if the element 11 is a piezoelectric expander, 
: lower face is at the same instant tending to move in 
: opposite direction. However, such a device is gen~ 
ally operated in theliquid medium so that the lower 
:e is mounted to a base of relatively large mass or so 
at a sound-impervious material is present on the lower 
:e, thus causing radiation into the liquid only from 
c upper face of the material. When operating prop 
iy, such a moving surface has a‘ very desirable radiation 
aracteristic, but, as stated above, it is very di?icult in 
actice to provide a surface, all points of which move 
rward and back in the same. plane at all times. If this 
done by a single piezoelectric expander element hav 
g a relatively small radiating surface presented to the 
luid, the directional pattern produced is not very sharp. 
n the other hand, if it is attempted effectively to provide 
Lch an action by a plurality of crystal faces operating 
multaneously together,.it is very difiicult to control the 
raise of all of the crystal faces so that all move forward 
id back simultaneously in the same plane. This is the 
.‘inciple upon which most of themosaic crystal devices 
aerate however and, if satisfactory results are obtained, 
is in general necessary to give a great deal of attention 

> the constructional details of. the device. and such devices 
'equently comprise a number of crystals Well into the 
undreds. ' ' 

It has also been proposed to drive a diaphragm forward 
ad back in such manner that all parts of its face move 
multaneously in the same direction. This again is a 
cry di?icult action to procure. The type of action which 
1 generally present with, diaphragm-type piston trans 
ucers of the prior art is illustrated generally in an exag 
erated manner in Fig. 1B. Such diaphragrns, whether 
iey be comprised of a single piece of material or effec~ 
lvely made up of a number of separate elements as in 
he crystal mosaics, generally break up into ?exural modes 
If operation so that all parts of the piston face do not 
move forward and back in exact phase. In Fig. 1B this‘ 
s illustrated by the fact that the radiating face involved is 
lot a straight line but has a decided curvature. If such 
lexural modes are present in the operation of the device 
inder consideration, the directional pattern associated 
vith the device becomes very deleteriously affected. 
Eenerally speaking, such a. directional pattern does not 
lave a single well-de?ned lobe butmay have one lobe 
vhich is larger than the others but with which there is 
t5SOClElt€d a number of minor lobes, which have su?i 
:ient size with reference to the. main lobe as the cause the 
)ver-all operation of the device to become quite unsatis 
?actory. ' 

In Fig. 2 there is illustrated by, the numeral 12 a di 
ametral segment of a disk transducer of the present in 
vention. The disk is so operated that it has a mechani 
zal resonance across a diameter thereof. Accordingly, 
therefore, in the portion 12 of the. disk which is being. 
considered in connection with Fig. 2, it effectively be 
comes an expander bar which alternately expands and 
contracts in the direction of the arrows shown in Fig. 2. 
In considering the operation of such an expander bar, it 
will be seen that its operation is symmetrical about the 
midpoint in the length thereof and that, during one cycle 
of its oscillations, the bar expands in both directions from 
this midpoint and that, during the other half cycle of its 
operation, the bar contracts from each end toward this 
midpoint. If this bar-shaped portion 12 of the disk is 
considered at the instant when both ends thereof tend’ 
to move toward the midpoint of the ‘bar, it will be seen 
that the force at each end of the bar is at that time a 
minimum while the force at the midpoint of the bar 
is at the same time a maximum. Actually the varia 
tion in force along the bar is as illustrated by- the curve 
F in Fig. 2. At the same instant, it will be seen that 
the velocity of the vibration of material along the‘ bar 
is a maximum at each extreme end thereof and Zero‘ in 75 
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the center of the bar. Actually this variation of velocity 
along the bar is symmetrical from each end and is rep‘ 
resented generally by the curve V of Fig. 2. The strain 
in the material along a bar of the type illustrated is, in 
all hard solids, coupled to a transverse strain and it is 
the motion resulting from this transverse strain which 
is utilized in the operation of the present invention. The 
ratio of transverse-to-longitudinal strain estimated per 
unit length produced by the longitudinal stress is known 
as “Poisson’s ratio.” Its value lies between 0.25 and 0.33 
for most hard solids. The transverse motions of the ma 
terial which result from the longitudinal stresses, repre~ 
sented. by the curve. F of Fig. 2, are as represented by 
curves T, T of Fig. 2. It will thus be seen that the up 
per face of the bar 12 is distoited upwardly an increas 
ing amount from each end towards the center of the bar 
and that the lower face is conversely distorted in a down 
ward direction an, amount which increases from each end 
of the bar tOW?l‘ditS-C?lltél‘ point. 

Curve T may be considered to correspond to the cur 
rent curve of a center-fed dipole radio antenna. A disk 
of material, of which the bar-shaped section 12 is con 
sidered to be a small slice across a diameter thereof, can 
be considered to have the same type of action across each 
of its diameters and can be said to be a “dipole of ro 
tation.” The operating characteristic of a disk of the 
type under consideration, and comprised of a material 
which is primarily. barium titanate and which is elec 
trically excited by means of electrodes on each face of 
the disk to which a voltage of required frequency is ap 
plied so that the disk has a mechanical resonance across 
a diameter thereof, is illustrated in Fig. 3. It will be 
seen that this operating characteristic comprises a single 
major lobe, represented. by the dotted line 14, and two 
very small minor lobes, represented by the full line loops 
13 and 13'. The barium titanate disk from which the 
operating characteristic of Fig. 3 was derived had a 
diameter of 2%" and a thickness of 1/2”. This disk 
had a total beam width of 72° at the minus 10 decibel 
points; that is, the point compared to maximum response 
which occurs at 0°. An extension of the 10 db refer 
ence circle of Fig. 3 to its intersection with the dotted 
curve 14 shows an intersection at about 36° giving, for 
both sides. of the ?gure, a total beam width of 72°. 

It is thought that the reason that the bar 12 of Fig. 2, 
or the complete disk of which the bar is a section, does 
not break up into ?exural modes is because the transverse 
motions, represented by the curves, T, T, are rigidly 
controlled, inv phase and amplitude, by the action or mo 
tions of the. bar or disk along the length or diameter 
thereof, as represented by the curves F and V. This 
effectively causes all vertical movements of the material 
to be rigidly controlled in accordance with the movements 
along the diameter. In any event, it has been found that 
a disk of the type here under consideration provides a 
single-lobed well-de?ned directional pattern. 

Reference is now made to Fig. 4 for a description of a 
speci?c embodiment of the present invention. In Fig. 4 
the numeral 15 designates generally a cross-section through 
a disk-type transducer of the present invention, The disk 
itself is shown in section and is represented by the numeral 
16. An acoustically impervious enclosure is provided for 
the edge and one face of the disk. This is done by pro 
viding a liquid-impervious enclosure, which includes a 
portion 17' of a housing for the transducer and a parti 
tion 18, around the surfaces involved. Since air provides 
a very‘ poor ‘matching impedance for sound as compared 
to liquid, in this design, the edge and the righthand' face 
of the disk 16 are-effectively acoustically insulated. An 
acoustically transparent window is bonded to the other 
face of'the disk to permit operation of the disk in a liquid 
medium so that this last-named surface of the disk is 
acoustically coupled to the liquid medium. This is repre 
sented in Fig. 4 by- a rubber cap 19 whichis bonded to the 
disk 16. The disk 16 is comprised primarily of barium 
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titanate which has been prepolarized to provide a sub 
stantially linear transducing action in a manner well un 
derstood by those skilled in the art. A transducer of 
this material and the manner in which it can be polarized 
are disclosed in United States Letters Patent 2,486,560 
granted on November 1, 1949 on an application ?led 
September 20, 1946 by Robert B. Gray. Voltages are 
applied between the two faces of the disk by means of 
leads 20, 20 and electrodes 21, 21, on the faces of disk 
16. The rubber cap 19 is clamped on the portion of the 
housing represented by the numeral 17 by means of a 
clamp, portions of which are shown at 22 and 23. The 
remaining portions of the housing are completed by metal 
lic members 24 and 25, the portion 24 including holes 26, 
26 to permit mounting the transducer shown and the por 
tion 25 serving, with a second rubber cap member 28, to 
enclose the lead structure of the transducer. The cap 28 
is fastened to the cylindrical member 25 by means of a 
clamp, portions of which are represented at 29 and 3t). 
Leads are brought in through the rear cap 28 through a 
terminal arrangement, represented generally by the ref 
erence numeral 31. It will be understood that the exter 
nal terminals 32, 32 are connected to leads 20, 20 which, 
in turn, are connected to electrodes 21, 21. A shielded 
cable is used to bring the leads 32, 32 through the rubber 
cap 28 and this shield is grounded inside the device by 
a connection 34 to the metallic portions of the conductive 
housing. 
The device of Fig. 4 may be used either as a radiator 

or as a receiver of radiation. In order to illustrate its 
use as a radiator, a generator 36 is provided which may 
be coupled to terminals 32, 32 through a switch 37 when 
the switch blade is in the position illustrated in the draw 
ing. In order to illustrate its operation as a receiver, there 
may be coupled thereto an amplifying and reproducing 
device, represented generally by the numeral 38, when the 
switch 37 is moved to its dotted position. 

In considering the operation of the device of Fig. 4, it 
will be ?rst assumed that the switch 37 is in the position 
shown. Under these conditions, the generator 36 sup 
plies to the disk 16 oscillations of the frequency at which 
the disk 16 has a mechanical resonance across the diame 
ter thereof. These oscillations are applied through ter 
minals 32, 32 and leads 20, 20 to the electrodes 21, 21 on 
the faces of the disk. The disk 16 is effective, upon the 
application thereto of oscillations from generator 36, to 
provide motions across all diameters. This provides an 
action in the disk similar to that described in connection 
with Fig. 2 above and causes the faces of the disk to have 
motions, due to the Poisson ratio of the material, as repre 
sented by curves T, T of Fig. 2. The left-hand face (of 
Fig. 4) of the disk will become acoustically coupled to 
the liquid in which the transducer is submerged. The 
right-hand face of the disk, on the other hand, is not cou 
pled to such liquid, and sound signals are therefore radi~ 
ated into the liquid medium only from the left-hand face 
of disk 16 and with a radiation pattern such as that illus 
trated in Fig. 3. 

Conversely, when the device is to be operated as a 
receiver, the switch 37 is closed to its dotted position. 
Any radiation in the liquid medium in which the trans 
ducer 15 is submerged, and which is of a frequency cor 
responding to the mechanical resonance across a diameter 
of the disk, causes oscillations of the disk in a manner 
which is effectively the converse of that described in con 
nection with Fig. 2 above. These oscillations cause volt 
ages to be generated across the two faces of the disk 
which are in turn applied to receiver 38 and ampli?ed 
and reproduced. The receiving directional characteristic 
of the device is also as represented by the curves of Fig. 3. 
While the invention has been described in Fig. 4 in con 

nection with an embodiment using a barium titanate trans 
ducer which has a strong electromechanical action, the 
principles of the invention can be applied to disks of other 
material, whether or not the material of the disk is in it 
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self e?ectiv'e to transduce between the two types of ener 
gies involved. Thus a disk transducer of the invention 
may be comprised of magnetostrictive material. Such a 
disk can be driven magnetically, for operation as a trans 
mitter, or can be driven mechanically by sound energy in 
the liquid medium, which energy is thereafter converted 
by the magneto-strictive properties of the disk into mag 
netic energy which can, in turn, be received and repro 
duced in a manner generally well understood by those 
skilled in the art. 

Actually the width of the directional characteristic of 
the transducer of the invention depends upon the diame 
ter of the disk and upon the wavelength of the sound 
energy in the liquid medium in which the disk is operated. 
The velocity of propagation of a compression Wave through 
a diameter of a disk of barium titanate material is a sub 
stantially ?xed value. The frequency at which such a 
disk operates is inversely proportional to its diameter. 
The wavelength in the medium is inversely proportional 
to the frequency involved. Therefore the Wavelength in 
the medium is directly proportional to the diameter of the 
disk, when the disk is being operated as described above. 
Therefore the ratio of the diameter of the disk to the wave 
length in the medium, for any given medium and any given 
disk material, is a constant. It therefore becomes some 
what di?’icult to vary the directional properties of the 
transducer of the present invention where the liquid medi 
um in which the transducer is to operate is fixed. This 
liquid medium generally is water. However, disks of 
other materials may have a somewhat larger diameter 
corresponding to a mechanical resonance across a diameter 
at a particular frequency, due to the fact that their ve 
locity of propagation for compression waves is higher 
than that for barium titanate. For example, the diameter 
of a steel or glass disk which has a mechanical resonance 
across a diameter at a given frequency is appreciably 
greater than that of a barium titanate disk. This being 
the case and under the considerations given above, it will 
be seen that, for a given frequency, a glass disk has a 
considerably sharper directional characteristic than that 
of a barium titanate disk. On the other hand, glass in 
itself does not provide the transducer action which is 
available in the titanate disk. However, other means can 
be used to drive such a glass disk into a resonance across 
a diameter which then, by Poisson coupling, excites a 
normal motion, and the glass disk then becomes a good 
radiator in accordance with the teachings of the present 
invention and can be eifective to provide sound waves in 
a liquid medium with a directional characteristic which 
is considerably sharper than that represented in Fig. 3 
A glass disk may be driven, for example, by a?ixing there 
to a disk of a material which is electromechanically active, 
such as a disk of barium titanate material, or by a?ixing 
thereto a disk of material which is magnetostrictive. 
Similarly, the glass disk can be used as a receiver where 
some means is associated with the disk for picking up the 
motions of the disk with which we are here concerned 
and translating them into an energy which can be repro— 
duced and utilized. One such arrangement is shown in 
Fig. 5 where a disk 40 is illustrated as operating in a liquid 
medium 41, such as water. The disk 40 also is acoustical 
ly shielded on its edge and the right-hand face thereof 
by means of a rubber cap 42 which surrounds the edge 
and one face of the disk in such a manner that an air 
space 43 is provided which eifectively produces the re 
quired acoustic insulation. A?ixed to one face of the 
disk 40 is a transducer 44 which is responsive to the move 
ments of the disk 40 as it is actuated by the reception 
of sound waves in the liquid medium to provide energy 
which can be ampli?ed and reproduced. The transducer 
44, for example, may be a piezoelectric element of quartz 
or Rochelle salt or may comprise a barium titanate trans 
ducer, all of which are e?ective upon the receipt of me 
chanical vibrations to provide an electrical voltage which 
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in. be ampli?ed and reproduced, as by an ampli?er 45 
nd a loudspeaker 46. . 
The velocity of propagation of a compressional wave 

1 glass can be as high as‘ 6000 meters per second com~ 
ared to about 4200 meters per second for material of the 
arium titanate type. A corresponding, ?gure for steel 
: about 5000 meters per second and that for brass is about 
500 meters per second. 
While there have been described what are at present 

onsidered to be the preferred embodiments of the in. 
‘ention, it will be obvious to those skilled in the art that 
arious changes and modi?cations may be made therein 
vithoutdeparting from the invention, and it is, therefore, 
,imed in the appended claims to cover all' such changes 
vnd modi?cations as fall within the true spirit and'scope 
>f the invention. 
What is claimed is: 
1. A transducer for producing essentially only a single 

obed well-de?ned directional pattern of sound waves in 
vater, comprising: a disk of permanently polarized barium 
itanate material having a mechanical resonance across 
all diameters, thereof at one predetermined frequency, 
lependent upon the velocity of propagation of compres 
aional waves in any radial direction in said material, and 
raving, other mechanical resonances, all of which are 
'elatively remotely removed from said predetermined 
frequency; means for acoustically shielding the edge and 
Jne face of said disk and for permitting radiation of sound 
waves from at least a portion of the other face of said 
disk; and means for electrically exciting said resonance 
across said diameters at a frequency selected to be ex 
:lusively within a narrow range of frequencies adjacent 
to said predetermined resonance frequency. 

2. A transducer for producing essentially only a single 
lobed well-de?nedv directional pattern of sound waves in 
water, comprising: a disk of permanently polarized ma 
terial including at least a major portion of barium titanate 
and having a mechanical resonance across all diameters 
thereof at one predetermined frequency, dependent upon 
thevelocity of propagation of compressional waves in any 
radial direction in said material, and having, other me 
chanical resonances, all of which are relatively remotely 
removed from said predetermined frequency; and acousti 
cally transparent and liquid impervious window bonded 
to one face of said disk and an acoustically impervious 
and liquid impervious enclosure for the other face and 
the edge of said disk for permitting radiation of sound 
waves only from said one face of said disk; and means 
for electrically exciting said resonance across said diame 
ters at a frequency selected to be exclusively Within a 
narrow range of frequencies adjacent to said predeter 
mined resonance frequency. 

3. A transducer for transducing between sound energy 
in a liquid medium and energy of another type in said 
transducer, comprising: a device for transducing between 
energies of said two different types, including. a disk ofv a 
material having at one predetermined frequency, depend 
ent upon the velocity of propagation of compressional 
waves in any radial direction'in said material, a mechanical 
resonance across all diameters of said disk. which is cou 
pled relatively strongly mechanically to motions in the 
thickness direction of said disk due to the Poisson ratio 
of said material and having other mechanical resonances, 
all of which are relatively remotely removed from said 
predetermined frequency; means for operating said disk 
in said liquid medium so that the edge and one face of 
said disk are acoustically shielded from said medium‘ and 
so that acoustical coupling is effected between saidmediunr 
and‘at least a portion of the other face of said'disk, said 
coupling causing said motions in said thickness direction 
of said disk to be associated with an- essentially single 
lobed well-de?ned directional pattern of said device with 
respect to sound energy at said-predetermined frequency 
in said’ medium; and means for exciting said transducing 
device with energy of one of said types. at: a frequency 
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selected to be approximately said predetermined: frequency 
to excite said resonance across said diameters of said disk. 
and for deriving from said device energy of the other. of 
said types. 

4. A transducer for transducing between sound energy in, 
a liquid medium. and energy of another type in said trans 
ducer, comprising: a device for transducing betweenener 
gies of said two different types, including a disk of a mater 
ialhaving atone predetermined frequency, dependent upon 
the velocity of propagation of compressional waves in any 
radial direction in said material, a mechanical resonance: 
across all diameters of said disk which is coupled rela 
tively strongly mechanically to motions in- the thickness. 
direction of said disk due to the Poisson ratio of said ma 
terial and having other mechanical resonances, allof which 
are relatively remotely-removed from said predetermined. 
frequency; means for operating said disk in said liquid 
medium so that the edge and one face of said disk- are: 
acoustically shielded from said medium- and so that acous 
tical coupling is e?ected between said medium and at 
least a portionof the other face of said disk, said coupling 
causing said motions in said thickness direction of said 
disk to be associated with an essentially single-lobed. well 
de?ned directional pattern of said device with respect tov 
sound energy at said predetermined frequency in said 
medium; and means for driving said transducing device 
with energy of one of said types at- a driving frequency 
to excite said resonance across said diameters of said‘disk 
and for deriving from said device energy of the other of 
said types at a corresponding output frequency, at least. 
one of said driving and output frequencies being selected 
to exclude frequencies not approximately equal to said 
predetermined resonance frequency. 

5. A; transducer for transducing to sound energy in a 
liquid medium from energy of another type in said trans 
ducer, comprising: a device for transducing from energy 
of said other type to sound energy, including a disk of- a 
material having at one predetermined frequency, de 
pendent upon-the velocity of propagation of compressional. 
waves in any radial direction in said material, a mechani 
cal‘, resonance across all diameters of said disk which is 
coupled relatively strongly mechanically to motions in 
the thickness direction of said disk due to the Poisson 
ratio of. said material and having other mechanical reso 
nances, all of which are relatively remotely removed from 
said‘ predetermined frequency; means for’ operating said 
disk in said liquid medium so that the edge and one'face 
of said disk are, acoustically shielded from said medium 
and so that acoustical coupling is-elfected between said 
medium and at least a portion of the other face of said 
disk, said coupling causing said motions in said thickness 
direction of said disk to be associated with an essentially 
single-lobed well-de?ned directional pattern ofsaid device 
with respect to sound energy at saidpredetermined fre 
quency in said medium; and means for exciting said 
transducing device .with energy of said‘ other type at an 
input frequency selected to be within a narrow range of 
frequencies adjacent to said predetermined resonance fre 
quency to excite said resonance across said diameters of 
saiddisk and for deriving from said device sound energy 
with said directional pattern. 

6. A transducer for transducing from sound energy in a 
liquid medium to energy of another type in said trans 
ducer, comprising: a device for transducing from sound 
energy to energy of said other type, including‘ a disk of- a‘ 
material having at one predetermined frequency,. de 
pendent upon the velocity of propagation of compressional 
waves in any radial direction insaid material, a. mechani 
cal resonance across all diameters of said disk which is 
coupled relatively strongly mechanically to motions in 
the thickness direction of said disk due to the Poisson 
ratio of said material and-having other mechanical reso 
nances, allof which are relatively remotely removedfrom 
said predeterminedv frequency; means for operating said 
disk in said liquid medium so that the edge and one face 
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of said disk are acoustically shieldedfrom said medium 
and so that acoustical coupling is effected between said 
medium and at least a portioa of the other face of said 
disk, said coupling causing said motions in said thickness 
direction of said disk to be associated with an essentially 
single-lobed well-de?ned directional pattern of said de 
vice with respect to sound energy at said predetermined 
frequency in said medium; and means for exciting said 
disk to said resonance across said diameters thereof with 
sound energy in said liquid medium at a frequency selected 
to be approximately said predetermined frequency and 
for deriving from said device energy of the other of said 
types. 

7. A transducer for transducing between the types of 
energy consisting of sound energy in a liquid medium and 
electrical energy, comprising: a device for transducing be 
tween electrical energy and sound energy, including a 
disk of a material having at one predetermined fre 
quency, dependent upon the velocity of propagation of 
compressional waves in any radial direction in said ma 
terial, a mechanical resonance across all diameters of 
said disk which is coupled relatively strongly mechanically 
to motions in the thickness direction of said disk due to 
the Poisson ratio of said material and having other me 
chanical resonances, all of which are relatively remotely 
removed from said predetermined frequency; means for 
operating said disk in said liquid medium so that the edge 
and one face of said disk are acoustically shielded from 
said medium and so that acoustical coupling is effected 
between said medium and at least a portion of the other 
face of said disk, said coupling causing said motions in 
said thickness direction of said disk to be associated with 
an essentially single-lobed well-de?ned directional pat 
tern of said device with respect to sound energy at said 
predetermined frequency in said medium; and means for 
exciting said transducing device with energy of one of 
said types at a frequency selected to be approximately 
said predetermined frequency to excite said resonance 
across said diameters of said disk and for deriving from 
said device energy of the other of said types. 

8. A transducer for transducing between the types of 
energy consisting of sound energy in a liquid medium and 
magnetic energy, comprising: a device for transducing 
between sound energy and magnetic energy, including a 
disk of a material having at one predetermined frequency, 
dependent upon the velocity of propagation of compres 
sional waves in any radial direction in said material, a 
mechanical resonance across all diameters of said disk 
which is coupled relatively strongly mechanically to mo 
tions in the thickness direction of said disk due to the 
Poisson ratio of said material and having other mechani 
cal resonances, all of which are relatively remotely re 
moved from said predetermined frequency; means for 
operating said disk in said liquid medium so that the edge 
and one face of said disk are acoustically shielded from 
said medium and so that acoustical coupling is effected 
between said medium and at least a portion of the other 
face of said disk, said coupling causing said motions in 
said thickness direction of said disk to be associated with 
an essentially single-lobed well-de?ned directional pattern 
of said device with respect to sound energy at said pre 
determined frequency in said medium; and means for 
exciting said transducing device with energy of one of 
said types at a frequency selected to be approximately said 
predetermined frequency to excite said resonance across 
said diameters of said disk and for deriving from said 
device energy of the other of said types. 

9. A transducer for transducing between sound energy 
in a liquid medium and energy of another type in said 
transducer, comprising: a device for transducing between 
energies of said two different types, including a disk of a 
material having at one predetermined frequency, de 
pendent upon the velocity of propagation of compressional 
waves in any radial direction in said material, a mechani 
cal resonance across all diameters of said disk which is 
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coupled relatively strongly mechanically to motions in‘ 
the thickness direction of said disk due to the Poisson 
ratio of said material and having other mechanical reso 
nances, all of which are relatively remotely removed 
from said predetermined frequency; an acoustically im 
pervious enclosure for the edge and one face of said disk 
and an acoustically transparent window bonded to the 
other face of said disk to permit operation of said disk 
in said liquid medium so that said edge and said one 
face are acoustically shielded from said medium and so 
that acoustical coupling is effected between said medium 
and said other face of said disk, said coupling causing said 
motions in said thickness direction of said disk to be as 
sociated with an essentially single-lobed well-de?ned di 
rectional pattern of said device with respect to sound 
energy at said predetermined frequency in said medium; 
and means for exciting said transducing device with en 
ergy of one of said types at a frequency selected to be 
approximately said predetermined frequency to excite 
said resonance across said diameters of said disk and for 
deriving from said device energy of the other of said 
types. 

10. A transducer for transducing between sound energy 
in a liquid medium and energy of another type in said 
transducer, comprising: a device for transducing between 
energies of said two different types, including a disk of a 
material having at one predetermined frequency, de 
pendent upon the velocity of propagation of compressional 
waves in any radial direction in said material, a mechani 
cal resonance across all diameters of said disk, said reso 
nance being coupled relatively strongly mechanically to 
motions in the thickness direction of said disk due to the 
Poisson ratio of said material, and having other mechani 
cal resonances, all of which are relatively remotely re 
moved from said predetermined frequency; means for op 
erating said disk in said liquid medium so that the edge 
and one face of said disk are acoustically shielded from 
said medium and so that acoustical coupling is effected 
between said medium and substantially all portions of the 
other face of said disk, said coupling causing said motions 
in said thickness direction of said disk to be associated 
with an essentially single-lobed well-de?ned directional 
pattern of said device in all planes normal to said other 
face of said disk with respect to sound energy at said pre 
determined frequency in said medium; and means for 
exciting said transducing device with energy of one of 
said types at a frequency selected to be approximately 
said predetermined frequency to excite said resonance 
across said diameters of said disk and for deriving from 
said device energy of the other of said types. 

11. The process for transducing between sound energy 
in a liquid medium and energy of another type in a trans 
ducer device having essentially a single-lobed well-de 
?ned directional pattern with respect to said sound en 
ergy, comprising: providing in said transducer device a 
disk of material having at one predetermined frequency, 
dependent upon the velocity of propagation of com 
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a mechanical resonance across all diameters of said disk 
which is coupled relatively strongly mechanically to mo 
tions in the thickness direction of said disk due to the 
Poisson ratio of said material, all other substantial me 
chanical resonances of said disk, including any resonance 
across said thickness thereof, being relatively remotely 
removed in frequency from said predetermined frequency; 
disposing said device with said disk in said liquid medium 
so that the edge and one face of said disk are shielded 
acoustically from said liquid medium while at least a 
portion of the other face of said disk is coupled acoustically 
to said liquid medium; exciting said disk to said resonance 
across said diameters with energy of one of said types 
at a frequency selected to be within a narrow range of 
frequencies adjacent to said predetermined frequency; 
and deriving from said device including said disk energy 
of the other of said types transduced in said device at 
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