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ABSTRACT (IF THE DISCLOSURE 
The invention provides a shock resistant, piezoelectric 

ceramic transducer. More particularly, the transducer as 
sembly includes a plurality of annular ceramic rings sep 
arated by and cemented to plates of rigidifying material, 
such as steel washers. Then, the entire assembly is en— 
closed in a waterproof housing structure which includes 
a very strong unit enclosed in a waterproof and shock 
resistant material and ?lled within an inert dry gas. This 
construction provides a transducer utilizing an end-to-end 
compression and precludes damage from high amplitude 
transient shocks. 

This invention relates to an electroacoustic transducer 
and more particularly to an electroacoustic transducer hav 
ing improved resistance to mechanical shocks and being 
otherwise in construction, to be capable of operation at 
high power levels and to be capable of withstanding high 
amplitude transient shock pressures, while being readily 
and economically constructed. 

This invention relates generally to transducers where 
in a transducer unit is interposed between a vibratile dia 
phragm member and a support or weight member, the 
transducer unit including a plurality of transducer ele 
ments in end-to-end relation which compress and expand 
with vibratile movement of the diaphragm member. In 
operating such transducers, failures of the transducer units 
have been encountered when the transducer is operated 
at high power levels and where the transducer is sub 
jected to high amplitude transient shock pressures such 
as produced by explosions in the vicinity thereof, particu 
larly in underwater operation. 

Considerable improvement has been obtained from the 
use of coupling means such as disclosed in the application 
of Frank Massa entitled “Electroacoustic Transducer With 
Improved Shock Resistance,” Ser. No. 493,806, Oct. 7, 
1965. However, it has been found that failure of the units 
may still occur. 
The invention is based in part upon the discovery of 

causes, which give rise to such failures. In particular, we 
have found that the failure of the transducer units arise 
from transverse vibrations within the transducer elements, 
resulting from high power level operation or from high 
amplitude transient shock pressures applied to the trans 
ducer. 

According to an important feature of the invention, 
rigidifying means are associated with the transducer ele 
ments to limit vibratory movement thereof in transverse 
directions, resulting in a marked increase in the resist 
ance of the transducer to shocks and vibrations and per 
mitting operation of the transducer at extremely high 
power levels. 

According to a speci?c feature of the invention, the 
rigidifying means are in the form of plate means inter 
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posed between the transducer elements and of a ma- ' 
terial having a Young’s modulus substantially greater 
than ‘that of the transducer elements. By way of example, 
the plate means may be of steel, while the transducer ele 
ments are of a ceramic piezoelectric material, providing 
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a ratio of the Young’s modulus of the plate ‘means to 
that of the transducer elements of at least three and in 
some cases of twenty or more. 

Preferably, the plate means are securely bonded to 
the transducer elements, as by using a suitable cement. 

According to another important feature, the transducer 
elements are ring-shaped while the plate means are pref 
erably in the form of rings of approximately the same 
size and shape as that of the transducer elements, with 
holding means extending from the support member cen 
trally through the transducer elements and the plate 
means to the diaphragm member, to hold the components 
in assembly. With such elements, a highly e?icient trans 
ducer is provided capable of operating at high power 
levels, while the rigidifying means limits the transverse 
vibrational movements, to prevent fracture of the trans 
ducer elements. The provision of the rigidifying means 
is particularly advantageous in this construction, be 
cause radial resonance effects are encountered with the 
use of the ring-shaped transducer elements, which would 
otherwise cause peripheral cracks and destruction of the 
elements. 
A further important feature of the invention is in the 

provision of coupling means between the diaphragm 
member and the transducer unit, similar to that dis 
closed in the above-identi?ed application of Frank Massa, 
Ser. No. 493,806, such coupling means being character 
ized in that linear translatory forces are transmitted with 
negligible attenuation between the transducer unit and 
the diaphragm member and being further characterized 
in that ?exural vibrations of the diaphragm surface are 
attenuated by the coupling means to be thereby pre 
vented from reaching the transducer unit. 

Still another important ‘feature of the invention is in 
the incorporation of the assembly within a hollow rigid 
housing structure, in an arrangement similar to that dis 
closed in the copending application of Frank Massa en 
titled “Electroacoustic Transducer,” Ser. No. 537,899, 
?led Mar. ‘28, 1966, now Patent No. 3,328,751. In ac 
cordance with this feature, resilient means are disposed 
between an outer side wall surface of the weight member 
and an inner side wall surface of the housing structure, 
to restrain the weight member against transverse vibra 
tions while allowing substantially free movement thereof 
in a longitudinal direction. 

According to a speci?c feature of the invention, the 
resilient means includes a silicone rubber material 
adapted to allow the free sliding movement of the outer 
side surface of the weight member relative thereto. 

Another speci?c ‘feature is in the provision of a low 
friction cement on the outer side surface of the weight 
member. 

Still another speci?c feature is in the provision of a 
member of a sponge rubber material or the like, between 
an outer end face of the weight member and in inner 
face of the housing structure, operative to uncouple 
the weight member from the housing structure. 

This invention contemplates other objects, features and 
advantages which will become more fully apparent from 
the following detailed description taken in conjunction 
with the accompanying drawings which illustrate a pre 
ferred embodiment and in which: 
FIGURE 1 is a side elevational view of a transducer 

conducted according to the principles of the invention; 
FIGURE 2 is a vertical sectional view on an enlarged 

scale, taken substantially along 2—2 of FIGURE 1; 
FIGURE 3 is a top plan view of the transducer of 

FIGURE 1; and 
FIGURE 4 is a bottom plan view of the transducer of 

FIGURE 1. 
Reference numeral 10 generally designates a transducer 
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conducted according to the principles of the invention; 
The transducer 10 comprises a rigid vibratile piston plate 
or diaphragm member 11 which is preferably made of a 
material having a high stiifness~to-mass ratio. For exam 
ple, magnesium and aluminum alloys are some of the 
materials which may advantageously be used. It is even 
more advantageous to employ a type of aluminum casting 
which has a sponge-like structure and which has a density 
of only a fraction of solid aluminum and it retains a very 
high stiffness for the piston plate 11 which is necessary 
in order that it will vibrate without break-up of its sur 
face at the frequency of operation. 
A transducer unit generally designated by reference 

numeral 12 is provided which comprises four cylindrical 
elements 13-16 in end-to-end relation and having elec 
trode means on the end faces thereof. Preferably, the 
elements 13-16 may be ceramic cylinders of polarized 
barium titanate or lead zirconate or any other suitable 
material which is well known in the art for converting 
electrical energy to vibrational energy. Advantageously, 
the elements 13-16 are polarized with faces of like polar 
ity being disposed in abutting relation. 
A weight member 18 is secured against the end face 

of element 13, preferably with a thin insulating washer 
19 being provided. At the opposite end of the transducer 
unit 12, a coupling member 20 is provided, forming an 
important feature of the transducer, as will be more 
completely described. 

In accordance with this invention, rigidifying means 
are provided for limiting transverse vibrational movement 
of the transducer elements 13-16, preferably in the for-m 
of ring-shaped steel plates or washers 21, 22, 23, 24 and 
25, washer 21 being disposed between element 13 and 
the insulating washer 19, washer 22 being disposed be 
tween elements 13 and 14, washer 23 being secured be 
tween elements 14 and 15, washer 24 being secured 
between elements 15 and 16, and washer 25 being secured 
between element 16 and the coupling member 20. The 
washers 21-25 are bonded to the elements 13-16 by a 
suitable cement. The purpose thereof is to provide in 
creased radial stifr'ness for the ring-shaped elements 13-16 
so that when a shock wave arrives at the diaphragm mem 
ber 11, the compressional forces along the axis of the 
transducer which tend to cause an expansion in the diam 
eter of the elements 13-16 will lessen the magnitude of 
the radial strain on the elements and thereby prevent 
fracturing of the elements such as might occur under 
shock with the rings 21-25 eliminated. It is noteworthy 
that when a high amplitude transient shock pressure wave 
is impinged against the diaphragm member 11 it tends 
to excite radial resonances in the elements 13-16 to 
cause peripheral cracks. The rigidifying washers 21-25 
limit the transverse or radial deformation of the elements 
13-16 so as to restrict the radially resonant mode and 
to protect the elements 13-16 against cracking and failure. 

Materials having a high Young’s modulus are preferred 
for the washers 21-25 such as steels including stainless 
and high carbon steels. However, it is possible to use 
other materials including metal alloys and non-metallic 
materials, provided that the material has a Young’s 
modulus substantially higher than that of the elements 
13-16. 
The coupling member 20 serves for transmission of lin 

ear translatory forces with negligible attenuation between 
the transducer unit 12 and the diaphragm member 11 and 
further serves to cause attenuation of ?exural vibrations of 
the surface of the diaphragm element 11 to thereby pre 
vent such vibrations from reaching the transducer unit 12. 
The member 20 is preferably a ring having a triangular 
cross-sectional shape as shown with a flat surface engag 
ing the washer 25 and with a circular line edge in contact 
with the surface of the diaphragm member 11. Thus the 
member 20 cooperates with the washers 21-25 in minimiz 
ing vibrations of the elements 13-16 which might other 
wise cause fracturing thereof. 
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4 
To hold the weight member 18, the transducer unit 12 

and the vibratile diaphragm member 11 in assembly, se 
curing means are provided which comprise a bolt having 
a head portion 27 and a shank portion 28 extending 
through an opening 29 in the weight member 18 with an 
end portion 30 of the shank portion 28 being threaded into 
an opening 32 in the diaphragm member 11. A feature of 
the transducer is in the provision of a plurality of “Belle 
ville” springs 34 which are disposed between a collar 35 
engaged by the bolt head 27 and a base surface of a recess 
36 in the weight member 13. The springs 34 are cup 
shaped washers which behave as springs of relatively high 
stiffness and when the bolt is tightened, the basic vibrating 
elements of the assembly are held together with substan 
tially uniform pressures between the end faces of the trans 
ducer unit 12 and the weight member 18 and vibratile dia 
phragm member 11. Without the compression springs, the 
tension in the bolt would be function of temperature be 
cause of differences in thermal expansion of the various 
materials which make up the complete vibrating structure. 
With the spring elements 34 compressed by a fractional 
part of an inch, variations in dimensions of the assembled 
parts of a few thousandths of an inch will be negligible 
in determining the applied compressive force to the as 
sembled elements. 
A hollow rigid housing structure 38 is provided in sur 

rounding relation to the transducer unit 12 and the weight 
member 18 with resilient means in the form of an an 
nular gasket 39 being disposed between an open end of 
the housing structure 38 and a peripheral portion of the 
vibratile diaphragm member 11. As shown, the gasket 
39 is disposed between facing surfaces 41 and 42 of the 
member 11 and housing structure 38, respectively, the 
surfaces 41 and 42 being planar surfaces transverse to the 
axis of vibratile movement of the plate 11. Preferably, the 
gasket 39 is cemented to the surfaces 41 and 42 with 
strong waterproof cement such as an epoxy. It will be 
noted that the gasket 39 compresses and expands with vi 
bratile movement of the plate 11 and when the assembly 
is placed under water, the water pressure compresses the 
gasket 39 to a certain degree, to insure an effective seal. 
A feature of the transducer construction is that the 

thickness and stiffness of the gasket 39 is selected such 
that the resonant frequency, determined by the mass of 
the housing structure 38 and the compliance of the gasket 
39 occurs in a range well below the frequency of opera 
tion of the transducer assembly. With this arrangement, 
the diaphragm 11 will be uncoupled from the housing 
structure 38 and thus the housing structure 38 can effec 
tively remain stationary to prevent any undesirable radia 
tion of sound from the rear of the transducer assembly. 
This advantageous construction results in improved ef 
ficiency because only useful sound energy is radiated from 
the front face of the diaphragm 11. 
Another feature of the transducer is that the hollow 

rigid housing structure 38 is tapered, the diameter or 
transverse dimension thereof at the open end which is 
adjacent the diaphragm member 11 being substantially 
greater than the diameter or transverse dimension at the 
opposite end thereof. This arrangement permits the as 
sembly of a number of transducer assemblies within a 
minimum circle diameter so that a maximum power den 
sity can be achieved with an overall structure which is 
quite compact. 

Preferably, the weight member 18 has an outer surface 
43 which has a taper corresponding to that of the wall 
of the housing structure 38 to be in uniformly spaced 
facing relation to an inner wall surface 44 of the struc 
ture 38, so as to permit the Weight member 18 to have a 
maximum size relative to the overall size of the assembly. 
A very important feature of the invention is in the 

provision of resilient means 46 between the surfaces 43 
and 44, for restraining the weight member 18 against 
transverse vibrational movement while allowing substan 
tially free movement thereof in a longitudinal direction. 
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The resilient means 46 is preferably a silicone rubber 
which is sold under the trade name of Silastic. If this 
material is used, it may be poured in through a side 
hole in the housing 38 with the transducer placed with 
the diaphragm surface upwards, and after ?lling, the 
hole in the housing is sealed with‘a plug 47. When the 
silicone rubber compound is usedfor the resilient means 
46, there is no acoustic loss caused by vibration of the 
mass or weight member 18. The .reason for this is that 
the silicone rubber does not stick to the metallic surfaces 
and the vibrating surface slides freely by the silicone 
rubber. The presence of the silicone rubber reduces the 
destructive effect of transverse shock applied to the outer 
housing. 
As another preferred material, amore viscous material 

such as polyurethane or a soft rubber-like epoxy com 
pound may be used. When using such materials, it is 
desirable to uncouple the material from the weight mem 
ber 18 in order to prevent loss in efficiency of the trans 
ducer. In order to uncouple the mass or weight member 
18, a foam rubber disk 47 is cemented to the rear surface 
of the weight member 18. Additionally, the outer surface 
of the weight member 18 is provided with a coating 43 
of a low friction material such as Te?on, Mylar ?lm, or 
the like. - 

Another feature of the illustrated transducer is in the 
provision of a coupling transformer 50 which is supported 
on the outside of an end wall 51 of the housing structure 
38, preferably by means of a molded potting compound 
52 which encloses the transformer 50. The transformer 
50 is of conventional construction, including a three 
legged core structure 53 formed of stacked laminations 
with primary and secondary windings 54 on a center leg 
of the core 53, the secondary winding being connected 
to conductors 55 and 56, conductor 55 being connected 
to washers 21, 23 and 25 and conductor 56 being con 
nected to Washers 22 and 24. It will be understood that 
suitable electrodes are formed on the end faces of the 
elements 13-16. The primary winding of the transformer 
50 is connected through conductors 57 and 58 to con 
ductors of a waterproof cable 60, the end of the cable 60 
being enclosed in the potting compound 52. 
To prevent corrosion of the assembly in salt water en 

vironments, a cover of waterproof material is bonded to 
a radiating face 61 of the diaphragm member 11 and 
completely encloses the housing structure 38 to provide 
a water-tight seal around the‘ transducer assembly. In 
particular, a molded rubber cap 62 is provided having 
an internal contour of the same shape as the contour of 
the face 61, the internal surface of the cap 62 being 
bonded to the face 61 by means of a suitable cement, 
such as an epoxy. Preferably, the cap 62 may be molded 
directly to the surface of the member 11 by carrying the 
rubber compound in a mold using the piston or dia 
phragm member 11 as an insert. The cap 62 has an in 
tegral and annular ?ange portion 63 which embraces a 
peripheral edge 64 of the member 11 and which em 
braces an end portion of the housing structure 38. 

In accordance with a speci?c feature of the invention, 
the cap 62 is generally rectangular, preferably sub 
stantially square as shown in FIGURES 3 and 4, and the 
four corner portions thereof are so formed as to be 
thinner than the plate 11 and as to de?ne integral mount 
ing tab portions 65, the portions 65 being preferably pro 
vided with openings 66 therethrough, for mounting on a 
rigid support structure. \ 
The rubber cover further comprises a tapered or frusto 

conical rubber sleeve 68 which surrounds the housing 
structure 38 and preferably also surrounds the molded 
potting compound 52 which surrounds the transformer 
50. An end portion 69 is preferably disposed within the 
?ange portion 63 of the cap 62, and the outer surface of 
the housing structure 38 is recessed for this purpose. 

In accordance with a further feature of the transducer, 
the rubber sleeve member 68 is provided with a plurality 
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6 
of peripherally spaced tapered integral wedge portions 
70 which serve as additional shock mounts when the 
transducer is assembled into a frame-like mounting struc 
ture. Thus, the mounting structure may include a portion 
having an internal cylindrical surface for engagement by 
the tapered wedge portions 70. 
The cover for the assembly further includes a cap 71 

having an annular ?ange portion 72 surrounding an end 
portion of the sleeve 68. The cap 71 additionally has a 
strain relief extension 73 which embraces the cable 60. 
It is noted that a plug 74 may be ?tted into an opening 
in the cover 68 after applying the resilient material 46 
in the manner as above described. 

Still another feature of the transducer is in the preven 
tion of voltage breakdowns within the transducer assem 
bly while permitting application of high voltages to the 
transducer elements 13—16, to obtain high power opera 
tion thereof. In accordance with this feature, the plugs 47 
and 74 may be removed, to permit the space within the 
housing structure 38 and around the transducer 12 to be 
?lled with an inert dry gas, after the plate or diaphragm 
member 11 is secured to the open end of the housing 
structure 38 through the washer 39. After ?lling the space 
with an inert dry gas, the plugs 47 and 74 are inserted 
in place, after which the transformer 50 and potting com~ 
pound 52 are installed. Thereafter, the cap 62, sleeve 68 
and cap 71 are installed to provide the waterproof cover. 

It will be understood that modi?cations and variations 
may be effected without departing from the spirit and 
scope of the novel concepts of this invention. 
We claim as our invention: 

1. In combination in an electroacoustic transducer, a 
rigid vibratile diaphragm plate having a high stiffness-to 
mass ratio and mounted to vibrate without signi?cant 
breakup of its surface at the frequency of operation, said 
diaphragm plate member having opposite faces, a support 
member having an end face, a transducer unit between 
one of said faces of said diaphragm member and said end 
face of said support member and comprising a plurality 
of transducer elements in end-to-end relation to compress 
and expand with vibratile movement of said diaphragm 
member toward and away from said support member, and 
rigidifying means associated with said transducer ele 
ments for limiting transverse vibrational movement of 
said transducer elements responsive to movements of 
said diaphragm in directions other than toward and away 
from said support member. 

2. In an electroacoustic transducer as de?ned in claim 1 
said rigidifying means comprising plate means interposed 
between said elements and of a material having a Young’s 
modulus substantially greater than that of said trans 
ducer elements. 

3. In an electroacoustic transducer as de?ned in claim 
2, cement means bonding said transducer elements to 
said plate means. 

4. In an electroacoustic transducer as de?ned in claim 
2, said plate means being in the form of steel plates. 

5. In an electroacoustic transducer as de?ned in claim 
1, said transducer elements being in the form of piezo 
electric ceramic elements. 

6. In an electroacoustic transducer as de?ned in claim 
1, said transducer elements being ring-shaped. 

7. In an electroacoustic transducer as de?ned in claim 
6, said rigidifying means comprising plate means in the 
form of rings of approximately the same size and shape 
as said ring-shaped transducer elements. 

8. In an electroacoustic transducer as de?ned in claim 
1, said support member being in the form of a weight 
member having a relatively large mass, and a hollow rigid 
housing structure surrounding said transducer unit and 
said weight member and having an open end adjacent a 
peripheral portion of said vibratile diaphragm member. 

9. In an electroacoustic transducer as de?ned in claim 
8, said Weight member having an outer side wall surface 
in facing relation to an inner side wall surface of said 
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housing structure, and resilient means between said side 
wall surfaces for restraining and absorbing transverse vi 
bratory movement of said weight member while allowing 
substantially free movement in a longitudinal direction. 

10. In combination in an electroacoustic transducer, a 
vibratile diaphragm member having opposite faces, a sup 
port member having an end face, a transducer unit be 
tween one of said faces of said diaphragm member and 
said end face of said support member and comprising a 
plurality of ring-shaped transducer elements in end-to-end 
relation to compress and expand with vibratile movement 
of said diaphragm member toward and away from said 
support member, and rigidifying means associated with 
said transducer elements for limiting transverse vibra 
tional movement thereof, said rigidifying means compris 
ing plate means in the form of rings of approximately 
the same size and shape as said ring-shaped transducer 
elements, holding means extending from said support 
member to said diaphragm member through said trans 
ducer elements and said rigidifying means and acting in 
tension to hold said transducer unit and said members in 
assembly. 

11. In combination in an electroacoustic transducer, a 
vibratile diaphragm member having opposite faces, a sup 
port member having an end face, a transducer unit be 
tween one of said faces of said diaphragm member and 
said end face of said support member and comprising a 
plurality of transducer elements in end-to-end relation 
to compress and expand with vibratile movement of said 
diaphragm member toward and away from said support 
member, rigidifying means associated with said transducer 
elements for limiting transverse vibrational movement 
thereof, and coupling means between said transducer unit 
and said one of said end faces of said diaphragm member 
characterized in that linear translatory forces are trans 
mitted with negligible attenuation between said transducer 
unit and said diaphragm member and further character 
ized in that ?exural vibrations of said one of said end 
faces of said diaphragm member are attenuated by said 
coupling means and thereby prevented from reaching 
said transducer unit. 

12. In an electroacoustic transducer as de?ned in claim 
11, said coupling means comprising a structure having a 
?at plane surface on one side thereof attached to said 
transducer unit and having a narrow line edge on the 
opposite side thereof in contact with said one of said faces 
of said diaphragm member. 

13. In combination in an electroacoustic transducer, 
a vibratile diaphragm member having opposite faces, a 
support member having an end face, said support mem 
ber being in the form of a weight member having a rela 
tively large mass, a transducer unit between one of said 
faces of said diaphragm member and said end face of 
said support member and comprising a plurality of trans 
ducer elements in end-to-end relation to compress and ex 
pand with vibratile movement of said diaphragm member 
toward and away from said support member, rigidifying 
means associated with said transducer elements for limit 
ing transverse vibrational movement thereof, a hollow 
rigid housing structure surrounding said transducer unit 
and said weight member and having an open end adjacent 
a peripheral portion of said vibratile diaphragm member, 
said weight member having an outer side wall surface in 
facing relation to an inner side wall surface of said hous 
ing structure, and resilient means between said side wall 
surfaces for restraining and absorbing transverse vibratory 
movement of said weight member while allowing substan 
tially free movement in a longitudinal direction, said 
resilient means including a silicone rubber material 
adapted to restrain said transverse vibratory movements 
while allowing substantially free sliding movement of said 
outer side surface of said weight member relative thereto. 

14. In combination in an electroacoustic transducer, a 
vibratile diaphragm member having opposite faces, a sup 
port member having an end face, said support member 
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being in the form of a weight member having a relatively 
large mass, a transducer unit between one of said faces 
of said diaphragm member and said end face of said sup 
port member and comprising a plurality of transducer ele 
ments in end-to-end relation to compress and expand with 
vibratile movement of said diaphragm member toward 
and away from said support member, rigidifying means 
associated with said transducer elements for limiting 
transverse vibrational movement thereof, a hollow rigid 
housing structure surrounding said transducer unit and 
said weight member and having an open end adjacent a 
peripheral portion of said vibratile diaphragm member, 
said weight member having an outer side wall surface in 
facing relation to an inner side wall surface of said hous 
ing structure, and resilient means between said side wall 
surfaces for restraining and absorbing transverse vibra 
tory movement of said weight member while allowing 
substantially free movement in a longitudinal direction, a 
coating of a low friction material on said outer side sur 
face of said weight member. 

15. In combination in an electroacoustic transducer, 
a vibratile diaphragm member having opposite faces, a 
support member having an end face, said support member 
being in the form of a weight member having a relatively 
large mass, a transducer unit between one of said faces 
of said diaphragm member and said end face of said sup 
port member and comprising a plurality of transducer 
elements in end-to-end relation to compress and expand 
with vibratile movement of said diaphragm member to 
ward and away from said support member, rigidifying 
means associated with said transducer elements for limit 
ing transverse vibrational movement thereof, a hollow 
rigid housing structure surrounding said transducer unit 
and said weight member and having an open end adjacent 
a peripheral portion of said vibratile diaphragm member, 
said weight member having an outer end face in facing 
relation to an inner end face of said housing structure, 
and a member of foam rubber or the like between said 
outer and inner end faces. 

16. In combination in an electroacoustic transducer, 
a vibratile diaphragm member having opposite faces, a 
weight member having an end face, a transducer unit be 
tween one of said faces of said diaphragm member and 
said end face of said weight member and comprising a 
plurality of transducer elements in the form of rings of 
ceramic piezoelectric material in end-to-end relation to 
compress and expand with vibratile movement of said 
diaphragm member relative to said weight member, a 
plurality of plate means in the form of rings interposed 
between said transducer elements and having approxi 
mately the same size and shape as said transducer ele 
ments, said plate means being of a material having a 
Young’s modulus substantially greater than that of said 
ceramic piezoelectric transducer elements, cement means 
bonding said plate means to said transducer elements, 
holding means extending from said weight member cen 
trally through said transducer elements and said plate 
means to said diaphragm member, coupling means be 
tween said transducer unit and said one of said faces of 
said diaphragm member characterized in that linear trans 
latory forces are transmitted with negligible attenuation 
between said transducer unit and said vibratile diaphragm 
and further characterized in that ?exural vibrations of 
said faces of said diaphragm member are attenuated by 
said coupling means and thereby prevented from reach 
ing said transducer unit, a hollow rigid housing structure 
surrounding said transducer unit and said weight member 
and having an open end adjacent a peripheral portion of 
said diaphragm member, resilient means interposed be 
tween said open end of said housing structure and said 
peripheral portion of said vibratile plate arranged to ?ex 
ibly seal said housing structure to said vibratile plate, said 
weight member having an outer side wall surface in facing 
relation to an inner side wall surface of said housing 
structure, and resilient means between said outer and 
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inner side wall surfaces for restraining said Weight mem 
ber against transverse vibratile movement while allowing 
substantially free movement thereof in a longitudinal 
direction. 
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