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This invention relates to piezoelectric devices 
for the conversion of mechanical into electrical 
energy or vice versa, and particularly to such de 
vices wherein a ?exible crystal element acts as a 
diaphragm to co-act with the surrounding me 
dium. Devices of the general type to which this 
invention pertains’ are exempli?ed in United 
States Letters Patent 2,105,010 and are com 
mercially known as “Sound Cells.” It is to be un 
derstood, however, that the term “sound” as used 
in this speci?cation is intended to have a very 
broad connotation. That is to say, it includes vi 
bratory movement in any ?uid or gaseous medium 
and also embraces static pressures as well. 

It is an object of the invention to provide a 
simple and rugged Sound Cell and one that may 
easily be moisture-proofed. 

‘ Another object of the invention is to provide 
an improved Sound Cell that shall have non-di 
rectional response, insensitiveness to mechanical 
shock, relatively small size, shall have light weight 
and be simple in construction. ‘ ’ 

Another object of the invention is to provide 
a microphone of the Sound Cell type wherein the 
piezoelectric crystal section is so suspended that 
its operational resonance is substantially the 
same as the free resonance thereof. 
Another object of the invention is to provide 

a piezoelectric transducer wherein the response 
characteristic curve shall be reasonably ?at over 
a wider range of sound frequencies than that ob 
tainable with analogous devices heretofore 
known. , 

Another and more speci?c object of the inven 
tion is to provide a Sound Cell wherein only a 
single “Bimorph” element is required for non 
directional response. 
The foregoing objects and other objects ancil 

lary thereto, in a preferred embodiment of the in 
vention are attained by mounting a piezoelectric 
crystal “Bimorph” element of the twister type 
within a housing’ so constructed that sound waves 
impinging on the front of the cell are given ac-v 
cess to one pair of diagonally opposite corners or 
quadrants of the crystal only, while sound waves 
arriving at the rear face of the cell are permitted 
to impinge only upon the other two corners or 
quadrants of the crystal element. More speci? 
cally, the “Bimorph” is supported along nodal 
lines thereof and between two housing elements 
or cover plates, each of which is provided with 
two windows giving sound access respectively, to 
the pairs of diagonally opposite corners or 
quadrants of the crystal element with the result 
that sound pressures additively cause the element 
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to flex around the nodal lines and to develop po 
tentials representative thereof. Y 
The supporting means may be constituted by 

two gaskets, each of which has four windows cut 
through it, the bars between the openings con 
tacting opposite faces of the crystal element along 
the nodal lines only, whereby free movement of 
the corners of the “Bimorph” is permitted. Seal 
ing means are also provided for preventing sound 
from reaching the rear surfaces of the active 
corners of the crystal, the supporting gaskets 
serving to prevent any two adjacent corners of the 
“Bimorph,” as seen from the front or rear of the 
cell, from being simultaneously exposed to sound 
pressures acting in the same direction with re 
spect to the plane of the crystal. 
The novel features of this invention are set 

forth with particularity in the appended claims. 
The invention itself, however, both to its organ 
ization and its method of operation, together with 
further objects and advantages thereotwill best 
be understood from a consideration of the follow 
ing description of certain speci?c embodiments 
taken in connection with the accompanying 
drawing in which: ' 

Fig. 1 is a front view in perspective of a pre 
ferred embodiment of the invention; 

Fig. 2 is a vertical sectional view taken along 
the line 2—2 in Fig. 1; 

Fig. 3 is an elevational view in perspective of 
the crystal-supporting gaskets, showing a 
“Bimorph” in between them. 

Fig. 4 is a view in perspective of an interior ele 
ment of the device shown in Fig. 1; 

Fig. 5 is a vertical sectional view of an alter 
native embodiment of the invention; 

Fig. 6 is a view in perspective of the crystal 
supporting and damping element embodied in 
the device exempli?ed by Fig. 5 and showing a 
crystal section in place; 

Fig. 7 is a view in perspective exemplifying a 
crystal supporting gasket of the type utilized 
when a bender crystal is employed; 

Fig. 8 is a view in perspective of a “Bimorph” 
crystal unit of the twister type, and 

Fig. 9 is a View in perspective of a Sound Cell 
comprising a, piezoelectric element of the “bender 
type.” " ' ’ - 

In all ?gures of the drawing, identical elements 
are similarly designated. ‘ ’ 

Referring now to Fig. l of the drawing, the 
improved Sound Cell is constituted by a front 
plate I and a back plate 3, each plate being pro 
vided with a, pair of openings 5—'o' for permitting 
sound to impinge ‘directly upon the quadrant 
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areas 6-5 of a “Bimorph” assembly ‘I of the 
“twister” type that is supported between them. 
Such an assembly is shown in Fig. 8. The plates 
I and 3 may be of any suitable material such as 
hard wood, metal, or plastic. The windows 5-5 
in the plate I are located at the opposite ends of 
a diagonal line joining two of the corners of the 
"Bimorph” assembly as indicated in Fig. 1. The 
back plate 3 also has two windows 5-5 in it, per 
mitting sound to impinge only upon the other two 
quadrants of the “Bimorph” assembly. 
For the purpose of preventing sound pressure 

leakage, so to speak, from each of the active 
quadrant surfaces to an adjacent quadrant sur 
face on the same side of the crystal element, the 
element is clamped between two gaskets 9-9, as 
indicated in Fig. 3 of the drawing. Any other 
suitable means for isolating the quadrants may 
be substituted for the gaskets without departing 
from the ‘spirit of the invention. Each gasket 
has four windows II in it opposite, respectively, 
to the corners of the crystal assembly and the 
bars l3 between the windows contact opposite 
sides of the crystal assembly along nodal lines. 

If gaskets are utilized, as shown, they may be 
of any suitable material, such as rubber or the 
like, adapted to make such intimate contact with 
the'crystal element that the ?uid medium, in 
which the device operates, is prevented from leak 
ing past the junctions. Cement may be used 
between the gaskets and the crystal element, or 
element assembly, if desired. 
For the purpose of preventing sound pressure 

from reaching the rear face of each corner of the 
crystal as seen through the window correspond 
ing thereto, the crystal assembly may be sur 
rounded by a collar I5 of soft material such as 
rubber or “Viscoloid” as shown in Figs. 5 and 6. 

Alternatively, as shown in Figs. 2 and 4, the 
“Bimorph” may be placed within a relatively stiff 
frame [1, the depth of which equals the crystal 
thickness and a sheet IQ of paper, metal foil, or 
the like may be cemented to one or both faces 
of the crystal and to the adjacent surface of the 
frame. If the frame and the paper are utilized, 
it is advantageous to provide the frame with 
small inward projections or lugs 2i for the pur 
pose of centralizing the crystal, and also to pro 
vide a certain amount of compliance adjacent to 
the crystal corners by impressing corrugations 23 
in the surface of the paper thereat. It is to be 
clearly understood that the paper sheets are not 
diaphragms in the conventional sense of the 
word; in effect, sound pressures are applied di 
rectly to the crystal. 
Although omitted from the drawing, it is to be 

understood that the ?nished cell embodies means, 
such as a plurality of bolts, an encircling band, 
or the like, for holding the elements in spaced 
relation and for exerting sumcient pressure upon 
the gaskets and crystal carrying frame to effec 
tively acoustically isolate the corners of the crys 
tal from each other as well as to seal the edges 
of the device. 
The sub-assembly shown in Fig. 4 may be very 

thoroughly waterproofed by any suitable method 
provided that the coverings I9 are not materially 
stiffened at the crystal corners by the water 
proo?ng process. 
Although the frame I‘! of Fig. 4 has been omit 

ted from Fig. 3 for the sake of simplicity, it is to 
be under-stood that the spacing lugs thereon cor 
respond in position and width to the cross-bars 
in the resilient gaskets. ‘ 

It is also to be understood that many of the 
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dimensions of the drawing have been exaggerated 
for purposes of explanation, and that they may 
be materially departed from in constructing an 
actual device in accordance with the invention. 
In operation, sound impinges simultaneously 

upon the exposed pairs of corners as indicated by 
the arrows A, B, C, and D of Fig. 8 and is pre 
vented by the coverings I9 of Fig. 4, or the en 
circling collar l5 shown in Figs. 5 and 6, from 
reaching the rear of any corner. The gaskets, 
9-9, in cooperation with the unperforated sur 
face areas of the apertured plates l and 3 pre 
vent the application of sound pressures simul 
taneously to adjacent corners of the “Bimorph," 
in the same direction with respect to the plane 
of the crystal element. The “Bimorph,” there 
fore, is caused to flex along nodal lines corre 
sponding in location to the cross-bars of the sup 
porting gaskets 9—-9 with the result that alter 
nating potentials appear between the surface 
electrodes 25 and the central electrode 2?. Inas 
much as all dimensions of the cell may be made 
small in comparison with the wave length of the 
highest frequency at which it is to be operative, 
the device is substantially non-directional. 

If it is desired to utilize an ‘element of the 
bender type instead of the twister type, the gas 
kets 9-9 may take the general form of an X as 
shown in Fig. '7 of the drawing, and sound is 
permitted to impinge on the crystal element 
through oppositely positioned pairs of openings 
adjacent the edges instead of adjacent the cor 
ners thereof as is the case with the device ex 
empli?ed by the other ?gures of the drawing. 
The appearance of a Sound Cell comprising a 
“bender” element is exempli?ed by Fig. 9. 
In a preferred embodiment of the invention, 

exempli?ed by Fig. 2, the windows in the cover 
plates are preferably ?lled with appropriate 
damping material '29—29, the said material be 
ing spaced away from the corresponding corner 
of the crystal a short distance of the order of 
.01 of an inch. An appropriate damping ma 
terial is of the sintered metallic particle type 
disclosed and claimed in the copending applica 
tion of A. L. W. Williams et al., Serial No. 
541,694, ?led June 22, 1944. The material is 
omitted from Fig. 1 to avoid confusion. 

Alternatively, the end plates I and 3 of the 
sound cell may be entirely constructed of the 
said metallic damping material rendered imper 
vious to sound intermediate the window-areas 
by the application of a suitable cement which 
penetrates the minute passageways there 
through. Such modi?cation has not been illus 
trated because it is believed to be reasonably 
obvious to those skilled in the art. 
The leads 3l—3l from the “Bimorph” elec 

trodes purposely have been omitted from the 
several ?gures with the exception of Fig. 8. They 
may be brought out in any suitable manner, 
depending upon the use to which the ?nished 
device is to be put. Although a single sound 
cell utilizing a single “Bimorph” crystal has been 
disclosed, it is to be understood that it is pos 
sible, if desired, to build up a “wall,” so to speak, 
of sound cells, the window openings II lying, re 
spectively, in two planes; or a plurality of single 
sound cells may be utilized in any desired spatial 
relation for any given purpose such as to ob 
tain a greater output or to secure directivity. 
In such event the proper connecting of the ter 
minals is a matter of electrical design well with 
in the knowledge of one skilled in the art, and 
need not be illustrated. ' ' 
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Alsoaeither a single sound cell :or a plurality 
.ofsthe improved sound ‘cells may be utilized as 
sources. of sound or of-ivibratory phenomena in 
any. given medium. provided the electrodes are 
properly supplied with operating potentials. 
,. Among the advantages‘ of the improved sound 
cell may be mentioned the fact that the nodal 
linesupporting gaskets E—.-9-permit the crystal 
to. ‘resonate at ‘substantiallysits free frequency. 
.The. showing .of nodalsupports in‘the» Piersol 
'patent,.,1,930,536 is, .of’ course,~known.> The 
patent inquestion, however, relates to a quartz 
crystalwand. instead of the crystal beingleft free 
to ..vibrate at .its. natural: frequency, the patent 
has. for ,.its...object thedobtaining of much lower 
than natural frequencies» by forcible driving. 
Such“ result is attained byiproperly electroding 
the. corners of I the crystal and cross-connecting 
themtothe input circuit of an oscillator. In the 
improved soundicell, however,- the crystal is pur 
poselyileft as nearly free as possible and sound 
pressures .are. applied to the corners thereof, 
which pressures act additively in producing elec 
trical potentials. ' 

“Another. of the important advantages of the 
construction resides in the ease with which 
the. crystal sub-assembly may be waterproofed 
andv protected against climatic changes either 
through use-0f the encircling collar l5 exem 
pli?ed .by Figs. 5 and 6, or by the “drum” con 
struction shown in Fig. 4. 

. .Further modi?cations of the invention will be 
apparent toithose. skilled in the art to which it 
pertains. The invention, therefore, is not to be 
limited except insofar as is necessitated by the : 
prior art and by the spirit of the appended 
claims. \ ' 

What is claimed is: ~ * 

‘LA. transducer -.comprising a substantially 
planar piezoelectric element having a mode of 
free vibration characterized by the simultaneous 
displacement of diametrically opposite quadrants 
in the same direction with respect to the plane 
thereof while adjacent quadrants are displaced 
in opposite directions‘ with respect to said plane, 
said piezoelectric element being‘ disposed in a 
?uid medium with the‘ surface area of one quad~ 
rant lying in one face ‘of the element, directly‘ 
coupled to the fluid medium, and means for 
preventing the simultaneous coupling of the sur--‘ 
face area of said quadrant lying in the other 
face of the crystal element to said ?uid medium. 

2. A transducer 
planar piezoelectric element having a mode of 
free vibration characterized by the simultane- ' 
ous displacement of diametrically opposite quad 
rants .in the same direction with respect to the 
plane thereof while adjacent quadrants are dis- 
placed in opposite directions with respect to said 
plane, said piezoelectric element beingrdisposed 
in a ?uid medium with the surface-areas of a 
pair of diametrically disposed quadrants, lying in 
one face of the element, directly coupled to the 
?uid medium, and means for preventing ‘the 
simultaneous coupling of the surface areas of 
said quadrants‘lying in the other face of the 
crystal element to said ?uid medium. , ‘ , _ 

3. A transducer as set forth in claim 3; further 
characterized in that acoustic’ dampingmeans 
is interposed in the path between the‘ ?uid me~ 
dium and the said directly coupled area. - , _ , ' 

4. A‘ transducer as set forth in claim 2, further 
characterized in that acoustic dampingmeans = 
is interposed in the path between the fluid 

comprising a substantially 
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medium and the said" directly - coupled surface 
areas“ 1"“. j . ,. . 

5; In.-a¢transducer~-Iadapted to utilization 'in a 
‘?uid. medium, a; frame provided with a plurality 
of lugs extending inwardly from the walls there 
of, the depth of the frame" being substantially 
equivalent to the thickness of a piezoelectric ele 
ment having- given/dimensions, a plurality of 
planar sealing elements of ?exible waterproof 
material, onelfor each face of th'e"frame,-the 
said elements being hermetically a?ixed, respec 
tively, along their'peripheries- to opposite faces 
of the frameito constitute’a closed “container, and 
a piezoelectric element of the given dimensions 
disposedv within saidicontainer with ‘its opposite 
major faces in' ‘contact, respectively, with the 
inner‘ surfaces of the-sealing elements and its 
edge faces in contact with the inner surfaces of 
said lugs; ‘and means connected to said frame for 
preventing the coupling of only a portion of the 
surface‘of at least one of said major faces to 
the ?uid medium. ‘ 1 

6. The invention'set forth in claim 5, char 
acterizedin that‘the surfaces of‘the piezoelectric 
element are *af?xe‘d,‘ respectively, to the sealing 
element's whereby the element is positioned within 
the container. ‘ ‘ 

'7. The device as‘ set forth in claim 5 further 
characterized in this: that the ‘said opposite 
major faces of the said piezoelectric element are 
connected substantially? throughout their entire 
area to the said sealingelements. ’ “ 

‘8.‘The»device as set‘ forth in claim 5 further 
characterized in this: that only a portion of the 
edge face area of said piezoelectric element is in 
contact with said plurality of inwardly extending 
lugs thereby establishing clearance space between 
the frame and at least ‘a portion of the edge-face 
area of said ‘piezoelectric element, and that the 
said planar sealing elements'ar'e shaped for in 
creased flexibility adjacent‘ said clearance space. 

9. A transducer comprising a substantially 
planar piezoelectric element having ‘a mode of 
free vibration characterized by the simultaneous 
displacement of diametrically opposite quadrants 
in the same direction with respect to the plane 
thereof while adjacent quadrants are displaced in 
opposite directions ‘with respect to said plane, 
said piezoelectric element being disposed in a 
?uid medium'with'the surface area of one quad 
rant, lying in one face of the element, directly 
coupled to the ?uid medium, and means asso 
ciated'vwith said piezoelectric element for pre 
venting the simultaneous coupling of the surface 
areaof an adjacent quadrant of said one face to 
said ?uid medium. ‘ ‘ 

10. A transducer comprising a, substantially 
planar piezoelectric element havinga mode of 
free vibration characterized by the simultaneous 
displacement of diametrically opposite quadrants 
in thesame direction with respect to the plane 
thereof while adjacent quadrants are displaced in 
opposite directions with respect to said plane, said 
piezoelectric elementv being disposed in a ?uid 
medium with the surface areas of two diametri 
callyppposite quadrants of one face thereof di~ 
rectlycoupledlto the ?uid medium, and means 

v associatedwithsaid piezoelectric‘element for pre 
venting the simultaneous coupling of the surface 
areasipf two adjacent diametrically opposite 
quadrants of: said one' face to said ?uid medium. 
~11.'A_:transducer as set forth in claim 9, fur 

' ther: characterized-‘in that acoustic damping 
75 means is interposed in the path between the ?uid 
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medium and the said .‘directly coupled surface 
area of the piezoelectric element. ‘ , , ' 

12. A transducer as set forth in claim 10, fur 
ther characterized in that acoustic damping 
means is interposed in the path between the ?uid 
medium and the said directly coupled surface 
area of the piezoelectric element. 

13. A transducer comprising a substantially 
planar piezoelectric element having a mode of 
free vibration characterized by the simultaneous 
displacement of diametrically opposite quadrants 
in the same direction with respect to the plane 
thereof while adjacent quadrants are displaced in 
opposite directions with respect to said plane, said 
piezoelectric element being disposed in a ?uid 
medium with the surface area of a ?rst pair of 
diametricallyv disposed quadrants, lying in one 
major face of the element, directly coupled to 
the said ?uid medium; and with the surface area 
of a second pair of diametrically disposed quad 
rants, lying in the other major face of the ele 
ment, directly coupled to the said ?uid medium; 
means associated with said one face for prevent 
ing the coupling of the surface areas of a third 
pair of diametrically disposed quadrants to the ' 
?uid medium, and means associated with said 
other major face for preventing the coupling of 
the surface areas of a fourth pair of diametrically 
disposed quadrants to the ?uid medium, the cou 
pled surface areas of each major face substan 
tially registering with the uncoupled surface 
areas of the other major face. 

14. A transducer comprising, in combination, a 
substantially planar piezoelectric element com 
prising a plurality of parallel plates of crystalline 
material so oriented with respect to the crystal 
lographic axes and connected together that it is 
adapted to flex under the in?uence of electro 
static ?elds, frame means, means for mounting 
said piezoelectric element in said frame means 
whereby the element has a mode of substantially 
free vibration characterized by the simultaneous 
displacement of diametrically opposite quadrants 
in the same direction with respect to the plane 
thereof while adjacent quadrants are displaced in 
opposite directions with respect to said plane, 
said piezoelectric element being disposed in a 
?uid medium with the surface area of one quad 
rant of one face thereof directly coupled to the 
?uid medium, and means connected to said frame 
means for preventing the simultaneous coupling 
of the surface area of an adjacent quadrant of 
said one face to said ?uid medium. 

15. The invention as set forth in claim 14 fur 
ther characterized by acoustic damping means 
mounted on said frame means closely adjacent to 
the surface area of the quadrant of the said one 
face of the piezoelectric element which is coupled 
to the ?uid medium. 

16. A transducer comprising, in combination, a 
substantially planar piezoelectric element com 
prising a plurality of parallel plates of crystalline 
material so oriented with respect to the crystallo 
graphic axes and connected together that it is 
adapted to flex under the in?uence of electro 
static ?elds, frame means, means for mounting 
said piezoelectric element in said frame means 
whereby the element has a mode of substantially 
free vibration characterized by the simultaneous 
displacement of diametrically opposite quadrants 
in the same direction with respect to the plane 
thereof while adjacent quadrants are displaced 
in opposite directions with respect to said plane; 
said piezoelectric element being disposed in a 
?uid medium with the surface areas of two dia 
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metrically opposite quadrants of one face thereof 
directly coupled to the ?uid medium, and means 
connected to said frame means for preventing 
the simultaneous coupling of surface areas of the 
two adjacent diametrically opposite quadrants of 
said face to said fluid medium. ' 

1'7. A transducer comprising a substantially 
planar piezoelectric element having a mode of 
free vibration characterized by the simultane 
ous displacement of two diametrically opposite 
quadrants in the same direction with respect to 
the plane thereof while the ‘two ‘adjacent quad 
rants are displaced in the opposite direction with 
respect to said plane, frame means connected to 
said piezoelectric element for supporting said ele 
ment to permit substantially said mode of free 
vibration, said piezoelectric element being dis 
posed in a ?uid medium with the surface area of 
one ‘quadrant, lying in one face of the element, 
coupled to the fluid medium, and acoustic shield 
ing means supported by said frame means for 
preventing the simultaneous coupling of the sur 
face area of said one quadrant lying in the other 
face of said crystal element to the surrounding 
?uid medium. 

18. A transducer comprising a substantially 
planar piezoelectric element having a mode of 
free vibration characterized by the simultaneous 
displacement of two diametrically opposite quad 
rants in the same direction. with respect to the 
plane thereof while the two adjacent quadrants 
are displaced in the opposite direction with re 
spect to said plane,‘ frame means connected to 
said piezoelectric element for supporting said 
element to permit substantially said mode of free 
vibration, said piezoelectric element being dis 
posed in a ?uid medium with the surface area of 
two diametrically opposite quadrants, lying in one 
face of the element, coupled to the ?uid medium, 
and acoustic shielding means supported by said 
frame means for preventing the simultaneous 
coupling of the surface area of the said two dia 
metrically opposite quadrants, lying in the other 
face of said element, to the surrounding ?uid 
medium, ‘ 

19. A transducer comprising a substantially 
planar piezoelectric element having a mode of 
free vibration characterized by the simultaneous 
displacement of two diametrically opposite quad 
rants in the same direction with respect to the 
plane thereof while the two adjacent diametri 
cally disposed ‘ quadrants are displaced in the 
opposite direction with respect to said plane, 
frame means connected to said piezoelectric ele 
ment for supporting said element to permit sub 
stantially said mode of free vibration; said piezo 
electric element being disposed in a ?uid medium 
with the surface area of two diametrically dis 
posed quadrants, lying in one face of said ele 
ment, coupled to the ?uid medium, and with the 
surface area of two adjacent diametrically dis 
posed quadrants, lying in the other face of said 
element, coupled to the fluid medium; and acous 
tic shielding means supported by said frame 
means for preventing the ‘simultaneous coupling 
of the surface area of the two diametrically dis 
posed quadrants, lying in said other face, to the 
?uid medium, and for preventing the simultane 
o'us coupling of the surface area of the two adja 
cent diametrically disposed quadrants, lying in 
said one face, to the fluid medium. - 

20. A transducer as set forth in claim 13 fur 
ther characterized in that acoustic damping 
means is interposed in the path between the ?uid 
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medium and the said directly coupled surface 
areas. 

21. The transducer as set forth in claim 16 fur 
ther characterized by acoustic damping means 
mounted on said frame means closely adjacent to 
the surface areas of said piezoelectric element 
which are coupled to the ?uid medium. 

22. The transducer as set forth in claim 17 fur 
ther characterized by acoustic damping means 
mounted on said frame means closely adjacent 
to the surface area of said piezoelectric element 
which is coupled to the ?uid medium. 
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23. The transducer as set forth in claim 18 fur 
ther characterized by acoustic damping means 
.mounted on said frame means closely adjacent 
to the surface areas of said piezoelectric element 
which are coupled to the ?uid medium. 

24. The transducer as set forth in claim 19 fur 
ther characterized by acoustic damping means 
mounted on said frame means closely adjacent 
to the surface areas of said piezoelectric element 

10 which are coupled to the ?uid medium. 

JOHN E. SHOME-R. 


