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FOCUSED ELECTROMECHANICAL DEVICE 

Alfred L. W. Williams, Cleveland Heights, Ohio, 
assignoi' to The Brush Development Company, 
‘Cleveland, Ohio, a corporation of Ohio 

Application April 21, 1949, Serial No. 88,865 
(Cl. 171-327) _ 19 Claims. 

1 
This invention relates to electromechanical-de 

vices of the type ‘which operate in association 
with an acoustical medium and, more particu 
larly, to a focused electromechanical device for 
transduclng between two types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of the device and 
the other type of which is electrical energy trans 
lated by electrodes thereof. The phrase “me 
chanical energy,” as used in this speci?cation 
and in the appended claims, embraces and in 
cludes the phenomena of acoustical propagation 
of energy through any material medium, so that 
acoustical energy is considered as being one form 
or manifestation of mechanical energy. 
This application is a continuation-in-part of 

. 2 ' 

center, depending on 
response in the Y-direction or the Z-direction 
has the greater effect. To compensate for these 
variations concave radiating bodies of quartz 
have been devised in which the thickness di 
mension varies from point to point in accordance 
with a complicated formula. ' Even with these 
precautions the radius of curvature of the spher 
ical surface- must be made quite ‘large and the 
angle from the center of curvature subtended .by 
opposite edges of the concave surface must be 
made quite small to obtain satisfactory oper 

_ ation. 

15 

my application Serial No. 767,987, ?led August 11, ' 
1947, and assigned tov the same assignee as the 
present invention, and also is a continuation-in- . 
part of my application Serial No. 32,593, ?led June 
v12, 1948, and assigned'to the same assignee as the 
present invention. 
Attempts have been made to focus acoustical 

energy in a spot or small region. For example, 
plane waves may be concentrated by directing 
them against a concave re?ector of parabolic 
or spherical cross section. It also has been pro 
posed to radiate acoustical energy from a body 
of quartz having a concave surface which is a 
small portion of a spherical surface. Such a 
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quartz radiator may be fashioned from a rela- ' 
tively large single crystal of quartz so that the 
crystallographic X-axis is normal to the radi 
ating surface at the center of the concave surface. 
A concave quartz acoustical radiator'made in 

this way has the disadvantage that the X-axis is 
normal to the radiating surface only at its center. 
As a ‘result, the peripheral areas of the surface 
have components of motion tangentially of these 
areas. Not only do these tangential components 
of motion contribute nothing to the acoustical ra 
diation, but the components of motion normal to 
the surfacevlack sufficient amplitudes to make 
their full contribution to the focused radiation. 
Moreover, the frequency constant varies from 
point to point in the portions of the quartz ad 
jacent to various surface areas of the radiator, 
so that it is very di?icult to obtain the desired 
motion of the radiating surface as‘ a whole. Not 
only do the above-mentioned properties of the 
material vary as the direction of the X-axis de 

, parts from the normal direction, but the extent 
and nature of such variation at a given distance 
from the center of the concave surface are differ 
ent in different transverse directions from the 55 walls of polycrystalline dielectric material such 
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Another method of overcoming the di?iculties 
just mentioned. is toform numerous‘ small piezo- . 
electric elements with plane surfaces into a com 
posite transducing device in which each of these 
elements serves as one elemental portion of a 
concave surface. This-has the advantage of re 
quiring only relatively small pieces of transducer 
grade quartz, since the larger pieces, suitable for 
the production of a single focused transducer 
body large enough-to effect the transfer of useful 
amounts of energy to or from, an acoustical me 
dium, are rare and expensive. However, the de 
sign and fabrication of multi-element trans 
.ducers also is expensive, and the ?nished trans 
ducers are more subject to failure due to such 
causes as improper cementing of the numerous 
elements and breakage of electrical leads. The 
more complicated multi-element construction re 
sults in some of the concave surfacebeing inactive 
and is obviously less satisfactory than a unitary 
construction as regards both efficiency and 
tenance. , 

It has been observed that certain materials of 
a ceramic nature are capable of substantial elec 
tromechanical response. This response is realized 
to best advantage when the material is treated 
electrically to establish acondition of electro 
static polarization therein. Polycrystalline ma 
terials which exhibit this unusual response in 
clude certain titanates of ‘ the alkaline earth 
metals, notably barium titanate, Bodies of such 
polycrystalline materials, polarized to develop a 
substantial linear electromechanical response, are 
disclosed and claimed in the copending applica 
tion Serial No. 740,460, ?led April 9, 1947, in the 
name of Hans Ja?e and assigned‘to the same as 
signee as the present invention. 
In my aforesaid copending application Serial 

No. 767,987 there is disclosed and claimed as an 
electromechanical transducer comprising a hol 
low shape such as a cylinder or a spherehaving 
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as barium titanate. The inside surfaces of the 
cylinder or sphere may be in acoustical contact 
with a medium capable of transmitting hydro 
static pressure for translation of acoustical en 
ergy between those surfaces and the medium. 
Electrodes are provided on the inside and outside 
surfaces, and a source of a unidirectional poten 
tial is shown coupled across these electrodes so 
as to provide a polarizing ?eld acting in the 
thickness direction on the walls of the hollow 
shape. Such an arrangement is illustrated, for 
example, in Fig. 1 of the drawing in the afore 
said application, in which a cylindrical container 
filled with a liquid is shown with a piston extend 
ing from a diaphragm in contact with the ex 
ternal air through an end wall axially into the 
container to act upon the ?uid therein. In my 
aforesaid application Serial No. 32,593 there is 
disclosed and claimed an electromechanical trans 
ducer comprising a body of such a polycrystalline 
dielectric material having wall portions sur 
rounding a region which has a medial line ex 
tending generally longitudinally of these wall por 
tions. This body may have the shape of a straight 
cylindrical tube in which the medial line is the 
axis of the tube. The inside and outside walls 
of the tube are provided with electrode means. 
This tubular apparatus is further provided with 
mechanical means such that motion of the me 
chanical means is associated with bending of the 
medial line. 

I have discovered that electromechanically 
responsive polycrystalline material, such as 
.barium titanate, formed into a body having a 
concave surface, such as a spherical or cylindrical 
surface, may be arranged to provide a focused 
electromechanical device for e?ecting electro 
mechanical coupling with an acoustical medium 
in which the useful acoustical energy is concen 
trated in a more or less limited focal region rel 
ative to the body of dielectric material. 

It is an object of this invention, therefore, to 
provide a new and improved focused electro 
mechanical device which substantially avoids one 
or more of the limitations and disadvantages of 
prior arrangements of the type described. 

It is another object of the invention to provide 
a new and improved focused electromechanical 
device which may be constructed easily using rel 
atively inexpensive and easily available ma 
terials. 

It is a further object of the invention to pro 
vide an improved electromechanical focusing 
device of sturdy construction which is not sub 
Ject to the complexity of structure or to the tend 
ency toward breakage of the prior arrangements. 

It is a still further object of the invention to 
provide an electromechanical device exhibiting 
a high order of response during transducing be 
tween mechanical energy in an acoustical me 
dium at a focal region of the device and electrical 
energy translated by electrodes thereof. 

It is an additional object of the invention to 
provide a new and improved focused electrome 
chanical device having both a large radiating or 
receiving surface and a small focal length. . 

It is yet another object of the invention to pro 
vide an electromechanical device in which acous 
tical energy at a focal region of the device is 
collimated into generally parallel rays of acous 
tical energy which may be caused to propagate 
in a region which is elongated but of small cross 
sectional area relative to the surface area of 
the radiator of the focused energy. 
In accordance with an embodiment of the in 
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4 
vention, a focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of the device and 
the other type of which is electrical energy trans~ 
lated by electrodes associated with the device, 
comprises a body of electromechanically respon 
sive polycrystalline dielectric material having a 
concave major surface, determining a mechani 
cal-energy-translating location at a focal region 
in front of the concave surface, and electrically 
polarized to provide a major electromechanical 
response in a thickness mode of motion normal 
to the concave surface. The device also com 
prises electrode means, including electrodes in 
dividually disposed adjacent to the aforesaid con 
cave surface and to the opposing surface of the 
body, and including electrical terminal means 
coupled to these electrodes to establish an electri 
cal-energy-translating location. The device also 
includes means for applying energy of one of 
the two aforementioned types to the correspond 
ing one of the energy~translating locations and 
for utilizing energy of the other of these types 
developed at the other of the energy-translating 
locations. / 

In accordance with a particular feature of the 
invention, a focused electromechanical device 
includes a volume of an acoustical medium in 
effective acoustical contact with the concave sur 
face and extending toward the focal region. 
There also is provided means, disposed near the 
focal region in effective acoustical contact with 
this acoustical medium and including a surface 
effective to change the curvature of an acousti 
cal wave front, for converting between acoustical 
energy which propagates in non-parallel paths 
in the regions between the concave surface and 
the last-mentioned means and related acoustical 
energy which propagates in generally parallel 
paths in an elongated mechanical-energy-trans 
lating location. It will be observed that the 
mechanical energy, in accordance with this fea 
ture of the invention, is directly applied or di 
rectly utilized in an elongated energy-translat 
ing location more or less remote from the focal 
region of the device; nevertheless, the mechani 
cal energy is propagated in the form of acoustical 
energy past the above-mentioned means disposed 
near the focal region, so that the focal region 
still remains a mechanical-energy-translating 
location, to which mechanical energy is applied 
acoustically from the elongated location or in 
which mechanical energy is utilized by causing 
it to be propagated acoustically in collimated 
form into the elongated location. 
For a better understanding of the present in 

vention, together with other and further objects 
thereof, reference is had to the following de 
scription taken in connection with the accom 
panying drawings, and its scope will be pointed 
out in the appended claims. 
In the drawings. Fig. 1 is a cross-sectional view, 

partly schematic, of a device in accordance with 
the invention for transducing from mechanical 
energy to electrical, energy; Fig. 2 is a cross 
sectional view, also partly schematic and omit 
ting supporting structures, of a device in accord 
ance with the invention for transducing from 
electrical energy to mechanical energy; Fig. 3 is 
a block diagram' of a complete apparatus for 
dispersing a ?nely divided solid in a liquid 
medium; Fig. 4 is a sectionalized perspective 
view of a portion of the arrangement illustrated 
in Fig. 3 which embodies the present invention; 
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Fig. 5 is a perspective view'of another embodi 
ment of the invention; and Figs. 6 and’! are 
cross-sectional elevations of two alternative. 
forms of a device embodying a particular fcature 
of the invention. 

Referring to Fig. 1 of the drawings, there is - ‘ 
illustrated, partly in schematic form, a focused 
electromechanical device for transducing - be 
tween the two types of energy, one type of which 
is mechanical energy in an acoustical medium 
at a focal region of the device and the other type 
of which is electrical energy translated by elec- ' 
trodes thereof. More particularly, there is illus 
trated in Fig. 1 a device for transducing from 
mechanical energy to electrical energy. The me 
chanical energy is introduced into the device at. 
a small source of such energy. This source of 
an acoustical disturbance, occupying a rather 
small volume of space,_ is designated schemati 
cally in Fig. l as a small volume-indicated at the 
reference numeral II. This source II is im 
mersed in an acoustical medium, for example a 
liquid body of water or oil. The source ll may 
be, for example, a small acoustical radiator 
whose response it is desired to test with high 
sensitivity of the testing mechanism and with a 
minimum of interfering radiation from regions 
outside the focal region of the testing device. 
The device illustrated in Fig. 1 is viewed in 

cross section, the section being taken centrally 
through the parts of the device which are not 
shown purely schematically, and comprises a 
body l2 of electromechanically responsive poly 
crystalline dielectric material. Preferably this 
dielectric material is a titanate material of the 
type which, upon treatment with a unidirectional 
electrical ?eld, becomes electrically polarized so 
as to provide a very substantial linear electro 
mechanical response. The body l2 of such a 
titanate-type material advantageously‘ is of a 
polycrystalline dielectric material composed pri 
marily of barium titanate. This body has a con 
cave major surface l3 approximately coinciding 
with a substantial portion of a hypothetical 
spherical surface. Thus, the surface l3 of the 
body l2 may be thought of as a portion of the 

' inside surface of a hollow sphere of dielectric ma 
terial, and the boundary of the spherical surfacev 
is a circular line formed by the intersection with 
the sphere of a hypothetical plane, seen edgewise 
in Fig. 1 as a line l4, It. The body I2 is pro 
vided with a ?anged portion l6, IS the front 
surface of which lies in the-plane l4, I4. The 
concave spherical surface l3 determines a me 
chanical-energy-translating location at a focal 
region in front of the concave surface. More 
speci?cally, this mechanicalrenergy-translating 
location coincides with the focal region in the 
neighborhood of the center of the hypothetical 
spherical surface, with a portion of which hypo 
thetical surface the concave surface l3v approxi 
mately coincides. As illustrated in Fig. 1, the 
source ii is placed approximately at the center 
of curvature of the spherical surface, although 
it will be understood that the focal region may 
occupy a substantial volume in the neighborhood 
of the central point due to dispersion effects and 
to imperfections in the geometry of the concave 
surface l3. In fact, a very substantial focusing 
action may be obtained with bodies‘ having con 
cave surfaces deviating quite materially from a 
geometrical shape affording ideal focusing action. 
The body of dielectric material I2 is electri 

cally polarized to provide a major electrome 
chanical response in a thickness mode of motion 

normal to the concave surface l3. While this 
condition of polarization may be provided by 
applying a constant unidirectional electrical volt 
age in the thickness direction across the body 12. 
for example, by the use of polarizing equipment 
such as that described in the aforesaid copending 
application Serial‘ No. 740,460, the method of pro-, 
viding such polarization is not limited to such an 
application of a biasing voltage. Thus, a‘ high 
unidirectional voltage, which may be a voltage 
approaching the breakdown voltage for the 
thickness of the material, may be applied for 
only a short period of time to‘ induce a condition 

' of remanent electrostatic polarization sufficient 

20 

25 

30 

35 

40 

50 

60 

. cave surface. 

to provide the desired high electromechanical 
response. 
l2 have a generally uniform thickness between 
the concave surface l3 and the convex opposing I 
surface H in the directions normal to the con 

As mentioned hereinabove, the 
body has a major electromechanical response in 
a thickness mode of motion by virtue of the elec 
trical polarization thereof. Since the polarized 
condition is brought about by polarizing voltage . 
applied in the'thickness direction, that is, be‘ 
tween the concave surface I3 and the opposing 
surface II, it will appear that the body i2 is 
polarized in directions differing at various por 
tions of the body and everywhere substantially 
normal to the concave surface thereof. 
Although the dielectric bodies of the devices of 

the present invention may be supported so that 
they are practically entirely surrounded by an 
acoustical medium, increased eiliciency usually 
may be derived by isolating the opposing or back 
surface I‘! of the body l2 from the medium, so 
that only the concavesurface I3 is in effective 
acoustical contact with the medium. Accord 
ingly, in the Fig. l arrangement the body i2 is 
provided with a container l8 of an electrically 
conductive material such that any ?uid which 
might occupy the spaces inside the container 
does not serve as a conductor of acoustical energy 
between the back surface I1 and the acoustical 
medium in which the container l8 and the ‘source 
Ii are immersed. The container I! has a'circu 
lar opening, to the inside edges of which the 
front surface of the ?ange I6 is cemented.- The 
body I2 is provided with electrode means, includ 
ing electrodes i9 and 20 individually disposed ad 
jacent to the concave surface l3 and to the op 
posing surface I‘! respectively of the body l2. 
It is convenient-to extend the front electrode l9 
somewhat beyond the boundary I4, M of the 
spherical surface l3 so as to make electrical con 
tact with the edge of the circular opening in the 
container it. A supporting block 2| is fastened 
within the container It to the back of the con 
tainer, and a, thick ‘retaining sheet 22 of a re 
silient material is compressed between the sup 
port 2i and the electroded back surface 11 of 
the body l2. The resilient sheet 22 is a non 
conductor of acoustical energy, and may be made 
of rubber interspersed with numerous air cells 
which serve to decouple the back surface I‘! 

- acoustically from they support 2!. 
Electrical connections to the electroded body 

i2 are made in the Fig. 1 arrangement by means 
of a coaxial cable 23 having a metallic outer 'con 
ductor 24 and an inner conductor 26, 26. The 
inner conductor 26 is spaced from outer con 
ductor 24 by means of suitable center insulators 
such as, the insulators 21 ‘and 28 illustrated at 
the two ends of the cable 23. If desired, the cable 
23 may be supplied with a ?exible, ?uid-tight, 

It is desirable that the‘ dielectric body 1' 
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insulating covering, not shown, which may be 
cemented to the outside of the container I8 at 
the bushing where the cable passes through the 
wall of the container. The inner conductor 26 
extends into the container and is soldered to the 
back electrode 20. At the remote end of the 
cable 23 the inner conductor 26 is connected to 
an electrical terminal 3|. The outer conductor 
24, which is connected conductively to the metal 
lic container I8 and thence to the front elec 
trode I9, is connected to another electrical termi 
nal 32. Thus the eiectrode means of the Fig. 1 
device effectively includes the electrical terminal 
means 3|, 32 coupled to the electrodes 20, I3 to 
establish an electrical-energy-translating loca 
tion, at the terminals and the associated electri 
cal connections. Through this electrical-energy 
translating location may pass the electrical cur 
rents associated with the transducing between 
electrical and, mechanical energy during ‘the 
operation of the device. ‘ 
The device shown in Fig. 1 includes means for 

applying energy of one of the two types, namely, 
mechanical energy in an acoustical medium or 
electrical energy, to the corresponding one of the 
two energy-translating locations, namely, the 
mechanical-energy-translating location at the 
focal region or the electrical-energy-translating 
location at the terminals 3|, 32 and associated 
connections, and for utilizing energy of the other 
of these types developed at the other of these 
energy-translating locations. This means in 
cludes a volume of the acoustical medium men 
tioned hereinabove, which is in effective acousti~ 
cal contact with the concave electroded surface 
I3 and extends toward the focal region. The 
same acoustical medium also occupies the focal 
region, although the mediumat or near the focal 
region may be a different acoustical medium, 
which in such case is in acoustical contact with 
the aforesaid volume of acoustical medium at an 
interface between the two media. In a preferred 
form of the device, however, the medium at the 
focal region is an extension of the above-men 
tioned volume of an acoustical medium, so that 
this medium not only is in acoustical contact with 
the concave surface I3 but also embraces the 
focalregion. In the Fig. 1 arragenment it is as 
sumed that the entire container I8 as well as the 
regions between the surface I3 and the focal 
region is immersed in this medium. To avoid 
confusion in the drawings the acoustical medium 
has not been indicated in Fig. 1, it being under 
stood that a ?uid body surrounds the entire de 
vice except possibly for the remote end of the 
cable 23 and the electrical equipment connected 
thereto. 

_ _In the Fig. 1 arrangement the means for ap 
plying energy of one type and for utilizing energy 
of the other type may be considered as made up 
of two means, one being means for applying me 
chanical energy to the focal region to effect 
acoustical propagation of the mechanical energy 
through the aforesaid volume of the acoustical 
medium to the electroded concave surface I3 of = 
the dielectric body I2, and the other being means 
including the electrodes l9 and 20 for utilizing 
the resulting electrical energy developed in the 
dielectric material of the body I2. The means 
for applying mechanical energy thus may in 
clude the source II of an acoustical disturbance 
as well as the portions of the acoustical medium 

embracing the focal region. The means for 
utilizing the electrical energy developed during 
transducing includes not only the electrodes l3 
and fl but also an ampli?er 33 having an input 
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8 
circuit coupled to the terminals 3|, 32 and an 
output circuit coupled to a loudspeaker 34. 

Considering the operation of the device shown 
in Fig. 1, an acoustical disturbance originates at 
the source II in a manner such as is described 
hereinabove. It may be assumed that this 
acoustical disturbance is the result of a mechani 
cal motion or vibration of a solid body or area 
II, giving rise to an acoustical wave disturbance 
which propagates in the acoustical medium in 
all directions or at least in directions generally 
toward the electroded surface I3. Thus during 
the application of mechanical energy to the de 
vice a form of energy-transducing occurs at the 
surfaces of the source II, the mechanical energy 
of vibratory motion of these surfaces being 
changed into another form of mechanical energy, 
namely acoustical energy Propagating through 
the acoustical medium in which the device is 
immersed. An acoustical wave front propagat 
ing from the small source II reaches all points of 
the surface I3 at practically the same time, or, 
stated differently, the acoustical energy is, prac 
tically speaking, in phase at all points on the 
surface I3. This condition obtains for a source I I 
of an acoustical disturbance which occupies only 
the focal region vdetermined by the shape of the 
surface I3, and is based on the fact that the 
spherical surface I3 is practically concentric with 
the spherical wave front originating at the small 
source II. It will be recognized by those skilled 
in the acoustical arts that this focusing action 
may be utilized to facilitate investigation of a 
condition of acoustical disturbance located es 
sentially in the rather small focal region, provided 
the frequency components associated with the 
acoustical disturbance are su?iciently high. If 
such components are so low in frequency that the 
corresponding acoustical wave lengths become 
roughly commensurate with the dimensions of the 
apparatus involved, the phase relationships neces 
sary for effective acoustical focusing become de 
graded in a well recognized manner, and the 
practical advantages of the focusing action of 
the concave surface may be lost. 
The acoustical energy impinging on the elec 

trical surface I3 causes the body I2 to move or 
deform mechanically in a thickness mode of mo 
tion normal to the concave surface I3. Thus a 
densi?cation or ‘high pressure wave front in the 
acoustical medium in contact with the electroded 
surface I3 causes a monetary slight decrease in 
the thickness dimension of the ‘body I2, while a 
subsequent rarefaction or low pressure wave front 
in the medium adjacent to the surface I3 causes 
a corresponding increase in this thickness dimen 
sion. Since the material of the body I2 is polar 
ized in the thickness direction, this thickness 
mode of motion gives rise to a corresponding 
linear electrical effect, which may be manifested 
as an electrical ?eld in the thickness direction 
causing a signal voltage to appear across the elec 
trodes I9. 20 or as an electrical charge appearing 
on the electrodes. The electrical energy, repre-' 
sented by this voltage or charge translated by the 
electrodes I9, 20 of the Fig. 1 device, is translated 
further through the conductors 24, 26 and the 
terminals 3I, 32 to the ampli?er 33, where corre 
sponding electrical signals of ampli?ed magni 
tudes appear in the output circuit of the ampli 
?er. As a result any audible noise components 
of the acoustical disturbance may be heard by 
means of the loudspeaker 34 and furnish a meas 
ure of the magnitude of the acoustical disturb 
ance. If desired. of course, other well-known de 
vice: may be coupled to the output circuit at 
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ampli?er 33 to provide a more accurately metered 
measurement of the noise-output of the device. 
' Referring now to Fig. 2 of the drawings, there 
is illustrated a focused electromechanical device 
for transducing from electrical energy, translated 
by electrodes associated with the device, to me 
chanical energy in an acoustical medium at a 
focal region of the device. The showing ofFig. 2 

I ' is largely schematic and all supporting brackets ' 
have been omitted from the drawing. The device, 
with the exception of the associated electrical 
generator and ampli?er equipment, may be as 
sumed to be immersed in a ?uid ac ustical me 
dium which, however,-is not repres‘ "Yd-gin the 
drawing. The focal region in the ‘arrange 
ment is a region in the neighborhood ofla point 
4|. This point 4| is the approximate center of 
curvature ‘of two concave surfaces '42zand 43. 
These concave surfaces are similar 'to the surface 
l3 of the Fig. 1 device, but the major chord of 
each surface 42 and 43 subtends a greater angle 
at the point 4| than the angle subtended by a 
major chord of the surface l3. For a given 
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major chord dimension the subtended angle con- , 
veniently is made greater in the Fig. 2 arrange 
ment because the point 4|, where mechanical en 
ergy is to be developed, may be located in a prac 
tical apparatus quite close to the surfaces 42 

, and 43. The concave spherical surfaces 42 and 
43 are surfaces of respective dielectric bodies 44 
and 45, shownw in cross section taken through a 
central‘ plane, having respective back surfaces 

. 46 and 41 opposing the respective concave sur 
faces 42 and 43. The body 44 is provided with 
electrodes 48 and49 adjacent to the surfaces 42 
and 46 respectively, while the body 45 likewise is 
provided with electrodes 5| and 52 adjacent to the 
surfaces'43 and 41 respectively. As in the Fig. 1 
arrangement the electrodes on the concave sur 
faces are connected through conductors 24', 24' 
to a terminal 3|, while the electrodes on the op 
posing surfaces are connected through conduc 
tors 26',25’ toaterminal 32. ' 
The Fig. 2 device further includes an ultra 

sonic-frequency signal generator 53, having an 
output circuit coupled to the input circuit of an 
ampli?er and impedance-matching unit 54. The 
output circuit of the unit 54 is connected across 
the terminals 3 I, 32. 4 
In considering the operation of the device illus 

trated in Fig. 2, it will be seen that this device 
comprises means, including the electrodes 48,‘ 49 
and 5|, 52 and the volume of the aforesaid acous 
cical medium extending from the concave sur 
faces 42 and 43 toward the focal region, for ap 
plying electrical energy to the dielectric mate 
rial of the bodies 44 and 45 and for utilizing the 
resulting mechanical energy developed at the 
focal region. Thus an electrical oscillation of 
ultrasonic frequency generated in the generator 
53 is coupled into the ampli?er and impedance 
matching unit 54. In the'unit 54' this signal is 
ampli?ed and passed through an impedance 
tran'sforming network of any suitable construc 
tion to match the output circuit of the ampli?er 
to the electrical driving point impedance of the 
parallel-connected’ electroded transducer struc 
tures 44 and 45. The resulting electrical signals 
pass through the electrical-energy-translating lo 
cation provided by the terminals 3|, 32 and the 
associated conductors, whereupon the‘electrical 
energy is translated by the pairs of electrodes 48, 
‘49 and 5|, 52 and thus applied to the bodies 44 
and 45. Hence it appears that the generator 53, 
the unit 54, the two pairs of electrodes, and the 
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10. 
interconnecting conductors constitute means for 
applying electrical energy to the dielectric mar 
terlal. . a 

The dielectric material of the bodies 44 and 45 
preferably is barium titanate material every 
where electrically polarized in substantially the 
direction normal to the concave surfaces 42 and 
43. ,The electromechanically responsive proper 
ties of this material are effective to cause trans 
ducing from the ultrasonic-frequency electrical 
energy applied to the material to a mechanical 
deformation of the bodies 44 and 45 in a thickness 
'mode of motion normal to the concave surfaces 
42 and 43. The volume of ?uid acoustical medium 
in contact with the surfaces translates this me 
chanical energy in the form of a series of acous 
tical wave fronts which are focused upon the re 
gion in the neighborhood of the pointll. In this 
manner a large part of the spherical area sur 
rounding the focal region in the neighborhood of 
the point 4| is effective to radiate acoustical en; 
ergy toward that focal region. In fact, a device 
has been made in which the point 4| is completely 
surrounded by a spherical radiating surface on 
the inside of a hollow sphere of titanate material, 
except that a small hole was leftin the walls of 
the sphereto permit the application of a conduc 
tive electrode to its inner surface. 
However, the Fig. 2 arrangement has the ad 

vantage that it is easy to arrange for the continu 
ous motion of an acoustical medium through the 
space between the two bodies 4‘ and 45. This 
may be done, for example, by means of circulat 
ing pumps or blowers, not shown, for moving the 
acoustical ?uid medium past the region of the 
point 4| in a general direction normal to the 
plane of the drawing of Fig. 2. With the illus 
trated arrangement, then, the transducing bodies 
develop concentrated acoustical energy in the re 
gion of the focal point 4| upon the application 
of electrical energy at relatively low intensity 
from the units 53 and 54. There are numerous 
applications for such a concentrated acoustical 
?eld. Among these might be mentioned the 
breaking up into small particles 'of ?occulant 
masses suspended in an acoustical medium, the 
accelerated aging of spirituous beverages, and 
generally the acceleration of chemical reactions 
taking place in a fluid medium. If desired, a liq 
uid medium easily may be treated in the appa 
ratus of Fig. 2 to achieve violent cavitation in the 
liquid at the focal region. Accordingly, the vol 
ume of the acoustical medium in contact with the 
surfaces 42 and 43, and extending toward and 
embracing the focal region, constitutes means for 
utilizing the mechanical energy developed at the 
focal region as a result of the application of elec 
trical energy to the dielectric material of the 
bodies 44 and 45. 

It is feasible, using ceramic techniques, to form 
a body of, electromechanically responsive mate 
rial, for example, the body l2 in Fig. 1 or the 
‘bodies 44 and 45 in Fig. 2, having a concave focus 
ing surface, having a generally uniform thickness, 
and everywhere electrically polarized in the 
thickness directions normal to the concave sur 
face. Such a body has a natural mechanical 
resonance determined by this uniform thickness 
dimension of the body. It is preferable that the 
energy applied to the device be applied at a fre 
quency in the neighborhood of a frequency excit 
ing this mechanical resonance. The frequency of 
the applied energy might be the fundamental 
resonance frequency of the thickness mode of 
motion, or it might be an odd harmonic of that 



frequency. Greatly improved efficiency of opera 
tion may be achieved by utilizing such mechanical 
resonance. In the Fig. 2 arrangement the electri 
cal signal generated in generator 53 preferably 
has an ultrasonic frequency in the neighborhood 
of such a resonant frequency, so that the gener-, 
ator 53 and the amplifier unit 54, togetherwith 
the associated terminals and wiring, constitute 

' means coupled to the electrodes 48, 49 and 5|, 52 
for providing electrical energy at an ultrasonic 
frequency in the neighborhood of a frequency ex 
citing a mechanical thickness-mode resonance in 
the bodies 44 and 45. Purely by way of example, 
it may be mentioned that ceramic bowls such as 
the body I2 in the Fig. l arrangement and the 
bodies 44 and 45 in the Fig. 2 arrangement may 
be made of barium titanate material using com 
mercially practical methods‘ in thicknesses with 
in the range of 0.3 to 0.1 inch. The fundamental 
thickness resonance frequency for these thick 
nesses is approximately 0.3 to 1.0 megacycle per 
second, respectively. - 

Fig. 3 illustrates in block ‘form apparatus suit 
able for the production of relatively stable sus 
pensions or dispersions of ?ne solids in a liquid. 
The fine solids may have particle dimensions 
somewhat greater than those of colloidal parti 
cles, so that settling tends to occur. However, it 
has been found that in many cases treatment of 
the liquid containing the ?ne solids with ultra 
sonic acoustical energy very substantially pro 
longs the time required for settling. Referring to 
the block diagram, liquid in a storage tank BI and 
a ?nely divided solid contained in a storage vessel 
62 as a powder or thick slurry are fed through 
suitable metering devices or valves 63 and 64 re 
spectively to an agitator vessel 66. In the vessel 
66 a conventional agitator screw or propeller, not 
illustrated, maintains the solids in a temporary 
state of roughly uniform distribution throughout 
the body of the liquid in the vessel 66. The bot 
tom of the vessel 66 may open directly into a 
small conduit which passes vertically through an 
ultrasonic treatment device 61 and out the bot 
tom of that device. As this vertical conduit leaves 
the device 61 it may be provided with a valve 68, 
so that‘ the setting of the valve 68 determines the 
rate of liquid flow through the conduit in the 

, ultrasonic treatment device and hence the level 
_ of the liquid in the agitator vessel 96. An ultra 
sonic-frequency electrical signal source 69 has an 
output circuit coupled to 'a pair of terminals 3|, 
"to provide an electrical-energy-translating lo 
cation at these terminals. Electrical connections 
from these terminals to electrodes in the device 
61 are‘ provided. The device 61, including the 
vertical conduit mentioned above and the elec 
troded structure, will be described hereinbelow. 
Treated liquid containing the ?ne solid,‘ which is 
now in a state of thorough dispersion through 
out the liquid, passes through the valve 68 to a 
dispersion storage tank ‘I I. 
The ultrasonic treatment device is illustrated 

in axial cross section in the perspective view of 
Fig. 4. The conduit mentioned hereina'bove ap- ‘ ' 
pears in section at 1'2, and is provided at its lower 

_ end with the butter?y valve 88. The conduit 12 
may be of a rubber material. The treatment de 
vice consists essentially of a closed, hollow, cylin 
drical body-13 of circular lateral cross section. 
The body 13 is maintained in a coaxial disposition 
relative to the conduit 12 by means of a bottom 
closure in the form of a disk 14 of any suitable 
material impervious to a liquid medium 16 which 
almost ?lls the cylindrical body 13. The disk 14 
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- has a'centralhole throughwhich the conduit 12 
passes and is cemented to the outsidesm‘faceof . V. 
the conduit 12 and to the bottom edge of the 
cylindrical'body 13. The acoustical medium 16 
for translating mechanical energy from the con 

‘ cave inner surface 11 of the boclv 13 to and 
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through the walls of the conduit 12 may be, for 
example, water or castor oil. Electrodes 18 and 
19 are provided, individually disposed adjacent to 
the concave inner surface 11 and to the outer 
surface of the hollow cylindrical body 13. These 
electrodes are connected to the electrical termi 
nal means 3 l, 32 as in the other embodiments dis 
cussed hereinabove. 
The conduit 12 in the Fig. 4 arrangement de 

?nes a mechanical-energy~translating location 
determined‘by the concave inner surface 11 of 
the hollow cylindrical body 13 and coinciding with 
an axially extensive focal region in the neighbor 
hood of the axis of that cylindrical body. The 
electromechanically responsive material of the 
body 13 is electrically polarized to provide the de 
sired major electromechanical response of the 
material of the cylindrical body, this response in 
volving radial motion of the concave inner sur 
face 11. Thus, when electrical energy at an 
ultrasonic frequency is applied from the source 
69 and translated through the electrical-energy 
translating location including the terminals 3|, 
32 to the dielectric material of the body 13, the 
electromechanical response of this material pro 
duces a radial motion of the electroded inner sur 
face 11 with resultant propagation of acoustical 
energy to the walls of the conduit 12. At any 
instant the acoustical wave front passing through 
the walls of the conduit is in phase at all parts 
of the conduit, resulting in the developing of con 
centrated acoustical energy in the liquid con 
tained within the conduit 12. This concentrated 
acoustical energy causes mechanical work to be 
done upon the liquid within the conduit, or at 
least causes powerful and remarkably thorough 
mechanical agitation of the contents of the con 
duit, resulting in a highly effective dispersion 
action, whereby mechanical energy developed at 
the axially extensive focal region within the con 
duit is utilized to obtain the desired thorough 
dispersion of the fine solid material in the liquid 
from the tank 6 I. 

Referring now to Fig. 5. there is shown in a 
partly sectionalized perspective view a focused 
electromechanical device- comprising another 
body 8| of electromechanically responsive poly 
crystalline dielectric material having a concave 
major surface approximately coinciding with a 

_ substantial portion of a hypothetical cylindrical 
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surface, determining a mechanical-energy-trans 
lating location coinciding with an axially exten 
sive focal region in the neighborhood of the axis 
of the cylindrical surface. While the concave 
major surface 11 of the-Fig. 4 arrangement is a 
closed cylindrical surface, the body 8| of the Fig. 
5 arrangement is formed in the shape of a trough. 

’ The concave inner surface 82 of the trough coin 
cides approximately with a major portion of a 
hypothetical cylindrical surface but not with an 
entire closed cylindrical surface. The upper por 
tions of the cylinder, for example the upper 90° 
of the circular section of the cylinder, are-re 
moved at the top of the trough to permit the 
introduction of objects to be treated in the focal 
region extending axially of the trough. An elec-_ 
trode 83 is formed adjacent to the concave sur 
face 82, while an electrode 84 is disposed adjacent 
to the outer surface of the cylindrical trough. 
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The electrodes 88 and, 84 are connected to the 
respective terminals II and 32. The trough is 
?lled or partly fllled'with a liquid acoustical me 
dium 88. The liquid 88 is retained in the trough 
by walls 81 securely fastened to the ends of the 
trough. ‘ ' . 

To provide‘ for the motion of objects to be 
treated through ‘the liquid 88 in the trough an 
overhead conveyor track '88 is disposed directly 
above the center of the trough. Suspended from - 
the track 88 and movable therealong are a large 
number of evenly spaced hooks 89, from which 
may be suspended a corresponding number of 
objects 8| to be treated. For convenience of 
illustration only a few of the hooks 88 and ob 
jects 9| suspended therefrom are shown in Fig. 5. 
The track 88 dips down toward the surface of the 
liquid v88 at one end of the trough and bends up 
away from that surface at the other end of the 
trough, so that the objects 9| are suspended in the 
focal region in the neighborhood of'the axis of 
the trough during most of their passage along 
the trough. , ‘ 

During the operation of the Fig. 5 arrangement, 
a source of electrical signals is coupled to the. ter 25 
minals 8|, 32 as in the arrangement of Figs. 3 . 
and 4. The resulting motion of the concave in 
ner wall of the trough 8| causes a concentration 
of acousto-mechanical energy in the axial re 
gion of the trough, where the objects 9| are sus 
pended in the acoustical medium 86. The ob 
jects 9| may be any objects which it is desired 
to subject to the acoustical energy. For example, 
these objects may be thin shells or molds ?lled 
with a thermosetting liquid or plastic material. 
The acoustical energy concentrated- in the axial 
region of the trough not only causes the material ‘ 
in these molds to reach an elevated temperature, 
at which the thermosetting operation can pro 
ceed, but also very greatly accelerates the velocity 
of the thermosetting reaction for any given tem 
perature at which the thermosetting operation is 
carried out. In this way a short period of, say, 
less than one hour in the trough may accomplish 
a complete hardening of a given material in the 
molds, an operation which heretofore might have, 
required stacking the ?lled molds in thermostati 
cally controlled ovens for periods of many hours. 
It also has been observed that treatment such as 
is afforded by the Fig. 5 device may be used to ac-' 
celerate the formation of a gel from suitable liq 
uid material in the molds. Numerous other appli 
cations of the devices of the type described will be 
apparent to those familiar with t‘se extraordinary 
results which can be obtained by the use of ultra 
sonic or other acoustical ?elds. _ 
In the'Fig. 5 device the quantity of the liquid 8 

may adjusted so that the liquid level just reaches 
the axis of the cylindrical trough. If the hooks 
88 then are shortened, so that the bottom sur 
faces of the objects 9| are immersed to only a 
smalldepth in the liquid, the acoustical energy is 
transmitted to the upper parts of the objects 8| 
through the materials of the objects themselves 
rather than through the liquid to all surfaces of 
the objects. This ‘prevents excessive local effects 
which might occur withinthe totally immersed 
objects '9I at restricted regions therewithin at 
which the acoustical energy from the body 8I is 
focused. " ' 

In the arrangements described hereinabove a 
' focal region is provided in‘ the neighborhood of 
the center of curvature of a spherical surface or 
in the neighborhood of the axis of a-cylindrical 
surface. In many cases it-is' practical to arrange 
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for the application or utilization of the mechani 
cal energy directly at such a focal region. How 
ever, in other cases it is more convenient to ap 
ply or utilize the mechanical energy, converted to 
or from acoustical energy propagating in gener 
ally parallel or collimated paths, in an elongated 
location which is not‘ itself a focal region relative 
to an electromechanically sensitive body. ‘This 
end may be accomplished by means of suitable re 
fracting or reflecting apparatus designed for 
operation with acoustical energy. 

Fig. 6 illustrates a focused electromechanical 
device comprising a body IOI of electromechani 
cally responsive polycrystalline dielectric material 
having a spherical shape, similar to the bodies I2, 
44, and 45 illustrated in the arrangements of Figs. 
1 and 2. The body l0l in Fig. 6 is provided 
with electrodes I02 and I03 adjacent respectively 
to the concave and to the convex major surfaces 
of the body. The electrodes I03 and I02 are con 
nected respectively to terminals 3| and 32, es 
tablishing an electrical-energy-translating loca 
tion in the device. The Fig. 6 arrangement is 

v placed in a closed container or tank I04 holding a 
suitable liquid medium I06, so that a volume of 
the liquid I06 serves as an acoustical medium in 
effective acoustical contact with the electrode I02 
on the concave surface and extending toward the 
focal region in the neighborhood of the center of 
curvature of the concave spherical surface. 
The device illustrated in Fig. 6 also includes 

means. disposed near this focal region in effective - 
acoustical contact with the medium I05 and in 
cluding a surface I01 effective to change the curv 
ature of an acoustical wave front, for converting 
between acoustical energy which propagates in 
non-parallel paths in the regions between the 
concave electroded surface I02 and the last 
mentioned means including surface I01 and re 
lated acoustical energy which propagates in gen 
erally parallel paths in an elongated mechanical 
energy-translatin'z location within a tube I08. 
>While the device illustrated in Fig. 6 may be used 
in such a manner that mechanical energy, ap 
plied to a liquid I09 inside the tube I08, takes the 

' form of acoustical energy having substantial com 
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ponents propagating as a beam along the tube 
I09 toward and through the surface I01 and 
thence to the concave surface of the body IN, the 
operation of the device will be described for the 
more usual case of propagation of acoustical en 
ergy in the other direction, that is, from the body 
IOI ‘toward the focal region and thence through 
,the surface I01 for collimation into generally 
parallel paths propagating in the liquid I09 away 
from the body IOI. For operation in the latter 
manner any suitable source of ultrasonic-fre 
quency electrical signal energy is coupled to the 
terminals 3|, 32, as in the arrangements of Figs. 
2-5. ' 

In the Fig. 6 device the surface I01 is a curved 
surface of a thin sheet of material such as alu 
minum, disposed between the body IOI and the 
focal point of its concave major surface so asto 
be near the focal region in the neighborhood of 
that focal point.' The purpose of the thin sheet 
having a surface I0‘! is merely to establish the 
shape of the interface between two different 
acoustical conductors, so that any thin. impervi 
ous, and incompressible sheet of the desired shape 
may beused in contact with the medium I06 and 
separating it from the different acoustical me 
dium. I09. The liquid I06 may be. for example, 
chloroform or carbon tetrachloride, having a 
velocity of propagation of acoustical energy 
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roughly two-thirds of that of water or castor oil. 
When the liquid I09 is wateror other material 
hayinga relatively high velocity of propagation 
of acoustical energy,‘ the arrangement including 
the curved surface I01 in conjunction with the 
two liquids I06 and I09 in contact therewith 
forms an acoustical refracting means, which in 
the illustrated acoustical system performs the 
function of a collimating lens. Of course, if the 
liquids I06 and I09 did not have substantially 
different acoustical‘ properties, this refracting 
means would have to be a lens-shaped body of a 
solid or liquid material having a different acousti- ' 
cal property so as to provide refraction at its 
surfaces. One end of the tube I08 is ?tted 
around the edges of the surface I01. The liquid 
I09, which is to be treated, may be introduced at 
the other end of the tube I08, and the tube is pro 
vided with an exit pipe II I leading to storage 
facilities, not shown, outside of the tank I04. 
The operation of the Fig. 6 device now will be 

described, electrical energy being applied from 
any suitable source to the electrodes I02 and I03 
to cause the translation of roughly spherical 
wave fronts of acoustical energy through the 
liquid I06 toward the focal region of the device. 
This resultant propagation of acoustical energy 
from the concave surface I02 through the 
acoustical medium I06 to the curved surface IN 
is such as to eifect collimation at that surface of 
the acoustical energy into generally parallel 

, paths in the elongated acoustical-energy-trans 
lating region furnished by the liquid I09 in the 
tube I08. Thus the refracting means causes colli 
mated acoustical energy to propagate relatively 
to the curved surface I01 through an elongated 
mechanical-energy-translating location, remote 
from the concave surface I02, in the tube I08. 
This tube may be any elongated vessel, disposed 
with the longitudinal direction thereof in ap 
proximate alignment with the direction of the 
aforesaid generally parallel paths and with one 
of the ends of the vessel facing the curved sur 
face I0'I of the acoustical refracting means. The 
tube I08 is effective for delimiting an elongated 
region of small cross-sectional area relative to the 
area of the concave surface I02. Within this re 
gion the energy generated at the large surface I02 
may be concentrated for absorption by a body of 
liquid which could not absorb mechanically the 
desired amounts of acoustical energy in a reason 
able time if all the liquid had to be treated at the 
focal region of the device. As an example, it may 
be desired to degas the liquid I09 which passes 
through the tube I08 and pipe III in the direc 
tion of the arrows. The acoustical excitation of 
the liquid I09 in tube I08 then causes violent bub 
bling with removal of the gas, which escapes 
through the open end of the tube I03. The liquid 
I08 and the arrangements for circulating it 
through the tube I08 constitute means for utiliz 
ing the resulting mechanical energy developed in 
the elongated acoustical-energy-translating re 
gion within the tube. A collimating arrangement 
of the type shown in Fig. 6 with a long, open 
ended vessel such as the tube I08 is particularly 
useful when the mechanical utilization of the 
acoustical energy is so rapid or violent that the 
utilization of the available energy in a relatively 
small focal region would be impractical. 

Fig. 7 illustrates an alternative arrangement 
including a curved re?ecting surface I2I of- thin 
material such as aluminum. A body of water I22 
?lls the space between a roughly hemispherical 
body I23 and the acoustical mirror I2 I. The body 

10 

15 

20 

26 

80 

35 

40 

60 

65 

60 

65 

-70 

15 

16 
I23 is fitted into a container I24. The mirror I2I 
rests against the back of the container I24 with 
an air space between the mirror and the con 
tainer, so that an acoustical impedance mis 
match exists at the mirror I2I which discourages 
transmission of acoustical energy into the space 
behind the mirror. The remaining interior sur 
faces of the container I24 are covered with a. lay 
er I26 of glass wool or other acoustical ab 
sorbent material to prevent undesirable re?ec 
tions. The hemispherical body I23 has a central 
opening into which a rubber plug or window I2‘! 
is ?tted. The outside surface of the plug I21 is 
in contact with an aqueous liquid I09’ in a tube 
I08’ having entrance and exit ducts. 
In operation, electrical energy may be supplied 

to the dielectric material of the body I23 by any 
suitable means, not shown in this ?gure. This 
causes acoustical energy to radiate from the 
spherical inner surface of the body I23 toward 
the central point I29 of that surface. Before 
reaching the point I29, however, the acoustical 
energy is reflected into a parallel beam, which 
passes upward through the plug I21 and into the 
tube I08’, where it is utilized to treat the liquid 
I09’ as in the Fig. 6 arrangement. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
?cations may be made therein without depart 
ing from the invention, and it is, therefore, aimed 
in the appended claims to cover all such changes 
and modi?cations as fall within the true spirit 
and scope of the invention. 
What is claimed is: 
1. A focused electromechanical device for trans 

ducing between two types of energy, one type of 
which is mechanical energy in an acoustical 
medium at a focal region of said device and the 
other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of electromechanically responsive polycrystalline 
dielectric material having a concave major sur 
face, determining a mechanical-energy-translat 
ing location at a focal region in front of said con 
cave surface, and electrically polarized to provide 
a major electromechanical response in a thick 
ness mode of motion normal to said concave sur 
face; electrode means, including electrodes indi 
vidually disposed adjacent to said concave sur 
face and to the opposing surface of said body, and 
including electrical terminal means coupled to 
said electrodes to establish an electrical-energy 
translating location; and means for applying 
energy of one of said two types to the correspond 
ing one of said energy-translating locations and 
for utilizing energy of the other of said types 
developed at the other of said energy-translating 
locations. ‘ 

2. A focused electromechanical device for 
transd-uoing between two types of energy, one 
type of which is mechanical energy in anv acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of electromechanically responsive polycrystalline 
dielectric material having a concave major sur 
face, determining a mechanical-energy-transla-t 
ing location at a focal region in front of said con 
cave surface, and electrically polarized to pro 
vide a major electromechanical response in a 
thickness mode of motion normal to said con 
cave surface; electrode means, including elec 
trodes individually disposed adjacent to said con 
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cave surface and to the opposing surface of said 
body, and including electrical terminal means 
coupled to said electrodes to establish an elec 
trical-energy-translating location; and means, 
including an acoustical medium embracing said 
focal region and in effective acoustical contact 
with said concave surface, for applying energy of 
one of said two types to the corresponding one ' 
of said energy-translating locations and for 
utilizing energy of the other of said types de 
veloped at the other of said energy-translating 
locations. _ 

3. A focused electromechanical device for 
transducing from mechanical energy in an 
acoustical medium at a focal region of said de 
vice to electrical energy translated by electrodes 
thereof comprising: a body of electromechani 
cally responsive polycrystalline dielectric material 
having a concave major surface, determining a 
focal region in front of said concave major sur 
face, and electrically polarized to provide a major 
electromechanical response in a thickness mode 
of motion normal to said concave surface; elec 
trodes individually disposed adjacent to said con 
cave surface and to the opposing surface of said 
body; a volume of an acoustical medium in ef-. 
fective acoustical contact with said concave sur 
face and extending toward said focal region; 
means for applying mechanical energy to said 
focal region to effect acoustical propagation of 
said mechanical energy through said volume of 
said acoustical medium to said concave surface 
of said dielectric body; and means including said 
electrodes for utilizing the resulting electrical 
energy developed in said dielectric material. . 

4. A focused electromechanical device for the 
transducing from electrical energy, translated by 
electrodes associated with said device, to mechan 
ical energy in an acoustical medium at a focal 
region of said device comprising: a body of elec 
tromechanically responsive polycrystalline dielec 
tric material having a concave major surface, de 
termining a focal region in front of said concave 
surface, and electrically polarized to provide a 
major electromechanical response in a thickness 
mode of motion normal to said concave surface; 
electrodes individually disposed adjacent to said 
concave surface and to the opposing surface of 
said body; a volume of an acoustical medium in 
effective acoustical contact with said concave 
surface and extending toward saidfocal region; 
and means, including said electrodes and said 
volume of said acoustical medium, for applying 
electrical energy to said dielectric material and 
for utilizing the resulting mechanical energy de 
veloped at said focal region. . 

5. A focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an acousti 
cal medium at a focal region of said device and 
the other type of which is electrical energy 
translated by electrodes thereof, comprising:.,a 
body of electromechanically responsive poly-_ 
crystalline titanate material having a concave 
major surface, determining a mechanical-energy 
translating location at a focal region in front of 
said concave surface, and electrically polarized 
to provide a major electromechanical response 
in a thickness mode of motion normal to said 
concave surface; electrode means, including elec 
trodes individually disposed adjacent to said con 
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cave surface and to the opposing surface of ‘said , 
body, and including electrical terminal means 
coupled to said electrodes to establish an elec 
trical-energy-translating location; and means for 76 

18 
applying energy of one of said two types to the 
corresponding one of said energy-translating 
locations and for utilizing energy of the other of 
said types developed at the other of said energy 
translating locations. - 

6. A focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a :body 
of polycrystalline dielectric material composed 
primarily of barium titanate having a concave 
major surface, determining a mechanical-energye 
translating locationat a focal region in front 
of said concave surface, and electrically polar 
ized to provide a major electromechanical re-_ 
sponse in a thickness mode of motion normal to 
said concave surface; electrode means, including 
electrodes individually disposed adjacent to said 
concave surface and to the opposing surface of 
said body, and including electrical terminal 
means coupled to said electrodes to establish an 
electrical-energy-translating location; and means 
for applying energy of one of said two types to 
the corresponding one of said energy-translating 
locations and for utilizing energy of the other of 
said types developed at the other of said energy 
translating locations. 

7. A focused electromechanical device for 
transducing between .two ' types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
laced ‘by electrodes thereof, comprising: a hollow 
cyclindrical body of electromechanically respon 
sive polycrystalline dielectric material having a 
concave inner surface, determining a mechan 
ical-energy-translating location coinciding with 
an axially extension focal region in the neighbor 
hood of the axis of said cylindrical body, and elec 
trically polarized to provide a major electrome 
chanical response of said material of said cylin 
drical body involving radial motion of said con 
cave inner surface; electrode means, including 
electrodes individually disposed adjacent to said 
concave inner surface and to the outer surface 
of said hollow cylindrical body, and including 
electrical terminal means coupled to said elec 
trodes to establish an electrical-energy-translat 
ing location; and means for applying energy of 
one of said two types to the corresponding one of 
said energy-translating locations and for uti 
lizing energy of the other of said types developed 
at the other of said energy-translating locations. 

8. A focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body of 
electromechanically responsive polycrystalline di 
electric material having a concave major surface 
approximately coinciding with a substantial por 
tion of a hypothetical cylindrical surface, deter 
mining a mechanical-energy-translating location 
coinciding with an axially extensive focal region 
in the neighborhood of the axis of said cylindrical 
surface, and electrically polarized to provide a 
major electromechanical response in a thickness 
mode of motion normal to said concave surface ; 
electrode means, including electrodes individually 
disposed adjacent to said concave surface and 
to the'opposing surface of said body, and includ 
ing electrical terminal means coupled to said 



electrodes to establish an electrical-energy-trans 
lating location; and means for applying energy 
of one of said two types to the corresponding one 
of said energy-translating locations and for uti 
lizing energy of the other of said types developed 
at the other of said energy-translating locations. 

9. A focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of electromechanically responsive polycrystalline 
dielectric material having a concave major sur 
face approximately coinciding with a substantial 
portion of a hypothetical spherical surface, de 
termining a mechanical-energy-translating loca 
tion coinciding with a focal region in the neigh 
borhood of the center of said spherical surface, 
and electrically polarized to provide a major elec 
tromechanical response in a thickness mode of 
motion normal to said concave surface; electrode 
means, including electrodes individually disposed 
adjacent to said concave surface and to the op 
posing surface of’ said body, and including elec 
trical terminal means coupled to said electrodes 
to establish an electrical-energy-translating lo 
cation; and means for applying energy of one of 
said two types to the corresponding one of said 
energy-translating locations and for utilizing en 
ergy of the other of said types developed at the 
other of said energy-translating locations. 

10. A focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of electromechanically responsive polycrystalline 
dielectric material having a concave major sur 
face, determining ‘a mechanical-energy-trans 
lating location at a focal region in front of said 
concave surface, having a, generally uniform 
thickness between said concave surface and the 
opposing surface of said body in directions normal 
to said concave surface, and everywhere elec 

_ tricaly polarized in substantially said normal di 
rections to provide a major electro-mechanical 
response in a thickness mode of motion; elec 
trode means, including electrodes individually dis 
posed adjacent to said concave surface and to 
said opposing surface of said body, and including 
electrical terminal means coupled to said elec 
trodes to establish an electrical-energy-trans 
lating location; and means for applying energy 
of one of said two types to the corresponding one 
of said energy-translating locations and. for uti 
lizing energy of the other of said types developed 
at the other of said energy-translating locations. 

11. A focused electromechanical device for 
transducing between two types of energy. one 
type of which is mechanical energy in an acous~ 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof‘, comprising: a body 
of electromechanically responsive polycrystalline 
dielectric material having a concave major sur 
face, determining a mechanical-energy-translat 
ing location at a focal region in front of said con 
cave surface, having a generally uniform thick 
ness between said concave surface and the op 
posing surface of said body in directions normal 
to said concave surface, and everywhere elec 
trically polarized in substantially said normal di 
motions to provide a major electro-mechanical 
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response in a thickness mode of motion; elec~ 
trode means, including electrodes individually 
disposed adjacent to said concave surface and to 
said opposing surface of said body, and including 
electrical terminal means coupled to said elec 
trodes to establish an electrical-energy-translat 
ing location; and means for applying energy of 
one of said two types to the corresponding one of 
said energy-translating locations at a frequency 
in the neighborhood of a frequency exciting a me 
chanical resonance determined by said thickness 
of said body and for utilizing energy of the other 
of said types developed at the other of said en 
ergy-translating locations. 

12. A focused electromechanical device for 
transducing from electrical energy, translated by 
electrodes associated with said device, to mechan 
ical energy in an acoustical medium at a focal 
region of said device comprising: a body of elec 
tromechanically responsive polycrystalline dielec 
tric material having a concave major surface, de 
termining a focal region in front of said concave 
surface, and electrically polarized to provide a 
major electromechanical response in a thickness 
mode of motion normal to said concave surface; 
electrodes individually disposed adjacent to said 
concave surface and to the opposing‘ surface of 
said body; a volume of an acoustical medium in 
effective acoustical contact with said concave sur 
face and extending toward said focal region; and 
means, including means coupled to said electrodes 
for providing electrical energy at an ultrasonic 
frequency in the neighborhood of a frequency 
exciting a-mechanical thickness-mode resonance 
in said body and including said volume of said 
acoustical medium, for applying electrical energy 
to said electroded dielectric material and for uti 
lizing the resulting mechanical energy developed 
at said focal region. 

13. A focused electromechanical device for 
transducing between two types of energy, one type 
of which is mechanical energy in an acoustical 
medium at a focal region of said device and the 
other type of which is electrical energy translated 
by electrodes thereof, comprising: a body of elec 
tromechanically responsive polycrystalline di 
electric material having a concave major surface, 
determining a focal region in front of said con 
cave surface, and electrically polarized to pro 
vide a major electromechanical response in a 
thickness mode of motion normal to said concave 
surface; electrode means, including electrodes 
individually disposed adjacent to said concave 
surface and to the opposing surface of said body, 
and including electrical terminal means coupled 
to said electrodes to establish an electrical 
energy-translating location; a volume of an 
acoustical medium in effective acoustical con 
tact with said concave surface and extending to 
ward said focal region; means, disposed near said 
focal region in effective acoustical contact with 
said medium and including a surface effective to 
change the curvature of an acoustical wave front, 
for converting between acoustical energy which 
propagates in non-parallel paths in the regions 
between said concave surface and said last 
mentioned means and related acoustical energy 
which propagates in generally parallel paths in 
an elongated mechanical-energy-translating lo 
cation; and means for applying energy of one 
of said two types to the corresponding one of said 
energy-translating locations and for utilizing 
energy of the other of said types developed at the 
other of said energy-translating locations. 
.~ 14. A focused electromechanical device for 
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transducing between two types of energy, one 
type of which is mechanical energy in an acousti 
cal medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of electromechanically responsive polycrystalline 
dielectric material having a concave major sur 
face, determining a focal region in front of said 
concave surface, and electrically polarized to 
provide a major electromechanical response in 
a thickness mode of motion normal to said con-. 
cave surface; electrode means, including elec 
trodes individually disposed adjacent to said con 
cave surface and to the opposing surface of said 
body, and including electrical terminal means 
coupled to said electrodes to establish an electri 
cal-energy-translating location; a volume of van 
acoustical medium in e?ective acoustical contact 
with said concave surface and extending toward 
said focal region; acoustical refracting means, in 
cluding a curved surface disposed near said focal 
region in effective acoustical contact with said 
?rst-mentioned medium and separating said me 
dium from a different acoustical medium, for con 
verting between acoustical energy which propa 
gates in non-parallel paths in the regions between 
said ?rst-mentioned concave surface and said 
curved surface and related acoustical energy 
which propagates, relatively to said curved sur 
face, in generally parallel paths through an 
elongated mechanical-energy-translating loca 
tion remote from said concave surface; and means 
for applying energy of one of said two types to 
the, correspondingone of said energy-translating 
locations and for utilizing energy of the other of 
said types developed at the other of said energy 
translating locations. 

15. A focused electromechanical device for 
transducing between two types of energy, one type 
of which is mechanical energy in an acoustical 
medium at a focal region of said device and the 
other type ofv which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of electromechanically responsive polycrystalline 
dielectric material having a concave major sur 
face approximately coinciding with a substantial 
portion of a hypothetical spherical surface, de 
termining a focal region in the neighborhood of 
the center of said spherical surface, and electri 
cally polarized to provide a major electromechani 
cal response in a thickness mode of motion nor 
mal to said concave surface; electrode means, in 
cluding electrodes individually disposed adjacent 
to said concave surface and to the-opposing sur 
face of said body, and including electrical termi 
nal means coupled to said electrodes to establish 
an electrical-energy-translating location; 9. vol 
ume of an acoustical medium in effective acousti 
cal contact with said concave surface and ex 
tending toward said focal region; means, disposed 
near said focal region in effective acoustical con 
tact with said medium and including a surface 
effective to change the curvature of an acoustical 
wave front, for converting between acoustical 
energy which propagates in non-parallel paths 
in the regions between said concave surface and 
said last-mentioned means and related acoustical 
energy which propagates in generally parallel 
paths in an elongated mechanical-energy-trans 
lating location; and means for applying energy 
of one of said two types to the corresponding one 
of said energy-translating locations and for util 
izing energy of the other of said types developed 
at the other of said energy-translating locations. 

16. A focused electromechanical device for 
transducing between two types of energy, one 
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type of which is mechanical energy in an acousti 
cal medium at a focal region of said device and. 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body of 
electromechanically responsive polycrystalline di 
electric material having a concave major surface 
approximately coinciding with a substantial por 
tion of a hypothetical spherical surface, deter 
mining a focal region in the neighborhood of the 
center of said spherical surface, and electrically 
polarized to provide a major electromechanical 
response in a thickness mode of motion normal 
to said, concave surface; electrode means, includ 
ing electrodes individually disposed adjacent to 
said concave surface and to the opposing surface 
of said body, and including electrical terminal 
means coupled to said electrodes to establish an 
electrical-energy-translating location; a volume 
of an acoustical medium in effective acoustical 
contact with said concave surface and extending 
toward said focal region; means, disposed near 
said focal region in eifective acoustical contact 
with said medium and including a curved ‘surface 
eifective'to change the curvature of an acoustical 
wave front, for converting between acoustical en 
ergy which propagates in non-parallel paths in 
the regions between said concave surface and 
said last-mentioned means and related acoustical 
energy which propagates in generally parallel 
paths in an elongated region of small cross 
sectional area relative to the area of said con 
cave surface; ‘an elongated vessel, disposed with 
the longitudinal-direction thereof in approximate 
alignment with the direction of said generally 
parallel paths and with one of the ends thereof 

. facing said curved surface of said last-mentioned 
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means, for delimiting said region of small cross 
sectional area to de?ne in said vessel an elon 
gated mechanical-energy-translating location; 
and means for applying energy of one of said 
two types to the corresponding one of said energy. 
translating locations and for utilizing energy of 
the other of said types developed at the other of 
said energy-translating locations. 

17. A focused electromechanical device for 
transducing from electrical energy, translated by 
electrodes associated with said device, to mechan 
ical energy translated through an acoustical me 
dium toward a focal region of said device com 
prising: a body of electromechanically responsive 
polycrystalline dielectric material having a con 
cave major surface, determining a, focal region in 
front of said concave surface, and electrically 
polarized to provide a major electromechanical 
response in a thickness mode of motion normal 
to said concave surface; electrodes individually 
disposed adjacent to said concave surface and to 
the opposing surface of said body; a volume of an 
acoustical medium in effective acoustical contact 
with said concave surface and extending toward 
said focal region; means, disposed near said focal 
region in effective acoustical contact with said 
medium and including a curved surface effective 
to change the curvature of an acoustical wave 
front, for converting between acoustical energy 
which propagates in non-parallel paths from said 
?rst-mentioned concave surface to said curved sur 

, face and related acoustical energy which propa 
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gates in generally parallel paths in an elongated 
acoustical-energyr-translating region; and means, 
including said electrodes, for applying electrical 
energy to said dielectric material, with resultant 
propagation of acoustical energy through said 
acoustical medium toward said curved surface and 
collimation at said curved surface of said last‘ 
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mentioned energy into generally parallel paths in 
said elongated region, and for utilizing the re 
sulting mechanical energy developed in said elon 
gated acoustical-energy-translating region. 

18.> A focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an‘acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of titanate-type electromechanically responsive 
polycrystalline material‘ having a concave major 
surface, determining a mechanical-energy-trans 
lating location at a focal region in front of said 
concave surface, and electrically polarized in di 
rections differing at various portions of said body 
and everywhere substantially normal to said con 
cave surface thereof; electrodes individually dis 
posed adjacent to said concave surface and to the 
opposing surface of said body and constituting , 
an electrical-energy-trans1ating location; and 
means for applying energy of one of said two 
types to the corresponding one of said energy 
translatlng locations and for utilizing energy of 
the other of said types developed at the other of 
said energy-translating locations. ’ 

19. A focused electromechanical device for 
transducing between two types of energy, one 
type of which is mechanical energy in an acous 
tical medium at a focal region of said device and 
the other type of which is electrical energy trans 
lated by electrodes thereof, comprising: a body 
of titanate-type electromechanically responsive 
polycrystalline material having a concave major 
surface, determining a mechanical-energy-trans 
lating location at a focal region in front of said 
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concave surface, and electrically polarized in di 
rections differing at various portions of said body 
and everywhere substantially normal to said con 
cave surface thereof; electrodes individually dis 
posed adjacent to said concave surface and to the 
opposing surface of said body and constituting 
an electrical-energy-translating location; and 
means, including an acoustical medium embrac 
ing said focal region and in effective acoustical 
contact with said concave surface, for applying 
energy of one of said two types to the correspond 
ing one of said energy-translating locations and 
for utilizing energy of the other of said types de 
veloped at the other of said energy-translatin 
locations. ' 

ALFRED L. W. WILLIAMS. 
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