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“This-invention-relates to a -transducer:device
-electromechanically -sensitive - to flexure- of -an

electromechanically responsive element of the de-
vice. More particularly, this invention relates 1o

o, bending-sensitive or twisting-sensitive electro-

- mechanical transducer device in whieh such: flex-
ure.is associated with mechanical reaction be-
-tween portions of the device containing material
“having electromechanical properties such:that
-.the' individual: portions-tend to deform-to- differ-
. ent -extents during -transducing from . electro-
- static-field -energy-to.- mechanical. energy.
. In-an application: for Letters Patent of--the
- United States, :Ser. No. 67645, filed -concurrently
herewith in the name of Hans G. Baerwald-and
- assigned to the same assignee as:the - present in-
_-vention, there is disclosed and claimed, inter-alia,
o, flexure-sensitive transducer -device comprising
g substantially- homogeneous body having-a. sub-
. stantial variation with location through the-body
of local electromechanical -transducing proper-
" ties. One portion of the body is conditioned: by
- the application:of a2 unidirectional - electric po-
- tential to.:provide. a :substantial - transducing-
_-response characteristic. “In accordance: with-one
--arrangement disclosed -and claimed-in-the ‘atore-
~mentioned: application; the homogeneocus-hody-is
--made up of permanently: polarizable -polycrystal-
- -line dielectric material;-such-as -barium:titanate
material,” which -has been conditioned by polari-
- pation with g unidirectional-potential but -a-por-
tion of which has been at least partially de-
polarized- by -localized - heating. “The depolarized
portion exhibits practically no electromechanical
response.
half-of the thickness-of a plate-shaped-or bar-
shaped-body. When the body is subjected to-an
incremental electric potential, the portion which
- remains polarized-tends to expand or contract.

- Mechanical reaction of this electromechanically.

- responsive portion with the relatively unrespon-
-sive half of the body produces & flexure, specifi-
cally, a bending of lines extending lengthwise in
- the body, as upon the application of a. signal
-potential across the bar.
- the bar-to a bendmg displacement results in the
appearance of a sagnal potential across the bar.
The transducer  device just described is very

- simple structurally and exhibits several advan-
tages over the composite bender devices of the
-~ pricr art, which comprise two or more electroded
.plates or bars cemented together along major
surfaces thereof. Nevertheless, a transducer de-
vice utilizing such & homogeneous polycrystalline

body requires careful- treatment -$0 produce dif- 55-

39 factured flexure-sensitive transducer device.

This portion may occupy, say, about

‘Conversely, subjecting. -

2

ferent - electromechanical - transducmg-resml'lse

-characteristics -in- diff
“When-the variation of the local electromechani-

erent portions of the body.

-.cal - transducing properties -within: the body is

=

--achieved by electrostatic- -prepolarization - and
subsequent localized heating, only a-repetition-of
~this type of- careful-treatment, ut11121ng speeial

equipment, -can reinstate the-device to- auseful
- econdition-if the polarization subsequently: should

A0

be disturbed,; for example by inadvertent heating

- or by-the application- of an-unusually- high s81ig-
-.nal potential-to-the-body.

-~ Aceordingly,-it:is-an object of- the present in-

. vention to- provide. a- new and-improved :trans-

+ducer @ device- electromechanicalily -sensitive - 40

- flexure which substantially-avoids some-or-all-of
- ‘the limitations -and -disadvantages -of- devices

‘hitherto proposed.

It is another:object oiithe: 11'1ve11t1011 £0- prowde

3.8 new and . improved transducer device-electro-

mechanically -sensitive -to . flexure and of-simpler

construction than: composite ‘bender: and ‘twister

- devices.

25

Tt is. o further-object. of the mve:atlon te pro-

vide a new:and:improved:flexure=sensitive trans-

~dueer -device which: may. be made to -exhibit: o

reasenebly high-efficiency.of.: trensduemg afver

-.a-8simple electrical treatment.

- Tt.is. o still further object ol the: 1mrer1t10n te

—provide a..navel, inexpensive, .and. easily:manu-

“In accordance with the invention, a-transduser

- ~device -electromechanically -sensitive -to- -fHexure
--comprises a-body substantially free-of struecturail

- diseontinuities, having one-substantial portion-of

g dielectric material which-is conditioned: by-the

40

characteristic as between
-energy and -electrostatic-field signal energy, and

application of a unidirectional electric potential

to provide -a- -substantial transducing-response
mechanical signal

- having-another substantial poertion of -a, dielectric

material of different composition whieh upon the

-application of said. unidirectional potential has a

49

-response characveristic.

-transducing-response characteristic as belween
‘the aforementioned signal energies substantially

different from the first-mentioned transducing-
The transducer device

--also comprises means including electrodes adja--
- cent to the body for translating currents associ-

o0

ated with the electrostatic-field signal energy

~transduced in the body, and mechanical means
-~ for-translating the motion assoclated with' the
flexure during transducing, this flexure heing
~-associated with- mechanical reaction pbetween the

-one portion of the body having the eforesald sub-
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stantial transducing-response characteristic and
the other portion of the body. As will appear
hereinbelow, the last-mentioned portion of the
transducer body, which is of different composi-
tion from that of, and has a different trans-
ducing-response characteristic from that of, the
first-mentioned portion, may have a substantially
zero-valued transducing-response characteristic
and thus may exhibit no appreciable electro-
mechanical response except by mechanical reac-
tion with the first-mentioned responsive portion.

For a better understanding of the present
invention, together with other and further ob-
jects thereof, reference is had to the following
description taken in connection with the accom-
panyving drawing, and its scope will be pointed
out in the appended claims.

In the drawing, Figs. 1 and 2 are front and su:le
elevations respectively of an electroded body use-
ful in devices embodying the present invention;
Fig. 3 is an enlarged sectional plan view of this
body taken in the direction indicated 3, 3 on Fig.
2; Fig. 4 is a representative rough plot of the
variation of the transducing properties of the
body illustrated in section in Fig. 3 as a function
of the thickness of the body as viewed in Fig. 3;
and Fig. 5 is a perspective view of a transducer
device in accordance with the present invention,
this device comprising the body illustrated in
Figs. 1-3 and being shown in assocliation with
apparatus, illustrated schematically, for use in a
preliminary electrical conditioning of that body.

Referring now to Figs. 1 and 2 of the drawing,
there is illustrated a thin body 21 substantially
free of structural discontinuities, having one sub-
stantial portion, more specifically a thickness
portion underlying and near the right hand
major surface of the body, of a dielectric material,
ahd having ancother substantial portion, more
specifically a thickness portion underlying and
near the left hand major surface, of a material
of different composition. The body 21 may be
designated as noncomposite, since it is not made
up of two or more structurally distinct parts. A
composite structure, on the other hand, is one
made up of two or more distinet parts or elements
with a pronounced interface therebetween.
From a mechanical point of view the body 21 is
substantially free of structural discontinuities,
although it is recognized that the microstructure
of the body may involve numerous crystalline
grains having numerous interfaces bhut never-
theless forming essentially one structure as
regards bending or twisting forces applied to the
body within the elastic limits. On the other
hand, it is clear that the composite elements of
the prior art, constructed by cementing together
two or more plates, have macroscoplic interfaces.
These interfaces constitute structural discontinu-
ities, in which, due at least in part to imperfect
adhesive properties of the cement used and to the
different shear moduli of elasticity of the mate~
rials in the regions of the interfaces and else~
where in the elements, a substantial fraction of

the mechanical energy available during trans-
ducing may be lost.

Generally speaking, a difference in the com-
position of the material in two portions of the
noncomposite body 21 may be realized in either of
two ways. In one, the varilation in composition

through the body is a gradual one. In the other,
materials of substantially different composition
are present in neighboring portions of the body,
hut the molecular or crystal grain structure of
the materials is so similar that the structural
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properties, determined at least to a large extent
by the cohesive properties of the constituent
materials and by their moduli of elasticity, are
substantially unbroken throughout the body. If
one of the condivions just mentioned is not meg,
an interface usually appears within the body and
the noncomposite character of the body is de-
stroyed. However, it should be understood that
local imperfections of a small and scattered
nature may appear, for example in the regions of
greatest variation of the composition of the mate-
rial, without destroying the essentially noncom-
posite nature of the body.

Electrodes 22 and 23 are aflixed to the body
21 in opposed positions adjacent respectively to
the left hand and right hand major surfaces of
the body, as viewed in #igs. 2 and 3. As illus-
trated, unelectroded margins are provided at the
top and bottom of the body to facilitate me-
chanical connections to the body. The electrodes
are shown with exaggerated thickness for ease of
illustration. They may be made, for example,
of conductive metal foll or of suitably bonded
sraphitic particles.

In the cross-sectional plan view of Fig. 3, the
body 21 appears as a unitary member with the
central plane oi its thickness indicated by the
center line 24. 'The body 21 has the shape of a
plate or bar of small thickness compared with
the other dimensions thereof. The one thickness
portion of the body underlying the electrode 23
and disposed generally parallel to the major sur-
faces of the body is of a dielectric material, pref-
erably a polycrystalline barium titanate mate-
rial, which is conditioned by the application of
a unidirectional electric potential to provide a
substantial transducing-response characteristic
as between mechanical signal energy and elec-
trostatic-field signal energy. The other thick-
ness portion of the body, underlying the elec-
trode 22, is disposed generally parallel to and
laterally of the aforesaid one portion and is of
a. dielectric material, preferably a polycrystalline
dielectric material such as 'a modified barium
titanate - containing strontium titanate, which
upon the application of the unidirectional po-
tentla,l as. mentioned above has g transducing-
response characteristic as between the mechan-
ical and electrostatic-field signal energies sub-
stantially different from the first-mentioned
transducing-response characteristic of the one
portion.

It should be noted here that the effectwe
transducing response of g portion of the body 21
may be determined in part by the distribution
in the thickness direction of the body of the
signal potentials, corresponding to the electro-
static-field signal energy in the body, which ap-
pear between the opposed electrodes 22 and 23.
As a result of the differenices in the composition
of the materials making up the various portions
of the body, this distribution may not be the
same throughout the thickness of the body: in
other words, the field strength may be different
in difierent thickness portions of the body. Ac-
cordingly, for the purposes of this specification
and the appended claims, it is convenient to de-
fine a transducing-response characteristic as the
relationship between incremental mechanical
energy per unit volume of the portion of the
body under consideration and an incremental
potential difierence across the entire thickness
of the body, the incremental potential difference

being associated with an incremental electro-
sta,t:ac field energy per umt Volume It is as-
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sumed:. as-ordinarily. is .the casey that polarizing:
- and:signal electricifields are applied in.the: thick-~
ness ‘direction of the body, but fAelds. may:be ap=
plied across: a larger dimension..

In: the manufacture of bodies of the:type de-
seribed from- polycrystalline titanate materials,
portions of the body may. be shaped. by methods:
known generally in the ceramic arts.. Thus g thin
<heet of. a dielectric material ccntaining: pri-
marily raw barium. titanate: may be formed by
any conventional method. After eventual ceramic
firing, o sheet of such a material may:be-con=
ditioned. to. ‘provide.the :desired response: by: the
application, whenever convenient and.for a-pre-
determined period. of time: of the. crder: of &
minute; of 'a unidirectional potential.. The: fired:
material . is' susceptible to. remanent. electrical
polarization, which. persists: after removal. of. the:
unidirectional polarizing potential. Whelv'so po=
larized, .this material exhibits.a transducing-re-
sponse characteristic which not. onlyis of g high
magnitude but also is substantially linear over
a reasonable amplitude rangs. This large linear
response probably depends both on the polariza-
tion.of. the dielectric material. by the unidirec-
tional voliage applied thereto.and on the:proper-
tins of the material before polarization. Another
thin. sheet of g dielectric material containing
primarily 2. row harium-strontium: titanate may
be formed.in like manner. "The two flat.sheets
of unfired material are placed with a major-sur-
face-of. each sheet in.mutual contact and. sub-
jected to g ceramic-firing: operation in which the
interface between the two sheets. is eliminated
as far. as structural properties are corcerned by
the incipient sintering or vitrifying action which
occurs during ceramic firing. After polarization
in - manner described hereinbelow, the resulting
noncomposite body includes corresponding por-
tions with. substantial electromechanical frans-
ducing properties in the portion containing pri-
marily barium titanate and substantially weaker
transducing properties in the other portion.
Wowever, in view of the care which mustbe taken
to insure substantial elimination of the interface
during firing, it is preferable to form a single
body of raw barium titanate and treat this body
chemically  to modify the composition: of the
harigm titanate: materigl in one portion of " the
body.’ |
- Thus, the body may be" modified near one
major  face only by controlled amounts of” &
material capable of reacting” with, or forming a
solid ‘solution with, the barium titanate to Torm
in: a: portion of the body a material which after
ceramic firing is not susceptible- to appreciable
remanent  electrical polarization upon the ap-
plication for a predetermined period of the uni-

directional polarizing potential, or which at least

is-susceptible to remanent: electrical polarization
of only a lower. order of magnitude than the
remanent polarization of the untreated .barium
titanate material in the remainder of the body at
ordinary temperatures of use. The portion of
the body ‘so treated may exhibll no appreciable
transducing-response characteristic, at’ least in
the. absence of a continuously applied unidirec-
tional potential of high intensity. A material
which might be used for this purpose is strontium
oxide, which is best used in the form of strontium
titanate. The treatment may be carried out dur-
ing * the ceramic-firing operation, the material
being applied to the side of the body being treat-
ed in' finely powdered form along with small
amounts: of a suitable flux. During the. firing:
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the: applied:material. penetrates:to a-depth. de~
pending .on:the:quantities of material- used:and:
the:temperature cycle used in.the firing.: To.the:
extent of such: penetration. the. coniposition: of:
the: material. is. modified, forming: a.. bariuni=
strontium. titanate. . Where the ratio in. moles:
of strontium::to: barium. titanate exceeds:about
95:775 or: 30:70,. the portion so modified retains
practically: no remanent polarization:: at- room.
temperature., - |

Another material capable:of forming. a solid
solution.. which - may yield better results in: &
chemical. treatment of the type: just- described:
is finely - powdered: stannic’ oxide, . with' which:
a2 flux-also may bemixed. The desired modifica-:
tion- of. the: barium: titanate: material.. can : be:
achieved. with penetration of. less ‘material: into:
the { titanate body: than . is the. case with. the
strontium : oxide: material, Thus, modification:
of portions of the barium titanate material by
incorporation therein of several percent by welght
of stannic oxide greatly decreases the ability of
that portion of the material to exhibit transduc-
ing~response characteristics when the. fired.body

is ‘conditioned. by the application..of a unidirec=

tional polarizing potential. Whether: the modl~
fying material contains strontium. or tin, smaller
amounts’ of modifying material may" suffice: if,
during: or following a temporary application of &
polarizing field, the temperature of the body is
raised moderately to remove remanent polariza-
tion.in ‘the portion of the body whose composi-
tion .has been modified’ as. described above.- If
the tempergture: remains below’ about 1 10° or

- 120°°C., the unmodified polarized barium titanate

material retains gll or most of its remanent polar-
ization.

The noncomposite electromechanically sensi-
tive body 21 :also may-be formed by dipping-a
bhacking structure successively inte agqueous dis-
persions of barium titanate and barium-strontium:
titanate to form conticuous layers of the- two
materials. This double-dipping process -is. dis=
closed” and: claimed in an’ application for Letters
Patent of the United States, Serial No. 67,695,
filed concurrently herewith in the’ name. of
Charles K. Gravley and assigned to the “same
assienee: as the present invention, which issued.
on September 25, 1951, as Patent No. 2,569,163.
The body formed by this double-dipping opera-
tion then~ is subjected to ceramic-firing tem-
peratures to establish a ceramic bond ‘between
the two layers which is substantially as-strong
as the bonds within the individual layers and
of substantially similar elastic properties:

A plate-like body substantially free of struc-
tural discontinuities, formed by one of the meth--
ods suggested hereinabove, has portions of dif-
ferent compositions differing substantially in
their electromechanical transducing properties.
At least the portions of this body: which
have relatively high values of the lecal electro-
mechanical transducing properties are ‘of a. di-
electric material, and in the examples mentioned
hereinabove all portions of the: body- are of
dielectric materials. Transducer bodies free-of
structural discontinuities and contalning one
portion of a dielectric material and another.por-
tion of a conductive material are described ard
claimed in the aforementioned copending ap-
plication of Hans G. Baerwald. Often it is
convenient to form the portions of different com-
positions so that these portions have equal-thick-
nesses. Then one portion lies generally to one:
side of the center line 24, Fig. 3, while: the: other
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portion lies generally to the other side. In the
region of the central plane the composition may
change more or less abruptly in the thickness
direction, but without any abrupt change in the
structural properties of the material. How-
ever, it may be desirable to make one portion
considerably thicker than the other. For ex-
ample, the portion having a transducing-re-
sponse characteristic of greater value may be
thinner than the relatively unresponsive por-
tion. In such a case a chemical treatment for
modifying the composition of the body near one
side thereof might become impractical, and it
I1s recommended that the body be formed by the
method of the aforementioned copending Gravley
application. Some of the considerations which
determine the optimum relative thicknesses of
the two portions of the body are discussed in
the aforementioned copending Baerwald applica-
tion.

When the two layers of the body 21 have ap-
proximately equal thicknesses but have different
transducing-response characteristics upon con-
ditioning by a polarizing potential, the transduc-
ing properties of the body may be represented in
a rough manner by the plot of Fig. 4. This plot
iIs aligned vertically below the transverse sec-
tional view of Fig. 3 so that the thickness coor-
dinate of the plot coincides with the thickness
direction in the body as viewed in Fig. 3. The
plot of Fig. 4 may represent roughly the variation
of the transducing properties through the thick-
ness direction when the left hand portion of the
body is a barium-~strontium titanate material and
the right hand portion is polarized barium titan-
ate material. In this case only the right hand
portion has substantial transducing-response
characteristics, and the transducing properties of
the regions of the body near the left hand major
surface have zero values. In this connection it
appears from the above that the different polar-
1zation of the left hand portion advantageously
1s a polarization of a lower order of magnitude
than the polarization of the right hand portion,
with a corresponding transducing-response char-
acteristic of a lower order of magnitude than that
of the right hand portion. In the case where the
material of the left-hand portion has a lower or
residual, but substantial, local response, it will
appear that a transducing property represented
along the vertical coordinate in the nlot of Fig, 4
would have a zero value below the plotted curve,
as at Aoc. As a matter of fact, if the left hand
portion is a barium-strontium titanate of the
70:30 mole ratioc mentioned hereinabove, when a
preliminary polarizing field has been applied and
removed, the different polarization of the left
hand portion actually is zero with a negligible
transducing-response characteristic therein, since
this material does not retain remanent polariza-
tion. In this case it appears that the local trans-
ducing properties in the regions near the left
hand surface have zero value, as indicated at
Bo In Fig. 4. In both cases the two portions of
the body just underlying its two major surfaces
are of materials providing the extremes of values
of transducing-response characteristics in the
body, which is a condition conducive to efficient
bending response of the body during transducing.
'The mechanism of the bending response, involv-
ing mechanical reaction between portions of the
body having different values of the electrome-

chanical transducing properties, will be explained
in greater detail hereinbelow. Any of various
local transducing properties-might be plotted to
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8
obtain the curve of Fig. 4. The transducing-
response characteristic as defined hereinabove
may be used. In this case, for example, after
polarization of the body 21 by the application of
a high unidirectional voltage across the elec-
trodes in the thickness direction, the mechanical
efiect of the electric signal field resulting from
the application of unit voltage across the elec-
trodes is plotted for small volume portions of the
body. The mechanical effect may be expressed in
terms of the fractional or percentage distortion
or strain in a direction lengthwise of the body,
since this type of strain is associated with the
desired bending response.

A complete transducer device which is electro-
mechanically sensitive to flexure is illustrated in
Fig. 5. The device includes the body 21 and its
electrodes, electrical circuit terminals 25 and 26
connecied to the electrodes 22 and 23 respec-
tively, a base 27 in which the lower end of the
body 21 is mounted securely, a yoke 28 secured
to the top of the body 21, and a rod 29 projecting
horizontally from the yoke 28 for providing me-
chanical coupling to the device.

For use in the initial polarization of the body
21 a unidirectional high voltage source 38 may be
connected to the terminals 25 and 26, for example
through a2 double pole switch 35. 'This connection
may be made before or after the complete trans-
ducer device represented in Fig. 5 is assembled,
and the switch 3% may be closed for a short period
of time to provide the transducing properties
represented by the plot of Fig. 4. A polarizing
potential approaching the breakdown voltage of
the material may be used, although lower polar-
izing potentials often are entirely adegquate. The
polarizing connections to the terminals 25 and 28
then may be removed and used in polarizing
other transducer bodies. However, if the body
should lose its polarization for any reason, for
example by inadvertent heating above 120° C.,
the polarizing arrangement easily may be em-
ployed again to restore the desired transducing
properties.

In operation, the device of Fig. 5 may be used
to transduce from electrical energy to mechanical
energy or vice versa. In either case, suitable
electrical and mechanical means, not shown, are
connected to the elecnrma.l—clrcmt terminals 25,
26 and to the mechanical-coupling rod 28, respec-
tively, to serve as source means or utilization

means for the energy transduced, as the case may
be. Accordingly, the device comprises means in-
cluding the electrodes 22, 23 and the terminals
29, 26 for translating currents associated with the
electrostatic-field signal energy transduced in the
body. Furthermore, the yoke 28 and rod 28 con.-
stitute mechanical means for translating the mo-
tion associated with the flexure of the body 21
during transducmg Thus a bending flexure of
the body is associated with mechanical reaction
between the right hand portion having the sub-
stantial transducing-response characteristic and
the left hand portion of the body. Application of
a signal potential acros the terminals 25 and 26
causes the more responsive right hand thickness
portion to expand or contract, resulting in a net
bending motion by mechanical reaction with the
opposed thickness portion having negligible elec-
tromechanical response. The bending motion is
translated by longitudinal motion of the rod 29
in the direction of the double arrow, Fig. 5. Con-
versely, moving the rod 29 longitudinally’ causes

a bending of lines extending vertically in the de-
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vice; resultinig:in:the:appearance-of:a signal po=:

tential:across the.terminals. -

Under - some: circumstances;: for:-example for:

operation.at high.temperatures or.with high elec=

tric signal potentials, itmay:be:desirable tomain--

tain -the: unidirectional: voltage source ofi Fig. .5

connected to-the transducer: body during. opera=:
tion.  With such continuous: polarization the:re=.
sponse of “a ‘barium: titanate material: is. higher:
than with remanent polarization. . The unrespon-
siverportion:-of: the ‘body. thenradvantageously s

a,-barium . titanate containing ‘barivm :stannate,

which:may be introduced by treatment with 'stan-:
nic’ oxide: ag. mentioned: hereingbove.: The Te.:
sponse of the modified titanate is:much less than:
that:of :the: barium titanate: even: under:a con-.

tinuously applied polarizing field."

It isadvantageous that the electromechanically.
unresponsive portioniof the body 21!, that:is,the
~20
be of ‘& diclectric-material:of .o :composition which
has-a higher dielectric constant:than that.ofthe.
material: of. the.more responsive-portion-at:pre~"
determined operating temperatures; such as temsx.
peratures between-20° and.100° C... For-example;. 2.
a barium-strontinm titanate:may have.-a-dielectric:
constant 3 or: 4 times: that: of: barium  titanate,
while -barium-titanate: containing several -weight:
percent.of ‘stannic oxide may: have a dielectric.

left ' hand portion as represented in Figs. 3 and:4

10

15

10:
thereof, substantially free of structural discon-
tinuities, having one substantial thickness por-
tion disposed generally parallel to the major sur-
faces of said body and of a dielectric material
which is conditioned by the application of a uni-
directional electric potential to provide a sub-
stantial  transducing-response characteristic as
between mechanical signal energy and electro-
static-field  signal energy, and having another
substantial thickness portion disposed generally
parallel to and laterally of said one portion and
of a dielectric material of different composition
which upon said application of said unidirec-
tional potential has. a transducing-response char-
acteristic as between said signal energies substan-
tially different from' said first-mentioned char-
acteristic; means for translating currents associ-
ated with said -electrostatic-field signal energy
transduced in said body, including electrodes in
opposed positions adjacent to said major sur-
faces of said body and between which signal
potentials corresponding to sald: electrostatic-
field-signal energy may appear; and mechanical
means for translating the motion-associated with
said flexure during  transducing, said flexure
being associgted with mechanical reaction be-
tween said one portion having said substantial
transducing-response: - characteristic and said
other portion of said body.

constant::about | twice that: of the unmodified-:
barium-titanate.. When the electromechanically:
unresponsive portion-has:a highéer dielectric con-.
stant; the-several portions:of ‘the-body aect:as.a:
voltage -divider--made un. of series:capacitances.

3. A transducer device electromechanically
sensitive to flexure comprising: a thin body sub-
stantially free of structural discontinuities, hav-
ing near one of the major surfaces of said body
one-substantial- portion of a dielectric material

An-eleetric potential appearing across the entire:
body:thén- is--assecciated . with ~a- higher: field:
strength* in'-the* electromechanicglly: ‘responsive.

l'v.
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portion, increasing the transducing efficiency.

While there *have: been ‘described  what-are- at:
- 40
ments of this invention; it will'be obvious.to those

present considered: to be the preferred :embodi-

skilled in the:art that various changes and modi-

fications :maybe made therein: without departing:
from the invention, and it is, therefore; aimed in:
the anpended claims to'cover all such changes and:

modifications as fall within the. true spirit::and
scope:of-the:invention.;
Wwhat-igielaimediis: -

1:7 A transducer: ~device® electromechanically
sensitiverto-flexure comprising: a  body substan-
tially-free of struetural discontinuities. havine one-
stubstantial-portion of a dielectric material which

is: conditioned by-the application:of -2 unidirec~

tional:electric potential to' provide -a substantial
transducing-response characteristic as: between:
mechanical signal - energy and:-electrostatic-field:
signal-energy, and:having another sunstantial-

portion-of: a dielectric material ofdifferent com-=

position-which uvon-said application of said uni--
directional potential -has-a transducing-resnonse

characteristic as-hetween said'sighal'energies stb-

stantiglly : different ' from’ said  first-mentioned-

characteristic: means including electrodes-adja~
cent to-said: body for translatihg:currents:asso~
~ ciated ~with said: eleetrostatic-field signal-energy

transduced in szid body; and mechanical means

for-translating the -motion- assoeigted with said

flexure - during “transducing, - said" flexure -being:
associated with - mechanical reaction -betweery

3D

49

ot

6O

65

which 1s conditloned by the application of a
unidirectional electric potential to provide a sub-
stantvial transducing-response characteristic as
between mechanical: sighnal energy and electro-
static-field -signal energy, and having near the
other major surface -of said body another sub-
stantial portion of a dielectric material of differ-
ent composition which upon said application of
said unidirectional: potential is effective to pro-
vide g transducing-response characteristic as be-
tween said signal-energies substantially different
from saig first-mentioned characteristic, caid one
angd said other portions being of materials pro-
viding the extremes of values of transducing-re-
sponse -characteristics in' gaid body: means for
translating currents.associated with said. eleciro-
static-field energy: transduced in said body, in-
ciuding electrodes: in opposed positions adjacent:
to sald major suriaces of said body and hetween
which sighal potentials corresponding to said
electrostatic=field signal.energy may appear; and
mechanical means for tran<lating the motion as-
sociagted with said flexure during transducing,
said flexure being associated with mechanical re~
action between:said one pvortion having said sub-
stantial transduging-response characteristic and
other portions of said body.

4. A ftransducer device electromechanically
sensitive: to flexure comprising: a body substan-
tially ~“free- of structural discontinuities; having
one- substantial portion of a poiycrystalline
titanate dielectric material which is conditioned:
by the application of a unidirectional electric
poteniial to provide a substantial transducing-
response- characteristic as betwesen mechanical

said-‘one- portion’ having said:substantial-trans= 79 signal energy and electrostatic-fielg signal en-
ducing-response characteristic -and- said—-other ergy, and- having another substantial portion of
portion of said body- - a dielectric material of different composition
2.-A + transducer: device--electromeechanically” which upon rcaid application of said unidirec~

- .sensitive to:flexure comprising: a-body-of*-small” tional potential has'a transducing-response char-
thicknesscompared with the-other dimensions: 76 acteristic-as betweensaid’ sighal’ energies-sub=

v ¥
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stantially different from said first-mentioned
characteristic; means including electrodes ad-
jacent to said body for translating currents as-
scciated with said electrostatic-field signal en-
ergy transduced in said body; and mechanical
means for translating the motion associated with
said flexure during transducing, said flexure being
associated with mechanical reaction between sald
one portion having said substantial transducing-
response characteristic and said other portion of
sald body.

5. A transducer device electromechanically
sensitive to flexure comprising: a body substan-
tially free of structural discontinuities, having
one substantial portion of a polycrystalline
harium titanate material which is conditioned
by the application cf a unidirectional electric
potential to provide a substantial transducing-
response characteristic as between mechanical
sighal energy and electrostatic-field signal en-
ergy, and having another substantial portion of
a polycrystalline dielectric material of differ-
ent composition which upon said application of
said unidirectionai potential has a transducing-
response characteristic as between said signal en-
ergies substantially different from said first-men-
tioned characteristic; means including electrodes
adiacent to said body for translating currents as-
sociated with said electrostatic-field signal energy
transduced in said body; and mechanical means
for translating the motion associated with said
flexure during transducing, said flexure being as-
sociated with mechanical reaction hetween sald
one portion having said substantial transducing-
response characteristic and said other portion of
said body.

6. A transducer device electromechanically sen-
sitive to flexure comprising: a body substantially
free of structural discontinuities, having one sub-
stantial portion of a polycrystalline barium
titanate material which is conditioned by the ap-
plication of a unidirectional electric potential to
provide a substantial transducing-response char-
acteristic as between mechanical signal energy
and electrostatic-field signal energy, and having
another substantial portion of a polycrystalline
titanate dielectric material of different composi-
tion which upon said application of said unidirec-
tional potential has a transducing-response char-
acteristic as between said signal energies substan-
tially different from said first-mentioned charac-
teristic: means including electrodes adjacent to
said body for translating currents associated with
said electrostatic-field sighal energy transduced

in said body: and mechanical means for trans- -

lating the motion associated with said flexure
during transducing, said flexure being associated
with mechanical reaction between said one por-
tion having said substantial transducing-re-
sponse characteristic and said other portion of
said body.

7. A transducer device electromechanically sen-
sitive to flexure comprising: a body substantially
free of structural discontinuities, having one sub-
stantial portion of g dielectric material which is
susceptible to remanent electrical polarization to
provide a substantial transducing-response char-
acteristic as between mechanical signal energy
and electrostatic-field signal energy, and hav-
ing another substantial portion of & dielectric ma-
terial of g different composition which is suscep-
tible to remanent electrical polarization of only a
lower order of magnitude than said remanent
polarization of said dielectric material of said one
portion to provide a ftransducing-response char-
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acteristic as between said signal energies lower in
magenitude than said first-mentioned character-
istic; means including electrodes adjacent to said
body for translating currents associated with said
electrostatic-field signal energy transduced in
said body: and mechanical means for translating
the motion associated with said flexure during
transducing, said flexure being associated with
mechanical reaction between said one portion
having said substantial transducing-response
characteristic and said other portion of said body.

8. A transducer device electromechanically
sensitive to flexure comprising: a body substan-
tially free of structural discontinuities, having one
substantial portion of a dielectric material which
is conditioned by the application of a unidirec-
tional electric potential to provide a substantial
transducing-response characteristic as between
mechanical signal energy and electrostatic-field
signal energy, and having another substantial
portion of a material of a different composition
which has a higher dielectric constant than that
of the material of said one portion at predeter-
mined operating temperatures and which upon
said application of said unidirectional potential
has a transducing-response characteristic as be-
tween said signal energies of a2 lower order of mag-~
nitude than said first-mentioned characteristic;
means including electrodes adjacent to said body
for translating currents associated with said elec-
trostatic-field signal energy transduced in said
body: and mechanical means for translating the
motion associated with said flexure during trans-
ducing, said flexure being associated with me-
chanical reaction between said one portion hav-
ing said substantial transducing-response char-
acteristic and said other portion of said body.

9. A transducer device electromechanically sen-
sitive to flexure comprising: a body substantially
free of structura] discontinuities, having one sub-
stantial portion of g dielectric material which 1is
susceptible to remanent electrical polarization to
provide a substantial transducing-response char-
aceteristic as bebtween mechanical signal energy
and electrostatic~field signal energy, and having
another substantial portion of a dielectric mate-
rial of a different composition which has a higher
dielectric constant than that of the material of
said one portion at predetermined operating tem-
peratures and which is susceptible to remanent
electrical polarization of only a lower order of
magnitude than said remanent polarization of
said dielectric material of said one portion to pro-
vide a transducing-response characteristic as be-
tween said signal energies substantially lower in
magnitude than said first-mentioned character-
istic: means including electrodes adjacent to said
body for translating currents associated with
said electrostatic-field signal energy transduced
in said body: and mechanical means for trans-
lating the motion associated with said flexure
during transducing, said flexure being associated
with mechanical reaction between said one por-
tion having said substantial transducing-respoi1se
characteristic and said other portion of said
body.

10. A transducer device electromechanically
sensitive to flexure comprising: a body substan-
tially free of structural discontinuities, having
one substantial portion of a dielectric material
containing primarily barium titanate which is
susceptible to remanent electrical polarization
to provide a substantial transducing-response
characteristic as between mechanical signal en-
ergy and electrostatic-field signal energy, and
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having another substantial portion of a dielectric
material containing primarily a barium-stronti-
um titanate not susceptible to appreciable re-
manent electrical polarization to provide a trans-
ducing-response characterisiic as hetween said
signal energies substantially lower in magnitude
than said first-mentioned characteristic; means
ineluding electrodes adjacent to said body for
translating currents associated with said elec-
trostatic-field signal energy transduced in said
body: and mechanical means for translating the
motion associated with said flexure during trans-
ducing, said flexure being associated with me-
chanical reaction between said one portion hav-
ing said substantial transducing-response char-
acteristic and said other portion of said body.
11. A transducer device electromechanically
sensitive to flexure comprising: a body substan-
tially free of structural discontinuities and hav-
ing polycrystalline dielectric portions of diif erent

compositions, including one portion containing
primarily barium titanate with substantial elec-
tromechanical transducing properties and an-
other porfion containing primarily a barium-
strontium titanate with substantially weaker
electromechanical transducing properties and a
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higher dielectric constant than that of the ma-
terial of said one portion at predetermined Op-
erating temperatures; means including electrodes
adjacent to said body for translating currents
associated with electrostatic energy transduced
in said body; and mechanical means for trans-
lating the motion associated with said flexure
during transducing, said flexure being associated
with mechanical reaction between said one por-
tion having said substantiial electromechanical
transducing properties and said other portion of

said body.
HARRY C. PAGE.
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