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This invention relates to electromechanical
transducers of the general type in which mechan-
ical action results from the application of an
electric field thereto and vice versa. More par-
ticularly, it relates to an improved electrome-
chanical transducer which includes an operating
element of a dielectric material polarized to re-
spond substantially linearly as a first order effect
to the energy input thereto.

Electromechanical transducers of the piezo-
electric type are well known. in the art. 'One
such arrangement has comprised Rochelle salf
as the operating element thereof and transducers
of this type are widely used ecommercially.” How-
ever, the properties of Rochelle salt are such that
transducers comprising this material as an op-
erating element do not provide entirely satis-
factory operation under some operating condi-
tions. For example, the temperature of such a
unit must be maintained at all times below a
rather low maximum value or, otherwise, the
piezoelectric properties of the operating element
are destroyed. Also, it is well known that such
operating elements are somewhat fragile and,
inasmuch as Rochelle salt is soluble in water, it
is necessary in transducers of the type under con-

- sigeration to insure that the operating properties

of the unit are not adversely affected by humidity
conditions. .

Tt has been known that dielectric materials
other than single asymmetrie crystals have the
property of expanding and contracting when sub-
jected to an electric field and, for this reason,
some aftention has been given to the possible
use of such materials as the operating element
of electromechanical transducers cf the general
type here under consideration. However, in gen-
eral, such dielectric materials have a very small
response and in addition do not have the prop-
erty of responding substantially linearly as a
first order effect to the signal input thereto and
this characteristic is, of course, undesirable in
many applications of electromechanical trans-
ducers. I have discovered, however, that under
certain conditions it is possible to polarize a i-
electric material so that, as a first order effect,
a transducer of this composition responds me-
chanically to the fundamental of an applied A. C.
field. Also it is known that certain dielectric
materials of the ceramic type have rather large
dielectric constants: Such materials would have
some very desirable characteristics for use as the
operating element of electromechanical trans-
ducers were it not for the fact that they nor-
mally do not have the desirable linear response
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characteristic mentioned above. One such ce-
ramic material is a composition containing a
substantial portion of barium titanate in its com-
position. I have discovered that it is possible
to polarize this material to provide the desirable
type of response mentioned akove. I have also
discovered that very surprisingly large ratios of
strain to applied voltage are possible with this
material. Inasmuch as ceramic materials con-
taining a substantial portion of barium titanate
exhibit extreme stability with reference to tem-
perature and chemical influences, very great-ad-
vantages are obtained in an electromechanical
transducer using such ceramic materials.

As used in this specification, the phrase “polar-
ized to respond to the fundamental component
of an alternating electrical field applied thereto
in at least one mechanical mode” means any
operation upon the material which will enable
it to respond as a first order efiect to the funda-
mentsal of an applied A. C. field which response,
as indicated above, is not the usual response of
materials of this type. The word “mode” as
used herein is intended to designate a direction
of expansion and contraction in the material.
PFurthermore, it is to be noted that the quoted
language does not state that an alternating field
is actually applied to the material. This is im-
portant because in some cases no such alternat-
ing electrical field is applied but rather mechani-
cal vibrations are dpplied to the material in order
to derive from the material eléetric energy cor-
responding to the mechanical vibrations.

It is an object of the invention to provide an

. improved electromechanical transducer of the

type in which mechanical action results from
the application of an electrostatic field and vice
versa. :

It is a further object of the invention to pro-
vide an improved electromechanical transducer
which may be readily and inexpensively produced
and which is rugged and relatively immune to
the influence of ambient conditions, such as tem-
perature and humidity effects.

It is' a further object of the invention to pro-
vide an improved electromechanical transducer

by using as the operating element thereof, a ma-

terial having a substantial portion of barium ti-
tanate in its composition.

In accordance with the invention, an electro-
mechanical device for transducing between the
types of energy which are classified as electrical
and mechanical comprises a dielectric material
polarized primarily to respond to the funda-
mental component of an alternating field applied
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thereto in at least one mechanical mode. Means
are also provided for applying energy of one of
the above-mentioned types to the material to-
gether with means dependent upon the effect
of the applied energy upon the material for deriv-
ing and utilizing energy of the other of said
above-mentioned types.

For a better understanding of the present in-
vention together with other and further objects
thereof, reference is had to the following descrip-
tion taken in connection with the accompanying
drawing, and its scope will be pointed out in the
appended claims. :

In the single sheet of the drawing, Figure 1
is provided to illustrate the mode of operation
of the transducer of the invention: Figure 2 illus-
trate a transducer utilizing the actuating element
of Fig. 1 as a generator of ultrasonic vibrations;
Figs. 3 and 4, respectively, are a sectional view
and a plan view partly broken away of a micro-
phone embodying the transducer of the invention
together with suitable circuit connections to an

amplifier stage; and Fig. 5 is a sectional view of-

an earphone embodying the transducer element
of the invention together with suitable circuit
connections from the output stage of an amplifier.

Referring now more particularly to Fig. 1,
there is illustrated a simple form of actuating
element for an -electromechanical transducer
which includes a dielectric material as the ac-
tuating element thereof. While any dielectric
material may be used as the operating element
of the arrangements of the invention, it is prefer-
able to use a material having a high dielectric
constant in order to provide a high coupling be-
tween the electrical and mechanical action of
the operating element. Also it has been discov-
ered that the class of materials known-as “tita-
nates” is particularly useful in the arrangements
of the invention. Particularly has it been dis-
covered that materials having a substantial por-
tion of barium titanate in their composition are
very useful in most embodiments of the inven-
tion. The actuating element of Fig. 1 comprises
a thin disk-shaped body 10, provided with elec-
trodes 11 and {2 on the major faces of the disk.
For the reasons given above, the body 10 prefer-
ably contains a substantial portion of barium
titanate in its composition. Lead wires 13 and
14 are connected to the electrodes by any suit-
able means, such as soldering, conductive ce-
ment, or pressure springs. The actuating ele-
ment is connected in a circuit comprising a gen-
erator 9, a battery 15, and a switch 16. The volt-
age of source 15 must be high in relation to that
of the generator 9.

In considering the action of the arrangement
of Fig. 1 and neglecting for the moment the pres-
ence of generator 9, it will be seen that upon
closure of the switch 16 the condenser formed by
electrodes 11 and 12, separated by the dielectric
material 10, is charged. In the work leading to
the making of this invention it was found that
there is a strong tendency for the material 19
to contract radially as illustrated by the arrows
{T—I1T and simultaneously to expand in the
thickness direction as illustrated by the arrows
19—19. It was determined experimentally that
for a particular material including a substan-
tial portion of barium titanate, the strain in a
direction parallel to the electrodes is about
0.55-10—% and that the strain in the direction per-
pendicular to the electrodes is about 4.5-10—¢ for
a voltage gradient of 1 kilovolt/mm. The effect
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of the generator 9 is explained more fully in coi-
nection with the generator of Figure 2.

The nature of the mechanical action of the
transducer of Figure 1 makes it very suitable for
the generation or reception of ultrasonic vibra-
tions in liquids. In Fig. 2 there is illustrated
one simple arrangement for utilizing the trans-
ducer of the invention for this purpose. Com-
ponents in Fig. 2 which correspond to those of
Fig. 1 have identical reference numerals. In Fig.
2, the transducer is suspended in a beaker 21 by
its leads 13, 14 which are secured to an insulat-
ing bar 22 resting on the top of the beaker. The
leads 13, 14 are connected to a source of high
frequency alternating current 23, through a
source of polarizing potential 24. Preferably a
variable inductor 25 is shunted across the source
23. The beaker contains a liquid 26 which may,
for example, be an oil containing dissolved gases.

In considering the operation of the arrange-
ment of Fig. 2, it will first be stated that the ma-
terial 10 is polarized by the source 24, as defined
above, to respond to the fundamental of an ap-
plied alternating field. The transducer is thus
driven by the generator 23, preferably, but not
necessarily, at a mechanical resonance frequency
of the transducer. Under these conditions strong
ultrasonic vibrations are set up in the liquid and
the dissolved gases are gradually driven off. -‘The
dielectric constant of most materials contain-
ing a substantial portion of barium titanate is
quite high and, as a result, the operating ele-
ment of Fig. 2 tends to draw from the generator
23 a large reactive component of current which is
not useful directly in generating the ultrasonic
vibrations used to drive off the gases of the
liquid. For best operation, therefore, the in-
ductor 25 and the capacitance of the transducer
including the element 10 should be adjusted to
be in resonance, or approximately in resonance,
at the frequency of operation of generator 23.
If the generator 23 has a low internal impedance,
it may be desirable to connect the inductor 25 in
series with the generator 23 rather than in par-
allel as shown. .

In Figs. 3 and 4 there is illustrated a micro-
phone of simple construction embodying an elec-
tromechanical device in accordance with the in-
vention. This arrangement comprises a cup-
shaped housing 80 to the bottom of which is se~-
cured a bar-shaped body 31 which is ecomprised
of a material having a high dielectric constant
and preferably of a material having a substan-
tial portion of barium titanate therein. 'The
body 31 is provided with electrodes 32 and 33 on
its major faces. One convenient way of secur-
ing the transducer actuating element to the
housing is to connect it to thin pads of rubber or
like material 34, 35 and to cement the pads to
the housing. To the upper surface of the actu-
ating bar 32 is cemented a toggle-type lever ele-
ment 26 formed of a thin sheet of aluminum or
other like material. The apex of this lever ele-
ment is connected by means of a pin 37 to the
apex of a cone-shaped metal diaphragm 38. The
diaphragm 38 is secured around its periphery to
the housing 39, for example by cementing, and
the pin 37 is secured to the diaphragm and toggle
lever 36 by any suitable means, such as cement
or wax. The electrodes 32 and 33 are connected
by lead wires to terminals 40, 41 which serve to
connect the microphone to an amplifier. A suit-
able amplifier is illustrated in the drawings. I
comprises a vacuum tube 42 which may be a
triode or pentode, preferably having a relatively
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high mutual conductance, and connected as a
cathode follower. - Thus the tube 42 is provided
with a cathode resistor 43, one end of which is
grounded, and the output signals are derived
from: terminals 44, 45:.connected across the re-
sistor 48. The tube 42 is also provided with a
grid resistor 39 connected between the grid of
tube 42 and a tapping point on resistor 43. Op-
erating potentials are provided for the tube 42
by a .source indicated --B.

In considering the operation of the microphone
of Figures 3 and 4, it will be sufficient to say
that its operation is quite analogous to the opera-
tion of the more conventiongl transducer units
employing sections cut from single crystals, such
as Rochelle salt or ammonium dihydrogen phos-
phate. Sound waves impinging on diaphragm
38 apply, through pin 37, vibratory forces to the
apex of the toggle lever 36 and these forces are
transmitted by the lever and applied to the bar
81 as vibratory expansion and compression forces.
As a result of these forces, corresponding. alter-
nating potentials are developed: between the
electrodes 32 and 23. -These alternating poten-
tials corresponding to the sound wave are con-
ducted to the input términals of the amplifier.
It is to be noted here that the unidirectional
voltage which exists across the grid leak resis-
tor 3§ and the portion of resistor 43 between the
tapping point and ground, due to the applica~
tion of potentials from the source --B, is applied
across the electrodes 32, 33. -The bar of material
31, therefore, becomes polarized in accordasnce
with the definition given above and thereafter
behaves in a manner analogous to a piezoelectric
element developing alternating potentials in re-
sponse to alternating forces.

The theory of operation of cathode follower
circuits -is too well known to require detailed
description. = It is sufficient to state that the
alternating voltage developed between electrodes
32 and 23 is called upon to supply almost negli-
gible current because of the high input impedance

.of the cathode follower. The output circuit of
the cathode follower, however, is capable of
supplying a substantial amount of signal cur-
rent at a voltage slightly less than the input
sighal. Thus it is quite useful as a preamplifier
between the high impedance transducer element
and a cable or other line running to a succeed-~
ing amplifier circuit.

Por a further discussion of the operation and
characteristics of cathode follower circuits in
connection with piezoelectric and other ‘electro-
static transducers, reference may be had to U, S.
Letters Patent 2,288,600 granted on July 7, 1942,
to' J. P. Arndt, Jr., and assigned to the same
assignee as the present invention.. It should he
noted, however, that in the case of the present
invention, it is not necessary to take precautions
agaiust application of direct voltages to the ac-
tuating element of the transducer as outlined in
the patent.

Fig. 5 illustrates an earphone using the same
type of element and construction as is used in
the microphone of Figs. 3 and 4, and correspond-
ing elements in the several figures have identical
reference numerals. In Fig. 5, however, the dia-
phragm 38 is covered by an ear-cap 50 which
tends to concentrate the sound pressure devel-
oped by the vibrating diaphragm. In this ar-
rangement the alternating signals which are to
be -converted to sound pressure vibrations are
applied to the input -cireuit of a vacuum tube
5 through input terminals 52 and 53 and the
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amplified potentials appearing across the load
resistor 54 are applied through a flexible cord
56 to the electrodes 32, 33 of the operating ma-
terial 31. )

In considering the operation of the arrange-
ment of Fig. 5, it will be seen that when the tube
51 is energized, the potential B automatically
polarizes the material 31 and therefore it func-
tions in a manner somewhat analogous to a
piezoelectric element as explained above. : The
material 3t thus expands and contracts in re-
sponse to the alternating component of the
anode potential of tube §1. This alternating
expansion and contraction is amplified by the
toggle lever 36 to impart a much larger vibra-
tory motion to the diaphragm 38 and, when the
device is placed against the user’s ear, corre-
sponding sound pressure vibrations are developed
in the ear canal. .

Each of the arrangements described above may
be seen to comprise an electromechanieal device
for transducing between the types of energy
which are classified as electrical and mechanical.
Specifically, some of the embodiments of the
invention, for example Fig. 3, are adapted to
transduce mechanical energy to electrical energy.
The embodiment of the invention illustrated in
Fig. 5 on the other hand is adapted to transduce
electrical energy derived from the output cir-
cuit of vacuum tube 51 into mechanical energy
which in turn produces sound to be heard by
the human ear. In each embodiment of the in-
vention which has been described the actuating

~-material includes a dielectric material polarized
5 primarily to respond to the fundamental! com-

ponent of an .alternating field applied thereto
in ‘at least one mechanical mode or. direction.
In each of the embodiments of the invention
which has been described the actuating material
is polarized by the application thereto of g uni-
directional field, although it is to be distinctly
understood that I do not wish to limit my inven-
tion to polarization in this particular manner.

While any material which contains a substan-
tial portion of barium titanate is useful as the
operating element of the invention, materials
having at least fifty per cent of barium titanate
have been found to give the best results. Such
materials usually have a dielectric constant of
at least 1,000 and, in fact, it may be stated that,
in general, it is preferable to use a material in the
actuating element which has a dielectric con-
stant as: high as possible. Certain materials
containing a substantial . portion of barium
titanate are available commercially through such
firms as The Titanium Alloy Manufacturing
Company of Niagara Falls, New York.

In British Patent 583,639, hased on an appli-
cation filed. November 10, 1944, of The Titanium
Alloy Manufacturing Company of 111 Broadway,
New York city, there are disclosed tables relating
to various compositions which contain a substan-
tial portion of barium titanate. As stated
above, any of-these materials which have a di-
electric constant around 1,000 or more are suit-
able for the purposes of the present invention.

In my copending application Serial Number
740,461, now U. S. Patent Number 2,484,950, dated
Octoher 18, 1949, filed concurrently with the in-
stant application, there are described and claim-
ed arrangements utilizing the principles of the
present invention as applied to multiple-element
operating elements to provide actuators for elec-
tromechanical transducers of the “bender” type.
‘While the invention has been described with g
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certain degree of particularity, it is to be under-
stood that it has been by way of example and
that changes can be made without departing
from the spirit and scope of the invention.

I claim as my invention:

1. An electromechanical device for transducing
between the types of energy which are classified
as electrical and mechanical comprising, a body
of polycrystalline dielectric material having con~
ductive electrodes on two faces thereof, means
for maintaining a unidirectional potential be-
tween said electrodes to polarize said material,
said polarized material having a substantial re-
sponse to the fundamental component of an al~
ternating electrical field applied thereto in at
least one mechanical mode, means for applying
energy of one of said types to said material, and
means dependent upon the effect of said applied
energy upon said material for deriving and
utilizing energy of said other type.

2. An electromechanical device for transducing
between the types of energy which are classified
as electrical and mechanical comprising, a body
of polycrystalline dielectric material having a
substantial portion of barium titanate therein
and having conductive electrodes on two faces
thereof, means for maintaining a unidirectional
potential between said electrodes to polarize said
material, said polarized material having a sub-
stantial response to the fundamental component
of an alternating electrical field applied thereto
in at least one mechanical mode, means for ap-
plying energy of one of said types to said mate-

rial, and means dependent upon the effect of -

said applied energy upon said material for de-
riving and utilizing energy of said other type.

3. An electromechanical device for transducing
between. the types of energy which are classified
as electrical and- mechanical comprising, a
layer of polycrystalline dielectric material having
individual conductive electrodes on the two ma~
jor faces thereof, means for maintaining a uni-
directional potential between said electrodes to
polarize said material, said polarized material
having a substantial response mechanically, to
the fundamental component of an alternating
electrical field applied thereto, in at least its
thickness direction, means for applying energy
of one of said types to said material, and means
dependent upon the effect of said applied energy
upon said material for deriving and utilizing
energy of said other type.

4. An electromechanical device for transducing
between the types of energy which are classified
as electrical and mechanical comprising, a layer
of polycrystalline dielectric material having in-
dividual conductive electrodes on the two major
faces thereof, means for maintaining a unidirec-
tional potential between said electrodes to
polarize said material, said polarized material
having a substantial response to the fundamental
component of an alternating electrical field ap-
plied thereto in a mechanical mode corresponding
to its dimension of greatest length, means for
applying energy of one of said types to said
material, and means dependent upon the effect
of said applied energy upon said material for
deriving and utilizing energy of said other type.

5. An electromechanical device for transducing
electrical energy to mechanical energy compris-
ing, a body of polycrystalline dielectric material
having conductive electrodes on two faces there-
of, means for maintaining a unidirectional po-
tential between said electrodes to polarize said
material, said polarized material having a sub-
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stantial response to the fundamental component
of an alternating electrical field applied thereto
in at least one mechanical mode, means includ-
ing said electrodes for applying electrical energy
to said material, and means dependent upon the
effect of said applied electrical energy upon said
material for deriving and utilizing mechanical
energy.

6. An electromechanical device for transducing
mechanical energy to electrical energy compris-
ing, a body of polycrystalline dielectric material
having conductive electrodes on two faces there-
of, means for maintaining a unidirectional po-
tential between said electrodes to polarize said
material, said polarized material having a sub-
stantial response to the fundamental component
of an alternating electrical field applied thereto
in at least one mechanical mode, means for ap-~
plying mechanical energy to said material,” and
means including said electrodes, dependent upon
the effect of said applied mechanical energy upon
said material for deriving therefrom and utilizing
electrical energy.

7. A device for transducing between electrical
and mechanical energy comprising: a solid body
of polycrystalline dielectric material polarized by
the application of a unidirectional electrical po-
tential, said polarized material having a sub-
stantial response to the fundamental component
of an alternating electrical field applied thereto,
in at least one mechanical mode; means includ-
ing electrodes adjacent to two surfaces of said
body for translating currents associated with
electrostatic energy transduced in said body; and
means for supporting said body in vibration-
translating relationship to a medium capable
of transmitting hydrostatic pressure.

8. A device for transducing between electrical
and mechanical energy comprising: a solid body
of polyerystalline bharium titanate dielectric
material polarized by the application of a unidi-
rectional electrical potfential, said polarized
material having a substantial response to the
fundamental component of an alternating elec-
trical field applied thereto, in at least one me-
chanical mode; means including electrodes adja-
cent to two surfaces of said body for translating
currents associated with electrostatic energy
transduced in said body; and means for support-
ing said body substantially unconstrained in a
medium capable of transmifting hydrostatic
pressure.

9. A device for transducing between electrical
and mechanical energy comprising: a solid body
of polycrystalline dielectric material; means in-

‘cluding electrodes adjacent to two surfaces of

said body for translating currents associated with
electrostatic energy fransduced in said body;
means for maintaining a unidirectional potential
between said electrodes to polarize said material,
said polarized material having a substantial re-
sponse in at least one mechanical mode to the
fundamental component of an alternating elec-
trical field applied thereto; and means for sup~
porting said body in a liquid medium for trans-
lating vibratory energy between said body and
said medium.

10. An electromechanical device for transduc-
ing electrical energy to mechanical energy com-
prising: a body of polyerystalline dielectric
material having individual conductive electrodes
on separate faces thereof; means for maintaining
a relatively high unidirectional voltage across
said electrodes to condition said material, said
conditioned material having a substantial re-
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sponse in-at least one mechanical mode to any
relatively low alternating voltage applied to said
electrodes; means including said electrodes for
applying electrical energy to said material; and
means dependent upon said substantial mechani-
cal response of said material to said applied
electrical energy for deriving and utilizing me-
chanical energy. L
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