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[57] ABSTRACT 
A transducer for converting electrical energy into me 
chanical or acoustic energy or vice versa using a con 
verting means made of a thin ?lm of high molecular 
weight polymer piezo-electric organic compound hav 
ing orientated molecules and having electrodes 
bonded or deposited onto both surfaces thereof. When 
an electric current is applied to the electrodes, the 
thin ?lm is extended or contracted in a direction dif 
ferent from the direction of orientation of the mole 
cules. when the angle between these two directions is 
45°, the extent of the extension or contraction of the 
thin ?lm is at a maximum and the best converting effi 
ciency can be obtained. 

8 Claims, 26 Drawing Figures 
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HIGH MOLECULAR WEIGHT, THIN FILM 

PIEZOELECTRIC TRANSDUCERS 

CROSS-REFERENCE TO RELATED 
APPLICATTONS 

This application is a continuation-in-part application 
of co-pending application Ser. No. 793,943, ?led Jan. 
27, l969, entitled TRANSDUCER, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to transducers for converting 

electric energy into mechanical or acoustic energy or 
vice versa, and more particularly to an electroacoustic 
or electromechanical transducer or pickup using a nat 
ural or synthetic high polymer piezo-electric vibrator. 

2. Description of the Prior Art 
The conventional piezo-electric electroacoustic 

transducer such as piezo-electric speaker employs a vi 
brator such as Bimorph which is made by bonding to 
gether two piezo-electric materials such as Rochelle 
salt crystals, pieZo-electric ceramics so that when one 
expands the other contracts. This vibrator is ?xed at 
one end to a ?xed surface and is engaged at the other 
end through a transmitting lever with a vibrating plate 
to drive it. Since it has a lever mechanism, the mass of 
its vibrating system cannot be small so that its ef? 
ciency is low and it is affected by the resonance of the 
lever. Further, the center of the vibrator moves arcu 
atelywhen it vibrates so that the vibrator is subject to 
strain. Also, the mechanical quality 0 of such piezo 
electric substances is high so that it is very dif?cult to 
obtain a broad band frequency characteristic. 

SUMMARY OF THE INVENTION 

This invention eliminates these disadvantages of con 
ventional piezo-electric transducers, and provides a 
novel and improved transducer for converting electric 
energy into mechanical or acoustic energy or vice versa 
using a natural or synthetic high molecular weight poly 
mer piezo-electric substance. For natural substance, 
collagen as a main component of an animal tendon, silk 
?ber as a main component of a raw silk, and wood cel 
lulose may be used. For synthetic substances, poly-‘y 
methyl L gluatamate, poly-'y-benzyl L glutamate, etc. 
which have large orientation of molecules and large 
crystallinity may be employed. 
Because of the ?exibility and the ?lm forming char 

acteristics of the high molecular weight polymer piezo 
electric materials used in this invention, these high mo 
lecular weight polymer piezo-electric materials can be 
employed in this invention in the form of a thin ?lm. 
For example, thin ?lms of a thickness ranging from 
about 10 to about 200 microns prepared from high mo 
lecular weight polymeric piezo-electric materials hav 
ing a molecular weight ranging from about 5000 to 
500,000 can be employed. 
According to one aspect of this invention there is 

provided a transducer comprising means for converting 
electric energy into mechanical or acoustic energy such 
as a square thin plane vibrator made of high molecular 
weight polymer piezo-electric substance. Means are 
provided for applying the electric energy to the vibra 
tor such as two sheets of electrodes bonded or depos-' 
ited onto both sides of the vibrator. A source of electric 
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2 
energy, conductor means for connecting the energy to 
the electrodes, and means for ?xing the vibrator in a 
predetermined direction that is at an angle to the direc 
tion of an orientation of molecules in the vibrator, such 
as at 45°, are employed. Two corner ends of said vibra 
tor are ?xed directly to the stators and the other two 
comer ends are secured through resilient means such 
as springs to the stators. The vibrator is ?xed at both 
ends to the stators which are themselves spaced shorter 
than the diagonal length of the vibrator. Thus, since the 
transducing element is a vibrating plate, its structure 
may be much simpler than the conventional micro 
phone speaker. Strong mechanical rigidity is provided, 
in addition to lower production costs. Further, the 
overall transducer may be thinner. 
According to another aspect of this invention there 

is provided a transducer comprising means for convert 
ing mechanical energy into an electric energy such as 
a rectangular thin plane vibrator made of high molecu 
lar weight polymer piezo-electric substance. Means for 
picking up the mechanical energy and for transmitting 
it into the vibrator, such as a needle, is secured to the 
center portion of the vibrator. Means for conducting 
electric energy produced at the vibrator, such as four 
sheets of electrodes bonded or deposited onto the front 
and back surfaces of both sides of the vibrator, are em 
ployed. The vibrator is ?xed in a predetermined direc 
tion which is at an angle to the direction of orientation 
of its molecules, such as at 45°. The vibrator is ?xedly 
secured at both ends to the stators. The converting 
means may be two rectangular thin plane vibrators at 
tached perpendicularly to each other at one end with 
the needle being secured to the crossing point of the vi 
brators and angularly spaced by 45° from both vibra 
tors, or the vibrators maybe in the form of two rectan 
gular thin plane members, perpendicularly crossed, and 
bonded at their central portions to each other, with the 
needle secured to the crossing point of the vibrators. 
Thus, since both ends of the vibrators are ?xed to the 
stators, age deformation thereof is extremely small and 
its operation is very stable. Furthennore, since two sets 
of electrodes are provided on one piezo-electric vibra 
tor, it may be manufactured less expensively and 
readily and the two vibrators may have the same char 
acteristics. 
According to a still further aspect of this invention, 

there is provided a transducer such as a V-shaped thin 
plane vibrator made of high molecular weight polymer 
piezo-electric substance, a vibrating means such as a 
conical thin vibrating plate having an apex attached to 
the vibrator, means for applying the electric energy to 
the vibrator such as two sheets of electrodes bonded or 
deposited onto both sides of the vibrator, means for ?x 
ing the vibrator in a predetermined direction at an 
angle to the direction of the orientation of molecules in 
the vibrator such as at 45° with a frame. Both ends of 
the vibrator are ?xed to the frame and said vibrating 
plate is secured to the frame. Thus, since the vibrator 
is attached directly to the vibrating plate without any 
transmitting lever, the overall transducer such as 
speaker may be very thin. Further, inasmuch as the vi 
brating plate moves linearly, it moves accurately and 
reciprocally, thereby preventing the generation of 
strains. Due to its simple structure it may be manufac 
tured less expensively. Moreover, since the vibrator is 
made of ?exible piezo-electric substance, its mechani~ 



3,832,580 
3 

cal quality Q is low, thereby providing broad band fre 
quency characteristics. 
According to still another aspect of this invention 

there is provided a transducer such as a rectangular vi 
brator made of high molecular weight polymer piezo 
electric substance, means for conducting energy such 
as a terminal, means for ?xing the vibrator in a prede 
termined direction at an angle to the direction of orien 
tation of molecules in the vibrator such as at 45° with 
a supporting wall for the vibrator at both ends thereof. 
The vibrators including electrodes bonded or deposited 
onto both sides thereof and terminals are connected to 
the electrodes. Thus, since the acoustic energy is ob 
tained merely by applying an alternate signal voltage to 
the vibrator, the transducer may be a very simple struc 
ture and be made less expensively. Further, since the 
acoustic impedance of some high polymer piezo 
electric substance is similar to that of water, it provides 
great advantages when it is used in underwater acoustic 
equipment such as a transmitter and receiver of sonar. 

According to still another aspect of this invention, 
there is provided a transducer such as two rectangular 
vibrators made of a high molecular weight polymer 
piezo-electric substance, means for applying the elec 
tric energy to the vibrator such as two electrodes 
bonded or deposited onto the upper and lower sides of 
central portion of the vibrators and two electrodes 
bonded or deposited onto the rear surface of the vibra 
tor correspondingly to the electrodes. A vibrating 
means such as a central portion of the vibrator is em 
ployed and means for ?xing the vibrator in a predeter 
mined direction at an angle to the direction of orienta 
tion of molecules in the vibrator such as at 45°. The 
converting means may be two cylindrical vibrators 
made of high molecular weight polymer piezo-electric 
substance with the vibrating means comprising a circu 
lar vibrating plate secured to the central portion within 
said cylindrical vibrator. The ?xing means are support 
ing walls with both ends of said cylindrical vibrator 
being secured thereto. The cylindrical vibrator includes 
a plurality of small holes thereon or is sealed and a vi 
brating valve is provided thereon, and a horn is pro 
vided at one opening end of cylindrical vibrator. Thus, 
the vibrating plate accurately reciprocates and the 
transducer has extremely small strain. Further, it pro 
vides not only a simple structure with less expensive 
production but the mechanical quality Q is low similar 
to that previously described. 
According to still another aspect of this invention 

there is provided a transducer as de?ned in the previ 
ous embodiment wherein said converting means are a 
plurality of vibrating plates of high molecular weight 
polymer piezo-electric substance and are supported by 
a plurality of supporting means at the respective ends, 
with each plate having a curvature. Electrodes are 
bonded or deposited onto each side of each vibrating 
plate which has an orientation of molecules in a direc 
tion different from the direction parallel to that of par 
allel supporting means. The supporting means are sta 
tors disposed on the lengthwise base for supporting said 
vibrating plate at each end. 
According to still another aspect of this invention, 

there is provided a transducer such as a tubular vibrat 
ing element disposed around the periphery of means 
for imparting a resiliency and tension to the vibrating 
element such as a tubular resilient element disposed 
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4 
around the periphery of the base so as to press the resil 
ient elements to a predetermined degree. The vibrating 
element is made of high molecular weight polymer 
piezo-electric substance having an orientation of mole 
cules in a direction different from the longitudinal axis 
of the base, a cylindrical base, means for imparting a 
resiliency and tension to said vibrating element, and 
means for transmitting or receiving acoustic energy 
such as an upper and lower acoustic transmitter or re 
ceiver attached to the upper or lower end of the base, 
respectively, with electrodes being bonded or depos 
ited onto both sides of the vibrating element. 
According to still another aspect of this invention 

there is provided a transducer as de?ned in the previ 
ous embodiment wherein said resilient element is par 
tially provided on the base below the vibrating element 
or is partially provided radially from the periphery of 
the base with the vibrating element being a regular po 
lygonal cylinder supported by the partial resilient ele 
ment around the base. 
Thus, in addition to the advantages previously de 

scribed, when used for the overall speaker the vibrating 
plate vibrates to expand and contract, with the division 
of the vibration produced in the conventional conical 
speaker being avoided. This invention provides a trans 
ducer for converting an electric energy into a mechani 
cal or acoustic energy in which the vibrator is made of 
high molecular weight polymer piezo-electric sub 
stance. The transducer electrodes are bonded or depos 
ited onto both sides of the vibrator. In the transducer, 
the direction of orientation of molecules is different 
from the ?xed direction of the vibrator. 
Thus, the present invention provides a simple but 

strong transducer which is readily and less expensively 
manufactured, is extremely thin as a whole, has small 
age deformation, operates very stably, the odd order of 
high harmonic wave strain is cancelled, it operates very 
accurately without any strain, and has low mechanical 
quality Q for broad frequency characteristics. The 
transducer eliminates the division of the vibration when 
used for a speaker. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a transducer in accor 
dance with this invention; 
FIG. 2 is a plan view of a transducer element with a 

distorted state designated by a broken line; 
FIG. 3 is a view of the transducer according to this 

invention showing a principle thereof; 
FIG. 4 is a sectional view of a transducer element 

shown in FIG. 3 taken as indicated by the line 4——4 
therein showing a manner of vibration thereof; 
FIG. 5 is a view showing a relationship between the 

direction of orientation of molecules and a stressed di 
rection in the element; 
FIG. 6 is a graph showing the variations of an appar 

ent piezo-electric modulus of the element; 
FIG. 7 is a side view of the second embodiment of 

this invention showing schematically a transducer ele 
ment or vibrator; 
FIG. 8 is a plan view of the vibrator shown in FIG. 7; 

FIG. 9 is a schematic side view of the third embodi 
ment of this invention for a 45—45 system; 
FIG. 10 is a schematic view of the fourth embodi 

ment of this invention for another 45—45 system; 
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FIG. 11 is a schematic side view of a piezo-electric 
speaker for the purpose of explanation of its principle; 

FIG. 12 is a sectional view of a piezo-electric speaker 
showing a ?fth embodiment of this invention; 
FIG. 13 is a bottom plan view of the speaker shown 

in FIG. 12; 
FIG. 14 is a view similar to FIG. 12 but illustrating 

the manner of vibration of the speaker; 
FIG. 15 is a schematic plan view of sixth embodiment 

of this invention showing an explanatory electroacous 
tic transducer; 
FIG. 16 is a side view of the transducer shown in FIG. 

15; ' 

FIG. 17 is a graph showing the relationship of waves 
between an input electric signal applied to the trans 
ducer in accordance with this invention and its acoustic 
output produced thereby; 
FIG. 18 is a schematic view of a seventh embodiment 

of this invention showing an electroacoustic transducer 
in which a central strap electrode is interleaved be 
tween two rectangular high molecular weight polymer 
piezo-electric materials; 
FIG. 19 is a view similar to FIG. 18 but showing the 

transducer in which the electrode is interleaved be~ 
tween two cylindrical materials secured ?xedly, respec 
tively; 

FIG. 20 is a sectional view of the transducer in which 
a horn is mounted between the cylindrical vibrators 
shown in FIG. 19; 

FIG. 21 is a perspective view of a plane transducer 
according to this invention; 
FIG. 22 is a view similar to FIG. 21 but with a plural 

ity of these transducers disposed integrally with each 
other; 

FIG. 23 and FIG. 24 are elevational and plan views 
respectively of a cylindrical transducer in accordance 
with this invention; 
FIG. 25 is a perspective view of an alternate form of 

a plane transducer; and 
FIG. 26 is a perspective view of a modi?cation of a 

cylindrical transducer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings, particularly to FIG. 1, 
which shows an electroacoustic transducer in accor 
dance with this invention, reference numeral 1 desig 
nates a square, thin plate made of a high molecular 
weight polymer piezo-electric material, and electrodes 
2 are bonded or deposited onto both sides of the thin 
plate 1 and are connected to a source 3 of an altemat 
ing current. 
Referring now to FIG. 2, which shows a transducer 

element or vibrator with a distorted state designated by 
a broken line, the thin plate 1 has an orientation of mol 
ecules in the direction designated by an arrow A, angu 
larly spaced from a diagonal line through the square el 
ement by the amount of 45°. When an alternating volt 
age is applied from the source 3 to both electrodes 2, 
bonded onto both sides of the thin plate 1 of piezo 
electric material, a slip phenomenon occurs in the 
square plate 1 to distort it to a diamond shape 1' as il 
lustrated by a broken line in FIG. 2. 
Referring now to FIG. 3, which shows one of the 

transducers in accordance with this invention, refer 
ence numerals 4, 4 and 5, 5 designate stators for ?xing 
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6 
the thin plate 1, suitable resilient means 6,6 being inter 
posed between the stators 5,5 and the plate. When an 
alternating voltage is applied, similarly as described 
above, to the thin plate 1, the latter distorts as de 
scribed in relation to FIG. 2. If the orientation of mole 
cules in the thin plate exists in the direction designated 
by an arrow A- similarly spaced from the diagonal line 
in FIG. 2, the thin plate extends in the direction of the 
diagonal line extending between the stators 4,4 to 
which the plate is directly secured at both corners, 
when the plate deforms similarly as described previ 
ously in relation to FIG. 2, so that the plate vibrates as 
illustrated by the broken lines in FIG. 4. If the distance 
between the stators 4 and 4 is set to less than the mini 
mum of the length of the diagonal line of the thin plate 
along the stators 4,4 secured therebetween the the 
plate 1 contracts, most bidirectional vibration of the 
thin plate may be obtained as designated by the broken 
lines in FIG. 4. If an acoustic vibration is applied to the 
thin plate 1 so that the alternating voltage generated in 
the plate by a piezo-electric effect is removed by the 
electrodes 2,2 this is clearly an acoustic-to-electric 
transducer. Further, the periphery of the thin plate 1 
may be secured, at other than the points of the stators 
4,4. 

Referring now to FIGS. 5 and 6, which show relation 
ship between the orientation of molecules and a 
strained direction in the plate, and a graph of the varia 
tions of an apparent piezo-electn'c modulus of the 
plate, respectively, if 0 is the angle between the orienta 
tion of molecules and the direction of the stress applied 
or produced as designated in FIG. 5, the apparent 
piezo-electric modulus d changes proportionally to sine 
20, which is known per se, that is to say: 

d= A sine 26 

where the symbol A represents a proportional constant 
equivalent to the component d“ of the piezo-electric 
tensor. Accordingly, if the thin plate is stressed in the 
direction of 1r/4 or 45°, angularly spaced from the ori 
entation of molecules, the ef?ciency of conversion may 
be the best. If desired, other angular spacings may be 
used with somewhat lower ef?ciency of conversion. 
Also, the thin plate of piezo-electric material may be of 
other than a square shape within the scope of this in 
vention. 
Thus, a transducer, reversible between an electric 

and acoustic signal, may be obtained when the square 
thin plate made of high molecular weight polymer 
piezo-electric material is bent along one pair of diago 
nals thereof so that both comer ends of the plate along 
the diagonal line are secured to the stators. Due to the 
transducing element being a vibrating plate its struc 
ture may be much simpler than the conventional micro 
phone, speaker, etc., strong mechanical rigidity being 
provided, and less expensive production is achieved. 
Further, the overall thickness of the transducer may be 
reduced to 5 mm resulting in an extremely thin acoustic 
equipment. 

Referring now to FIGS. 7 and 8, which show another 
embodiment of a transducer according to this invention 
used for a pickup cartridge for music performance, 
electrodes 12, 13, 14, 15 are attached to the front and 
back surface of both sides of vibrator 11. To the center 
portion 11' a vibrating projection such as a needle 16 
is attached. The vibrator 11 is ?xed at both ends to sta 
tors 17,17. When the needle 16 moves in the direction 
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as designated by an arrow A in FIG. 8, vibrator 11a dis 
posed at the left of the needle 16 (FIG. 8) contracts 
and vibrator 11b located at the right of the needle 16 
expands, and vice versa. The orientation of molecules 
is set relative to the direction of the stress so that when 
the stress is applied in the direction A as above, the 
piezo-electricity is produced at the electrodes provided 
on the vibrator 11 similarly to that described in relation 
to FIGS. 5 and 6. 
When the needle 16 moves in the direction as desig 

nated by an arrow A in FIG. 8 so that a stress is applied 
to the vibrators 11a, 11b, plus and minus electricities 
are, for example, generated at the electrodes 12 and 
13, respectively, whereupon minus and plus are pro 
duced at the electrodes 14 and 15, respectively. If these 
two vibrators 11a, 11b are connected in parallel or se 
ries with each other, the output current or voltage is 
varied to increase or decrease. 
Referring now to FIG. 9, which shows a still further 

embodiment of a transducer according to this invention 
as applied to a 45-—45 system which is known per se, 
vibrators 21a and 211) are attached perpendicularly to 
each other. Electrodes 22, 23, 24, 25 are attached simi 
larly to the above embodiment on both sides of the vi 
brators, and needle 26 is attached at the cross point of 
the vibrators. The vibrators 21a, 21b are also ?xed at 
the ends other than the cross point to stators 27,27. 
When the needle 26 is projected at the cross point as 
45° spaced angularly from both vibrators, this may de 
tect stereo signals for the 45—-45 system. 

Referring now to FIG. 10, which shows still another 
embodiment of a transducer in accordance with this in 
vention used for a 45—45 system, vibrators 31a, 31b 
and 31c, 31d similar to that shown in FIGS. 7 and 8 are 
perpendicularly crossed to be bonded at their central 
portions to each other so that the vibrators 31a, 31c 
correspond to that shown at 11a in FIG. 8 and the vi 
brators 31b, 31d to that shown at 11b. If the area be 
tween the vibrators 3lb and 310 is termed as quadrant 
I, that between 31a and 31c as quadrant II, that be 
tween 3la and 31d as quadrant III and that between 
3112 and 31d as quadrant IV as designated in FIG. 10, 
the vibrators 31a, 31d extend and those 31b, 31c con 
tract when the crossing point P of the junction of the 
vibrators moves, for example, toward the quadrant I. 
Here, the respective ends other than the point P are 
?xed to stators 37, respectively. The respective rela 
tionships of the movement of the vibrators are shown 
in the following Table I: 

TABLE I 

Vibrators 
Quadrant 31a 3lb 31c‘ 3ld 

I extend extend contract contract 
ll contract extend extend contract 

Ill contract contract extend extend 
lV extend contract contract extend 

It is clearly understood from Table I that the vibra 
tors 31a and 310 counteract to expand or contract 
against the vibrators 31b and 31d. Consequently, this 
may detect stereo signals for the 45-45 system simi 
larly to that with respect to the device in FIG. 9 with 
the advantages of the transducer shown in FIGS. 7 and 
8. 
From the above, in transducers according to this in 

vention, since both ends of the vibrators are fixed to the 
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stators, age deformation thereof is extremely small and 
its operation is quite stable. Further, inasmuch as two 
sets of electrodes are provided on one vibrator of 
piezo-electric material, it may be manufactured less ex 
pensively and readily and the vibrators may be pro 
vided to have the same characteristics as each other. 
The equiamplitude opposite polarity of piezo-electn'c 
energies are produced at the vibrators 11a and 11b or 
31a and 31b or 310 and 31d. Accordingly, if these are 
connected electrically in series with each other for in 
dustrial use, large advantages may be effected such that 
the odd order of harmonic wave strain is cancelled as 
proved by the known Fourier expansion from the novel 
transducer of this invention. 
This transducer is not restricted to cartridge pickups 

used for musical performances, but it may be used as 
a reversible transducer from mechanical to electric to 
mechanical conversion within the principle and scope 
of this invention. 
Referring now to FIG,v 11, which shows a piezo 

electric speaker for the purpose of illustrating its prin 
ciple, a vibrator 41, known per se as a Bimorph in 
which two piezo-electric materials such as Rochelle salt 
crystals, piezo-electric ceramics are bonded together, 
is shown in FIG. 1 1 so that when one expands the other 
contracts. This vibrator is ?xed at one end to a ?xed 
surface 47 and is engaged at the other end through a 
transmitting lever 48 with a vibrating plate 49 to drive 
it. 
Referring now to FIGS. 12 to 14, which show a piezo 

electric speaker as still another embodiment of this in 
vention, reference numeral 50 designates a frame, and 
a conical thin vibrating plate 59 having an apex 59a is 
attached to a vibrator as will be described. A rectangu 
lar thin vibrator 51 is made of high molecular weight 
polymer piezo-electric substance which is V-shaped 
and is attached at both ends to the frame 50. This vibra 
tor 51 has electrode surfaces deposited or bonded to 
both sides thereof. Numeral 58 designates a terminal 
for supplying a signal voltage to the electrodes. 

Referring particularly to FIG. 13, the vibrator 51 has 
the orientation of molecules in a direction that is at an 
angle 0 from the line designated by A—A' in FIG. 13, 
preferably 45°. When an alternating voltage is applied 
to electrodes provided on both sides of the vibrator 51, 
it slips in a plane so that it expands or contracts along 
the line designated by A—A’ (FIG. 13). Consequently, 
as shown in FIG. 14 illustrated by broken lines, the vi 
brator 51 vibrates in response to the alternate voltage 
applied through the terminal 58 to the electrodes in a 
reciprocal manner. 

If the vibrator 51 is secured in a plane between the 
frame 50 other than the V-shape as described previ 
ously or in other words if the angle a in FIG. 12 is zero, 
the vibrator may expand but cannot contract so that it 
responds to merely a half cycle of the alternating volt 
age applied to the electrodes. Accordingly, in order to 
obtain a desired acoustic output a suitable mechanical 
bias such as an angle designated in FIG. 12 should be 
previously provided on the vibrator 51 so it will vibrate 
in a su?icient amplitude. 

In this embodiment, the relationship described in re 
lation to FIG. 5 and 6 is also pertinent. The vibrator 51 
is not restricted to two sheets as shown in the drawings, 
multiple radial vibrators may be provided within the 
principle and scope of this invention, but the vibrators 
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are preferably attached symmetrically to each other in 
a manner obvious to those skilled in the art. 
From the above embodiment in accordance with this 

invention, since the vibrator is attached directly to the 
vibrating plate without any transmitting lever, the 
speaker may be very thinly formed which is particularly 
appropriate to compact acoustic equipment such as 
portable radios, earphones, etc., and to accurate equip 
ment because the acting point for driving the vibrating 
plate by the vibrator does not move arcuately as illus 
trated by the broken line in FIG. 11, but moves in a lin 
ear path so that the vibrating plate rec'iprocates accu 
rately thereby preventing the production of strains 
thereon. Due to its simple structure it may be manufac 
tured less expensively and is susceptible to mass pro 
duction. Further, as the vibrator is made of ?exible 
piezo-electric substance, its mechanical quality Q is 
low so that it provides broad band frequency character 
istics. 
This transducer is not to be limited to a speaker ap 

plication, but it may be used for a transducer for acous 
tic to electric or electric to acoustic conversion such as 
microphones or the like as is obvious to those skilled in 
the art. 

Referring now to FIGS. 15 and‘ 16, which show an 
electroacoustic transducer as still another embodiment 
of this invention for a supersonic usage such as a pulse 
generator, transmitter and receiver of sonar, thin rect 
angular vibrator 61 is made of high molecular weight 
polymer piezo-electric substance. Numeral 60 shows a 
supporting wall for the vibrator 61 at both ends thereof 
in its extending and contracting direction, and 68 illus 
trates a terminal for supplying an electric signal voltage 
on the electrode surfaces deposited or bonded on both 
sides of the vibrator 61. 

In FIG. 15, the vibrator 61 has the direction of orien 
tation of molecules as designated by an angle 0 angu 
larly spaced from the line illustrated by A—-A’, prefera 
bly 45°. If an alternating voltage or pulse voltage is ap 
plied to the electrodes provided on both sides of the vi 
brator, it may slip in a plane so that it expands or con 
tracts along the line shown by A—A'. However, since 
the vibrator 61 is ?xed at both ends to the supporting 
walls 60 without any slack, it expands but does not con 
tract. Therefore, as shown in FIG. 17, when an input 
illustrated at A is applied as an alternating voltage to 
the electrodes through the terminal 68, the output des 
ignated at B as a half cycle corresponding to the exten 
sion of the vibrator is provided by means of the vibra 
tion of the vibrator 61. 

In this embodiment a similar relationship described 
with respect to FIGS. 5 and 6 may be also pertinent. 
From the above embodiment according to this inven 

tion, inasmuch as an acoustic pulse signal output may 
be obtained merely by applying an alternate signal volt 
age to the vibrator 61 as a transducer, the vibrator 61 
is not only a simple structure but allows less expensive 
production because in the manufacturing process the 
vibrator 61 is not pressed or bent due to its plane struc 
ture. Furthermore, since the acoustic impedance of 
poly-'y-methyl L glutamate is similar to that of .water, it 
provides a great advantage when it is used for an under 
water acoustic equipment such as transmitter and re 
ceiver of a sonar. 
This transducer may not be restricted to this usage 

for converting an electric signal into an acoustic signal, 
but it may be used for converting an acoustic signal into 
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10 
an electric signal within the principle and scope of this 
invention. 
Referring now to FIG. 18, which shows an electro 

acoustic transducer in which a central strap electrode 
is interleaved between two rectangular high molecular 
weight polymer piezo-electric materials, reference nu 
meral 71 designates a vibrator made of high polymer 
piezo-electric substance, numerals 72, 74 illustrate 
electrode surfaces deposited or bonded onto upper and 
lower sides of central surface portion 76 of the vibra 
tor,v and numerals 73, 75 show back surface electrodes 
disposed at the rear surface of the vibrator correspond 
ing to the electrodes 72, 74. The central portion 76 of 
the vibrator acts as an insulator for separating the elec 
trodes 72 and 74, and the electrodes 73 and 75. The 
electrodes 72,73 and vibrator 71 interleaved therebe 
tween constitute upper vibrator 71a and the electrodes 
74,75 and vibrator 71 interleaved therebetween consti 
tute lower vibrator 71b. 
Here, the vibrator 71 has a suitable orientation of 

molecules as designated by an angle 0 angularly spaced 
from the line shown by A~—A', preferably 45°. If an al 
ternate voltage is applied to the electrodes 72,73, the 
upper vibrator 71a slips in a plane so that it expands or 
contracts along the line shown by A-A'. If an alter 
nate voltage which is 180° out of phase from the above: 
alternate voltage applied to the upper electrodes74, 75 . 
so that when the upper vibrator 71a expands the lower 
vibrator 71b contracts, the central portion 76 moves 
reciprocally up and down in response to the alternating 
voltage applied to the electrodes. 
Referring now ‘to FIG. 19, which shows an electro-. 

acoustic transducer in which the electrode is inter 
leaved between two cylindrical materials and ?xedly 
secured thereto. Reference numeral 87 designates a 
supporting wall for ?xing upper and lower cylindrical 
vibrators 81a, 81b at the upper and lower ends, nu 
meral 89 illustrates a circular vibrating plate which is 
secured to a central portion 86 within the cylindrical 
vibrator 81. As described previously the upper and 
lower opening ends of the cylindrical vibrators 81a, 81b 
are ?xed to the supporting walls 87 and the circular vi 
brating plate 89 is bonded to the central portion 86 
within the cylinder. If the vibrators have the orientation 
of molecules similarly to those shown in FIG. 18, the 
upper and lower vibrators move reciprocally up and ~ 
down when alternating voltages are applied thereto, 
180° out of phase with each other so that when either 
side of said vibrators expands the other vibrator con 
tracts similarly to those shown in FIG. 18. Thus, the 
central circular vibrating plate 89 vibrates in response 
to the alternating signal voltage applied thereto. 
Though the upper and lower cylindrical vibrators 81a, 
81b are ?xed to the supporting wall 87, in order that 
the air within the cylinder is not sealed or conversely, 
in order that a suitable damping action is applied to the 
vibrating plate 89, air holes may be provided thereon. 
Further, where the vibration produced by the vibrating 
plate 89 is not utilized directly for an acoustic output, 
the sound generated when the air within the sealed cyl 
inder passes through small holes bored may be used, 
and if a vibrating valve is provided at the hole, a pecu 
liar flute may be obtained. . 

Referring now to FIG. 20, which shows a transducer 
in which a horn is mounted on the supporting wall of 
the cylindrical vibrators, reference numeral 91 desig 
nates the vibrator having upper and lower cylindrical 
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vibrators 91a and 91b, numeral 97 a supporting wall, 
numeral 99 the vibrating plate secured to the inner por 
tion of vibrator 91, and numeral 98 a horn which is pro 
vided at the opening end of the cylindrical vibrator 91a, 
and serves to provide a speaker. 

In this embodiment, a similar relationship described 
in relation to FIGS. 5 and 6 may also be pertinent. 
Though this is described as a cylindrical vibrator, the 

invention should not be restricted to this cylindrical 
shape. Any shape in response to the requirement for 
vibrating the vibrating plate may be selected within the 
principle and scope of this invention. Further, if the 
central portion is removed and the upper and lower vi 
brators are connected by another insulating substance, 
to which the vibrating plate is ?xed, a material that is 
difficult directly to bond to the high molecular weight 
polymer such as poly-y-methyl L glutamate may be 
used for the vibrating plate. 
From the above embodiment according to this inven 

tion, the vibrating plate moves accurately reciprocally 
and the transducer has extremely small strain. It pro 
vides not only a simple structure but is less expensive 
in production, in particular, mass production. Further, 
since the vibrator is made of flexible piezo-electric sub 
stance, its mechanical quality Q is very low and broad 
band frequency characteristic is obtained. 
Referring now to FIG. 21, which shows a plane trans 

ducer as still another embodiment of this invention, ref‘ 
erence numeral 101 designates a base plate made of a 
stiff substance such as a rigid body, numeral 102 illus 
trates a vibrating plate made of high molecular weight 
polymer piezo-electric substance having electrodes 
bonded or deposited onto both sides thereof, numeral 
103 designates a resilient element such as made of 
spongy synthetic resin or liquid for imparting a suitable 
resiliency and tension to the vibrating plate 102 and nu~ 
meral 104 indicates a stator for supporting the vibrat 
ing plate 102. The vibrating plate 102 preferably has 
the direction of orientation of molecules angularly 
spaced by 45° (or 30° or 69°) from the direction paral 
lel to that of parallel stators 104, 104. When an alter 
nating voltage is applied to the electrodes provided 
onto both sides of the vibrating plate 102, it slips in a 
plane so that it expands or contracts in a direction per 
pendicular to the parallel direction of the stators 104, 
i.e., in the direction as designated by line A—A’ (FIG. 
21). It thereby vibrates in the direction normal to the 
plane of the vibrating plate 102 with the resiliency of 
the resilient element 103. In this case if an appropriate 
curvature is not provided on the vibrating plate 102 
supported between the stators 104, 104, the plate can 
not contract but may merely expand resulting in vibrat 
ing only on the half cycle of the alternating voltage ap 
plied. 

Referring now to FIG. 22, which is similar to FIG. 1 
but a plurality of plates are integrally disposed in paral 
lel relation as still another embodiment of this inven 
tion, the same elements are designated by the same ref 
erence numbers as those shown in FIG. 21. The base 
plate 101 extends lengthwise as predetermined, and a 
plurality of parallel stators 104 are secured thereon, 
then vibrating plates 102 and resilient elements 103 are 
disposed therebetween so that the area of the vibrating 
plate may be readily expanded. A multistereo acoustic 
effect may be obtained by independently applying vari 
ous signal voltages to the respective vibrating plates. 
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Referring now to FIGS. 23 and 24, which show a cy 

lindrical transducer as still another embodiment of this 
invention having similar principles to that shown in 
FIG. 21, a resilient element 113 is provided around the 
periphery of a cylindrical base body 111 so that a vi 
brating plate 112 is attached to the outer surface of the 
resilient elements 113 so as to suitably press the ele 
ment. Acoustic transmitters or receivers 115 are at 
tached on the upper and lower surface of the cylindri— 
cal base body 111. The vibrating plate 112 has elec 
trodes bonded or deposited onto both sides thereof. 
When an alternating voltage is applied to the elec 
trodes, the vibrating plate 112 expands or contracts 
due to its plane slippage so that the tubular vibrating 
plate 112 moves or vibrates to expand and contract 
outward and inward, respectively. By using this ar 
rangement, there may thus be provided a nondirec 
tional electroacoustic transducer in a plane. 
Referring now to FIG. 25, which shows an alternative 

form of a plane transducer as still another embodiment 
of this invention, a resilient element 123 is supported 
on a base plate 121. Stators 124 are similarly provided 
to those shown in FIG. 21. A vibrating plate 122 in the 
form of a high molecular weight piezo-electric com~ 
pound thin ?lm having electrodes on both sides thereof 
is supported by the stators 124 and also by the resilient 
element 123 at its center portion so that the movement 
imparted to the plate is suitably damped by the resilient 
element 123. 
Referring now to FIG. 26, which shows a modi?ca 

tion of a cylindrical transducer as still another embodi 
ment of this invention, a resilient element 133 is par 
tially provided radially of the periphery of a base body 
131 and a vibrating plate 132 is attached as regular po 
Iygonal cylinder through the partial resilient elements 
133 around the base body 131 so that the elements 133 
are equidistantly spaced therearound. The respective 
vibrating faces vibrate or move parallel or reciprocally 
outward and inward so that a pecular directional char 
acteristic may be obtained such that the acoustic en 
ergy is directed toward each radially outwardly perpen' 
dicular direction, that is to each vibrating plane. 
From the aforementioned embodiments, a reversible 

transducer for converting electric energy into acoustic 
energy or vice versa incorporated with solid base plate 
or body (or cylindrical base body), resilient element 
and vibrating plate with high molecular weight polymer 
piezoelectric substance is provided. Since the convert 
ing element as a vibrating plate is itself a very simple 
structure, the ultimate products have large mechanical 
strength and are less expensively manufactured. When 
this transducer is used for the overall speaker, the vi 
brating plate vibrates to expand and contract thereby 
with no occurrence of the division of the vibration pro 
duced by conventional conical speakers. 

It will be understood that various changes in the de 
tails, materials and arrangements of parts which have 
been described herein and illustrated in order to ex 
plain the nature of this invention, may be made by 
those skilled in the art within the principle and scope 
of the invention as expressed in the following claims. 

It will further be understood that the “Abstract of the 
Disclosure” set forth above is intended to provide a 
non'legal technical statement of the contents of the dis 
closure in compliance with the Rules of Practice of the 
United States Patent Office, and is not intended to limit 
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the scope of the invention described and claimed 
therein. 
What is claimed is: 
1. A transducer comprising: 
a. converting means for converting electric energy 

into mechanical energy or vice versa which is a thin 
?lm of from 10-200 microns of a high molecular 
weight polymer piezo electric material with a mo 
lecular weight of 5,000 to 500,000 having its mole 
cules oriented in a ?rst direction, 

b. electrode means disposed on both surfaces of said 
converting means, and 

c. ?xing means for ?xing said converting means so 
that it will be stressed in a second direction at an 
angle of approximately 45° to said ?rst direction 
when an electric current is supplied to said elec 
trode means. 

2. A transducer comprising: 
a. a cylindrical converting means for converting elec 

trical energy into mechanical energy or vice versa 
which is a thin ?lm of from 10-200 microns of high 
molecular weight polymer piezoelectric material 
with a molecular weight of 5,000 to 500,000 having 
its molecules oriented in a ?rst direction, said con 
verting means being separated into ?rst and second 
portions by a center insulating portion, 

b. a thin vibrator ?lm secured at said center portion 
to said converting means, 

c. electrode means disposed on both surfaces of said 
converting means, and 

d. ?xing means for ?xing said converting means so 
that it will be stressed in a second direction at an 
angle to said ?rst direction when an electric cur 
rent is supplied to said electrode means, said con 
verting means being ?xed by said ?xing means at 
the outer ends of said ?rst and second portions. 

3. A transducer comprising: 
a. converting means for converting electric energy 

into mechanical energy or vice versa which is a thin 
?lm of from 10-200 microns of a high molecular 
weight polymer piezo electric material with a mo 
lecular weight of 5,000 to 500,000 having its mole 
cules oriented in a ?rst direction, which comprises 
a pair of rectangular thin ?lm plane vibrators that 
are ?xed at one end and are bonded at the other 
end in substantially perpendicular relation to each 
other, and a needle is secured to said bonded ends, 

b. electrode means disposed on both surfaces of said 
converting means, and 

c. ?xing means for ?xing said converting means so 
that it will be stressed in a second direction at an 
angle to said ?rst direction when an electric cur 
rent is supplied to said electrode means. 

4. A transducer comprising: 
a. converting means for converting electric energy 

into mechanical energy or vice versa which is a thin 
?lm of from l 0-200 microns of a high molecular 
weight polymer piezo electric material with a mo 
lecular weight of 5,000 to 500,000 having its mole 
cules oriented in a ?rst direction, which comprises 
a thin ?lm plane vibrator having a V-shaped con?g 
uration with its ends ?xed, and a vibrating means 
comprising a conical thin vibrating plate is at 
tached at its apex to the apex of said V-shaped vi 
brator, 
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b. electrode means disposed on'both surfaces of said 
converting means, and 

c. ?xing means for ?xing said converting means so 
that it will be stressed in a second direction at an 
angle to said ?rst direction when an electric cur 
rent is supplied to said electrode means. 

5. A transducer comprising: 
a. converting means for converting electric energy 

into mechanical energy or vice versa which is a thin 
?lm of from 10-200 microns of a high molecular 
weight polymer piezo electric material with a mo 
lecular weight of 5,000 to 500,000 having its mole 
cules oriented in a ?rst direction, which comprises 
a thin ?lm plane vibrator ?xed under tension such 
that said vibrator can only expand when it is 
stressed, 

b. electrode means disposed on both surfaces of said 
converting means, and 

c. ?xing means for ?xing said converting means so 
that it will be stressed in a second direction at an 
angle to said ?rst direction when an electric cur 
rent is supplied to said electrode means. 

6. A transducer comprising: 
a. converting means for converting electric energy 

into mechanical energy or vice versa which is a thin 
?lm of from 10-200 microns of a high molecular 
weight polymer piezo electric material with a mo 
lecular weight of 5,000 to 500,000 having its mole 
cules oriented in a ?rst direction, which comprises 

' a thin ?lm tubular vibrator ?xed at two opposite 
ends thereof, and a resilient element is in engag 
ment with one face of said vibrator along the entire 
unsupported length thereof between said opposite 
ends to support it under tension such that the vibra 
tor expands and contracts concentrically, 

b. electrode means disposed on both surfaces of said 
converting means, and 

c. ?xing means for ?xing said converting means so 
that it will be stressed in a second direction at an 
angle to said ?rst direction when an electric cur 
rent is supplied to said electrode means. 

7. A transducer comprising: 
a. converting means for converting electric energy 

into mechanical energy or vice versa which is a thin 
?lm of from 10-200 microns of‘ a high molecular 
weight polymer piezo electric material with a mo 
lecular weight of 5,000 to 500,000 having its mole 
cules oriented in a ?rst direction, which comprises 
a thin plane ?lm ?xed at opposite ends supported 
on one face along its center portions under tension 
by a resilient element, 

b. electrode means disposed on both surfaces of said 
converting means, and 

c. ?xing means for ?xing said converting means so 
that it will be stressed in a second direction at an 
angle to said ?rst direction when an electric cur~ 
rent is supplied to said electrode means. 

8. A transducer comprising: 
a. converting means for converting electric energy 

into mechanical energy or vice versa which is a thin 
?lm of from 10-200 microns of a high molecular 
weight polymer piezo electric material with a mo 
lecular weight of 5,000 to 500,000 having its mole 
cules oriented in a ?rst direction, which comprises 
a thin ?lm in the con?guration of a regular polygo 
nal cylinder supported at the comers of said poly 
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gon under tension by equidistinctly spaced resilient 
elements, 

b. electrode means disposed on both surfaces of said 
converting means, and 

c. ?xing means for ?xing said converting means so 5 * * * * * 
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that it will be stressed in a second direction at an 

angle to said ?rst direction when an electric cur 

rent is supplied to said electrode means. 
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