Sept. 5, 1950 S. J. BEGUN 2,521,329

, REPOLARIZED TRANSDUCER SYSTEM
Filed Aug. 15, 1947 2 Sheets-Sheet 1

(o]

1l
£—10 ] O ~
O TRANSDUCER AMPLIFIER %m[q
l‘ 2 o o o o \
2

16\
o] [o ez
D.C. SOURCE
5
, 1
J0 —° 701
o TRANSDUCER o7 AMPLIFIER %“’[q
l_' o lo o 5 o \
2
16— 26 :
32
,—Am
r

6 i) o———7a/5~\

D.C. SOURCE |30 =2 3I

O

L FIG. 2

: 1
o] 4—-10 —10 O
lo TRANSDUCER AMPLIFIER gm[(]
l- 103 —}o [e] 0 O \
y 12

18]
42
|6“ ﬂ
46 44 Eo,s
~. e
¢
R
o] (o] 0-\4
D.C. SOURCE 38
{ [0}

l

5 F| G 3 INVENTOR.

SEMI JOSEPH BEGUN

g Vo=




Sept. 5, 1950 - ' 's.JBEGUN . . 2,521,329
REPOLARIZED TRANSDUCER SYSTEM -
Filed Aug. 15, 1947 - . . . . 2 Sheets-Sheet 2

. [ "o L e — :
; l_—O TRANSDUCER AMPLIFIER™ | "
o 1 o o o3

- 16—

. O O
D.C. SOURCE

- e
\ .

5

R 1o = o —5
OTRANSDUCER | * = | AMPLIFIER |
r ) . oo e} [o) o .o \

D.C. SOURCE
\

v ‘FI_GA., 5

INVENTOR.

SEMI J SEPH{?UN
BY S .




Patented Sept. 5, 1950

2,521,329

UNITED STATES PATENT OFFICE

2,521,329
REPOLARIZED TRANSDUCER SYSTEM

Semi J, Begun, Cleveland Heights, Ohio, assignor
to The Brush Development Company, Cleve-
land, Ohio, a corporation ¢f Ohio

Application August 15, 1947, Serial No. 768,873
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1

This invention relates to a transducer system
which comprises an electro-mechanical actuat-
ing element which is adapted to be pelarized by
the application of a high unidirectional voltage
thereto and which retains the polarization for
some time in normal operation in the absence of
this voltage. While the invention is of general
utility, it is of particular use where an actuating
element comprising barium titanate and a small
amount of strontium is used.

It has heen found that certain ceramic mate-
rials can be utilized to provide an operating ele-
ment for an electro-mechaniecal transducer which
is generally similar to that of a piezoelectric op-
erating element. Arrangements of this type are
described and claimed in gpplications for United
States Letters Patent Serial Numbers 740,460,
filed April 9, 1947, and 740, 461, filed April 9, 1947,
now Patent Number 2,484,950, granted October
18, 1949, in the name of Hans Jaffe and assigned
t0 the same assignee as the present application.
In each embodiment specifically disclosed in
these copending applications, a high unidirec-
tional polarizing voltage is applied to the ceramic
material during operation in order to cause the
ceramic material to operate as a transducer ele-
ment similar to a piezoelectric operating element.
However, certain ceramic materials have the
property of remaining polarized after a voltage
has been applied thereto and thus, in operation,
do not require a unidirectional operating volt-
age to be continuously applied. Such materialg
are said to have g “remanence” in that they re-
tain their polarization and this effect is appar-
ent from the fact that, when such materials are
polarized, they have the property of responding
substantially linearly to mechanical or electrical
effects transduced thereby. However, all mate-
rials which are capable of this linear type of op-
eration after being polarized by a high unidirec-
tional voltage do not permanently retain this
characteristic or, at least if the characteristic is
retained, it is not retained in the degree in which
-it was present immediately after the high volt-
age was applied to the material. In many in-
stallations, it is, of course, undesirable to have
a high unidirectional voltage applied to the op-
erating element while it is in operation.

It is an object of this invention to provide an
improved electro-mechanical transducer system.
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It is still & further object of the invention to
provide -an electro-mechanical transducer sys-
tem which is not subject to one or more of the
disadvantages of prior-art systems mentioned
above.

It is a still further object of the invention to
provide a transducer system utilizing an element
which is adapted to be polarized by the appli-
cation of a high unidirectional voltage thereto
but which, in operation, does not require any
polarizing voltage to be present.

In accordance with the invention, a transducer
system comprises an electro-mechanically re-
sponsive element which includes a dielectric ma-
terial adapted to be polarized by the application
of a high unidirectional voltage theretoc and
which retains this polarization during a substan-
tial period of normal operation in the absence
of the polarizing voltage. Electrical amplifying
means are provided which are operatively con-
nected to the transducer when the system is in
condition for service. The system also includes
an off-on switch for the amplifying means to
perform the operation of piacing the system in
2 condition for service or to perform the opera-
tion of de-energizing the system. Means are also
provided which are responsive to the operation
of this switch to perform one of the above-men-
tioned operations for applying a high unidirec-
tional polarizing voltage to the dielectric mate-
rial while the system is not in a condition for
service and for disconnecting the high unidirec-
tional voltage from the dielectric material while
the system is in a .condition for service.

In accordance with another related feature
of the invention, a transducer system comprises
a similar electro-mechanically responsive ele-
ment of dielectric material, and also apparatus
Tor operative electrical connection in circuit with
this transducer element when the system is in a
condition for service. The system similarly in-
cludes an on-off switch for this apparatus. The
transducer further comprises means for supply-
ing a unidirectional voltage, and means are in-
cluded responsive to the actuation of the on-off
switch for applying to the dieleciric material a
high uni-directional polarizing voltage derived
from the means for supplying a uni-directiona]
voltage,

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

Referring now to the drawings, Fig. 1 illus-
trates an embodiment of the present invention
in which all of the connections are made by a
manually operated switch; Figs. 2 and 3, respec-
tively, illustrate different modifications of the
invention in which a time-delay relay is utilized
and Figs. 4 and 5, respectively, represent fur-
ther modifications utilizing manually operated
switches.

Referring now to Fig. 1 of the drawings, the
transducer system there illustrated comprises an
electro-mechanical transducer 18 which may be
of any of the types disclosed in tiie above-identi-
fied Jaffe applications but which includes an
electro-mechanically responsive actuating ‘ele-
ment of a dielectric material adapted to be
polarized by the application of a high unidirec-
tional voltage thereto and which retains this
polarization for a substantial period of time in
normal operation in the absence of this voltage.
Any of the actuating élements disclosed in the
‘copeénding Jaffe applications which have this
feature of retentivity or remanence as to polari-
zation are suitable.

The system of Fig. 1 also includes an electrical
amplifying means i1 which is operatively con-
niected between the transducer 18 and a sound-
translating device (2 when the transducer sys-
téem is in condition for service. The sound-
translating device {2 may be a microphone, in
which ‘case the signals amplified by the ampli-
fier 11 are thereaftér applied to transducer 0.
In the case under consideration, the output of
the transducer (0 comprises a mechanical vi-
bratory motion as indicated by the arrow at the
left of the transducer element (9 and this mo-
tion could be used, for example, to drive a loud-
‘speaker to produce audible sounds. ‘On the éther
hand, the sound-translating element 12 may be
a loudspeaker and, in such a case, V1brat01y mo-
tion is applied to the arrow at the 1éft of the
transducer element 10 as would be the tase if
this -arrow represented the needle of a phono-
graph In the‘case now under consideration, the
signal output of the transdiicér 10 is amplified
in amplifier t1 and reprociiced by the loud-
‘speaker 12.

The system of Flg 1 includes a manually oper-
‘ated off-on switch 14 for the amplifying means
11 to perform the oper ation of placl ng the system
in ‘condition for <ervrce ‘or to perform the opera-
tion of de-energizing the system. Thus, in order
to place the system in 2 condition for service Siit-
-able voltages from & D. C.'source 15 are applied
through switch 14 to the amplifier 11 ard the
transducer 19 is also connécted to the amplifier
11 through the switch (4.

THe system of Fig. 1 also comprises means re-
sponsive to one of the operations of placing the
transdiicer system into, ‘or ‘out of, ‘operation for
‘applying g high unidirectional polanzmg voltage
to the dielectric material of transdicer 10 only
for a short interval of time while at least one of
the above-mentionéd operations is ‘being per-
formed. Thus the polarizing voltage is applied
from the source 15 to transducer 19 through the
ccnductcr 6 and the swi itch ‘contacts 1T and 18
The'of T posttion of the' switeh iz 'illustrated in full
fines in the drawing and the on-position thereof
is illustrated by the dotted lines. It will be seen
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5 amplifier 11.
‘s tifie delay is involved ‘in the operamon -of the

4

that, when the switch is in the on-position, the
transducer element 10 is connected to the ampli-
fier {1 through the switch contacts 18, 19. Also
when the switch is in the on-position, it will be
seen that D. C. operating voltages are applied
from source I5 to the amplifier 11 through the
switch contacts 28, 21. When the switch is re-
turned to the off position, the switch points 18, 19
are opened, as are also the switch points 20 and
21, thus performing the operation of de- -energiz-
ing the system. However, it will be seen that,
when the switch is in a position intermediate the

‘on and off position, the switch contacts {T and 18

are closed. Under thesé ¢onditions ‘a high uni-
directional polarizing voltage is applied to the

transducer 10. Thus in the operation of the cir-

cuit of Fig. 1, a repolarizing voltage is applied to
the actuating element of the transducer 10 during
the operatlon of placing the system in a condi-
tion Tor service. It will furthermore be seen that
g repolarizing potential is applied to the actuat-
ing element when the switch is operated to its
off position to Perform the operation of de-ener-
gizing the system.

The system of Fig. 2 is generally similar to that
of Fig. 1 and similar elements are designated by
identical reference numera.Is In Fig. 2, the
switeh 18 of Fig. 1 has beéh feblaced by the com-
bmatlon of a double-pole s1ngle throw switch

5 and a time-délay ¥elay 26, which has normalIy

closed contacts 21, 28 and nmmally opén contacts

28, 29 Tha ¢ircuit of Fig. 2 is suich that the am-
phﬁer 11 is énérgized flom the source 1% throagh
the §Wwiteh points 30, 31 of the switch 25 and is

‘2lSo such that the operatmg ‘Wwinding of ielay 26

is energized at the Same time that the amphﬁel
i1 is energized. The cireuit of Fig. 2 also is such
that a high unidiréctional voltage can be applied
16 the opelating elément of tranisdicer 10 through
the contacts 32, 83 of switch 25 and the contacts
27, 28 ‘of relay 26. One side of transducer ele-
ment 10 is Gonnected fo the moévable contact 28
of velay 26 in ofder that the transducer 10 can be

‘opératively ‘connected to the amplifier {1 through
5 ‘the relay contacts 28, 29, The telay 26 is of the

delayed operatmg type ‘stich that thefe is an ap-
préciable delay in the movement of t‘he movable
‘tontact 28 after the winding 26 has been ener-
gized.

In cons1der1ng ‘the operatmn of the c1rcu1t of
Tig.'2 it will be seen that, upon the closing of the
off-on switch 25, a hich unidirectional repolariz-
itig voltage is applied, through switch ™ contacts
32, 33 and relay contacts 91, 23, to the actuating
element of transducer 19. “Also at the time the
switch 25 is elosed, D. C. 0pe1at1ng voltages are
applied to the amplifier 1t Tt will be seen that
the windihg of relay 26 is energized at the same
time that D. C. Operatmg voltages are apphed to
However, because of the fact that

relay, the repolarizing voltage through relay con-
tacts 27 arid 28 Temains apphed to transducer 0
for an apprema.ble perlod This period may be of
‘thie order of a Mmajor fraction of a second. After
the relay picks up and relay contacts ‘27 and 28 are
broken, the relay contacts 98 and 20 are made. and
transduecer 10 is operatxvely connected to the am-
plifier 1. As pointéd out in connection with the

‘description of Fig. 1, the unit 12 may be either

a microphone or g loudspeaker
The qystem of Fig. 3 is also genelally snmlar

“to those ‘of Figs. 1 and ‘9 "and sirhilay elemen?;s

are identified by indentical reference nuHierals,
However, the system of Fig., 3 differs from ‘the
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preceding embodiments of the invention in that,
in the Fig. 3 embodiment, the actuating. element
of transducer I0 is only repolarized. when. the
-off-on switch of the system is actuated from its
-on position to its off position. In order to effect-
uate this result a double-pole, double-throw
switch 38 is provided and D. C. operating volt-
‘ages are applied to amplifier {{ through switch
points 39 and 49, A relay &1 is also energized at
the same time that the amplifier 1§ is energized
.and this relay has g set of normally open con-
tacts 42, 43 and is constructed to have an ap~
.preciable time delay in opening its contact when
_the operating winding of the relay is de-ener-
gized., The switch 38 is so connected that when
switch points 44, 45 are connected at the same
time and by the same throw as switch points. 33
.and 40 are connected, the transducer 1§ is opera-
tively connected to the amplifier {{ through the
relay contacts 42 and 43 and through the switch
points 44 and £5. However, when the switch is
thrown to its off position thereby closing contact
points 44, 46, the circuit is such that a high uni-
directional voltage is applied through switch
contacts 44, 46 and relay contacts 42, 43, to trans-
ducer element 18, This high unidirecfional volt-
age remains applied to transducer element 18
until the movable armature 43 of relay 41 drops
out after an appreciable time delay which may,
for example, be on the order of 1 second. It is
characteristic of the Fig. 3 embodiment of the
invention that the transducer {8 receives no
polarizing voltages after the system is de-ener~
gized, even though the switch 28 may be operated
to place the system in operation. Therefore, this
embodiment may be less satisfactory than those
of Figs. 1 and 2 when the system may not be
operated for long periods of time during which
all of the polarization of the transducer (8 is
lost.

The arrangement of Fig. 4 is generally similar
to that of Fig. 1 and similar circuit elements have
identical reference numerals while analogous
circuit elements have identical reference num-

erals primed. The system of Fig. 4 differs from .
that of Fig. 1 only in that the switch involved

is such that the polarizing voltage from the D. C.
source 15 is always applied to the transducer {8
when the amplifier t{ is not energized. Thus

the switch 14 of Fig. 4 is such that contact points

11, 18 are bridged when the switch is in the off
position. The operation of the Fig. 4 arrange-
ment is otherwise as described above in connec-
tion with Fig. 1. )

In Fig. 5 there is illustrated an embodiment
of the invention in which the polarizing voltage
for transducer 10 is derived from the low voltage
D. C. source 15 which is utilized to energize the

“amplifier 1. In order to accomplish this result,
condensers §8, 5¢ and %2 are charged in parallel
across the D. C. source 15 and thereafter coupled

in series to provide a polarizing scurce for trans-
ducer I8. In order to make these connections
switches 54, 55, 56, and 57 connected as shown in

_the condenser circuits are unicontrolled with the
operating on-off switch {4’ in such a manner
that the switches are closed when the switch 14’7
is in the off-position but are open in all other
positions of switech {4’'. Also, normally open-
switches 58 and §9 are uni-controlied with switch

14’7 50 that they are closed when the switch con-
tact points i7, 18 of the on-off switch 14" are
opened, and vice versa.

In considering the operation of the Fig. 5
arrangement, it will be seen that, in the off-posi-
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tion of switch 14’’ which is illustrated, the con-
densers 50, 51 and 52 are in parallel across the
D. C. source 15. Also it will be seen that when
the on-off switch 14’’ is operated to place the
system into operation, the condensers 58, 51 and
52 are connected in series across the transducer
18 during the interval that switch contact points
17, 18 are closed. The high voltage which is
available due to the series connection of con-
densers 50, 51. and 52 is thus utilized to polarize
the transducing material of transducer element
10. The operation of the system of Fig. 5 is
otherwise the same as described in connection
with Fig. 1 and will not be repeated.

It will be seen from the embodiments of the
invention described above that the repolarizing
contemplated by the invention can take place
either as the system is being placed into opera-
tion or as the system is being taken out of serv-
jce. Also as illustrated by the Fig. 1 embodiment
of the invention, a repolarizing can be effectu-
ated during each of these operations.

While there have been described what are
presently considered to be the preferred embodi-
ments of the invention, it will be obvious to those
skilled in the art that various changes and modi-
fications may be made therein without depart-
ing from the invention and it is, therefore, aimed
in the appended claims to cover all suich changes
and modifications as fall within the true spirit
and scope of the invention.

I claim as my invention: ‘

1. A transducer system comprising, an elec-
tro-mechanically responsive element which in-
cludes a dielectric material adapted to be po-
larized by the application of a high uni-direc-
tional voltage thereto and which retains said
polarization during a substantial period of nor-
mal operation in the absence of said voltage,
electrical amplifying means operatively con-
nected to said transducer when said system is in
condition for service, an on-off switch for said
amplifying means to perform the coperation of
placing said system in a condition for service or
to perform the operation of de-energizing said
system, and means responsive to the actuation of
said switch to perform one of said operations for
applying a high uni-directional polarizing voltage
to said dielectric material while said system is
not in a condition for service and for disconnect-
ing said high uni-directional voltage from said
dielectric material while said system is in a con-
dition for service.

2. A transducer system comprising, an elec-
tro-mechanically responsive element which in-
cludes a dielectric material adapted to be polar-

ized by the application of a high uni-directional

voltage thereto and which retains said polariza-
tion during a substantial period of normal opera-
tion in the absence of said voltage, electrical am-~
plifying means effectively connected to said
transducer when said system is in condition for
service, an on-off switch for said amplifying
means to perform the operation of placing said
system in a condition for service or to perform
the operation of de-energizing said system, and
means responsive to the actuation of said switch
to perform one of said operations for applying =
high uni-directional polarizing potential to said
dielectric material only for a short interval of

time while said one of said operations iz heing

performed.

3. A transducer system comprising, an electro-
mechanically responsive element which includes
a dislectric material adapted to be polarized by
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the applicationn of & high uni-directional volt-
age thereto and whieh retains said polarization
during a substantial period of normal operation
in the absence of said voltage, electrical ampli-
fying means operatively connected to said trans-
ducer when said system is in condition for serv-
ice, an on-off switch for said amplifying means
to perform the operation of placing said system
in a condition for service or to perform the op-
eration of de-energizing said system, and means
responsive to the actuation of said switech to
perform said operation of placing said system in
condition for serviece for applying a high uni-
directional polarizing voltage to said dielectric
material only for a short interval of time while
said last-mentioned operation is being performed.

4. A transducer system comprising, an electro-
mechanically responsive element which includes
a dielectric material adapted to be polarized by
the application of a high uni-directional volt-
age thereto and which retains said polarization
during a substantial period of normal operation
in the absence of said voltage, electrical ampli-
fying means operatively connected to said trans-
ducer when said system is in condition for serv-
ice, an on-off switch for said amplifying means tc
perform the operation of placing said system in
a condition for service or to perform the opera-
tion of de-energizing said system, and means re-
sponsive to the actuation of said switch to per-
form said operation of de-energizing said ampli-
fier for applying high uni-directional pelarizing
voltage to said dielectric material only for a short
time while said operation of de-energizing said
amplifier is being performed.

5. A transducer system comprising, an electro-
mechanically responsive element which includes
a dielectric material adapted to be polarized by
the application of a high uni-directional voltage
thereto and which retains said polarization dur~
ing a substantial period of normal operation in
the absence of said voltage, electrical amplifying
means operatively connected to said transducer
when said system is in condition for service, an
on-off switch for said amplifying means to per-
form-the operation of placing said system in a
condition for service or to perform the operation
of de-energizing said system, a relay having a
normally closed contact which opens after a time
delay when the relay is energized, means de-
pendent upon the actuation of said on-off switeh
to perform the operation of placing said system
in a condition for service for energizing said re-
lay, and means for applying to said dielectric
material through said normally closed contact of
said relay a high uni-directional polarizing volt-
age only for the short period of time involved
in the time delay action of said relay.

6. A transducer system comprising, an elec-
tro-mechanically responsive element which in-
cludes a dielectric material adapted to be polar-
ized by the application of a high uni-directional
‘voltage thereto and which retains said polariza-
tion during a substantial pesried of normal op-
eration in the absence of said voltage, electrical
amplifying means operatively connected to said
transducer when said system is in condition for
service, an on-off switch for said amplifying
means to perform the operation of placing said
system in a condition for service or tq perform
the operation of de-energizing said system, a re-
lay having 2 normsally closed contact and a nor-
mally open contact each of which are actuated
after a time deay when the relay is cnergized,
means dependent upon the actuation of said
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switch to perform the operation: of placing said
system in a condition for service for energizing
said relay, means for applying to said dielectric
material through said normally closed contact
of said relay a high uni-directional polarizing
voltage only for the short period of time involved
in the time delay action of said relay, and means
connecting said normally open contact of said
relay in the circuit which operatively -conneets
said amplifying means to said transducer.

7. A transducer system comprising: an elec-
tro-mechanically responsive element which in-
cludes. a dielectric material adapted to be peolar-
ized by the application of a high uni-directional
voltage thereto and which retains said polariza-
tion during a substantial period of normal op-
eration and in the absence of said voltage; elec-
trical amplifying means; a relay having a nor-
mally open contget which is opened after a time
delay when the relay is de-energized; a double-
throw switch; means dependent upon one throw
of said switeh for energizing said amplifier and
said relay and for operatively connecting said
eleetro-mechanically responsive element to said
amplifier through said normally open contact of
said relay; and means dependent upon the other
throw of said switch for de-energizing said sys-
tem and for applying a high uni-directional po-
larizing voltage to said dielectric material
through said normally open contact of said relay
only for a short period of time while said system
is being de-energized.

8. A transducer system comprising, an elec-
tro-mechanically responsive element which in-
cludes a dielectric material adapted to be polar-
ized by the application of g high uni-directional
voltage thereto and which retains said polariza-
tion during a substantial period of normal op-
eration in the absence of said voltage, electrical
amplifying means effectively connected to said
transducer when said system is in condition for
service, an on-off switch for said amplifying
means to perform the operation of placing said
system in a condition for service or to perform
the operation of de-energizing said system, g plu-
rality of condensers which are charged in paral-
lel to provide a uni-directional source of poten-
tial, and means responsive to one of said opera-
tiens for connecting said condensers in series
across said dielectric material to apply a high
uni-directional polarizing voltage to said mate-
rial.

9. A transducer system comprising: an electro-
mechanically responsive element which includes
a dielectric material adapted to be polarized by
the gpplication of a high uni-directional voltage
thereto and which retains said polarization dur-
ing a substantial period of normal operation in
the absence of said voltage; electrical amplify-
ing means, including means for supplying a uni-
directional voltage for use in the amplifying cir-
cuits of said amplifying means, operatively con-
nected to said transducer element when said sys-
tem is in a-condition for service; an on-off switch
for said amplifying means to perform the opera-
tion of placing said system in a condition for
service or to perform the operation of de-ener-
gizing said system; and means responsive to the
actuation of said switch to perform one of said
operations for applying to said dielectric mate-
rial a high uni-directional polarizing voltage, de-~
rived from said means for supplying o uni-direc-
tional voltage, while said system is not in a con-
dition for service and for disconnecting said high
uni-directional voltage from said dielectric ma-~
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terial while said system is in a condition for serv-
ice.
10. A transducer system comprising: an elec-

tro-mechanically responsive element which in- -

cludes a dielectric material adapted to be polar-
ized by the application of a high uni-directional
voltage thereto and which retains said polariza-
tion during a substantial period of normal opera-
tion in the absence of said voltage; apparatus
for operative electrical connection in circuit with
said transducer element when said system is in
a condition for service; means for supplying a
uni-directional voltage; an on-off switch for said
apparatus to perform the operation of placing
said system in a condition for service or to per-
form the operation of de-energizing said system:
and means responsive to the actuation of said
switch to perform one of said operations for ap-
plying to said dielectrizc material a high uni-

10

15
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directional polarizing voltage, derived from said
means for supplying a uni-directional voltage,
while said system is not in a condition for service
and for disconnecting said high uni-directional
voltage from said dielectric material while said
system is in a condition for service.

SEMI J. BEGUN.
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