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CYLINDRICAL ELECTROMECHANICAL
TRANSDUCER .
Harry B. Miller, Cleveland Heights, Ohio, assignor, by
mesne assignments, to Clevite Corporation, Clevéland,
.- Ohio, a corporation of Ohio . )
Application May 5, 1950, Serial No. 169,365
14 Claims. (Cl.-340—8)

This invention relates to a transducer for operation in
a medium 'such as water and for. transducing therein be-
tween electrical and mechanical types of energy. Specifi-
cally, the transducer is useful for .translating - electrical
energy “into mechanical energy or for translating me-
charical energy into electrical energy.

Transducers of the type mentioned above are widely
used for translating electrical energy into. mechanical
energy or vice versa. Specifically, piezoelectric materials
and magnetostrictive materials' have . been used for this
purpose. More recently barium titanate, when treated in

a particular manner, has been found to have transducing”

properties which are
tions. :

Also, it has been known for some time that a cylinder
has desirable transducing characteristics for certain ap-
plications. It is difficult, however, to provide a cylin-
drical transducer with the piezoelectric crystals of the
prior art for the reasons that, due to their characteristics
of growth, it is impossible to provide a cylindrical trans-
ducer which: moves radially at all points. ~Such a device
can be approximated by the use.of single crystals if a
large mosaic of crystals is used but this provides a very
expensive structure. The use of magnetostrictive ma-
terials for the same purpose also has certain inherent dis-
advantages. . On the other hand, it is knewn that poly-
crystalline barium titanate which has been vitrified and
treated in a manner to provide transducing properties can
be made to have a radial action at all points on the sur-
face when in a cylindrical form. The use of a trans-
ducer in a liquid such as water, for example, can pro-
vide a characteristic which. is symmetrical at all points
around the surface of the cylinder and in a plane normal
to the axis of the cylinder. It, therefore, becomes very
desirable in many applications to utilize a tube of elec-
tromechanically sensitive dielectric material of the nature
of barium titanate to provide a transducing action in a
liquid,.either for changing electrical energy to mechanical
energy, or acoustical energy in the liquid,-or for chang-
ing such acoustical energy in the liquid into- an electrical
form.

quite beneficial in certain applica-

2 ._

hollow cylindrical transducer for operation within a
liquid with the outside surface of the cylinder acousti-
cally exposed to the liquid and with the inside surface
of the cylinder substantially acoustically shielded from
the liquid and in which the dimensions of the cylinder
are proportioned to provide a relatively uniform response
over a very wide range of frequencies. '

- In accordance with the invention a transducer for op-
eration in a medium and for transducing therein between
electrical and mechanical, types of . energy comprises a
hollow cylinder having a length not substantially greater

* than half its circumference and of electromechanically
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In the copending application Serial Number 154,037,

filed April 5, 1950, in the name of Robert A. Langevin
and assigned to the same assignee as the present inven-
tion, there is described a transducer of the general type
here under consideration which provides certain advan-
tages by the use of a hollow cylindrical transducer ele-
ment which has a ratio of wall thickness to diameter
chosen in a specific manner. Applicant has.discovered
that, for certain applications of a device of the general
type here under consideration, decided advantages can
be obtained when the length of the cylinder is propor-
tioned with reference to the diameter or circumference
of the cylinder in a particular manner.

It is an object of the invention to provide an improved
transducer for use in changing electrical energy to me-
chanical energy, or vice-versa. _

1t is still another object of the invention to provide
a transducer in the form of a hollow cylinder and which
has a substantially improved transducing characteristic
over a very wide range of frequencies.

It is a specific object of the invention to provide a
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sensitive material.  This transducer also comprises means,
including electrodes on. the cylinder and provisions for
causing ome surface of the cylinder to be acoustically
exposed to the above-mentioned medium and the other
surface of thé cylinder to be acoustically shielded from
the medium when the cylinder is immersed in the medium,
for applying one of the above-mentiom:d types of eénergy
to the cylinder and. for deriving the ‘other - above-men-
tioned types of energy from the cylinder. * o

For abetter understanding of the invention together

with other and further objects thereof, reference is had
to the following description taken in connection with the
accompanying drawings and its scope will be pointed out
in the appended claims.
" Fig. 1 of the drawings illustrates a transducer in ac-
cordance with the invention which can be utilized either
for translating electrical: energy 'to mechanical energy,
or for translating mechanical energy to electrical energy;
Fig. 2 represents a frequency-response characteristic of
a’ transducer used as a microphone and of the general
type under consideration and proportioned in accordance
with the teaching of the prior art; Fig. 3 shows the fre-
quency-response -characteristic of a device proportioned
in accordance with the teachings of the present invention;
Fig. 4 illustrates an underwater sound microphone which
is constructed in accordance with the teaching of the in-
vention; and Figs. 5 and 6 illustrate still another em-
bodiment of ‘an underwater microphone constructed in
accordance with the teaching of the invention. )

Fig, 1 of the drawings illustrates a preferred embodi-
ment of the invention. Here a transducer 10 is illustrated
in the form of a hollow cylinder of electromechanically
sensitive dielectric‘material which may be barium titanate.
This -cylinder -has an electrode 11 on the outside surface
and an electrode 12 on the’inside surface thereof and,
when in operation, is adapted to be immersed in a liquid
such as water-13. ' The arrangement includes means for
cdusing . the outer surface -of the cylinder to be acousti-
cally exposed to the water 13 and for causing the inner
surface of the cylinder to be acoustically shielded from
the water when the cylinder is immersed in the water.
Specifically, plugs 15 and 15’ are provided for the cylin-
der and-these plugs may be comprised ‘of cork, rubber,
or any other suitable material. An electrical generator
16 is shown for applying electrical energy to the elec-
trodes 11 and 12. Also, a microphone 17 is included in
the liquid 13 in order to generate electrical currents cor-
responding to the mechanical energy introduced into the
liquid by the operation of the cylinder 1¢ as a trans-
ducer for converting the electrical energy of generator
16 to mechanical energy, -or specifically to sound energy,
in the water 13. This sound energy, of course, may be
very much’ above any audible frequency. A reproducer
19 is illustrated for reproducing or utilizing the energy
from the transducer or microphone 17. The reproducer
19 could, for example, be a cathode-ray tube or a loud
speaker or any other reproducing -device depending upon
the purpose for which the apparatus is to be used.

In considering the operation of the device of Fig. 1
as 5o far described, it will be seen that electrical energy



2,732,636

3.

gendratetl by tire generator 16 is applied to the electrodes
11 and 12 -thereby-causing, under-the conditions-to be-de-
scribed in more detail hereinafter, a mechanical action
in the cylinder 18 which, in ‘turn, causes sound waves.to
be propagated ‘intosthe water 13. “These sound waves are
picked -up ‘by :the microphone 17 and reproduced on the
reprotiucer 19'in any desired manner. .Asdescribed there-
fore, thre arrangement of ‘Fig. 1-is one for changing an.€lec-
trical input to transducer 10 “into a mechanicdl oitput
which comprises the sound energy :propagated ‘into the
water 13,

Altermatively, the arrangement of 'Fig. 'l can'be used
in the reverse manmer. ‘In order ‘to illustrate this use of
the -arrangement, .switches.22 and 23 are shown. When
these switches are in their ‘dotted position, the transducer
17 is connected 'to a generator 24 -and 'the €lectrodes 11
and “12 :are connected to.a reproducer 25. Under these
conditions, the generator 24 is effective to excite the de-
vice 17 and produce sound energy in the liquid 3. TThis
sound .energy impinging on the cylinder 10°is transformed
by the cylinder ‘10 into .€lectrical energy and means, in-
cluding electrodes 11 and 12, are provided for deriving
and utilizing 'this électricdl energy. ‘Specifically, the elec-
-tricdl energy ‘is reproduced by reproducer 25 which again
may be an.oscillograph 'or .any other device which .can
be actuated by the electréial'energy.

JIn order to expldin in detail applicant’s novel method
of proportioning .the transducer 10, it is deemed desirable
to assume that the device is operated with:the switches 22
and 23 in the dotted position. One such .cylinder com-
prised of commerdcially .available barium titanate, that is
substaritially pure barium titanate except for commercial
impurities, -and prepared 'in ‘the manner indicated in-de-
tail in the above-menfioned Langevin application, pro-
vided a frequency response characteristics.as illustrated in
Fig.2. This ceramic €lement was 6’ long had.an outside
diameter of 1%4" and a wall thickness of 14’'. When
connected as described, devices of the general type here
under consideration .are .suitable for use -as -underwater
listening devices, for example, for detection.of.submarines.
Fig. 2 shows the frequency response characteristic of the
device under consideration. It will be.seen that .the re-
sponse Characteristic.is substantially:flat in the lower por-
tion of the range but.that:there is.a decided:dip at about 10
kilogycles and .2 resonant response at about 13 kilocycles.
There is an-additional resonant response at about 40 kilo-
cycles. JInasmuch .as for.many .applications, specifically
for use.in .applications for .detecting submarines, -it is .es-
sential that such .apparatus have-a.response which is flat
over a very wide frequency .range, the characteristic of
Fig, 2 is totally. inadequate far the purpose. -.It.is desira-
‘ble ‘for .applications in .most underwater listening .devices
of the type here under .consideration that the apparatus
have a response which is substantially flat to -at least 30
kilocycles,-and .a flat response to 40:or even .60 kilocycles
is frequently required. .Applicant hasprovided a response
of this type by the apparatus:illustrated in Fig..3.

In Fig. 3 there are .provided three titanate tubes 30, 31,
and 32 of the type here under consideration.
is electroded .on .its :dinside ‘and -outside .surface. These
tubes correspond -to .tube .10 .of Fig. 1. These hollow
cylinders are proportioned to.have -a:length ‘which is not
substantially :greater .than half the .mean circumference
for .a purpose which will be -explained .in-more detail
later. The cylinders 30, 31, and 32 are held in-an -axial
aligned position by .means-of :metal .rod 33 through the
cylinders. The :rod -33 .clamps the -cylinders :by means
of .nuts 34, 35 and pieces 36 ‘and .37 -which, for-example,
may be .of .a .phenolic .condensate -such .as “‘Bakelite.”
Rubber washers 38, 39, 40 and 41 -are provided :at -the
ends of .the.tubes in order-to prevent-the tubesifrom:being
rigidly .clamped .and -to -allow -the slight end -motion .in
each case which :is:necessary for the -present :purposes.
The -tubes -30, .31 and .32 -are -electrically -connected in
series by .means of Jeads-43 :and -44 ‘and by :means-of :a

‘Bach tube’
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connection 45 between the outside electrode of cylinder
32 -and -the ‘inside -electrode of cylinder 31 and conmector
46 between the outside electrode of cylinder 31 and the
inside electrode of cylinder 30. The lead 43 is connected
to the inside electrode of ‘cylinder 32 and the lead 44 is
connected to-the outside-electrode of cylinder 30-by means
of a connector 47. Alternatwely, -if desired, the tubes
30, 31, and 32 may-be connected in parallel.

A-string or:cord -48-is provided between an eye .in.one
end of the rod 33 and the leads 43 :and -44in .order ‘to
prevent tension from being applied .to the points.at which
the leads 43 and 44 arc connected when the device is
carried or handled by means of ‘the leads 43 or 44.

The three-cylinder device :just .described 1may :be -con-
nected directly .in -place of ithe single-cylinder .device :in
the .circuit of Fig. 1. The device.of Fig. 3 'was found to
have the characteristic :as illustrated :in Fig. 4 when oper-
ated in water under the same.conditions described .above
with reference to Fig. 1. Here it will be:seen that the
response :is relatively flat to :approximately -40 kilocycles
and -that-a-decided improvement:in the:response has been
effected.

‘While applicant ‘does.not wxsh to be limited to any par-
ticular -theory -of :operation of :the -device, it ‘is :thought
that the reason :for ‘the :difference in ‘the Tesponse char-
acteristic ;for the Fig. 1 -device :and for the Fig. 3 device
is as follows. The single tube illustrated in Fig. 1 and
under the conditions .described has two -principal ‘reso-
nant characteristics. One ofithese corresponds to.alength
mode of resonance and .the other ccorresponds to ‘a cir-
cumferential ‘mode of resonance. "The frequency of the
length mode of resonance varies inversely ‘with the length
of :the ‘tiibe [involved ‘and the «circumferential ‘mode of
resonance varies :inversely as :half the :circumference.
Therefore, it appearsthat:the length resonance of the Fig.
1 device:is represented :by the hump in the characteristic
of -Fig. ‘2 at -about 13 kilocycles, .and:that the circumfer-
ential ‘Tesonance is represented by ‘the hump at-about 40
kilogycles. The length resonance is preceded by a strong
dip at :about :10 kilocycles, probably for the ‘reason that
the titanate material under consideration tends to expand
bath in length :and in «circumference -due to electrical ex-
citation and ‘tends:to contract in circumference while ex-

_ panding mechanically due ‘to its :mechanical -action, re-

sulting ‘in :a phase ‘relationship between the -électrome-
chanical -activity :and the pure mechanical -activity ‘which
produces ‘the-dip-at ‘10 kilocycles. In any event, the de-
vice:of Fig. 3 appears to’have its length resonance at about
‘60 kilocycles, 'so ‘that it ‘is -above the -circumferential
resonance ‘which lies at about:40 Kilocycles. “Under these
conditions, the ‘Tesponse <¢characteristic -of ’Fig 4 is pro-
vided resulting iin:a very greatdrmprovement in the opera-
tion of the:device.

Actually, the proportioning of the ceramic cylinders-is
not critical :so long asthe lengih of each individual ‘tube
is ‘mot substantially greater :than -half the outside .circum-
ference :of ‘the tube. Inithe device illustrated ‘in Fig. 3,
the length of each tube is stibsiantially equalto-two thirds
of :half ithe circumference. It has been found that very
goed results.can be provided-if the length is exactly equal
to-or:just slightly -more than half the: circumference of the
tube. "Such a proportioning-provides a ‘tube which ‘has
‘only a:slight hump-in the vicinity -of .the lower ‘mode ‘and
a ;somewhat :stronger tesponse -at the higher yesonance
mode with no .dip whatever between:the two resonani ie-
sponses. “Such a device ‘has been ‘provided utilizing the
teachings described -herein ‘which *has ‘a -strong responsc
to:about- 45 kilocyeles, 'which -is'substantially flat to abouit
35 kilocycles, and-which has-no-strong dips present in the
response characteristic. '

~The device just described may be utilized as a listeriing
device for underwater soeunds and, ‘alternatively, when the
switches ‘are ‘in-the full:line position illustrated in Fig. 1,
the device may be utilized.as .a .generator -of unpderwater
“In either. case the response: characteristic is sub-
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stantially uniforni around the- axis of the tubes for each
plane normal to the axis. The response is strongest for
the direction perpendicular to the axis of the cylinder.
The directional lobe of the device just described becomes
sharper as the length of the tube becomes longer. Thus a
very long structure can be provided by the use of addi-
tional ceramic tubes which is very directional normal to
the axis, that is, the principles of the invention can.be uti-
lized by dividing the length of the electro-mechanically
responsive element into sections as taught in connection
with Fig. 3. :

Actually, in a long-line device -of the type under con-
sideration, it is not necessary to provide a substantially
continuous tube of electromechanically responsive mate-
rial as illustrated in Fig. 3.  Specifically, in the long-line
device, the individual tubes-can have a substantial spacing
therebetween as illustrated in Figs. 5 and 6. The de-
vice of Figs. 5 and 6 comprises tubes of electromechan-
ically sensitive material 50, 51, étc., having a substantial
spacing between the ends of the tubes. The device illus-
trated may be of any length and one end is illustrated in
Fig. 5 and the other end is illustrated in Fig: 6. In the
device under consideration, the electromechanically sensi-
tive elements are clamped on 2 metallic tube'53 by means
of metal rings 54, each of which have a threaded hole 55
for receiving a set screw in order to hold the rings 54 and
the tubes 50, 51, etc., in place. The ends of the tubes 50,
51, etc., are clamped against the rings 54 by means of
rubber washers 57. The outside electrode of the ceramic
tubes 56, 51, etc., are connected together by means of leads
59 and the inside electrodes of the ceramic tubes are con:
nected to the metal tube 53 by means of connectors 60, 61,
etc. The tubes 50, 51, etc..are thus connected in parallel
and the terminal connections for the device are not illus-
trated. The device of Figs..5 and 6 is preferably oil-
filled and, for the purpose of retaining the oil around the
device, there is provided a housing which comprises metal-
lic end sections 62 and 63 adapted to be clamped to the
tube 53 by means of set screws in the threaded holes 64
and 65. A fitting 66 to receive an electrical connector for
the device is provided and an acoustically transparent rub-
ber-housing or tube 67 between the end plugs 62 and 63
effectively retains the oil inside. The housing 67 is held
on the end plugs 62 and 63 by means of clamps 68 and 69.
In order to allow-free access of the oil to all parts of the
device, holes 70, 71, 72 and 73 are provided in the tube
53 but a pressure-release covering 74 is provided for the
inside of each of the cylinders. This covering may be of
closed-cell sponge rubber. A plug is inserted in the
threaded hole 75 and the connector containing theé leads
is inserted in the threaded hole 76 in the member 66 to hold
the oil inside the device. Threaded holes 77 and 78 are
provided for making connections (not shown) :with the
leads to the electrodes on electromechanically sensitive
tubes 59 and 51, etc.

In considering the operation of the -device of Figs. 5
and 6, it will first be understood that its operation is gen-
erally similar to that of Fig. 3 and that it has the same
general type of response characteristic, However, the
directional response characteristic of the. device of Figs.
5 and 6 is very much sharper due to its increased length.
This sharp response characteristic is retained even though
the mechanically sensitive cylinders 58 and 51, etc., have
a substantial space between them. . Actually; it has been
found that the spacing of the cylinders 50, 51, etc., does
not substantially upset the sharp-response characteristic
over a wide range of wave-lengths providing that the spac-
ing between the cylinders, center to center, is not sub-
stantially greater than 34 of the shortest wave-length in the
range.  This spacing of 3% the shortest' wave-length: is,
however, rather critical and if the spacing between the
tubes 50, 51, etc., is increased.to any extent beyond this
amount the sharp directional pattern immediately breaks
up into a series of narrow spikes and the response of the
device becomes very much inferior for most applications.
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While there has been described what are at preserit
considered to be the preferred embodiment of the inven-
tion, it will be obvious to those skilled in the art that vari-
ous changes and modifications may be made therein with-
out departing from the invention and it is aimed in the
appended claims to cover all such changes and modifica-
tions ‘as fall within the true spirit and scope of the inven-
tion.

What is claimed is:

1. A transducer for operation in a medium and for
transducing therein between “electrical and mechanical
types of emergy comprising: a hollow cylinder having a
length not substantially greater than half its circum-
ference and of electromechanically sensitive material; and
means, including -electrodes on said cylinder and provi-
sions for causing one surface of said cylinder to be acous-
tically exposed to said ‘medium and the other surface of
said cylinder to be acoustically shielded from said medium
when said cylinder is immersed in said medium, for apply-
ing one of said types of energy to said cylinder and for
deriving the other of said types therefrom.

2. A transducer for operation in a medium and for
transducing therein between electrical and mechanical
types of energy comprising: a hollow cylinder having a
length not substantially greater than half its circumference
and of electromechanically sensitive material; and means,
including electrodes on said cylinder and provisions for
causing the outer surface of said cylinder to be acoustically
exposed to said medium. and the inner surface of said
cylinder to be acoustically shielded from said medium
when said cylinder is immersed in said medium, for apply-

~ ing one ‘of said types of energy to said cylinder and for
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deriving: the other of said types therefrom.

3. A transducer for operation in a medium and for
transducing therein mechanical energy to electrical energy
comprising: a hollow cylinder having a length not sub-
stantially greater than half its circumference and of elec-
tromechanically sensitive material; means including pro-
visions for causing the outer surface of said cylinder to be
acoustically exposed to said medium and the inner surface
of said cylinder to be acoustically shielded from said
medium when said cylinder is immersed in said medium
so that sound waves in sdid medium are effective to apply
mechanical energy to said cylinder; and means compris- -

5 ing electrodes on said cylinder for deriving electrical

energy from said cylinder in response to the application
of said mechanical energy to said cylinder.

4. A transducer for operation in a medium and for
transducing therein electrical energy to mechanical energy
comprising: a hollow cylinder having a length not sub-
stantially- greater than half its circumference and of elec-
tromechanically sensitive material;means including elec-
trodes on said cylinder for applying electrical energy to
said.cylinder; and means including provisions for causing
the outer surface of said cylinder to be acoustically exposed
to said medium and the inner surface of said cylinder to
be acoustically shielded from said medium when said
medium is immersed in said water so that mechanical

‘energy is propagated into said water in the form of sound

waves in response to the application of said electrical
energy to said electrodes. : :

5. A transducer for operation in a medium and for
transducing therein between: electrical and mechanical
types of energy comprising: -a hollow cylinder having a
length substantially equal to half its circumference and
of electromechanically sensitive material having the prop-
erty of expansions and contractions around its circum-
ferential directions due to its electromechanical action
when in operation which are associated with corresponding
expansions and contractions in its length directions; and
means, ifcluding electrodes on said cylinder and pro-
visions for ‘causing one surface ‘of said cylinder to be
acoustically exposed to said medium and the other surface
of said cylinder to be acoustically shielded from said
medium when said cylinder is immersed in said medium,
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for :applying -one :of rsaid itypes s of senergy sto :said cylinder
and for .detiving ithe wother «of said 'types therefrom.

6. A stransducer for -operation in ‘a ‘medium -and ‘for
transducing therein mechanical :energy to electricalenergy
comprising: ‘a hellow cylinder having ‘a length substan-
tially «equal ‘to :half :its ‘circumference :and :of :électro-
mechanically sensitive :‘material ‘having the -properties -of
expansions and contractions around its circumferential
directions due to its electromechanical -action :when in
operation which -are associated :with.corresponding -expan-
sions :and contractions :in -its Yength .directions; -means
including provisions for causing ithe outer ;surface ‘of said
cylinder to be :acoustically exposed :to ‘said -medium .and
the.innersurface:of said:cylinder:to be acousticallyshietded
from said medium when said cylinderiis immersed in said
medivm for applying '-mechanical senergy in ‘the form of
sound :wavesito satd cylinder; -and -means including <lec-
trodes.onssaid cylinderfor. deriving electrical energy from
said :cylinder ‘in srespomnse to ithe :application -of :said ‘me-
chanical .energy to said cylinder.

7. A transducer for -operation ‘in -a medium and for
transducing:therein.electrical energy to mechanical-energy
comprising: ahollow.cylinder having alength substantially
-equalitoihalf its circumference :and-of €lectromechanically

sensitive material ‘having ‘the property of expansions :and

contractions -around its :circumferential -directions due to
its.electromechanical -action when in operation which -are
associated-with-corresponding-expansions and contractions
in its length:directions; means including electrodes-on said
cylindsr for .applying -electrical ienergy 'to said cylinder;
and means including provisions for causing ‘the outer sur-
face :of said cylinder to be acoustically -exposed ‘to -said
medium and the inner:surface of said:cylinder to:be:acous-
tically 'shielded from ssaid :medium when :said cylinder is
immersed in.said medinm for:applying mechanical energy
in the form of sound waves:to.said medium :in response
to the application of ‘said electricalienergy to-said cylinder.

8. A transducer ifor :operation in :a ‘medium and for
transducing :therein between <¢lectrical -and mechanical
types.of energy ccomprising: a ‘plurality -of similar axially
aligned 'hollow :cylinders :each -having a length not sub-
stantially ‘greater than half .its circumference;.and means,
including electrodes on:each of 'said -cylinders .and pro-
visions :for .causing .a .corresponding surface of :each -of
said .cylinders-to ‘be:acoustically exposed to said medium
and the cther corresponding surfaces.of each of said cylin-
ders to be acoustically :shielded from said medium when
said transducer Is immersed in:said medium, for applying
one of said types of .energy to :each :of ‘said cylinders and
for.deriving the other of:said types therefrom.

9, A transducer for -operation in a medium and for
transducing :thersin between -electrical and 'mechanical
types :of .energy ‘comprising: . a plurality :of similar axially
-aligned hollow:cylinders -each’having alength:not substan-
tially :greater :than ‘half its -circumference; -and -means,
including .electrodes .on :each .of "said cylinders :and -pro-
wvisions :for causing the outer surface :of each ‘of said
cylinders "to 'be :acoustically :exposed to ‘said ‘medivm and
the ‘inner surface of each of :said cylinders 'to be acous-
tically :shielded :from .said medium when ‘said transducer
is immersed in said medium, for :applying one . of -sdid
‘types:of energy to each-of-said cylinders-and for deriving
‘the:other of said types:therefrom.

110. ‘A transducer for operation -in "a medium :and Tor
transducing therein mechanicdl energy :to-electrical energy
comprising: a plurality. of axially aligned hollow cylinders
-each having a length ot substantially ‘greater than its
circumference; means including provisions:for:causing:the
.outer surface of each -of :said -cylinders to be -acoustically
exposed :to <said .medium and :the .inner 'surface -of -each
of ‘said :cylinders to be :acoustically :shielded “from :said

‘medium whensdid transducer-is immersed in:said medium

for 'applying :mechanical -energy in .the form of -sound
waves inrsaidmedium to:said:cylinders; and:meansinclud-
ing electrodes zon -each «of :said.cylinders for deriving -¢lec-
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trical energy from said transducer :in ‘response :to :the
application rof :said mectranical energy:to said.cylinders.

11, A transducer :for operation :in :a ‘medium :and for
transducing dherein slectrical energy toumechanical-energy
campiising: a ;plurality «of similar :axially aligned hollew
cylinders :each thaving ra ‘length inot ;substantially greater
than:its:circumference; means including ¢electrodes.on each
of ssaid wylinders [for -applying :electricdl energy ito -said
cylinders; :and :means jinciuding :provisions for .causing
the:outersurface-ofieach of sdid cylinders:to:be acoustical-
iy exposed to said medium and the inner surface:of each
of :said :cylinders :to ‘be :acoustically :shielded from ssaid
medium when:said transducersis:immersed in said medium
for:causing:mechanicalienergy:in the form.of scund waves
to "be ipropagated ‘into said medium iin response to the
application -of :sdid electrical :energy to’said cylinders.

12. (A transducer for operation-in 2 medium and for
transduging therein ‘between :electrical -and :mechanical
types.of :energy comprising: -a plurality .of axially aligned
simiilar thollow :cylinders s«each having a :length .substan-
tially squdl ito half «ts -circumference :and of electrome-
chanically sensitive mraterial having:the property of .ex-
pansions zand contractions saround :its . circumferential di-
rections duesto:its electromechanical action:when in.opera-
tion which -are sasscciated -with “corresponding ‘expansions

-and contractions ‘in 'its lengh directions; .and means, in-

cluding .electrodes -on :said «cylinders and provisions for
causinga correspondingsurface of each of said cylinders
to tbe acoustically .exposed :to 'said medium and the other
corresponding surface «of gach :of sajd cylinders to be
acoustically shiélded :from said 'medium when said trans-
ducer s :immersed  in :s2id mmedium, for applying .one of
said types of renergy :tossaid ylinder -and ‘for -deriving th2
ather of ssaid typestherefrom.

i13.-7A stransducer for.operation in .a ‘medium and for

transducing therein between selectrical and "mechanical

types of cenergy over «a given range of wave-lengths; a
plurality:of :simitar -axially .aligned ‘hollow :cvlinders each
having := ‘length ot .substantially greater than half its
circumference :and :béing spaced from any .of the cother
of ssaid rcylinders by -a -distance -not substantially greater
than rthree-fourths -of :the sshortest -wave-length in said
range; and :means, including -€lectrodes on said -cylinders
and provisions :for causing the .outer surface of each of
said :cylinders :to. be:acoustically -exposed to said medium
and the inner ssurface of ecach of said cylinders to be

‘acoustically :shielded ‘from :said medium when said -trans-

ducer is :immersed /in‘said .medium, for applying one.of
said itypes of energy ito said .cylinder .and for :deriving
the :other of said :types itherefrom.

4. ‘A :transducer :for -operation ‘in -a :medinom and for
transducing theréin between electrical -and “mechanical
types-of -energy. over:a given:range.of wave-length; a plo-

rality -of ‘similar axially -aligned thollow cylinders each

having a length not substantially greater -than half its
circumference -and :being spaced from any :cf ithe cther
of :said wcylinders dby a «distance not substantially greater
than three:fourths :of :the shortest .wave-length in said
range -and -of -electromechanically :sensitive material .hav-
ing -the ‘property -of :expansions and coentractions .around
its .circumferential-directions ‘due :to:its .electromechanical

-action :‘when in:operation-which-are associated with:corre-
‘sponiding ;expansions -and :contractions in its lengih direc-
tions; -and means, \including -electrodes -on said cylinders

and ‘pravisions for causing the outer surface of each of
said :cylinders to :be:acoustically exposed to said .medium
and :the ‘inner 'sutface ‘of said cylinder to be acoustically
shielded from :said medium -when said ‘transducer is im-
mersed ‘in -said :medium, for :applying one of said types
of energy :to:said :cylinder :and -for deriving the other of
said typestherefrom.
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