" Pl.EZO- ELECTRI C ' LOUDSPEAKER' Thusﬁ}nvenr

70- electrlc | oudspeaker. A piezo-electric |oudspt I
a plezo- el ectric vibrator which conprises either a piezo- eIectr]cneqe,
per se"or a resilient thin plate at |east one of whose opposite 5 '
surfaces is provided with a piezo-electric elenent. Such a piezo- electrlc
vi brat or has been used as a sound (driving) ‘source. In the known

pi ezo-el ectric | oudspeaker, the said-@di ezo-electric vibrator has been
coupled to a vibratory diaphragm such as a paper cone, at a point or
position where the anplltude of 10 e e vi bration of the piezo-electric
vibrator is at itSPIRZRrEIRGTHP F HERAt or vibrates in the main resonance
nmode. Vari ous coupllng structures have been used to couple the

pi ezo-el ectric vibrator and the vibratory diaghragmdirectly or through a
rod or wire, but in all ‘cases the parts have been coupl ed together 15

at one poi nt only. Wh&pés SiivRRERTpFeIRFest EQ alezoisdoetyicelowsisprgkereen
used, the piezo-electric vibrator has been able to produce sounds only when

vibrated at or near ifSpi@diel&SN@ABNTALPOMENEY kR WHlieni e da ?ﬁé'zcbas
been high at | ow frequencies. It has therefore been very difficult to

produce | ow frequeletzs8UFitbralée whisoReRgHEEs ¥ithe Ri 12200t Ritki& element per
| oudspeaker previously used has been enployed only as a tweeter. The object
of the present ingerix anrdsilientPrfih GlatePato2east enkl 6£ whosel sgppakete Whi-ch
can produce a satisfactory sound

5 surfaces is provided with a piezo-electric ‘element. Such a

piezo-electric vibrator has been used as a sound (driving)
source. In the known piezo-~electric loudspeaker, the said
plezo—-electric vibrator has been coupled to a vibratory diaphragm,
such as a paper cone,'at a point or position where the amplitude.of
10 vibration of the piezo-electric.vibratof is at its maximum
when the vibrator vibrates in the main resonance mode. Various
ceupling'struetures.have been -used to couple the piezo-electric
vibretof and the vibratory diaghragm directly or through a rod or
wire, but in all cases the parts have been ceupled together
15 ‘at one point ohly. ﬁhere such coupling structures have.preeiously
eeen used, the piezo-electric vibrator has been able to produce
sounds only when vibrated at or near its main resonanee frequency,
and the impedance has been-high at lew frequeﬁcies. It has
Lol ' ‘therefore been very difficult to produce low frequency sound.
20 Consequently the piezo-electric loudspeakexr previously used has
| been employed only as a tweeter.

The object of the present invention is to provide a

piezo-electric loudspeaker which can produce a satisfactory sound -




-2-. pressure.extendi ng over a wi de’frequency range. Accor di ng therefore to { /7
the present invention, there is provided a piezo-electric |oudspeaker
conprising a circular piezo-electric vibrator 'whose peripheral portion is
sup\pd_rf-t;ed 5 by a frane, and a vibratable di aphragm whose peri pheral
portion is supported by the said frarrez the sai d vibratabl e di aphragm bei ng
coupled to the piezo-electric vibrator®at a circular region which is :
concentric with the piezo-electric vibrator. The vibratable di aphragm and

t hé~fi ezo-el ectric vibrator are 10 preferably coupl ed together by a
cylindrical couptesgure estendifigeopsre aowiglee frequency oramiges nay conprise a
resilient plate at | east one of whose surfaces has a piezo-electric el enent.
fixed thereto. Prefehbegsrfingdherefaredte the presens invegsion.cthexe dsg, where.
15 . dis the dianeter of the or each piezo-electric elenent, and Dis
the di aneter of RASFiged @ Bhezs-eletrirelendspeditar counnisird e RhTEHAaEs not
directly supported by the frane. Preferably also'the ratio [err]/d is in
the range 0.65 tR}FeFogelaghEie HErrioraHioe FREIRIRE2L RYFHEPP Y dSFURROFERY of

the circular regi on 20 ~and- of. the or each _i.eztci)-el ectric eJ[erre I

pi ezo-electric Pafﬁm"_"_r'ra?“q)@ prerAtaete fdjaﬁ Y %se.pg?\’fjrp hitt FoER-" Ige
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d-i"aphr agm may beco?xi':?gé CL%dtﬁee rgiggcla-léie%%ric v‘ﬂ:ézﬁ:ﬁ% Qi(:) r? c?:%v}liagnrégion '
which is éoncentric.with the pieéo—electric-vibrator;

.The vibratable diaphragm and tﬁe piezo-electric vibrator are
10 _ piefefably'éoupled together by-é cylindricai coupling membér;

. | : The'piezq-eléct:ic vibrator may comprise aﬁre§ilieht plate .
'at'léaét one of whose surfaces-has"a.piezOQeléctricfelemeht fi#ea
thereto. |

Prefersbly the ratio d4/D is in the range 0.65 to 0.8, where.
15 g;is”theidiamétér'of'thefor.eachzbieig-electric element} and'D is
the diameter of the portion of the piezo—electric vibrator
.wﬁich is not directly.supported by the frame. - |
' Prefefably'also tﬁe ratio-¢/d is iﬁ the range 0.65 to 0.8,
where ¢ and d are the respective diameters of the circular region
. 20 " and of the otieach piezo-ele¢£ric element. _
| ' The piezo-electric ﬁibr#tdﬁfmay be provided adjacent its .
centre with an adjust;ng mass for reducing the frequencies of
_the main and secondary resonance modes of the piezo-electric vibrator.
- Moreover, the vibratableﬁdiapﬁragm may.be provided centrally

25 with a dome portion.



#3- .The invention enables an ultra-thin piezo-electric | oudspeaker to be
pf oduced which can be enployed in a portable miniature radio. The invention
is illustrated, nmerely by way of exanple, 5 in the acconpanying - _
drawings, in whi ch: - Figure 1 is a cross-sectional view of a first N/
--enbodi ment of a piezo-electric |oudspeaker according to the present
-invention, Figure 2 is a frequency-sound pressure characteristic 10
~diagramrelating to the | oudspeaker of Figure 1, and Figure 3 is a
. cross-sectional view of a second enbodi ment of a piezo-electric Ioudspeakeﬁu

'~ according to the present |nvent|on Referring to Flgure 1, a piezo-electric.
-l oudspeaker coid franme i ch bgored to proevide at ..
its central port |T8ﬁ g%f) aﬁgulltfa'?gt‘é‘ \Mﬂ N ?’3‘ Cprovided with a -

_projecting p9+‘; gp?g rftloaggepr%g <‘:MH w{;}i&r %éfe’ecetslg{“éf??egrg‘?from : rface of

- its periphera cicrcul ar préezo- ich acts
~as a dr|V|ngm§ L SAYEC ce, is mounted 20 in the circul ar opening 11,
. "the periphera por
~shoul der of the efeni fQnldeP}"PANS LRI,  hiikh] Qlav Qs ezo-electric
0 dﬁ%on%%?gggpaayﬁgnég%%#%

vi brator 20 has a blnDrph Structure an resilient

- nmetal pate Q@@da&&@%ﬁngﬁrawﬁggzoi@méﬁl c el ements 22 23 V\/m ch-are- "f'-

‘fixed. by neans of adhesive-

Figure 1 is a cross-sectional view of a first embodiment :' ': : ;f |

of a piezo-electric loudspeaker according to the present
. invention} ' e i
 Figure 2 is a frequencj—séund:preésure:characteristic'
10 diagram'reiating to the lbndspeaker of Figure 1, an@
| Figpre 3 is a cross-sectional view of a eecond embodiment
of a pieze-electric loudspeaker according to the.present _
invention.
Referring to Figure 1, a. piezo-electric loudspeaker
15 comprises a discoid frame 10 which_is bored to providefat_its _
central.portion a circular opening 1L. The frame 10 is provided
with a projecting portion'or flange 125wnich projeces from the -
front surface of its peripheral portion.~A_circu1ar piezo-eIectric
vibrator 20, which acts as a driving (sound) source, is mounted:-
20 in. the circular. opening 11, the peripheral portion of the
piezo-electric vibrator 20 being secured to a shoulder of the
opening 11 bymans of a'ring member 30. _ : _ _ if
The piezo-electric vibrator 20 has a bimorph structure and
comprises a thin circular resilient metal plate 21 and circular

25 piezo—electric elements 22, 23 which are fixed by means of adhesive

Ton o “the piezo-electric vibrator 20 being secured to a



-4— (not shown) -on opp05|te surfaces respectlvely of the pI ate 21. The
pi ezo-electric el enents 22,23 may be forned froman inorganic materi al
haV| ng a | arge nmechani cal coupl ing coefficient. Thus for exanple they may

e Ydrmed of a Rochelle salt, a 5 bariumtitanate, a lead titanate
zwconate a 'l ead cobalt ni obate, or a lead bisnmuth niobate. The plate 21
may'be made of .phosphor bronze or stainlesg steel. Each of the.
pl,ezo electric elenments 22, 23, at its respective external surface, is
provided with a driving el ectrode 10 - (not shown). The driving
el ectrodes are electrically connected to each other by a lead wire 24 V\:hl ch
passes through a stnakl shusing &b opbbsite subffaced respeheivllygtef Zhe plead Wi res
26., 27, for establishing external connections, are connected to the plate
21 and to t'he driVilngTid gderotdestrichelgneants- éZ.edBrmay beefremted 1 from?8n
respectlvely, and a driving-signal is appli-ed-in operation to the |ead
wires 26, 27. The ipergurer abteieli kavipd alxa_lrbeate&bhei@lapmﬂgm@elfﬂcient.
secured to the projecting portion-12 of the frane 10 by means:of a ring
menber. 50. The vi fhssafnz edpuplier Shelr #0YHee Sormet of| arRoshepke 281t, 2 in plan
and a gentle. cone shape in cross section. The vibratable diaphra m 40 i-$
Qﬂpl ed to the pi @25ivp ddtapates prigasy tmen@eﬁﬁnhlf—e'aac%a} gek
cotipl i ng nmenber 60. The cylindrical cogg g menber 60 is ﬁosmloned

rHOBR

coacentrical |y of HRE3tRe25- 2 ledf hismpy to( T8g Ripte thaaysbe made of

vi br | i hragm 4 n i ez [ ric vi r 2 r |
lb atable diap ap%ospl'?orabgo zeeog seta%.% essC ste bi[ ato 0 are coupled

Each of the piezo-electric elements 22, 23, at its
respective external surface, is provided with a driving’ electrode.i

~10 ‘{not shown). The driving electrodes are electrically connected

.to each other‘by a lead wire 24 which passes through a'small hole '

25 which is bored in the plate 21 Lead wires 26 27, for
- establishing external connections, are connected to the plate
.21 and to the driving electrode of. the piezo—electric element |
15. 22 respectively, and a driving signal is applied in operation |
to the lead wires 26, 27. _
The peripheral portion'of.a vibratable'diaphragm 40 is secnred
to_the projecting portion 12 of.the frame lO by means of.a
ring member'so. The vibratable diaphragm 40 has.an annular shape
20 ' in plan and a gentle cone shape in cross: section. The vibratable
diaphragm 40.is coupled to the piezo-electric vibrator 20 by means
. of a cylindrical coupling member 60. o
The cylindrical coupling member 60 is positioned
_concentrically of the piezo—electric vibrator 20 so that the
25 vibratable diaphragm 40 and piezo-electric vxbrator 20 are coupled
together at a circular region which is concentric with the

piezo-electric vibrator 20.



_get her at-a circular region which i's concentric with the piezo-electric

brator 20. . -5- |If desired, the vibratable diaphragm 40, instead
of -being coupled to the piezo-electric vibrator 20 by nmeans of a o
¢ylindrical coupling nenber 60, nmay be directly coupled to the : N
'plezo electric vibrator 20 at the said circul ar region. 5 * The :

vi brat abl e di aphragm 40 may be nade from paper, a plastics diaphragm a

pl astics di aphragm onto whi ch .metak has been evaporated, or a thin metal -~

~ .plate. The cylindrical coupling nenber 60 may be nade of any material, butsy
it is preferable to nmake it froma |light and 10 stiff material. In the .
~construction described above, the vibration of the piezo-electric vibrator
20 is transnittedIfcidsieed; what widratiblenddapidagndsh Lhetengd| ofitheiog|
coupl i ng menber 60 and thus.the sound is produced by:virtue of the
vibration of ¢dvwpléd to thelpiszabelectriphihyatot) 20/oy oepas iafoa eylithdriealbe
‘made betwéen the | oudspeaker -descri bed -above, in which the vibratable

- di aphragm 40 ¢pdinp menben 60hcmay seodivtestlyicoupled deothe Piebe-eighttive .

,'cyllndrlcal coupl i ng menber ‘60, . and-the conventional device in which the 20
vibratabl e du%ﬁagmwoaﬁd@ecsaﬁ cdreglarnsegiontre of the piezo- electric

vi brator 20. ‘In the conventional case, the vibration of the piezo- eI ectri c M

“vibrator® can be eF‘F%c"[iPFéF?lter drphress £9 B2y fRe made from paper, a . s

plastics diaphragm, a plastics diaphragm onto which metal has ‘been
_evaporated, or a thin metal plate. . |

The cylindrical coupling member 60 may be made of any
material, but it is preferable to make it from a light and

. 10 stiff material - |

In the construction described above, the vibration of the -.
piezo—electric vibrator 20 is transmitted to the vibratable
- £ilm 40 through the cylindrical coupling member 60 and thus
- the sound is produced by virtue of the vibration of the
15 = vibratable diaphragm 40, |
A comparison will-now be madelbetueenzthe ioudspeaker
described above, in which the vibratabie diaphragm 40 is coupled
to the piezoeelectric.vibrator'Zé through the cylindrical _
| coupling member 60, and the conventional device in which the'

_ 20 -vibratable diaphragm 40 was coupled to the centre of the piezo-
electric Vibrator 20, In the conventional case, the Vibration of the
plezo-electric vibrator'can be effectively transmitted to the
vibratable diaphragm only when. the piezo-electric vibrator is
operated at its main resonance frequency, so that the vibration

25 of- the piezo—electric vibrator-is no longer transmitted to

.\.




V|bratable di;aphragm only mhen the plezo electric vibrator is oper at ed. at ,(;;;;
i ts-main.resonance frequency, so that the vibration 25 of - the -
pi ezo-el ectric vibrator is no |onger transn1tted to -6- the vibratable
dlabhrégn1once t he piezo-electric vibrator is operated in any of its

secondary resonance modes. In contrast to this, in the case of the _

| oudspeaker accordlng to the present -invention which is described above,

éverr when the piezo-electric 5 ~ vikgator 20 is operated in a secondary
resomance node, the vibration of the pi ezo-el ectric vibrator 20 can be
transmtted far nore effectlvely to the vibratable dlaphragn140 t han was

possible in the con tr rior ar war ds,

pi.ezo-electric lou ﬁ’té’pgfg%ﬁtnc?n nPiP 'e?ﬁ‘étrg‘ﬁuﬁ’(frfﬁ“ E |
pressure characteris the | o eaker oved conparis th -~
that of the prior. 5?%‘ gcegtﬁémya%yg'homeclc'ﬁd ure th%d)ﬁ cc?f}g’?“t Wi de
range fromlow fre eaﬁ t h fre Iy 5 e

present inventi.on, he )sé Pdmfg c;Je g?gglg%%&c ar ac% %#?2 | CEI éol Nt r?greu(:j

by the ratios d/D M‘lﬁ.ﬁé]\(v}%chnig\@egpﬂﬁ:egsaﬂm dé@%ekﬁén %eeﬁfé}oQ%léLJ}}%io.

plqzo el ectric .el ement i amet ér e portion o

piezo- electyic viliniabe2 Wbl GhelstedOin i bokbirg URBGRIRG Biad Nen T ane

and [err] is the dianeter of the cylindrical coupling 20 menber 60.

|t~has been found kynexaehi SBRhet Pitizo-dlitri B6ribdhter Qchars bentiabemwmaef&f
0. 65 to 0.8, there are nmany

more - effectively to the vibratable dlaphragm 40 than was p0551ble

'in the construction of the prior ‘art., In other words, in the
piezo-electric loudspeaker of the present invention,hthe-sound -
10 . pressure characteristic,ofethe*loudspeakerzis'improted_by
'oorparison_wdth that of the-prior:ert so'that, as shown in.
Figure 2, it.extedds'orer'e wide~rahgelfrom 1ow_freqﬁency to.d
high-freqoeecye . | | . | |
In the loudspeaker:of-tbe:preSent iﬂﬁention,'the_sound.
15 pressure characteristic is iﬁflﬁenced by'the*ratios'd/b.andd-
| ¢/d in which 4 is the diameter of each of the piezo—electric
elements 22, 23 D is the diameter of the portion of the piezo-
| electric vibrator 20 which is not directly supported by the
frame 10, and ¢ is the diameter of-the-cylindrical coupling
20 'member 60.‘It has been found by experiment that, when the -
ratio 4/D is in the range of o. 65 to O. 8, there are many
seoondary-resonances hav;ng e comparatively high level 1n_the
low frequency range, and the main resonance'frequency.is
oomparatively'reduoed.Vworeoter, whenothe-ratio'tld is in

25 the range 0.65 to 0.8,'the-vibration of the piezo-electric



econdary r-esonances having a conparatively high |evel in the.low frequency
ange, and the main resonance frequency .is conparatively reduced. o
Moreover, when the ratio [err]/d is in 25 the range 0.65 to 0.8, the
vi'bration of the piezo-electric -7- vibrator 20 can be transmtted o/
evenly and over a wide frequency range to the vibratabl e di aphragm 40. For
exanple, if the vibratable diaphragm 40 is a phospor bronze plate having a
di aneter of 27mm and a thickness of 0.05mm 5. ‘and i f each of the -
pi ezo-electric elenents 22, 23 is forrfed of |ead cobalt niobate and has ai/

di aneter of 20mm and a thickness, of 0.12mm and if the vibratable S

di aphragm 40 | : ' e i Laper i mm phen the
frequency-soun %?g%gg?e&gﬂ%?ac éé‘rglgjé .-8 %{’&gl%c%ﬁ%%bggggs%ég efr' %H%}q{)e as
shown 10 ikl hé-vibbat o1 8l 4RlLh Sid.c s obtained by arranging
that the input_s?gﬁg{%Ps‘%.sine-curve'waé% whose effective voltage is 1
volt, and by arrangigxhdisile,t D€ Q! PibakaB] eMal ghh Si QEERtshodpEr t aken is
9 centinetres fromthe front surface of the frame 10 and on the centre line -
of the latter prbRze plate havifighi GlbGeter! BEI FrmnSasd QVEhEcknesO WE 6 [dBash, Ment

of a piezo- electric |oudspeaker according to the present invention which
is general |y sindi ififealch é#1aheOpidzogelertiiarsienbnt 22pr23 hssesmaaose Wi | | not'™®
be described in detail, like reference nunerals indicating |like parts. 20 ., !
I n the Figure l2adossHantchicbiate htehes a ﬁhanqﬁeezosaomtauidca.thickness-_. - | 4

5

- of 0.12mm, ahd if the vibratable diaphragm 40 is a paper éoné:.i.”
“having én effedtive-diameter of'50mm;tthen_the-frequency—sound':
‘pressure charaéte;istic.of:such azloudsPeaker.will be as.éhdwn' '

10 ' in Figure 2. This characteristic is cbtained by'a;ranging th;t
the-input signél'is a sine curve:waye.whose effgctive voltégé:isu
‘1l volt, and by arranging that the point from wbiéh méasu?emenﬁs..
are taken is'9 ceﬁtimetres-from'the front surface of the-framg

.10 and oﬁdthe.centre'line-of.the laﬁter.__ |

15 " In figure'B there is shown a second embodiment of a pié#o- ,:
electric loudspeaker according to the present invention ﬁhich'is:
genefally similar to that of Figure 1 and'which for_@his reason :
will not be described in.detail, like reference-numerals
indicating like parts. _ .

20 - In the Figure 3 const:uction,-however;'the_pieZo—electric' )
vibrator 20 is provided centrally with an adjust;ng mass 28, |
while the vibratable diaphragm 40 is provided ﬁith a dome pprﬁion
42 in addition to a conical portion 4l1. By locating the
adjusting mass 28 on the central portion of tﬁe piezo-electric

. 25 vibrator 20, the frequencies of the main and secondary res@nance
modes of the piééo4electric vibratprkgo are reduced and thus the

whole of the



vi brator 20 i.s proovided centrally with an adjusting nass 28, while the-
vi brat abl e di aphragm 40 is provided with a dome portion 42 in addition to
coni cal portion 41. By |locating the adjusting mass 28 on the central

por_\*i’ph—--._of the pi‘ezo-electric 25 vi brator 20, the frequencies of the
mai-n and secondary resonance nodes of the piezo-electric vibrator.20 are
reduced and thus the whole of the response frequency of the:

pi ezozel ectric. vibrator 20 can be cor r&espondi ngly reduced. The provision of

t he i brat abl e di aphragm 40 with a centrally di sposed dome portion 42
enabl es the sound pressure which is 5 produced by the vibratable

di aphragm 40 in t heediciiBe§ f21204u8R6Y ofafige pl ezd@leBEFiRAGESkatbbe20/ichp at abl e
di aphragm 40 shown in- Figures 1 and 3 may be circular as shown or may have

&z

an oval or other cbevrtrelsadindly eededed.t he piezo-electric vibrator 20 may -

if desired have 10 an uni norph structure.. Since, in accordance with the
present invention, theThebpmdivabien dif oty agbraitablerdippbtagn Ag Witk acenstally
sound is coupled to the piezo-electric vibrator 20,- which constitutes the
driving source, atdispsisedudame pexfiion, 42 fepabldy &heosrubB pressfire wbich is
pigzo-electric vibrator 20 can be transmtted nore effectively and nore
evenly to thé vibr prediceddbw the agibratalijet Alsghrage 4failn  thes bigindeeardeyand -
also in the secondary resonance nodes. Consequently, a satisfactory:- output
sound pressure cankxange to be increased. . : o - S
' The vibratable diaphragm 40 shown in Figures 1 and 3 may be
circular as shown or may have anzqval or other qurvedzshape.
Mbreover,'the piézoéelectric-vibrator-2ofmay if desired have .
10 . an unimorph structure.
Since, in accordance with the present invention, the
- vibratable diaphragm-40 for producing the acoustic sound is
coupled to the piezo-electric vibrator 20, which constitutes -~
‘the driving_soufce, at a circular régién,:the.vibfation -
15 of the pieéo-electrié vibrator 20 can be transmitted more
effectively and more évenly to the vibratable diaphragm 40 both
"in the main’resonanée-mode_and also in the ‘'secondary resénance"
- modes. Consequently, a satisfactory output sound pressure can
_ be cbtained which extends over a wide range from low frequency -

20 to high frequency, thus enabling even a piezo-electric: loudspeaker

" to have a characterisﬁicxwhichrCompares quite well with that of

e

a conventional dyhamic_loudspeaker,and which also has an oﬁtput
sound which is soft. Furthermore, the loudspeaker of the
present invention.may be manufactuxéd at a low cost in an

25 ultra-thin shape'ﬁhd thus is very sﬁitable for use in a thin

portabie radio or a miniature cassette recorder.



-be, obt ai ned: whi ch extends over a mnde range fron1|om1frequency 20, to.
i gh frequency, thus enabling even a piezo-electric | oudspeaker to have a
racteristic which conpares quite well with t |

- am c | oudspeaker and which al so has an output sound which is soft. o -
urthernore, the |oudspeaker of the present mve”mwmnmmﬂfm]ﬁ factured o
at a low cost in an 25 ul-tra-thin shape and t ble for
use in a thin portable radio or g niniature casselte’recorder. * C L~
S *9CLAI MS1. A piezo-el ectric | oudspeaker conprising a vy

circul ar piezo-electric vibrator whose peripheral portion is supported by a
frame, and a vi bratabl e diaphragm whose peripheral portion is supported by
the said frame, the said viﬁgﬁﬁkiﬂEEEJaphragn1belng 5 coupled to the :
pi ezo-electric vibrator at a circular region which is concentric with the

pi ezo-electric.-vibrator. 2. A loudspeaker as clained in claim1 in which
the vi brat dhl e dizphezgalactricheomipzaker eohprisivgba dieeutde coupl ed
together by a cylindrical coupl i ng- nember .. 10 3. A | oudspeaker as

clai med i n mleaprelbctri@ vihraturc khédic ppripherel guirtion dishsadrte@npri ses a
- resilient plate at |east one of whose surfaces has a piezo-electric elenment
fixed therdtoa fixame, and aAvikyalishien dbaptaagn| Whigsedperipbkaalnpdritonisch the ?-
ratio d/Dis in the range 0.65 to 0.8, where d is the diameter of the or - -
supported by the said frame, the said vibratable diarhragm being L et
5 coupled to the biezoéélectric vibrator at a eircular region |
which is concentric with the piezoreléctric vibraﬁo:. |
2. A loudsﬁeaker as.¢1aimed in claiﬁ 1 in which the vibratable
 diaphragm and the piezo—electric vibfator-ére-coﬁpled together by A
cylindrical coupling member. | | |
10 3. . A loudspeaker as claimed in claim 1 or 2 in which the
piézb%électric vibrator comprises é resilient piate at.least.one
. of ﬁhosé'Surfaces has ‘a piezo-electric element fixed thereto;
é. _A loudspeaker as claimed in claiq~3 in_whi&h the ratio
© d4/D- is in the~range.o.65 to 0.8. where é is the diameter of the or h
15 ‘each piezo—electric element, and D is the diameter of the portion
of the piezo-electric vibrator which is not directly supported

‘by the frame.

5. A loudspeaker as claimed in claim 3 or 4.in which

~ the ratio ¢/d is in the range 0.65 to 0.8, where ¢ and d are the

$A s

20 = respective diameters of the circular region and of the or each

pilezo—-electric element.



15~ each piezo-electric element, and Dis the dianmeter of the portion of@
t he.’pi ezo-el ectric vibrator which is not directly supported by the frane.

5. A | oudspeaker as clained in claim3 or 4 in which the ratio
[er‘r—]"fd isin theé range 0.65 to 0.8, where [err]—andd-are—the-20

respective di ameters of the circul ar regl on and of
pi ezo-el ectric-el enent. - 10 - 6. o Al oudspetu mm!”mﬁ l!un any
prec’edl ng claimin which the piezo- el ectrl c vibrat j acent

its;€entre with an adjusting mass for reducing the frequencies of the rral n
and secondary resonance nodes of the piezo-electric 5 vi brat or.

I oudspeaker as clainmed in any preceding claimin-which the vibrat abI e

di aphragm is prow.ded Qenbuddgeskit tds a14ed PoranyOprectding chaph @a0- el ectric
| oudspeaker substantially as hereinbefore 10 described with reference to .
and as shown in hitgehette pleid+electrie Bilmfatbhelspeovidedyadigcdnavitegs. The
text of the specification-has been reproduced by photocopying the
applicants ori gi m;lrittgpds:hr‘axpta.djudstingayasx)lﬁbaindacimmamm@-ewhi ch are
difficult to read. The original typescript containing these anendnents
mayﬁ be inspect ed @ thtaanaineand seceridarjeraapnance @bfegof the piezo-electric

;., 5 vibrator. | |
- 7. A loudspeaker as claimed in any preceding claim in
which the vibratable diaphragm is provided cghtrally with a dome
_-portion. | |
8. A piezo-electric 1oudspeaker substantially as hereinbefore _
io' ~d§écribed with reference'to and’as'shown in.Figure 1l or in

g.Figure 3 of thevadcoﬁpén?ing drawings.

The toxt of the épeciﬁdaﬂcn ~has been repr'odncéd._ by photocopying the applicants original
typescript. It may contain a few amendments which ave difficult to read. - The original .
_typescript cont;ining these amendments may be inspected on the premises of the Patgnt Office
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