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DESCRI PTI ON _ FI ELD OF THE | NVENTI ON The

i nvention relates to acoustic devices for use in 10 or as | oudspeakers when
driven or excited, usually by elec- trical signals via electrodynanm c
means; or in or as mcro- phones when driven by incident acoustic energy,
usually to  pr¥Q9289842 corresponding el ectrical signal; or inPEI/GB3§02145

ot her acoustic devices or- purposes 15 20 CGENERAL
BACKGROUND Conventional | oudspeakerks in w despread use enpl oy
acoustic air-driving elenments of so-called "cone" type. The or each cone
el ement is nechanically driven at its smaller end in a pist
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normal lyy by a noving coil of 25 el ectromagnetic nmeans havi ng atTBBES %ég
associ ayged fixed nagnet assefpipy. nnugﬁgﬂﬁigggnﬁzgﬁg or chasgis of & —
| oudspedker in accurate registration with the noving coil and cone
assenblwy. Anti-phase air-excitation to rear of this assenbly needs

careful baffl%/enclosure design to 30 RESERERTIONC| | ati on effects in desired
acoustic output from the front of the cone el enent. Naturally stiff
l'i ght - wei ght sheet materials have been used for such cones, as wel | as
very stiff conposite sandw ch structures that do not bend at all over the
wor ki ng frequency range; even corBLEXR ; tail ored reduction

g‘; eZtL\HEeSS out war Ghg in%h'ﬂi&ﬂeré’ia[’&ég f&%@%ibhﬁeeiééﬁtfé’f agdi ffing
10 or as loudspeakers when driven or excited, usually by elec-
trical signals via elecfrodynamic means; or in or as micro-
phones when driven by incident acoustic energy, usually to
pfoduce a corresponding electrical signal; or in or £for
other acoustic devices or purposes.
15 United Kingdom Patent applications as follows :-
No. 95/17918 filed 2nd September 19295 for "Acoustic Device"
No. 95/22281 filed 31st October 1925 for "Acoustic Device"
No. 96/06836 filed 30th March 1996 for "Acoustic Device"
from which priority is claimed are hereby incorporated by
20 reference, in their entirety, into this application.
GENERAL BACKGROUND
Conventiocnal loudspeakers in widespread use employ
acoustic air-driving elements of so-called "cone" type. The
or each cone element is mechanically driven at its smaller
25 end in a pistonic manner, normally by a moving coil of
electromagnetic means having an operatively associated
fixed magnet assembly mounted to a frame or chassis of the
loudspeaker in accurate registration with the moving coil
and cone assembly. Anti-phase air-excitation to rear of
30 this assembly needs careful baffle/enclosure design to
avoid cancellation effects in desired acoustic output from
the front of the cone element. Naturally stiff 1light-
weight sheet materials have been used for such cones, as
well as very stiff composite sandwich structures that do
35 not bend at all over the working frequency range; even cone
elements with tailored reduction of stiffness outwardly
with the aim of reducing the effective radiating area with
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2 I ncreasing frequency to inprove acoustic pistonic effects,
i ncludi ng conbating increasingly narrow directivity at high frequency.
Excel lent results are obtainable, e.g. using different sizes/types of

cone el enents and associated drive 5 units for different frequency ranges,
with appropri at avo9rm98d2ectroni c "cross-over" circuitry, often PCT/GBYS/IMS -
| oud- speaker housi ng. However, mass and bulk tend to be subs-

tantial. Mreover, sound produced is constrgined by its origin with one
or nore cone el ements whose axiality 10 i nposes unavoi dably high
directionality, pacreasing|Srequency téiymprovdadousddenpystomic |efifsnts
very noticeably iﬁéi@d\ﬁn? com‘bhﬁihQVﬁ{cﬁﬁaa%lW]& haveed dﬁ@c&tm@&yrsi:eﬁigw to

di st ance, as .t hou o] S ur-prisjin much
i nt erest and effgffq'ﬁ c’fonnh%%ggie tdgé]%‘g{e%d ¥ u%]%t%#) S"‘aetteer ga’cgbgsljt

el enents or dia- diffeﬁﬁ?’égﬁf?%d%ﬁ@ﬁp?/f |qeRe ghauents Hnsk GPF?cﬁét?‘éﬁri"e
direct - | gnaliniesd foref &l fdynente fEGQumﬂh&hngUBDy Vﬁlﬂhpospi)ﬁoﬂsm/ﬁe

Cl anped at thei r SUAGEEORHE rrerB-OY%5" SHORLKFYn SEEP i o, g YLoua-
current-carryi ngspeakps housiugx;1ﬂmweﬂeactmass andnhghbttenﬁrtwébmssuhp-
large and heavy ghhgyd:of RBELSYEE °dsouna syprigce

conduction for ele drive f |xe vééléorate polarlsed

el ectrode pl SFégiPedﬁtrq nﬁn? ar°§e PPEh- \Rﬂn@ag@l? ks oMhese Axiakity
subj ect to | aodnémpohesngnaveddaiybyhigil idgeciieaklibyn. partiéhiamiy the

operation of thegg ﬁéi-e{;ﬁ@eﬂ-édule% OUﬂﬁaeP&fdéeésS very hBkeessbly OB C.
and there tend t e unmanted noda

di screte frequen er e /AR, e 8% |r@%&§|¥3?ﬂg #Bgfg?oﬁéoé]gﬁntcaensceﬁt

satisfactory 30 perthonﬂhcﬁrom a point-@phecepri or proposals have been based
on u_sinng panel S oﬁ?eTea ﬂsirlf ﬁyqarmﬂaxp%vn@ws%tﬁeaﬁd%ﬂmtmqbng
known under e P%sizaaﬁﬁ%tg%%s%ﬁ PR e ArBHE E O o TaRe e, o it
drive. Anot her, phregmsato” @cchpphdess lapsce; hopefmuldy de npsetdireck-
coil's di sposed O\i%ha!.t Saﬁrl”ﬂfé‘f‘érhﬁlirrﬂe less GedghtfYe MadyPBRSBoLAL Y havit
others, as avallable Some use stretched webs or films of flexible
material clamped at their edges in frames, e.g. along with
20 bonded-on current-carrying strips or wires for electro-
magnetic drive using large and heavy arrays of perforated
magnets, or with applied surface conduction for electro-
static drive from fixed perforated polarised electrode
plates requiring large high-voltage transformers and
25 subject to loudness being limited by voltage break-down.
Drive operation of these stretched film loudspeakers is
inherently pistonic, and there tend to be unwanted modal
"drum” and related resonances at discrete fregquencies
requiring specific damping provisions for satisfactory
30 performance. _
.Other prior proposals have been based on using panels
of expanded or foamed polystyrene edge-mounted in housings
and also rely primarily on pistonic action. One exémple,
known under the trade name ‘Polyplanar’, has conventional
35 moving coil drive. Another, known as "Orthophase®" has an
array of magnets and coils disposed over its surface to try
to achieve uniphase drive. Yet others, as available from
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3 Sound Advance Systens of California, have variously shaped flat
surface pol ystyrene panels with conplex rear-ribbing and thi nned edge
profiling with a conventional noving coil driver mechani sms nmounted to a
chassi s. Bertagni, from5 Argentina, has patented such proposal s nmade
from bonded woanodedd pol yst yrene beads, ostensibly based orPCT#RB9602%48 al-
i nstruments produce sound, and requiring conpl ex edge- cl anped
structures of variable thickness/flexibilit$, but al so understood to

rely basically on pistonic action. 10 Yamaha of Japan nade a | arge

| oudspeaker usi ngownd Adyance Syphens ehCaliifanndgm Bpve RLionsiy sh@Peénded
at its, perinetkat saifaco\polystyrendr patel #qwith ngomplex Feaxhadidbding

for registerin | 54,00, fect. A Lge
ol i d- cohe,  pi ot S cEathnd Uole BEQH ELAP bl 3°HOHTEHL Bong1 albuiy) caf10]
In a sense, thes@riveermprhapisns Boppiad s'@%naa§hB§F2§° Bexitagniondxom t he
sinple thene of Abgestimay hagepabewted suchobedbposals omadeufistom bonded
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el ectro- dynaikngtownentsopioduce SsRuRGe" Jntkereminingt conplex /efge-

and intended forc$app¥a NgtHicBlrEs Gt wariiabial khiskiess/ 1812891 ty)Cloed ng
under a table to

t rprisi.ngly, ahsence.qf any design,contr.al over
at t achnent surfagl]:@f' AP d%é:f’gd &%efﬁ%}’ \%ﬁ %&Qget? rptlﬁiiﬁnﬁﬁdcﬂcaﬁ n.
efficiency, 10 Newabal ¢ft oTapaw dwiidst bl dargs ullpydapeakei | wéiny opy Yhickhi gh

qual ity sound reppagHeirehe diaph RART bl Alh BHEKGRUNEnda! NENTIYEE
CONCEPTS 30 BI tii sirone 01 'healcitora " i lﬂ@n t

thi.s i;nvention to provide an
acoustic el ement PREERERGH: JFL Ml ggg%tcl')ol e f%’%’ffég’ a iaﬁ%?\rﬁg}ass“
| eadi ng, inter afpx, registexing povarimlamagness prorésion, \effinativedy wanel
| oudspeakers. a very DdkgapsbDid-+ednd,0lpiadoneb-86t06n EXRIAEdddler with

resonance, 3§|5139§r ﬂgﬁggéhéfig?e;ﬁg-ib%ggyﬁfgr omlong and strongly established

presunptions P eproduction being critically
reliant upon avoi di ngInezcitnfee thesetather proposals\wampeosear as being

PCT/ GB96/ 02145 vyarjations on the simple theme of almost any panel having

potential for sound amplification, as long-known relative

to musical boxes placed on a table top. In the 1%70'’s,

20 this theme was the basis for a self-contained electro-

dynamic unit known as "“Sconance" (see US Patent 3,728,497)

and intended for screwing or gluing to virtually any

surface, including under a table top. Not surprisingly,

absence of any design control over ‘attachment surfaces/

25 panels, together with no better than moderate efficiency,

led only to unpredictable results not satisfactory for high
quality sound reproduction.

P L BACKGR 0 I NT INCE
30 It is one object of this invention to provide an
acoustic element with non-pistonic action in an improved
manner leading, inter alia, to ready implementation as more
viable flat panel loudspeakers.
Our approach involved relies on exploiting resonance,
35 i.e. departing radically from long and strongly established
presumptions regarding quality of sound reproduction being
critically reliant upon avoiding resonance effects.



Qur approach involves use of materials capabl e of sust ai ni ng bendi ng
waves and generating sound from action of those bendi ng waves. General
theory for anal ysis and cal cul ati ons concerni ng bendi ng wave action and
rel ated 5 resonances in two-di nensional panel structures is |ong known
and understood, for various purposes. Por purposes hereof, we find that
finite el ement W@WPYeI842 i s particul ar- |y suitable and usefBCT/GRI6N2145 -
anal ysi ng bendi ng wave action in panel -1i ke structures; and arriving at
remarkably effective 10 and conpact | oudspeakers, including with capability

for wi de- band perf rmance of Qreat clarity/intell |b| I,ty, an

wel | -suited to good g gﬁb%Jdeﬁ % ﬁ% ials o‘f?@?CLJ\FaIﬁ%ble
passi ve as wel | amsalzaﬁuiegabenéing wavesgeand gami:aemplgl sanndnEron ection
namel y stati stical, cadhs Blaing, valdean Cebzal, EROEVRELE thnbEyblt bk |
know of a few pri®#t cﬁﬁ?&&?& s@&ceﬁﬁaﬁ r]ﬁ?%&&ﬁc wave ‘l‘?*d"r?’ba%% galatedi ng
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of sound i n (Rargef KB dtt&aﬁe%apﬁ e RhAment P‘Bﬁliﬁ%’c%l‘f& icu1d peed
of sound in air. 1§OmitaMeUSn¢PaIMul\ld.rB analys3hg benditvy wave) acfmlopoms a

light stiff stri 0 0 ﬁ?@ﬂﬁse-z { r
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out put, and operate ce frequ
stated as typi Caw’gher Vq-wam-é P&ﬁﬁév?oeﬁzwﬁbl Wcm%zﬂ@?ﬁé&iShé&Vices

property is Sﬂdi at ]h.QJa}tiﬁﬁet atiDge CONSE AasEOLHe d;yﬁwlﬂawi@altdeaatum
Another. see Y0004 SRR bihiokakhlust eabRR AN R85 eI sluca
one- rretre squa pea ane Ui Aum al 15

honeyconb cel | ul a?n%ﬁlé %W/@éﬁc is ?ﬁ'&\lﬁblishfélﬁfsfegﬂiwﬁg an ext rerrel y h| gh

stiffness in all We knowV\Gf9§/ W%rior proposals for sound reproduc-
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a support in a T+%& B r’rti)ﬁ nmanne
excited at a cor ¥ BEprasha ‘atEPedéG‘P&é'séétl ¥gdesgkanding and prac tical

20 teaching hereof. Two of these proposals emphasise import-
ance of "the coincidence frequency”, where the speed of
sound in panels subject to bending wave action matches the
speed of sound in air. One, see US Patent No 3,347,335
(Watters), proposes a light stiff strip element of compos-

25 ite structure that is excited whilst clamped so that
controlled intendedly substantially single—axis bending
waves are generated over a specified frequency range for
which the panel is deliberately designed for a constant
velocity of sound. The particular intention is to produce

30 a highly directional sound output, and operate the strip
only above the coincidence frequency, stated as typically
in the range 700Hz to 2KHz. A weakened shear property is
said to help meet the constant sound velocity desideratum.

Another, see WO092/03024, specifically illustrates and

35 describes a one—metre square loudspeaker panel wholly of
aluminium alloy having a honeycomb cellular core between
facing sheets giving an extremely high stiffness in all



Ively fromsecure nounting to the support. Only limted 5 working acoustic

range is indicated, said to be suited to applications such as public
address systens; and operation is again limted to being wholly above

t he coinci dence frequency. Wil st very high nmechanical efficiency is

I nd- I cated for sound energy conversion, the described panel is 10 so
stiff that it IWOMMIBEZUIt to drive, requiring a very | ar gBCHGHI6/02145 -
cunber sone novi ng-coil driver. In fact, overall efficiency fromthe

vi ewpoi nt of electrical input is even | &s than for conventi onal

| oudspeakers. It is also very expensive to nmake; _and rat her heavy,
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loutiness. o 1 AFRERA fRE, S0 SRV FERUBFRLRR VR dhsFsiBER Rfe} s
transducer s, 1@ Woadstififgdhat [4itgHs Wdiffhcultatoofrivey cgequizing i pjeemer s
can be produced,1ar@fe andi 86nbergsnd movARG-60il ArfdONS.Inf aseEowéradl ch

such | oudspeaker reqf s | | W..Sul I her ot_with
wi de frequency e%ﬂ%&\%gpg g%h H‘e ngér\téeoe%ma;%t %qtef?gf\i%ﬁieing'g%ugﬁ i%"eIE
evi ces ari dess thedf %Gﬁdpynﬁﬁ'&bm%id longispeakpgsact ki £8i @S0 e
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wi |l becone appajstinsive! tbSmaksP dvd edthbat heavy CPHrATularly! Wi ok hets

mat hemati cal .t echniques._speci fi,cally.statjistical .. ner anal ysi s, use
of finite el ’e%erﬁupé’%a?%ySFggﬁbul&&}“&P 1808 in °Peratin9|€%%‘¥"%§¥a§3¥?%a“%y
us, have reveal cthigt rpeeRessl pvere eponfitrmed, randond fiyrst apreanpderty
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and capabl e g§ haxpbdih tidny raghioomeht |for quillVeoa-E83¢aedfig.stic conpl ex
natural bendi ng wave .vi

contributions of res x%v%%gggrgo@f;t :.?(Eg%l i «5-33% a%a?gﬁ%%?%aég%e%ﬁggég’éﬁﬁe
f undament al fr ecpRthclewckopmanic xavieds, cafcinssdonslined above, ways of
designing and operating a panel as a well-behaved acoustic
element that can have a surprisingly wide frequency cover-
25 age and remarkable sound distribution and ioudness capabil-
ity, including with low or virtually no perceived direct-
ionality and reduced proximity effects ‘as to loudness.
Indeed, when appropriately driven by electro-mechanical
transducers, a wide range of. light—-weight flat or curved
30 loudspeakers can be produced, for a wide range of applic-
ations, to some of which such loudspeakers hereof seem
unigquely suitable, whether or not with wide £frequency
coverage. It is noted again that other acoustic devices
arise of profoundly novel and useful characteristics, as
35 will become apparent. It is also noted that, in contrast
to other mathematical techniqgues, specifically statistical
energy analysis, use of finite element analysis could, at



such characteristic conplex natural bending wave vibration. Each such ]
resonant node contributes a particul ar conponent of bend| E' BEEN
rnrxaag

vi bration rangi ng over said extent of the nmenber betweenlv
15 active subareas and vibrationally inactive subareas,
"anti - nodes" and "nodes" (or "dead-spots"), respectively. W f ound

t hat - conmbi WA978884df t he bendi ng wave vi brati on conponent POI/GRIFOHL -
totality of t he natural resonant nodes results in grouping of
anti - nodes and nodes by super position find cI ustering at subareas

form ng regions bst I no I b ng _wave
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have poor acousti'ésl f pldGeisent of i NBeivd Intadls Headigerna eﬁ:appmp-
effectively excl ug g b$/ 92/ 03024, i.e. at |ower frequenci es goi ng
bel ow t he coi nci GEAES B ency and down towards the 25 |argest or

fundanment al wagvel engtBssexitipddyi, bloarbem:ﬁeag:cha\reveir:hedt ton sle@king baisiie
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have specifically y car SI's an
desi gn, some sucHbich ap¥Rember Witk Exdeak: maigdy- ﬁé'raPSf’ﬁFFﬁéYt efcHitsy of
W92/ 03024 by 30thiekneskicand) capably icl ﬂgéndiwqd@amdlawimqmqy Haveya

wth remarkabl @ cparaft@fidid MiBpISR b Bl ARG BavbIPBLatidlf. of

acoustic character| S ers can red and/ or
prescri bed t A8 ®Bag§icular acoustigrelgyapneare contributions’ of resonant

PCT/ GB96/ 02145 modes at frequencies harmonically delatedRo Sﬁneré@t fulig-

menbers, in the Eera %n%%ﬁ!i - ?89u§he mﬁngﬂecr g:%%cggﬁe%o (o) woses

as prOV|d|ng rever ng or se t|n er| , or
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alternatives t0 gongidered as “combined nodes and *combined dead-spots®,
25 respectively. It was confirmed that most such members have
poor acoustical performance, especially at frequencies eff-
ectively excluded by W092/03024, i.e. at lower frequencies
going below the coincidence frequency and down towards the
largest or fundamental wavelengths of possible bending wave
30 vibration for the member concerned.

However, further as foreshadowed above, we have spec-
ifically established how, by careful analysis and orderly
design, some such members can very greatly out-perform the
teaching of W092/03024 by reproducing a surprisingly wide

35 audio frequency ranée'with remarkable clarity when used in
loudspeakers. Indeed, the acoustic characteristics of such
members can be so well-ordered and/or prescribed that uses
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traditional sounding boards, particularly of cal cul ated and orderly
design as herein, is seen as an aspect of this I nventi on. The
cal cul ated and orderly design criteria we are now 25 able to put forward,
from anal ysis and experinment in the | i ght of insights gained from
profoundly inproved expl ana- . tion and understandi ng of acousti cal

bendi ng wave acWOf7M¥842 5re based on achi eving beneficial di ROIGRIPUMS of -
bendi ng wave Vi brations associated with resonant nodes in a said 30
menber. These inprovenents are achievabl e by the invention even for
si mpl e shapes of said nenbers that satisfy prop- ortioning criteria
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shou not clanp e esire rat.ion i 0
shoul d be at E'?eag ?‘Hqgéﬁt ﬁgﬁh ngP g srtér(ftﬂgrlgngﬁf'g ‘&lat q's n°w
necessarily bei ngutefmlfﬂed!m I@yﬁ dedagi neadhly i athievwableyr dawduddagi gn,
3ut gener a: : ydnofobfﬁs%@nﬂﬁh!]{ty ﬁféé-*ét%lndiﬁtg%lt rs@l&mc(-.»&f kaaﬁearaéﬂrce%qu%
anpi ng w e C c est | o] S
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and size, incl udih@ﬂ%ﬁ’@ﬁalea@n@ﬁgy%feﬁem ﬁ@cl%@%s Vet finpde IPEBP&T‘
danpi ng wi |l 28l shike stiruetazespodnderds aﬁﬂéﬂmngﬁfs&xdp(lei:r«femm&f to |
i nt er est an a
di nensioned to Qégant%,mysgﬁﬁ{ﬁ&%ﬁ%@g%@g@%qﬁ%@ EB&
interest. 25 ~ orderly desj-gn as her@E\IERAE RSPRECES (31 | RRERAY

Reverting to ourineestiical and devel opnment work, poor acoustic
performance in said "R ,3318h95hE Qféﬁrf' ¥4 gRPBERESEE L Wi are now
25 able to put forward, from analysis and experiment in the
light of insights gained from profoundly improved explana-
tion and understanding of acoustical bending wave action,
are based on achieving beneficial distributions of bending
wave vibrations associated with. resonant modes in a said
30 member. These improvements are achievable by the invention
even for simple shapes of said members that satisfy prop-
ortioning criteria taking appropriate account of actual
physical parameters relevant to bending wave action, see
further below. Also, for any associated transducer means,
35 highly effective location and other criteria are developed
herein, see also further below. In relation to this inven-
tion herxrein, the term "transducer means" is intended to -



i nfl uenced by presence and distribution of the above-nenti oned dead-spots
30 and conbi ned dead-spots in the transverse _extent of the nenber; and/or

the converse, i.e. by spacing and distri QUTHISTGHEET 194% Rggy (of said
anti - nodes and conbi ned anti-nodes and/or REP[’ME??" ty ¢f conbi ned

anti - nodes. - 9- e
find, as aspect v@97498#2ent i on, that inherently better acoustrCEFI:'I'J’GBM/‘W45 -
performance or action arises fromcare taken to reduce, preferably as near
as practicably elimnate, occurrence of conBined dead-spots; and/or the 5

converse of nore evenly distributing.the antr- odes. an i ne nti-
nodes over said ??%?@%ﬁ%e %(ta@ﬁr"a%it‘ﬁ'& nﬁ?‘rﬁ‘é e 5?%f%f%?0€b%ﬁa"cﬁ£mers'
approachi ng as essmwellhsaprany i tyus @.ndAts'dreasurenbfotrmﬂbmmrhhaﬁ)ﬁiﬂEe
i nvention for apa&w@twr\aga@éwﬂéhdfneq%%x raaee'ﬁerp@ftéfé&efoﬁgtneﬁbon

S directed to resonant nodes at | ower_frequenci es n consrdere to
be of 10 useful OFrPiR%ZR8L qcr*'% VBSEZﬂpecjrqiqa&leY &cFé){’ﬁg %
effective fors othett'qmes),n suzhbasdimagnétostri ¢ oive. frequency resonant

Pﬁ?gfeistn ae\r/ne?\hto resonan% o/ (& g ﬁ Qﬁg&igé&t 'é?keBEfﬁlét Iﬁagﬂ'd of
such frequency r8fge Y)"qu%i@r"eﬁfe"ts i-?r r@adéXBS'%‘fa’elra@i%Msg age fr’?‘?é‘ilngwest
possi bl e, or conggiplyl cdriieiy ale rembel5Sitsalf) abvaeNdimosons cases,

vibration in the fogxg iy oBORIRAG deiiee B besting ARG B 4B 20650

wi th frequency i mat er | s and ot P accépt ed
in menbers hdQeofnd; Fﬁbﬁ%‘t#Y%d’ilW’gﬂﬁ)b‘F%ﬁmbe applied at Viegakdaedy "ﬁdﬁé as
an aspect of invepssitionddn bperativatarsasobf :saridtnmmﬁgriur;cer13:1!@@r:‘:a:arnﬁngéI
one or nore posi c e es-
wher eby rnatnyl,o prg?gra% Qgpéé{%{)ée(r)aégg&sq&lwg ’?ﬁbgtgg% fg%éggf'?aqte maxi mum
or optimum furt ﬁé’Pq‘p‘P%‘f’eﬁ%tﬂﬁl igterest, shpl nexpmsuallyy F@'QB%‘?]E%/ rdoyahnt
modes in an oper pekh&ps Wit Helectivgeenhand¥nidSlof intebad@ia&é)rdﬁxdpamgl ly

active anti - rlgdeﬁla!e’gkfglcanegﬁephw ?éw%é’f al gueh ﬁ‘gégﬂ?jév%ﬁt eoua

conbi nati on basi s uUSing 0oSitions,
as conpl ement arym&tﬁﬁ#ﬁbrs@l&&PFaﬁ}%ﬁP élh&t pdges Agaiast des;l§ r?é?rhrarhj‘de

vi brations at theoneslad:ﬂmx mrtcehaend Keiat meastlmai@m contaét f fparant
fromall known pr _rlagr %eﬁ'ﬂ?ere ‘ﬁl’é &Obg gg%%g%gér case~HyL US€

beyond sai d nenber on o Sal d
anti-nodes and cG#BPné& 5%??-%586‘5 any PrOduCt ﬁﬁﬂ%@ulb‘ﬁ? AMWeTALly not

criterion, argb appeay Mighlys dritdrialan | Re¢el Pémert (s) of Oopr €otr aslige™ | y

di stributi ng sai ¢.a g&hgr\%iff @é&n i gﬁgggﬁé&&;@%ﬁ- tthstff}ng perfc?ﬂ‘ugnce

menber, is for freq
PCT/ CB96/ 02145 to assure avoidance of "ringing” in desired operation,

materials of members hereof and size, including vibrational
energy reaching edges. Localised medial damping will also

25 be at areal positions appropriate to frequencies of inter-
est and/or by way of affixed damping and/or stiffening
material dimensioned to correspond with wave-length(s) of
:E_requencies of interest.

30 GENERAL ASPECTS OF INVENTION
Reverting to our research and development work, poor
acoustic performance in said members, considered generally,
appears to be influenced by presence and distribution of
the above-mentioned dead-spots and combined dead-spots in
35 the transverse extent of the member; and/or the converse,
i.e. by spacing and distribution, or spread, of said nodes
and combined nodes and/or complexity of combined nodes.
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10 enci es of natural resonant npbdes of interest to have a nuneri cal

sequence or spread that is nore even, pre proachi ng best
avai |l abl e, seeking to reduce or avoi d J&ﬁﬁﬁ'@ﬁ&'@%ﬁﬂ\g ngs and/ or
erratic or disparate 5 spacings or differdnces, RERIAGER 1 v i hvol vi ng
choosi ng or prescri bing and ‘using rel evant paranmeters of said nenbers
that reduce cl uMO7f098#3 or disparities of spacings of f r eq PEHEGRIGOIINS -
nat ural resonant nodes from what generally produces unsati sfactory
acoustic action/performance towards 10 bett®r or inproved, specifically

nore sati sfactor | east .nore accept abl e, st e.
Changes in ’éqtférﬂﬂ@?sofasr%‘i’arﬂf ARYER PR, | Gg?ﬁ f‘heﬁgﬁé'{ gggger
t her eof,, can ocmnoﬁshicdlfﬁerman#aatqwec&iunrmm (ﬂ‘rom caxedtakebete but
are readily cal Gdle e Qféﬁ;«m{ 'a%t fed? afY s-auiaicabffwiadﬂn\afhe,fe&tur-

resonant nodes rel at abI g‘i" 8‘ éerent conce u% f undanent algl this
criteri,on/ aspectF§ce °fh§|° hnedcflead-spqlay | Pfg“h8f “PRISFES oRaNTCRDde
frequen- 8 essvanigeddstiributing theolddes anéfcﬁmbﬁnd@m@as andrasabdt of

the invention 20&;41@4:\5% LRtSPRRS the S areg gxoit%f Qﬁgeagéxsrse

extents of nenbers hereo an ocat | on ans
"active" acoustidNFAR EYERIY RS PFACkICA J-&bl I H’-yleas%fil%ﬁ%ﬁ subpdipents
orderly spread off tinenshvehtios forr applbestidy inaxeaiatf ferfmmyt ranges,

frequencies rel %Af’v%.é\ﬂ.atg]gtgén{:{@ﬂi@ﬁ?? ?ﬁé&‘%oaﬁgséﬁ%ﬁ%éff@s S49E8weE the

nber, | u-
?gprggen!t " 10 aﬁ#@@%@#@isndﬂ\ﬁ&’sg’;ns&&%gdf r@ql}@nc%/f d‘éﬁ%ﬁﬂ’en%ntm%hef‘-nor
not in pref errecbvmhmazh type ianfowmi®edsbeUligliby, efffrctive okt Aetehel ow.
Gose orderly argiyple, ralskdted " idior2-60MDELYNER N, THARS" ERORANT

node bendi ng wave EVant conpl
traversal s of %‘hllb"‘??é?é'elfrPHPSPGYnﬁa?% b petusl anergtdonadeintgrry
beneficial effecéstasevenr &pi tezonaati npdws atlpenhaygbe bdlow tk URigh-

bendi ng mveb@“é@a&ﬂ"ﬂ ) g’h tfggcﬁﬁlgghg féﬁ%e n{f ‘?ﬁxtter}:%s@e”g r'e clos?r orlt

I s postul ated and envi age pelfod nbers
will get better @Rpasdk torthedowest P°351h1%°9‘7¢®%@12t‘131 fundamentals,

PCT/ GB96/ 02145 for natural bending wave vibratidn in mher afenibesy appheach
a substantially 1'1’551:1;&& Tafy, etq.%n 'of bending wave speed with frequency in

practical materials and structures is fully accepted in
20 members hereof without finding problems.

We further find, as an aspect of invention that best
location of transducer means is at one or more positions
coupling to one or more said combined nodes whereby many,
preferably a number considered to be a practical maximum or

25 optimum, further preferably all, of said lower frequency
resonant modes in an operational acoustic range of interest
have vibrationally active nodes - which can be by way of
plural transducers on a combination basis using two or more
said positions, advantageously in as .complementary a manner

30 as available relative to the resonant mode vibrations at
the positions concerned. Such positions are different from
-all known prior art, and are even found to be advantageous
in use beyond said members with preferentially orderly
distribution of said nodes and combined nodes.

35 A useful practical cr."iterion, and aspect of this
invention in relation to preferentially distributing said
nodes and combined nodes for a said member, is for frequ-
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distribution of natural resonance nodes and rel ated vi bra- ti onal

bendi ng wave action over at |east the intendedly operative area of the
menber. I n practice, achievenent to 5 date has generally been rather |ess,
t hough highly inpress- ive as to acoustic results. |Indeed, the advances
her eof can be taken up to greater or |esser extents as a matter of

choi ce, and at Maswosseansducer | ocating, design and nount - PCI/GB96/02145 -
t eachi ngs hereof can have very useful application even 10 where care i s not

taken to inprove resonant node di st rib- 19t ion and | ocalised conplexity.
FURTHER PRI OR PROPOSAL s believed to_be convenient,_ at th| S
point, to 15 re%%ﬁﬁvﬁp?ﬁﬁ?rﬁﬁt é‘ﬁt”gﬁﬁﬁl pedgsi §fs jf‘f‘i’es“tesgzubil" shaye

after the prioriaymesicad Sequehce appspredd dhat permape even,ppxeferbhiyy as
't is found feasy "Ere: q %aeﬂxaat %%%usavaillah&e R

I nvention for |ou |ng ezoel ectric transducer
95/ 31805 and WD 8¥9 %%&R‘%’rﬂ-ngsn@@ﬁ/ﬁﬁ £rrpsigs PFa0dSParatesal s

by way of spleﬁoﬁﬁﬁ rox d&fﬁﬂ‘eqﬂmh%si&enbeﬂn&pnblnd thopsirg Sopf
lids of lap- top #iﬁ:{ gofantdo s?.hg eggﬁglﬁagmé@gﬁagﬁsk &rdldve&bef:s

pl ayers, or W|th |sp ay units or
conputers, or tothﬁﬁhtrsﬁépeht"lp’cﬁ%iyﬂéne"QSdiFPPEEtiﬁ Sfppspagings aaf

add-on sound uni fré@ientiey iofg natural fbBohastIicles. fron IWhal gtinetallpf

preferred emodi gliices yadlRlePKUBLANNCRLEE: S SINRLY el ORI S Uokis

pi ezoel ectric 3 ngs as
ness of assodPatbettem. %pimpﬂaovqhd sperdfigeddyr F“@rﬁhﬁ@éiisgécﬁpﬁ.’éngroﬁ&

housi ngls i ncl udi pgagt padté fcué@élwamreaf edddrbtic ﬂm@&aefa&er hcud&hwsoan |
trlangu ar-secti ol V ste pI‘O or ol al ane
resonances. Thesg Fﬁ%‘é&es °?te ggglr‘%mél e‘%\ g ; 8%n%naja‘ﬁ r?d'!ca%
"try-it-and-see"thereof uean PﬁGBFvaﬂg AL faganti @nla&évanéimeséonauna to
be 35 effective, saiadagnbagsamihtstddd eﬁé&@iﬁ;ﬁrwﬁcmwe ShR®- taken into

"‘C’g“r’rgaf‘g’ge\?m s 3§ﬁ$%é‘ﬂ‘g’fe'& erTaﬁ.télr AU QU T 2S00ANGE 1808V Ee1ataBl8PRAN

12 i cati on of Ahffexenty conggptuah (félrl!ﬁaamtﬁés ofthiife crdtathon/aspectidg

physics of the phegesseeednds! YEitdrl GRAMNGA bAOtISd Wedonaly hedslifiequens
action in panel schgd JuIon ea}_r&r ciation of the contribution to be gai ned

fromorderly pané€l “deStgn ‘5 transducer location etc for good acoustic
per f ormance. At eﬁ%‘ithﬂf-s fsgfud herpherien.piandoapperti ef jehe Haweatdon
appl i ed 20 relative to shape(s) and proportioning of said transverse

extents of members hereof, and location(s) of transducer
means of "active" acoustic devices, concerns desirability
of only a small and orderly spread of transit times for
bending waves at resonant mode frequencies relative to the
25 transducer means and reflecting edges of the member, inclu-
ding taking account of the speed of sound, i.e. represent-
ative bending waves, being frequency dependent, whether or
not in preferred sandwich-type laminated structures, see
further below. - Close orderly arrivals, say just short of
30 coincidence, of such resonant mode bending waves back at
the transducer means after relevant complete traversals of
said member involving two edge reflections have highly
beneficial effects as to rapid spreading or augmenting
build-up of bending wave action out over the whole area of

35 the member.
It is postulated and envisaged herein that acoustic
performance of members will get better and better the



to surfaces incapable of bending wave action as herein. It I's not clear
that significantly nore is involved than was the case for the

above- nenti oned nuch ol der intendedly and 10 herently pistonic acoustic
driver units to be affixed to any surface. Certainly, teaching of these
prior references appears to see beneficial contributions from hol | ow
vol unes - of WO9rPe842 usually with problens to be sol ved byPEEGRMI4S -
resonances. That conforns to historical presunptions, thus 15 contrasts
starkly with this invention, where resonarldes are basi ¢ mechani sns to be
positively predeterntned/encouraged I ncl udi ng Optlﬁ]SEd/ﬁBXlﬁ]SEd I n an
orderly manner,BeaFer {HBey,RPREOAShi @ pEwPStaRiHAY Y iRk om pspEead; pr

t hensel,ves; ahSQtﬁﬂﬁ\if.iOteldﬁ nathraEdrésomamds madieanaiid t he Daoste tvdbrared 20

acymret 11| 0ok Qo' paUNAN] 0EMSaERLBL bl I8 A0Sy odl SHleaING  ©

transducers t ha zoe ectri
SUMVARY OF THE PRREANH 9 area ol thpcuemert st Jidbrgchicaavachigvrreiedds to

many ways 25sanga¥beNas Geitegal Dy Bekd rathelti Toss hlamuanenignnylﬁnms@
and can be charaeLersed LRoWRE QUSeAPPEClS  ridled, SBld Ai¥hnced Sl
re

t he known pri or erence T1s ar ns, partl ﬁarly
to i ndependent Gﬂalh% ‘Né@n wpeta (greaterorolessen extentsias s mett: pd5 and

109, representi Bﬁoﬂc3p & aet 1mtoftzawshua§aer<t@aﬂfngt,hassugnemd @fburbdrough,

gencral and spotp Eesentdlil Sefebe UL s YelS) pRBeEEL hbl Retion Buba

| NVENTI ON 350 wheggr capeisie notedekean toadapgeve| spaerant epde Giatrdiar

rel evance to praeg_bﬁaénd MYdcaIaReat oipdéxitys i nvention, and i s now
reviewed in nore detail. ’

13 Many factors actuall y or potent I al I y contr| bute to bendi ng
wave action, thus frequencii&s h & BB pidgl ¢ of vibration nodes

associ at ed Wi t hxﬁaturbtanee@dnaab W&d%nlvanﬁteﬁ’ﬁ?YSth%QQf po/ﬁtfl Hsd

et ual “benaidy FeyZew Wk BEIGY “BheBR "aitel RRLRIRAST 34 ERY, (ndilidid 0
etc, were kept sﬁwﬁamhﬁalwyiority t‘lt%t%%rrﬁOFn thils @ppliidadden, p@%lﬂtﬁpﬁar

directions of i &h&&&ﬁlaﬂyw £stap| flird feasivhbat osheﬂeaamkaﬁhm ons
of the nenbers keipnﬁ@” C

f
val ue to realisi 8ﬂ?f‘§eei%é’i‘t“ge“a%:}%ige:ﬁﬁté&’f‘n5°‘£oi°“€ %%]?S: i "b%(r/n
enbodi nent s. Piezoelect{j-%hmmc%-sucﬂf) 98/ 33R95S pardi & aﬂﬁéWeﬁk" are

mai nly ef feco Voot concethfi Intddhainm, qma@pbukéenﬁrépoﬂﬂ@rw Red}g) dowest
nat ur al ”eq“encignggiiactficpd)ﬁ% o §a@8£39' &.{%e{}g g@ﬁ g&%}&ﬂ’& Qg the

menmber, even to® Fegquencr es eren
fundament al s f oRiésl atfehap-rmam?reﬁﬁ or to fold-out panels of compact

disc players, or within shells of video display units or
disk drives of computers, or to light-weight polystyrene
25 tiles, or supplied as an add-on sound unit for mounting to
other surfaces. Illustrations of preferred embodiments
show substantially centrally located paired piezoelectric
drive patches: and much is made of such things as hollow-
ness of associated lap-top 1id, and other specific three~-
30 dimensional housings including a particularly preferred
loudspeaker housing of triangular-section; also of various
steps proposed for avoiding panel resonances. These latter
‘'steps are clearly merely of an ad hoc or "try-it-and-see"
nature, involving the addition, as and where found to be
35 effective, of damping and stiffening strips until sine-
wave-sweep tests show unwanted vibration/resonance to have
stopped. Compared with teaching hereof, there is no ind-




15 nat ural resonant nodes, including by reason of angled relation of

directions of di nensi ons concer ned. As to ape,
particularly proportions as to relative val TRIP sy HP\SrBEEN geonetric
parameters, it first proved useful to consi er SI chc E es,
specifically nenbers bounded by rectangles, ceﬂ; sections, 20
i.e. elliptical We$#%83 do so in the above- rrent i oned cont ext OHCTAGBIG/0ZA4S -
menber that is substantially isotropic in bending stiffness in all
directions, or at |east much the sanelBarallel to sides of a rectangle

or to major and mnor axes of . nelli eorsper se, ho h see
further bel ow re’gné@ﬁrliﬁ%°?n$%ts%ﬁ°antu‘f$ ggth‘)% na€¥ds
SPECI FI C APPLI CAmAOsyyRIREHRR AePEmscesseNmmd 1n generatingr sgund
rec{ 6“9;1' ar Sha?_ﬁr ﬁéhtﬁir fwaw&”aéﬁifozi iCrpib%tdell%t- fa!?x'd“@xot %ﬁﬁe@iat%on of
particul ar prac ce i s i ons i -no
P00t at od w1 HHA GoRt=AEuERER; Ea e 93 10p8 5ot senivobaneL o A5d°
woul d t heor et §cattgnsducesr flocatioh etctih:e: @obﬁeaeoustiangpélsfaﬁmaim si Hes

wh id '
actGinon, asCiOPSI fé%%@ﬂgu: gﬁg ﬁéfﬁ@ﬁ:i%z%eﬁglc%rﬁ ?aéé’ﬁepeﬂ@ Qg;p%%@\o
97/ 09842 to surfaces incapable of bendinpm@g@/@ﬂ%ﬁs herein. It

14 in the nepdetot Tdligar that FigaifaBanvEy-mot®|id inRidlvedathan Wwasbe
surprisi ng that ay &k L;flo %ﬁgl Sﬁo?&-ﬁ&t&'&%"ﬁ%rzh ol%&r'fm{éﬂ'&ed and

mat hematically, rnclu conmar el arl y
avai | abl e natfs Pe¥RRELN rﬁkﬁ@é@@é’ aepustdendraverdyna FeﬁPe?&nPﬁﬁéxgﬁcFW
artificially thesly. subdfate. cétwﬂw ¢2adhing s thekel pAlel Miferahces

resonant modes cgbenrd®cogLs bl Y AUTPULENL 101 cAl dURPLENA) WHTbilEE

and corresponding patte of v tio
positions or el epEhonsings.penaliy "{iﬁ'é‘ prahiens s"s? &e ERLved by rleﬁ'écﬁﬁﬁber

concerned gener atesondantesd .duBhay donformg to hintmricadl presgnpisidng,| ¥hus
present ed | ny5abLaslilid 8arky wicll Y £V k1 O tinkld! Y LbiRln il LELNS

for related reso superipose as conponents _of a
conpos- i te pBR8Es meghapispg L9 bepeshrivedy prafeboErnedy encoyrageds
bendi ng wave act inelddiag V\bbtzmmm.maeatamy ah sbrdérly mahnens €br

vi brationally n'o{‘gé tac%%ﬂ%%@ﬂf@ﬂ%ﬁ%‘}a\%@&n of tn'e?.@aiﬁﬁﬂ §1§§/lkv§§st

active regions; select i on E}gr;)ose
parts of noti ona1l %@%&@Vell’n&Fé;&Fe@é’m|q?§‘§7o&9€iaﬁt?' ermined
consi dered, RO paspmdeitiidd) chh’hﬁoha&bs alvanbageows f earefeblys demigned

pur poses hereof t’[%]f% r d f ixd
orth- ogonal Fy F el at ey ﬁl rren5| on&fﬁéeg ues Eco??‘gg%%%\g?nﬁggtﬁg ?{#e)l o8
different sides BPlh 32 RLRRARLGCLTRGHEYPESr which respect -

Y OF THE I

25 The understanding we have gained leads to many ways
and view-points in and from which this invention is novel
and can be characterised in various aspects, for itself and
relative to the known prior art. Reference is directed to
the claims, particularly to independent claims representing

30 a selection of such aspects of this invention, though, as
will become clear, there are more and other alternatives,
both general and specific:-

35 .~ Our basic research and development has particular
relevance to practical implementation of this invention,
and is now reviewed in more detail.
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I ve said conposite patterns will, as notionally superposed, 25 produce at

| east sone useful degree of "matching" between [ '

nor e/ nost active regions of one of. the conposi t@%%&g‘:ﬁtﬁ\syrm ned and
the vibrationally |ess/ | east active regions é& I Dot th
conposite patterns concerned, and vice versa. 30 - This matchi ng can
be seen, al beit wOPUW84R adm ttedly artificially sinplifiedPCTioBY IS -
approxi mati on, as ained to reduce the coincidences that woul d ot herw se

contribute to the afore-said conbi ned dead-spots of nmenbers or panels

to which teaching hereof has not been afgll’i ed. Myreover, 35 this_matching
can be sought to any YRM cfagrerpepctpe or poteskiali¥cCORtRELRRS| FRI | y
or optiJral |y forbeading Mave actiom nthusi fequancieal agdcaistribitidn @te to

conbi ned dead- :
PCT/ GB96/ 02145 of vihratiom&usggcﬁds%ciated wi;jg natural resoaz%aﬂte 6xlxgsctdes

spot s,
withinJimts of iBupenbershereefonsAs Thirst %Qﬂee@?é'deﬁgﬂﬁ&rﬂh?ﬁﬂjé’-‘eleV‘
freﬁugnci ﬁs }‘sr aht wategdaDosipatametpast eontribytinpdtoanctuadl aendingdo,
i ncl ude the | owe | OL . T Ce.Lk o] tic
range 5 of desi r‘elavgp%%% %n%gaes?gg% Fiﬁr'\%dé%b%évngtﬁgvgﬁi?ﬁgéﬁ%‘f n%ﬂbﬁc%e dw
same if benefici Were kept subsfankially the isape incall oxt afi heashpartise
sought for asuliBpydffedbviidlo ahtbhestpshnanis Se¢ablBHed OENLS MADeNd
Co The above. moaARaraiisiAae’ Be P Wiibors Rl EBEE ER1ally PEadtr Ol ©°
have been obti& negntrihmtions ofggreapivatng &a realisingainyentive Bsnentisyel y
to particular saiagd achP¥®ind pieictichlr aeonast emBsiEment®), Up to the third
Cor sai d transverse chiBttelogs, AECHRART etk CHT RareTetl A el " a2 2!
preferably up tomadiniyaeffeckive hyh thedsr inlexant contm::tionsm,démnmps
Upttﬁ- or bgy??d Hiﬁé.ﬁ??’_ﬁ@&éh@rﬁ&i{u%alt frégﬁeﬂaﬁéé_ﬁo?i ?ﬂs@j{ib@@} aai;ﬁatn&;eﬁa-_
mat cni ng. et ter .nodel |l 1 ng, as al e one,usi n Inte elengn al ysI s,
W ueaal by éﬁwavﬁe‘;i;r@t{gﬁgi&r g@ymbﬁg' ! Emggefﬁﬁ%’cf%&%z
attributable to tieagdrsl effechiy ath erenthéndiage for neefiate
which are additi giabubfctes Sdflaaturdns rb8bnhft Sucitly, inclu@Xh§BhP reason

o s | an S BRbba SERHN s I8 BATRRUBE e qunlich; pAEReRER "0
frequenci es goi ng cond8ctei ghape, rvartigviazdye Praportiong @s ckirekative
sequence, fr@o ceadepbUdf defihifgugeomesritcpiraharerdsjndaefirits provddne
two sides of a useful to consider simple geometries, specifically members
bounded by rectangles, or by closed conic sections, i.e.
elliptical; and to do so in the above-mentioned context of
a said member that is substantially isotropic¢ in bending
25 stiffness in all directions, or at least much the same par-
allel to sides of a rectangle or to major and minor axes of
an ellipse or super-ellipse, though see further below reg-
arding impact and utility of anisotropy.

30 SPECIFIC APPLICATIONS/FURTHER ASPECTS OF INVENTION
For a rectangular shape, an artificial first construct
found to be of particular practical value concerns distrib-
utions of vibration nodes associated with natural resonant
modes, and of related dead-spots, that would theoretically
35 arise for each of the different lengths of its sides when
considered alone, i.e. each as a single axis for bending
wave action, as if there could be no other bending action
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rectangle up to over twenty, usually thirty or nore, pref- erably at

| east twenty-five. Results show very satisfact- 30 ory purely consequenti al
orderliness, spread and acoustic action/ performance for higher
frequency resonant nodes. Interestingly, and valuably in practice,
particul ar aspect ratios for side dinensions of a rectangul ar shape

Wi th isotropic wemoeess2stiffness energed as being of use- 35 fRENGBIGORISS al -
application. One such preferred and highly effective aspect ratio is at
about 13.4% from square (i.e. out of eq4ality of sides), specifically
at 0.882 or 1.134, 6
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The actual modes aﬂ’albé?ﬁj isNperResedi ak atildn asncamponents i ICOMPRS~be

very 20 conpl eXitgﬁbhﬂﬂefﬁ f@stawm ParthefCROEionEl k-l rﬂart%ral
sur pri si ng.

t here teractive effects betwee mai n
concept ual | y15 bef‘éﬁﬂ%n‘%‘f%l n%.%t gtc‘1 e &‘alﬁi h%@e 3’5?# :bdits 5‘?5’“
considered in thetions efwidbrationaddy m:etwts iagaiuennasim andl vibr-

directions of sua%&aﬁnf&méss/leasecam Q:"egibﬁ@esand %Ixuétmenlfmlslu&ad
bendi ng for one affect t he ot her;

LNg.t ects c
way of reflecti of°8RE &2mbenhFUHIFPORE 't&ius Egﬁt A bLR°etit°5’ag'\/e%ﬁa
transver se bendi pgtwael hending wavgnacticnstntieogopsideredy s propesedy -

mor e/ mlolst gctzjoveoar Qg& B&sf@n&af nefowvet ieﬂﬁi&&veﬂ‘?gksfoﬁuisﬁut:poses Hdrifs ﬁan

ener a e ex n | | er
?I‘ equenc?/es of ng%ﬁanggﬂgﬁi@g %Jiuhe& ?S gl‘gLfMl &é,ﬁe &g])él?l&(;jlt\é ? aer f?d:ﬁ-g
popul ati ons of sg8enallyvistelated dimansionglev %%r (COEFIRRANGING:

est abl i shed t hat aafferent agidenaft adrecbandulas shage)r furbwbicmrﬁdspect-—
reinforcements c3gebgs ffYUohphsh Be Wa S h/37PL "%s notionally superposed,
- 25 produce at least some useful degree of "matching" between
the vibrationally more/most active regions of one of the
composite patterns concerned and the vibrationally less/
least active regions of the other of the composite patterns

concerned, and vice versa.

30 This matching can be seen, albeit through admittedly
artificially simplified/idealised approximation, as aimed
to reduce the coincidences that would otherwise contribute
to the afore-said@ combined dead-spots of members or panels
to which teaching hereof has not been applied. Moreover,

35 this matching can be sought to any achievable beneficial
extent, including maximally or optimally for reducing or
minimising notional such contributions to combined dead-
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17 I .e. as overall or selective edge danpi ng and/ or sel ective

| ocal i sed nedi al danping at relevant positions) of said extent. ‘
There is, however, one effect that it has been found 5 can be beneficial to
take into specific account, at. |east as useful refinenent, nanely,
for a substanWea7o98d2 rectangul ar sai d nenber, the resonantPCRi&EB602145 -
associated with i s diagonal dinension. Assuring at |east mainly hel pful
contribution to desired distribution(s) ofbesonant nodes 10 can be aided
by cropping or trinmng, or curvi ng of corners, or formmg*__to such

shapes, though SROt8,r ffetepat WA RIR IAMitS 9f; our PPEOXIMAtieRs i nEpe
stiffnegss. Seraltdcﬂ:ep.r a.wesbnaht mofie mﬂrsqﬁencj:msfcder'ehe otwof cbinposite

refinenent as t%m approacihlv %ds%‘i‘xe erd%e a{ﬂ‘{d%dueﬁé Ofo@éi- se

naturally 15 fr ng some oth ana bIe ’shape . g.
el lipsas or at |wREars e§uinkerest pmLeleyp nﬁPe?Er%l‘SP ot a°°“sFéEu€§ﬁ‘@et he
di agonal beyosd dfiraesiﬁd sopéttict, sasleoutlisbdreabowd)s. evesl theladngh

not essential, Qﬁé%cpvffsgh? ?.Ee enefi Dt IS seen in such corner cropping or

trimm ng being east for corners of different
di agonal s, whet hdin thegry: @eshans« bass nafichiaghshenld he gonghafor

rel ationship pr belﬁilaﬂ@ asSpeddinle am eh'e ngesdrladt Abage Nl ® correspehaing
resonant nodes) to a%%\(__[%e gr Qe %I dlvgerégnstmc{__ons ﬁ? g ps
eef or npl erre g

further relative? Brery Coft— I'nuin
useful l'y coni-)%urﬁmﬁga& rpdiigss to thedﬁ#@ﬁSl wedaht #ﬁww |i@texésﬁvéam on

of effective shojdry sati®fablokd HESuXENGHWR 1EBh YolSEd tsd Faemdlimi Bing

practice, say h h LY in 0

medi al |y beta\'/\%%enntfeiaﬁ% igagvonagﬂd{rraeng‘{s ‘%r% 1§§gi§ei&g 5o %a Qa% s%jhd 30
preferably to atleWer mrégresef oResPnantdnades, dsagdquntrhe thirénQFéﬂ%S at
or approachi ng nef réatihnicogeeptuebbptivigiakatal freqieiey eiakinganpéetigatio

for successi ¥§' yaif%‘?:aﬁhfg Frad;s@r‘é%sexﬁm?ﬁm‘.‘?'er%laytv?&’-cfﬂﬁx:t%%ﬁag F.'Yd

substanti al eve
di men- 35 si onal“‘?’@P%Eﬁ)onEﬁPSer%%Y dmdeopt Lepst ERpnfifeh md)gr@nétotal
di agonal of a satweleifivg)l, aperhaberupatol easbeyairhltiheedeventhobrieps opy

of bending stiffpess, if5iiey 3 3P hit?XyChatching. Better modelling,
as later done using finite element analysis, will usually
20 show other resonance, including lowest modes affected or
attributable to diagonal dimensions and/or non-bending wave
modes, which are additional to considerations for this app-
roximate construct. In successful actual developnent work,
the resonant bending wave modes taken into account in these
25 matching routines were at frequencies going consecutively,
considered as a single combined sequence, from conceptual
frequencies treated as fundamentals for the two sides of a
rectangle up to over twenty, usuwally thirty or more, pref-
erably at least twenty-five. Results show very satisfact- -
30 ory purely consequential orderliness, spread and acoustic
action/performance for higher frequency resonant modes.
Interestingly, and wvaluably in practice, particular
aspect ratios for side dimensions of a rectangular shape
with isotropic bending stiffness emerged as being of use-
35 fully general application. One  such preferred and highly
effective aspect ratio is at about 13.4% from square (i.e.
out of equality of sides), specifically at 0.882 or 1.134;



18 about 10% short for above about 13.4% and about 37% aspect rati os,

respectively. The aforesaid gonstruct, involving
generating/using data for 5 theoretical ng'g% ' wave actions for
each of differing boundary- defining si eﬁ éﬁ fy rectangul ar
menbers, for selected natural . I esonart—im ESL..A urmul ati ve

super posi ti on asvoeT8e t e respective patterns, c ohOT/GReG/M2MSOf -
such composite patterns to determ ne vi abl e respective di nmensions
and/or ratio(s) of sides to desirably reduag 10 conbi ned dead-spots and/ or
effectively place anti-nodes or conbined_anti - nodes of one in

dead- spots or coll MFleEJoeptariy dereloprent wagk has used; thi g valye.
and/ or conbi nat | RowessgaeC tanotherhpotenbialilyovalusble espect catiorkas beenof
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appropriate defi phibPPifd DOPEFENA HRAPRE fR¥npddIREC HatRe2BE HBNnRY Fhiton
for benef i lea| fr qauency i'nter-|eavi nagt,and/ Qr f%r Eatter n m%t cty&?‘% I n
distributions orwar 8 a true representation of actua natm'iaj. en

vi brational | y nowaveoyibagtion imtanym@hesticwmlisimenidnmenhedssoaiy as an

vibrational | o eapprérfihatidd VEoulRn ks N GrEtt1d109adueR0t Shef Qlctual
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one affecting the other; also edge effects, including by

way of reflection and damping, further to contribute to

30 overall transverse bending wave vibration and distribution

of vibrationally more/most active areas or combined mnodes.

Whilst such effects can generally be expected to be helpful

and/or of little impact for higher frequencies of resonant

modes, with necessarily higher individual node populations

35 of said transverse extent of the member, we have further

established that particular unwanted vibrations and/or vib-

rational reinforcements can be dealt with by said damping,
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grid-rel ated, energy sunmation as nethod or nmeans to achi eve maxi mal or 15
optimal or acceptable distribution of vibrational anti-nodes/conbined anti -
nodes associated with natural resonant nodes transversely of said nenber.
Turning to elliptical shapes of nenbers capabl e of bendi ng wave

action, also first considered where there is isotropy of bending stiffness
at |-east |WOS/PMWEX i ons of its major and m nor axes or uniPEBIGB602)4S t he -
natural 20 bendi ng wave vibration concerned includes resonant nodes
contributed by hyperbol i ¢ and/ or angl¥l conponents from peri pheral
curving and goi ng t hrough the maj or and, m nor axes. The mmjor and
ninor axes are fo@mdd$ Pverall,orssglertive edgs, dampipg, ppdy/AE selegtiye A
practigal ratiolotalbfed wmedial ndamping ateselevardi usositigt(syalofshsaids has
been det erm ned e?ctte?{?()“t 1.182, with a 25 viable-alternative
(interestingly simlarly to above for rect an%ul ar%’ at about 1. 34.

It will, be appreci at S8e¥fats s hfevway. Pdes edfectt FhakyiFnbhas veeon tiaund v
deforming the Cld:l’a\ieﬁfebbdﬁdﬂig'iﬂ o tta]&heldﬂopspebefme_eacébﬁnﬂﬁjaﬁ bsubt ]

m nor axes gol ng _.so st I S ppr I ng, I er
30 simlar to %Srviuns%rfg;t r%%%&%iﬁént iql%ﬁégi?di aq%(rifgl ?edgglﬁ%{%%r%el?

treatnent of a Fectangwlar said membpp, dtheszesppaphdodns apspedaked with

| ocating transdygeigiagona) . dlleneion. anassitting at least maiidy HEIPFA
PCT/ GB96/ 02145 ontribution tzo desirﬁdl distribut?.gn(s% &?@Lsgﬁﬂ'@%ﬁes
represented by power Tactor 2n as we as maj Or “anhd m nor axes a and b
and their rad ocappbepidad by cEeRRERE WoFRiERIDY ST Auryingnefieprners,

(x/a)[err] + (yldy Eephing tb Suthi sHapesdihbaghved Eutthidn bedsw reyarar
et er M i g r efng an@RLEdoR) Q6! Hb0ALLGXL0: FALLSS &/ PalOLIBIY RRLA (o
val ue of n of JeferArnrn preferred value of N Tor any particurlar

rati o a/b. Exampiimdtfefpgyeopsitexatden, of; Shige rafinesent ashte meﬁnlifcatioh
are between 1 anhg? diiped/dn@ntirdmiverst) dtes rédititibil Oa¥if&! n2iral e

processi ng inbeina for .. 1sotropy.,of hendin tiffness and under the
C ool Tyl ng 5 st Adprpaghiag fond Wees ARRTvEARTR EhARET 7Y BESdx:
1.1 for a/b appediidpseproni atn}easpwesgrlan melygons, 1528 preferablipmptone,
viz 15 reducingf @he adiagonkllheyond l1&rger or smalle@’ of? side 8.

alb =1.13 to 1.22 or .1 32 L ndi Qat | S o]
t ol erances on prgaié'felg gi"‘ Sni: a%?eef‘ﬂrft g:?i-o k’gﬁa Ig%ﬁé;%sl%g?s%@ ‘ngg%gggfb‘?e%%%_ t he
val ue of 1. Mendy i bsemdr &BeFRShy GATAGKe CHOPPLRS: A%, tximming being

for a/b = ladl, aiffekedtiad, la¥Qeast BokcBstivers BE FHFTerent! dyagondlse,
ngg_ess' Ng WOrk Hbtner®td adPdifcht®T et At A dy COLLS, | 689 49 ¥ NRewd APl ©
relationship producing a similar "matching" (for diagonals-
related resonant modes) to that above for the side dimens-
ions, and perhaps further relative to or effectively cont-
25 inuing or complementing or usefully compounding the sides-
dimension matching ratio, Application of effective short-
ening to one diagonal only can be enough, in practice, say
to each end equally for a resulting shortening to medially
between full diagonal dimension and longer side dimension,
30 preferably to attain progression of side and diagonal dim—
ensions at or approaching maintaining or repeating above
preferential aspect ratio for successively increasing
values, conveniently so approaching by substantial even-
ness of dimensional differences or a straight-line dimen-
35 sional relationship. Satisfactory shortening of only one
diagonal of a said rectangular member, at least idealised
for isotropy of bending stiffness, is seen at about 15% or



~ibilities, and co-optimsation of n and a/b together produce
~whether nuch as in first-given above exanpl es r, one or
nore particularly advantageous super - el li ghﬁégbggg g( One
conposi te shape investigated is of substantiafl eII| tical and
substantially true elliptical parts merged with a comon najor axis
favouring - said WO9798843al 30 part by about 1.1 - 1.3:1, and WRGF/GRP6EZIECt-
rati o of favouring said major axis by about 1.2:1 relative to w dth.
Interestingly, it has been established thaﬂBreguIar Iiniting cases of
rectangul ar and el | iptical p er I de n bei n
equal, i.e. for ‘%‘é"p‘g&q ghgg% gﬁﬁr% AN aé:' P&Bé‘gsﬁgpﬁga % taégil §3PP§Bi c
as to bending rattod,f mespectdvedgsult in nenbers having significantly

| ess good acousti t er
V0 97/ 09899 Opia td £UT ¥a 1RC Ichb AL FRAEE, m@a o8 GBég‘eyoxg?%Sﬂiﬁqlunng

21 | ater as dat3 FOR tBﬁ°6Ft%?%§ﬂ?cé‘P‘iﬁeﬁﬁ%d3% waven arbieoRs (for eaghye

sone useful gsi nof caiﬁwm bbnndar'yemaﬂun‘tﬂyersiﬁleanoﬁSgenemeyerrreed:aabeve

i ncl uding ci reul g xﬁ?éigé gted nh@hrSE o atnd%ka” y
ous acoustlc evi ces or elenents,

val uabl e and advan age
desi derata, and c““@i%ﬁiﬂ%;ﬁﬁPeFHPEﬁFi%ﬂ aﬁqumggggtpnrespective patterns,
irr eggl arityli nemv)'d»f lxcombi(natiba obapegh aduhmﬂﬂ@epattéaﬁs o |dm’&:mgge
t ransducer a

Sp1S Fetnedtive | Qunlfindsl badBE £atloay 82 BifSs kb,

ections or dlnen rons a f requencl es
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di mensi ons not nﬁrmafddess ok cofbined ma@beeftmeaehdehaespowc&r 2%mb-

di agonal s of a rgﬁ} QS of ot RREC Qf’f‘gfaf vgd /o(;:eﬁoﬁnd/ or

di agonal s of Iatera or Si@es an anﬁ/or apex
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“filling" many as prac
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put forward abovieasgh netienad fundamentalyfirequencies and related rasonants,
t he above anabysfiédes NEhugakgitbitagoasiéttions or axes that need not be

orthogonal nor Qirectly related to such geometrical param—
eters, e.g. for straight—sided shapes such as unequal-sided
quadrilateral or regular or irregular polygonal or parall-
elogram, or curved-gided shapes such as conic sections or
25 circular with variable radial slotting, or super-elliptical
(see below) with power factors as well as major/minor axes
ratios; or combinations of such shapes, indeed anything
other than a member of too narrow width to support useful
two-dimensional resonant modal complexity. _
30 Certainly, such extension is available from other more
sophisticated mathematical techniques, e.g. PEA, that are
available, including computer program packages; and permits
substantially full analysis of overall natural bending wave
vibration including and according to identifiable causative
35 resonant modes and generation of relevant data, including
- plotting, from appropriate definition of boundary shape,

for inspection and manipulation for beneficial frequency
D —
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are equally applicable to nenbers with any particul ar ani- sotropy of

bending stiffness, i.e. different in directions al ong I s

breadth of a rectangle or parallel to 30 major and m nor a%fl IEF& AS BEEN
el lipses or a super-ellipses, and wi Il produce correspandi nf

preferential aspect ratios - etc. Perhaps nost interestingly in practice,

the converse WO%MPBRkewi se available, i.e. determ ning degr RETEIBIGPRI14DT -
ropy or ratio of bendi ng stiffnesses that produces effect- 35 ive

equi val ence to; even "converts" or "mmcs1® for given vari ant shapes,
the idealised |sotrc;$'| c cases we anal ysed first, thus use the s
preferential aspt¥er-3epying; gn%or for pattern\patghingin distributions

PCT/ GB96/ 02145 of vibrationally more/most activeZﬁodes/eﬂmhdmedanddgal amndone
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from short eni ’h@e & r§Pde9§?e¥¢3r¥ﬁn‘ﬁ-éloEIEPOEMWQ%éﬂfOWtiOHOt her
way to vary bending shiftheasadgedtisy olf r e6veOtiors @y;s?é:) Betetd UEEr Obuthe

nmenber itsel only.o | 0

di recti ons, ;Rdmgﬁ%{'ﬁ bruegddngs% I}%&rg %?E ﬁed #ﬂe u%%@r%’gxge%gop%ggaany
particul ar di r ecor means & ashjevncu¥inglhor QPtéIInaéc?#' aeceptaddeadéatni t h
para- ~  neter sripitivmgoshafibratidhal @eadesptombiyed undaseniadlsodiated

fr equenci es <her$19ef&ae§ufaln9eg%9gt 40 elaVorslda or safd ifhuiesler o

to sinply as conceptua her possi have
varyi ng bendi ng sti f fFsdng ory ellip %l%hﬁﬂe-‘dl?%cﬁﬁéher‘? nEpREPIR of
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in skin 30 Tayefg, plomPadheRathd UWii¥ e s ol 110081 BLECL s IoE 1ts
major and minor axes or universally, the natural bending
wave vibration concerned includes resonant modes contribut-
ed by hyperbolic and/or angled components from peripheral
25 ocurving and going through the major and minor axes. The
major and minor axes are found to be significant, particul-
arly their ratio. A practical ratio of major and minor
axes for true elliptical shapes has been determined at
about 1.182, with a viable alternative (interestingly sim-
30 ilarly to above for rectangular) at about 1.34.

It will be appreciated that super—~ellipses effectively
involve outwardly deforming the curved boundary of a true
ellipse between its major and minor axes going so far as to
produce shapes approaching, seemingly rather similar to

35 curving of the above-mentioned diagonal-reducing corner
treatment of a rectangular shape, though see further below
regarding locating transducer means). There is an addit-
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core properties, say thickness decreasing or increasing from edges

I nwardly or whatever. Aspects of this invention arise from

pr edet er m ni ng differential bending stiffnesses in-different directions
in 35 a said nenber in order to achieve at |east sone useful results in
terms of distribution(s) of vibrational nodes and conbi ned nodes and/ or
dead- spots and ¥h97/09842 dead- ' PCT/GB96/02145 -
23 spots associated wth natural resonant nodes and acoustic
action/ performance. 5 O her aspect €0of invention arise from

accepting, or seeking, or nodi fyi n one effect(s), such as I Si ng
from augnent i ng RRAY Vakipple IQWP&Y%?O?@ BPYERt g?éﬁ%’ﬁ’oi"f?’ﬁﬂ'ﬁgii BRonal
proximty or supmsajmsiandmidiomoatess a and ob andethesonzatiovdés, ior theher
di fferential effgacidiintC YRARY-ABLining ABRAAA M0de with another; say

in terns of having some particular 10, Jvoicing’, of the resulting acoustic
performance/ acti on of the nenber (%/335ntef 1 #di fication can be by way

of general orssekierdh leadioto two posibidivielsocabhery dettbrdiniddi piref-of

danpi ng materi al V. or, t 0, | r n
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Ibei ng |ih_m' Ejed EIOr&ﬂwderaﬂiﬂermaiplmsmeantavtwcim;:esa;d(up tot the aatéoofit
east third orde e t e t

det erm ned absol %?%yAﬁﬁ%%%%p?%gﬁﬂ??‘g%ﬁngi g{sﬁor&' rfg}gtgly\?{e ?nod |%%S?

frequency nod8s ki ERARI2okohd| EOF 20 )ic S¥ERcPrrangeing agpiay bedpg for
i ncl udi ng conseqigeticpy cof ebendingnsepefnésdnand Angber theeBipli€yingnd

20 proving highl nefi.ci | t ' ef Iy |l e n
operation we ?ggﬁ%:{/%t t‘#e %%bag&ﬁ]gdqpu%h%%és %cAognesﬁ%ge% Pg%i?r mtflgnggllﬁe
WO 92/ 03024. 1.1 for afprappgans MNPrompeing. of Howanen, dhe valygel.15
operating over ajui&egood ond, ®d¢gency range than W92/ 03024; and/ or

removing its, Limtations to peraiin y abov he coi nci dence
frequency, f&% exanple to operaﬁo%g igf’ T?Ie%{tyéncﬁ‘ r'aggés that include the
coi nci dence frequency an@esr are Wl | p/b = 1.b3 bw bAheinidadé frequency.
Menmbers enbodyi ngndsesel Sy AdddlitagesusnspeBaddy HAVtEDetiided Y Yractic-

di stributed resopant es_of reful.ly related. conceptual freq | es cof
nat ural bendi ng ﬂggﬁ gﬁqg?ﬁtﬁeolr?ct?éﬁsaﬁﬁ tﬁgnge?v%sa,?bs'er\{ £ t&?e#’%ﬁ%gcégst I C
30 devices. Onelwhyfex a(h yepresgats: povidehpsidernadivel n¥i%o i nprove or
desirably al tzgr acoustic chagget edf1st= QS 4Qf nSene. IBsEE i Bigd acoustic

gE\I;LZgENEI\I'I' SHE‘é%thﬁsive, but essentially routine, processing work on
other values of n and a/b could lead to other viable poss-—
ibilities, and co-optimisation of n and a/b together may
produce, whether much as in first-given above examples oxr
25 going further, one or more parti_cularly advantageous super-
elliptical shape(s). |
One composite shape investigated is of substantially
super-elliptical and substantially true elliptical parts
merged with a common major axis favouring said elliptical
30 part by about 1.1 - 1.3:1, and with an aspect ratio of
favouring said major axis by about 1.2:1 relative to width.
Interestingly, it has been established that regular
limiting cases of rectangular and elliptical shapes in
terms of sides and axes being equal, i.e. for respective
35 square and circle shapes that are isotropic as to bending
stiffness etc, result in members having significantly less

good acoustic action or performance, though the teaching




24 a conventional | oudspeaker or driver unit or equipnent including

sane. Anot her way is as an acoustic filter converting between incident
and desired acoustic ranges. Further ways include for desirable
environnmental 5 "colouring” or "voicing" purposes, say for a room

I ncluding effectively renovi ng or conpensating for unwanted effects
(as coul d ot herWPSEIBEL due to room shape or proportions BET/GBI/ZISS. -
Such uses are referred to herein as "passive". However, use
of nmenbers enbodying this invention is enﬁﬂsaged in 10 or for what are
referred to her "active eV|c ur poses, requirin

associ ati on mﬁtﬁ {% e}°ﬁ§§g dt? CES B@aﬂﬁaﬂ%flkﬂéh3;Q5§99FPciaI
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perfornance O varl ous nore aspects |nvent|on
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substantial ly céﬁﬁr §PI fhzfé’q)n ymoEhey g 6%s o ke 967@1'&419 tmensduserhe

case even aftermabﬂya:emcmusaedo in hamg)wuahstaswbmﬁgm aesyat Y-

i sotropic such e t, of

mentioned in V[§§?§§&§4B? pre gggr ixi?? riQ# t3 digﬁ?s éa&%%?%ES%her
square or od@- oerGﬂERQ§€§h gfcratyral vibratippy dneluding ﬁéFe%#aDQ# with
det er m ni ng | ocauthrxes/MAirettions uneidimeassons not aetesbagibyvit kighe

above construct ?ggf&sereanggcﬁ%w&@' 's)ﬁbdh”hg'&% i of a re?@éﬁﬂl@g ‘QB e

vi brations and Inatlon to
di stribution. A3ER Qng?ﬂﬁqﬁifyéndeﬁ%an§°fﬁidﬁﬁeﬁéﬁ/BH F#&HQBE%§r°f

site identificabtherrgesadtilhferadsf ioxi sigldshead EnRylidsormndtonapeix-toe
nunber 30 ‘1f dﬁggxsgfﬁésfoén&r‘}n EEQE BSEﬁ?a”Eogf‘lSEhc%C%a’%‘i@ Ighalp@W Of

| east € nuhber rati ona resonance antli -nodes
concerned is h| tWpes, one or V@ng Mtemlned relationships between

PCT/ GB96/ 02145 conceptual frequencies that leadd5 to wheliﬁ.ghaxt inte®— i n

terms of the reg gQ@Pﬁ%’BP‘i-%sEREQQ rg&{é) freq@%ﬁQgQ g i"gkiggﬁgﬂfoé’“&%t

woul d ot herw se
proportions, foheast s%&)@tﬂﬁﬁfleaﬂaP}YrBEt‘é?lg%ﬁ a}anyape RE?{BE-FCQJ-{ ipf Mdahove

about 5 15%00Uwoaldsafior cotlige ddinicdisidnagnerge readibyshipm comdtitute
further analy3|% 15989" t g(n transducer sites at about 3/7, 4/9 .

and 5/ 13, glVlng oss es from each
ignificantly, it has further been established that

said members with shape variations by different relative
values or ratios of defining parameters than specifically
25 put forward above can be used in a generally equivalent
_manner. Thus, the above analyses, including the eonstruct,
are equally applicable to members with any particular ani-
sotropy of bending stiffness, i.e. different in directions
along length and breadth of a rectangle or parallel to
30 major and minor axes of true ellipses or a super-ellipses,
and will produce corresponding preferential aspect ratios
etc. Perhaps most interestingly in practice, the converse
is likewise available, i.e. determining degree of anisot-
ropy or ratio of bending stiffnesses that produces effect-
35 ive equivalence to, even sconverts" or "mimics", for given
variant shapes, the idealised isotropic cases we analysed
first, thus use the same preferential aspect ratios etc as



corner and ignoring duplications. For any particular tran- sducer means,
it is preferred that each | ocation for trans- 10 ducer neans use two

di fferent ones of these proportional coordi nates along different |length
si des, whet her single transducer neans or each of plural transducer
means (as can be advant ageous for power and/or frequency cover), further
pref erably. combiWPAYYE427 and 4/9. C ose approximations to 15 PAYGE602145 _
proportionate coordinate sites came first fromthe. above noti onal
construct. Interestingly, these sa®@ proportlonate coordi nate

val ues apply preferentlall enef|C|aII for t of A nsducer
nmeans in any mentRVSyr 2 %bé?gﬂt Fg ?y ’F&QSt 5 ngﬁgﬁgg 4:g?na"p%m;oﬁ‘}:d C Bgﬁre of
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di stance of tsavel atD-igmdf anisotropytofbendingnstiffhessés cHn lbendche
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30 wave energy bgi BeideﬁéﬁbétdofeuempoeﬁeénImimd)rsm&vﬂch stanigaref, t he

nenber wherever af t.hus
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proportioned as apeofeebhirge, ashsirelefteinpsrameisdiid ,0Buchhas sfedtabant i al

they = have fop,ppesaid OGS houdaREakens:] Sl PEL | Stnd € Uds Tpau- O

appl yi ng the aboV | TEAST ON Erog Ioni ng Cri
97/ 09842 ence bending stiffnesses. Morepyay cHyg; @2ragtangular said

26~ locating ﬁéﬁﬂ&ﬁuaahgﬂiﬁamsefﬁéﬁilv\éﬂbéﬂdw 1 TToled sq@E 62 resige-
not | onal Corgﬁusa? g&ﬁblc%fé B AHERAL %ﬁﬁﬁs%a"?&l&{n&% ! fodiful Adatn

di agonal s) g edg )
menbers of at |ehe¥dmmtiaflfpsse|355 (w d@bfmﬂsbw YR larer |W1d| gendBons.

In practice, quité get wr 151 ot \al1TPEONEsk 145 WHhe rai 56 CobtAL &1 £2bm

EeLIg: a0l SnBPOuSS a3 oRhexkC) el G by 8! BET cBERL AP iR An-

quite | ossy material ures
central or edge- aﬁ}lﬁ%éﬁﬂ' rﬁﬂjﬁﬁmgbeﬂdﬁﬁrﬁtlff@eséuééraﬂﬁa@%recﬁiﬂ"eliﬁnbk
mentioned | aker a@platiRgITithe membeANSESEIF, whethe@NifapPEby oxfd@irecef

further rel axi ngtiLH or even in two or more directions, and whether along

or at an angle to or transversely of any particular direc-

tion, say one or other of directions associated with para-

meters defining shapes and/or conceptually fundamental

25 frequencies (hereinafter, including in the Claims, most

often referred to simply as "conceptual frequencies"). It

is further possible to have varying bending stiffness along

any axis or direction, including progressive or otherwise

over area, whether by combinations of “grains® in skin

30 layers of sandwich structures or differences areally in

core properties, say thickness decreasing or increasing
from edges inwardly or whatever.

Aspects of this invention arise from predetermining

differential bending stiffnesses in different directions in

35 a said member in order to achieve at least some useful

results in terms of distribution(s) of vibrational nodes

and combined nodes and/or dead~-spots and combined dead-




limts being inevitably material s-dependent and feasible mat eri al s being

too great fully to investigate to date. The criteria devel oped in
t hese considerations for 15 determ ni ngfgtat ot spaci ngs from
edges of a sub- stantially rectang |Q§'33§WM$BEEN r mounting of
trans- ducer nmeans, are beyond the teachﬁﬁBLQﬁEﬁ he kpown pri or art,
even as to havi RPp®WW98Bn by serendipity al one. ' (ener al RGT/GRAGEGEMS | S
as taught herein leads not only to 20 preferred |ocations for transducer
means, but also to a further nmatter/as@dct of great practical val ue,
nanmel y, relative to any particular appropriate |ocatjon(s) for its

transducer neansSPEHARI9ERted FaLht PrYUZARY Eesonanl impdles and,fepusEiG
sel ectiye danpi rgetdlom)/pextforinanapplied to deal 25 with any particul ar

undesi red frequency Cg.giﬁg S. . Regatdi.n u LpLlca
shapes of said rrean(rast,gerrrlgi n t%sé}rfi égvgptfggo%g%gbngggg‘ gscgéé?:g{lgﬂ é\nrt h
maj or and mi nor 8eekifgys oF modExing.,£rRe| eEERC Y Her BYCRAH AXHBERI £XOM ot ed

aBOVe, <’:mdd|0rlsm;L cRpidrtiingodati to edgerrefhastioes oreansesactidld firom pbe-
above-not e : r r r i
relative to cenfsirztej'rgci):*aq'a4!5-'?)31‘}%1 9%?%%3%%880@&5%?0# nﬁé‘ﬁ? %%ﬁg‘ %ﬁgéwﬂé‘

hal f-mi nor axes,aBedpedesy cpy othex diffggentigd rﬁ?t%@ﬂ’tt(ﬁét COPPABLRTH ape
coordi nates are yedonaadl Imode wilprapstiaire, sxyd id termes| yfwhatvingppsopei at e
coordi nates, 35 | ] b | Dk | V4 DErd | for
transducer | ocatﬁ%‘ﬁgj‘c{%&@ a%gfé#ﬁ%ér?gfg‘ga%é@ca%goﬁcégﬂigiggﬁéfﬂg%gf
el liptical shBpeastion ofjthpcpepher fogcernpadr Ajcddification can be by way

27 rati os,of NGenéidl) 66 S&léedtiyd redyed unipialy @t Tocanisedr apgiai
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determ ne pogsi b) I t fi,clial, _al
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W0/92/03024.

25 More specific aspects of invention include operating
over a wider frequency range than W092/03024; and/or remov~-
ing its limitations to operating only above the coincidence
frequency, for example to operating frequency ranges that
include the coincidence frequency and/or are wholly below

30 coincidence frequency.

Members embodying aspects of this invention by having
designedly distributed vibration nodes - associated with
resonant modes of carefully related conceptual frequencies
of natural bending wave vibration can, in themselves, serve

35 as useful acoustic devices. One way is for reverberation
purposes including to improve or desirably alter acoustic

characteristics of some associated acoustic device, such as
ISR
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20 stiffnesses, directly as Cartesian coordi nates for_sides of

substantially rectangular said nenbers and in ?’H@S]’i 78
to underlying elliptical/cylindrical coordinates]for ﬂéﬂ a1y

el liptical said nenbers. . I ndeed, it is an pec LS

I nvention that designated sites for at | east one transducer neans be
of this nature, WO®09%4% -centre by reason of 25 coupling at PRHEBI/EHS -
conbi ned anti-node positions, and off-axes for both substantial ly

rect angul ar and substantially true ellipti & shapes of nenbers

hereof, typically off % an (o]

| ength and w dt hxf??ﬂﬁ c%‘%t%?‘%q' Ilﬁégggéaérﬁe%gf gS%Yeﬁd"? q:f Q #éu%%m ﬁ i s
and about 10% of l1wdirg ssues | ngther wagspscas an pcogptic filtergonvert-
super-el lipti cal 15&8@@&«9&? :maialeabcuaﬁaV@éyusé& Ridotisitg of gsa&é@, iFh it

\%:z e\rl\ggt:cgtnljoc‘aél Oninc&{tdt r%&f/ &gﬁn% e ‘en ironmen%a? "coioug?re aklrn to

PCT/ GB96/ 02145 "voicing" purposes, say for a ro2fi, incbedind ceffeatdlvelyt han
for either of feﬁagsaiﬁe 8 fcb g.ensaeiﬁé Pegs. uaasatéac%ﬂcﬁ Ekars' Eoudfa

possibilities at di stance fromcentre 5:2 oun ar
However, as for PEREEFRY %ﬁaﬁe Q‘Fz?p&? rpem; shaph Qin AXPO5LIgRs tayt
i nvention her eof suehans@s edrs rmxfexiredstd hereintxsanmtssdweﬂeans are not

only plural in nunmberg ‘bg‘}% e‘héé of 9@&&%&;{,}1@ ftx{i%loq &&h@fog

axes or centre-lines, genera g m abou
(true elli psé'0 em'ﬁséga% 5&&5%3%3( Fe e§’€ﬁ%rt%lhlei‘ﬁ§§)as prastdves) v
in 10 prescri beddevipeesm' |1imdliose|sannequiring associaitioh with ctramsdurer

conpl ex shapes fQoaithi Clad" 268h8°H0 pe ROGEKEIEAE) SSed s diall HC YonitRANS

may be ot herw se E I'S I nventlon,
preferred enbodi speakemm ?aGFiSB %F]aﬂ ¢ S PaS Rea sitab t’-é hgg, thak dpca-
possi bl e 15 si tes:.oncbfuthsaltkananuasg/meamw capontdatdys iafluenes awoustic

lines that |gisn B@’t’l%ﬁ o ﬁ@ﬁ&‘.lﬁgxﬂ? | TdaadhgeRs! @ %fi@ﬁs mord! deRfddtdN HeOf

defining geonetrica gararreters ‘t hat may ein re ated“one or nore
sets that, in thdR¥EEPEEQR. 516 in centre-symmetrical or other orderly
arrangement as a group 20 for each set. The above rel atively benefici al

results from P {. M&i Méansducer nmeans as herein for
sub- stantlaf' y rectangul ar apes are seen as havin ener al

i nventive applicationS Pﬁcbg*@ 1bnver §aH8te$)?§ﬁﬂ§rstl§9@n(¥&agt ere axe much
preferred herzo nbeRter positiwis £oad lakhbhong Mendiiige vavessihtera rd@aricd N

panel | oUdSpggkgES ropr el B é%oungﬁmﬁmr’%of Bgﬁgﬂﬁy’@ﬁ%ﬁd‘

their whole areas, | ari es as W
wave Vi bration \ABP'P‘dP?FFl Bﬁ’f’%ﬁrsm‘{ tyiijsy shown in W092/03024, namel
at a corner, or substantially centrally as in WO 95/31805

and 96/01547. This is the case even after above-discussed

25 improvements as to substantially isotropic such members
being designedly out of the square shape mentioned in .

W092/03024, or predetermination of anisotropy for other

square or out-of-sqguare shapes. .

Improvements hereof in determining location(s) for

30 transducer means also began with the above construct conc-

erning notionally unidirectional bending wave vibrations

and their combination to obtain improved resonant mode

distribution. A successful method and means for preferred

transducer site identification resulted from finding those

35 positions at which the number of dead-spots for any of the

resonant modes concerned is low or least and/or the number

of vibrationally active resonance nodes concerned is high
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over such whole areas fromthe transducer neans to the edge 30 boundari es.
Moreover, resulting acoustic action need not be directional (as in US
3,347,335 above), but may be for at | east part of such output- of

| oudspeakers, e.g. if des- ired or required. This areal spread of
bendi ng wave vi br a- tion greatly reduces perceived proximty-dependent
| oud- 35 speakewWOID0MaEss ef fects; and, where not deli berat el ¥CUG896/02145 -
ative with directionality, with perceptibly nuch better spread than
typically rather narrow and narrow ng bean2s

29

ef fect above | owest frequencies, in |oudspeakers using cone
el enent s. vexeBighestestiei AR FeEPat PHthR tHemonent mededpkaken infkfest
frequenci es, beabcouatdfbronfibling™ @fl what wealdobthesaise nseresmiEimdder e

Wil belittle goag spoBgNe OfgpdiAsA0t 1518478 nBRORLE BrpbdAEhnd) WEYe
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and- col river I
fo. ') ouer  poyEriegesiifat R SRR ARREC fokf Eaabaihl) duhe® dd ©

principle, it gbout 3/7maﬂ-a9r iagd ﬁm- h Giviagi R4opossignea si é‘-ﬁﬁsfMéﬁf&

i mparting bendi rgri@¥eand igxﬁ?ﬁﬂr@nduﬁshmwﬂddhe an-brtﬁnyr@amgcﬁpak €hEdner s
is so well knovvn and 15 deve % that

various spect 1 maGey meahfy AL NS pretdiea SRS oo dh RREANCE For| Hiins-

descri bed f ut@ he’«um maammsat é‘@o diffgrent phea pficthesear propontisnalbf

devel opi ng novi r&difaihaueemoagt %ﬂkferentlﬂéﬁthgﬁid@'@ ameﬂfwlwm
i ndi cates parti rtul ar_.nerit

suring.that s / ma'ss
[ ndtcat e part| Gl ol aTRRk nBLAs 0 kLR e piy AISHENSR IR naiS 008/ Sl 00
size is subject ha)admn&asquswqm pover ppdfer rErequRNINIhiCONRIEoUERF FREX o
the menber bein x@tfelramsr BomBBAiAY 3/7 anGedys]i V@.I.o’:HHja E:bxﬁﬁi&tid;ﬁ'ﬂ #9 gher

and | ower fr sonan S| ri or dio
usage. V\hllsfgl ?%a‘t %ttiﬁgggg gg %%%%}g s{t?%e%?né %;4361: zes
at about 9% O%ﬁOWeemgttﬁPMéltﬁoaﬁmt'ZS maj or/ m nor axes di rrenS| ons for
rectangul ar or elli ptm&é%umgml | itBbk6alsame pﬁbﬁ@ﬁﬁi&faﬁ‘e’il domb@dtel

ety By suct /jjee%a 1¥° prefBRNEEEAY S wenefti@?%ﬁé” SRChAL . 3
| east up to 2% (fackransdyaarymeans gar PMUF‘&PP?ru9§f @Pbs ant%ﬂ-hér!—'%t'l n
practice, is26haingdlar agNaper taindul Gdpaiaied afnbﬁjbz@n:ibaael berding Wavey | |

be a size at Wh'acc iforneﬁh%%q}(rigxﬁeg:e%ﬂ ﬁf Ig@&gsed sﬁ%%iﬁl ﬁh'?fn Fhis iﬁ

correspondi ng wavereng aner roach afd Teac ar. or
the size of tranbtﬂﬁ:ﬂarsuchﬁé@@bﬁﬁét 8pt ﬁ fsptirfying l?éecGPQVﬂeﬂéﬂects

of invention in terms of their dimensional proportions and
corresponding isotropy/ anisotropy; and/or having "bulk"
25 damping, i.e. limitation of distance of travel at signific-
ant or any energy levels of bending wave vibrations induced
by transducer means due fo losses in the material(s) of the
member itself, that, in view of area or some dimension of
that member, results only in low or no vibrational bending
30 wave energy being reflected, even reaching, one or more
edges of the member wherever the transducer means may be
located in that area, thus without significant reflectioms
from such edges. Whilst such members will not be as effec-
tive as members that are preferentially proportioned as in
35 earlier aspects of this invention, whatever potential they
have for operation as loudspeakers is much better realised
by applying the above dimension proportioning criteria to

tO
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30 al ongsi de nmass considerations for noving parts of trans- ducer
nmeans, including electromagnetic, for which a viable gui de i s maxi ma at
about 1 - 2 tines the mass of the part of the menmber that is renoved for
hol e- mounti ng such active 5 noving part or is covered by surface-nounting
sane. : WO097/09842  OTHER STRUCTURE ETC FACTORS PCT/GB2%/02145 .
possi ble for conditions at edges of said nenbers to all ow:
sub-fundanent al acoustic action/performanc@é e.g. 10 from
resilience/elastjc vibration relative to s f-carried framng or to
other edge suppotQCating, trapsdprer BeanRd; Fgtative §o qpe, an moxre; %QEPFGQ to

constrai nt of up(e®wationalacdrners bﬁchuh]lelct sshhavtendi ngnéndsi ofi oge or
freedons of movepgid -ofUfts dia mp@gnt EnéaNLEAGLAST B! &aaifnaﬂms&saumagng

t d 15 t t
the - mount | ngET AR CABRY PEr SHED! RESBSFT 08 AF IRt ARSBeSVAd or

transducers ahd 38%idf ¢tsewidihnmand leggthsdinemtiionsl.y Shapractice,ogaiye

magnet part(s) t he |

vi brates) as be 8’} ‘Eﬁﬁg& {\}\\gﬁg‘,é’%%ﬁ?@g&ﬁséé %%s%%m\ﬁg i%&ehi
sub- f undanent al @?]F%cﬁgmhﬁ*éi%s‘m tpugar iLRC HﬁénSOi&f%ﬁh% H#ﬁ%bnéndor
as additional pigiite losyy metErials/structBies) ahtt deastt cohphrea(w)itho

overall  COUSIbEAiR205 BSRODEF or edge-aa{ARAHY R9agTod ERARELS,

as such, applications are envi sage rvarious r-éasons,
t han the whot@ ducep W#ﬁ?%ver'ﬁ@#eﬁémé?%i@meéntlatﬂ%r @PPlys J’-‘@Sagélnﬁr

needs to be, tosmsfidedal bitathes Appasd! chPabDeIdIOFastAEBOI A rd)i Ehe

out “of propor i ohUELFe BT oPEev NNl mafotiliAtbeRnate apad fRasiblR) of
bendi ng st ffnesmam@emghtoo great riully tacdoyestigateftetdate.

acoustic action/out puﬁl}e a<§3:r::l.ter:l.a(33§évél§01§’ed. oufispaaker conenderhefohy . £ber
o .abov C Cr

full I
there can 15y nastemiinBeos: ReRPR ol Ll SRCungalrren dided s & slikm s
area, for exanpl stagtisdiyofrectengndant sehd beupriarfonfmeuntiing ofopaeasronal

area and mount i ngudef hm@aid,S £Pe SBEPoRE" EhET teachHHEECHE OkhBaARAbwhh dcivk! |
not usuall'y meet t@e eavbe%v%sr %guhaving arisen by serendipity alone.

Generally, analysis as taught herein leads not only to
20 preferred locatiocns for transducer means, but also to a
further matter/aspect of great practical wvalue, namely,
relative to any particular appropriate location(s) for its
transducer means, capability to identify actual locations
where any selective damping should to be applied to deal

25 with any particular undesired frequency or frequencies,'
Regarding true elliptical shapes of said members, main
series of resonant modes associated with major and minor
axes are of elliptical and hyperbolic natures, as noted
above, and preferential locations for transducer means are,
30 for the above-noted 1.182 major/minor axes ratio, at coord-
inate positions relative to centre of about 0.43 and 0.20
along half-major and half-minor axes, respectively. It
will be noted that orthogonal coordinates are not really
appropriate, and it is only with appropriate coordinates,
35 specifically elliptical/cylindrical, that values emerge for
transducer locations that are of general application to
other elliptical shapes, i.e. different major/minor axes
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31 enents hereof, or partial cutting or deformation at %Hfé'n
boundary, or ribbing or add-on danping or stiffening nater §

E;E ArBEEN
out si de such boundary, etc. Proportioning and siting fQr_tr CE

means can, of course, then be applic- 5 able as above to the inner

operational arecWO979842  As wi|| later be nore specifically PCECHISBHIS 5- .
very wi de range and variety of materials can be used for said menber s
in embodi ments and applications of this in¥&ntion. Thus, as active sound

sources, or |oudspeakers, the range 10 . in _sSize and/or, quality can be from
i npr essi ve resuIrng?ﬁf ficl & b?je%‘t‘%%&%tépﬂg‘b%t o %%’cﬁ&t’azq,y,

not e- bqok or of| bpndbpg cotififiness; for- pan—-tdeahudijor /adnbrngxes ccaties or
wal | panel s, ang;hpgh it i ddr ; Q{:{g I
stereo and surrgﬁﬁggsgﬁer?%&s %htaglunsb%'%ﬁé-ﬁe?xﬁéfggﬁgaﬁ?gﬂgtg%%ﬂ y s%und
reproduction; e®ERivalents il%rﬁ@h casgcyia Lphoeremebiic FelatiepghiBFeens
and hi gh pows for as Poidastantiaddiyurectanilsr nentlexrd hgrese, alore

mul tiple si de-hy.si es J.or PPl 4 | A

will be furt herq’gpe)g'yéls i %qiggggg%ée %reﬁ%gﬁnﬁ %%n?na%égm ae @OSBQ/%%%&;/ of
materials, incl §88kd pedugbpedks obhak mas Ao Beneficialy i pleo ppithay r3iteir es,
particularly folbptiphspEbst erynsduceminddinyy Incindangl 20 sgncéwtistersh

f f | i.nal_udi t
Cequire. T ° pocploaing? BRGNS [liERe WaBALD) HlofSn Beffifert e
wave Vi br at i¥h, opgrekipnspisavery) l}é@hrmﬁﬁ%ﬁé:qdo Eyneaelt Epansducer: JARARMt on

sizes of said neohplingotopast mahy aresmnii inbdes adeypraetichbleweithait
| east m ni num StaﬁU%EHEaEfEE L rements of menbers for the above range of
applications also ran rom | ower to higher structura

|
strength/integrity aﬁg/eéﬁ notedchbirt pReveTsResdi fied prafpyred rsitak fon

h}gher pOWﬁr of transdﬁ'g_ék'nﬁeﬂnseatétivm toffatintee foxnrecfandliibat og®id part
o] suc n | r e | S en
single sheetisgugﬁga‘blrgg herggf: Egér‘ﬁ% h%?gmggéed%gﬁ g‘?‘re %d €82 hgglﬁgwgic(% ]é?trl%@hres.

“General |y, tol edfceare ofurtherhsouevins (dianlarad of remsdbagenaksopot i€ oni ng
and transducer |taeaky %rgémewﬂd.eri alvb! lpreFegyetic ditghy f6F Bk8fsducer

5? I ormanee sal %e% g% Bibstanfially '913pW a2 %eRlfed Vs RIQBEL' ROLOSE 2N

PCT/ GB96/ 02145 are off-centre and off major and minor axes. Moreover,
20 preferred proportionate coordinates are substantially
maintained regardless of isotropy/anisotropy of bending
stiffnesses, directly as Cartesian coordinates for sides of
substantially rectangular said members and indirectly
relative to underlying elliptical/cylindrical coordinates
25 for substantially elliptical said members.

Indeed, it is an aspect of this invention that desig-
nated sites for at least one transducer means be of this
nature, i.e. off-centre by reason of coupling at preferred
combined node positions, and off-axes for both substantial-

30 1ly rectangular and substantially true elliptical shapes of
menbers hereof, typically off-diagonal by between about 7%
and about 12.5% of length and width from centre-lines, and
by about 20% or more of major axis and about 10% of minor
axis lengths, respectively.

35 For super-—elliptical shapes, we got intuitively surp—
rising results, in that preferential locations for trans-
ducer means, appear to be much more akin to what was found
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32 about 5% off for transducer |ocation, but nmuch higher, say up to
5% and 10% or nore, respectively for higher |oss and | ower perfornmance

sai d nenbers. Whi | st additional conventional |ow frequency |oud- 5
speakers, or woofers, may well be used with panel elenents her eof , and

conmbi nati ons of such panel elenments can be used for highest quality and
w dest frequencywoewgss handl ed, even conbi ni ng additi onal BSIT/GRI02145 .
action for sonme panel (s) hereof, it is a particular feature, aspect and
advantage of 10 enbodinments this inventi oRg8that a remarkably w de

frequency range can be, handl ed. b si ngl anel elenment, rangin
fromup to abourbe%fo ,rsﬁy%tggﬁix—h%f’f' |9§F§8gar?5/ Frectangias I%‘g, ®in
excess of 15KHz eldigseRsKepeabticaiieras Bhaing of wssihidiiftd esf atughout
operating frequejpy JoRdatantE FRON ochitrd 1R bBWREAry £sOnant node

frequencies. Certainly, operati coustic handw dths . in excess, of
AKHz are readily achi"@"@&?g' as' #3r Fﬂcé?‘%%‘él% Sand® A& pQfEworthy

particul arly §oramd rag aspect efiriaventipaneérdafijdthatkpreferred aitespfonns
are avail abl e ' €S ' | q%hilﬂg__t cql.pcidence
20 frequency abﬁ%&éu%gg%?ngréﬁggf% ﬁ’fl\%qﬁgpgéfg%éa ow'o?yﬁnt gkﬁi %ﬁ
ends of and assipesikians wellnioff Mmalex ang mimos oyes or cemtreglimeduency
ralngte_s; andI usi nﬂm&iﬁﬁg{e@@kﬁ;ﬁrﬁf‘d&é isp,f ole. fﬁzﬁxe_heaﬁ}:vmv gﬁwbnmﬂ?se t
relative val ues of _in u Ctyz i Si 0 _he [ o
sound etc, gener TI‘V %j’gzg&%§%r¥gﬁ ést%hé%# S |t’ﬁg$?33%i)‘h net_tfe%%giy fﬁi
cone- el enent10 oupirescribade grepreseyibakie mannaraduct i ve application of only
about 3db of sel egrtiing: taéi:atxiaapb@ndbﬁms;am&bfeisvsofahﬁidmﬁ%ferrehi gh

frequenci es. Thi ildn f , C ani_ed by the sqrt, of
"boxy" effects ofoefﬂ% iﬁ%gggﬁgl%éﬁﬁ%igggggg '%%a:% Imlan].:e %’%%‘E"ivﬁﬁ' gtt %gund
out put rearwardlan %8 efsthals oBs g P pRbpainot
nastoefsthis imyeasionscat deasuliep pnafienrade pnbpdi
OL i nhte_ren} Iby flmeﬁtu | ophgeserelly esimsle I sSRApSS,| Md1ahaee, slﬁbnl ba%&aaéward
absorption r equ S er
units to be un %%’%i ?égﬁ“;&%gl;lﬂSPEO?QX'%%%?%/QS%"%%E%%% °gc%ldi egsouﬁﬁ
refl ective surfakitles that Joim;ppiphpt PEumaxigunyginbrumedbeenstorsf oFf or

\l;\f) e9i7 ?03842 | ougisrestdansbE | AgfFitiiinee gebhetrfcal \%%dﬁsﬁitgkgnsanwmu May
33 i nvol vi ngbecoirrlf)rroer%as%sd ?’é%a?fjinrllogrephsfé:lscglhaghdi I?é%réé‘fsl%ér‘l’%s' are in

paraneters and reep¥reTiymnetrinal opcdieher) orderiyeasyargement as a group
20 for each set. The above relatively beneficial results from

geometrical location of transducer means as herein for sub-
stantially recltangular shapes are seen as having general
inventive application to panel members not proportioned etc
as preferred herein.

25 When used with one or more transducer means in panel
loudspeakers, preferred said members hereof operative over
their whole areas, i.e. up to edge boundaries as above,
have bending wave vibration well distributed substantially
over such whole areas from the transducer means to the edge

30 Dboundaries. Moreover, resulting acoustic action need not
be directional (as in US 3,347,335 above), but may be for
at least part of such output of loudspeakers, e.g. if des-
ired or required. This areal spread of bending wave vibra-
tion greatly reduces perceived proximity-dependent loud-

35 speaker loudness effects; and, where not deliberately oper-
ative with directionality, with perceptibly much better
spread than typically rather narrow and narrowing beam



and mass per unit area contribute (through square root of the guotient
B/[err] of the forner and the latter) along with 5 di rrensiom@ag BAS B
setting | owest true bendi ng wave frequ- encies, with Y(;ll:ng sRIEpJ[ ?rﬁ FE&'
and t hi ckness of skins of sandw ch structures of the ‘
t he square of their core thickness having particularly relevant effects
on bendi ng wave WO #TP®8Bss. Sai d bendi ng wave stiffness(es) 10 REWGBAHZI4BcI-
unit area also contribute, through square root of inverse [err]/B of
above quotient, along with the ratio of 29quar es of speed of sound in air
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order of about ASardousocspeqifically useful/advantageous novel designs to

34 . even tBeAéesééiziﬁ% Eh@%ﬁéﬁtﬁfﬁﬁ \Mltlhseeaeead@&ce:iftmauawm%%xmgh

as [ e enc r,a ol N

about 200Hz 5 aﬁ&”ég’ﬁﬁfﬂgaoﬁ"@quggﬁ ?(# cf%%oggﬁg regﬁ{:%"gin JW«??t

resonant nodes atio%oﬂ@@rﬂe&eégpm%tti&mqa) partkculsgrmerit arising

Regar di ng mas® pe&oﬂnaés@fﬁag (fidt |9izel fa&aaz okSmabsi BYLESEid @lrd @S auehw th

Pt enCy O ot PSR SASTInd VS MinchPMia FRET 2o P e 0. 12"
resul ting requ- Pgincinkenteaxisya gigg 18tsuhigety diocgpnfarniRg ofidh pre-
particularly at fe@264 mechanical coupling to the member being at least
primarily resistive and with exciting higher and 1lower
25 frequency resonant modes as desired, particularly for audio
usage. Whilst approximations have indicated theoretical
maximum sizes at _about 9% ~ 10% of 1length/width and/or
major/minor axes dimensions for rectangular or elliptical/
super-elliptical shapes of said member, i.e. up to about 1%
30 of operative transverse area, that can be exceeded at least
by such as piezoelectric transducer patch-type transducers,
at least up to 2% (each if plural). A particularly useful
criterion, in practice, is that, for any particular said
member or panel, there will be a size at which frequency
35 roll-off is caused, basically as corresponding wavelengths
in the pamnel approach and reach similar order to the size
of transducer. These factors need further to be considered
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reasonably high stiffness-to-mass ratio and spec-ific nodul us invol ving

core shear nodulus (G along with ratio of nass per unit area (p) and
the core t hi ckness (d), ‘which nakes conposite skinned-core | am nated
structures particularly suitable for the nenbers hereof. 15 In
appl ying these factors to practical |oudspeaker etc design, i.e. usi ng
avai | abl e act uaWOn708842a| s and val ues of their relevant paran®RE/EBI602145
satisfactory lightweight core materials will generally be of expanded

f oamed synthetic plastics materials oBOf honeyconb or other open-work

form fabricated fromsheet nateria see further late
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of further resonances ch as af ect core cong I ance
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si ze/ vol une of Jfoviany @axd bx asdéoverad by awifiazet-moonting same.

conpressi on/recovery and/ or from skin portions overlying open core
cells potentially with tiny drumlike sub5|d| ary vibration effects,
etc. Such further resonances cadpé—Hi8 RE_EIC P2 3@e positive factors

in materials sel ecti ¥ 4pepobsible Eor bpndhtionsblat legghs of said members

Eypical 1y appr oobh ydi sl shaglite s cis BL o) pdntoriialed) furﬁhe
resonances V\ng dExeRr IRsijdenge/ emﬁ%éﬁéaaaiem gadative ja selfasasriedat
can be taken intframing or to o¥fied WdB4Upport, even selective clamping,

PCT/ GB96/ 02145 I?ra ? senﬁe reactive tBeconsiérg’:?nt %t ] ve% f(}rorg,\égg9ance

In selection etc%fi yréquire
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to  which-it caanﬁwnéﬂsev:aatfﬁfute:ahrheasfraomuaftmya&a&&ﬁéﬂmaueonb
have, cortal phy G8NeLRY Saenhd i’ 80 305BE GPIWbiprsaddh el SLEUe of tae
SSI Ies O S

di rections. ora menbe
her eof into host%%%’e%ﬂopartiﬁ'&m%\’ §ﬁ’6 ﬁ%v%wm#ht@eﬁé%ﬂmeﬂéas

% def or mat i onf trais@usrs dali pedidl iwicy dal m@@nt‘mj litaeﬂep&amfaly sBag ed
type etc o e ep. v, i tiyel r g or
limting choice i’é‘ggée’g% %@%Qi.%g{hg? ?&b n{em%\é ée%%? r}/osr?'-( hic(hn%h%dl ng
as to conpli ancemevi%uﬁpﬁ-hg wibrates) o As %%?f/fé’imiwﬁ'g paversrnamensy t o

or !nzo g\;nbaas respbeiedf, WhethenObiBh IsQi-faaaRHental OFfLslOta napk! us
resi st - lve r e G OoupLl ucer
9hbelel a0 dd %%Fx&%&s@w aon%deg}: B9 fladtlipdiitae

part(s) to such ne
power and for cesCBbP| Fﬁﬁi%‘} nb¥i contyibhyidonds) Hearyerdldy

desirably consi saectstic¢ fadnﬂddllragponseet c characteristics/resistance of
core materials. Reverting to said members, as such, applications are
25 envisaged where, for various reasons, less than the whole

of the overall transverse extent thereof is to be, or needs

to be, acoustically operational for purposes embodying this

invention, e.g. where the member overall is substantially

over—sized or out of proportion for desired or practicable

30 adjustment by anisotropy of bending stiffness compared with

desired or acceptably effective acoustic action/ocutput, at

least as a loudspeaker. Conveniently, for full application

of above proportioning and location etc criteria, there can

then be inboard definition of such desired etc operational

35 area, for example by way of cutting at the boundary of such

operational area and mounting both parts on some carrier

sheet or panel that will not usually meet the above requir-



20 Generally, fromthe above, relevant factors including material s

paraneters avail able and required can be matched to extents resulting
in achieving the afore-nentioned rem arkably wi de range of
satisfactory | oudspeakers and ot her acoustic devices, the scope for

doing so relative to var- 25 ious materials paraneters individually and in

conbi nations  WOH@%4ked to bal ance conflicting effects by n®&THEEIRRI4T| - .

evi dent . Use of said nenbers hereof with associated transducer

nmeans as mcrophones is, of course, feasi bNa Then, it is 30 particularly

preferred that nult trapsducer used r ferably to t the
PR BaFegh sfprmaien

best possible s&ff ) pa”E -E ﬁ‘éﬁw s o re
approprj ate, w feundary; emsdﬂj-bbﬁ-ngeansadal-dneéempm ot s&aﬂieoing mater-

progressively Oliﬁ'l at o‘ﬁ%ﬁt@h&&e%ﬁeh QBﬁﬁdQEyPF@E@r enfk@ﬁof%ﬂﬁ"%nd-rhe
reverse 35 or iny € gggare Wt h g peaker's eof can
produce. si gnal s sd HBI °’6ftr|al’?F t3i Beans c—ﬁ?r”odﬂ t FOHER6vd/ en be IR AP

meani ngf ul i rfoutable databevecesdibey imnelri nperatioml area. WO 97/ 09842
PCT/ GB96/ 02145 will later b 1£38a11 I

conbi ni ng through adaltlo nal ?r%lr.lsdeuc%?re sPr‘ratgans 8% g Qxﬁ% ﬁé) ?l)f‘}éa%s
operating as a 3@&sFengerand N§§iﬁmaﬂfa§@:§eﬁeﬁl%a§a’brkﬁn%?Qﬁ‘] £or 1spddher

conbi nati on \uéirh:eﬁs s etboliimnter andcapphirations of EHikhefivésersli ng
transducer nmeansm, Eaéhffvéaéoundté’&f‘fcéﬁv%;b% aQBBL*:QPEd tﬁ?@%ﬁ

pi ezoel ectric, an ecl |c referenhc
effectively 10 ééhtﬁiﬁﬁaﬁpﬁﬁ°6f q\‘%ﬁbﬁés‘?%lb% tfé'@mpﬁ-&'@ﬂ':?&éi?érre%‘hbt%lfé?ﬁent
| oudspeakers by stzh at geeetingsiéternansid@mdnf bseitsbesdpdnde-bodk iy

acting against magsegf gggﬁ@@lvearﬁ-aé%oﬂmﬁo, cB1108 JEOEL10d" dof!

passing reference t a
excitation purpd?éé- mapeds., andehigh Mlamitvg RS‘PI’-F-Sré dEes8f sYpkenmiehY of
mechani cal couplttmgenerhm ptefko| akd smrtmnm BouRal systeint NHoRentdvie naves

rather 15 '-%EO%%lﬁ%h QBuLQ EE@&B%M&: A &VHK A d&lm Uk 1arge have

al so been aI ude particu g y
nmechani cal | y reé%%‘-ﬁvéﬂp&tiﬁéF Pﬂﬁnaﬁe&lﬂ% scregppyeRd; hdgborpowes, for
i nherently nore caftidodirerdr $tadiun heoncertsi,seihbmainghuseo\amgnmﬂaﬂtﬂes and

relatively hea‘%ﬁe%x-gg a1 eY kér"‘@%‘%& fcé@f&ﬁé veazgd |

efficient, but ess vi ab consequentf a | ffer-
ences becone refWiddt B8 f‘?\r%lsl’ﬁ&?fécaﬂﬂ’-qwer fPﬁt%‘?leCtm‘? &ErFam aisides,
i ncludi ng by20 easyietly ofihmateriabpabincivding for actual or effectively

multiple-ply structures, particularly for appropriately
matching skins or facing sheets and cores of preferred
sandwich structures, including as to core shear require-—
ments particularly affecting propagation losses for bending
25 wave vibration, so that shear values may be to some extent
dependent on sizes of said members for particular acoustic
devices. However, at least minimum structural requirements
of members for the above range of applications also range
from lower to higher structural strength/integrity and/or
30 bending stiffness, typically for lower to higher power of
driving or exciting transducer means. At the lower part of
such range, bending wave propagation can be quite lossy,
even single sheets used rather than otherwise preferred
sandwich structures. Generally, tolerances for the above-
35 developed dimensional proportioning and transducer location
criteria will be quite tight for high performance said
members, say up to about 3% off for proportioning and up to



for nounting intendedly stationary as well as noving parts 25 to nenbers

hereof, rather than stationary magnet parts to fi xed franmes, though
that can be done for nenbers hereof if desired or preferred or even
required to get additional pistonic action at |owest frequencies.
Mor eover, a radically fresh approach has been found to be notably 30
capabl e of sati W84 and beneficial operation, nanely by PCHER6SR145c -
call "inertial"™ contribution to inducing at |east bendi ng wave

vi brati on. So, in addition to asp@&@s of invention arising from

novel transducer_.,part I nter-relationshi of parts nd 35 .moyntin
t her eof , whet her® “%%c? P%tfsg?ralé'é%nﬁﬁu‘ferfp%&"la?ﬁf" bugelvb higlf:er, %ay
t hr ough- aper t ur atp o &H¥dand 10Yecor thaxraofrespectively for rkighhr dosscand

aspect of this iy igytreRnagbssSsalihddbers. ' WO 97/ 09842
PCT/ GB96/ 02145 ~to_operatively noving

37 y
part(s) of transduceitdsls ¥difgonal qonventignaly; I WAEPEUEREY A8ATI on
i s substanti a8 | yspeskers, orl woobérsuciaypaeld det uakdywihthiheakl elemehess

her eof beyond t SndCeSksih Idd Qpa a I fer-
5 ably at or adjlfatéc:&itaerf?';:éIP é‘?ﬁsct here%l%ma{{é %? g agz%arﬁaeéégggg?g%ﬂm% ge%ra

apertures in nefR¥ sk WP aiap Jehde tn Hrequensys rengesc dardleds o
such well's or apsvénrcombihinghsdditiehnal pietahiy adviionafpsr gomeipanellqayance
therein, partic E‘@ag&g I t Ias | NQei Nt O
cores of 10 &rl_e%a%ée‘ydf'l gr%a%!é{a% sang\fixnléﬁr?%%‘g?edr %’s c‘# #ﬂiﬂ%‘rﬁggﬁg&??

BRI EF DESCRI 1| pwlydimenie\Ehis inventiongithat a semaskebly wile finequencyns

err‘gocignentls vvid! | rangéOgatiebdehandbed b @0 ndaledl a,_nellotell_emén\u@ytz%fng%gnpl e
an as |l eadin ri.her i c ec ent Lo, Wi
reference to the&éfé'goIl an;gi r?g]f%g‘\r{:avcxln%r?%f aéa% égm%e%@lyﬁl %% BSE&P Ialnl%or

menmber s enbodyi nea dendapexcess ofndSEHpeceeenf25Riizsand\kighem. The
C?Pce{_ni nlg ar ea: 16&76% ri{fnftsof suchf ob&&dtﬂﬁg%f@qﬂ%ﬁ tttiyed redlabofast -
effectively, gel g r.eson Wi rr

variously aslg eh%?ls%";re%%u? g%&%% ?ea%ogg%%‘gggfoers“dkg ??%Ig{"g'd o}%géa%ri &%on-
ating panel s" oracenrakiq handwidshe inexeessikef s4Kiy arp\readily @chieved.

“mul ti-node resonati nen Aede’ connections Alethapac pdRticul £5DNdox gingleed,

ot oSl el b SR flantelSOUED Gal AU P RGbep KE aRUARIET

in terms of design etc, including setting the coincidence
20 frequency above or below, or medially within, or at low or
high ends of and assisting in defining actual suitable ope-
rating frequency ranges; and using electronic circuitry for
selectively adjusting relative values of input audio elect-
rical signals to be converted to sound etc, generally more
25 simple than for hitherto conventional cone-element loud-
speakers say resistive—inductive application of only about
3db of selective variation and/or capacitive raising of
high frequencies. This will not, of course, be accompanied
by the sort of “boxj“ effects of related enclosures and
30 baffling. Also, whilst sound output rearwardly of members
hereof used as loudspeaker panels is not of inherently
anti-phase nature requiring elimination, shallow rearward
absorption/baffling provisions can be advantageous for
loudspeaker units to be mounted directly against or closely

35 adjacent solid/sound reflective surfaces.
Each particular design of member hereof for use in a
loudspeaker will reqguire inter-active decisions, usually



and orderly natural resonant node rel ated bendi ng wave vi brati on,

I nvol ving the positive and deli berate encour- agenent by design of such
resonance- based vibration; and is 30 not to be confused with other usages
of that word in other connections. where any vibration is considered

I nherently probl ematic (and, perhaps, as often as not actually rel ated
t o i naccur aci esWORINe842 wear of cooperating parts !). PCI/GH96/02145 -
drawi ngs :- 35 Figure 1 is an outline view of a distributed node

| oudspeaker; Figure 2a is a partidB section of Figure 1 on the

l'i ne WD 97/ 09842

PCT/ GB96/ 02145 involving compromises regarding physical and Rpgfational
Figure 2b i s an pudamegesscandsreqairementy.oudginw dikkinding stiffnebs{es) node

radiator of theéiﬂd‘qua?%o‘ﬁﬁﬂ Un ‘tQHE a28ontribute 31;{%5% 9ans%3% ?E&Er&?t Ve

constructions a I n cat es pre cer lTocatron(s)

for a substantleﬂhﬁ/qqg@#&ﬁﬁup (] nEPe forner ang- datherinalong| ikl se
for substantisl |ginensdonsl/area to settiipig aaweaﬁdtmesemiﬂngomeal £Peqe+S;

Figure 3d for a b@tﬁhﬁaﬁﬂgFﬁ”ﬁﬂaq;H% (B) & angqﬁﬁgéiﬁté%h%&ssﬁins Of

Si

di stri but ed- node udspeak erspecti ve vi ew of
anot her dlstrltnRQ§§Wi° struchpees |fu 4% Be@ﬁﬂ#ers as el ¢$gﬂﬁbssyarg %f
partial cross-segidiagn@ore &hieknebs having parititddpadleredbvhnguecfdéots 15

Figure 6a is a pgf %Qﬁﬁ&hg%é&%"&t‘lfffﬁﬁ%hersﬁ'dsi:&hain% Jave sti%ﬁgsgfgfxn

| oudspeaker; Cros Vi eW
| oudspeaker % MRl masgaper unit areg; ﬁlﬁ% cpatcibytey chareyghy sgmage root
di stri but ed- nndeofQnverse pyBdoficakbove quotient, Fldge wilthi £heé fatfovefw of

%2 T Sar v o Ren af sk SERRE,CRL' B lf ponging wevbhf, TS
shows a dlstrlbuthﬁﬁﬂﬁﬂh?qsouG@pé&%&an he aCtW4knﬁQi¥F#Q§n§es€€9HBQEFYG|de
view of a first wi®cicoRe shear moduant;) Caﬁd WoxrdueRickness (d) cbhérip-10

5 o Longh, i 6 s ARB RSN gata o MUTVIRY Gk EoRRIC

(p) being particularly influential as the actual coincid-

ence frequency is always greater than results from much

simpler notional calculation assuming no core shear thus no

account taken of said ratio. Lowering or raising the coin-

20 cidence frequency can be by raising or lowering said ratio.

Regarding core shear modulus (G), it is, in itself, a

significant design factor that needs to be enough to hold

the skins apart sufficiently rigidly for desired bending

wave action. Relatively lower and higher values result in

25 greater and lesser, respectively, transmission of energy

applied by the transducer means in core shear waves rather

than desired skin bending waves. Such shear waves do not

radiate sound, and nett acoustic result of lower core shear

modulus values is that the effective sound radiating areas

30 of the members tends to reduce with frequency, though still

substantially larger than any parallel with conventional

cone—element tweeters resembling a highly directional point

source. The underlying effect of shear causing fall-off of

vibrational efficiency of operation with frequency can be

35 used to advantage for piezoelectric transducer means as

particularly suited to card or book, even notice-board,

embodiments typically of the order of about A5 to about A4,



romagneti c transducer; Figure 11b is a sectional S.'EH Lew of a
fourth el ect- romagneti ¢ transducer; Fi guy €HIS

sectional side viewof a fifth elect- 35 romagnetic t‘r ansclj%.é%? HAS BEEN
Figure 12 is a sectional side view of a sixth elect- m"n&qmc

t ransducer; WO 97/ 09842

PCT/ GB96/ 02145 WO 9709842 39 Fi RORGBE/02148\\s-
a first piezoelectric transducer; Figure 14 shows a second

pi ezoel ectric transducer; Fi gure 184shows a third piezoelectric

t ransducer; I, gu 16, shows uy t her ro net i transducer 5
Figure 17 shows %lmthé:g éfe&’r%&ﬁ@?ﬁ?ﬂ%ﬁ?&ﬁ‘c E.ncgggnce C¥g88 hows
a di stri but ed- ngh ARIANFHZOr more andegg:@'giqga mngprpraeaeu gning
drive/excitati Orrrom betwedhJaBbst 200Hz and'::BSl@&ié?iszQoaﬂﬂo@é I¥KR% or so,

d made conbi nar¥h TURKER. JRHPSH EotRI noaed conopragd B, ano e 10| | oo

view of a dis§ritmtambuto @S50Hz. m cr ophone; Fi gure 24 shows
crystal line disc typeﬁérya%l%\geﬁ?ﬁécgéé unit atrreﬁnﬁﬂ Eher? is an Eh%li'ﬁggga

IS a perspective outlfre vie Ing a suspen

ora
cei ling; relatiqnship with effiaiengs |®né§¥5?~@€£§ﬁ@ﬁ%¥f congesned,
i but ed node |0Ud§ﬂ£‘§1k§énéfh1 hnexiaﬁm Ofrtﬁn CRaviny it| & 206w as posgibRe?? is

a perspective ou% ne, il 8% awiﬂ:ﬁ ?xf']ationﬁ\l giogggag?%ngﬁt &inéafeﬂﬁl igure

28 is a partial 19552 seC|ona Vi ew,

Figure 22; 10 iremenfs repariing othenhysical; W@me%ﬁlf%zp-naéﬁi%%ﬁiﬁr

25 Fi gure 34t i Fedst)addaisohablPskigie s tiPFfalesk-ev-0as® ratio anddepact of
Figure 29, 1£1&! ﬂb‘&&'fsl i&roﬁﬁ%gs%%&te' et Wo 1ﬁsf '(ggt aR8£&an€h
conpact disc player in orage posIti

perspective vi ed¥ie qf B‘P&?e?e%f“‘gﬁ- area My and 3=Pe| ﬁ°§e Lﬁé%stsl éa) .
Figure 33 is a sylibch vinakesl compbsttet mkipnadetopé  laminated Fisguaaetuzdésand

g]? oortabl e ¥3 W%&;?trﬁu&:% %%&%Bﬁi&'ifgrvéx?é"’;&gmb%rﬁeﬁ%gof”b(’d' ment
In applying these factors to practical loudspeaker etc
design, i.e. using available actual materials and values of
their relevant parameters, satisfactory lightweight core
materials will generally be of expanded foamed synthetic
20 plastics materials or of honeycomb or other open-work form
fabricated from sheet materials, see further later.

Such structures give rise to further factors involving
skin and core properties, both alone and in conjunction
with each other and/or with size and mass of active parts

25 of transducer means, including the possibilities of further
resonances such as affected by core compliance along with
skin and/or transducer part mass({es), specifically
resonances from size/volume of core c¢ells and/or from
compliant core compression/recovery and/ or £rom skin

30 portions overlying open core cells potentially with tiny
drum-like subsidiary vibration effects, etc. Such further
resonances can be useful, i.e. be positive factors in
materials selection/specification, by contributing to, even
extending, actual ope.i‘ating frequency range, usually at the

35 higher end, typically approaching or above 20KhZ, say 19Khz
- 22KHz. If those further resonances would not be useful,
even be deleterious, to performance, that can be taken into
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35 Figure 35 is a scrap view of part of the player of Fi gure

34; Figure 36 is a perspective view of the passenger cabin

WD 97/ 09842 PCT/ GB96/ 02145

40 of a vehicle; Figure 37 is a partial cross-sectional
view of a detail of Figure 36; Figure 38 is a perspective
view of a prior woe7/098420- 5 nobi | e door; . Fi gure FCTGRIS02145 -
perspective view of an autonobile door; Figure 40 is a parti al
cross-sectional view of a detail fB6&m Figure 6; Figure 41
Is a perspective view of an autonobile; 10 Figure 42 is a partial

cross-section vi@0fpQnty f9st gvpidance intselpatignr etg1of materiaksqgyure 43 s

g_ perspective di agraméﬁir&dkestbmtécehegly .r];'equired 'siYes iand! shapek; are f
igure 44 is ap | e i I'nst - r ng.o
Figure 3; |aélusr6\é¥1§%14£s] ggggﬁ%'al g%‘?oggggc{l ?lon%lﬂiss\iﬁté:v?pgf' ?%% to

i nstrurent of Fivelelk Bt gap jpe relevantrithate ats lieast somepef: ayailpbleof a
sfecond mé_si cab m_nmaycomim:z;hﬁrtstr,neis_é:':i:a?:f)n]aig3 can~hgues cﬂff@r&ﬂ@ﬁ&&?hb&lﬁlﬂ! ew
Oor a venal ng nmac ne, . - ctiqQn VI ew
of a deth ficgenent gangbeioha . ackedpRiibify GRNAY YA of O
i s a perspectivetdi dgrarperationdpsi @gmberm hereol indio \komfi ngheeksi at; 25
E! gure gg is a pﬁéﬁ@ﬁéltdﬂdea%! &arafamimg fd;{ie&'fat?_ehhmeareas by dbefl’dig\h@ion

i gure is a pers % Lew of _a.seco not i ce: oard:

Figure 52 is a paF: paRcd Astiiing| BALFELRL po mefEiopea abovey | Dasixpds
shown i n Fi gaPestgpeanticsef transducer|ygeans,5even aviabiddy ieffeatitiyedmn of

packagi ng; _ forcfﬁ?ubﬁ_ Ainditing WHdide BRARAC! | Y874t WeaktRe s R8Y
i ngs card enbodi rrent# this entio

perspective out| FRBSIFRES cﬁ}@ﬁr)gi fn‘}o'?\‘ll ng as Qbs“t‘?"&@ﬁ:ancelzlc’gu{me“%jd{?? 8%56

is a partial vielesstaagsiuel movinte pagitdsh thereof usf ¢¥f gdmgo5members
hereof, as to normal requirement for predominantly resist-—-

15 4ive rather than reactive mechanical coupling of transducer
part(s) to such members, and as to output power desiderata
thus input power and forces applied by moving part(s) of
transducer means being desirably consistent with buckling
etc characteristics/resistance of core materials.

20 Generally, from the above, relevant factors including
materials parameters available and required can be matched
to extents resulting in achieving the afore-mentioned rem-
arkably wide range of satisfactory loudspeakers and other
acoustic devices, the scope for doing so relative to var-

25 ious materials parameters individually and in combinations
and need to balance conflicting effects by now being self-
evident. '

Use of said members hereof with associated transducer
means as microphones is, of course, feasible. Then, it is

30 particularly preferred that multiple transducer means be
used, preferably to get the best possible sampling of poss-
ible active resonant modes, say where -appropriate, with
transducer means at least one of each of progressively out-
ward different ones of preferential locations. The reverse

35 or inverse action compared with loudspeakers hereof can
produce signals capable of intelligible reproduction and/or
ready meaningful input to data processing machines. More-
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40a Figure 57 is a plan view of a roomincorporating the

proj ection screen of Figure 55; Figure 58 is a perspective view of
a | oudspeaker panel menber with edge slotting; 5 Fi gure

59a, b, c,d, are diagrans concerning circuits for I nput bandw dt h
control; - wOBTM4es 60a, b, c,d are di agrans concerni ng paspCI/EB96/02145 -
equal i sati on; Figures 6l1a, b, c show curved diffusing and focussing
10 panel | oudspeakers hereof and theiBéuse in a room Fi gure
62 is an outline plan view of a five channel novi e system room

usi ng sone panel Y&k SpPaREL LY of °°Miﬂﬁﬁr‘éh@319hsa§ﬂiﬁiﬁ44hetq%d&€eﬁ ew
of a roomwith means o1/ 0a Chergheyy nwﬁ/emleipbﬂmagf asla loudspegltee 64

|'s a perspective,yi e&’d\%n@aiéasss' Vse gge!prov:n.sion Be' Srtda 2 Mtna@g.ogase

for an audi o uni g Is“a perspective view of passiv
panel s hektdpfornasasle @F%u??é g cﬁ’a%"-f&)nvent i onal | oudspeaker:

Fi gures 66a, bsare pefﬁﬂﬁi&éﬂeréguidiﬁfgaptmaﬁﬁbﬂlmﬁo two pa‘rtad&ila&o
with a passive nel her eo |gure

b e e T PETiSg s AEyRThad? piptdUiEh  Cname1y p1edBRIELEELE, ang etgct

maki ng | oudspeakxomagratist with specific .vgfgrmmgg@ what is effectively
ECT/ GB96/ Ot2145 contlrneuatilognog n.hotllj%-%srtablisgted g&actlce efgsra-@HMlQH\bgﬁ:ge
are used for fumETarRRaRFes BER B Bavius Gl midps, PouRd P enied
panels (2), 10 tremsckAyraciidy agdgosSuppsstof rmagnel Meansd alscecagdiiedes 5
(3) etc. by tHFERbmbePESyHIRpeARRYLNee £3Hendd tbNYEREHAI 1 ve use of
moving magnet means the excitation purposes hereof. The
Profound differences of the nature of mechanical coupling
to panel-like members hereof, exciting bending waves rather
15 than for pistonic action to reciprocate a cone element,
have also been alluded to, particularly at least being
predominantly mechanically resistive rather than reactive
nature thereof, thus inherently more efficient. It is the
case that light moving magnets and relatively heavy elec-
20 tric coils would be more reactive and less efficient, but’
nonetheless wviable. Corresponding consequential differ-
ences become reflected in novel parts and their inter-
relationships, including by reason of inherent capability
for mounting intendedly stationary as well .as moving parts
25 to members hereof, rather than stationary magnet parts to
fixed frames, though that can be done for members hereof if
desired or preferred or even required to get additional
pistonic action at lowest frequencies. Moreover, a
radically fresh approach has been found to be notably
30 capable of satisfactory and beneficial operation, namely by
way of we call "inertial® contribution to inducing at least
bending wave wvibration.
So, in addition to aspects of invention ariéing from
novel transducer parts, inter-relationships of parts, and
35 mounting thereof, whether at and to surfaces or in wells or
even through-—-apertures at and to sides thereof, another
transducer means aspect of this invention concerns addition



Referring to Figure 1 of the drawi ngs, a panel-form | oudspeaker (81)
conprises a rectangular frame (1) carrying a resilient suspension (3)
round its inner periphery which 10 supports a distributed node sound

radi ati ng panel (2) formed structurally and configured as variously
devel oped above. A transducer (9), e.g. as described later with
reference to Fi NQ¥®P®2- 17 is nounted wholly and excl - USRCIGRI6O2E4S -
in the panel (2) at a predeterm ned | ocation 15 defined by di mensions x
and y. The latter are, of course t he goporti onate side length

coordi nates (f rom any cor neié _as indicated above. Conversion to being
centre-rel ated ‘{F{%P&Fﬁa SPRVERY PREGES Ao ranfinGer wegns, A, more
cor ners, of trees spahetlwudinge whe2k aunehtaddirteebnol s cewipsech tira lfliynme@ia- 20
short as made, sqg (3sbeth (s BdtaRIYe SAGACH 1O héfbors Héf@%%eﬂbyaﬁa

acoustic action/péerformance. .  Alternative, or

cooperatingly, &% &E‘tqs&éPys‘éﬁhd m%mass, réty rf&ﬁérﬂh%";?léﬂesEFPSPﬁg

di agonal bend nglsliy fafmaa:s atijacent atdges nthewdoft! ati agr adijacent| bfgesecot

arrows (V, W. %?ells r gueg':;: égufﬁrmélg% Pserﬁ(gl.s éﬁ’éi%”%'hﬁr aﬁﬁgltg.g al
toh ?1 and rag

bendi ng waves 1 n to caus resonat e
i ate an acoust i daff pEPieaking §-n§4€’oﬁﬁcﬁr‘w’e\‘ﬁ W apgr‘gms. further pref-

(10), e.g. an awﬁablam)d;iifh eappropritstedel8atiifice thefrédffdugartivulasly
conduct or . (25) -adyiblcableBlhel § UlhS A Lo Qi POUnd BIULASIRD i GRIGo0BASLET | &1

to conventi onal ers, Sensitivit

86 - 88dB/ wat® preﬁﬁﬁf@ﬂ %Wﬁ%éénéﬁhﬁhtﬁwt%ﬁﬁl f?-’f-’é?e% papeatnce
S | argely resistive at 6 ohnms, and power handling 20-80 watts.
Where the panel core and/ or Skihhs c gey serve as a heat
sink for the transducer, B T SAZ

PCT/ GB96/ 02145 Partlcu ar device and appllg;gtlonsrgﬂbqglngats]cwg;ﬁ.a
voi ce coi2I of t heow mnaduefnlaearim hbite detaim) Q)tﬂ;hpbWafI&fﬂbbd&ﬁlp%e and

Fi gures 2a r t I.ca S " t e

I oudspeakera{%l) o?‘eédgﬁg t‘i f"'I%){:Ii)leg: 55%8% e“sce% h%% ?nf ;T'}{v;é'in%fl with
surround (3) ancFﬁf@i@nc@ZFOa ec%?ﬁ@PanYJé’tgeérPUgéﬂﬁer by tespective
adhﬁsi ve- bogded j oi ntcene26) 1y pardeli-tiide mtsaéﬁbéwm&&ﬁmnemaebude
such as used in | g um
al loy) or pl astlam?% %EHE% 2 EELH:.% éﬁ?%ﬁﬁé mater gg&g%ﬂﬁlbﬁigtfigem %rata
above and incl udREf r]??éidlilnént'aﬁﬁt‘é?li’%%i%(ﬂ?d aﬁs’-?%‘?n?ﬁﬁﬁﬁri"&ﬁﬂ f E8AR

pl astics. Suit abtel aditezralcsedaiant nocles) Wil e %terﬂeaufba vaxdonslgcayl i c

and cyano- acryleuéistrlbuted mode resonators" or "distributed mode reson-
ating panels" or "distributed mode loudspeakers”"™ or "DML"
"or "multi-mode resonating panel"”.

Also, the word "resonate"” is used, as a descriptive
25 and semantically accurate convenient short-hand term for
such desired or acceptably achievable areally distributed
and orderly natural resonant mode related bending wave
vibration, involving the positive and deliberate encour-
agement by design of such resonance-based vibration; and is
30 not to be confused with other usages of that word in otherxr
connections. where any vibration is considered inherently
problemétic (and, perhaps, as often as not actually related
to inaccuracies and/or wear of cooperating parts !).
In the drawings :-
35 Figure 1 is an outline view of a distributed mode
loudspeaker; .
Pigure 23 is a partial section of Figure 1 on the line



etc. adhesives. Figure 2b illustrates, to an enlarged scal e, that
the 15 panel (2) is arigid lightweight |am nated sandw ch-type panel
having a core (22) e.g. of rigid plastics foam (97) or cellular matrix
(98) such as a honeyconb matrix of netal foil, plastics or the like,
with the cells extending transversely to the plane of the panel, and

cl osed by 20 opM¥M®984i ns (21), e.g. of paper, card, plasticsPGI/GBISOA4S -
foil or sheet. Where the skins are of plastics, they may be

rei nfor- ced with fibres e.g. of carbon38glass, Kevlar or the like in
a manner known per se to inprove their tensile proper- 25 ties. . Envisaged
skin layer materials 384 “r ei nf or cement s t hus i nclude carbon, gl ass,

Kevl ar (RTM), Nonex FRBWreo2b is axr enldrged crass—seckhonathrongl aydighd

oynihe’ " etic plastAaepl noRGISRALRESE of RSN SHRMA LA Y O
Kaptan (RTM), pol ycararﬁ%épgf”iﬁﬁeﬂﬁ?i%rtﬁﬁﬂﬁféé’teéF°BFtF%‘Fytl\g‘bs7 pl asti cs,
and fibre rei®sforced Rilaaxkei Ga, indiicatasdprefetrred trdmselucer floication(s)

I nvestigation of the r L, Ly y pol yner

t her nopl astics shows ?Téﬁ";{a ?Hgge%gtf%é” %ét}saéﬁgt?llg?oﬁéﬁl '

éﬁ % L e’ injection noul di ng
of ultra thin skins diianreshdR|andhPBoshikeeiseifar syhstaptially Jane gdim
di aneter. Thi s nuiytriicall asffsiperseYriptivali pgn8ls; ations in the

67/ oogag © | M oCt! VhgukePSH! 2654 S Yhepdh hifil, "
43 good PPopagat iRkgWIE dr EBPES R EFtritnhedmmodei 1Pw@sSRRAKAT X o t he
panel perimeter. Figurel 54Si€ @yveepettive athew bef adtidr A stributed

above-nenti oned pr, riapt.i endi ng stiffness that can be
directionally 5 di ffen?ogdr:ﬁ ilg’Phgg?%fréT to pairs of sides of the panel (9),

see other arrows (C, Blguxgr 3R ¥hyaamRgréial crassoepsiidnedm view o9f oth@eave
or directed reinforceidspeakeradf orbgite 4a); and/ or by plural '

superposed spb- | ayer st telelia U Thapecti A Yely of! 2ARRGAR b3LE i
rel ati ve angles, see ‘artows S\-g I own symretricalTy at 45-degrees,
t hough they coul d be utedhmedenieudapeake®ngl e and symmetry. Core shear can

al so contribute, aEiddrd sPfinadpageiadnekrblsdsddeicHyl i Vidwabf the
| able material s.

pl astics, 15 usuall yl?‘hdesp%iiegggfgiéi%#%%%?sf O'\r/\og: gl gl IO::)Wr fEIQ[nc (r)r;ﬁleg
tooling to carry | ocaﬁi%eangiré@i ser afrent f whewr ©f auddistributed-mode

20 loudspeaker;
Figure 7b is a side view of the distributed-mode
loudspeaker of Figure 7a;
Figure 7¢ is a rear view of the loudspeaker of Figure-
7a; '

25 Figure 8 shows a distributed-mode loudspeaker
Figure 9 is a sectional side view of a first electro-
magnetic transducer; ’
Figure 10 is a sectional side view of a second elect-
romagnetic transducer;

30 Pigure 1la is a sectional side view of a third elect-
romagnetic transducer;
Figure 11b is a sectional side view of a fourth elect-
romagnetic transducer;
Figure 1lc is a sectional side view of a fifth elect-

35 romagnetic transducer; _
Pigure 12 is a sectional side view of a sixth elect-
romagnetic transducer;



as grooves or rings for the accurate |ocation of transducer parts, e.qg.

excitation coil and/or magnet suspension. Add- itionally, wth sone
weaker core materials, it is can be 20 advantageous to increase the skin

t hi ckness locally, e.g. up to 15% of the transducer dianeter, to

rei nforce that area and beneficially couple bending wave vibration

i nduci ng ener gy WOhe9843c panel . Hi gh frequency response C ACTHEBICOPHS Y ed .
for sone foammaterials by this neans. 25 Envi saged core | ayer
materials include fabricated honeycord®s or corrugations of al um nium
al l oy sheet or faoil, or Kevlar (RTI\/l, Nonmex (R;y, _pl ain or bonded
papers, and vari IS IFeFPOVE ast1Est Rigreel Pl taangdushnsed

or foaned plastics orFigusne risk eshowssa seerndgicgseleetalic 8Pansducsr; _
suitably |ow density p4 O sSllichdRkCaCehrd PiladBiborric PEhRbEELeCtively

exhi bit usabl e sel f-skinni ngiln their ufacture and/or ot herwi se have

enough i nherent stiffieiyre 16 shpwEsa THEtheR elsrtrarpone bt eansdicss;

| ayers. A high nandrs Menchows! hnbtlier lkeotaionaigaletie kpansduowlsr t he
trade 35 nane ' Rohac ' [ b | S A qradi p_gg_ej and
which is w thout ski ﬁﬂgg"}%@pﬂ'ﬁégcs{i?’)é’gl gt é#%?%‘%ﬁi“%diesq‘b%%%r an overal |

| i ght ness and stiff nd&9uRs ed >t o SROPar tgRplication of dyive/erpdtation
PCT/ GB96/ 02145 signals; 44 ul ar pur pose,

specifically includi %«%P{éé”z% r&gldcggt Eﬁg#t\?ariaii%rﬁ%-f romcore and skin

| ayers and transitions Detween ~— them everal of the preferred
fornmul ati ons1for the PEgiTe 2245 gyShagrmm 4id areeabodimeyt s¢f fistgdbut-

alternatively a Cagdaiibdd WombitiathenCcesmdpedinih micrbpaste; and al so

using - an alloy Aerpggl o el gl HONGHGONR CALE oM ] BAYE- M moge

antial radio frequency Screening propertres whic i mportant in’
several EMC appl i cat i®H@roRbesnt i onal panel 10 or cone type speakers have .

no i nherent EMC screepig@Wreapfbshowsi bi¥ytalline diddickygwspimaielsaitdien
t he extensi Vg gPr earrblgrér?s(%dgesr_ speci fication concerning nmaterials
paranmeters in-rel ation 0 sdndwi ch structures, as to cores and skins.
Moreover, 15 progresBigwren?aai 4Fsat PeEEBEobive sovblinegwievi aflead nogase

days. :*ovveve_ri th Nushcdepsssaiitlg taOs&arseﬁdédtcféﬁirﬂgr;e, _ Ibased on:

material s avail able tg, ate, .a useful - Lact i terig. we
have devel oped in rel%f#%rné %osq':'r é%]u-a ggg%?erreeé\ J‘sonler"'ll %égét %’%%vt%{ r?at%rérsi%gl S
sel ection. Thus, we ukleubed mpder dppdspeakefuiidethfctorm of a ceiling tile;

20 Figure 27 is a perspective outline view of a visual
display unit;
Pigure 28 is a partial cross—sectional view, through
the loudspeaker of Pigure 22;
Figure 29 is a perspective view of a lap-top computer;
25 Figure 30 is a partial cross-sectional view of a
detail of Pigure 29;
Figure 31 is'a perspective view of a first portable
compact disc player in a storage position;
Figure 32 is a perspective view of the player of
30 Figure 31 in a use position;
Pigure 33 is a scrap view of part of the player of
Figures 31 and 32;
Figure 34 is a perspective view of a second embodiment
of portable compact disc player;
35 Figure 35 is a scrap view of part of the player of
Figure 34;
Figure 36 is a perspective view of the passenger cabin



(a) Cellular core has shear nodulus of at |east about 10 megapascal s

and adhered skin Young's nodul us of at | east about 1 gi gapascal.

(b) For sizes of panel nenbers bel ow about 0.1 square 25 netre, | owest
bendi ng wave frequenci es above about 100Hz, a bending stiffness that
can be bel ow about 10 New on- metres, core shear nodulus that can be as

| ow as about 10WO970dyapascals or |ess, and skins' Young' s nmPEHGB6/4244S he
range from about 0.5 to about 2.5 gigapascals. 30 (c) For sizes between
about 0.1 and about 0.3 square metre, 4®west bendi ng wave frequencies
as | ow as about 7 Hz 3‘?& ng stiffness between about 5 and about 50 or
nore Newtonnetres, c8té s‘ﬁe fdul us that is usual | y above 10
megapascal s typi cal | Pigwerit 375 mgapmglupcmsmnwalsovaw mefe a
nmegapascal s, and ski ggtadPWH’ ﬁgm;@ulg,@s of at | east about 2 gi gapascals
up to about 70 or nore

45 (d)  For si zgég‘gﬁgv%%rﬁ'%b%@eﬁpf%jﬂeaﬁbﬁv 9f s URF LR B2 Y Buest
bendi ng wave & r equenmgbikbe |dooxms about 50Hz, a bending stiffness usually

above about 20 Newt ng@ﬁf?% MR g i’sﬁé@&itveSQ %ove ‘dttoﬁggﬂ?é dBY¥E S

Newt onnetres, core s ulus t 1 S usual ou 10 tygl cally
about between about P&wFR 49outs 08 r%&éé-ca?%‘?ssarﬁf °H"§’

nodul us of at |east abeail 2&xpwgaiannal ;feasibly up to at |east about 70
gi gapascal s. (Ckiguf@lsP £8% Pesls lapRRibe Iyl (S RAY NAtOmeRIgar ©

netres or nore, a 10 requency t hat e as’low as -
about 25 to YOHz, a Figureehdiify %tﬂ@ﬁééscm%ﬂn ZﬁeNeﬂlFoﬁn%?‘F%‘s]:
core shear nodul us fromUPiguitey 4aer 30 nega- pascal s, and skins' Young's
nodul us of at | east 9;1%@ bout
1, 000 gi gapascal s. %QSH%? 43 légg % endlﬂrﬁ%@% fjm%sgc% %%)\%ggﬁéirﬁ% i ma
of about 0.1 to about'ﬂ-"il?l’ﬁl"-‘11‘-196@‘-“%11*1?3'1 xi ma of about 4 to about 3,500

Newt onnet res, and mas-sgﬁ% 44 is @npladrebewifVeRs Wwidergidy ofbehe {hdks-to
about 1.5 a maxi ma ?o& F:Lgurel ﬁnd about 4 kil ograms/ square metre,
dependi ng onsi ze/ app |ca These guidelines are given in
good faith after ext&ignye #8stisn@ partialy expsgisactdedalnvded Rf i he et c,
but are not |ntended1hgtbemgﬂfdbd>5/ BiglirdedsN@. ad@ 47hus, we have succeeded in
driving/exciting strug S e S ness_a

Newt onnet r es, thoughléné 8 4§':¢ #?Clge%@kggectwe Hé“f’ 8? F {i’g? ﬁﬁs:?cél

pur pose- desi gned I oué@ﬁéﬁk’é?%t In principle, it is d| ffl cul t to see

any absol ut eagipper | imighret fouph mwbhvepwevpmra eenddal meckine;
high, and efficiency gighel 4eWsbul, ?aétfapc 2EECRLAIE, v ELR" of
c ructur aI a

preferred, 25 say for hi'ng~ exi st ddi ng mat er?al S,
we could do so. dstadl pf gﬁ‘%s‘ée’}q?-nﬂat’@f"?‘&% PERHBEYP 'seens certain
to enabl e structures Pigurewtd hi € anipexasipeatdvef dpagymn tofea tmodtified Hexond
forecast; and our O‘A”bf vendEﬂQ"Y’n& gannot be truly conprehensive, having

been gat her ed over qul ort ‘tinmne.
Figure 50 :|.s a perspective diagram of a first notice-
board;
Figure 51 is a perspective view of a second notice-
board;

Figure 52 is a partial cross-sectional view of the
30 noticeboards shown in Figures 50 and 51;

Pigure 53 is a perspective diagram of packaging;

Pigure 54 is an outline perspective view of a greet-

ings card embodiment of this present invention;

Figure 55 is a perspective 6utline view a projection
35 screen;

Figure 56 is a partial view of a detail of the screen

of Figure 55;



30 In addition, preferred forns of piezoelectric transducers and
ferromagnetic el ectromagnetic transducers have negligible el ectromagnetic

radi ati on or stray magnetic WO 97/ 09842

PCT/ GB96/ 02145 46 fields. Conventional
speakers have a | arge magnetic field, up to 1 nmetre extent unless

speci fi ¢ -conpen¥@%h®skount er - measures are taken. PORIGBAc/2045 S-
inportant to have or mamintain screening in 5 any application, electrical
connection can be nmade to the conductlv@aparts of an appropriate DWW
panel or an el ect-  rical condu t| ve .foa sim interface be
used for the edge gr?/ lan ¥iH&¥s p@n§?8’ﬁ ?%?C’ﬂ%?/r%l‘é’rﬁ? %

edges of the panel (Q#ij:tm ;slcement ofxBeae¥e/b5gdge novenent of the panel
wi t hout gener al | ypps@ne g 09 &'%fs%e&}i% Vidk B4 inoﬁdgbééﬁé@'ﬂaﬁlel or

alternatively, further danmpi e applied, e.g. as pat ches,” bonded
to the.panel in sel SRERRER d’gﬂgﬁ % §(118g8m%'ashed at 2P, to control
particul ar f rSequencyFrmdm 59a, b5¢, darsiendiegrassicmamEmentirenit s dox

di stribute resonanceyy, HAddh! gogsé%lthe panel . The patches may be
of bi t unen- based erl al, as Com% Used in conventional
| oudspeaker encl osur%kg‘b?esrm 0geboe. G | ALRFTYRS | [CHPFErnipg) \RPAFSIVSSheet

material. Sonme mat eeqwé.‘s:,sartﬂtcably paper 20 and card, and sone cores nay

be sel f-danpi ng. i fakatagal :
construction of t f}61('?1<:aen’se gif%ﬁeéi :R? regﬁ%%eﬁﬁaé ratsﬁ'er t han

rigid settindd adhesi 9% 51 l°“ds %/‘PV of Anf & W8 &8nfi RG°Phcl udes
specific 25 appli caFieré 062 his pmedautlnlejcbm ivtiews hefeta ned v | cllamiel '

moans permanent |y asgggh vl e Pookk e UnRODRAES 1oug SASIT;

particularly significant Tor dofnant an
frequency vibration Fboeke of3 piRchB Rutddpe msj-@%iggiﬁlﬂs@ff Hl’?ﬂ?ﬂbfmtﬁ’rrpl ng
means can usef uI I y | eailcing byBPaspivel panthsiliersfi,d sheet material fully

framed, thouygh {;EPét 6hNgLr o C;He'}"s'b%c%%eofrigﬂ Re Td re';?a[és}‘??}ey fdrfed Say

for de5|red extens on_to | ower frequency operation.
be by adhesive or sehfraeghead i monpdipg) basey Fpapdio undt; sef yl
danpi ng, particul arl piguré e66s iaf avperspettive3dviedf eft pamsiver panklsand

hi gher frequencies cqp D& by WaYed1 S%o ﬂ%gﬁci% HBPSES Jﬂé&ﬂd to
the sheet materi al at * t%/ f ect ?ve orr%dr F Foca I se Ogllatl ons sﬁé sal d
ar ea. Pigures 66a,b are perspective and scrap section views

20 of a piano w1th a passive panel hereof as a sounding
boarxd, and
FPigure 67a,b are outline plan and enlarged scrap
sectional views for making loudspeakere hereof.
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47 An acoustic panel hereof is truly bi-directional. The sound
energy fromthe back is not strongly phase-related to that fromthe
front. Consequently there is the benefit of overal | summation of
acoustic power in the room sound 5 energy of uniformfrequenc

di stribution, rWQRAaM4 ef| ect- I ve and standi ng wave effect‘%“%ﬁo’t‘ﬁe -
advant age of good reproduction of the natural space and ambi ence in the
reproduced sound recordi ngs. Whi | s#1sound etc radiation fromthe

acoustic panel is ]‘O'I.'ln‘:cél qq'u;&/t g Qk;&fﬁ#g”% al§& Jﬂ&%@ﬁea & under-

phase-rel at ed nf or ma I NnCreases : roved focus for so-
cal | ed phant om §tl'—épééngna'g'be Flemee kafiersmcese asrﬁed%@eﬁds QK el

i.e. at the usuaim$iandiggrier S%ﬂ‘t&lcgtlhrlyonfﬁ S resdnlaatbepaﬁels of (B,

noder ate of f-axi s _placenent 3 420, t ng
the stereo effedf? R gﬁlﬁ%ﬁ %J dhé& ge sﬁ?kg 61? r| gﬁ Egg%rrrlg?éiﬂe%
respect to tlise I(i33t eher provi des a further angul ar corrponent Good
stereo is thus obt aipRg FOR C2 & onTarTiHl i ant age for a

group of listeners 2Q _conpa con en ' ker rer 1i0
The intr- i nsi caRPEeFF ng?ﬁer %%?ﬁ'ﬂﬁ? exo? aggﬁslegwﬁ $&1 %oggg&gafcﬁ&{ -
~ion gives it a Youwddpeakens(84)i comprigesta recsenghlaritrane (1) GRArYYi:ng

i nverse square |a%§%9i19ﬁ§téﬁgﬁbﬁé¥bnaﬁ3 qebiAd &s innd?OipBlipALEEEvhich
Consequently for F

centre 00 pl ace |IS s the intepsity
field for tH® pSYPPOTEEaller ais rg’f’ﬁ{:ﬁ#eén odes Fn %g?g:b Y P@@FQ @ar ed
to conventi onal formedpeskecturdhly aund be@aﬁmneﬂea@f fracdousdy pievetioped

| i st ener %%O%t suf f eLahB&uderblcaq, preogl ergsduceegdgtimeqxrmgéf t@nglhe
nearer speaker; Ti

rstly the excessive increa in | ‘S E fp(() om the
nearer speaker, r&d:-&rﬁﬁgﬁ tReFEBPFEE pdndi adéérmwn ed WRolLY | 3RYNEEE T r om
the further |ouds{iseieron\ét hixarthe panelerif) oatla gpededesmingd boarationls to
favour earl :jft‘-»St cﬁarfr:.ned v diRgnSPHRSISx S5 I e firndaticerParbakes tbatse '

nei t her | ou peak er channel |s ne acoustlc )panel

e
nenbers her eof vﬁhq PHSP‘H’&H?P%? sideglopgth rﬁﬂ‘ﬁfgﬁﬂatﬁﬁ%%ﬁf’ Y3801}
differential berxd nfndicateidd fdbmesses Conweksien nto chbedwngh ceatoranelytedit er

operative coordinates could be of general value, e.g. where corners
of the panel member (2) are trimmed or cropped or finished
20 short as made, see dashed (2d) and above regarding ref-
inement of acoustic action/performance. Alternative; or
combiningly and cooperatingly, effectively analogous such
refinement by prescribing diagonal bending stiffness is
also indicated diagrammatically, see arrows (V, W) . .
25 The transducer (%) serves to launch or excite bending
waves in the panel to cause the panel to resonate and rad-
iate an acoustic output; and is shown driven by a signal
anplifier (10), e.g. an audio amplifier, connected to the
transducer by lead conductors (28). Amplifier loading and
30 power requirements can be similar to conventional cone type
speakers, sensitivity being of the order of 86 - 88dB/watt
under room loaded conditions. Amplifier load impedance is
largely resistive at 6 ohms, and power handling 20-80
watts. Where the panel core and/or skins are of metal,
35 they may serve as a heat sink for the transducer, say to



48 area, that is not essential. OQher measures, indicated dashed in
Fi gures 2a and 2b, include cutting partially (22C) into the core (22)
t hrough one skin 5 21 or addi ng danmping or stiffening material/nmenbers
(22S) as inner framng at least partially about the intended operative
area, thereby reducing sone - of preferential size for the panel nenber
struct ure conceVed@09s42 Regardi ng Figure 3, Figure 32CT/GB&02145 _
preferential transducer |ocations for a substantially rectangul ar
panel menber as indicated above, for 10 i4®netric aspect ratio of 1.34:1,
nanely at crossi n%s ' X! O{] grtho onal ,.coardinates taken from3/7, 4/9
and 5/ 13 of | enGBREVEf NERHEFPPR ofn YRiLe coilc pf,the TZAREFLERF nARE JANR as
il lustrated for ippsovenpower hamdtiiag.. | n ot her Figures, the six.
transducer | ocations Yo £O, P Q. . c : n | | ed
righrés) %&Uaﬁ@ %Lf.’r%% w80 Q:y?%g?lugré%E%SQ@bﬁm&

as represented either Tndivj |"ect 1 vel
i ndi vi dual Iy wi FHFﬁusacﬁhec%?%?ﬁﬁy r (BLhtPY FrP R dt-r i E4IRTE 2o Fhevs
thereat). . 5 that théi Grame 31 shosurrowndpr(aficaadt pahelr 425 dareredmost i on
as indicated b S Lakkyat LD r of
aspect ratio 1. f&?:al%’%eftagir. %.95 }?@E’F%Qﬁdﬁgﬁsg_&%pﬁ%ﬁd g%;(}qrﬁégg Xes
fromcentre, asSudtebPlpemaserialynfer thefrane inginde Auchdsivgadesitsi ng
\tAﬂe eqlﬁat i on]s: ( p[icturex fbxalmicxgs h(saypindf cextyhded ynetall. s{e;ﬂg(.u.un)mmin(nv)
ere err - umd, &r. . . havi
constant val ues%tlgﬁ’% 85 i)%%i%?\’d ?/t‘i'o. é“?é{ahl%z;sﬁgggﬁéaﬁ%teﬁl [%] ) .
Fi gures 3c a¥t Zeeti Refideratr phawss padt inclyde grsildentympteriaky shah 25
super ael | i plt | cala/sp#olamelrubpeicahd phoeh ms.eashitrbnb afihesiw£i®in ed
transducer | ocatj.an g i lﬁ»f‘% e, t.only s i
appr oxi mat e out Hh(r%e.%oqgltg (28 28 ega?cdi‘? ng ~Fi gauér}%él% ?§d6?9%$%u$%ry4las%eoms a
first distribut@¥Crp@dhesivespane|-form | oudspeaker (81) generally of the

ki nd shown in Figuregiguesad2@ B0lusrdtes, WabCén tdif) {4 scalel Sthigpliaeed by

a baffle-bo e.g. af LU . AN r V]

rect angul ar a%%el(ﬂ@t?’re é’ (%2) qisn%%da'ldﬁgsl}t?ﬁ%ggkl t(‘a:d lahghglegngdgafléﬁ}%l?%% yanel
(2) is rmounted Wa@glt having a core (22) e.g. of rigid plastics foam (97)
REPLACEMENT SHEFE:cellular matrix (98) such as a honiycoTb ma%&gx of metal
interposition o res uspensl on : e: 0 can
help with | ow f rfé’?]&énc#)iéésg‘g%\%go?’gi Pl's%/eerfiﬁgtl c;'gig&[ o@ggwacﬁl.lsA %g%%%;ﬁﬁ r
(9) as descri bedHFSVPEEELEs to othe 1plake ngfintdhe wARReY, aRBAeFLP§ERAVY on
t he panel (230 opposed skins (21), e.g. of paper, card, plastics or metal

foil or sheet.

Where the skins are of plastics, they may be reinfor-
ced with fibres e.g. of carbon, glass, Kevlar or the 1like
in a manner known per ge to improve their tensile proper-

25 ties. Envisaged skin layer materials and reinforcements
thus include carbon, glass, Kevlar (RTM), Nomex (RTM) or
aramid etc, fibres in various lays and weaves, as well as
paper, bonded paper laminates, melamine, and various synth-
etic plastics films of high modulus, such as Mylar (RTM),

30 Kaptan (RTM), polycarbonate, phenolic, polyester or related
plastics, and fibre reinforced plastics, etc. and metal
sheet or foil. Investigation of the Vectra grade of liquid
crystal polymer thermoplastics shows that they may be
useful for the injection moulding of ultra thin skins orx

35 shells of smaller size, say up to around 30cm diameter.
This material self forms reinforcing striations in the
direction of injection, a preferred orientation for the



5 to excite the panel to cause it to resonate to produce an acoustic
out put . In Figure 5, the | oudspeaker conprises a shall ow box- i ke
encl osure (8) having a top (148), a bottom (149), opposed sides (150); a
back (151) and a front (152). The 10 front (152) of the enclosure (38)
consists of arigid | i ghtwei ght distributed node radi ator panel '
the kind - descwWOwsEs&2th reference to Figures 1 and 2 and coMfr %%“5 a-

core (22) encl osed by opposed skins (21). The panel (2) is supported in
the enclosure (8) by neans of a surroundi n§15 conpliant suspension (17),

e.g. a strip of |atex rubber

described for 99PCyBF &a%atiofioffstﬁ%@ﬁ% egﬁ%%gl ?{:/oége exc 191% %,eﬁgﬁ {kﬂ

i nwar dly direct &bef pepedfpentmeigiel (2) in a predeterm ned | ocation as
di scussed above, to Q%Ch&%@ﬂ@ﬁi@ﬁ/\&bea&bbfa -fudterorol abbhe-pentionad

cause 11 0 LSS S RS Soiyng SERIH TRy, oo BB BEEL SR (O

perf - or rrmc@.xﬂfeirleath.aludp@wl@l, tmcnaimmg’foﬁiésms@ﬁl Sthenpanel {2} on
al | oned by corrplgeae}q P r(eunb N+ At BRy 1e2(5s>, mcliuaahg from
illustrates a fu y sim

ea er e h
descri bed above A% I?rr HP@Y%n%’é qige 491 gﬁf"gggrce%t’l §5fs g%ﬁgls éh a{’} Ses a
box-1ike encl oswrrm/or (b&) pdunalssupgrmsed fﬁruhﬂlaNexspUP-ﬁ:hoﬁhGSE) déﬁaﬁt'ed to

?g be gg;mt ﬁ?ooarhﬁl a’i@ Qélﬁ%lﬁ.rb%méf | g 111.'ng30 (edlaps ed
i - wor ur edug

al r eady shal#%wﬁi}ﬂ?ﬁ’reﬁﬂ""’@g&‘ﬁaﬁ ‘&%1\%9@88%&?‘ OBs& 331?9’ ﬁh‘ihﬁ?ont

face (51) of thefHerwise alsoxocamgllst andf sgmmeyry. | i Gbreecshbar ngani aksele

radiator (2) S 'b?;ﬁ@g, aé%]e‘ 9y Ef%’ﬁ Qakect 168821 R AR AL BYaiS

opposed skins I's supported in the encl osure (8)
by nmeans of a slﬁfhkﬁjr%tﬁgia?"éa | ent sus- pension (17), e.g. of rubber
| atex strip. The | omme,abaal moulding foWOpdFidoBrl reinforced plastics,

PCT/ GB96/ Ozlf'é us al],ty rmo lastics materlal§0 woulk‘iS d1Nss agser abhya of
t he ki nd desCrTi be OP

nce to ]g$1 t# %%Atrans ucer
(9), e.g. of thet¥eHeng t°d&§€FVbé8°P5?'°F|§ Lo strprion FEAPXESan8IFY and
exclus- ivel yagrgidvereisnvprriingsifoecthe damerate 1bdeatbomloff Transdycsr
predeter m ned | o gg@&&n 35, LRCHEREbRROYE dfs fo- h6nBRlsuspeddicl © hha-

panel in bendi ng Wave se it to reson to produgc
acoustic out put.itionally,gyfly SeHey&eRELS &PEerﬂPgﬂ: si"grpf‘ﬁ Fﬁnnﬁﬁe

and : 20 advantageous to increase the skin thlckness locally, e.g.
up to 15% of the transducer diameter, to reinforce that
area and Dbeneficially couple bending wave vibration
inducing energy into the panel. High freguency response
can be improved for some foam materials by this means.

25 Envisaged core layer materials include fabricated
honeycombs or corrugations of aluminium alloy sheet or
foil, or Kevlar (RTM), Nomex (RTM), plain or bonded papers,
and various synthetic plastics films, as well as expanded
or foamed plastiés or pulp materials, even aerogel metals

30 if of suitably low density. . Some suitable core layer mat-
erials effectively exhibit usable self-skinning in their
manufacture and/or otherwise have enough inherent stiffness
for use without lamination between skin layers. A high
performance cellular core material is known under the trade

35 name ’'Rohacell’ which may be suitable as a radiator panel
and which is without skins. In practical terms, the ainm is
for an overall lightness and stiffness suited to a partic-



can be made to have a relatively shall ow depth, or 10 apparently shallow

depth, in conparison to conventi onal | oudspeakers; and have a w de angl e
of dispersion in conpari son to conventional pistonic |oudspeakers.

Wher e the radi ator panel is made fromor is skinned with netal f ol

or sheet, the | oudspeaker can be nmade to be shiel ded 15 agai nst

radi o- f r equency W97 9843 . Accordingly, particular deRGIGBRSRISSS -
of this inv- ention include a panel -form | oudspeaker conprising a
resonant nulti-node acoustic radiator, driw#é4 nmeans nounted to the

radiator to excite multi-node resonance in the rad- 20 iator, and a baffle
surroundi ng and SYffpdERR§ ey h8PRGHEteally dgeludipg APFERL §ing copitribut-
suspensi on nmay hionst Erppsedre aned vedeim t bayexsli ahdr txadstibhiossr bedwden
typically an el agjgy. toneric material such as rubber, and may be

sponge- | i ke, e.g. foaned rubber; the baffle may be substantially planar
25 of mmy be in the fSRURTGL AF dite RRRESTEE0, ForMIIAEiPRE 0T Lhe| SedRd.

and of any subt amgloy gndtaht enfametalg almadn uskins, densialyetnétiveky da
el udi g f Of Mo ded ihdh ¥11fACATEErBement . Olpcil 67 Lo A 8 PRk b

form and/ or or port transducer mount ed’
excl usi vel y on t# Zploy ARregEst: orimetald %}'P@mﬁ’a?°€6rrp‘ﬂ]s]e h&"ﬁe&PbE&X

portion adapi®Eid D fa@ibUf reguéntya sebbndhg tfiodditd esUwhbel shivhld be

front box porti %ggg; 0 t or

such two box por¥hl ns £ Sg('gggga? é(yﬁéﬂ%g&q&s' é&g"en eiiétdeg %Eg
connect ed t odBt he¥ ?W%&PPeIP?M%#aVSSn° inhgyent EM §‘P|¥ﬁ%md19 capab-
f1 oor-nount ed papeityor m | oudspeaker (B1), i.e. as generally shown in

Figures 1.and 2, a5 gyen JLIOS! Qlkar L $nEPGke0MLAY flalbhlleed eiage

sound radi a-
PCT/ GB96/ 02145 Specification concerning materialy parangtfyspimeiredation

nmounted in or ont@d s&adwicistatictawed, (35 to 66y sl pskimd iMoa-eover,

t | '
rectangs o LTS DBear Wik ) A5 pAEP OOV
(85) connect ed afapst heF‘PWEV§¥aI l‘énﬂESFSB? Péeghb F@sﬁé&'t ey ditEtgemOre87)
of - the frame pdged Aohahateeiasidvaiflablantduasy td Yatef, tadout usiefdl

shovn. 11 F1 GUr espacedd 216 BHNLCY?haQ0°abGEREELE VEn ro Bl 'S0

(2) with their o SO su e Stem 84)
‘to drive the pandFemepts in rﬂ%é‘tﬁapr t%fmﬂﬁmé%e€§}°5re Thtsat ¢ &%et he
panel ( 2zoat the eflel powi e dydidedtiness—as above.. This arrangenent is

intended to Oper?éF tEbeﬂig}téH}ep%ﬂglsﬁalrp58&8ﬂ£§a$fyht least about 10
megapascals and adhered skin Young'’'s modulus of at least
about 1 gigapascal.

(b) For sizes of panel members below about 0.1 square

25 metre, lowest bending wave frequencies above about 100Hz,
a bending stiffness that can be below about 10 Newton-
metres, core shear modulus that can be as low as about 10
megapascals or less, and skins’ Young’s modulus in the
range from about 0.5 to about 2.5 gigapascals.

30 (c) For sizes between about 0.1 and about 0.3 square
metre, lowest bending wave frequencies as low as about
70Hz, bending stiffness between about 5 and about 50 or
more Newtonmetres, core shear modulus that is'usually above
10 megapascals typically about 15 megapascals up to about

35 80 or more megapascals, and skins’ Young’s modulus of at
least about 2 gigapascals up to about 70 or more giga-
pascals.



at |l ow frequencies by reacting against the stem (84) which al ong WI t h

the arns (85) acts as the chassis of a conven- 15 tional “ﬁﬁgm’f
HA%BEE

uni t, but launch/excite bending wave vi bration the panel N
| ow frequencies of pi stonic action, i.e. to resonate fo] corrB

acou- stic output. The suspension (3) will be conpliant, 1.e. ITe )
the roll surrouMPBM2conventi onal pistonic |oud- 20° 'speakerl’@mﬁtﬂluﬁer-.
Such panel -form | oudspeakers are relatively sinple to make, and

fl at ness nmakes themrel - atively easy #8 house, and there is a wide

Spoakers. 25 - () EgFGPREPS SkyeAn. APRAE o] At SPRVECL AR BB Rpes.
ention |ncI ude dowesdl -Yendingpudspealfsequenay r @sontow as aliosttr i Hz=d avode
acoustic radi at gfg )ﬁb”gsﬁiﬁfﬁéé’?erdfsug%ly aﬁB@ESd&'E@&%”D}U“ %g%?a%@ﬁés

radiator to excite distrib resonance I n the radiato
frame supportind¥Ri€addy, aPeRLoS0 YRe T Maﬁcép%arn@%ﬁie@&os@?mgﬁ. t he
radi at or antdee shearemddu i hrihiad i beusraidly abovausbout 100 typioadle

to produce an acgusl Ee@%QHt )?éM‘t?rz%' Q?é;é%}d@@%”ﬁeﬁgﬁg%éfs, and! BRins’

radiator at its erl ery g er ab i hi c_acoustic
action, conveni PRARLSS 9@t dgastabonng Sﬁgﬂﬁﬁﬁ@%’blﬁﬂaéé- &t WRen
the frame and thﬁ: raa'dtle'aelt aboupevd phiyapaswadisqr the franme havi ng a portion

di t
;gr rotnd ngl ast O¢1é|,}l’l C rrat%té'%spag% gﬂ%g;du%ré‘%:ééfh%?cfa ngguse
t he r adl@t mrﬁesén%ﬁ’@%d’etnéiﬁﬂv\iaY%efm%r tba§tm<hﬂ p§ lewy

particular 5 idweiddwe iBater eoH2p aSbbhﬁlﬁﬁaﬁtiﬁﬂﬁaésShﬁav@ ab@@f gsand
having a ground ewton! %Qg%'st‘g c%%fe“sﬂea@ 8§§&i§£‘ 'u'a?( yprlaht port ggg -

extendlngfromt egro n eng a% qurallty of ™
ext endi ng from tpasagdsi glandpGkdngj, Young §h906uéua| °§n§§ éeaghi ahowt ngo

carry the resil |ge1rz;apal¢@ae@sr@ﬂgiﬁlel§ &8I 8t Weast abodl beowm%%aacals ’
D LY (nEb O (i MR Yy OV pLRg A By AR ekl Guathb oz about

transducer (s on-or acen on—-0
frane. 0. 1 Fiqyuleowgt sh(ﬁﬁo A mxm Qﬁ %Ja‘??b‘l‘- n‘P n§oppbewhi 8, 8AA
(Ei SL ribut ﬁd Néﬁiﬂﬁi—&@%&&@nt ahahgadssgrpéxoruﬂﬁ oatd&a)d en&eﬁeéﬁlﬁuznlma of
i ght wei ght | ound. r.adi ae
Figures.1l and 2gal?°ut 0%% ?%{r%t% warTF §n$ 95 | Tk EENC gsure %B?gﬁaw ng

si des (135) and kiyograngd| sqpagy metre, @gyer@inmepuﬁ%aemml,ﬂqqm boar d,
t oget her defz2qi ng a ahéskyghli@dlinds are diaeel ﬁ5&¢o@ffmsiﬂﬂérab&eéﬁt-l on

material 15 hrovided ddbifs COUL IR Wfa soveBRUELeLS) ofL SBOUSLEE

absorption materi
The radi ator parRqt (EtQ@%lH‘Ré{F iy éﬁ@ﬁ-&éaﬁe (Fpugy Ye haﬁﬁaﬁk}cﬁ‘r a
conpl i ant suspensede@l (X)dfiving exntiakesthtcttds stithobewdindig atiffness

as high as 7.5 Newton-metres, though not as efficiently as

25 we would lock for in purpose—designed loudspeakers. In
principle, it is difficult to see any absolute upper limit,
though necessary input power can get very high, and effic-
iency rather low; but, if such was acceptable, even prefer-
red, say for fnatching existing structural and cladding

30 materials, we could do so. Also, progress in materials
technology seems certain to enable structures with. comb-
inations of properties that are beyond forecast; and our
own knowledge cannot be truly comprehensive, having been
gathered over quite a short time. .

35 In addition, preferred forms of piezoelectric trans-
ducers and ferromagnetic electro-magnetic transducers have
negligible electromagnetic radiation or stray magnetic
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conventional pistonic cone | oudspeaker and carries a transducer (9) as in
Figures 9 - 17 nounted wholly and exclusively on the panel (2) at a

predeterm ned | ocation as descri bed above. The interior cavity
(155) of the enclosure (8) is coupled to a bass 25 punmp (11), that is to
say to the interior of a box-like enclosure (185) containing a

pi stoni c bass | W MMker drive unit (42), by means of pipe-| iRE/GBI6214S
conduit (90), whereby air pressure waves of acoustic frequency in the bass
region are appl ied to the interior (155) o#6the encl osure to cause the

panel (2) to e plstonlcall nits c | i sus ensi on (
produce a | ow 3613;13§qu &&&egﬁxc%%?ﬁﬁs %gﬁ %&ﬁeﬂ?lsé)
caused .t o resonaipe tbyl metre lexttendnuulees Qﬁeciﬁmmemhetpagecommtemh ate

an acoustic out gt sdte8i SPEMtaken. WO 97/ 09842
PCT/ GB96/ 02145

1) i
arranged to feed an HBBEGtit 18 JMRPFFRE &P hav8a8§ Tﬁﬁfgtr%plfl)sc&%ﬁgf%g!tjﬁb
transducer (%) any dppiécébion, ¢lamispamderconnection éguobei madg,to the

partioul ar devi ceuasReshs fhrtd!Se i il appedftiadl bRE! Uil beUMRDERKSE-

conprising an enclosure, an acoustic radiator int e encl osure
conpl i ant susperRicatlY CRBAREERYE t FRAP A0F 2P HRIISE  HREQKEAGR JRaY RF ‘F‘f?ﬁ t ed
pi stoni c novefmnttheebdge vieourteimet.o, and transducer neans for drivi ng

the radiator. where GnbNgd@HidH (29 APl tRLMabel r#o-tn%o pihef fpde

acoustic radlator by a tirst transducer exclu5|vely
on the radi at®r % REeyeRte %ss"vﬁacﬁd&%r‘“‘%"@“@%sé’f tthe P%’é%:ha\!’% AHd by
means for varyi rgenerallbe prevenmeissydesiretihedgectidsationo cAddetiomally

ans. t &t 15
radi ator to rgyeal@e%ggiggﬁ)s' %%SI dcilhgn Iy ng RGB!’ ‘ipﬁﬂ&”ge e (g0 e

may conprise an air a
driver nounted |1??"i°ﬁ’éssui?§’inﬂ'ﬁgr}°erﬁ}%sﬁﬁ‘ée n’on se-]'r%%ﬁ"%d CB?IH f@f"‘i'hesee
interiors of thaastegdecit VEPentboomdxrol pamticullatr & requeaeyumedesy el

produced by qipt 'zcgﬁ;qfn t BGce Pbétﬂ&‘r%nmé Vo1l %Q%%bﬁget eeLB a&@éd

encl osure; and st ca y absor neans, e.
provi ded in REes 2PERHEY 0OYPE AFRE oPaPALt he gﬁﬁisﬁ%"’en‘Eﬁ%sﬁPe of
Regar di ng Fi gur asi thnkh~bEsgar ma8eshals aevcngmomlj usedr ansdoaeentHynal

arranged to be Qﬂag%%%q g? %&EthMﬁéQ'gr na qz r O e§£ éné'gbtﬁféﬂﬁt

di stri buted node n‘%rl sin ore ace on ot h sT des
with skins (21) P°1Y“leé'i€xélbte§)tl Eﬁlﬁéndl fgmRarateriatfe PIHRPLY THRPET ans-
ducer conprises axd:ochrd,lS)andnbmubadcpuea fmag noe ( b@lf-dagping. of Wheoxy

resin, in a CaV'# J%%) %ﬂetaﬁm?Qﬁé %f 1ﬂé¥%ﬁ$ed H%n%he(%bnseggctlon

surroundl ng a c Col or frer e coll (13) an (flx 0£
(18) thus being qi;‘ d:,hm gaquplk%d:y Igmp].o 3 siliently setting, rather han

rigid setting adhesives.
Effective said selective damping includes specific
25 application to the panel including its sheet material of
means permanently associated therewith. Edges and corners
can be particularly significant for dominant and less dis-
persable low frequency vibration modes of panels hereof.
Edge-wise fixing of damping means can usefully lead to a
30 panel with its said sheet material fully framed, though at
least their corners can often be relatively free, say for
desired extension to lower freguency operation. Attachment
can be by adhesive or self-adhesive materials. Other forms
of useful damping, particularly in terms of more subtle
35 effects and/or mid- and higher frequencies can be by way of
suitable mass or masses affixed to the sheet material at
effective medial localised positions of said area. '



the panel (2). Mounted in the portion of the cavity (29) defined by the

coil former (18) is a nmagnet assenbly conpri sing an opposed pair of
magnets (15) separated by a pol e-form ng nmenber (14), the magnet
assenbly being nmounted 35 on the inner faces of skins (21) of the panel (2)
by neans of opposed conpliant suspension nenbers (19) of rubber-1ike
material ,- e.g. WoHAT0884Bber, which are adhesively bonded to PCT/GBI6/02148/\D -
97/ 09842 PCT/ GB96/ 02145

54 t he magnet assenbly and to the inte#¥or surfaces of the

respective skins (21) of the panel The net _a 5 s thus
mount ed concentri cal P 3FOHTE < BPReE1BST ?E%' %FEE%% é ) hﬁs

suspensi on (19) sotind erergyfgom Sheohaciperanet sbr¢mm/h@>s@r-rela§ﬁ@mg

waves in the pagglat froﬁzﬁhQfo\Hrhf at icdgi seQueAtse t’*.lﬁcr.@ J.rse~°chb' BBhefit of
def ormati on of t he panel ueto relative axi al etweenthe

magnet asser?ﬁlefa&ﬁd scuI’Pé‘a(‘,:&PP I TREORS TR/ B aH‘oﬁ:h(?f fRRam,; gsound
enhanced by iscrea@sigygof heniform dreigueneygdbstatseninn, redutéd peflett-on,

at |east at highff %qltaergceagamgl q,gget QEfE@E? %nd tﬁé‘ea ﬂﬂﬁﬂ&g@séfr@&(d' S

relatively largé in con]garl e panel nertia of the
magnet assenbl y BEpmoductignd °cfo Wb?dnﬁ‘ﬁgrﬂfﬁgr?é{ac&ss@'fpol 9‘“??'3’(‘?%n&tny B to
vi brate t he pRpAlodhckat 5vehd tddimgsl5 Fi gure 10 shows a noving

coi |l transducer (9) M‘[l% S?‘ﬁmi Oet%é‘%tadi'%% al ?rgrt; %i{ee aﬁ:o%'}.clt.;@r {:gﬂgfd:.éo be

enbedded entirely w error o

tributed nodk0 r ddizgedy Rancdirertionpti sithg QeESPBtTQ?) of W&é&ﬂrﬁ}?ﬁeékl ns
(21) to launch heFdr@tieuesnérdasddhofzOaxpanelPor TRpréved Thovar £68)s65

f d dul t

(3 ™ s shown. 162 BidREIn apencd Fﬁghe'a fhenshe 08 R brelied DBES!
recei ve t he nm@e?- ¢0)at the veualtandiagnperses height, gggﬁers
fixed to the i ntt&fel ®enegit of aamodkiradei sf-=id placementFox hShofmglipy

means of a rig %c{t%%sivg QR&JT.' I&l‘!&%hgt Qﬁe stiexfe%r g?%eét_w) IBE:%ngbnghé he

out er casi ng of 3 rans Ucer pposi te axi al

ends by i ghtmelmangulaénhe%%zb%lﬁ(mg)e%tﬂ wih regparcy ‘F‘P)?-’é’@ LbSERReE oj |

former in arbr&lﬁ@ersed fasthen, atn@ladoipanent! Buwbisterkends 8Rus
(220). The assey %l%rranged to be located in the transducer cavity
(120) |n a di st rIhtER Sae panel (2), b nmovenent in direction of
arrow ' A as indi cat &hexre, igha furthen gpsEPF @ FHIIR RE LiFLepers
nmeans of an zghesonvared withuwrdmibntionad speaker 2@rodettien. byrhehdntot |

former (18) insically dispersed nature of acoustic panel sound radiat-
ion gives it a sound volume which is quite free of effects
of the inverse square law for distance for an equivalent
point source. Consequently for off-centre and poorly
25 placed listeners the intensity field for the panel speaker
promotes a superior stereo effect compared to conventional .
speakers. This is because the off-centre placed listener '
does not suffer the doubled problem due to proximity to the
nearer speaker; firstly the excessive increase in loudness
30 from the nearer speaker, and then the corresponding decr-
ease in loudness from the further loudspeaker. With con-
ventional speakers, the ear tends to favour earliest arr-
iving sounds, so care tends to be taken that neither loud-
speaker channel is nearest. |
35 Whilst acoustic panel members hereof will normally be
sized including adjustment as to differential bending
stiffnesses to make a match with resonantly outer operative



35 is a magnet assenbly conprising an opposed pair

separated by a pole-form ng nenber (14), the magnet THI&SHEEYDH)%SQE'

nount ed on the end caps (119) of the coil WO 9REPPR

PCT/ GB96/ 02145 55 Former—8)—-yL geans
of opposed conpliant suspension menbers (19) of rubber-like material,
e.g. foam rubbeWO7M98fRi ch are adhesively bonded to the magnePCRERINBAGS and
to the interior surfaces of the respective end caps. The 5 nagnet
assenbly (14, 15) is thus nounted concentrf#®ally of the coil (13) and is

axially novable on its.syspension 9).., The ansducer_(9) operates.to
| aunch/ exci te bé‘ﬁ&an%haUcwa\Fesn?m ?Tféé’b . (Z?HB?/’: vT“B?%‘frréﬁj tbg‘ghﬁ%%eq‘ ocal
resil- « ient desbedatironFbguréesr panendi 2L, heinciwieragutisinde sparbhal 1y

above with ref 9899@?_ tiqdhecarbesidrepiz pf thr9dg® 8ne skin 21Thsx tadasghicer
(9) of Figure 1

I S .intended as.a_lLow rofi.T e device | ch can be buried
substanti al | y wORRPHBEHOT ‘"ttt#(?ﬁﬂégg d@‘%ﬁﬁa}gﬁeﬂﬁﬁﬁﬁ rr% paf8 ¥2¥°T The
transducer 5 cExpnings stk cleastrpaciaddyl dhowutertid 8intenjed doperdbiid
fixed, e.g. Dby nEaRs qhe3@p3dhealkeng ! Sofle COEM pERADELNGial ﬁpfertf&ﬁé ) in
t he panel (2). coll g13) i's secured to the interior face of the forner
(18) e.g. with PR®edi gepper struckikescPRCceFREYopposed axi al ends of the
former (18) are CcRegaddbyg diFdgukeka,confFligare s psinsronprefiteestiabd) ,

€.g. 20 of rubbel¥sahlerl 1E8at £ fol )é’“lsﬁ?si:a’?néﬂﬂ%ﬂ rWcklngliar paRdH! ar
corrugation (136) near to |tsi[ﬁper| phg&;etogsorm a roll surround simlar

1 Y
to that used%n ™ EIRFENESHARILFREEENR RelPBUBERERRIPRAYT ER AR
The peri pheri es 1af34t:ll¢ namedgnbér srof&iNgsariex’s axfurcarthiogona esordiwartkss of -
the coil 25 for 1 . g.,=by eor | lod o @f Y
or in any suitab g:e%a?rﬂogn.gn'Tﬁgégée% [%/,1p33nrét€]c}t.r?§%§?%t ﬁg sg&eﬁe@nﬁﬁsﬁ%g),
whi ch centre poROX&®Esar Otheri ogngyst heing ag, hllusteabed £a5 ohish 1205
carry between t e uadgaat. Inastkeb|Fisnrgs, dheg six appasédcerni lood-
magnet s (15), £30 4 5@nadw ghi L.ege The_o f e
magnet s (15)15:” é:ibond\gtf&graq%t_%%ngemsleguf%gé%gn?%eggeen?%2£e ﬁﬁ%%jr'?‘li oénés] of
the menbers (59eRAfSated: Rdthagnbrdisidaly or coildeekively| peuk cysed
concentrical | y vindividmaddy wbthive eawhl "colléédBlowhdrelatrizpabbecefittimgt ed

~axial noverment relgtiveg 3.t hgretoey The magnet assenbly is shiel ded by
neans of disc- a tqﬁtalnkeusc?f:eens ?312’1 nmount ed on annul ar resilient penbers

(17) supported on t h&LFHEE 3R FhPEs PG PFeLFrential (Yransducer location
20 as indicated above for substantially true elliptical panel

member of aspect ratio 1.182:1, i.e. at 0.43 and 0.20 of
major and minor' axes from centre, as developed from ell-
iptical cylindrical coordinates using the equations:
X = h.cosh{u.um).cos(v) ¥ = h,sinh(u.um).sin(v)
25 where h = V/(a? - b?) um = g.tanh(a/b)
having constant values for u (0...1) and v (0...m/2) at
{0.366, 0.2397).
Figures 3¢ and 3d likewise show substantially super-
elliptical and part super-elliptical/part-elliptical panel
30 shapes, each with the preferred transducer locations being
as indicated above, but only shown in approximate outline.
Regarding Figures 4 to 6, Pigure 4 shows a first dist-
ributed mode panel-form loudspeaker (81) generally of the
kind shown in Figures 1 and 2 and in which the frame (i) is
35 replaced by a baffle-board (6), e.g. of medium density
fibreboard, having a rectangular aperture (82) in which a
distributed mode radiator panel (2) is mounted with the
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56 stray magnet field surroundi ng the panel adjacent toprth

t ransducer. The transducer arrangenent (9) of Fi gureTliLﬁaSH, EP‘%LB@EN

conpl ementary push/pul | drivers disposed on opposite sides b of tHEL

(2) to launch bendin waves into arigid | i ght wei ght di stCTT but ed nbde

radi ator (2) coMQYO¥g a core (22) enclosed by opposed skifS/GRIgP214,
cause the panel to resonate. Coils (13) are rigidly fixed, e.g. by neans
of an adhesi ve, on the outside of a coil4% orner (18) to forma 10 voice

coi | assenbly Wh!l.ﬁ@e*:ﬁ %Qiéﬂ yop%%%itﬂehtée §B§8§§90n (P! T o, %‘g&on #E1(e21)

of the radi ator pane ad'heS| ve
Magnets (15) are @ﬂE‘Fos‘éd canbyh%]é] r‘§1%‘¥ f)%‘f’e§r6$14?ncbﬂ% BRANPY cRE very
disc-1ike and isclosditpesadlnit M itrangdbcple(y) do@eslceibbe fort Figured

each 15 coil fo 1 an of,her r heral

fl ange (162|) arr ngeag g;s ?‘F’%Bé}&]e‘Y%OﬂS’oﬂ% \%%f’inﬁ\iﬁ%‘(? 5"? é l (‘&3)
whi ch i s genebal k¢ eycihelrth:%llpanﬁlsit&p@au§e itatepangednate plarsaaqudemw an
through an apert gpgubede ¢1{\:I;\h_e panel (2). The fixing nmenber (93)

d . I I t h_ f d wi.th
head (95) i ch_ar £ TSR Ay SFROIOIRPAANSR BREEREE BSTAL I, Bok-"

respective pair miker@mgdgsers (8) thaviagplae top @LA8krsa Dbotdkgmt hehd?)The

conpl ementary papgsogéat beads XE 1) ehYhck (199) ahe seppid (omslnery
ri

conpl ement ary screwthreaded 2 rt|o 60 . . The fixing er
may be of any® ErSBFt A )Ine? “&ﬁ Kzg) r°)°ﬁl§1"§ a‘?i'!ﬂr}%c

arrangenent (9) migEtgeighﬂmstsczbutedlrgpdb ywadiatpedpameX I‘(@) of t.bmddix(dZ)

adj acent to the ?g%&%%éd(\f@%h Q&Efe'r%nb@st 3l qured QUR bﬁd té’n&h@o a

resilient pads ( 05| t lone ose to pa el
aperture (29) in@nfieke (22} RRLL58%,R¥ 8PP %% 2Weh The %‘}ﬁ:le
Figures 3 and is3supportsd tﬂmetheaemilnmxre/\usksbyauéammolﬁ besudt ropndanes

into t he I%a”%mBhéﬂéréﬁ%]eﬂﬂa%Ct( Siueet Qesffirﬁ)'dfeg.agaisrﬂﬁher. the

respective drivers

rans ucer of . Figur eneraII
simlar to that of mr@&,sguggg Hde +i L%t e‘?’lﬁe& 'Fo?‘ Fa(ﬁ?ﬁ@ﬁt"gF Y

only one side of Fagpzesl| 9( 2) .17 Taisndureteadngrbal lys sanblgxclusively on the
inwardly directed face of the panel (2) in a predetermined
location as discussed above, to excite bending wave vibra-

20 tion in the panel to cause it to resonate to produce an
acoustic output. The enclosure (8) may be formed with
ports (102) e.g. in one side (150), to enhance bass perf-
ormance of the loudspeaker, including of some pistonic'
action allowed by compliance of panel mounting in the box.

25 Figure 5 illustrates a further loudspeaker (81) geher-—
ally similar to that described above with reference to
Pigure 4. The loudspeaker comprises a box-like enclosure

{8) consisting of a front box portion (52) adapted to be
mounted on a wall and a separable rear box portion {(110)

30 adapted to be set into a wall, e.g. a stud-work wall to
further reduce the already shallow apparent depth of the
loudspeaker enclosure. The front face (51) of the front
box consists of a rigid lightweight multi-mode radiator (2)
comprising, as for PFigure 3, a core (22) enclosed by

35 opposed skins (21). The panel (2) is supported in the
enclosure (8) by means of a surrounding resilient sus-
pension (17), e.g. of rubber latex strip. The loudspeaker
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57 (14,15) is secured to the surface of the panel (2) by neans of a
resilient suspension (17) e.g. of rubber, which is attached to the

peri phery of the flange (162) of the outer pol e pieces (14). Figure 1lc
shown a transducer k@% of the 5 kind shown in Figure 11b and intended for
easy applicati oWOI42 5 panel surface. Thus the transducer (PCTICBIGHBRIAS ed,
by way of the former (18) and resilient suspension (17) on a thin
substrate (147) forned with a self adhesiv&0Oouter Iayer wher eby the

transducer can bg unted in Slt o] Acc dji n rticul ar
devi ce aspects of®t "‘§ gﬁ\?era Xn?% ﬁh?%ﬁ'?ﬂjéi @%r‘%&&f‘?ﬁﬁe to
transducer conprRigungs 1 ando? cabews | és&e‘abbg’lubas ) ular ofeber kdnd a
coi | rigidly ééé&equfeﬁ Ebe wewi-@é gmrrtierisamaaﬁe@a @é&ﬁrsp'am exémeosed

concentrically wt t he voice ¢ - 15 je potln

the magnet assemy yf (ﬂn Fin;mg&ly dfﬁ%‘ﬁ‘ieq’ diags \wF t‘%‘et ﬁ’@n\?il c?JPI & the
voi'ce coil bebngprededmaptieddt ddgatioyi disy dimoutssed tabawedi st reiwi‘esl ande

radiator: where § j{'ﬁ X! gn% Hggng_nrr%ﬁ‘aqgg ‘;ag,eg ?&dt Shst ANErig

menbers; the axia e_voi ce col ose by caps; and t he
resilient neans FR8PHEEendanPEgduce 2o 3RPUSHIS. oUkRUE.i | nay be nounted on
the i nner face of s:m thdmlsq:ealten’searéorémaﬁwébyvsmple:otb nsxenhha

and/ or be adatfp%1 b0’ mh8SEREd OBl a coLrJ ?ngéxafp&peql r IN |
t he radi ator; e-caps nm corrprl se the res i en nmeans éacﬂ
conprise an &ﬂnﬁ@a%ﬂf allgy dep 1la'ur:|=’E)uﬁﬂ“‘l’&'ﬁ%ﬂs‘Wélgi"r@t |Q9né’ﬁP§F-ﬂ§a}ray

be di sposed overldhkﬁspeakmps ami r ddwee st wadeegnele C ofi ediksperdaiionhein the

vVoi ce coi l a§0 )%Jnh6ﬂyﬂﬁﬁ$$n59 ?&sEbgkg|1°§8§§ga£Qré { Bfifler ?Iy

the radi ator and/or t e magnet asse ener a
di sc-1i ke pol e pFiR gadiakon, aansede e éqade fSﬁE OF i (ﬂ’FlF@eél WasBeReALhi n

and adj acent to fdsﬂal Wt Gsheet,Cdhle asaésbéykert hearad piddey 1of Heh@habhaedof
whi ch pol e 'r’?ﬂif o%ggg.u %n%?ﬂsq_ & arranged to |ie adjacent
ass

to and to surro e vol ce col and/ or the 35 resilient nenber
may be sandwi ched betmd&ﬁ@ 43 ﬁétbSPbar deyieR caspPEts PHCERLF iR¥-
radi at or and/ or éfeidn adindlade nay panelcdyri Stoadspéskent onprdgiey a

~assenblies and voLee 60 byl ti-mode acoustic radiator, drive means mounted
to the radiator to excite multi-mode resonance in the rad-
20 iator, and a baffle surrounding and supporting the radia-—
tor: for which resilient suspension may be interposed
between the radiator and the surround, typically an elas-
tomeric material such as rubber, and may be sponge-—-like,
e.g. foamed rubber; the baffle may be substantially planar
25 or may be in the form of an enclosure, e.g. a box-like
enclosure, and of any suitable rigid material, e.g. medium
density fibreboard, including formed into an enclosure as
of so-called ’'infinite baffle’ form and/or or ported; the
transducer may be mounted wholly and exclusively on the
30 radiator; +the enclosure may comprise a rear box portion
adapted to be buried in a wall or the like surface and a
front box portion adapted to projeét from the wall or the
like, and such two box portions may be physically separable

and adapted to be connected together in desired fashion.
35 Figure 7 shows a floor-mounted panel~form loudspeaker
- {Bl1), i.e. as generally shown in Figures 1 and 2, as a
lightweight rigid rectangular distributed mode sound radia-
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58 assenbl i es on opposite faces of the radiator, and neans tyi ng
the magnet assenblies together for push-pull operati on. Anot her

i nventive aspect is a | oudspeaker conprising an inertial transducer as

i ndi cated and/or 5 described above, and a | oudspeaker conprising a

di stri buted WG usti c radi ator and the transducer bei ng‘"%?ﬂ!ﬂ‘@%l"ﬁo -
vibrate the radiator to cause it to resonate. Figure 13 shows a
pi ezo-el ectric transducer (9) in whi ch élcrystal | ine disc-1ike piezo

bender (27) is- Lo tr fea L Laht (kigid
oyl ol o P gl (@) bha®Bl U B2 C o HhalnaBnt WABLAR (309
an aperture (20)Shavmy sgreerteditidy ansactaparbenigameel(1) 29n a Tdagr gEapdans

]9f an ?dPﬁsive, jmz)mivdntghnstmthn@f-ehbagbhgﬁfoot ((gs?fi) a?doile(libﬂrlagtﬂ‘ﬁ @gshh_e
ace o e pane so.t ha e eri.pher 0 e bende i s
freely suspended 8 jat'° fou%eqﬁne(rgjliyf Q?&iWnFﬁé 55%1‘& (ngl cﬂﬁngﬁi}ﬁ aPtri ng
(25) of B astheds; & gfalmiendsal(86daded thel yweispecthver cdgnpesri(gril pf
fixed to the periphetsanff (e pheEQlEﬁEQGrﬂéi?Z)of OcibaReYs (9)! oft el ree
peri phery of the pi erngﬂ bender . Thus eneli? e 20 trs?n%d cer is energized
with an acousti dtdyERovn in Bigures ¥ pd are Boynted Ak Ane, T8sRa5 IS + s
mass | aunches besrdi mp the pawned (A owihb phedt ¢thext endxusd scheuppositedo
resonate and rﬂ%u_,,c dop aghat ﬁpp)u ' p ransducer (9)
may be covered b%/rpa ongo?%?yoggiﬁ%éjz}tgiﬁl ichst?dsafigggdatl% 55&%51:3 panel _(2)
to protect tHe transddtse@air of tranggucors, () arg ocates,on tle papedr
Figure 14 has a (2) alt gordddterpined becatiof®73s faboad.y Tiksntaatahgemeat
peri ph- ery ; e S5 Of I ) . gLt b '

an adhesive, w t]ﬁét ne&rglgtr?thr gﬁ%%rt | oér)1 %?dt&ﬁggbg%%elr’ﬁ% &3)0%1%?%3?&1%

suspended over #EAAW FrEIYpRries Y kaagtins) agpinst th% Hxtem 182 )t ﬁ&i"h
peri phery (31) odldripe wicthdashe( 8%hsi $86h actscasmttind chadssitshefpaneonvenA

25 . | skl o t t t h
s o (25 618, Slodl 251 dfapeaneiRiilval o ¢ ﬁ@q%utngh(ggisgg ?“%é‘iﬁff‘f‘gnf
1

~the interposition of a danping pa
35 material, e ¥pVorvifrahigwn thepBprpre at °ﬂ’ﬁn£ tal%“ac]t%”stf quencdpesng
applied to the ppesimoiiendaertioml | icaustot hesbratierfdédm corresgondtiiagaadouilrus

to launch bendi ngeyavEsedd O iR RAllension (3) willBed€dhpi4ant, i.e.
PCT/ GB96/ 02145 . 59 |
like the roll surround of a conventional pistonic loud-

20 speaker cone driver. Such panel-form loudspeakers are
relatively sinmple to make, and flatness makes them rel-
atively easy to house, and there is a wide angle of
acoustic dispersion in comparison to conventional loud-
speakers. '

25 Accordingly, particular device aspects of this inv-
ention include a panel-form loudspeaker as a resonant
distributed mode acoustic radiator having a periphery, a
transducer mounted to the radiator to excite distributed
mode resonance in the radiator, and a frame supporting the

30 radiator, the transducer being coupled between the radiator
and the frame to vibrate the panel to cause it to resonate
to produce an acoustic output, wherein frame means supports
the radiator at its periphery, preferably for additional
pistonic acoustic action, conveniently with resilient sus-~

35 pension means couples between the frame and the radiator
periphery; and/or the frame having a portion surrounding
the radiator panel and/or the resilient suspension of



The drive effect of the transducer is enhanced by Ioadrng t he driver
(27) with the mass (25) to increase its inertia. fre—t oy
arrangenment (9) of Figure 15 is simlar to that of Fi gJ}TEISﬁHEE:TcE gBtEﬁHt
in this enbodiment a pair 5 of piezo benders (27) are atthched R&R site
sides of a cavi t 29) through a panel (2) to operate I'n pusTh/guII
mode. I'n this V¥ nt, the centres of both benders ( 2RGT/GBE6/02145
connected together by a common mass (25) with resilient danping pads
(30) positioned between each bender 10 (293 and the mass (25). Such
transducers are trv n.construction and _ar ffective in
use. rcEbRRRHBFSLY pteiaia TS EaRRchECE BYLTH a0aPRe DSER S on
i ncludes an i necauae thier saiddatorated resonadei agda to mgyeatthd  kadiator

pi ezoel ectric bemgesngammam aopﬁﬁwlerrr%%nﬁvet heae@fweraspme HFRTber
to be vibrated, he arran

bei n at a substanti a art of
Lhe bendor 1 o0 pBEg “CoRRETEEHD & £adB R RV 4 oSriL Credding
where a nass5 poriyohe asthsdantdalhy umtighduportihon dxtendingf £rom ﬁizmder

whi ch may be of Ebﬁﬁéahhbﬂﬁlﬁﬁ”ﬁ&r% @n"ﬁcé 'ﬂi%’rahﬁ%ymﬂnémg%xté}%iﬂ?f

may be drsposed centr

her mas secured t
peri phery of th&TBEn ('-an' %‘Ib? St ﬁSﬂér r?é'r‘(fr%n %he

di sc-1i ke bender:amty tthe resﬁ.liedttsusiamsmrb.er Tioen Ord duica toas anm b any

secured to the d e r%rg) 1y Sl oyed
25 to attach tﬁe e%e%&b&g QE ‘ifer ?h‘é‘iﬁ%i# %gs esc ed &n may be
attached to pr&?Pﬁ‘éYsr"’a@Q of rPFr‘é HEﬁ‘B tBopRted o 0F); 3 Vi rh %d

and coupl ed togepheghhypartbmmfrmmsframeto operate in push/ pul I node.:

From anot her inventi S

acoustic 30 radiat o?g\?\nuf g tQ?gr{g]% cer asnﬁigfr %g’ﬁ‘baﬂ 2@1@&}@%

vi brat e/ exci t e OA&trAEPEESMIGE FeRAPARL e vigyE for a oudspa?. ?ﬁg‘q:'o)
Figures 16 and LighEweligkt]16ribdadsdastribitehsdoder s¢¥nd fradiator panel
exci ting/| aunchi giﬁbs@d' 4BORIRNGRs| B ana 5| Obdrh 001 EROD WA P1dd TWiiel 0
radi at or pane nprising a core (22)
encl osed 0SBELIRYFR Q'}Zl}‘a"%Bgc%ﬂﬂﬁes t(Hé"srbaﬁB‘P 3 EePé'sYii\H ef12he

t ransducer corrprel ges of ansediyn 3densitydl Fibre-bbard,q. tdgether definingDa
97/ 09842

60 nmeans of "““ta’héér"% i paﬁel irsj') 8 Fga-écorl %éng;:ﬁ%i ch
is rigidy bonddf PFOYigaff %Eet%r‘??"(ify) (6F59 he 2 Rprel (53 op s¥ig
e.g. by near ofabmorpmdoy asHtexiiad bindprovidéd..iA nelgmetayity it edaimsed
by a pair of po's‘?:%n(ﬁﬂbr waves. The radiator panel (2) is mounted in the
enclosure (B8) by means of a compliant suspension (7) e.g.
to emulate the roll surround of a conventional pistonic
cone loudspeaker and carries a transducer ({9) as in Figures

25 9 ~ 17 mounted wholly and exclusively on the panel (2) at
a predetermined location as described above.

The interior cavity (155) of the enclosure (8) is
coupled to a bass pump (11), that is to say to the interior
of a box-like enclosure (185) containing a pistonic bass.

30 loudspeaker drive unit (42), by means of pipe-like conduit
(90), whereby air pressure waves of acoustic frequency in
the bass region are applied to the interior (155) of the
enclosure to cause the panel (2) to move pistonically on
its compliant suspension (7) to produce a low freguency

35 acoustic output. In addition. the panel is caused to
resonate by the transducer (9) to cause the panel to
radiate an acoustic output at higher fregquencies. An
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5 one of which is disc-like and is disposed with its periph- ery cl ose
to the interior of the coil former (18), and the ot her of which has a
peri pheral flange (90) arranged to surround the coil (13). The magnet
assenbly including the magnet (15) and poles (14) is nmounted on the
panel- (2) by 10 neans of a fixing (93), e.g. of netal or hard plastics

whi ch passes t MR 2cavity (29) extending through the eéhﬁ 14510
fixing (93) conprises a conpl enentary palr of threaded nenbers (91 92)
each having heads (95), one of whi ch heat® bears agai nst an outer face

of the ”ansducea?.é@fi@} md ghsrgsxggéaqa‘ gpgaha,beaaﬁda,sb&%f s8gakDSto dfice

of the panel opposl

the transducer iBeRBuPS®. @iJpa2d Fpej stranginedr (9hetQedrivhe the
transducer (9) amduabpemlej (2) to spr uce t he transducer fromthe
panel . This transduce =\ nt Ly di,ng. t he
panel between the flxé%ég}d%% Lﬁ; cﬁﬁafv:o r%&llc 1 ltg é% a‘%‘g&st ﬁ'g'
signal is applbi egntiont énch@deranéguéépealm aozmpﬂi@zlmgt @rbeemmme§u n

Eg)e f Fpanel tl 3aeaﬂ§e1¢tréa2d5&&0aat €he enclosureTha bbﬁﬁiﬂ&ﬁ@rs@éﬂé{ﬁ?&fﬂtt
‘0 I gure I S SCri a
t he transducer EE é‘SFrB%S’r?ejraﬂ 5&&? ﬁﬂgft‘)l?f) %-P?:]/Ié%%%‘? C%
shown in Fi gmoeemenm:sqi@s:ddeonhep@m ta@dstdessmicememepaﬂefctr da:iving

fixing menmber (9% he'éa&ié@d}ﬂ,e%hb%@ﬁséhé &raauahoem@raﬁ %@-form(d%@tﬂi'i:—l he
panel (2) to_tie anel

hg V\g rans cersd&oget h tge
fixing menbert? 935:6 ofPre 2° s &8 r(? F@ﬁﬁ?\ S9Y BRS¢ h
formed with a hewtlol®8) and emtthtsialreé-yclamp@heagadaa‘tctma@xwabreiwrdmet I es

of the res- PE4LL¥EPE lefiisd ri%”%é“ﬁ@é&natﬁeg) atn‘a 59uabsn& hfoﬁwa»ﬁfﬁg :
together. The c Ierrenta art.s %}1 | XI N f‘5: %ﬁ?

secur ed toget her Bg Ebﬁp?% Th s RS €0 caBSFt BRsTR a% O The
fixi ng nenber napoke pfisanpisallnbl ewhere neherait prgssyprastanysing mesnd .

In this case, s Ngall 808prise an air pudf, 93&99%% subs:.diary enclosure
PCT/ GB96/ 02145 61 ducer gw ce (99%#5

rigidly clanped PESEABLG,AZEVES) mpynted (dn, Lher FYR[ILIREYS
hard pl astics, pwsapsogedplinpethweintdrioranef &he rbeppotme(e_mqlcai}mﬁent

to the aper- iR (3 ahierShyedld iaVSflUpRSQURI Spy OubRUBS N dpendidng S

s ang e ol BLebphLp 5ged S EElbaniad e nd rsg aBEiBenEe) v |
aspects of tH0s anousticehly@baqmleu&ewam,bleagl onaddm,dmarbecpm\bmde a

menber , in the said enclosure and/or in the subsidiary enclosure.

Regarding Figures 9-11, Figure 9 shows moving coil

transducer {92) arranged to be embedded éntirely within

interior of stiff lightweight distributed mode panel (2)

25 comprising a core (22) faced on both sides with skins (21)

to excite/launch bending waves in the panel. The trans-

ducer comprises a _coil (13) embedded in a fixing (16), e.g.

of epoxy resin, in a cavity (29) in the core (22') of the

panel (2), and surrounding a cylindrical coil former (18),

30 the coil (13) and former (18) thus being rigidl}" fixed in

the panel (2). Mounted in the portion of the cavity (29)

defined by the coil former (18) is a magnet assembly

comprising an opposed pair of 'magnets (15) separated by a

pole-forming member (14)', the magnet assembly bein§ mounted

35 on the inner faces of skins (2i) of the panel (2) by means

of opposed compliant suspension members (19) of rubber-liike

material, e.g. foam rubber, which are adhesively bonded to



such as induci ng bendi ng wave action in a said nenber here- 10 of, having

a face, wherein a voice coil assenbly has a coil rigidly fixed to a

t ubul ar nenber, the assenbly bei ng adap- ted to be fixed to the said
face of the nenber, and by a nmagnet assenbly conprising opposed

di sc-li ke pole eces the periphery of one of which pole pieces is
arranged to be @ﬂ@bosed with and adjacent to the voi ce coPCTABIGOA4S,
and t he periphery of the other of which pole pieces is forned W th
a surroundlng fl ange adapted to surround aﬁe to be di sposed adjacent to
t he voice coil senbl and wher.ein net assenb | s adapied to
be secured at i ta%‘ %’ee"'zc? SRS ang dt‘?re ﬁﬁ) IE)jeoRn%‘f AES Fnd¥BF the
t ransducer reaspesives skingi (gloeafis the vanele t Rhenmgguetasssemblyt o

the menber, and/ prgtilvg §kxthes meaauoﬁ@mtﬁ@nyf ast ene co:.an&3§1d@1Eﬁ ed
to engagelna rse a

spacer 4 or spam%lat’%'@lggrfnﬁﬂgfb I&Bﬁ' Fufﬁﬁnﬁﬁ?lé H ces 0H¥ﬁ§85

nmenber; and/®r (Se opdpates tOthaNnCmVamsdneebenQynmowgveseinohheepemehry
\c/)g:oge coi | sgzsfegices % :.hl’i'faﬁ W%@%‘ﬂ%gﬁﬁ@i@hﬁdd&%rﬂ?’f%ﬁ ”Qfogf
the magnet assen®i§ && gﬂ"ﬁefmf SFTgﬁyﬁ?p%?Fjra]o ih‘%oﬁ%tgﬁen %ebg,taglnet
fastener havi ng desedliyt a;qq)otheecemdls anTheddpi eel/excitationgogkLadie is

respective ”agneén@a%%@abbyeﬁcfé%mﬁhanﬂass of RhelRAGREY LNEMNT. NIrR
pair of int ere ortions and haV| ng 6‘gacer
a

means adapt e fo?geraq:l(ﬂnspﬁ.z‘l E‘?ﬁﬁéa?j‘fjség’[ FEAPRRCI 8%t HHACS TR BEeRf f or
sand- 35 wi chi nthdatagwet tdesemddyedis \relakgrnelyadaegel inscangathson to -

opposed faces ofgyf d&a%ﬂenﬁgnéi éﬁgﬂﬁﬂait;QVSEttﬁﬁfﬁE&KE% ﬁﬁgm%ﬁgsﬁfliron1

a | oudspeaker of distributed de acoustic
PCT/ GB96/ 02145 tend to hold the magnet assembly g'gatlonq.%laé{doltot Vb@rﬂﬁ? eof

havi ng a transdutkes medexellalhd:dehiao'meretmoupl ed to vibrate the radiator

to cause it §g resonag oﬁgg bggnfl 1eSt,_Ja§,ﬁh‘ﬁc%}, (Ehggﬁﬁ%iﬁr

. 1

shows a panel - form Ot?ds;?easﬁler gener y sim

Figures 5 1 and ¥°afhafn sRRren itnnep’cﬁ ¢ i pupBd RIFengsfAeItq Jpej embedded npg
with a generall yenwarygmmmpmmmﬁe&zbrmfhan stifift a:.h;httmdaghESdis—

whi ch i's mount edeg; 5aGNddliSt FiPMERSE a,{gzldd @etwe UoSk g2k Blg Y PaRS! éﬁé)

with a resilient SUS ensi| on L nt er pose e respectiv

panel s. The pafRfedovisy pkip né?lll),lctt@d hapnche l%e&Wé'nr?aﬁF?e‘fe s1BtR FhRel
(2), €. g. 20i thameXentthal transd¢@ey Hpdmafomgedkamsa (Riulathassemphyel

(4) is driven byglts, oWl thiaNsds CElsdmb1y e 4 panel (2). As shown, the
panel (2) is formed with a suitable cavity (120) to receive

the transducer (9). The transducer comprises a coil (13)
fixed to the interior wall of a'cylindrical coil former

25 (18) e.g. by means of a rigid adhesive potting (20), the
former (18) providing the outer casing of the transducer

and being closed at its opposite axial ends by lightweight
end caps (119) which are rigidly fixed to the coil former

in any desired fashion, e.g. by means of adhesive bonds

30 (220). The assembly is arranged to be located in the
transducer cavity (120) in a distributed mode panel (2), by
movement in direction of arrow ‘A’ as indicated in:. The
transducer is fixed in the cavity by means of an adhesive.
Mounted in the cavity (29) defined by the coil former (18)

35 is a magnet assembly comprising an opposed pair of magnets
(15) separated by a pole-forming member (14), the magnet
assembly being mounted on the end caps (119) of the coil



whol |y and exclusively on or in the panel (4) at a predet- erm ned

| ocation to produce a high frequency acoustic 15 output, while the panel

(2) is driven by a separate trans- ducer (9) to produce an acoustic

out put of |ower frequency, so that the | oudspeaker can readily enconpass
t he whol e acousti c spectrum ' Figure 19 illustrates how a

di stri buted nmodWO93/842(2) 20 hereof, or exanple of the kind F&IEBIFP2145
Figures 1 and 2, can be driven to resonate by a pair (70,71) of
transducers (9). The snualler one of t 198 transducers (70) is a high

frequency plezerectrlc n ducer of the nd sh Le
24; and the | ar éﬁE?h ¥r§?§85ce (%os 2§° ﬂf,\%nt elsélcs ro gﬁamc
kind, e.g. as sheawbsxs Fl1AX e9f9mbbg$r-like matqnea.h afsg@ucEpam TRLPEF, ar e
driven by an awmﬂiélﬁrare adh&hvemypbsﬁaea B8 ehé Shadreti mesrmgcameto

transducers with nt er i tion ste transfarner (72) nd
nat ch- ing reR§ s%ﬁgﬁ’é{?’%f&#?% P né: o %é’e?ﬁté‘ 78 { s“tﬂ.ﬁﬁ(e‘ ﬁ
view of its rgl aiagmedty afswlmblgl (age rSEuis cihaust moﬁngedecmentrﬂdallust pat es
how a distribut eﬂaémggefarﬁh aN&l0hxs £1 By movaﬂgy g iad s%%@ﬁs'i@n

Figures 1 and 2, can driv alr of transduc g&& é
the transducer ({9) beThs tran%p%ed:n (Pﬂeg%mé%lt@z al'—lP%’bf?’F??"ieri’ﬁ g
e.g. of the ki ndeakbeshimvwthen ﬁa@urQZMbyndlbhatin@ntdmmse( u)caliemegla | ow

frequency piezo- %t&é rt“[aq:tg_gQU %eﬁg}gelkl i3 520885 nwasw3 55 bed

-15. Reference 1 | cat es t 9842
PCT/ GB96/ 02146 above with reference to the embodjment ogugégu{qég. i s

wei ghted with a nass e itmimedueeirt $9) neft Fagure iteid riantshdedr as( 240 16%)

are driven by a I,gf@ué 2 bAOnih canCl By A3 AA0NEEI Pt dhRall !
th

with resistors nt er twor k.

5 Figure 21thiekRasmals 2hohsETIPWESd HIasi DRSEd fahel Th9 transdugsr

(e.Gg. 6(9); tpe Ki ndeotipiisds & gyieadiiean apmarfdmerh cnra)vgﬁudm:éﬂ paor be
of elLectrpo am.c_ tr S e e LKl

Figures 9 - 55 ﬁ'h’gg@’r g%s ucgg ﬂgg§%8ff & ﬁ%he e ilﬁ % % re tfélnrag'ng

driver and is thaBeBtung (Z8) iRdtEeapRRel V\kﬁa)r-eaé Fﬁé tl(h%bo@kesre‘{”&?}i
i ntended as atheVihtesimnSacd iofethandoraeef (D8pheigduditindhe aidhef

transducers_(68, ggg%ﬁesiq;é.veg‘%mh 1?;?5534& QxiBY &R %g%)é Il e??rmezgl 8) Wighld &

capacitor (77) in nsducer as a requency
di vider to pass @besedbi ﬁésﬁrbhkﬁfi’%i@d@@ﬁcﬁu@%m% @eﬂﬁﬁrﬁrfﬂ%)du@eﬁ -
(68). 20 Paft irabbaf biveails Ve kicViemnsaecihicncisd€ommednetith an

annular corrugation (136) near to its periphery to form a
roll surround similar to that used on conventional pistonic
cone loudspeaker drive units. The peripheries of the
members (59) are secured to the axial ends of the coil
25 former (18) e.g. by clamping, with the aid of an adhesive
or in any suitable fashion. The centre portions of the
members (59), which centre portions are defined by the
annular corrugations (136) carry between them a magnet
assembly comprising an opposed pair of magnets (15)
30 sandwiching a pole piece (14). The outer faces of the
magnets (15) are bonded or otherwise secured to the centre
portions of the members (59), whereby the magnet assembly
(14,15) is located concentrically with respect to the coil
{13) and is capable of limited axial movement relative
35 thereto. The magnet assembly is.shielded by means of disc—
like screens (121) mounted on annular resilient members
(17) supported on the panel (2) to prevent or limit the



form | oudspeaker having a distributed node acoustic radia- tor and a
first transducer coupled to the radiator to excite distributed node
resonance in the radiator, and 20 having a second transducer coupled to
vi brate the radi ator; where the first and second transducers nay be
adapted to “Perate in different frequency ranges; where one of the
transducers may B842| ect romagnetic type and/or one of PRE/GBI6/02145
transducers be of piezoelectric type; the ganel-forn125 | oudspeaker may
have a second distributed node acoustic 6r adi at or nmounted on or in the

first said radi I Il S n tweep t
first and secon%tt%a %naett or":gj'%i %P.}:Pgﬁaggg ggﬁcégﬂg ﬁgj%g%n\r,fégovﬁgﬁ y
and . excl usi \Fé’-la}ﬂsé-ﬁcﬁﬁe first radiator and the second transducer 30
bei ng whol Iy and excluel ¥ehysdBeey %&rﬁﬂgbﬂ@nﬁemn@)ﬂ g are 113 bBhpRDEEST

the second radi ator un rture in ato
Fi gure 22 shows cgrwlgfn'epé:%?gdp“%g/e&g@hg:i'i(f)rshg}%?sed on ?fyoégkfofi?’—?ﬁur es
1 and 2, intendedf fbthe upanpdt {23s to 3baunchispendingamavas dndoural régddver
or mcr ophone Ell@‘htfw‘é&ght dil§€ril5ht¥a hBhérfé‘dié‘L%er‘é')r@&ﬂﬁﬂsin@ thHBQ not
O 4y T OHDS She1b5aPBYlpddded 2TBE" 50 NS SHILOURY' BYnLEAFE
64 (1) and ne&aoalattmh@dlla (1) farsnpigidly fixed,i eng. s meagisopf an (3)
:02 ﬁhgf manpgr ?3%4!%3 dikref ]girihg%%elo%%iae ofhg fcbimefbimer ¢§al§pgagféﬂegaa

i Wi |
(ot shown) - Torhddkaseiodid’ ARRBEREE wLth. 35, soasdhy Rondeh £5, 158 Blepped”
out put by a trar&unﬁaae skin( 921 who € htlien Madiiatos pamakc(2)d, teoganbydmeaaa by
an anpli - @poxg aahesiw%&@qlmal SOug EEES( ) p%'r@ ghcybbeation

sensi ng tran ducer eotTi & Benders as 10
il lustrated ear{¥%r? a‘aﬁﬁj @ I‘e‘dI |'n°f9§r I éﬂh ich dsi \9&“" tke 3pd) 1s
recei ver and cortisgomedr wWids) itenperipbiery alvse wutyhe ipEériorAnbt ech

vi bration trfﬁlscumr fo(;ﬁ@: Qi ghNeana Eﬁl@e&tﬂ%&e Joff- vﬁncfhs 123 lal %r%ﬁS?ﬁe

I's coupled to dr I'ter/correlat or t outg fromwh

the 15 signal r ’\Pér (&ﬁ&)cﬁﬁﬁ?’???ﬁneﬁp @gFovag pRovekt siigial A fixing
correction. Suckemiewmpl| ¢93buwbpebkdés/ Hemeaplidye dydsndirdeal :Lnscsip@é ois
i ndustrial appligatdfea etcg pd&¥ EPSelyP Bird¥ifTan apelflrte/€(AWVi{pNERAL.

Accordi ngly, a particular i C ect: of this iInv-" 20 entlon ar.ses as a
panel - fo?myl oudp (%av' ?Fén %&ch. gi Bember {(93) comprises opposed gen-—

20 erally complementary parts each formed with a head (95)
which are clamped against the axial extremities of <the
respective pair of transducers (9) to couple the drivers
together. The complementary parts of the fixing member
(93) are secured together by complementary screw-threaded

25 portions (160, 161). The fixing member may be of any
suitable material e.g. plastics or metal. The transducer
arrangement (9) of Figure 1l1a is not rigidly clamped to the
panel (2) adjacent to the aperture (29) but is instead
coupled to the panel via resilient pads (17) e.g. of foam

30 =rubber positioned close to the panel aperture (22) in much
the same manner as is shown with reference to Pigures 3 and
3 whereby the transducer works to launch bending waves into
the panel by inertial effects due to the combined mass of
the respective drivers.

35 The transducer (9) of Figure 11b is generally similar
to that of Pigure 11a but is intended for attachment to
only one side of a panel (2). Thus the magnet assembly



uted node acoustic radiator and a transducer coupled to vibrate the

radiator to cause it to resonate, wherein a second transducer is
coupled to the radiator to produce a signal in response to resonance of
the radiator due to 25 incident acoustic energy; preferably with the

di stributed node acoustic radiator nmounted in a surrounding frane b¥
neans of an int MPYE2, esi | i ent suspension, and/or having éﬁ%ﬂ“ﬁ@@?? t Wwo
sai d second transducers at spaced | ocations on t he radi ator, and/or

having a further transducer and means 30 f &7 conparing the signal generated

by th h ' | t f b
The said o cecbifr 19435800 cbA 0 RS bkl | paBE S0 BY BLEHs"Y
may conprise a sP§ndl rPEéLioRE SNEPeRHLR i bhEY and- sPHnambber, oWkpeR ASans.

35 Regar di sxgtded Mwonae, ppaiphéery & ehien Flahgedyté2proft &he oukegur e

23, a distribute el nb e I d, deser .bed
for Figures 1 argo'?%g%%%oéégfécgi\?gg% i%‘ #héln %rgggéﬁg%g (‘ﬂ 2 ltRS
PCT/ GB96/ 02145 kind shown in Figure 11b and integgded fomfeasy Appidicafion

appears as acousgd G Palkled! EOPfAYE! tTh@s théa¥dnsducRrP(9) ef & Hotntieaht Bg' ght
panel structure aids sensitivi té’ and the gl bration may be gg?sed y
one and pr ef ¥3hISF e L9M5i% YEAaPRY FPEAH ﬁ%%r%‘fs%efb%/ ogx ( on a
pi ezoel ectri c typeimssubstrabted (847)i dormed piikhala t yebf adhesiavedoovkes and

transducer placeippdr RAfdAdr3NTnePitkEhs®fcer ddif Hilabhhtell 14 Qs #3%d.r OM
the distributed panel t he _desired elegtrl t put

| bra- t t |
signal . Pl acéflent %‘?\%ﬂf{'ﬁnr?éyi'nl On?flf’ga)ﬁfs?'efﬁcﬁi BRPRBES © Zﬁgggy, nv=
preferably 10 vaentinid yidtcdudeash bdheptialalvidbratdductransdudmacomprisheg

panel , while the,paughel icthl Sduidyays: t B Ghare Menbler arfldlakoll
equi val ent geonet r%%q or good dal, . di'str.l liutlon oun ener%ly .

i nci dent on t he FR$HALY sTE8RGetPedoh tPPulan JRemhpfe nRndRAgehaRsse
vi bration, whi chdhsgosel ssorsmhtinicailyopitbinh the evaidde cebidgmandyidesadi-on

transducers, 13nd; 4H€ mead€SMpdrtidgMtabORAgRE §98emiY CFdr 86@la1l move-
applications a ensor,_ 1s_effecfive aced at” a, siI na})&p eferred

sJ ngl Bl
or opti mum t r’&ﬂ%ﬁugéiaiibgﬁt iton. tReyr VA Eﬁ']eF°86al ifg"f, Y*tPho eing
reci procal naturadaptede o ebeai rigiahii ngowatedi rntpanel d2ftrimtiedy mode

transduction pri pghpl €oXONGHdRS tHY &d28§98nk OmBEns -maly?‘k?‘&ﬂﬂts% %?ﬁg%@h-
1
2o

equal Tsat | on to SLARTPRETLC MeRBeEs SBRIRAL JORLE: SEhe SEhh FOILoBRYng
to capture 20a beooliesed phefearssl \ands theoadsaliput sidans -nagahe mogngedt he
on the caps; the coil may be mounted on the inner face of
the tubular member to form the voice coil assembly and/or
be adapted for reception in a correspondingly shaped cavity-
in the radiator; the caps may comprise the resilient
25 means, say each comprise an annular compliant roll
surround; and magnetic shields may be disposed over the
caps to reduce stray magnetic fields. Purther, the voice
coil assembly may be adapted to be rigidly fixéd to a face
of the radiator and/or the magnet assembly may comprise
30 opposed generally disc-like pole pieces, the periphery of
one of which is disposed within and adjacent to the wvoice
coil assembly, the periphery of the other of which pole
pieces being formed with a flange arranged to lie adjacent
to and to surround the voice coil assembly; and/or the
35 resilient member may be sandwiched between one of the pole
pieces and a face of the radiator and/or the transducer may
comprise complementary magnet assemblies and voice c¢oil



25 conplex vibrations of the acoustic panel. At |least three

transducers is preferred, and they can be inexpensive piezo -electric
benders with their outputs connected in parallel. - Al ternatively, larger
area pol ymer piezoelectric filns may be applied, say with suitable

geonetric pi ckugvcpatterm ng 30 to define the vibration integration areas
for the require ¥Bti m sation of sensitivity versus frequdfECBERMAse.
For m crophone applications it is advantageous for the panel to be
light, preferably as light as feasible, t 0 3 o- vi de best avail able

mat ch between t 0 35, .0 e nseguent bend| ng
wave Vi bration |£;1s%%%ﬂ 8 n°ﬁ ?ﬁ@@%@%eéa%%g },P ‘é-g% sgﬁ ?g A% tg |Ss e Peved
with « |ower otYiQﬂ\esth%s@awt urﬁﬁsqr@?-‘d-@@ oftq%télle§ fogor P@?Sh-Pull
WD 97/ 09842 operation.  Another J.nventive aE@é@BQ@/ Oglﬁ%udspeaker

66 single trans lucer cal cul at the theoreti
I ndi cates an opt‘??fﬁg sr“lﬂ%ggﬁenﬁn#nt%aadl ﬁﬁaﬁ§&f%ea%t a(§ne él%aeiheé ngmd/ or
t ransducer | otatdescribed ghove, ander londspeaker compriysing onalistrdbutede

'voiced' at the goddeddoddtieuelaiftod AR |tHd ityBRLANEEE: by cdupledspeaker
devi ce hereof) ustrates a distribufed node panel (2)

as a said nenbEPTRES etc}’feg r@‘gﬁg;ﬁflé 22488 N For £8590AKR- 2

i ntended for use as dFipwned T:cehows Orpmezpophen’erwltrb@sdﬁcmuhﬁbdlhn a
surroundi ng frangn{dy @'Biy%ttraﬁ(ihﬁg dﬁséiﬁk@ plferzérrﬁei{d@r a(iﬂs'ﬂé fidlinted

2 o
s Buspendedidn Bt byt Centse i ane p3g) of i JLMtyRLANE Iy i ipttioal
floor-standing bléckng3not siM)foaﬁhplpahed:s ivhigdhouws rigidindixedadnay

of four vibragj Oi‘péfﬁfﬁéiu(%f S 1663) d&@%&ﬁﬁu@é@rmé&@ fh’ﬁl@to%“%a%@l"‘"l%h

may be piezo-electri transduc 24 be| ow

whi ch are coupl e8*¥n ParlgaPs © oalhﬁd\‘?@“vea gﬁ‘%rﬁﬂ% 888 g%ﬁd: oRdPEFoner
(65) connected t (28h projmating feep. thelfade of tthenpavekr(3)oct ithiats &he

di agram gt erfﬁli’eﬁf?t(%%') boc@ald %id@%”(ﬁ’i respead1 aéuéﬁérfd*é’& %EIE]Q—20
of the transducer % fere |nat|ons of th%,.n‘xﬁ %I ca t
3/7, 4/9, 5/13 cB?’ﬁgﬂr ?e?a d'gh? H pfQhpoAn anmulay EGBFdl( ar e§’
whi ch as noted phastipsee3g. amenex.)@bglroaded poliyvahiyychbonidd dse rtigddiiyer,
especial |y for 3¢7xa@tdthe perfﬁﬂhﬁ#%‘@‘tﬁ@ dﬁf&éé ‘b‘éd&e@s(%f‘g&&a‘a& hn'a'&‘és
perhaps even 25 _bejn Eeasona con5| d dtéalvel )&‘ a Si ?1% sweet
spot” for a smal F° lét%l &8 © tﬁgﬁgﬁl%ﬁ upeR gt
accordi ng t020hoteansml¢hmat%snesgeg@wfalth yan acoefstectsm&hr ﬁh@u@épsaker
enbodi ments as ngégdeAPPYF) vibrates and due to its mass launches bending
waves into the panel (2) to cause the panel to resonate and
produce and radiate an acousti-c output. The transducer (9)
may be covered by a domed housing (26) which is fixed to
25 the panel (2) to protect the transducer.

The piezo-electric transducer (9) of Figure 14 has a
disc-like piezo bender (27) fixedly mounted by its periph-
ery (31) on the surface of a panel (2) e.g. with the aid of
an adhesive, with the central portion of the bender (27)

30 freely suspended over a cavity (29) in the panel (2) such
that only the periphery (31) of the bender (27) is in
contact with the panel. A mass (25) e.g. of plastics
material is attached to the centre of the bender (27) with
the interposition of a damping pad (30) of resilient

35 material, e.g. of an elastic polymer. Thus an acoustic
signal applied to the piezo bender will cause the bender to
vibrate and thus to launch bending waves into the panel.



Figure 24 shows a transducer (9) for a distributed 30 node panel (2) in

crystalline disc-like piezoelectric bender form (27) nounted on a disc
(118), e.g. of brass, . which is bonded to a face of the panel (2), e.g.
by an adhesive bond (20). In operation an acoustic signal

applied to the transducer (9) via leads (28) will cause the 35 piezo disc
(27) to bend andVORUWEcal |y resiliently deform t he panel PCDGBRGH2145
| aunch bendi ng waves into the panel. Particul ar device aspects of
this invention include a WD 97/89842 .
PCT/ GB96/ 02145 . 67 . nel -form m crophone
conprising a di sEPPAFEEC Bt RE the HHRSIRGHE! lﬁnﬁgg?n?% siéy o#%aél&g'
transducer each &bepleivend27y withrthemasssi(36) yte dnoreasenbts treptiriuce
a si gtnal |5n resp- ﬁﬂéetﬁasrae&e@?aﬁﬁ?ﬁéeﬂé&ﬁ rttgryb'sftxd%@x_zt& 1sN€E0@fthilar
acoustic enerqy; er._ prefera i ng noynted i sury - :
oundi ng frame by%ﬁeﬁhggo‘%ﬁqﬁeﬁ60§§8°¥55ﬁ§€rftn %ﬁﬁo??ﬁogimﬁﬁél%rpﬁjtﬁr e
being at | east twd piedot bemdeht ef27 Jatarspadtached| onabpposibe sideserber
and/ or a further d B r - [ '

cavity ]E&??]e?:fll(r):i) ?rhé nge:ﬂadgéuq (9. AP dted S 2%busil/pull

response to resonance o e to i ncident acoustic energy,
and/ or means for mode.coniitHG (HFanapRentye fdea e R IFes: 1F ROtP 1heRdRrs
trans- ducer (a7t h ddeatcarmeicitede tgayetheirebypyat bomman dmhsans(25) with

ducer (s). Suitabl ié%- , 5L ' | nd
condi ti oner and §?§%§@§Et ut :%ggggdgﬁﬁgﬁi?é%dﬁ} ufgggk’ﬁggee%%%%%ﬁeg
menber may bd% dJ&7Pf apﬁgﬁgﬁer“gﬁﬁ (25) panSncha FEARSEUGRTS REP Eelatively
sandwi ched bet wegimphkiynsn esustructiion andcaed éffestlicerinmmsehe a

pi ezo-el ectric device . [ . ceill] [ (38). Of o4 he
ki nd adap- ted toASg_og?ﬁ)n lﬁegbléﬁt%%%%ﬁ?ilé%guéé %%I%db? rﬁrfg' s(_9'{9!}‘;t0
20 form a suspe@&doBeiprhpdes An ihevtial vibratign sraps@ucer hapag &
(81), generally ?ﬂatlbelkkmbmeiclt_r&bgbeﬁdei adl means2adbptedi to timowety
conprising a,stl EQME 1 ght 2 1@5&1%“ a I ng
a core (22) é‘n%clcgggd ]%)y ¥ S iang]d% Troril:?bo egzl[ es. hggbgngfi‘?é%‘?%?y
nounted at its 2%eipgr FRRRrYhah &y spdsitaptial share i ke Bpndert b&FPagAshr
whi Ch‘hi 3 suppor L @domn thb emdnbsre £6 8 Poveiients tepaksventiedeto; wheyebs mass
attached to either t t e . n
adhesi ve, but ¢ pa o%%egg{g'g%eén% g;g:eb%akﬁ s%#%ér‘?’fty“é é’%%)‘ g¥hg§g;§%\%‘?‘i?’%
carries a transd¥whdeh(may I ofecgystalline foxm, spewiise-Rilkereshe ety to

l'aunch ben- 20 dinddnéanesSmaftbe ldEsHoded dentGaUI ithet@of £SANAL Ehé Omass

produce an acoustmla(i, Bgt Qé'éured to the periphery of the bender. Alternative-

ly the peripheral margin of the disc-like Dbender may be

fixed to the member, and thé mass may be secured to the

centre of the bender. A resilient member may be employed

25 to attach the mass to the bender; and benders as described

may be attached to opposite sides of the member to be

bending wave vibrated and coupied together by a common mass

to operate in push/pull mode. From another inventive

aspect, a loudspeaker has a distributed mode acoustic

30 radiator with a transducer as described above coupled to
vibrate/excite the radiator in bending wave mode.

Turning to Figures 16 and 17, Figure 16 shows a
transducer (9) for exciting/launching bending waves in
rigid lightweight distributed mode radiator panel (2), as

35 shown in Pigures 1 and 2, comprising a core (22) enclosed
by opposed skins (21), to cause the panel to resonate. The
transducer comprises a coil (13) rigidly fixed, e.g. by



In a preferred exanple of good quality, the panel (2) I s made as an
expanded pol ystyrene foamcore of typically 35 100g/n8 density, 8nmthi ck,

ski nned wi th hardened al um ni um all oy skins of 0.1mm A soft foam or
felt strip, some 3mm thick is fixed to the perineter to provide a
partially WO 97/ 09842

PCT/ GB96/-02145 WO 97/09842 68 conpl i aRETFBIMZ4Dy -
when placed in the ceiling frames and . also helps to suppress any

possi ble vibration in ceiling fram ng se@ti ons. A preferred form
of excitations is a unitary noving 5 coil inertial transducer wth 5nmm
or 38mm voi ce cwepnsgof apipAhesiyedarBethbgooRpiidgRled I‘F&Fl@l fogper, ? } he

coil . bonded ghaeatiy tDgidiy pondedstof acsurfacongaat (@dp ofpthe radgnet
system encl osed,and_sel f sealing y S bopd I, I

panel via a resi"laitgﬁt% é‘c‘%ug%?n e??h‘ggiioﬂg ggeﬁgf gg ?ngi\!/j ?%é%jé‘{: a]%ﬁ&gdél
properties and dilfdnsi dnmrgnets{}P) |15 enclosed bypa,PA4TrngL oROLYHI fThti on,

a | ow cost f g myp@i bEnghitheis diG1bRenafdd ¥étdispgiabmith ibanperiph-

paper faced board material,.  whi.ch y hayg. a_ li | il y. for
fire 15 retardaf®y, c&PF?eﬁ"bé/h? owt&%g%pf’gzgﬁ\e/i%rlagir%orﬁleefg?(tlé?é.aﬁ& %(Ea%luced
nmaxi num sound | exdles ®fe wistch kas stperipherak nilange s(9¢) emnrged to

per sonnel  annOURGETRALA, KO 661 PVEH .aNghe mBGREETMHURLTIS tactiuatngbthé on.

The wi de area coverage | i nfain 20 . en N r rhon
conductive ski nSagne or‘&g)afggamiﬁil g’g@d jtﬁwé“‘?ﬁ‘é%@er" nna;i}gbéhfé%tgt ﬂfgoﬁged
or grounded X0 meamsi refaiagn EMOREr E31i.nge of - a0f | Metal | e8 bardcpypstics,
Accordingly, a RafildnC'Ha¥seBOWnERuadhPacica®hi tiyhi(29) Nextendenyi thruglsethas a

the ti1e bei ng Mesle Brm ore Fixti T80 BobBECRER o iibitneidRg opKEE
a transducer ofhdibrgadednmenbers| (91,820 erchubaving kepdshd35adi apsrof o
Lol o Suppaniiclh MMEMSALE Maseenel e b e e e
adiator i s Sppot éaa FPrebReR i thach hedls Hexr d0adREr ¥ gddeldr Phe
being a stiff |imhiedei (3t on tpaneideowdr ithenpanede| oppagiteorie sthati €Red
byt P: ﬁh, .mﬁﬁ g |r ug gn%irc;fn !‘c'ru]alas transducer i}QﬁoﬁﬁS&@f? ngspﬁbégafﬂfﬁ)s disdtpappeal
gch)I yst 3r ene foarﬁ%‘ﬁ'fq‘?%gzhﬁ I%ng’sgléflg’és( rle P\%grtégr ngﬁg}%ggp}us&y sp2utldEng?
transducer from the panel. This transducer (9) operates by
20 locally resiliently bending the panel between the fixing
(93) and the former (18) when an acoustic signal is applied
to the transducer to launch/excite bending waves in the
panel to cause it to resonate.
The transducer arrangement (9) of Figure 17 is similar
25 to that described in Pigure 16, except that the transducer
conmprises complemenfary push/pull drivers of the kind shown
in Pigure 16 disposed on opposite sides of the panel. A
fixing member (93) is arranged to pass through an aperture
(29) in the panel (2) to tie the two transducers together
30 and to the panel. The fixing member (93) comprises opposed
generally complementary parts each formed with a head (95)
which are clamped against the axial extremities of the res-
pective pair of transducers (9) to couple the drivers
together. The complementary parts of the fixing member
35 (93) are secured together by complementary screw—-threaded
portions (94,96). The fixing member may be of any suitable
material e.g. plastics or metal. In this case, the trans-
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69 transducer | ocation can be applied. Such a ceiling tile

| oudspeaker does not require a frame, chassis, or acoustic baffle. The
entire speaker panel is unitary and may be placed in position just |ike

a 5 passi-ve dec¥P&R¥Md2 ceiling tile. The acoustic panel is PCTF%?QFVQ%Iy

| i ghtwei ght, reducing ceiling | oadings and aiding installation. It may

readily be nade fire resis- - tant. It cadlbe decorated, painted or

papered to render it I nvisible in. a i I ngtallation _wtho
significant 10 SHEBHSEP¥LIFRPAP? nefit _rlgﬁgr c&%ﬁ'ﬁ&é %8e§ otpalnr?::])'ai &)t AeAd
eg:;o][ ?ggicleeas mzzpar_eﬂ miiqtﬂd ﬁh_éph{iﬁ%m Qifg.cgfehgg'c})ailastg.pgakmgzmm are »
: _ ile. Fdtlell Y N£504R -
di stribution gieen§g§hgﬁgéacou§t?g %ﬁEaﬁg%sg ggﬁéﬁajﬁggntoﬁgiﬁa%i%??%f
hi gh |nteII!glbFPFFy(aﬁb';ﬂh9¥?R¥eﬁRﬁea?ﬁﬂﬁﬂ%ﬂ§§ yoxks ﬂa?avﬂcg ??é%ﬂﬂ .
I a[ ﬁe ar eadl hrssl ;vavgkamnaﬂ‘d Othes Upeerie DI bpc dosailc yesifdentndendapgheofactheved
Wi aroun a C QN i I speakers,
%1 ¢ BUIRE nﬁheed%é\%]%nﬁ The @8#9%%429%8) . Sp

with a great savP S in-rnsta ; _ 7 shows, a vi sua
di splay unit (137), éFg?ré}EEinnﬁﬁﬁﬁﬁcqﬁﬁﬁtQﬁV%ﬁetQﬁ?qqq&L°quﬁh*ﬁ)%P%Ereen
(37) forned entiony iflesided fEYrationetgansducer dichodidbraie &ubemberas a

li-quid crystal display.,. i ' : ' LN
(101) having opfd: dagiH@%ﬂ%ﬁ%ﬁ?EggéﬁZéygﬁﬁﬁgﬁﬁﬁi ??ggﬁgﬁﬁggekgg?ngggéorgte
a mul ti-noddOacefst heviadi atfgce; 2yheseqp e vgice §PHI%?SQ’G’JtYh£‘FSd€s%?fJoed
$_Egv§0vv' thr (el_fL gr:@.@_(iﬁlﬁrolei.xed thcog dr eabdl&ndnehber, €he dsnuidyiaabeding8idap-

usi ng | y r St t d s 102
are noul ded wit#)e&e}@ﬂ:ﬁ %%%5 tgﬁmg%:h%r .tsaﬁﬁ r%g at Pgergletﬁ%ﬁg%'ctéaé\&u aﬁé )
areas, in conpamasmet @sspubly gemRFLsingpursed fdsendiksuBrhg, Ph8GER8ed by
grooves (100) the petebhepy dFe onedodt Whsch YPolel peecesrtnnrrangadeto be

backed by artd niherdged PIEh o Eilddhe vo b WOUN oS dssehnty) Tdnd
radi at or panel (the afenipaerinef Jber phler pbHvehinh polg pj ﬁsréFeﬁeﬁﬁﬁgto
Figures 1 and 2yitnhe Sipemefing Fidmrfd iakptedeitoesurromid iaand to be
ﬁgﬁg?ﬂ;l?gogf) (giéﬂgiég %%jacenéhggntﬁg FLOME 8Soih A enndyd LHE SHEEBYRI NO
the magnet assembly is adapted to be secured at its centre
20 to the said member to be vibrated; and/or the transducer
may comprise fixing means to secure the magnet assembly to
the member, and/or the fixing means may comprise a faste-
ner adapted to engage in a cavity in the member, and/or the
fastener may comprise a spacer for spacing the peripheries
25 of the pole pieces from the said member; and/or the vibra-
tion transducer may comprise complementary voice coil asse-
mblies and magnet assemblies adapted for mounting on oppo-
sed faces of the said member, and means tying the centres
of the magnet assemblies together for push/pull operation,
30 say by a fastener having heads at opposite ends and adapted
to engage the respective magnet assemblies, such fastener
preferably comprising a pair of interengaging screw-
threaded portions, and having spacer means adapted for
disposition adjacent to the fastener and adapted for sand-
35 wiching between the respective magnet assemblies and the
opposed faces of the said member. Another inventive aspect

arises from a loudspeaker of distributed mode acoustic
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70 forms the franme (1). A transducer (9) is, in accordance wth

t eachi ngs hereof, attached to each panel (2) to | aunch/ excite bendi ng
waves into the panels to cause them to resonate to produce an acoustic
output. 5 Particul ar device aspects of this invention include a

vi sual display WO82prising a display screen and a hous i RI/GRIGARIAT h -
the display screen is nmounted, wherein the housi ng carries a | oudspeaker
conprising a distributed node. acoustic madi at or and transducer neans

mount ed whol ly and 10 exclusively on the radiator to vibrate the radiator

to cause it t¥RrGEQTatEPeheresfhbeyingt a transduges: ap drsoibed pheeer al

with the housi ng:;?\qlalgadh&a exbﬁaaal tNel tadeicofo caulaladlierté F@eé&iﬁt}tprh g
conprising a sti ight - wei , vVing A : ar re_sandw che
by skin layers, one o gﬁ%\?ﬁi té"ﬁ%%% %ygérf;lsﬂ;'arﬁﬁg&lentiesgrsﬁ’%\ﬁ tah%f’“ﬁ\év'lL
housi ng, and/ or formdsudsprakseki (81hyesnasraldy shimhher toofhathofaFdgugeswal |
thi ckness of gheihguai Bg.anand/imrwlidvh exier agstrddted nidde pandDUSENYibeEi Ng

formed with a grgoyve I.Gh surrounds, .t he radiat or__and | can.further
usefully afford goﬂ%#\ﬁugt% azogfgrgeu]ga%'el si%encﬁar? gélgﬁﬁl ﬁ?&rttﬁ%el c“ég%pggﬁg?nt o]
the housi ng. its bevgdawiendimnwhich shewmgunbed t 8p seeoodnaistaibuted
(_128)I hgvl nlg a k:ﬁ'acb@agdif%%hiaaﬂng\ n{)(a()l;v@ihla%ﬁlienc};% B8ién
Vi sua I spl ay sg¢reen | C er is provi de an
opposed pair of f%h&’bé%’f?g‘?@%%@enzg:%eaﬁeg?ﬁgﬁi'{% Pﬁﬂeg'fSU\gllrLﬂi pargd
nenber (130)100 &dinpist henstruckeduierther same t mammelr aaapphecgeneds (aAhd t he
like. The | QUEISPPAHLTsS dedtrd®) cak8 fesiedemord diidy (aknanqshyl Penel s
her eof - whi ch as i ndi catgd a}% (%%2 and, by ,%rﬁrow At rrlg%/ be slid f;__o&nhe
position of use PAtafdl A% (FEHhwWPRg 155 P LR YIS $BLi MOBALPA t he
menber (130) threbghly andoexc8rpively ou tanr rigx thel panekb (4l)di8datae¢raﬁe(:=40)
and by arrow ' B gffifnea 1beH€sELaKY PRO@cdBY heidid! dedqabesy Ricdussi&34)
fromthe 0Si t{:ontof e |8d| cat ef @ t.heddr,avm "to a stortag%§ _
position in #Ai cARTREY 'p&ﬂ’g’ﬁe(zf 7 BYRTTi &Y tife YISV BRPhehIGPAIR Y e 58S
Each of the |oud@peekei®) te8oprjudrea@oncrestie matpat of lewdr direguieghy,
hul ti-node acousgéCehafli #her 18hakBeakéfdcan readily encompass the whole
.acoustic spectrum.
Figure 19 illustrates how a distributed mode panel (2)
20 hereof, or example of the kind shown in Figures 1 and 2,
can be driven to resonate by a pair (70,71) of transducers
(9). The smaller one of the transducers (70) is a high
frequency piezoelectric transducer, e.g. of the kind shown
in Figure 24; and the larger one of the transducers (71) is
25 of the electrodynamic kind, e.g. as shown in Figures 9 - 17
The transducers (70,71) are driven by an amplifier
(10) coupled in parallel to the respective transducers with
the interposition of a step-up transformer {(72) and match-
ing resistance (73) in the line to the piezo transducer in
30 view of its relatively high voltage requirement. Figure 20
illustrates how a distributed mode panel (2) hereof, e.qg.
of the kind shown in Figures 1 and 2, can be driven by a
pair (70,74) of transducers (9), the transd_ucer {70} being
a high frequency piezo-electric transducer e.g. of the kind
35 shown in Figure 24 and the transducer (74) being a low
frequency piezo-electric transducer of the kind shown in
Figures 13 -15. Reference (75) indicates that the trans-
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71 descri bed above with reference to Figures 1 and 2. Thus each
| oudspeaker (39,40) conprises a stiff |ightweight panel (2) having a
cellular core (22) skinned on both sides with surface sheets (21), the

panel (2) being worted at 5 its periphery on a resilient suspension (3)
of an el ast o- 82nmterial which in turn is supported in ?

surrounding frame (1), e.g. of plastics. A transducer (9) i's mounted on
each panel (39,40) at a predet ermined posi 63 tion as discussed above to

| aunch/ exci te bepdi t I . '

| aunchiexci e begghoi pANES ! Do SRR i) 40 MERUNES A0 AT
decorative I |‘ghev€b¢@¥ﬁdmr (?ﬂo?ﬁskﬂﬂ%)drrwnb@l’pé&Qmm%/érmt)hém
ggpte: ij f;rsgg \r/ ?ﬁﬂ;&‘?’)e% 76 affe?hr&r{nbbtba thﬁutﬂllélﬂ witwustaedions. (¥8)

I s.Lnvenitlon t
conprising a conb® %ﬁpmﬂo&ﬂa’ TONHA8; Epfﬁ?ﬂ“en"ys?&é’e“ﬁm&h%g@?’é’ﬁsggnﬁ; ::1
opposed pair 5f | oudsfimiesr 21 illustrates how ahdistrihwted mode panehd2)each
| oudspeaker ﬁ&ﬁ@ £oes. g U lehebying Eﬁgﬁﬁafﬂufﬁ&ré@q e zhawarﬁgb@ 20

transducer whol and_ excl usj vel nDun epon t.o rate the
radi ator to caus@r?-Ye‘Eo YedforRtiF | E ele Eﬁ‘é‘g’k‘@“& ad to
the display screeng. To® theidkinds shpenkmsl'-‘jrga.grdse%l—ngéd drhe Ha:adlﬂimlc@yc
screen. reen

| oudspeakers may eagh%sﬂ#?t?g} EE a”ﬁﬁ)ﬁ %E c?l t9e2%if 14 hue> of

S Spl.a SCI €€, ousi n
for sliding ABvekeW:induGikanrey ?PSF@BS the p??r’ﬁdé‘r?erp é)n%’ﬁ it”r?'tfndnedh °
| oudspeakers ar easWowt @equieney driweel landhaisedf i higheisfoctance. a Me

P 50"l ooy CBrblifaucerd OERI EES ALEAPN (RISTIGE BPRAP i edeE of

the 30 display screen. conpris
| i ght wei ght panell10) whkhi agcaraeites af7torir s%‘FRivd-fb‘Fﬁaot%yﬂ!fp poaRpIMaRT
modul us skl n(bayets,acn@dst hefmﬁéncmambedenpp@rpm mos& of the high

di :
surroundi ng g?ep%erséﬂ ?Pécmﬁ rt%Slthbe‘EEaﬁb'&E’ | 0gB) 35 Figures 31 to

35 show a por

I SC 41) of_ the kind havin
a body (85) forned w?ﬁrﬁlcula%lltﬁ"e(né'%)"et RPUESF& MPE% %l%‘%@;eﬁ (.‘Hﬂf’eeg" °
into, and renpvegorm loudspeakeMObd7ifg842distributed mode acoustic radia-

PCT/ GB96/ 02145 tor and a first transducer coupled to the radiator to
excite distributed mode resonance in the radiator, and
20 having a second transducer coupled to vibrate the radiator;
where the first and second transducers may be adapted to
operate in different frequency ranges; where one of the
transducers may be of electromaénetic type and/or one of
the transducers be of piezoelectric type; the panel-form
25 loudspeaker may have a second distributed mode acoustic
radiator mounted on or in the first said.radiator, and
resilient suspension coupling between the first and second
radiators, the first transducer being mounted wholly and
exclusively on the first radiator and the second transducer
30 being wholly and exclusively mounted on the second radia-
tor and/or the second radiator mounted in an aperture in

the first radiator.
Figure 22 shows a distributed mode panel (2) hereof,
say as for Figures 1 and 2, intended for use both as a
35 loudspeaker and as a sound receiver or microphone, e.g. for
use in an interactive environment. Although not shown in
Figure 22, the panel (2) is mounted in a surrounding frame

ght -

-



72 fromthe player and control buttons (137) by which the pl ayer is
operated. The player (41) is provided with an opposed pair of
| oudspeakers (81) in the-formof thin panel -f orm menbers (40) hinged to
opposite sides of the 5 player (41) to sandw ch the player. The

| oudspeakers (40 are sized to be co-extensive with the player and are
arranged-to be WP¥8%4 rom t he cl osed position shown in Fi BGT/GBS@(‘Wﬁ t he.
ext ended position shown in Figure 4 as indicated by arrow 'C . In the
ext ended position, the body 10 (85) of theé#l ayer (41) tends to act as a
central baffle se arati n Iou%% kers (42%l to |rrprove channel
separati on. (1) apgdc-is #t gaﬁ'él &S 1aeat pUSReREion | p-

uted npde acoust{3y) riadithieomaheexrofhovye nioy a:lgylmlsdnoandsmn TEengannes:.& and

2. Thus each '0%%%3:% r r | i gh{,we a r med
froma cellular core ?% o8 béﬁ[s §;’fed“"'l?)i‘éjﬁ k(|3r?)l age? %g%ﬂ g EEE. %|£ﬁel ng
mounted in a  ©%d £4OR |=’n'@“r%§i9| Eﬂ?‘esﬁ%‘ﬁéWUﬁ ¢3)T %P&ne&f 1Fo‘aﬁ'}1’€ﬂbber
which in turrsi stdrmdstoadtianamdlnglmm @int aceusamwtmpm‘l:r a’QVEaZﬂréﬂ;decgr of

plastics. A tran 9 { & ,%% S tharg nce
to Figure 24 is @unte o)rjfneggﬁn g pane guﬁg excp? Qge %ﬁif
waves in the parféiex d = cause the panel to resonate and produce an
acoustic output. T’Hee panels dilser carPiesr e posis wmedxbnat:tmrsensthgve

ls 25 (2 I Fi
54 and 35 1 1] ustPArcREs, 185), CRLERRepo pChiSb-eRRErse ongers BT S

conpri si ng al‘bodiyu(‘{?fﬁ)ra(‘?&ﬂr 9Pﬁbl%r' and A%R a&ﬂ"é’l@%)‘-n BE}EP& phgteubFdvR |
(137) and a |lid 4 182¢nal rbtedesr aandheondbyionedow(6b) confleetedovs ahe.

Lurntabl e, 30 Tg,ahayefadfil) nhoBhQY! 4aReiiila 28 QRIRRELL P e Olod oWt

speakers (81) of t anel at
(40) may be hi ngearelo (tzﬁe $i-Ges2f e?ﬁ%’-‘ﬁ fiscussedg) iﬁocBEPnﬁ‘;aBPedﬁ%Ve :
i ndi cated by arrpweitef/cvbrelakosedhe ouRPaitt ifF@Bm( mﬁcﬁhaw)féd) tdethe

ext ended pos e S t h
panel - forlron I%%st%e%}q recei@f&l)a%% é%?d%oisgs% &1&; %a? ?Qd% gi?nal t he
lid (139) arePEIeqEien.i ndiwsht eﬁ} %rmswaksétwm!&]d%ﬁs aWide

WO 97/ 09842 scope for industrial application, RCY.GBOS/W&d 4m an inter-
73 retract ed %} e?x@ir Eﬁggtof the panel -form | oudspeakers (39, 40)

is a distributed aCoUstrc radi ator hereof .
Accordingly, a particular device aspect of this inv-

20 ention arises as a panel—-form loudspeaker having a distrib-~
uted mode acoustic radiator and a transducer coupled to
vibrate the radiator to cause it to resonate, wherein a
second transducer is coupled to the radiator to produce a -
signal in response to resonance of the radiator dQue to

25 incident acoustic energy; preferably with the distributed
mode acoustic radiator mounted in a surrounding frame by
means of an interposed resilient suspension, and/or having
at least two said second transducers at spaced locations on
the radiator, and/or having a further transducer and means

30 for comparing the signal generated by the or each said
second transducer with that of those generated by the said
second transducer(s), for which suitable comparison means
may comprise a signal receiver and conditioner and signal
output means.

35 Regarding microphones, particularly in introduction to
Figure 23, a distributed mode panel member generally as
above and described for Figures 1 and 2 is a good receiver



Thus each | oudspeaker conprises a rigid |ightweight panel (2) forned
froma cellular core (22) enclosed by skin 5 layers (21), the panel
bei ng nmounted in a surrounding - resilient suspension (3), e.g. of foam
rubber, which in turn is nounted in a |lightweight rectangular frame (1)
e.g. of plastics. A transducer (9), e.g. of the kind described W t h
reference to Fiy@®&0%42is nounted on each panel (2) to 10 | afGIIFRNRIHE -
bendi ng waves in the panel to cause the panel to resonate and produce an
acoustic output. The transducer (9) are5§ositioned on the respective

panels (2) in ac da wi th teaching
devi ce aspects cﬁfot ﬁ?gnﬁlnygxﬁffpona?%eaﬁfd fgouﬁgﬁ'f’aﬁ'lié:r@ r%'Bact %g?ayer
havi ng an opposqeansdi.r ofA Prﬁéﬁ@bibrﬂrﬂ-gbﬂﬂgbﬁh‘ker@n&tlt a%ﬁ@tpﬁ‘t;et héi
player, each  Jauds3e3'g, la%an&ubf \ﬁib&taﬂﬂi%t MAYTOSE et i By I 98 ahRa
type her eof hawl%}_?ﬁ a transducer g Ae%/t% %f sﬁxgl usi vel y thergon
to vibrate the o B24€e F Pb® 20°eR atgan 58t aBr €

conpact - di sc @Iqﬁ&momﬂpctm&prtypeaas desdyibedt eenlhexi ngAapiluraliby eofind a

|1d adapted {0 4 A5Rduce@iClad) el dbRierS. 1taee:dea%d%eakc%asb%§wmﬂgugt ed

A'ternativ
YiRb®ement

on the lid, say hinge el
speakers may eachP él"-'ﬁgdé'éf qfncgualapglﬁr?rhe he Axghr ‘é‘ﬁ? Pane;
bet ween a st or ectjuams ticorthe destiired ehectoichl outmpeadymelar e Placement

substantially V\hﬂ‘;&i&% sgg hgaigfoﬂgt ’ofa'ﬁ‘ighe of ‘ays&ew ?,Q BB gh

t he | oudspeakers are
I n Figures 38°an‘@33-7antéycaﬁﬂ% e(aféiz)°%fplé1r[9& d&agsaugersy o ApBPaTd cof the
aircraft, railwepansd,’ wvhdde wheopasebdltself shohidrjavéathe puefekepasaknger

seats (103) intq 2O, Squ i val 6fE) g mellty® ?58'3§063C195 88 At pudspgakers

(81). As is Ton are
a suitable plastics auad smergy inShAeRbren pbhe ivanek 14 3’9“"@ﬁ¢@gé?§°37
t he nmoul ded backgerdeGuigdefbédtbi e attrd Mibrationdr @htioll ag bet Begsadr Bil y

rectanguiar gl aliuRlan W NorectAdRaki®) AMALTEn K ANIAUESE 1 00ha chbOSE

areas (2) aré
PCT/ CB96/ 02145 result is a microphone. For nomwzriticgli mmpldgabiorfefr

i nner faces w thsgndlid)ietiophi s ceffediive, placed (A2) whhgheiprdfaniced by an
(2) ot “the king SBeiBi thapecheli i bbOREY OxoHbball il £ Sidp BORE,
particularly rel ﬁ?@?rﬁﬂaﬁlgrm (abofbef fE%?l 9&%‘41’6@}% Wa"%l ?‘%s PP‘P@I]I'[
suspensi on (3p anémbde Sradsauntitg IMAMCidLES concerned here needs to be

taken into account. Two pertinent factors arise; firstly,
providing some frequency-dependent equalisation to reach a
flat frequency response; and secondly, locking to capture
a broader, preferably as broad as possible,- sampling of the
25 complex vibrations of the acoustic panel. At least three
transducers is preferred, and they can be inexpensive piezo
-electric benders with their outputs connected in parallel.
Alternatively, larger area polymer piezoelectric films may
be applied, say with suitable geometric pickup patterning

30 to define the vibration integration areas for the required
optimisation of sensitivity versus frequency response.

For microphone applications it is advantageous for the
panel to be light, preferably as light as feasible, to pro-
vide best available match between the radiation impedance

35 of the air and conseqguent bending wave vibration in the
panel. Higher or highest sensitivity is achieved with
lower or lowest mass per unit volume of panels. For a



(203) formthe franme (1). A transducer (9), e.g. of the ki nd descri bed .

in detail herein, is attached to each panel (2) to launch or excite
bendi ng waves in the panels to 10 cause themto resonate to produce an
acoustic output. Figure 38 illustrates a conventional donestic
aut ono- bi | e door (140) in which a conventional cone-type pistonic

| oudspeaker dri WOUMPR42(42) is nmounted in a pocket (141) in PCI/GRAGOHES4S or
pressed door lining (104). The normal conse- 15 quence of this is that the
sound radi ated by the drive unit (42) B§ directed towards the feet of
the occupant(s) of the autonobile, matters bei ng made worse by

directional chafidgle trapsiucets RAlGHALRGFAT | Q@&E@F’-Bﬂv@?@el
In Figure 39 aniadicates! azﬂmpt;@MO)aﬂmgeM A{tludingg atlMeadtavong a

pocket (141) in%%g%at '&%n%agegg 1ocat§aﬁa OmB%% nd¥’ EHner féjbﬂg%%aéuthe

door lining (10 essed astics or oard
The |ining vd brgtiggal; F‘ﬁdasg%?ﬁer a‘f?’;F ctaa"hgt't}}edrcqmieﬁsar(EHﬂ“Q? not
bounded by asgrm\lel ﬁi:ﬁleian/iheimcbefc(ﬁ)a |limﬂrspbhkéeddmé’é hdnbdfr)ner face
with a lightweight cel l5§0 i gh ki n
(21) toformarigid !gH @ 2§ %ﬁé@@at‘@f@ 2 dlﬁ‘é‘%g é?cf ?ﬁ"“?g%z)wgfa?
ki nd described @&é&pdd memhﬁ—'hh?%ﬁ%fr'eﬂ@@eﬁfélﬂiwgﬁﬁe@{ %’#ﬁiu?s thangr deovas

effectively iddlnged Soreaséisdta wnan&eealési & Gl d¥Dphoheown Ui Nbe 30

lining (104) for f s Kk
described in detmrgilll1 Jl—‘nan%r%&%ﬁdfh‘ﬂ%]t %’ﬁ% )’ Eémglt é’étachefi h% #ﬂg

| aunch/ exci t¥ béﬁﬂ@g—&é—vésrﬁﬁih@%zﬁ\’épensmpo(éhu%%iﬁtede d-nr EéSﬁﬁ?e%o
produce an acousiute selét pigurdsel and \@.deTdes geafié 0Ds GdusiEhaddpbadacpdiby a

| oudspeaker her ¢l Jcl| (387 OvLdg. B ALRPLOVER SUNYLE & 4168E-LhEnatng

occupants of the've r SduTE
Figures 41 and £rasRongh ak@Whobi Fhe(pawel 4s H;hpygdcarrying an arrgp of

97/ 09842 four vibration transducers (63)PGHdd¥A0/¥ét4the panel and

autonoblslogakﬁ “(l\%'ljénblngxgt ed t %ngﬁéeétarcg‘%ré!ﬁé%&%st o gggr 59%0‘ snblf

| ongi tudinal |y By r?é&h@%f“a%ﬁ-\aﬁc!’h*%m 3F® ¢oppled impmarpdedr Easdryve
produce a sterea psigndl kevdspenkand ToplikioRkher(sisye,cdnmecteds itgurahi on

of the Ioudspea %. |Cuﬁ66)as §ngwnliHeF£9¥ﬁ§§?é§%éﬁg%é%lons are diagram—

Accordingly, a par devi CE™as 'on arrses as a
vehi cl e havi ng #adssenger aG&Hﬁhr-‘f?ﬁﬁﬁi‘ms FRRhcarreseribalas tof cEREELIRGUL ed
node acoustizor asf aher ti@nsgpeehernath aifberent doabinatisns i anshabbyeand

excl us- indicated 3/7, 4/9, 5/13 corner-related, side-length propo-
rtion coordinates, which, as noted in Figure 3, are topogr-—
aphically very close together, especially for 3/7 and 4/9,
and shown collectively as single outlines, perhaps even
25 being reasonably considered as effectively a single "sweet
spot" for a small panel member hereof, though accurate
centring according to those coordinates is especially
effective for loudspeaker embodiments as noted above.
Figure 24 shows a transducer (9) for a distributed
30 mode panel (2) in crystalline disc-like piezoelectric
bender form (27) mounted on a disc (118), e.g. of brass,
which is bonded to a face of the panel (2), e.g. by an
adhesive bond (20). In operation an acoustic signal
applied to the transducer (9) wia leads (28) will cause the
35 piezo disc (27) to bend and thus locally resiliently deform
the panel (2) to launch bending waves into the panel.
Particular device aspects of this invention include a



ively on the radiator to vibrate/excite the radiator and cause it to

resonate. The radiator may be integral with a passenger seat in the
vehicle or with a door into the pass- enger conpartment. The radi ator
may be integral with the 15 interior of the passenger conpartnent. The
vehi cl e may conprise a plastics nmoul ded conponent in or formn art of
t he passenger cW@¥®8@nt  and the radiator may be integral PCHEF He -
conmponent . The radi ator may conprise a stiff | i ght wei ght panel havi ng

cellular core sandwi ched between 20 skin | &fers, and wherein one of the
skins is int egral Wit ded cOonD ent ai.d .o Ki ay be
thin in %°1r5' Wr&raggf’ﬁ ecm’f 5 edsisshcgrfi%t d Rﬁgénéﬁ?ga

The said one sklstmta;netllbesmn@midd@aby angrtmmdmerheach C@mﬁﬁ@nﬂhﬁlthe
groove defini ng g4 e3chugibesy Eéuﬂ?efrﬂ&mﬂe'%et35p£€dﬁ@éoé slghaanahheésp-

aspect, a vehicle conponent c | ses a_lou gVl n
di stributed nodeRieodd |¥:e=’f°&'tﬁ“%0r°f the, meuber, gﬁ?d er"nr?dﬁ?f‘gda\?ﬁBFchand
excl usively of témergy; rtie amembén wrbferablijhebeingatmountedcdmsen i suro-

resonat e. 3o I it 30 |
. oynd] %tﬁ?mé by f fefhdl S0 dnl LHELEBD Lo &R L shpbeyt

board nusi cal ap r's l%f %ﬁé
supported on gr %dﬁ’@rﬁgbf*éﬁg 353]93 st 'FWQ sai bBH?n%J‘!L%rq &% §PAER vm th
a keyboard (140)1dvatsitnshonhthe menbext,r an@fdvxr i furdhed. transdurenionothe

fashion the inSt'{'%f“bWﬁ ﬂﬁ”‘i:%dhéﬁ éoyif%ﬁie\r%dgeg?ahgga#ogﬁga R Bgngﬁgt ed

to the 35 keys an Signa rv
i s a distribyPedmenhar AuRist? cili“?ﬁﬂ%&‘bra‘-'(%lf)tlﬁeteé@Fng anQéQrFF“SGFészrand

2, incorporatingednpddifdg [thghtsdengllt generated by tHMD HA/DM¥ther trans-—

PCT/ GB96/ 02145 nayl ar L (2
9705, oYy thy that 58 thops) ssnprifed, v IS Q4. REE- (°

nmounted by its peripher g
suspensi on (3) a#RCeR(Slen Su’-&?"é@t? PERDS  PRY GORRESS Fe§igBBYe
wWith reference reé@ivdiuand leorditionss SdMAWNsighel | aidgpaakesadsl) ther ms

ceyboard musteal SRSER Roproo i ek 1Y BT Bhuce RARERILS,

keyboard nusi stm I gur
to 45 havi ng a beemeX isgiinga@ gl ularmmdy}gg?d %Ewmyslqi?ssuﬁﬁérted
on front | egs (1#de or edth itrapsavceednsy tie a Qﬂmlo—b(né&l:kﬂudﬁ@&d@e.r (81)

oo oes  ti o oL RS R Eathiag c1jetoc) YEceRa iR dbhy
(2) nounted by ited towlwtﬁﬁ &ns%rQ@tﬂTd—liﬂf@ PE§PPP@%@ Lxpsedd |dn e3)
e.g. of 20 form a suspended ceiling, but which is formed as a loud-
speaker (81), generally of the kind shown in Figures 1 and

2, that is to say comprising a stiff, lightweight multi-

mode resonating panel (2) having a core (22) enclosed by

skins (21) on both sides. The panel (2) is mounted at its

25 periphery on a resilient suspension (3) of foam xubber

which is supported omn the frame (99). The suspension (3)

may be attached to either the panel (2) or to the frame

(99) by means of an adhesive, but the ‘connection nmay be by

gravity alone. The panel (2) carries a transducer (9),

30 e.g. of the kind shown in Figures 7 to 12, to launch ben-

ding waves into the panel to cause it to resonate to

produce an acocustic output.

In a preferred example of good quality, the panel (2)

is made as an expanded polystyrene foam core of typically

35 100g/m3 density, 8mm thick, skinned with hardened aluminium

alloy skins of 0.1mm. A soft foam or felt strip, some 3mm

thick is fixed to the perimeter to provide a partially



f oam rubber, the suspension being supported in a baffle- 15 |ike frame

(6), e.g. of nediumdensity fibreboard. A transducer (9), is attached
to the panel (2) to launch - bendi ng waves into the panel to cause the
panel to resonate to produce an acoustic output. The arrangenent is

t hus of the _kind shown in Figures 1 and 2. The transducer s9£ will 20
be driven by an Mf"ﬁ‘?er (not shown) which is connected to L .
signal s produced by depression of the keys of the keyboard, in

general |y conventional fashion. P&Bt i cul ar devi ce aspects of this

I nvention |nclude | nt 0.8 keyboard,
wth a 25 Iouds°p° zﬁr} ngo?nnr?r%gstf"ﬁg §h8 Pigguéeg 58033’%?cf*?%‘a?%t a
and a tJ ansduceralrﬁarrh%]@ﬁ/\/rﬁﬂ I%’Jmséxélnﬂmms}béﬁ wneratlomaﬁnaserligg
vibrate the radifptfing0 sea¥senkl tO resonate ‘the radi ator being

general Iy as herein, ane %agy ngﬁng
f

cellular core sandvm &é%eo%rgegotfo%fgi Pfofxﬁ %gﬁl ﬁ

surroundi ng the qmﬁnlelmertla&dtaue@qerzemz_t@ugpaﬁmmo@r sQﬁ!pDerring rhélpabel
on t het IL arr%hﬂrt eifbeganésAl #gusrae%l p&séf Uﬁﬁﬂ&lm hayen! aae coil
supporting the ins ve roun le ragiat or may

provi ded at the mwltrﬁgl%gﬁsf:?uﬁ@%tpane h%" cq. oug’sﬁé’ﬁ‘i’éf’t (122074 tﬁBe
positioned witmagndate syisiginaenrlosed amdstsedfi apbyingmayxalsoThe bonded

{A%ugirrgggirz may diFdBaydr e8Ndhe padbPOFiaf @ £ J sy W@éﬁu{llng ring
77 B g fhespp |fI°IruéFFaY&rQa"’anﬁGaﬂraBﬁ?ﬂﬁr'f’ﬁ%)an% mensiongl nys
di spenser i ncor paeabtdilidya | oudspeaker (81) whereby t he | oudspeaker forns

part of the front faqréﬂekaahgoéntaﬁpllca\seeﬂl ng 1GRF Ribae: £dhe deqwiiaeekfé

(81) is arranged to rov- | mat i on as ensa |l e
contents of the€ R HRfe a"ﬁ’(ﬁlbr té#(?srﬁi'rﬁe qam Ic§r@§ Qépﬁﬁefg'ﬁizﬁa b?ﬁﬁ
front (109) aiatmadaclwhnshcmmhﬁvq lee lighitahlioy nfakl tlagelri Eor fifeeed
mechani sm (143 elaeqb% mnqlow(% dzo v‘i'b%ﬁ%ﬂéﬁr eS&HH:@Es._

142). The | d t i d
G st 1i but ed %‘id?ﬁm &ra S BAER (L5 %&%ﬁpﬁﬁg nedy 14 Bore thed
havi ng skin sufiici gl ) fan ber@ﬁm:lesannd:mqmeeitsbelvug.csumvmltsadaadound
its periphery on,Qe-kRiurd® MusieSBEEEEPPu{on. e 'ﬂhe QlidPaPea cobelREE- 1dhe

suspension is nmountfed in _a rectangular frame (1) nounted in thé front
face (109) of t AR~ 108). Thus the Ioudspeaker is of the kind
descri bed i n2i gur es When medadl2c &f staatbamfcomdntibve skinps ior chgekoaneof

graphi cs employed the speaker may be earth bonded or grounded to
maintain EMC screening of an installed structure.
Accordingly, a particular device aspect of this inv-
ention arises as a ceiling tile for a suspended ceiling and
25 4incorporating 'a loudspeaker, the tile being in the form of
a distributed mode acoustic radiator, and a transducer
being mounted wholly and exclusively on the radiator to
vibrate the radiator to cause it to resonate, preferably
with a resilient suspension the periphery of the radiator
30 and by which the radiator is supported in the suspended
ceiling, and/or the radiator being a stiff lightweight
panel comprising a cellular core sandwiched by high modulus
skins.
The essence of the aforesaid partial cutting/inner
35 framing feature could be applied analogously to such as
polystyrene foam ceiling tiles, say as rearward ribbing
defining desired operative area within which preferential



and text, may be applied to the panel (2) as desired. The panel (2)
carries a transducer (9) hereof to excite bend- 20 ing wave vibration as

resonation to produce an acoustic out put. The nachine will incorporate
t he required signal generator to produce the necessary nessages and
anplifier means (not shown) for driving the transducer (9). If des-
ired the -devi ceWOH/2 rade to be proactive by arrangi ng 25 - tRI{CRIKO2145

di stributed node panel (2) is capable of use both as a | oudspeaker and
as a sound receiver or mcrophone, as §Rown in Figure 49. The

panel is shown S{%‘ve ulc\%%f)&ﬁ)é%gatIg?n’hei?]emag’pq&ﬁnécta ectric transducer (9)

as shown in Fig ed to and driven by an
amplifier (10). The Suchpsnetekling chile eboudsnaakes 4998 aRPbnregRhERiuder s

(63) whi ch a'ﬁfhﬂlﬁ F&lﬁh?s%ﬁ-i e%f'&céﬁ@&l@%&ﬂ‘fﬂ&e SQH& Enwre #peakewhi ch
are coupled in parall r|ve er ondi ti r %65)
connected to an ?ﬁﬁi'}uf"s( B‘Sf' aﬂo?ﬂ%rm%;%qﬁ l?ﬁ' g iPr%‘ﬁ%’d %ﬂ’ ﬁ

panel (2), e.p. pdsgive dedormatisieowreiling cide.6 | Theoapbustie panek és

{/\:Dl g?; 6 084 2c0r reb S s VG O‘J'.E.BH’i:wéiQﬁ“tV‘h'fe!&u'cinﬁedcﬁﬂiﬂ SldH@.'ngs and

78 recei ver / ¥uHRG i iR IdeHion, o &%\ﬂaﬁerﬁa&ﬁg& F”@x%ﬁ %ﬁre TeRiSToast
one of the transfhmle.rsI'rtscanriBé Gercecatedh panted Qzelpbaleredsto wendersitan

be given to the y, mi% i ge. ceiling iR adi8h dRHoe taRGiEiehnthi s
i nvention include vendi ng chinés 1 ncqarporating acti ve acogét El}fze

devi ces hdPeokcousiic |H“P41’er‘?%tm of ¥1808spemRErs df‘t?rs t PRt piPB3
provi di ng i nf or npétfsrmeanrecr asngecbhipanednanithi dpaphragm-ofof 'ddwe—fyoki ne

or its cont ents,u%%g% %e é}{'dé:?& U@ﬁ% Ffadfie. ﬁQQBr ﬁl‘gﬁgt§£9r§soﬁ:he

articles or prod | Spensed user-og%gate or selecting
the article or pﬁﬁ%&i‘étadt"éntagebﬁnoq e ddgtr n giyen by the moougti

nmechani sm aut hOfpSnel speakexdi SZpE!ﬂS:dit@;LnatSOhmﬁsﬂ.@atKEntth_agﬁbﬂhlmvang
vol ce leCQBVrgPSEQtJ\é/a% C&?gt"\iﬁ ha)r;c}*ﬂ %%ﬁl lgké? aﬁ%@a lnspanel

af f orded by { e ra |aa[ say as” a ht wel an
cellular core sak@hlatian bﬁ‘PH\%"rP%l pafystic pergck TANCE hBaH g aﬁt\iﬁ

surrounded by a {ithearbuwhdThedf ethe mumbert £ darmmxﬁipna&amssbélbed é.sum-ent
e otha CPHEAEMAD, w3 BRS TRERPH Sl gBelie 1T T
20 coupled to the ra‘ﬁ’r%&féﬁ %’b It ‘é{%% zﬂlﬁﬂaﬂeé‘ﬁ&ﬁse‘@g)' e.g.
resonance of mhecbﬁﬂuﬁéﬁrmdhﬁa:dm dmdibgedtikagohaving emesgyeen (37) formed
in any desired fashion, e.g. as a cathode ray tube or as a
liquid crystal display. The unit (137) comprises a box-
like housing (101) having opposed sides (102) each of which
is formed to incorporate a multi-mode acoustic radiator (2)
25 generally similar to that described above with reference to
Pigures 1 and 2 to form loudspeaker (81).

The housing (101) is moulded from plastics and the
opposed sides (102) are moulded with generally rectangular
relatively thin rectangular areas, in comparison to the

- 30 general thickness of the housing, bounded by grooves (100)
to define the radiators (2). These areas (2) are stiffened
on their inner faces with a lightweight core (22) which is
backed by an inner skin (21) to form a rigid lightweight
multi-mode radiator panel (2) of the kind described above

35 e.g. with reference to Figures 1 and 2. The grooves
effectively define a resilient suspension (3) of the kind
shown in Figures 1 and 2 and the surrounding housing {101)

~



Preferably, at least two said second transducers are provi ded, at

spaced | ocations on the radiator. A further transducer nay be provided
on the radiator to produce a 25 signal in response to resonance of the

radiator to due to i nci dent acoustic energy, and neans may be provided
for conparing/ conditioning the signal generated by the said further
transducer withW 8#%” t hose generated by the said secon®CT/GBY6/02145  _
transducer(s). 30 As introduction to Figures 50 to 52, the acoustic

panel technol ogy of Figures 1 and 2 and gei@ral |y hereof can be applied

to the design of_ nor boar d eri al co y,used faor notices and
di spl ay adverti S9FEe n?h@ gramﬁo 1 pr &cgﬁpﬁgy’g?rt fﬂa’se‘saod?nd§°8°§3an°e
| am nati on, scresth35teachingsghereof ayaytaickedngto baiawh upaneller(@d. tdhe

boar d | t sel ) dEhenl/aYS: b8 §B§&ixf:¢ e@'avéa MERY @R pad18! @6! tluse them
dynam cally driven to oper as: over age acoustic WO
97/ 09842 to resonate to pro uce an acous 1 eBEBRBo 145

79 radi at$ ng pan@br&lbhaarl@wd&peakewctﬂsoﬁuthnseﬁnnﬁhtinezncladdience
of Up to 10 per SpiuahOrqsst®y | uli BOBcRGEEEngld eglsgpawe c2eed0ad a
persons for a O. s‘gHl re nmetre sjize erve at natur al

vol une |evels vmtt‘?ﬁ’sl‘hnghF'Q }¢h thesdipplay I’mé‘ﬁl Brugtedsdereingthe so
backgr ound rTUSI cthawsing cekrieasta s.ouddpeétentcs:mpaa_sﬁequa réeicktiibated hbde
natural ly R ATk 88 A MR YO Wldefih HountSaPFREL1y! Bfia

di storting effects of local bound ar ections are

substantial bhyst¥UsIFEL¥uQR o‘ﬁh%f db?'&?)r 8 FidEgteorthshera@iRkas ctPanel
does not significarnd )111 nq:ralresonatehe prefedadl gt wilhht ithe. radiator beimg

| evel s of sound gq.f ntel I‘ltﬁg| hbﬂQi’ﬁ?Poél‘ﬁ{. an neaqu ?q_ ft%ﬁgogl ven

| evel of articulat] i}l preferre
acoustic panel RS ea’-'f@ artew EouPris %t%rset’(ﬁf Pt weieht orpnet
foam core 3 to ammng d hreld erdeshrieo sandwionhed nypaken, lplyrass cohel afor

plastic rv(ma& %ilaa@sgef:g' & e qncaé &91 Owi’ﬂ&n i glsatmg,TQﬁa/or

preferred dr|ve an 1 nex I ve desl|

even enbedded t rSHS RS | SkLR piayeR| Bet 9cthﬁféﬁ% tl?%)“tﬁﬂel AVBERIP nHa bt
mass | oaded, vi bttaitamscsomfl alief housing, dibAer tttenstteanhalhsddlaocfatheal |y

rising acoustic gyt Ay podid hf%beg&ec;%hm@ Yrdoyd o1 &l 2Bhyr BN OPERER! | Y

adj ust ed to a res nse I .nation series resi
drive to the capsRdahode aPFa¥ 67" t?@t@%@&ﬁc@?ef‘éﬁhyaﬁ'ﬁ?rﬁs %?eﬁﬁééent
| oadi ng of the pswsrensieomedin €buplingitien lomsspehser to the housing.

Figures 29 and 30 show a lap~top personal computer
(128) having a keyboard (137) and a member (130) incoxp-
orating a visual display screen (129) and which member is
provided with an opposed pair of Jloudspeakers (39,40)
25 attached to the visual display member (130) to adapt the
computer for multi-media applications and the dlike. The '
loudspeakers (39,40) are formed as thin rectangular panels
hereof which as indicated at (39) and by arrow 'A’ may be
slid from the position of use indicated in the drawing into
30 a storage position in the member (130) through a slot (82).
Alternatively, as indicated at (40) and by arrow ‘B’ the
loudspeaker panel may be folded about hinges (34) from the
position of use indicated in the drawing to a storage
position in which the panel (40) overlies the screen member
35 (130). '
Each of the loudspeakers (39,40) hereof is formed as
a lightweight multi-mode acoustic radiator of the kind




acceleration is inversely proportional to frequency) and via the

detail ed specification of the nmechanical properties of the board. By
control of the fibrous |Ioss factor in the skins, the visco-elastic
properties of the adhesive bonding 30 the skin to core, and the piezo

el enment to the skin b applied surface | am nates, includin he_ backj ng
for the - displ"‘él‘?/%"d“9 ge or text, and the bul k properties o?’%ﬁgmﬁggre-
i n shear and conpression, the desired frqu&ncy response nay be

achi eved. 35 Wher e hi gher sound | evel s™and | arger panels are conc-

erned, alloy or part dL¥aridlenSrith! lretle@bhnt ¢808:iGHEEHYL anaCQVer @B@sOVer

the panel, with a proportionall | ower | oss 7/.09842 .
PCT/ (95896/02145 eacph oudspeakey (39,40) comprig@s a g Frlvaﬁ eight

appropriately napadeld (20 akabinper qedimiaxoeong (22jceskintgdecomibathamsideser .
The latter has t I.Qn UW o] : rﬁ‘.Ihed

uni nterrupted Saﬁgtgesx{x?%c% Pgéﬁ}:?egﬁgﬂ’ bot ﬂ;aﬁ%gsqg ]tJ e pgsr%édt e at
transducer mey bEts Pexinherve eBedd&@siypenEoRBERERILAR t(F)n OF Bm Pd@SEOC

scr egn-_ | i ggdi:&efdﬂﬂtﬂarwhmr whiben | i tedxn tis I%u@pBﬁ‘Ergdri in staghtieiilght ¥
may be included under t S urface, oyer ucgr : ma
gain in effici en%VW‘m&}% I(?rrgg%ud IR of rﬁﬁr?tgr%g\egﬂ ?fu%(ra{l}%?%é Qfé

Smal |, | ow cost kxanpinkedfon RachoPeaelbddPd4M | At ndtPredetegmineds Rosit ¢
fram ng or specifigd farmigwhsdeld abolieto 1dafkhpexertytndion Wwaves in

sufficient d [ I S provided, by e S| { t he,l.o dge
of the acousfgg glg%e?agefm*ﬁ] Y%eprs%dr‘#‘g%eal F%‘%‘lsgﬁq%cg’g&gﬁi‘Thghge%g%mul d
have a 15 phot cddeesre (Pypaiayf BRicRSr deilusiirededi \ereisn i f Af lndaratdye
npl 28t ci ced PV L o apa b bl eane, os posifiopSadorey the
ski nni ng or unsk??fh%g, (2 oﬁ‘é’r’é‘f‘é“tﬁﬁ R'éi)n %ﬁ‘g E%r:"'amgco&%’t i %opaﬁﬁc‘fﬂeeoﬁ?e
range. These canloedspeakefiorect|ly as 20 acoustic panels of this type
W1}h0$t ?dd'150P9| EtPiéfﬁﬁﬁ}lr ?gvi&énéspeifs ?f thEbgﬂﬁﬁénﬁiﬁé(lﬂﬁlui? a -
illustrate a notjcebpar adyertising. [ r [
I ncorporating lo ?13'5 %‘?(éji'ompu\éef e%%“r';%i"gg}n%gr ég?‘sygg%%ggbgéﬂgg{fiiﬁé%i&é s 1
and 2. Thus, 25 screemlspehiezcieaise; PR RPPREeS rRagixd 4 RAakeFisst -
ri 3ut2 eg nmode aﬁp&ﬁt&fhé@ditt_at Cﬁhepaf&{pu(t@tr,Ofar}dwiKi Ragh@agn loudsgeageres 1
an as graphic_informatio . e pi 0 4
desired kind priﬁ?%ﬁf%%ﬁ?hg g&ﬁgfg?5§§§ “%thgcang%Fcrgﬁgégﬁﬁt¥8§9§giathen
be suppl enen2éd byamsducer wholly and exclusively mounted thereon o]
vibrate the radiator to cause it to resonate. The loud-
speakers may be mounted to the display screen. The loud-

speakers may be hinged on the display screen.
The display screen may comprise a housing and the -

25 loudspeakers méy each be housed in a slot in the display

screen housing for sliding movement between a stored

position, in which the loudspeakers are substantially

wholly housed in the slot, and a use position in which the

loudspeakers are positioned on opposite sides of the
30 display screen.

Bach radiator may comprise a stiff lightweight panel
having a cellular core sandwiched by opposed high modulus
skin layers, and the panel may be supported in a
surrounding frame by means of a resilient suspension.

35 Figures 31 to 35 show a portable personal compact disc
player (41) of the kind having a body (85) formed with a
slot (82) through which discs are loaded into, and removed



30 audi o nmessage via the | oudspeaker to reinforce the nessage. As shown

in Figure 50 the | oudspeaker/di splay board (48) is nmounted on a stand
(23) in the formof an easel. Alternat- i vely the | oudspeaker/di spl ay
board may be suspended on wire (33) as shown in Figure 51.

Alternatively the notice- 35. board may be supported in any other desired
manner. - As  WOHBW2in Figure 52, the frame (1) may incor p&CA(GBIEORI4T urn
lip (41) to conceal the resilient suspension (3) which is WO

97/ 09842 72 pCT/ GB96/ 02145

81 attached. bet ween 1t a e nd t riph

mar gi n of the p% V% .{]aye ‘{ %?n{:??%ng‘dﬁgg?s 2?39? 59 %f]lCh fhe
Figure 24, i.e. R}ﬁYﬁFe;}@eIO@@FPFEdben‘aéF phamesc (41) igperovipled with an
Particul ar devi gppaseactgaidf &fi &ohd!f@ik@ﬁsl jehydan thei su@in dsfsptnyn

appar at us conpri_sin not t oard in

dPgtrl b.lljt ed gdlé’a;il@gu?f' I%&ngg Qio E‘g\ﬂgﬁa l%"c’t rozﬁ?lé’gﬁ% sﬁ%ﬁt ecf V\BB?I y
and excl usi véd ynllameéforﬁ‘ll) te cﬁ&ﬂ%fri&lhethﬁeplaﬂ?atorThceol@aQsEeakecs (40)
resonate, thus Rged dfzed OWdsnaAkes-vktENsLPE RetHSathd opmj(é\foraﬁa t&ge

vi sual I nf or mat i on d| Sp l.a th n: wher r adi
conprise a stif IS5 tﬂeyééﬁ’@ %hd‘\%' Q%e?f?ﬁ%‘e RYfition %Mt’hed
bet ween skin | ayr'é.tgsxrea Iis‘lurtmuﬁda r@!ﬁm PaBition shown iientFigweeenti an -
mounting the pa'leﬂd:.'d&tbheb{rra?f%w tge, 15Inf€mxﬁfﬁﬁd9&\6‘oﬁ€1%tnur'Ehla'ﬂod

oS o5 d g, A Sage c4i5 L50BRy 55 a g8t 8 LrRReRbCBRTALS he

a- pi ezo el ecaeparattamder the loudspeéakexs 5340) utor atimprpwekaghagnel
i ncor porating ttgee owd- speaker technol ogy hereof. The packaging is

shown in t he of a_box (111 avi hi nged lid (139), 0
or at |east part of Bla"%‘e?ﬁgg}?a% rFlr? 2@9}%@% eLEnptQ) 1s |§iiﬁ§ gbcore
of foamed pl ast ictedxaede ebodstbit ediadioachereof, ofenéalil ypaaddoroagoim a
panel as Shq?str.g‘wq anaSych @ﬁustsa&htb&l&gﬁgaﬁ@ﬂ%ﬁﬁﬁeeglwQigm

| i ght wei ght ut e node acoustlc r tor as describ
reference to el opty Rpoel T rE%’Fm?)g gF°’(‘1$0)° “tlﬁé' b?B(re? s‘%?‘ubwn
used to form a dmtlrdsed &g shie kadzt d21l)oudbpepirel (HRing mouakefiobghaany

one of the pane'&m@mn\;}prwﬁﬁé&@%@p&@aoﬁo¢3P0Xe V&)u'oqs heaappﬁgaéfate

i f suitably constr t rapsducer

u
(9) is shown in% "&bf‘f‘e uF?ri‘e%mwns:e‘i in, ﬁr"g?ﬁgpﬁgﬁl‘?ct%é‘c}ﬁfe r}B§ can
be as shown 20 nitke e.g. of plastics. A transducer (9), e.g. of the kind

described with reference to Figure 24 is mounted on each
panel (2) to launch/excite bending waves in the panel to
cause the panel to resonate and produce an acoustic output.
The transducers (9) are positioned on the respective panels

25 (2) in predetermined locations as set out above. '
Figures 34 and 35 illustrate a portable compact disc
player (41) of the kind comprising a body (85) carrying a
turntable (86), operating buttons (137) and a 1id (139)
hinged as shown by arrow ‘D’ to close over the turntable.
30 The player (41) is provided with an opposed pair of loud-
speakers (81) in the form of thin panel-form members which
as shown at (40) may be hinged to the sides of the 1lid
(139) to be movable as indicated by arrow 'E’ from a closed
position (not shown) to the extended position shown. Alt-
35 ernatively as shown at (39) the panel-form loudspeakers
(81) may be housed in a slot (not shown) in the 1lid (139)
and slid as indicated by arrow ‘F’ between extended and



detail in Figure 24, and is illustrated attached to the 35 inner face of

-the rear panel (140) of the box and is driven by a sound
generator/anplifier/ battery unit (112) also ‘mount ed on the rear panel.
The unit (112) is controlled by WD 97/ 09842
PCT/ GB96/ 02145 82 a switc
I ntegrally vmthwé"mo%‘é (53) by which the lid (139) is sec[héélgég%g?ﬁg -
box, whereby the sound gene- - rator is ag) i vated when the lid is lifted.
Inthis arran- gerrent t he edgeterm’nat' n of the panel (2) is formed by
5 the corners ofgd E%@M@hsno ﬁQthbf’”i‘hefﬁmiﬂér&rlouds%é%%%' on
(3) of the kind s own In Figu

ul
appreci ated that (3%he 'b%bkhﬁlﬁg %Eﬂlbute%otm% cﬁcqq’rﬁé‘:l@n léiife\ﬁn}ﬁeﬁepﬁe
drawi ng, and coufltys fexch lodmEpebakerbeomprapess aa:cnighmglit@ﬂvteagm&qlpamerrents

of ihe 10, contepis. sollg thenPapkagl Nl abbebe GHADEChIRRNCI9e dhin

conpact disc or arranged revi
t he conpact d$scléifelf$) RV déhﬁt Heanglnf BeHpg m°&f‘|t6ﬁ A} agi MRTHENSLsg

Particul ar de\tl)l Cﬁ%ﬁpmﬂs eispdrisionnV@t,i @il g .ncdfideodie rpBBEAYI WPich in -
conprising a boar n opr.l e cQ tic
radi at or havi ngaiéu¥ ?%ﬁgg%e(rim{l}gt e?ji&ﬂt&vﬁéﬁﬂg rect& nghgﬁ%sfx\:}ﬁ?g 1;3} g
radi ator to vi bref epkagtics. r ddtEansducer {99e ﬁt-gt oof et dind \ﬁl?@tcéi'b#é
Iboard mayt be lwﬁmmeﬂa@]ybneoep ﬂelbelriQQﬁ@.xmd Wncbsdhb%rmermkﬁe t20
ayers, ypi ga a.core St ndw c en _sheets
of Kraft boa é; ig‘f‘h%h ter’%ﬁ"f‘% ug’gs iR é% 313:&??‘&‘5%(3 elp,angﬁ

the board may fokenxsremitécand produa:eben amgtnqwtm\te daThé dramsducesns
may be associ at egy) arwlsdhltﬂ%deadohou:nér rssﬁéwgv@%&@élso%zqf inh@ccor-

transducer on 25 novene t e I| tive to the box e packagi ng nay
further conprisei3Pqe Jith 3:51’? éPgr nplifier and an electric
battery. Fi gnamtmmm)ﬂsvacgrméq@s odr thisi inventiah (141¢)luid|eca

orporating | egdspeskes1d cebnphoeYa iy egfaydFensdiAgi anl Noptibdeac
f ol ded nenber haV|qg qffro Eoﬁ%%f g%?ggi arear, eaf (14 . geast
the rear |eaf (1839%}s PPBRTH co#%t?sqhte& b&8r dtRBnREAY STy oF a%core
(22) of foam l?ﬂéﬁweakanxﬂwwwﬁheﬂ Bystribeted Kedét algonstii¢2Xadiatber m a
LI ghdd| i ght \thghé Stl’iéMted %mﬁi%gacaus‘tk&né&ﬂéé& Ofmdiﬁﬂﬂéd 351ho(13.}y Ofl?nhhe
e Cener Pe R et et +S bl a0 radinter B Mo AL RR
accordi ng to20herésomate. The portable compact-disc player may comprise a
body portion having a turntable and a lid adapted to close
over the turntable, the loudspeakers being mounted on the
lid, say hinged on/to the 1lid. Alternatively, the loud-
speakers may each be housed in a slot in the 1lid for slid-
25 ing movement between a stored position, in which the loud-
speakers are substantially wholly housed in the. slot, and
a use position in which the loudspeakers are positioned on
opposite sides of the lid.
In Figures 36 and 37, a cabin (102) of a passenger
30 vehicle, e.g. an aircraft, railway carriage, motor coach or
ferry, has rows of passenger seats (103) into the backs
(203) of which are incorporated loudspeakers (81). As is
conventional the seat backs (203) are shells moulded from
a suitable plastics material. As shown more particularly
35 in Pigure 37, the moulded backs (203) of the seats (103)
are moulded with generally rectangular relatively thin
areas (2) bounded by grooves (100). These areas (2) are
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83 = pean standard 'A series is suitable. A transducer (9) as shown in
Figure 24 is attached to the rear leaf (146) to vibrate the panel (2) to
cause it to resonate to produce an acoustic output. The transducer (9)

Is driven by a S|gw?l 5 generator/anplifier/battery unit (112) which is
actuated by (53) concealed in the fold of the car G ¥ -
activate the signal generator when the card is opened. It will be noted
that in this arrangenent, no frame (1) or 74 surround (3) is reqwred
Sufficient danpi f t rd 10 ravided gejther t he ter from
whi ch the card |”’§9L“‘=9 Moo s?? &H&Fg gﬁﬁeﬁo‘l’jd‘?}hgat]r@‘fgﬁag %\‘ﬁb’f

on a ., surfacecore (22) %;thiﬁabamﬁ ¢y agpdomerofkihi $21h\/€¢1tf@m a

i ncl ude a gr &@t;uagﬁl twem;ﬁﬁ hﬁlﬁ@ﬁﬂo@@\ﬁéé&a@oﬂgﬁﬁélslﬂgﬁ Eﬁarﬁﬂé
form ng at | east part, g 3 g? ﬁ %# d émde
acousti.c radiat ‘f(sfb 1% artyER °np?8P8Fa zfﬂ‘l‘%/ g eézo e

bender type saypartigsiarlyrmeelites, Thengueaoees wnidld)y eaftf@tcthivélmdleﬁyna)n
the radi ator toav'ﬂarsment sﬁl@pé@éii@& 0(3)t QiR U 'éufzeuhaiﬂeasgattﬂgc@ard

preferably 20 be| % a _panel havi ng a cellular core sandw ched t weén
skin |ayers, . safl28320f8T8; thEafEA™B| AL} i csASERANFENERT (9hetSuEn Shelh? of
Kraft board. Su&iinﬁodedcnmyed aimmdetiadaf herebh, tie a:larai:hemrtoheaely paxvel a

pair of |eaves, efteg aplinch ¥t Bx@seOCHah&stn ?Q.%FE r‘dh%g%d s to
one | ea

actuation of the %gl ator on novenent 0 atlve to e ot her
| eaf; and a e&ﬁ“ﬁ&s P FR FesRratsy d:°rrﬁ§"°95ﬁﬁr?§ea%°°3t’sq SREPul enerat or,
an anplifier and an ®ligurei 38 bitlvwstrades a eohestitidndlih@domastic automo-

Figure 55 showsg) %h&br”\aﬂ@) %ﬂ'v&i‘éhﬂ%oﬁ%‘éﬁﬂ@:@@l %@H&"—ﬁg&g?fs\?&i’ié‘g

pi cture projector (31) ar E of ect_an | mage ont o 0] ectTon
screen forned b%%dsPePBBHs‘Pg‘a‘k%runﬁ%é 2) 38 mounted kpRy m Ki‘i‘lﬁ dthes 1
and 2. The | a menlfsd)or opyes =ats doomalthing) (164 Ng Tiel BibPaIN conSs—

carbon fi breufei e%gegfsms lgkhaﬁagwwsecuregagﬁﬁtpﬁrfy%baggw Nl

al um ni um f ol e comnposit usi ng any_epoxy
adhesi ve. For a (@Xedf 1r?fé’1‘ﬁ§r t?i‘”fé'dﬁftlle £ret of3 Pr? PFrRURENIRA RS BRe t he

al um ni um automobile, matters being made worse by directional charac-~
teristics of conventional loudspeaker drivers.
In Figure 39 an automobile door (140) has a door
20 lining (104) having a pocket (141) incorporating a loud-
speaker (81) hereof. As usual, the door lining (104) is
moulded or pressed from plastics or fibreboard. The lining
is formed with a generally rectangular thin area (2)
bounded by a groove (100). The area (2) is stiffened onmn
25 its inner face with a lightweight cellular core (22) which
is backed by an inner skin (21) to form a rigid lightweight
multi-mode radiator panel (2) of the kind described above
with reference to Figures 1 and 2. The groove effectively
defines a resilient suspension (3) and the surrounding
30 1lining (104) forms the frame (1). A transducer (9) e.g. of
the kind described in detail for Figure 24, is attached to
the panel (2) to launch/excite bending waves in the panel
to cause it to resonate to produce an acoustic output. The
wide dispersion of sound produced by a loudspeaker hereof
35 will provide an improved sound field for the occupants of
the vehicle, with much reduced local ’‘hot’ spots.
Pigures 41 and 42 show an automobile (106) with loud-
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84 skins may be 300 m crons. The core thickness may be 11lmm and t he
cell size of honeyconb nay be 9.5mm Such a panel is stiff, of |ow
density, high nodulus and is substantially I sotropic as to bending
stiffness. 5 A pair of smaller subsidiary |oudspeakers (114) of the
kind described WWOH¥82s 1 and 2 are hinged on opposite Si BRI
centre channel |oudspeaker panel (32) by means of hinges (34) whereby

t he subsidiary panels can be hinged agaitst the primary panel (32) when
not in use and can be 10 ved into the _position I ] lustyated for use
The sub- - o di SPgaerl BT A % PB=EPLaABBYE L 0Pk FHAEAR) iRy TAAF OF
respective |eft tihel auggmoliidied chirwbll i bé croted dbatethe pardet shedifeds

operation. The sgpgidldr VoAt ays vyl kban®bs a CHTNCLR2aR2N8ILS (43)
havi ng skins (21) of alumniumfoil, gr 15 carbon fibre or >g(_,llas fﬁl?S‘re
reinforced plast}RES AWHecR5Pas Lo, Proguee) @ ﬁiﬁfeQﬂPQQQaﬂﬂa,°qé%P ers

applied over bne(d81t). ichdrwifsel hthekeonstighhem triame of22he ol oudupeaketss i(s114)

may be of alug§n%ﬂg%%¢gﬂ,ri Fes Bodghgngyconb cel | arrangenent, or
may be of paper celTls. ere paper is enployed_ it may 20 be inpregnated

with a plastics materdefordiglys & pREFICRIAr derips AFRETHO Affivie Vs
stiffness of theeptpon.adisesals a vehdicde Mayihg knNpasseniddry)cccnparthmsntand

the core thickne hez 0 ;ﬂg@ e t '
are of al um ??El?n ?ogﬁxgggiﬂn%%/ ‘gté é‘gg{:ﬁfﬁxbgeémggr ons an 3'|%c kz%é%i?@dﬁ An
epoxy adhesi ¥8 nkyrechazedf  B1Ek s2nbransduces fapunted whollysiand £xqlus-

t wo- channel soungdyebpr efugheoRadiverd V&S vibribe/édiald AheOfradidtdrStaage

i 1lusion containin he, pr oRer.. ti of. source location | ve
and the anbi encecggs‘EJ Ett%oe&geﬁ?aﬁﬁgr rgg:%raalénlga%%t é“ragog(\%vi %lﬁtec%%/%ﬁﬁcé&nﬁ
speakers 30 is sppdnenger BRsdcis Bhe piphiicda osuvith |pdeprotntedthe passer

cases Ioerspect i vgngbﬂ_tcd:ﬁpa@am}.i n_’ﬂh%SFi%@E'LaQBrL hgy ey Bbegral witth Ghe

e e oo aninEREI S0 B ot ERgaRafBE UohghlEuer. CoBhel Jelic3R 35Y
identify their pR9BPELSe | PlIRsEhHcSs JPwkied compepantiin ox farmhag deart ©ff or

overal | stereo | f#R8epasseddtidbfipdtBiient, and thelfadiatdr! Ay SHé ddttyrads

repr oduci ng dev'%?%th%el%%%bonent. The radiator may comprise a stiff

lightweight panel having cellular core sandwiched between

20 skin lavers, and wherein one of the skins is integral with

‘the moulded component. The said one skin may be thin in

comparison to the average wall thickness of the component.

The said one skin may be surrounded by a groove in the

component, the groove defining a resiliént surround for the

25 radiator. In another aspect, a vehicle component comprises

a loudspeaker having a distributed mode acoustic radiator

and a transducer mounted wholly and exclusively on the

radiator to vibrate the radiator to cause it to resonate.

Figures 43, 44 and 45 illustrate an electronic key-

30 board musical instrument (137), e.g. a piano, comprising a

body (138) supported on ground engaging legs (139). The

body (138) is formed with a keyboard (140) by which the

instrument is played. In conventional fashion the instr-

ument is provided with a signal generator connected to the

35 keys and with a signal amplifier driving a loudspeaker,

which is a distributed mode acoustic radiator (81) hereof,

see Pigures 1 and 2, incorporating a stiff lightweight
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85 speakers shoul d di sappear into the sound stage ill usion. Par t

of the problemlies in the relatively narrow forward radi ati ng
directivity of conventional speakers. Addition- . ally, the sound bal ance
to the sides and rear of the encl- 5 osure, sound which stron ' t he
reverberant souN@®8Z q g in the room is coloured and unbalgkﬁg%&%ﬁ?% T
signif- icant variations in frequency response. This detracts from

the sense of natural acoustic space and- ambPence.” The enbodi nent

of Figure 55 empla cpiist ne

right gchannel sn\%?‘%ﬁ ng re?g sf Péj) rh&‘fé%?\l% br Fsggékéﬁér{'qnbﬁffrw
surface over a Wildevitbgap inte@qp)edr é’ﬁ@éli?ﬁt CHSBLNEION: (Bd 2R HEriveRe |
ﬁggtngal(gggl EHEYb 8 t@fﬂmﬁrmqn&hl( as) descﬁiwm aboveewder ﬁafe:mmnlsu on

u native

stand. . %IQ 3;&93%7 gh%é&g % g%‘ue OJ ec :égﬁ.%é{g%ge%?er rS‘al)OPOﬁuJ oo
arranged in & rdbwe (4B @ﬁ]urtpsedmm't h(E3&X+4 ngFEgue$. %éllus%ﬁfﬁsat% has
a proj ector (31)e1}y&lr6ﬁibnge@bafmaasﬂau { rumeng§r BTV JRY tansimd Sax

i ncl udes a pair of 35) h_ay be, 0 t
construction, at tq H:iagl flﬁe%Pogroh 58"7‘ r%vgoéﬁsgf%ﬁgl%ggﬂ{ 1Si on
and a pair of rémyboardei(leel IthﬁsMyeﬁ-s gunpyried ons Fxoatl ddganbidhce
erogaglegg of the akI neéi.s,r eﬁ’foﬁdé&"ﬂvfﬁprﬁ &héMd&-nI heoudHeakieak@iy (@l A

d shown Fj gures 2 in viewof 25 their wde and
even sound &%pm%ﬁuPRQFﬁc?g *‘lg :Icrést t.  rear effect |oudspeakers

may be of the sanme c@hst riostdspeaker (81t)hecmsﬁisaréy rbatdpdigbtweighy) .
A distributed myde fi3Rgleh OHEEd arlcts ther eadi Sedr Pavel (2) s@itedbbe its

non-directional propertie For _acoust i o- 30 duction o e
channel s of a scﬁ)ﬁﬁi‘pg’fﬁ’ei? Qﬁé‘rgﬁgP§§n9 re%,jl@t eswsag?flg {3) gbgeagf
i deal |y from noréalinr entlibexal the smpesnsdon| beinggi appponbedt batat RafEbemd

source is HOisweiike fréﬂéa' b?Ed eotghera!se.eab&npaesgmtyorfwreaoheage A
anbi ent space, si mul af ed aCOﬁgtIC %e | on, behi nd.th |I$ Egﬁﬁ?% S

unsatisfactory. transducerHl Her t1° BRTRFRSDNEP &PPedARSHal
source speaksemlimewavak| intowtheg paoel typesisehibhe pansl mgegesgnate

gg 97/ 09842 to produce an acoustic output. Th5{3¥£§§53ﬁ55k453 thus of
the kind shown in Figures 1 and 2. The transducer (9) will

20 be driven by an amplifier (not shown) which is connected to
receive signals produced by depression of the keys of the
keyboard, in -generally conventional fashion.

Particular device aspects of this invention include an
electronic musical instrument having a keyboard, with a

25 loudspeaker comprising a distributed mode acoustic radiator
and a transducer mounted wholly and exclusively on the
radiator to vibrate the radiator to cause it to resonate,
the radiator being generally as herein, e.g. as a stiff
lightweight panel having a cellular core sandwiched by a

30 pair of high modulus skins, a frame surrounding the panel
and a resilient suspension supporting the panel on the
frame. The electrical musical instrument may have legs
supporting the instrument above the ground and the radiator
may be provided at the base of the instrument. The

35 loudspeaker may be positioned with the radiator
substantially vertical. The loudspeaker may form a ground
support for the instrument.



anbi ence reproduction. Due to the intensity phenonenon of aur al
perception, audi ence nenbers seated closer to a near by anbi ence speaker
find their perception strongly | ocal i sed on that speaker greatly
impairing the ambience 5 effect and their whole appreciation of the

mul ti channel sound field. The localisation may be so powerful that
aural attention WRY¥P¥I away fromthe prinary front stage BERiGB96/02145
channel s. An anbi ence reproducing systembuilt with one or nore 10
| oudspeakers according to the teachings he?éof deliver a | ar ge sound

field or near uniforgu;i nght ' ' r
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the desirabl e rasliciinedaghgoactré ifanntt iti €5 06 BHGLHOAUEA.C BRBCErSREN
reproducer. The [ eaker red, be su

I 1f d nded on
wires and di &30 Sgﬁc %lye t'??g%é%%r)icgé.ﬁ%ﬁn%%"ia”?ﬁﬁ%iabf’@i? nﬁﬁeggg f%e
panel (2) to redaside mpchanissn (143), priupl csi@atiogspaned t BTy aand (1)
?g 6; he pr \% ect Lcalisp%iseh:oud&paﬁk@gwﬁnelTwn&méﬁlyaﬁe%@Tvtﬁsh? éoﬁﬁf;.’:‘%é‘s'épth
e nsj.0 n he .con ed. e franes he
subsi di ary I%‘Edg e@%@%ﬁ‘igilzig}rﬁ%iﬁg’%a%gﬁcegf%iﬁf‘%ute s’B%i%eF?gfi‘i‘?ﬁ may
be simlarly forpangl (2) comppipingulearceldnlea aspeet 280 thHawingnvekinon

include a 30 proiyels QR1FCoRBHIIOFRELS] %é;}ﬁ%@@'b@fﬂ(é Chpbdrtdh! ab&hAEC-
tive surface, wherein stri buted node acoust |

thg1 screen_is a C
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WO 97/ 09842 and 2. Visual information, e.g.P{r/ EBe6E£02m486f graphics
BE kg:el | ul a][ Caardle tlékef,eﬁuaﬂy? hﬁ;&ﬂgé& tBORRY - SR fmﬁ?a&i Welsiref Oi |Thé‘ﬂd
b o] oot o’ sor e REAAr s ERECARReR - EFanTaeS’ (oo MEraRr, ©5; pRERES beRo-

opposi te si &3 ting sfve ovibration as resonation to produce an acoustic

output. The machine will incorporate the required signal

generator to produce the necessary messages and amplifier

means (not shown) for driving the transducer (9). If des-

ired the device can be made to be proactive by arranging

25 that the distributed mode panel (2) is capable of use both

as a loudspeaker and as a sound receiver or microphone, as

shown in Figure 49.

The panel is shown driven into excitation a piezo-

electric transducer (9) as shown in Figure 24, which in

30 turn is connected to and driven by an amplifier (10). The

panel also carries a pair of vibration transducers (63)

which also be piezo-electric much as in the same Figure 24

which are coupled in parallel to drive a signal receiver

and conditioner (65) connected to an output (66). Another

35 vibration transducer (63) on the panel (2), e.g. of the

kind shown in Figure 6 is coupled to drive a filter/

correlator the output from which is fed to the signal




5 provide left and right hand channel information, say |eft and right

hand | oudspeakers being hinged on the radiator to be fol dabl e agai nst
the radi ator for storage, preferably t hensel ves as di stributed node
acoustic radi ators each havi ng a transducer nounted wholly and
exclusively th ,10 vibrate the radiator to cause it toppPRRabAss _
and/ or as audi 0o visual apparatus characterised by a projection screen
as aforesaid and/or the audio-visual appar ggus conpri si ng at | east one
rear channel | oudspeaker in the formof a di stributed node acoustic
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level s, invari aHtS Baiag 8F ¢ Fedﬁ:fl' YRPERIR 2 VeRfiag RRCRIRE Baled
speakers. combricsey & ,staret lodr anbiclesyverapreducdf ta peoddspesredo
screen her eofq ary §&S-dgbratea! hddhd TxOBEEBELOAR tHeCAEEEcle SPPHRALcEPRAKErS
and the ear's readi est tengencg for |oc- gtlgg t%e %%oustsl c c%gtre of a
cone/ di aphr agm I%m, ¢+ WEARSy T al® COIANHECED PEF S o AE TPPERFSuch
concent r at ed gl Idispenséng 1 hudsdetpudspenkdy oherpef sanskowimgr ePigey 35
V\hgre?s, for an @&E}Ht ﬁiﬂé‘aﬂt%a?l dwv@ah fienkl§ lé'lioﬁb‘e|vﬁttlﬁ0rk vis6al ea%lsgmay |
radi ati on proper nea a e, sound, appears 0 cC r,Q e. era
acoustic region %%/n?hearﬁf&rgéh gthe Fa °r'V®a§77f)933f%q%ff 136h g1 9

PCT/ GB96/ 02111% panel having a cellular core san®@iched hettweeonropeirsofat ed

point, so that, 1 hd BRALI IBeing ARTPBRAALE hyMal Brafs Ehd duhdcaang! |
there is a powerful sypaest heti ¢ effec% | niht hat | ack of cifi g.gound
sour ce | ocal |§%?|W“§/F’XV\EST’PFE ofap) HPaTH L FHSPERELRD- ¢ JEP6A™E

freely to associmaehime immyicespriser aubpdunand nthd iraweamay be agtaghed
location for soupd SPWdRRASBHSH HoAY;0 aRRaRy have a bhfedHE Hranisaader

and or o9l ShET! By 14 4043 2081 RESE RS Fhoauc®a! DEgtl Sl AIHRERSAEbN®
‘ resonance of the radiator due to incident acoustic energy.
Preferably, at least two said second transducers are
provided, at spaced locations on the radiator. A further -
transducer may be provided on the radiator to produce a

'25 signal in response to resonance of the radiator to due to
incident acoustic energy, and means may be provided for
comparing/conditioning the signal generated by the said
further transducer with that of those generated by the said
second transducer(s).

30 As introduction to PFigures 50 to 52, the acoustic
panel technology of Figures 1 and 2 and generally herxeof
can be applied to the design of normal board material
commonly used for notices and display advertising, the
normal processing of these boards e.g. lamination, screen

35 printing or spray painting, being unhindered. The board

- itself may thus be specified, dimensioned and electro-

dynamically driven to operate as a wide coverage acoustic
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These transducers have a naturally rising acoustic output
with frequency which is predictably and optimally adjusted
to a flat response by a combination of series resistive
drive to the capacitance load of the transducer, and also

25 Dby mass loading of the piezo element (for a given mass the
acceleration is inversely proportional to frequency) and
via the detailed specification of the mechanical properties
of the board. By control of the fibrous loss factor in the
skins, the visco-elastic properties of the adhesive bonding

30 the skin to core, and the piezo element to the skin by
applied surface laminates, including the backing for the
displayed image or text, and the bulk properties of the
core in shear and compression, the desired frequency
response may be achieved.

35 Where higher sound levels and larger panels are conc-
erned, alloy or part alloy skimns will provide good energy
coverage over the panel, with a proportionally lower loss



focussi ng | oudspeakers, typically for defining stereo with 15 diffusion

(57) behind them .and rearward diffusing | oudspeakers, typically
for inproving anbi ence. As to full five channel hone theatre

anbi ence systens, such as achi evabl e usi ng resonant panel | oudspeaker
her eof , i ncluding the screen (118) itself as the centre channel and_ 20
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Figures 50 to 52 illustrate a noticeboard, advertising
display board or the like (48) incorporating loudspeaker
technology hereof, and as shown in Figures 1 and 2. Thus,

25 a loudspeaker (81) incorporating a rigid lightweight dist-
"ributed mode acoustic radiator panel (2) of the kind shown

in Figures 1 and 2 has graphic information, e.g. text and/

or pictures of any desired kind printed on the panel (2).

The graphic information can then be supplemented by an

30 audio message via the loudspeaker to reinforce the message.
As shown in Figure 50 the loudspeaker/display board (48) is
mounted on a stand (23) in the form of an easel. Alternat-
ively the loudspeaker/display board may be suspended on
wire (33) as shown in Figure 51. Alternatively the notice-

35 board may be supported in any other desired manner. As
shown in Figure 52, the frame (1) may incorporate a return

lip (41) to conceal the resilient suspension (3) which is



(length) and the other (w dth) can be set by width of the stock core
material or by splitting as shown and leading to 20 highly effective
mass production. The panel nenber di rensions (|l ength/w dth) are,
of course, as readily deternined in practising nethods hereof,
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directions resijiepbggsuspensioramayintiagdthe gpene) 2n the framel. théet hod
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assessing parts 2‘{1 subareg of . sai or content of vibrational
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sel ecting is soceyprdse paper rhophensombci deamd bhel dwawsfuaeromaly deergy
contents of sai iezo eleca@{ésbg;dé;ybar eas. 4. Method according to
claim 3, wherein sai gﬁredum I Se jnci denc%i | ow

vi brati onal energy PRt s %? %?Jlusugﬁ?ﬂ E&Fn}‘g IHPIs RO the

loud-speaker technology hereof. The packaging is shown in
the form of a box (111) having a hinged 1id (139), the box,
or at least part of it being made from a composite compr-
ising a core of foamed plastics sandwiched between sheets
of Kraft board to form a panel as shown in Figure 2, such
25 that the box comprises a rigid, lightweight distributed
mode acoustic radiator as described with reference to
Figures 1 and 2. The rear panel (140) of the box is shown
used to form a distributed mode radiator loudspeaker (81),
although any one of the panels making up the sides of the
30 box would be appropriate if suitably constructed. An
alternative placement for the transducer (9) is shown in
dotted lines.
' A piezoelectric transducer (9) can be as shown in more
detail in Figure 24, and is illustrated attached to the
35 inner face of the rear panel (140) of the box and is driven
by a sound generator/amplifier/ battery unit (112) also
mounted on the rear panel. The unit (112) is controlled by



5. Method according to any preceding claim wherein said ~ analysis

I nvol ves assessing parts or subareas of said area for content of

vi brational energy from predeterm ned said nat ural resonant nodes,
and said selecting is as to 35 produci ng nore even spread of

vi brational energy contents - of said parts or subareas. 6.
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resonant nodes canbox, whicht mepsbavesabdide| anddmeans may be associated

with tﬁe 1id for triggering actuation of the transducer on

25 movement of the 1lid relative to the box. The packaging may

further comprise a signal generator, an amplifier and an

electric battery. -

Figure 54 shows a greetings or similar card (44) inc-

orporating loudspeaker technology hereof. The card is in

30 the form of a folded member having a front leaf (145) and

a rear leaf (146). At least the rear leaf (146) is made

from a composite board consisting of a core (22) of foam

plastics sandwiched by skins of Kraft board (21) to form a

rigid lightweight distributed mode acoustic radiator panel

35 (2) of the kind described in Figures i1 and 2. Such comp-

- osite boards are known under the trade name KAPPABOARD. It

has been found that a panel shaped according to the Euro-



10. Method of nmaking an acoustic device havi ng a nmenber

93 (2) extending transversely of its thickness and capabl e of
sust ai ni ng bendi ng waves in an acoustically operative area of its
transverse extent involving operatively rel evant resonant nodes of
its natural bendjng wayve vibration that 5 can be related to at |east
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di fferent Sahg pi‘gaﬂg{%\‘?{fed eitlher 1%3thgbhgggrfﬁfOfgdr&'%ﬁiocha?ﬁeorc%(i’ﬁd'igg
claim wherein sard sel ected val ues "are of ‘corresponding said
paranet ers rel at constructeq gady/grybynhelding Wenrrgdr ari skarding dfe oand/ or
to bendi ng surBacd f nesses in different directions. 14. Met hod

according to any pre | |aj r el | d sel ected val ues_are
of correspondi ng sai ?%%ﬁg:#éta?r gﬂsg § %%Beé@é °§i-ﬁPF§riﬁ§?ﬁ€€°‘éﬁd‘°§é‘| Ectabl e
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20 being a panel having a cellular core sandwiched Dbetween
skin layers, say a core of foamed plastics sandwiched
between sheets of Kraft board. Such board may form a leaf
of the card, which may have a pair of leaves, preferably
with associated means for triggering actuation of the
25 radiator on movement of one leaf relative to the other
leaf; and a greetings or the like card may comprise a
signal generator, an amplifier and an electric battery on
a leaf of the card.
Figure 55 shows a multi-media audio~visual system
30 comprising a moving picture projector (31) arranged to
project an image onto a projection screen formed by a
loudspeaker panel (32) of the kind shown in Figures 1 and
2. The latter (32) comprises a panel (2) having aluminium
or carbon fibre reinforced skins (21) sandwiching a
35 honeycomb core (22) of aluminium foil. The composite may
be secured together using any epoxy adhesive. For a screen

panel size of 1.22 x 1.38m, the thickness of the aluminium



94 erent directions across said shape. 17. Met hod of

maki ng an acoustic device including the step of determ ning
geonetrical configuration of a menber (2) extendi ng transversely of
its thickness in its area to be 5 configured, said nmenber being
capabl e of sustai ni ng bendlng waves at |east over said area, the
met hod i ncl udi NYOHT4P843 is of distribution of resonaRCT36MRI4F .
nat ural bendi ng wave vi bration of said nmenber (2), which
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capabl e of agaiégg,stammmggggwewwy -JH¥h W% %%@paha' Bl be

analysis to flne rical configuratiaon sai (2)
det- 25 18 Ve Htq £he DoRd tiBRCRBt Lhtus ‘aﬁﬁgncfl% S8 at gg‘ées’tlg'
frequenci es of rebdiamn pank&stﬁlﬂtﬁland drvatiged waveecelive and radiaaei on

over its area, "‘ﬁéﬁb ea%fdaavalﬁnel mfommuﬁ' e.g.
rel ati onship suc at etern1ne wer_ Trequen esonan
nodes rel at abl e §@F s%%f%ﬁ@@ﬁ?ﬁ%‘?nf FQ&U%W&?%‘-%’?Ye lggdspeak%{ﬁ r(é"llét)eﬂaﬁy at

| east sone of wbdsxqbrmlﬁamermr €2prhawisiyy skins (21)aofi stumbpiwnEodfl ,serd
area of thos sa&g&#gﬁl f% %Eeglﬁgs fibre rei%@%r 83€1§%E9ﬂ§epApﬁEcoF|

frequenC|es eing s y or 0. Vibrationa
| ess or |east act#bieer&imnse.g. of Me}%*%ﬁedm?% Pﬁoé@ ﬁbﬁ%s°ﬁ?rtﬂ3309ﬁer
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configured to artlcu tive
geomet ri cal paraﬂﬁt@?% be of paper cells. Where paper 1s employed it gay

20. Met hod aocobéli@prequtadnwiﬁh ahglastial ma¢3r¢a$ sfich as a phsapdic
menber (2) deter gL, a&%néatéj LERRE Wil EReBHROSE 05t e paper. IThedickher ent

directions across. s ar ea.
size may be in the range 3 to 6mm and the core thickness

may be of the order of 3 to 10mm. Where the skins are of
aluminium foil they may be 25 to 100 microns in thickness.
25 An epoxy adhesive may be used to assemble the panel. '
Stereo, i.e. two-channel sound reproduction, involves
the creation of sound stage illusion containing the proper-
ties of source location, perspective and the ambience of
the original recording. Stexreo with conventional speakers
30 is strong on aspects of phantom source location and in some
cases perspective, but is weaker in respect of the express-
ion of natural space and ambience. This is because the
near point source nature of conventional pistonic speakers
makes it easy aurally to identify their physical location,
35 which in conflict with the desire for overall stereo image
localisation.
It is often said that as reproducing devices the loud-



21. Method according to claim 18 or claim 20, wherein said 5

directions are substantially nutually perpendicul ar. 22. Met hod of
maki ng an -acoustic device using a nenber (2) of given geonetri cal
configuration extending transversely of its thickness and capabl e
of sustaining bendi ng waves over its area, the nethod includin
anal ysi s.-to detVéQ R{/498421 0 val ues of geometrical paramet er ECT/FBI602145
respective ones of two directions across said area that contribute
Wi th corres- pond| ng bendl ng stiffM¥sses of said nember (2) to
deriving |.at a t.o t I ve
vi bration of sa|%p er ?a'% g’?% el Q-_ Q:h% sou%% L#’t%ng‘%ﬁqhgqowa

said area for acharlyf etllﬁ:dl}'é’ﬁlea‘l 1&@F| éﬁ &FepﬁF%ativelY naW“sﬁWﬁ‘ber
(2) relative to gesidtichgd@ireERBULEy Of SPoryentional speakers. addidition-

determ ni ng correspondi.n endi | f fnesses | I I hans,
and defini ng sai %f]g%’r ?‘%eg s%ﬁngcggg%g%? £5 e Sidgfl 9n%p1é$a][$?é/ég tglr ea%by way
of means |inmi$i nospessageunst witich stronglih@nivess the swawenhersat seppd
beyond said limg{&0s in the roBﬁanﬁs SOrbyRed RGAa afbalahéas witl @ig@nent of
sai d device, I;éﬁ g\ﬁ(egélwthllmted S&Ld opS, ative ea.
23. Nethod of mekFHRE ARIACHCRE Ll GROBRGY| RESROMERefhis dotracts fion
extendi ng transvehsedenad dft gatthrakneseushlfarsmmaaﬁ 2gbiencedesired

geonetrical configurapydrnidddimeRede ﬁ%u'fr‘ésbﬁ' ShPibys a pair OERHHRGLIRVES
over said area, the net ho%l ncludi ng ana geonet ri cal

paraneters thQt BRPehSREFRErFLPF it zight channel;s H#’ gﬁrﬁ"f"g in
respect i ve ones ocbmp]m: dmbe:attﬁ.onsover the wheteoserimal oxeraa andie dxegubbut e

wi th correspondi gg ? 5@ Bfbically -?Lb'ofHE”%SSE?kQQ d%ﬁa'%%fﬁl%%%'ry

frequencies relata nat ur al ng wave Vi tion of
menber (2) in Sa},audspeaker panel  G3¢k, L5 ﬁ?‘ﬁ&n %"'&P@BF}EQpP&aISW 3:‘?(91 es
that corres- . means [038) thadéernatiivebyisthealpaaeli mayobesaiuppoertedr

(2) and 15 eP§! TOf "B stahd.device, and determ ning corresponding
35 bendi ng stlffnesses I n a| d ghc;vgctlons and .mak

| east a conponent of SFHHeA &P egtipn ap%araiusngmpgr PR s
and structure aféaoramnged sixi é lrenali mg4§1 | équiicppsed m:.th seatingalltegeonSthei cal

configuration. paratus has a pro ector 31) projecting an ima§® onto the
24. ©Met hod accoral ngﬁto ant\; reI():edj (31) Praj g i d 8
e

aim wherejn s
anal ysi s invol veSCEFeY pie ’é‘?n"i‘}l%?i %%?H‘qeé’s&la?ﬁlﬁoﬁéss“bw“fers GPdr are
| ow rather than whibthimaydied offr equeesyionaljezonstruction, 28t s fnidles of

acgor di ngl tg cl atﬁbfﬁoom @tnﬁr§gé q)ﬁéa%@kﬁbnbxten@on andl Eeﬁaz[ﬁséma:@gr
T oo e F e L e R RR T LS. so-cyiien sbbRSREIhAaad,
bendi ng wave vi battthe ¥farfifd the room. Huiftanly Xhe rear speakexy (Md{Mod
according to cl ahpe281s¥herf ethe SRikh PSSR eI Figures 1 and 2 in view of
25 their wide and even sound dispersion characteristics. The
rear effect loudspeakers may be of the same construction as
the subsidiary loudspeakers (114).
A distributed mode panel loudspeaker hereof can have
remarkable non-directional properties. For acoustic repro-
30 duction of ambience channels of a sound system, the energy
must be widely distributed, ideally. from non-directional
sources'. It is inmportant that the sound source is not well
localised otherwise the perception of a large ambient
space, the simulated acoustic region behind the listener,
35 is unsatisfactory.
Hitherto conventional directional and/or small source
speakers, generally moving coil types, have been used for



10 I ned resonant nodes include the first twenty-five or nore

above said natural resonant frequencies. 27. Method according to
any preceding claim wherein the or. each sai d nenber has danping .
nmeans (3, 2P) selectively applied thereto as predeterm ned to control
frequenci es 15 corresponding to one or nore said resonant nodes,

28. Met hod accoVEi%8%#h cl ai m 27, wherein said selective . B*“Eﬁﬁbing-
means i ncl udes danpi ng att achment s (2P) at nedi al positions of
sai d area. 29. Met hod accordin@eto any preceding claim mherein

the 20 o %Qcaakg%”m{yéﬁ Bag & Snﬂgme@&ﬁg,ggﬁgﬁ%sﬁgg

wth said area. accor Eg I ng C
wher ei n the aural PpRreepiiodai da%b%me cmgmbeEe (sef)ter#asclapsr%rré;% 19
appl i ed - nea&lwutamﬁi%n@ég%péac@@ Fenpertidi hepsitceptidee ¥thoagipn

2P m g0 e AL B B B eskor owenpay by PELYPCfERAd Bcd

vi brat i on- cor@t r sififiack m;tder*lileﬁir (@hole apprecia@gry\g@?] she dmplsyshanpeling

\SAﬁI d _edgeSBO sound df:?e?.LdJVEt fné a&&gndstaﬁwﬂymayefaf $d apoFedfuD 8BRat
erein 5| rea, s ed withi r IS e

sai e A IR ESA i 0 redubEpl e annstvn rBhLCatads
bendi ng waves begqmm gaaunalea 33. PaSSI ve acoustic device

obt ai nabl e by the nmetodmBience reprodudiy Byeﬁéﬂlﬁlﬂi]ﬁl aiBh %dapbedmbﬁe use
in any of rever

coust | lteri
envi r onnent a l?"°ud8peaie<78| &f ﬁﬁrgg’?%oggs%i teabhiidt 3&'91-%\@{1 i U8 acous‘Jfl
devi ce obt ai nabllatge t seumdt fd61ldf aghynear uniformphatepsityi mhich ohas

further includi ngptiie®ei9r pB2Nlocalisation. A large audience may be

97 9 | ed 2 d d
either of a Igum ﬁ%gnsﬂﬁqblsgﬂﬁoﬁgé dus V! "& g te t%}ﬁeé%%egf%g

i ncl udi ng a mentess §.Bm)etbehble r@nelariroudspeakersswétmw agly isdgniRieRAESS
and capabl e ﬁ Sﬂ?éaﬂa!wofaeaélaﬂe&meala%veapebdﬁ dhéiinedn ahat goerdl y
a

consequenti y acou active area of the transve t ent
of sai d nenber itagz?ro??fétjh\?%lbé‘% ﬁﬁwwrpeﬂegﬁﬁ?é R 6¥glzi’sn é%g%g ric
and for mmhtag:tstftdmsshﬂpmls'al ueBresftLgh P rsiedn deea X Lsmjj 361 -

buti on of fesonae&‘éhi@\ﬁiéﬁs £k Eﬁé%@itb&!ﬁhﬂ?&l\ﬂ@bﬁnalbéﬁdmﬁ@ systefVes

said area, which v es have be te t L ede aid
di stri bution of "’hé‘f o'fﬁft’rﬁr}hﬁgegﬁ e rgdlatl%% Chtaga@tﬁgﬁ

requi red achzevabies a-'(ﬁ)LtQIGI scaustbn Eﬁn%]als@und reprogigaier (The pgpbience
operation of saifhgfybddkersermay de8i I@sbired be @ESpEHAYE dROURiYeEs and
frequency range. d::.l's59uised,3%y A\:(ixOUStﬂpC.LJ.%%\{:'J.%% BeCQr d9¢abPeChRbgL 320 WRET €I N

sai d
panel (2) to resemble pictures.

Figure 56 shows how the frames (1) of the projection/
25 loudspeaker panel may be formed with a return lip (36)
whereby the suspension (3) can be concealed. The frames of
the subsidiary loudspeakers (114) and the ambience loud-
speakers (117) may be similarly formed.
Particular device aspects of this invention include a
30 projection screen comprising a panel having a light reflec-
tive surface, wherein the screen is a distributed mode
acoustic radiator having a transducer mounted wholly and
exclusively thereon to vibrate the radiator to cause it to
resonate; the radiator preferably comprising a stiff light-
35 weight panel having a cellular core sandwiched between a
° pair of high modulus skins, a surrounding frame, and a
resilient suspension mounting the panel in the frame, the



paranmeters are associated wth at |east two different di rections

t hrough said area of said nenber (2). 37. Acoustic device
conprising a nmenber (2) extending ' transversely of its thickness
and capabl e of sustaining 20 bendi ng waves in an intendedly
acoustically operative area of its transverse extent involvin
acoustically r el 2 resonant nodes of its natural bBRHGE e -
vi bration which ' has a characteristjc distribution over said area
of vibrat- ionally nore or nost ad&? ve regions and vibrationally
| ess 25 or CLj (=T} aty ds epen Q | ,
CoERFar LOKE PRAFARALY pait” O B by Bolid ailualhy

| east two particgla par(s i .

member (2) has sEPEtt ¥ bR sSKIRY PReterahis diaing of fibrg-rednforcsdd o
gi ve a corresponplagtizs:daddgoridatthenprajection screbhchomeri iy @ankow or
no vi brati onal LY &gﬂ& wsuce o] : 0Dt | p Lcal for
further correspgﬁél ngi%/‘\?t 4 _gtg%slllerdedt%cﬁ?é%%‘b% gggggstiigg%géfaft%n :
of said devicé. provide lefd anf.gightchaedi ehangebrinfaymatisony 8y deftl ai m
35,d_36 _— and . ghith Bard rl uds ik t<-.-;_3:fs baiﬂgflﬁ.mt_ nan’leﬂeg%amfktw £6S-
pondi ng contri 0 i | ihution. are i cyl ar

af fected by at f%%s?g%‘%%b%%a ésigdaﬁi'cfﬁ épﬂz’ir%rsetgﬁdsiaaaﬁ?dp g?(ft ﬁg?‘)r?@%é' preferably

sai d resonant nothensglvesoraesfdstrayuseat madet i aeeustkic radiatomsi each

di stribution arenafid Glltzahgaatéecheshbsn amNer afd exclusivelSAithereon
par aneters,

| al.d d
o8 oi75 56 FEter TuRafla BOL WO REBY 18! B resanaties, and/grens
set to said vi bratdbmatispajpreraratins chacartvert sed dysabprojection scxeen

conpl enentary asa®r@gorésuildy aiayosy ahke a@halvyyoud P Spiftatus comprising
contri butions of ﬁaﬁ.d ot her set to $a d él ration I% | ess .5 or%%east
active regions, And 9fEE PRP A®ar channgd loudspepkefedPcdiec PP ndt8 any

one of clains 35istributed 3@odeh@constiai dadiasnet dravigan &e trenmdagero at

least two 15 méhd€sd CRhoLOPCARNAUALxETRSHARNG CEhéfedhi &0 T¥OMMONST @ReOf
sai d resonant rm]gl 40 Acoustic device

es, can thensel ves, be rel ated. 10
conprising a men%ée%a ?"‘Z)to g%flgﬁdiﬁggc’ reson qi‘eatnsversel y of its thickness

and capabl e of sustai$igly an acousgkinli panehvbreilth te subftcient | gizpetati ve
area of its servé 2S5V ar YroyectAbnl BedednNERPes@AlIIv el ¥i 1g! 8H@Nvideo

r esonant of ;i ts.natural .bendi ng wave vibration that _can 15
related to at Ie%;gggé% jé%nité fuglim}lrlgﬁﬁs?h‘: #hZPuRY e rePrO uceﬁepgﬁggnt
on sel ected %8I Rdvantage peathe tGRAIRE Qrebalogife channel ofjhpmertbeatte),
wher ei nI sai d ][rerré)@i ifresnty,alan@sanf asausic panelspﬁéaer@ﬁh eﬁévillfge@@oar gipged to
gi ve val ues of s felolgTo . i el at |
resonant nodes a%% requeg)g}sgtglvﬁge’ an&é{o‘%&}ﬁ?ﬁgpgég% %%%éisnc{%éﬁdgg’%g%age
beneficially to 5Rhi ayfhgrces.  Wopking Memensinatigpsr havsh ohowni igh

devi ce. intelligibility and sound clarity over the whole audience

25 region with a major advantage that persons nearest to the

screen do not suffer biasting from excessive proximate

sound levels, invariably a flaw of conventional direct
radiating cone based speakers. .

Moreover, another inventive aspect of a projection

30 screen hereof arises in relation to conventional centre

.channel speakers and the ear’s..readiest tendency for loc-

ating the acoustic centre of a cone/diaphragm loudspeaker,

so that all sounds appear to come from such concentrated

small source, thus detracting from the sense of realism;

35 whereas, for an acoustic panel hereof, its uniquely non-

directional radiation property means that the sound appears

to come from the general acoustic region of the screen but



41. Acoustic device according to claim39 or claim 40, wherein

said selected paraneters assure that sai d concept ual
frequencies are so related that there is 25 interleaving of said
resonant node frequencies wth - spaci ngs and consequent spread at
or approachi ng opti mum - f or ynon- coi nci dence and evenness of %ch
spread. - 99709%dHust i ¢ device according to claim39, 40FGHCEN214S
wherein said conceptual frequencies are eagh definingly. 30 affected by
said selected values of different sai8® par anet er s. 43.

Acoustic device q{rcogrdgmngoéeo £ a4 %%34"2;.'%’ 3thd€, when théZimdfiETELN

said sel ected vdiUes are Of correspon paraneters Tel ating
to geonetrical cwmeampaniefowish seupé 98 the papedy tBeBendFng BPWEFRRLses
in different dirgglde@thetic effect ir\adatt lacHeyf ceperifiidlisountiosaaycene

of clainms 35 to . .43 rein,saj t | .

correspondi ng saﬁ%ahsatwhp#%i é:rh % %?ré:ezlsal%ﬁn% ?g}lxﬁa%%?%ﬂaiggggﬁggpé%?e by
a mutually 5 freely to assogipte an imagingdyt wetypal and sndefived/aBPTo or
a relative percepd;adfite locatioft ForASOUAEI Sollds @chceRalil Potd @applearntd3 or

44, wherein eonetrical ' [ | a ' ape
of ar 1 & pvBEREeE) aE pelct FRAL EROANY W CRLARLAI, febbBgeaRaP
stiffness(es) ofbydie vésbel image pmudie sgpustieasurface, e.gg mapfadiyc -
devi ce acclor di Ngrd Ry moél__éfes\l\lieieé eXodedly and ?ccﬁﬁée&Iﬁqtdado;xtasoéngai d
eonetrical parapeters i ri{icul ar rj.ati c
ghape accordgﬂg E%c?ﬁ’meﬁggg wdrf “Wé’l"gﬂgdi %ﬁﬁ#?queer ésr?tc\‘:gf’#lg(:tﬁ%%né?r ggggsai d
shape. 10 43 . vivomistax pharedyeinsrodsbic simarth aPReAr &t dxarkgthean-
sversely of its LbidaNeSisuRtCimage 2 Bt YaPa@@e! geFv8eto convey tBeOWREFi cal

configuration, sald menber (2 el capabl e of | bendi ng
waves at |east ofEPakhOnge 3%‘ g% Khg perception to 833F1é;g %%aiﬁé]%%g'ﬁf' i Sgr ed
to predeternine thatribtqualidly o5 audiepgsohnviel werrit din rkheucimepaidrng
wave vibratiqg ofxsédibnce is subBRBAti&P)y RdhranwRlaected particul ar relative

val ue of geonget ri cal ter ef i ping, sai [ ti

consequent said di st riHRkY? ABBALE QR HOIPETh TS 3:3%‘88_L %aqg%gg%g%t
with desired achhevedfe seoBigureddiceancalon be peeful imdaadingnvdklr a
frequency range @fpidfifMniformity of SpeliGie Wavedgi¥teon ACHKE M Ggehere! ai m

47, wherein said eqgnetrical pa ers..incl | JENS} '

di f f er ent ally £@% i‘g‘?@:rzfgl&?g ?gf{dﬂéﬁ’ & freque%%?ig. ggc%#é) | cirgievi ce
conpri si ng a2fenpeley@t cresandintgmeges. transversely of its thickness and
capabl e of sustainingrn relatiBgnNdonCampvessivd®r éupthée wottect{ad), has a

Uoration - compiritid R a3 RN Hlea ERELBER YT Rrbaps
t wo particularly at low or high frequency ends of operating -
range, say if coincidence frequency is included either at
25 such end or medially, electronic input signal processing
for a loudspeaker hereof can be provided.
Figure 59 shows simple input signal bandwidth control
through capacitor (77) and resister capacitor (78,77)
amplifier (10) circuits (Figures S59a,59b) for piezoelectric
30 transducers (9, Figure 59a; 79, Figure 591) including
assessing to a required range response (96, Figure 59¢).
Further sample passive equalizer circuitry (compared
with normal core-type cross-—over networks) is indicated in

* Figure 60a (using amplifier 10 with parallel LCR network
35 113, 77, 78) and Figure 60g (parallel resistor-capacitor
- circuit (78, 77)) relative to particular frequency response

requirements (Figures 60b, 60d) perhaps of particular rel-



conceptual frequencies, and a relationship between said 30 concept ual

frequencies such that predeterm ned | ower frequency resonant
nodes arising fromsaid concept ual frequenci es are.correl ated by
at | east sone of vibration- ally nore or nost active regions of
said area for thgse said nodes related to one of said conceptual
frequenci es 35 wo”’??éfzng shared by or corresponding to vibrat PEH§ 148ss.
or | east active regions related to those said nodes of the

other of said conceptual frequencies. 89 50. Acoustic device

according to cl aj er el n, . N
100 i nogufide W' Sefiing with nglyded soipcidepcs fregupney
frequenci es are PAEBFFFerent directions across said area. 51.

Acoustic device accordi ng Areall aunvihigorof| Pégbrehit panel meMIRI® MhéicE

directions are s t | all ly.perp- . endi cul af . . 52.
Acoustic device gg%o?ﬁ%ér% t%n?li t&?{%\%fg\/\h’g‘?]{e&ﬁf‘oﬁi &° aggec{h‘?%a bengjng
subst anti al | ySr egtafifuess Thahe dinensdog pfattie panel membeh eoncmimed.

geonetrical par agBi¥er OtHErE eanOBE. other desideralaobst icéq@fx\.‘éx{i@mﬁé: GRRdi ng
to claimb52,. wherein,sai flou]ags subst anti al I,Xﬁr ect angul ar area has

substantial |y eqf8Fved REARRF 5t i f PhessBLCEPBRPTEs | Mgt h BARFINEGt h,
whi ch are revpashberatifinrensifdddieningy about GidRser apamals’l7% say

54. Acoustic deviagp8seSivhiig tod. fAtAiItY BareeaCkdtfadds, such as WEh&idy.said
area is short1 of _true regtangle.corners for at 15 | east one di agonal

di rensi on by *8n EH8HRE b %ef gBﬁéFF es use of) jqutyed: ¢ FEAARYH r@g’ﬁ'}ant
nodes to those alpufispedkexa (55), olrerag hrepeavexd hodi matellddtes, that
55. Acoustic degpm8ngeedianErheichaif vihehel Bosakd; FigquidQumh 1S
bet ween about 10% gng ahaqut 5%f.cl)r d:( %é\lé? _b%ﬁ-’ Zgéalsgm%li(rj %‘%lffne'bgs
(es) not differifi§%s it%ﬂly 1 ofh %ﬁﬁ%ng room invplyiagskorvard ne
| engt h and w dt hfdfnesiiprioudspeakers, 58ypieaiist ifordéef taing coteltary wikh

claimb52 or gkai gy PBusi 57) WNS&18i i Sak ks ub ti tzﬂgﬁl ar ea
has di agonal ® o?\di (ng )st i.ffggisges) i ffsa{e_;nwent]'aéfér_%"’r%r endi ng g
S

. b
stiffness(es) 251°ud3p?%‘?rﬁe Fypace BF FTRCIEMNG AORASRGRdt h by an
anount ben- At it Suly fiwd athampedt homd uthealtrer ambhente nydatenisg

those ~ aghehdk fdcffbihBl & ey Fedonbfit %ﬂﬁeﬂahﬁgﬁeaker hereof2 /-
Acoustic device accordin o claimbl1l,” wherel n_sal area 1 s of
substantial ly trﬁ&cg‘l”gi"bqgité‘ﬁl SChapR (#1%) itsedf as thegpptra chaniny addes
as sai d geondfri say ¢esinest enb-weofiems (35). Howewesi,oparticular merid is
Acoustic device ggeefr th Ngydtens ohBra /pedhp£ichiPrdarward amb{EHHEN RS
Ses, “obn o e CUBhaREPE A 5l LEAGRRE BLELP trpe, see 117 LAYl
pPerhaps because conventional core-type forward stereo loud-
speakers (42) are, for some reason, actually preferred.
25 Turning to use of panel members hereof purely as
passive acoustic devices, Figure 63 shows voicing' for a
small theatre or dance studio; and Figure 64 shows use in
mounting such as a Hi-Fi unit (46), say as a base (44)
shown on pads or feet (45). Figure 65 shows use as struc-
30 tural panels (44) of an enclosure for conventional core-
type (42) loudspeaker units, and can be highly successful
as to giving minimum colouration and/or even correcting
room or other colouration if “"varied" appropriately.
Figures 66a and 662 show a panel (22) used as an upright
35 piano sounding board (47) mounting backing onto its strin-
ged frame 108, with fixing by studs 107 that can have a
clamping or only a just retaining action, it being the case



35 by of about 18.2% or about 34% 59. Acoustic device

according to claim51, wherein said area is of substantially
super-elliptical shape with its maj or and m nor axes as said
geonetrical paraneters to be 101
determ ned dinensionally for any particul ar super-ellipse defining
power factor(s)WO97/0%842° 60 Acoustic device according to cl ai ROFGBIMRAE
sai d area is of substantially super-elliptical shape with its 5
super-ellipse defining power factor to be @®term ned for any
particular relative dinmensional value(s)_ of its mgjor and m nor
axes. 61.thate dedesc thei g Paedsihageed l?ﬁ%i RPkobe dsetegiqus A

sai d nenber (2) dmapprbpiranteatdlcwigidle besiitigns) idviencear bel benefiatiaig
said nmaj or and mj_hoy | C i i.GN unegu

about 13%to abg%urf 5?2%{6@%09 ngu%e?ﬁlgggg‘{&ﬁ aﬂé%&fﬂ"é%?i ni %%t g’%&gf& ?%ct or
i s about 3.5 to fRRRkble to so mgmt AR 190G MAGEE1f8e oPHEN GO FMERTERAS ]
wherein said s effedfyTel viidatsondl Coepbaiiancehape and has substantially
o mon ool e oyt P el Al bR YEROhY pBint?ymere

common mgj or axis for pqélrrtes of Sal d area substan orrespondi ng
to super-elliptistocknsheeticfer | thr jeares (22), vhighcisviry2 FizgedT®M h
iaildlcgmlmn mdij Qfh £t Ss%\&ézﬂ‘(}alsaééiaelt _membe?Id i@ Gan pREultavadsedtb) ealseut
.1-1.3:1, and an aspec . ration of Jf.avauri sajd. C .axi s
by about 1.2:1. °R€ skin @fplﬁfgug? heVt cheigé’crceorsglgr)mé ?‘gda%mg)n%él% %?:: gi s
36, 46, 10 ¢B}) 50s- a3Plisd GWperd B, Fiwerei §73d CVeENRE PRFhhas

di fferent bendi ngesitdd Nn@pseso i Rheaiwhdlid €6Fi Ofifa @bdeSaindet after the

di nrensions are such as to_ gi as _neay ragfi
substantially eqﬁ?%‘f%ﬁ?eﬁgsxﬁ s 6r a*s%géaa irlzes%na%{bh‘?r%@ie%é@ al?ng with
achi eved for subprimtedMipiagquiiradendia?d anff trarsduepr lgad wiring (287,

di rections,- i ncl g a8 VAR irticteBCalp NPor reeling 64ut ACbugbire dmei ce -

according to_¢laim63, rein,.sai ui val.ent r i ncl

rel ati onshi plgf ‘&Bﬂ%’ép?%%es(f&ins ??%hUe%%q‘ etgqﬁlél gV\ll;l'Ig(t,% glg%#é%slo&r%rﬂ%qﬁlgdes
of interest are of the coxs steigkematerial. @BVvemesisshewsehy ArrIhPli2Hing a
nmenber (2) extengifgws guillotimitgyefi3nly £f ois ddsniete Famd diapaiionof

sust ai ni ng bendi n V.es er its a e] tllt,lf: Biher { Pphas
a 35 georretrﬁﬁ?g&ﬁon??%ﬁ‘-rlﬁe[_ioo erwi(twﬁd%éﬁeﬁﬁﬁ,rﬁgo%/%?a endiolng
resi stances in stbekceormamatgsial ®hibyy spddttiagsas shayn and leadigr &%t ual
frequenci es pel ahagheyt Cef@dctiidle DRASENgpWEdECtion.  Thbr abamel Owesmisai d
area and resonanaiggggfogélS(f&%g%%?width) are, of course, as readily
determined in practising methods hereof, including for
other +than rectangular shapes to be finished from
rectangular precursors that correspond with relevant aspect
25 ratio determined as herein.

INDUSTRIAL APPLICABILITY
Embodiments of this invention have the same and more uses

and applications than the ubiquitous conventional cone-type
loudspeakers.
30



102 nat ural bendi-ng—wave~i-brat+en-in said nmenber L2)that _are

consonant with desired acqust. C céi 0 rdperformance of THIS SHEET HAS BEEN
devi ce. 66. ACOUSHTTﬁEﬁﬁEHm §if’ng to any one of |cl ai 'REFBACED 5

65, wherein the or each sai as danpi ng neans - 3—25
selectively applied theret ned to control frec;téenci es
correspondi ng t WONE2 npre said resonant nodes. PCT{3BI6/02145  _
Acoustic device according to claim66, wherein said 10 sel ective

danpi ng neans i ncl udes danpi ng attachnents 9"(2P) at nedial positions
of said area. 68. Acoustic device ing to any one of clains 35
to 67, wherein the or each_sai

sai d 2) has its boundin
edges cot erm nouk- wi Metheidd @f eeking an gacouskifsfpvigeyite h’&%&“%ﬁ ng to
SHY_ onehof cl ?i NEented @xtend{.)ng €Banyhersily dfeies ehibkness andbeapable
evice has a fra - out jt e ts Flat
bendi ng wave of su%?ﬁ%%rlg%nb%%fg?w %‘gesua %%s??gggegtv é%t .%% 1911:%?1(1@1}&11
Acoustic devi Be censaatientiad lyl arausbicaklyr @iotiygi dreg of the tpeasyerses so
applied with vibgatdmn-60nka08! wBabER] ethal method inc3habayWaaalgsisd brane

(1) and said edges. . 71, A tic devi f .clai
55 1o 67 B rmtion, G 1 FERORentARNEE Y PRCRETy Prafit, webe®
ext ent ovilsea tharepifersadd) mpypber ovey 3247 agear seaid Aisdnibudipass-
;gcor i ﬁget gf be&‘ﬂiﬂ&d’ﬁ\ile%_aﬁ.%y ggd?ﬁéﬁﬂ (e e vlarying?; age\zrd’ﬁﬁl_ %id wadawisce

i any one of clains 0 claim erei.n sai er
(2) has gn oﬂ)@rg?fvgaﬁgaﬁgi?f parameteﬁeaaer&%ﬁ aﬂﬁébiﬁénﬁflﬁg sr?g’regttq'%gﬁ
4KHz. 73vaXwes sifi saddvparangtansdragul bingimnseidf dtstriimtEddn 0£30

T, bR e o oo s o s
| ude i nci dénce frequency, .

Acousti ¢ device ‘é%’&a%? cﬁ?ﬂﬂ‘stdcd'caﬁfﬁéﬁg 8? %?%Cﬁ?“??%t gor operation qf, said,
sai d nenber (2) adevics operadi desiredisfreguency rangegqaadcwakinge Blsa@ti s

whol I'y bel ow;khe) 9iCh dedifforndnt of fFaQ@UBBGYce, a said hRemAGOWAINC sdaw ce
according to any ope of 74, wherein said nmenber (2)

clains 33 t
has a ratio of b&H ??lbe%t‘ﬁayfu-es ot sgidn@%ﬁa‘?%t%s per unit area

consistent, for partikepwstisi device including a member extending transver-
sely of its thickness and capable of sustaining bending
waves at least over an intendedly consequentially acoustic-
20 ally active area of the transverse extent of said member,
the member having a distribution of resonant modes of its
natural bending wave vibration at least over said area that
is dependent on values of particular parameters of said
members, which values have been selected -to predetermine
25 said distribution of natural resonant modes being consonant
with required achievable acoustic action of said member for
operation of said device over a desired operative acoustic
frequency range.
3. Method or acoustic device according to claim 1 or
30 claim 2, wherein said parameters are associated with at
least two different directions through said area of said
member.
4. Method according to claim 1, 2 or 3, wherein said
analysis involves assessing parts or subareas of said area
35 for content of vibrational energy from predetermined said
natural resonant nodes; and said selecting is so as to red-
uce incidence of low vibrational energy contents of said

* [ L M S *




103 of said nenber (20),"wth a Iowest bendi ng wave frequency o
| ower than the acoustic operatrhgghg{fggg@ﬂw ldcahge of said Mone ex2y oy
oIk mrrei n said 5 TlT“ ﬁeHAS' BEEN

76. Acoustic device accordi ng
bendi ng wave frequency is at “
according to claim75 or clai m

77. Acousti ¢ Hevi c BEPLAGED
erein said | owest bendi ng wave

frequency i s atWPe¥e98¢han "hal f : pref erably about a t hPFHCBIWRAS t o
of the acoustic operating frequency range. 10 78. Acoustic device
according to claim75, 76 or 77, ¥herein said nenber (2) has

bendi ng stiffness betwe e are m ni ma of about 0.1 to about 1,000 and
maxi ma of aboutpaﬁtfo°r subaredfsout 3, 500 Newt on-metres, and nmess per unit

area between 5. Mehhod racasrddipeuto0cdsin ot aihereinssaid FEGRGENDIisabout

1t and 15 %Qoﬂigﬂmﬁ% %&a&eﬁ&aw Qdiﬁb&ﬁraﬂﬂ&ﬁﬂ@i@l@? &Jlaiiﬁéﬁﬁggdﬁ:-
ation. coustic ice according to any one of clains to
78, wherein sals&gﬁe E §L§aa§ &5 ff 1ight-weight struct- ure of

| ami nat'ed s&ndwi-ch- Mypbomﬂmdm %9 anytpreceddng cleim, whereincepdd (22)

and adhered Sk'a’ﬁ%l&%ih L Rvel v GRisR seendi ﬂﬂrts or subda¥as afdssiGtaddn said
resonant nodes at

devi ce accor di f¢%t &° Pl%ﬁfl?nc?g %’é?iéjr?f‘asla ed’ergy §r°mc8FPﬁ?5?r18%?% (%d has
shear mpdul us afatatralleassomdmtumodes25and saidegapacting imasatihepredudkt n

(21) Young's q%lch\érgfe@én spread of 6 rat3loadl dnét d&aﬁﬁﬁﬁ;@nts of saiq 81.

Acousti c device cordi ng toclaim 79, wherein sai menber (2), at
| east for st%ePAFHSORTaFBBRTRRS- square netre and | owest bending

wave frequenci es. abMethatiowt 198kimg has IToustica dmridiengtet iinfclade tdhat
can be bel ow a%&bejro eNeYh& g transver@%tlﬂ(eéf £ %ﬂ%@s@ﬂﬁhuéaﬁgﬁie can .

be as | ow as about pascal s or, | ess .and skins

nodul us in the @ nﬁ‘éﬁtam"ng l?er“gﬁ\ngbd’{?t ves £t oleoﬁf(;utmﬁe% wgéﬂggﬂg?ély

82. Acoustic dewastdcadigi agtive eraame?dtsisassvesss @x38nt invadwies (2),
at |east f S'J&%éﬁl:f%tc‘éﬁ?g 9§ AbOWardt %eaeﬁaﬁéqwaes of its GatuzadUapendBig e and

| owest ben |ng wave S ben]g_jl ng

stiffness bet vvéfé’r?’eaﬁf&r eguenc:i&slc%shas aatfg’t?tragﬁeﬁi ﬁb‘t’ ﬁiﬁef\ﬁt%ﬁﬁg?r Feg¥%ore

shear nodul us tseid iaxea of vibrationally more or most active regionsiand

usual Iy above Lﬁﬂ%@.@#ﬂé¥9'&@'lé&s®@%ﬁ:ﬁé FRHAAS Aat is depeti@-1 o

bout 80 d f |
Aot 2 g1 Gapacta¥ SHYATESR AL SRPL tvo PArkiPuler perdlthal” of silal €2

20 member, the method comprising analysis of less or least and
more or most vibrational activity in said regions, and sel-
ecting values corresponding to a said distribution in which
regions of low or no vibrational activity are reduced to-
wards optimum practical for further corresponding with

25 desired achievable acoustic operation of said device; and
making, as at least a component of said device, a said
member with said selected values of said parameters.

8. Acoustic device comprising a member extending transve-
rsely of its thickness and capable of sustaining bending

30 waves in an intendedly acoustically operative area of its
transverse extent involving acoustically relevant resonant
modes of its natural bending wave vibration which has a
characteristic distribution over said area of vibrationally
more or most active regions and vibrationally less or least

35 active regions that is dependent on values of at ' least two

N particular parameters of said member, wherein said member
has selected values of said parameters predetermined to

e
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5 83. Acoustic device according-to ctaim79, wherein sai
nmenber (2), at least for sizes betygemeaeBten®Regdacdd about (h'“S SHEE T \SeBEEN

netres, has a | owest bendi ng wave f can be as RERLASED
about 50Hz, a bending stiffness usuH“mm]! llln ove about 20 Newt onmetres
‘typically about 50 uIB to about 10 Newt onnetres, core
shear nodul us usual | y above about 10 t ypi cal PETAB3/Q2145

bet ween about 20 and about 90 nmegapascal s, and skins' Young's

nodul us of at | east about 2 gigapasals feasibly up to at [east
about 70 Eﬁqg [
claim79, \Ahere?%ggalog:%g%§p°£§in%bsa§§1 i %Fltth'gn 3 ‘%Jl"gtgs é:‘rql %a gut 1

up to perhaps 510w or no é’é{ﬁ&?é‘%ﬂe%c*éﬁv’rﬁﬁ ér&nﬂeﬁ’é%@t o s PRk pam

f requency pra¢1|:ﬁada1c forbfurihdmwoztespondidp with/QbE i réd adidrdable
stiffness above, e o) ear nodul us 20 usual I'y
over 30 rregapascél&%g %p’ﬂ% nsBHEY(&)E §a1& &%’Jl us of at | east about

20 gi gapascaPs ?angi¥afhegd tor a@CPIéQE%C a@ém-ce accordingo(oyiapipaonel of
85. Acoustic dealsﬁn@mwdimg wher2dy one 8btCoAl 8&81d Yrésonant modeB4and

Ueful | additi EREresPbBebg. SPRraF Byt fonf " Bala ShsfPumnerdd i, Bk ng
wave resonancesicularly affizctadodst iat deeaste anec ®fdisaid manapedersofnd| ai ns

79 EO' but 84noma(rj a%'eﬂ: o2 Hal@r fedSwanth dpasls Hﬁh%@rﬁ@?{i’%ﬁﬁ@ cont-
contri buting use i tiona enc conpre55|on e overy
non- bendi ng 'I‘ 5&%% §ia rai%mné’?%gﬂ&o%’ﬁ P&Bragc%#%‘?qﬁ? Yany
one of clains 7®n¢>bher of saiezmammm‘lans,sahd seleci<?? valaescef |said one
(ool I -capy® " ' Snd%ther paranethiy coctbbblatny Ve il Bon o e
35 . 88 AcBd?i 8RQefrle Tk %ﬁ’o‘{ q? ta#/ﬂpagﬂé’ JPOxg aPhs M8t Ctive

87, wherein conpégionse bﬁl@p@%rcbmglmntmm pzct2cally achizmiabids
useful addi hsonaéléﬁwef raqueém/ é&{tﬁ%ﬂ%ﬂs"\@fe said otne&e%@r&a%e%am

105 9&'{'“5“ ce accgl_r? g any_one of 3
88, further i ncY e 85? e Sas?:g?c bYJ?)I’?ﬁ?’I%ISSaPB vfeé Veﬁ'ﬁﬂber
(2). 90. lwcou&thodj@mcoe'déngotdlmg{ tprecieding3dlaimgc|whenedd sbid

wherein conpl i agg&) iﬁ%di%s’sadéisésrs{i'?ﬁd‘ﬁ%rqu@'ﬁéﬂés( 2k (@id resonddtd

menber core (220)af ds usef ul Qna

non- bendi ng Wavﬂg‘?%’%(#?efnégyings 5f! 'é‘fergﬁ N¢Fc "’(P&/'rst?éda‘éﬁ)‘?ﬁ?jr%intgolﬁl aim
34, 89 or 980 waherto achievigignoplivumrprachical spaningd)oficthage feegh-a
novabl e bend- encies.

11. Method or acoustic device according to any preceding
claim, wherein said@ parameters can be related to at least
two different conceptual frequencies to which frequencies
25 of said resonant modes can themselves be related.
12. Method of making an acoustic device having a member
extending transversely of its thickness and capable of
sustaining bending waves in an acoustically operative area
of its transverse extent involving operatively relevant
30 resonant modes of its natural bending wave vibration that
can be related to at least two conceptual frequencies that
are dependent on values of at ‘least two particular param-
eters of said member, the method comprising analysis to
determine selected values of said parameters to give values
35 of said conceptual frequencies thus related said resonant
modes at frequencies that are spaced and inter-leaved ben-
eficially to achieving desired acoustic operation of said

e
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10 i ng wave operative part thereof mnmechanically coupl ed to : sai d

any one of clainms 34 and - mhereln sai d trans ucer

nber predom nantly resi §[ﬂns‘$!:izlyﬂas Been Replac®®. Acousti c devi amqg@{gﬁ ﬂ%ﬁEEN

Is of piezo- electrl Acousti c devi de arr

any one of clains 34 and , \/\herel n said transducer neans
(9) is of- el ect Ws97/09842 rragnetlc c0| | - and- magnet type. PCT/GBY#02145
Acousti'c device according to claim93, wherein said el ectromagnetic
transducer neans (9) is of noving-coil 20 24 type. 95. Acoustic

devi ce according_ to, any one of . clains and 89 to_94, wher |n said -
transducer nmeansd¥Ghcsssadg, paking, as a8t 10381 % FOMBORER Y %rﬁ?e‘rd geyic ice
96. Acoustic devamidicwmembengvith sajdoseledtes] saimes4ofinshidd parame&érSo 94,

vave oper ative DALt (oo e e g e “‘3?“22.

nmenber (2). ersgty o é&%&’@%&&?éeaﬁ@cﬁm ‘bé li6‘1‘3' aa Fr§g34
and 895t owaes vihreram rasatibaamgduperatmg:(éh) dfad g sramezkbkee 30
bendi ng wave Opeéﬂ%ﬁ’@lﬁ%ﬁ.v j%ﬁ&&ﬂv@ig@&é&é& H83nant moded ok¥4.€5

surface area of sal 8. Acoustic device_according to
any one of cl ai nRaBiral,dpending waye vibratigpeEBah Sardber Riakedr tRedhs
(9) has its novabésst two conbepthay fweqeenpissttihet paet dopentest amogeld t o

2 Limes that 35 gceodfy RIS 00f OheSTbdsEPRRS" phelnbRURL CleOkaldTRURELD

accomm e sal d par devi ce accor g
any one of cf8i n¥hepeimpaid membegghqt% wuesh f o FAid pIrametris PELIRESRS
(9) is wholly catmined to give values ofl@éid conceptuald ineaindieentbus(2) .

égo V\,ﬁ\g(r)g?;i galcigxﬁ&ﬁ%@ééc% ‘ihnﬂeéé’nﬁp% é‘: ?:@@n@ie@nghat are sP§8e&0

acoustically opeF&@|J\P@%&llﬁaﬁﬁéabe%%léyt?%@h@nng d%l%‘r:’éﬁd ﬁé’&ﬁ§ti(’9)
is located at a ppsrdtivh b Haiat deviye. corresponding to 3/7 and/or

4/9 and/or 5413 of |enahlisy of, acouftié' §§§ié’é g%grggﬂy ?:Q( Zny' 5866 angI

coor di nat es Tlrom a“ corner
Acoustic device S22Hr%i HY 9 Ady Whersin csaidrssslechad Marametegg e§syge
wherei n sai d nenbrat (sidaonrepttbal afiteqidncilesuare so rel&téd pthatalthere .

acoustical ly opegatiyeesal Sadifif ?ﬁngaia' Qesomt mkagnm&%n@agsw&%h i s

| ocated at a position substantial é/u correspon as coordi nat es
fromcentre of sHPACINEH pd consequentipready at (5’10 %@%ﬁf"énﬂo optippr
hal f - maj or ard hébf-ndib-coincidienoe anéseven-neps @fatsueh .kpogad.rati o of .

substantially 15. Mé‘thc;d 1§2 acoustic device according to any one of
claims 10 to 14, wherein said conceptual fregquencies are
each definingly affected by said selected values of 4iff-
erent said parameters.

25 16. Method or acoustic device according to any preceding
¢claim, wherein said selected values are of corresponding '
said parameters relating to geometrical configuration or
shape and/or to0 Dbending stiffnesses in different
directions.

30 17. Method or acoustic device according to any preceding
claim, wherein said selected values are of corresponding
said parameters of a similar nature and selectable by a
mutually relative wvalue, such as a ratio or a relative
percentage. '

35 18. Method or acoustic device according to claim 16 or 17,
wherein geometrical said corresponding parameters define
shape of at least said area of said member for given bend-

T



102. Acoustic device according to any 6ne of clainms 34 and : 89 to

99, wherein said menber (2) has a substh@Rhdefiids Been Replaced suagﬁr B N
acoustically operative said area, and s ansduf ’T§f §§ quE
| ocated at a position inside outer ﬂ!m jﬂmmlm aid atea_or Treft (2)
by about 15%of a line to its . 103. Met'hod
according to anWO¥09%8&2 clains 1 to 32, wherein . sai d RORICEI602145
extends to assessing vibrational energy 25 content of parts or
subareas of said ar ea for contributions 95 from predeterm ned said

nat ur al resonant rm t he urther co sing determ ning
at | east one | & \I‘F/I“Fﬁﬁrges °fd saidséﬂe&‘bg 5“1‘8}’911 n%éﬁ 3%3[
transducer near® (Qﬂewoﬂl pxtacoustic devigeiarpandingate @kﬂaim é@uoﬁhe#-‘-sai d

area havi ng Sa'éincoéﬁid §Qlected lMdé’élSofr QE4 8] gj@oﬁbthhagssba&aﬁbeéﬁsof
sai d predeterm ned na nt t hod agcordl ng -

to any one of ARAGHY1 % é’a§§1° axr.]:].)ai':alon of r?sboﬂsd' rﬂ‘ﬂ’?l 8CEREBHBE to
assessing vidr aid ddalensdongyin dlfferemmmmbnpaaCSom salldh rshapeof sai d

area for contrifyiti gagnda of mﬁln%ﬁaégoﬁéﬁfkem@eﬁé'ﬂd&@l thesgeapt

nmodes, the nethod S determ nL.n or nore
| ocati ons wit hi9f determinlgg“g&og\eggipg %ﬂﬁg Fa?guﬁ%&r FEERR- by
first find- ding tnangveegebynsofcdlﬂsecuhimhyshamn:gts:cuneral lbot bensohfem

nost  up igured, said member bein% cal\gahle 397811 taininéob@hhz.ﬂ sai d
predet ermi ned resonant podes an acoust |

devi ce havitfy Fawsat [Bast oves) sé%?e?‘rfﬁ‘hg "ihreaﬂ§gg?€2‘l ingsapat¥Rfiess
in an area of is of Atstribkibrc wf i gesabam mmiesa@ﬁbhatmfasubbﬁﬁﬂn@g
bending 5 e s&‘ﬁg:’at’i%hdaﬁr 681a' RémPEE Nagh LAY s%r&?:g@%ﬁr{ﬁﬂ He

| ocation in said area wave transducer
anal ysis of di Siffarendnier %ﬁfr%ﬁein@nﬁia @n‘é?‘b";ﬂ-ﬁ‘-’flii’ﬁi°ns of ﬁ?riédéﬂ:éﬁn?ﬁed
resonant nodes vafridtily deflimedi by welevant geomieratabnpataseterspniad (2)

over said af 315431%{1%3“'@ %arﬂg:ular 'r'é‘-ia%E?Ee%&gQ“Sfng&&”%h g@tgrgr ea

at which hig resonant
nodes (ﬁﬂrr i hich s#ijrﬂ sl bt rat |°6nanat§ﬁéllgyesonant mades kBt hod
accordi ng to cldsteriimednasrissing eonsonantewith des;he@a&amraraﬂne head+ng

wave transduoered At il Ack1b%BE- odfratiod [0tk ¥ £24ARR | Baighdof 2

that in conbination cant Vi y
contributions fiRGRsY: §nd making a‘?? ?f cempepehte /et S2dnd8ViEEsofafititndes.
107. Met hod2tac aemtbexy Hawiagy itsesaidchaeascdfiRidguredGo said pamttécelar said

analysis addi tignaldve viline Bk EAIRI44a0EARe1 pokliBLiL €5 10 O more

regions of said areg

t ant | t
vi brational enetyy &ﬁ?ﬁ’tsi d*48vice ﬁ??g‘h'gslf‘??ﬁr:@%é%&?%ﬁ%&apﬁgﬁnam

modes. ersely of its thickness over an area of predetermined geom—
etrical configuration, said member being capable of sust-

25 aining bending waves at least over said area, at least said

area being configured to p’i‘edetermine distribution of reso-—

nant modes of natural bending .wave vibration of said member

by a selected particular relative value of geometrical par-

ameters defining said@ configuration and consequent said

30 distribution of natural resonant modes consonant with des-—

ired achievable acoustic device action or operation over a

frequency range of interest.

22, Method or acoustic device according to claim 20 or

claim 21, wherein said geometrical parameters include dAim-
35 ensions in different directions across said area.

23. Method of making an acoustic device having a member

extending transversely of its thickness and capable of

-
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108. Method according to any one of Ttaims—163+te6-107, - conpri si ng

the step of nounting transducer neangy;f 5 coupl e wit 1
t hose of said resonant nodes contri b- "Hmﬁiiﬁl@ma[ﬂ a said rﬂ-&g(ﬁﬁE‘ﬁbﬁAs BEEN

109. Acoustic device conprising a ne ng t r anBERLA(ED,
of its thickness and capabl e of sustai eal bendi ng waves over
its area, wher emQ 28842enber (2) 30 has at | east one tranRQT&BMATI4HS -
(9) coupled directly thereto at |least one location that is
asymmetric in geonetrical configur&®éi on of said nenber (2) and at

| east about 10%to 15%inside said area_along a notional |ine ﬁu_o
its centre, wheStHRiPIDIPERALRT WAVES, oELE i RFLhHG cgﬁ‘PHlSSng analysiSyfer

means .9) is ddfine atgesmetricalcecopfiggratibon of saidubetlert datermin-
conpl exity of viJ L0 [ | r i ngh des
of nat ural bendilng \t%gvgg\%lsﬁﬁﬂ; g%'ﬂg:%ﬁ@ﬁai ﬁ%qéﬁéélc&gﬁbggi?%j?fiﬁ%a%gei n
sai d geometrical® iqurrétsioé‘ﬁnt modes of natural bending wave vibration

108 0§ Siiel M areld?) whichr epacéptuell fréduendinso haveoanmuingl
directional diffaear : 0 b kN I‘%fi% -

di stribution of %/eﬁl?ﬁ{é)t‘t%?%r?ép fggr?the‘r?tﬂggugr?%é%%n I N V\]/é?/‘je&r frequegg?i gﬁsat
its natural resdIRaRt BeRas | KatatabletR paid| cogcsptual 4ECRINERCIHRS f BFRance
of the device. correlaktkd bfcatstllieasticsone afceibiaigidmallyaimsr208x wbstein
the or cagh.Sal 063k 0R [ola Sidh WrARadNECEa IR ASads e t8l Lo
said l'ine, includifg any centre Ilne?s ~or ot her axes of sald area
by at |east ¥9 amp of seid copeppiual fyeqneaciesRpidigh§hared BY ATCOFEy or
110, CONPd ol iy NS 0pbpaELonvdlaei Yedd ubal 18akd facansduceyions

means (9) have L0 a;lt-teI ' g %ﬁgggo?a%dggcgnlfﬁ:&ﬂeegroéﬁer og f sla?.gi‘.a%tg?%%. a1

different as to T€ ve val'ues of COOr on . in
said area. 15 freguencies;yand eRing.dasi & de@stdienFomposeatnPissgid
claim 89 @evicane!sdi@ menbedspagkrg 481l)easbtitsisuidh ax@ad conf-

menbor (2) WaLh sdlthd rANSHUCE pIERNSED JUIMIGL VI of sasa RBEL-GS

vi bration exCiter ans to caus to resona
an acoustic radi 8eal (RAARAHEFE - 20 acoustic output when resonating,
and a baffle £8.8)acoustic VevieeNdoRGrising Uppashben ébisendddigattaans—

rasi 11 ont suspenteaieRE B R ER1 LIRS} dd Rdfabte of CBitatping Honpifg
8) to support theavesy dfkardin tthe member hgs a gepgetpjcal configurpiion
Panel - f or m | auds@ebdeiimianp i figralo drlingl WhveMvdaiation over tile area
resilient suspen‘g_j'_gg :(:éso&gr}t ilﬁoc?és @eﬂﬁ%l%”acrd. Gt least two conceptual
frequencies, and a relationship between said conceptual
frequencies such that predetermined lower frequency reson-—
ant modes arising from said conceptual frequencies are
25 correlated by at least some of vibrationally more or most
active regions of said area for those said modes related to
one of said conceptual frequencies being shared by or corr-
esponding to vibrationally less or least active regiomns
rel-ated to those said modes of the other of said concept-
30 ual frequencies.
" 25. Method or acoustic device according to claim 23 or
claim 24, wherein dimensions of said member determining
said conceptual freguencies are in different directions
across said area.
35 26. Method or acoustic device according to claim 22 or
claim 25, wherein said directions are substantially mutual-
ly perpendicular.

A



mat eri al . 115. Panel ~formtoudspeaker—aecording to any one of

clains 30 112 to 114, wher r exciter (9) -

whol Iy and exclusively on the ﬁ' &Pﬁas‘ﬁe&l&};fa&ﬁlm Panel - f of | 0 gé‘% | rBEEN
according to any one of clains Ilmuj mnuul‘lw wher ei n t hg_baf &' is
formed as an encl o- sure n backed front box portion

(52) adapted 35WOS79884)e npunted on a wall or the |ike. PCT/GBY6/02145 . .
Panel - form | oudspeaker according to claim 116, wherein the front

box portion (52) is adapted to be mounted®¥o align with a cavity

110 th | . 109
(118. )Al:tll veea\(l:vg&gt | CA&gvﬁEécagggra? n%c?%r ‘rnaﬁ n‘f-%4°'b?l%l %l?,mwherez.n %51%3 a
panel -f or m | oudgyeakds e815ubstantisildy sertangwbay shape withpjepgth and

resonant acoust i@ gtddadt ghifayésitetriRanli th{teters or aﬁ@én?bltdh%nsducer
means nmounted tq _the_radi ﬁtor t 0. cause t S, ﬁfe#‘geé 0 Vi br te ap
resonate in provicdi n§CRBELEEI Be¥hEHRCCoOr :.ng %o Lo GBeFe Ihnﬁala
frame (1) sufomsubsganitéaldsi ategtangular axeendhass mstms:ipmm hequal

resilient SUSPe'iw’é'n@t&n@%'%&fQﬁHEééé’ along itP UMD ahRCwiBLRTwh AEH aI:Qe
radi ator peri phery,

sdycer n 9) .bei.n oupl ed
bet ween t he radlwaiog?menahanﬂ]lg%y opt 1 ﬁgf fa%a?%t ‘ed to nove
t he radi ator 29. Agossthccdeljce accordiﬁ@QtoP@dah.mf @Mmdxro utlispien k28 ,

according to cl gy L3 suWh&r£idh is ghortd¥ ¢ %”Eefﬁn&‘fé c%rBQ'i'ts' ?Br at

surroundi ng the radi at or. 120. Papel -form I oud sg ker cord %]9
claim 118 orll| de@sts one ?i@‘”%ﬂer BLMeRBLOR o bY| i8Rt 2Ry ‘b%n??ﬁﬁ tajally of
an el ast o- relatsnigc atbrtbutable resonantZﬂxodE’stnted -fhose ardaiisgefkan

according to gl @lsai m 120 when dependent on claim
119, wherein the e?xlg@h shd wifltn % mens1 r| Ses a floor stand (23) havin

ground engagi ng 30 Ac%&ﬁFoﬁe(’QS? aﬁ"%’EFb’s’i‘%nF‘P afi3impe? ghvheerin oﬁag‘EM)
ext end- . anopnftr 481 bétwee abduenPeyiaml pdohitohsantbm dikgoablt jent

arms (85) ex{Lny;ng ;F‘Qﬁ]g’?gs b %tt &’Pfééx?!}xg tsﬂBsQéﬁEfAlly ; Exom. béﬁ'ﬂfné’f

whi ch arnms connect "t o r ame tion
radi ator. 25  stiffnesg{g) g, Héé&?dﬁlhﬁe??%’l-“al m 121
wherein 3the Azdustdc idsvﬁ.eet anguta,tngamd icleinr 29 (035)ckadnenzi8 pear

cicora o 1o o S Y dopananciaid Soc AL I R0ty .
nounted on or ad §@1ffne§5(e§})e diffegrnt bren ending stiffness (o)
124. Panel - {20 mimathepdikectionorof nyst bemyth @nd efidthabyman amount Béd-t o
123, wherein thediansdycefeiaDingsS fAH HetaBled Jeédnant modes to those
arising from its length and width dimensions.
32. Acoustic device according to claim 26, wherein said
area is of substantially true elliptical shape with it:s
25 major and minor axes as said geometrical parameters or dim-
ensions.
33. Acoustic device according to claim 32, wherein said
member has substantially equal bending stiffnesses along
its major and minor axes, which are dimensionally unequal
30 by of about 18.2% or about 34%.

- 34. Acoustic device according to claim 26, wherein said
area is of substantially super-elliptical shape with its
major and minor axes as said geometrical parameters to be
determined dimensionally for any particular super-ellipse

35 defining power factor(s).
35. Acoustic device according to claim 34, wherein said
area is of substantially super-elliptical shape with its
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(88) projecting fromthe upright- ‘pOft—'r—Gﬁ— 125. Panel -form

form
| oudspeakeraccordi ng to any

| oudspeaker according to agig I 118 to 124,f e
bal anci ng pair .of transduce Beeﬁ 26 Panel - THISTSHEET HAS' BEEN

( ( 118 to 125, er eﬁEPH\(éED
radi ator conprises a |light-

core 22) separating_a pair_ of
hi gh nodul us | i WOO7H84Y ht (22) sep ° P"""Hﬂ? -

skins (21). 127. Active acoustic device according to claim 34 or
claim 89 in a | oudspeaker (81) conp?8sing an encl osure sai d

nmenber (2) as an acoustlc radj a n the e ur | ant
suspension (71FUPRBTRHt h‘ie%’r’gd}gatllﬂweri #Cat‘%@ o b RS W%df ?rbr

pi st oni.c m)vemaahyrphatimlahereslai;lvaaldd.mensionalran:gug(::e)r ofpakks malfted
whgl I%/ anddexcl UshVEL Yo P atdE. radi ator to cause the rrerrber to
vibrate and resonate_in I di ng .acoustic.outp fro di_at or,
and neaps (11) 36- Ac‘P'b'l"tjrfér‘}ﬁ‘g‘gcet %Flﬁpeggu%af’ﬂ E%emén 'ﬁfé"ﬁ
cause the 5 satiadimginbert hamvsulpssnddiaddlyl yequal bendDgg &tiMer'

according to cl %&%ﬁpéalﬁh%ﬁw gh& ﬁt‘.i.ﬁor axes, p&ﬁ%ﬂf&raaam@ﬂsmméll)
COFYpI’I ses an air

d
wherein the ai r“ilsqual BmeEc dhguts d3*% gl{aﬁp e ?'a?\% gggﬂ%%%& (’fgB) an
pi stonic sdiavaef{dPng npowdre dadatorhéssabeutli 3wy Eene@bosdr 4.and neans
(90) coupling the i nkg L9t an{rbgergé L%]n\ée %‘CéPﬂHefG whereitlCdhidat

air pressure waves éuceg not i on pi stonic. driver are
transmtted % ﬂ?@bS’al & serfd] d‘é’l!I‘P@s&§)"‘ SEBPe and, §gs gu FgEHE requal

according to Qeadingl2o;iffoeseissiaipng and taenasérsaljyoﬁb@ormomeans

(51) in the sai | Qglre a r t &ggf
131. Active acogns ?’% d%é\}l ceécgj%:cpar%ﬁsn o% OE% &;u ?’nkga Qﬁﬁﬂbﬁ{;ﬂaﬁy é)§.ure

wherein the trakenddag ‘easeresTettiniealeandy t ‘R}‘lemeaﬁlﬁ"cal'ﬁ%ﬁpec‘:'
t ransducer COﬁprjjv@lljrg mem‘gbarwmahl sabd ecdmmon @kJorSexis with sabd vellhiy-

having a COIJ} Jpagicralgl % fE %abwg%a& 1.=1. 3:enhel (k) aspedmgnet

assenbly (15)" di*'sposed oncen With res éct h
coil assenbly, arficaspE Y°“r1n9 salﬁ’eﬁﬂ‘g‘“?‘lg'aﬂgé) aXh B ¥ ﬁ%ﬁ’b‘t"‘[ ﬁegDrT&gnet
assenbly for axizd. 3QcoustiBvéeeite radairdiagt bot bhatmwti®, &2, 28s8&nb29 t he

ﬁrgg;' ar 593”’0% }8k?bebﬂgréﬂﬁ‘pkﬂgﬁt fefBek th' Hi@‘?HE&@@' BQn&ﬁﬁéj

er (2). 2. fve acoustic device g.,to claim131

wher ei n HEEnesses ifenttd (dhFeslonsy; oq‘%ficnf)%%‘?eglﬂ??séﬂ?ﬁ 2t he
35 menbepo ( 2Judly @sihesi yevarans neaf, 2@) is practica®le Asbstantéaliyic

355'526)aggor?:ggg&f%é¥ trkégﬁlgé 232 said reson¥he’ foded N RBlikieat fgeans
P substantiai{y equal bending stiffness(es) in said direct-
ions, including any appropriate scaling.
39. Acoustic device according to claim 38, wherein said
25 equivalent results include relationship of conceptual
frequencies to which said resonant modes of interest are
relatable.
40. Method of making an acoustic device using a member of
given geometrical configuration ‘extending transversely of
30 its thickness and capable of sustaining bending waves over
its area, the method including analysis to determine values
of geometrical parameters in respective ones of two direct-
ions across said area that contribute with corresponding
bending stiffnesses of said member to deriving conceptual
35 frequencies relatable to natural bending wave vibration of
said member being as useful as practicable within said area
for achievable acoustical action of part of said member

T




opposed el astoneric rrenbers di sposed on~opposite sides of

IIl',‘IIIJUI \L} lJ_y
adhesi ve neans (16, 20 .. 137. Acti |ce according to
claim 135 or 136WO970942 \\i#siein the resilient rreans (19, 136) PEB/GR6/245
mut ual |'y opposed el astomeri c nenbers di sposed on opposite sides of
the magnet assembly. 10 138. Active ad8ustic device according to

I 135, 136 or el caps closing. t axi al
gnglsmof t he ° relatids,tg égs‘ir% p(ef?)org?ﬁg r& ﬁailénagﬁ’éﬁﬁs ‘?dl e%?
bei ng ok R c@ﬁrsﬁgom bending stiffneywas ¢8 sabdirectdvnse
according to any oqe qffigliagnBaid part as1§§ é&@@ﬁca\&ﬁ? sb@rwfvécaxlea( +3)

is mounted on the inn

140. Active acousf?¥ 8évf“88n§c&6p&%ﬁﬂgt é’az?ﬁ?gﬁ %"rr%”ﬂs wived " in fedd; o
139, wherein tHhe menher dmEyiondsseid| JiniliSin means; and makatpptad aftorleast
ception in a cogr it tor
(ycprion 1N 8, 0 CRRIGLRtar RIRPReyIRY. (¥ g menbel Fhin fulfted A
139 or clai m 140 IPRFAUSFAFER on clai m 138, wherein the caps
(59) conprise thedtesiNetdod mfamakibg6lan acoustic @éRicAcChavengCausiember
device according Lo LAdinl tansYORLElY B 1ts thi&?r?é]sf?ix?)g?ai)reé%%) desjz.

COITDI’I SeS an annul ar |ant

Active acoust?® d%%ﬁcsea ebFifiay ceREignTation And| gepable of sugtaining
conpri si ng nagnethen&ingelvﬂse(sl&ﬂér ®add hbeapafife Method includingléhalfslibve

oo, e £ SEEtag rd i o2 Yreletted Bin2horine <132 dekih cltGrel "

menber (18) being adapted to be rigidly ﬁﬂggge@maggeeg% aced THISESHEET HAS BEEN
136. Active acoustic device according to cf e| n REP—H@CED -
tubul ar nenber (18) is rigidly nounted dir '

the notor coil ass Xxed to
a face of the rad? ’o‘f' Y Fpnii ration 14 reﬁ&ﬁ%"&c@ﬁ%’f i@f dé'(ﬂ éél-'&@@épﬂﬁng
to claimi144, wheaeioss said ared fm&e@ﬁﬁrmnbhth(d@rwﬁafdlms veppesgd

f
\?\,ﬁ?ﬁ?\a: !Sy3c51' Sts stisffonsees e'skeﬁl 23y I §S§né%}t§lﬂlfaf l?fﬁreaﬁﬁ#gtfggyrﬁq.at%%ﬁ%ﬁ:o

(13, 18), the peri¥HetiRbPepAing ave dﬂ‘ihkmtéﬁnp%f Sajidepenbes in said arpg; ned
with a flange (l6@ceartmimed tsaidi cotiertaal tfreauencies that! @oxespuad

the motor coil asgetiPldesired acoustical action of said member and perform-
ance of said device, and determining corresponding bending
20 stiffnesses in said directions; and making, as at least a
component of said device, a said member of materials and
structure aff-ording said bending stiffness in said
geometrical configur—ation.
42. Acoustic device comprising a member extending trans-
25 versely of its thickness and capable of sustaining bending
waves over its area, wherein the member has a geometrical
configuration with unegual overall bending resistances in
directions determining at least two conceptual frequencies
relatable to natural bending wave vibration over said area
30 and resonant modes arising for natural bending wave vibra-
tion in said member that are consonant with desired acoust-
ic action or performance of said device.
43. Method according to any preceding claim, wherein said
analysis involves only predetermined said resonant modes
35 that are low rather than high in said frequency range.
44. Method according to claim 43, wherein said predeterm-—
ined resonant modes include more than twenty above natural
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112 notor coil assenbli es—on—oepposite—+faees of the radiator,

and neans (93) tying the nagnet CET M"'fiﬁ&et"gﬂ tla%d:dr ﬁ:; O c .Q."% nE 'UII-IAS BEEN

oper ati on. 145. Active acou
claimb 89, wherein the tran
vi bration transducer including a pl
(27), and neans VQI2M%843 t o nount the bender on a

be vibrationally excited, the arrange- ment bei ng

| .
HHHEN npri ses
-electrlc bender

i ner AR ACED

sai d NRGEIGRIOZIS ¢ o

such that a

substantial part of the bender (27) 10 10ps spaced from the nenber (2)
for novenent rel ative there 46. Active acoustic deV|ce
according to cIﬁPH@iQEPtﬁﬁhePéﬁn relatedt:ﬁ@“ﬁ%ﬂtﬁﬁlrnﬁﬁ?ﬂPﬁ&cﬁﬁﬁnég

di sposed subst apklatahle to sabdnhatakial olbendnmmlmlval&a:dmiwerof( ZSE)id 15
147. Active acngh%ggdeV|ce according to claim 145 or claim 146,

conprising a mass

ender.

secured to the periphery of the
148. Active acofiSti cM ﬂ%‘%ﬁ%é%&&’-&ﬁn&%Bl?:f'&i"rgllﬂ?efﬁﬁn paid predetf@-
wherein the Soulhieddre®cwesn i Qaz)dess imdliuglet whiegirst gtwe2fy-fivermnhaiore
149 fetive acousbhe SeMd G A6AT Leltnhis RYediidlled! 2l 145 to

148, wherein thée piezo-electri

crystalline form

150. Active acoé§t- CMHEMQ:Q%&Q?%% Gevdicsi H‘Fgﬂr@ﬁn%l $? ndp% preceging
‘wherein the tranadi;ewhsEsis tEONPr i 686h Said hiiribedn has dampingansshinser

(9) to vibrate %ahgcge\?gié; a@#%?leéc%thg{:SOfas p:cedertf,[(;:lr.':}nt}.?T§I q{fgtézﬂn{krol

transducer (9) FIrsin

ving a

coil (18) rﬂQIdﬁyeﬂPﬁE@i%% gorrespondinghytar oRentRF PeEBF, ﬁﬂ%@rﬁﬁ%ﬂniﬁi
assenbly bei ng adapked 30 to be fixed to the said face of the nmenber

(2); and a ) ”ﬁgﬁﬁéd %?SEBL)Q&%%JE’B’% 4 mBPﬁP&gdtéj

pi eces e peri
to be dlsposedeWPtﬁ?ﬁdaﬁﬂl %Kﬁnﬂamﬂkﬁqtﬂ?aﬁﬁtéP°1BGFF

A%k §8, RA1dE-

eces 15 arranged
amping %§§§ﬁ51y

and the peripheménes hbemedirer pa‘slvtﬁloeulg P8l eaBd area.pieces is forned with a
surr oundi ng %gr]arl%mé O?Ehot?ag} céx?stn.c d,%‘ilcseura%gggglg‘gt t&oagﬁbﬁfé

adj acent to

e n
adapted to be claim, wherein the or each said member hasllfgts oung g

secured at its cAdesecbletrtidis SdAith HaTdearéd) .

49. Method or acoustic device according to any preceding

20

25

30

35

claim, wherein the or'each said acoustic device has a frame
applied about its edges so as to permit bending wave vibra-
tion thereat to a desired extent.

50. Method or acoustic device according to claim 49, wher-
ein said frame is so applied with vibration—controlling
material between said frame and said edges.-

51. Method or acoustic device according any one of claims
1 to 47, wherein said area is defined within said trans-
verse extent of said member by means adversely affecting
passage of bending waves beyond said area.

52. Passive acoustic device according to, or obtainable by
the method of, any preceding claim, adapted to use in any
of reverberation, acoustic filtering and acoustic environ-
mental voicing purposes.

53. Active acoustic device according to, or obtainable by
the method of, any one of claims 1 to 51, further including
transducer means coupled to said member, and adapted to use
as either of a loudspeaker and a microphone.

S4. Acoustic device according to claim 52 or claim 53,

-
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151. Active acoustic deviceaccording to—ctai m 150, conpr- I Si ng
fixing neans (93) to SeCWhESLQQ{@%%pImerml y (15) H]gﬂ H Hﬂé BEEN
%E FEA

(2). 5 152. Active ac according to claim 1 1,
the fixing means (93) conp ’H Hlmlier (91,92) adapted 'iﬁgme
in a cavity (29) in the ne 153. Active acoustic device

accordi ng to clwWoea®az wherein the fastener (91,92) c@EHIGBIC2I4S -
spacer - (127) for spacing 10 t he peripheries of the pole pieces (14)

from ;he sai d menber (2). 15¥91 Acti ve acoustic device

according to any _one of cl.ajns 150 to 153, . r|5| ary

ot or coi | asse%’aqréé'n said Tﬂ%)hﬁﬁdaﬁaé’ﬁgfa%g% FP%E‘U-%%%%Sﬁg? g for
nmounti ng on 15 rangeoppassdngamese dfhamhelkiz.d nenber (2), and neans (93) -

tying thg cenlbasteb td&i%gnséc@mqmol 63 c(xsé}n tset ber dwor s4,

push/pul | operation . Active acousti to claim
154, wherein Whereltnhes?jé]st’&ﬂg?e’i 9ﬁa§2?nhé’?eﬁ§§age( 9@?“&?18;)%5?&?8“8% .
and 20 Hlapand cahatgagelodes rﬁwemnmnmdmnefraqum:w.a es, the

portions (94, 96) spacer neans ( 0si tion
adj acent to t he wheseddersail BembA% has  an °Peraté¥1ﬁd®1°8HFF§;°b ffEe
refrgeCt |(\2/)e Wgneﬁaﬁeﬁﬁﬂﬂﬁ @s ®hdlPp below ithe epinstédefice cfrefudnuy.sai d
menber i t

Mgkt  Sipngtil! By RCEUBLLGrER 6 AAOTHE"Gr' 13215059 8

panel form I%ﬁjd&ﬁﬁ;ﬁk’éﬁer@ém saiffmeniiery bag %c‘EﬁTsitq @f bending (fé?ﬁf(,fé%@cﬁf’dl ng
to claim34 or GhaddNpR? udditdapeabesndistent30for pantiaskenamizecofssaid

radiator with saj g%ée{ ﬁ%geg RS . pending ‘g%;g) ggggggrféw@fl%h%?h@_ﬂ@

t ransducers coup‘il oSitions ea

cause the nemberagenstic OPerlaééﬁﬁafée%‘h%P?)‘! dARge &éoﬁ@!- cd@VAGRit from the

\rl\zdl ator35 5?1 15?;cdﬁiﬂtﬁ.|c- faeviiceo adeioeaiag aeceldimrgs5v9 whersidSsaid
erein e finst n e ted to operate

in di fferentl?r QML sii, bencﬁng wat8 gré&%éw&q{ %t(g ra?n‘:l %éﬁggeaker

according to cl a3 15!;ccmstj.58 device according to claim 57 or claim.

114 V\herﬁﬁé\réi‘rﬁ Jailas Lok st Shemdithg el feegaendy s mmumtseatnan

whol |y and excl sl ¥l v ok LIS (AdRaLE! a eniza, HEObofARPlcd UMY ludsRgRker

according to cla fer'n one e transducers is
el ectromagneti c. operating Fremearyf 5RR¥Poudspeaker accordl ng to any one of
cl ai ms 2015g01 0 Addhstirer @évienecaetor@ing r avs deledims 53, pis@zoer 59,

electric. wherein said member has bending stiffness between minima of
about 0.1 to about 1,000 and maxima of about 4 to about
3,500 Newton-metres, and mass per unit area between minima
of about 0.05 to about 1.5 and maxima of about 1 and about

25 4 kilograms/square metre, depending on size/application.
61. Acoustic device according to any one of claims 55 to
60, wherein said member is a stiff light-weight structure
of laminated sandwich-type nature having a stiff cellular
core and adhered skins to propagate bending waves and

30 sustain said resonant modes at frequencies of interest.
62. Acoustic device according to claim 61, wherein said
cellular core has shear modulus of at least about 10 mega-
pascals and adhered skin Young’s modulus of at least about

fastener (91, 92)5600"3.‘.40%'«5%%&&@1@ 3§ fﬁbgagbng:l%jne"%z 452 or t Bggaded -

1 gigapascal.

35 63. Acoustic device according to claim 61, wherein said
member, at least for sizes below about 0.1 square metre and
‘lowest bending wave frequencies above about 100Hz, has a

AR AR




162. Active acoustic devices accordi ng-to—ctatm 34 or—etatm 89 as a

panel - form | oudspeaker, conprising firsty ced BEHL ReBlaced safmsm?rms BEEN

each with associated first and second sal ¢ ucer| meangep
respectively, coupled thereto each to uuuumﬂ m Us associat pﬁ'gA,ﬁEH
menber to vibrate and resonate in stic output.

163. Panel - f or wOoOm@d2aker according to any one of clains 15PCI/GBIGR1450 -

161, conprising a second nenber (4) also with assoc- iated said
transducer neans (9) to cause it to vibrati®@2and resonate in

provi di ng acoustic output, the second nenber 24%‘ bei ng nounted on
or in the firstPeapdngesbtiiness thag gan be belgwabopzni0 Nejw BEes( 3)

coupling the fieslre ahdarsaodallu@0that oBADBES aE2.1of) as about B4mega—
Panel -form | oud cqrdi.n 0 &J:ai.m erej g t nd
menber (4) is n@ﬁﬁ?égg. ggaﬁ'egps)egp%}r es(ié(@f) ﬁg’%ﬁtﬁ\gﬁg m%dﬂlusf |J'rnstthrfeg%era % 2) .
165. Papel - f or mErondapenke? - AckvPONg RoScobgaPasRtf- clai m 25 164,
merel n tge %rerg@ad ZA@B&SuwrdéﬁcgmtuA\iwkdm;: |‘?b afthim 61, valfé@éiltsié/@.ilcv on

e second nenner . .k pangl -1 0r (0] ne .
I oudspeaker-andpﬁf"%F%ph%ﬁeleaSt ]f%r E5RBF i g?ﬁ‘ase%% a?coélﬁ-’s??é ﬁ%@i %O%Ec%'r?’di ng
to claim 34 or square metre mm®D lovgsy hendinrgedve) frequennins agolevwias

radi ator 30 aoaR Yolz AtHa¥ dbhii gy Gd ¢ iKF ek sabbtwsén tapvrtdgceha bdt d
t ransducer nean

«~ Lhe radiatqr _haying a second_tran cer . oupl ed
thereto to prod§8e°§nm%ﬂ? ﬁqugpﬁﬁgfe?h _?oe%epcfﬁggrt '50& us that 15 snlg‘v t he
radi ator dud0 o abeyieddft maganascalorkanpcally about]d?. negapastaksn e kR ned
} QudtSpeager - andglmtowcoaboahe m*’éohegéi%scgalég,g RGat 8k Chai molﬁ\%; s}/\llaeaeigst‘m -

irst and second tr.ansducers, ", . are munte 0 n
excl usively on laﬂ:e J‘Pz?&i af‘g?‘.lt 2 glgapagﬁf?ilsPéWelt-of g?’%u%o i‘ﬁ’éd“"‘)!rg1 giga=
Ioudspeaker-apdmsct;ladphpne accor - . o

11_5d g fll nq;sg.o @L:ahagi)éfiaew@é aw%%ﬁc?ingco?m][éﬁam éd, Imd eidOsaid
sai d secon ansdycers . _ . Papel - f orm conbi.ne

oudspeaker L MARAREsn &Y Leagh, for sifes bRfiect LML TES Sng ahayt, 1
further transducmuaggdpesres, hasseclewest hending wave riaicaescy thatpramiuce
a sl ?_nal N be as &eﬁpags%fs& g@'ﬁf@r)aacseﬁéiwesgﬁ%@ts@rudus_up apévélent
acoustic energy,_,an ans or, copparjn sign
gener at ed by th?bfé’id‘d%u?'?ﬁ a??%%&é(?&Fam ha#ﬂ‘gf’ 8 up t°o1ab?ﬁgs€6° or
generated by theoxs Heysoometremnsoueeslieyr mglulus gt iFanspaldynabendi ned
| oudspeaker -gnd-48dutORB0BEp FELNy about berréEh tagbo@ltahmdal;ﬁﬁabwﬁ@_-r sbnma@e)
conpari son means _Conpri ses , Signal receiver co. 0
and signal out pfP35caLs, ﬁé’gn?k(igﬁ).%gng 5 T%%.li/‘%\s %eﬁfg%réém%%‘bﬁg%e
conpri sing an acigRpascgds éeasibly up to at least about 70 gigapascals..:

66. Acoustic device according to claim 61, wherein said

member, at least for sizes over about 1 up to perhaps 5
25 square metres or more and lowest bending wave frequency
that can be as low as about 25 to 70Hz, has bending stiff-

D

ness above about 25 Newtonmetres, core shear modulus usua-
1ly over 30 megapascals, and skins’ Young’s modulus of at
least about 20 gigapascals ranging up to at least about
30 1,000 gigapascals.
67. Acoustic device according to any one of claims 61 to
66, wherein said core has cells capable of contributing
useful additional volume-related high frequency non-bending
wave resonances.
35 68. Acoustic device according te any one of claims 61 to
67, wherein said core has structure capable of contributing
useful additional high frequency compression/recovery non-
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15 according to claim34 or craim 39, said nmenber bei ngpan

acoustical ly excited el enpilshectif Beairdobdgnsducer neans is | THIS SHEBTIpASOBEEN
whol |y and exclusively to llIﬁH produce a S gnal REPLACED
response to resonance of tﬁ m lm to i nci d- ent aCOUbtlu
energy. 20 172. Panel - - e according to claim171, ri-
sing at |east tWO¥M¥2transducers (9, 63) at different Pc'll’ Hhs -
on sai d nmenber. 173. Panel -form m crophone according to claim 171

or claim 172, wherein the or each 1®&nsducer (9, 63) is a piezo- 25
el ectric device. 174, ActLy coustic device or panel-form

| oudspeaker be nd%/w&ve §ﬁ5 n?‘o??v?m crophone according to any one of

cl ai ms 169 td&mti@oﬁpw@ﬁngca&mhﬁ& o )angy @R (9 FLeAES £di XPor -
(2), and a resilgentyrdseRansadd dode lmis\’\ﬁél}hs té&ﬂe@.ﬁltihgrwﬁﬁh sa:Ld %kJ.ns

Toudepeaker | £ Esona,nepgna oy dedRoNeebicor pi AL P

wher ei n t he fsantrédyersay monriieniihng rwavetxesonandeshe suspensi on is
attached to the ggge ﬁo&gﬁcr ad\2Ler acdgraing WS- rﬁ W%ﬁd%@a‘i‘ﬁ!s' 530 tbi | e
(36) conprising an acoustic evl ce accor al m 34 or_ claim
89 as a panel -fof%a wherein gempliance of moypting |S€:ﬁs LAREQUCGR NGARE £8i g
menber has said member core affords useful additidbdl low fresmiesicy

t ransducer rreansm(n?_)_ %B,tge a%olrk)é ﬁgﬂcggcl u3| veI y thereon to
vibrationally excI men cause it vi brate and

resonate in pPovVli nPreRARG @eg&pﬁupccording '&W?n%%rﬂfeflééﬂﬁ rg &Pl e
according to cl ayo) l¥hersdieremiplhiance tdf sepgeartihg) saddpmesdera afifidodisar

core (22) sandwi ﬁggg?Pyaddit nahl' gﬂ: W \'}%n(-%je)hding wavel #so

Suspended ceiling e &¢Tordt I'ng to cI al t he celﬁ ul ar
core (22) is of Re&#ded plastics (97). 179. Suspended ceiling tile
according to cl agp 176codsthicodelQce actdBdingnps i siyngonee B | cdratinssuH3e ki on

(3), disposed 3t hB wparesn PELISNEIISIuddl® it () AR AUDvalS.

radiator in I ng us
ceiling tile accbﬁﬂ‘ﬁ-’h’@g t"@"&n?l’ﬁﬁ%tb‘fe @agitnhereof mechgnigaliy c%ﬁf%? °t he
transducer (9) isa2d hémbéd Predomindhtly ré@ismd.mansducer 181. A

visual display aggaraﬂg§u§¥¥?ndéyf@g %@ ?89%% to any on #fﬁﬁafﬂé 53 to

panel -form | oudspéaker one accord| ng to
cl ai m 34, 89, 17120rW119715911\/\FPF1d55¥%P5d“°er mgaRHeks l9§| gem@ 1eetris RS ay
appar at us compri 9iung Acdfstic Adedtiicee aetotrlienyi ke ivarchd 48) dleims &8 to

notices or the |55? wherein said transducer means is of electromagnetic
coil-and-magnet type.
75. Acoustic device according to dlaim 74, wherein said
electromagnetic transducer means is of moving-coil type.
25 76. Acoustic device according to any one of claims 53 to
75, wherein said transducer means is surface-mounted to
said member.
77. Acoustic device according to any one of claims 53 to
75, wherein said transducer means has at least a movable
30 bending wave operative part mounted in a recess into the
thickness of said member. .
78. Acoustic device according to any one of claims 53 to
77, wherein said transducer means has its movable bending
wave operative part mounted to occupy less than 0.1% of
35 surface area of said member. '
79. Acoustic device according to any one of claims 53 to
78, wherein saiq transducer means has its movable bending

|




can be fixed e.g. with pins, and said transducer-nears—9y—— mount ed

whol Iy and excl usively on sald menber (2) to caus

and resonate forning an acoustic radiator This Sheet Haz BeenRe ‘“8{’,. ﬁ@'%%%? S BEEN ;
out put when resonating. 25 182. Vi sual ‘“NH or

claim 181 with claim 175, V\/nerelnt has areturnlip

(4) conMERAPTMR2t he suspension (3). 183. Vi sual PCR/GpACHZ145 -
apparatus according to claim 181, wherein the radiator (2) has a
cellular core (22) 30 sandwi ched betweéPd4skin |ayers (21) of paper.

184. Visual display apparatus accordipg to claim183, . _wherejn _the
core (22) is of ‘5% 8‘81 a‘i”t art “of ma§§5.ag9?n%uil 9 DI Eﬁmﬁﬁpg‘%{:ug%-
according to anypontiaf of said ‘mendiers adferted k64 remoored rta ledommoddbeer

(9) is a piezo- gaig alqj ectric bender 186. Di splay screen

conpri sing an aco StIC devi.ce .or forml ouds eaker and/
pagl fpr% mi cro?)ﬁonea%ﬂ?(?&l&l ﬂsvilge according to any one o clains Sg go

117 cbai 1® JwixTeindsaid F¥ansduidersmeanseid ehodd yacaetied thyw eadd
light emtting syrfgee, and said transducer neans (9) nount ed whol |y
and exclu5|vely on said nmenber. to cause it to vibrate and resonate

as an acoustic r&Hi at¥fouitdei deNdgcs according ¥ ank Ane e sladdsnadi £8.
187. Display scrasep sheoeiiingaid eckaberl®as wheswbstantdally redtmiballa(:Z)

is of stiff Ii ghLE‘@ﬁ?{QﬁaﬁqgﬁgﬁHE%{:ﬁpe Qaa\ﬁ.d"ggg? and sag.al *:PA?é%&é%xe meéﬁ%

honeyconb al um ni um

skins (21). 10 1is Yoppted af apasitdon ﬁEP%F%H‘FPg’ltld EP&FRFRS‘?di Q\A‘T@rér’ﬁ the
skins (21) are oandjbreifeiavdyiored/pBasifi tengths of dififes RS Ead mmben

accordi ng to any, ugl§ :9% &lﬁd’l‘ﬁal:@@ EPom 2,50 @c&s sgﬁﬁegg8€to9'}n&h?é

conprising panel -Torm ttach 0 oppos te
sides of the fraf®@- (1)comstic d@ﬂiﬁﬁoﬁpﬂérﬂéﬁg ‘éEthI%Yf e [ Elaiasnép to

i nformati on. 80, wtil%mDsspdiagexﬂﬁ:emsascsmsbmﬁlembatmé&mﬂtebann

th | ft 1 h
frame (1) tolse ?ggga* j; ﬁ%ﬁ?ﬁﬂé%‘%ﬁﬁtﬁeé Ha 294 ’tPQEQd&Ebﬁ Wans,
191. Display scr&én QEEB‘F‘EH?\E ?oPSFaFHP‘ISQ“BFt@F q:{l,lyg(porrespond:.\merépn

each of the |eftceaoddingtds faon centispakanid(dtdd or memberi Stard s3 and

acoustic device gcggrdi r!ig:st %aﬁ!fahggafl Qﬁ?gﬂaﬁls%gor aﬁggghav:m%fel\#ﬁge

Di spl ay screen accordjng fy erein
the panel (2) isl8PgEB) ’81‘:‘%’1%1? sépbakantially 139382y audi o vi sual
appar at us, cQoprB8singacouBisiy @evicecaecording to any one of claims 53 to

80, wherein said member has a substantially super-elliptic-
al acoustically operative said area, and said transducer
means is located at at a position inside outer edge of said
area or member by about 15% of a line to its centre.

25 84. Method according to any preceding method claim, where-
in said analysis extends to assessing vibrational energy
content of parts or subareas of said area for contributions
from predetermined said natural resonant modes, the method
further comprising determining at least one location within

30 said area for bending wave transducer means by first find-
.ing at least one region of said area having said contribut-
ions from high or highest numbers of said predetermined
resonant modes. .

85. Method according to any preceding method claim, where-

35 in said analysis extends to assessing vibrational energy
content of parts or subareas of said area for contributions
from said predetermined natural resonant modes, the method
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according to claim193 aTa part- 4+94. Audi o vi sual apparatus

according to claim193, conprising at | east ”é-%&ﬁ T HAS BEEN

;
channel | oudspeaker (117) é], tHaSBeenR Jac ng an active acousti
according to claim 34, ﬂlﬂﬂm 175 195. P2 ckaglﬁ ACED
conprising an acoustic devi claim34 or claim 39

wi t h sai d- mrenbeWg7484o0ar d corrponent . part of the packRCi/GB%6/02145h a -
transducer of said transducer means (9) nounted wholly and
exclusively on said nenber to causé-0|5t to vibrate and resonate as

an acoustic radi ixtor a 9.2 stic_out é n_resonat.i N9
118 106 LB EBRE FOMP SRR R RGO T B RS 208t Hgnfie
(2) conprises a selfiuanea cior Hed@ingf waMaanatpith:etteimgteans by Sansitv Lins-

bet ween skin |laygng (24 ioﬁ@%ll%dﬂv%ﬁ?ehﬁvﬁg contrlb‘ﬁriﬁfotnsb?i‘&q ©S$4 u (fgcer

197. Packagi ng accordin alm_195 Oor 196, wherelin trans
(19) is a piezo- (?Peéihg mrpredetermiixg TeSUSRE H‘Z’j’%ﬁ,scordl ng to claim

197, wherein tshegsbendMethod of faking anyacalhét:rte device hahfithg F&lakag:ie"rg
according to any I vers 8 O ey h o

forms one side OF%S%&.{II% %%Hss etl% %’g ité %kl r& ag'corg'l ﬁﬁggg@fé I"al m
199, wherein theSg&ibed configyration gnd; (Pa(PfS’@)? nds img3) bending’

associ ated with twaees over |lsald carda, oties | ngthed uebmpmming héetéandimer
(9) on m)!.%@g@&oﬂfiﬁ %%rregl %Bkvﬁeﬁ&)iﬁi%aw%lx téﬁsducegoéea?s by

Packagi ng according
amplifier and%n a@laéfﬁﬁ-ﬁcpﬂoétltse?F}bPHQ? BV bratwml \Rnengy lfFaﬁsﬂER}%ﬁt‘
202. Greetings Okriigeli st mbdds 60 MHtuTalgb&idfitd iwevre vibratfe®WwH i C

devi ce accordi ng gdckn@pargd'ogéfﬁgameéﬁbg Sgﬁ&i ggen%l;‘{mcét (.'ggaéé dhe

board form ng at Téas cer neans (9)
i ncl udes a trans&ggéprnpintedd area at\hHgiich JHghe)ad ighast nabersH®d d
to cause it to Vlslaﬁ.at @redeterminéd tesonahe redées a6AtBibete €608 Picant

provi di ng ac en resonating. 25 203. Greetings or
the like carg accoréla‘ngmt'"?ll &%5‘02 wherein the nmenber (2) has a
‘cel lular core (28]-of Mpbha@dof making pRBseredstimdiecing i Jremper
| ayers (21) conpeix¥ief8ing transvdigrily of Keaftnioardbs(3h) an area of ke~

Greetings or the l ! li%eﬁag)%n%ggg gkggnt %1!18' %apa%gz Tt 30 stadin%.n% r%gigéingzo5

wherein the tranSGacer
Greetings or theWaves ©xed aﬁﬁa‘@roﬁ#@a't othe a?ﬂﬁ*-m comprising determining

20 location in said area for bending wave transducer means by
analysis of distribution of vibrational energy from predet-
ermined resonant modes of natural bending wave vibration of
said member over said area, and identifying two or more
regions in said area that in combination have significant

25 vibrational energy contributions from most or all of said
predetermined resonant modes.

88. Method according to any one of claims 84 to 87, where-
in said analysis additionally or alternatively identifies
two or more regions of said area that have substantially

30 complementary vibrational energy contributions from said
predetermined resonant modes.

89. Method according to any one of claims 84 to 88, comp-
rising the step of mounting transducer means to couple with
at least those of said resonant modes contributing to a

35 said region.

90. Acoustic device comprising a member extending trans-
versely of its thickness and capable of sustaining areal

T




wherein the bender (9) is crystalline. 206. Greetings or the |ike

card according to any one of 35 clains 202 to 205, conpris ' ’
| eaves (145, 146), ansrh(s mmma lmdvm th the | ;ggle%S EET Hﬁg BEEN
triggering actuati on of the on novenent llié\QF

119 relative to the other 7 G eetings or -the like

card accordi ng WO %VE84h 206 corrprl SI ng a si gnal gener RGI/GB%HQ2145 -
anplifier and an electric - battery (112) on a | eaf of the card to

drive the trans- 5 ducer 208. I@%etings or the | i ke card

according to an¥' one clains 202 to 207, V\,her E‘E rreg;o S
adapted to enPéB€| @Vﬁﬁlﬂﬂﬁfrﬁﬁﬁe?rea' wherepp t s@e Ffc

apparatus conpr ileasg aneatvassivcaie\nasns] Goupledcdirdchyyt theteton 84,89, 174

or 17s. 243stHRE 9@8&%:9&1‘@@%%@@@'1&9 geemskawaﬁ%nf-

wherein said corrponent I's inteqgral w.t devi ce or
appar at us. igusatiop,of 9 dnebes, ARd 3t éEEBFdP‘HQ“Folgﬁ‘alt}ﬂ 249t 15

wher ei n sai d smedieide( 8pidoapea ssiomy achlotttianaloline (m)lts centreandw ched
by skin layers 63l), A886s0lc bAoAl B Sclaim o0, Phe0beh ¢hiNooal d

part of the host deV| ce or. appar at us. device or ap{garat us
according to cl &afboepid l°°at1WHeF@Fnsééﬁdtﬁﬂﬁsg‘k‘i’%‘:I’&?Re‘?'s dB)0% % $3tdhner
than average 201line,t Hinclndsagotngacdnpaet Lbfe (4 twosdtieyimeeorofipsaidt us.

213. Host devic pgrajussgceprding to claim 212, wherein said
part of the host%r%ev%?e or sarat us is formed groove élOO)

into its thid®%né<s aﬁ&"é‘ﬁ?’i‘ﬁuﬁ&vh@eséFE°rd’-ng tﬁer‘?ﬂréllm(?f’ oF ek
resilient suspergieaeifidthecoplaany 25id 1odattelomcfbresaimua:hneddeurmams sal d

part of the host d r cERPP{ A Y

appar at us accorél ng egy'eeanttwbrnee lf & ?%l rs}gbi?[?)ntffal]gl%%erm n sa| d
part of the hostVil&@itdengl cont-ribykinnstfgon sDhirakt E9seRanin modey) of
215. A visual dingpluaalubehdingpwas Rg.aatACAUSE Sa e vihétber. accor di ng

toolarm 32 & 9sal miSusRicanbOidaPEakstalid g clain 92| LuBlfesd Seuliay no

a displ ay screen (37) avi ng
sai d transducer SROHReErigpl °°nf19“ﬁ%ﬂﬂ‘ed°§m§ﬂ-§/ &ﬁﬂb%‘kcllﬁsp§@¥’9r¥h‘é¥%n to
cause it to 35 takl\nlgbﬁ.aﬁ:e aacount smyatid regsiana habiffdmenceadost bending

provi di ng Rsk! Cfo‘l“tcﬁlé%fgﬂﬁg\h&?sBPaBEBQatmnal corftdht Akd' o

di splay unit accor ing to cl
endlng wave action at its natural resonant modes that is

20 beneficial to acoustic performance of the device.
94. Acoustic device according to claim 93, comprising a
microphone, wherein plural said transducer means have their
said locations each as far as practicably different as to
relative values of coordinates of its position in said
25 area.
95. A panel-form loudspeaker (81) comprising a resonant
distributed mode acoustic radiator (2), and drive means (9)
mounted to the radiator to excite distributed .mode
resonance in the radiator, characterised by a baffle (6, 8)
30 surrounding and supporting the radiator.
96. A panel-form loudspeaker comprising a resonant
distributed mode acoustic radiator having a periphery, a
transducer mounted to the radiator to excite distributed
mode resonance in the radiator, and a frame supporting the
35 radiator, the transducer being coupled between the radiator
and the frame to vibrate the panel to cause it to resonete
to produce an acoustic output, characterised in that the

AR A




120 the display unit is a host apparatus according—to claim 209
and said housing is said part in accordance, Wt q | e-a-1s
210 to 214. 217. Lap-top conputer cgﬁhﬁﬁﬁﬁﬁﬁi‘%ust i 16 SHEET HAS BEEN

devi ces, the or each according to claim 34, : a8EPLACED
| oudspeakers and conprising a keyboard and screen, wrererm—m
the or each | ouMNQ¥MY2 conprises a said menber (2) w tPCEGBI§/02145 -
transducer nmeans (9) nounted wholly ) and exclusively thereon to cause

it to vibrate and resonate 10 as an Aa8dustic radiator providing

ti t put _wh . resonati ng. 18, Lap-top. conputer (128)
Sccordi ng Lo ol AL SURRRFEF R TabkatoR; FapsRbot tT 2PeEORREFY LPRS e
di spl ay screen. resiliemX]Osuspgnsimn cwfns aouplz28) hedowed righe Emime @nAl 7

or 218, 15 WRREetdl ALY YerdPpnerposed pair of “panel -form | oudspeakers *
(39,40), has its _said ninbgré%% attached to the conputer. 220.
Lap-top conput er 24ccof d-ABEEBeRKST nFORBTIFIRG cpR ERSlosure, ag,RRQAUSHISL v

of panel - f or msl owddpetdeerin (e, 48rleserapuntozthpliant subpeirdeonimqirdy ng
screen (129). 20. Lol a P~ QP u ﬁﬁﬁ%[di tQ. .M. 220, wher.ein
t he opposgg.epagr oﬁ‘ pané’l%-f%g%pléﬁéspea er§%%40%l§#:§h |r_lgnédd'etmc?nt
the display scre&fletidg . thereto, rand |Gpansdycesnpinans afesr draging dhei m
220, wherein theradiator dpsgtonscaigen chhzartepipsd lSﬂs ﬁh.i'l@usﬁélgra(dl]zﬂﬁozand
the 25 | oudspeake 9 e ]gg%i;ﬁ ' of, . N i Sp

screen housi rﬁh(%O? %ngl% |ngd$m§\€/£jfren g'fdvi%e?\ac;ous tc}rce(fta_%ela%or' i% a
posi tion, inikhi EArehe trangdpeakemouateds wheldit iand yexclusiveljhophy theused

in the sl gt, and radustoP 0ts t\'m?raima \MHeCh:aHIig_torl to caﬁ@éldﬁpee&eféis%fzagte,A
positi oned on op | - .S screen. i _
portabl e conpact Q glas%’ep éaa?,zgs? f‘égn%??ggﬁg 5%%&"[%?(?%3“” angl&%se%cclco&}lEieng
to claim34, 89, te7gawse e radigtor to movgmsiibndsallyf. panel -form

| oudspeaker s aL t gghedad Oindrtial vib;%&.ﬁbns%kdnh@géleﬁpéﬁ%ﬁ%c%éds%? ansai d
Terher (2, Yy Redbenny, SOELEPRICNSSodRen )y PSS, WG s,
as an acofidkp@ toraditubularpregberngby acoagnet asspphi dignosed
concentrically within the motor coil, and by resilient
means supporting the magnet assembly for axial movement
relative to the motor coil, the motor coil member being
20 adapted to be rigidly mounted to a distributed mode
radiator.
98. A loudspeaker comprising an inertial transducer as
claimed in any preceding claim. "
100. An inertial vibration transducer characterised by a
25 plate-like piezo-electric bender and means adapted to mount
the bender on a member to be vibrated, the arrangement
being such that a substantial part of the bender is spaced
from the member for movement relative thereto.
101. A loudspeaker having a distributed mode acoustic
30 radiator, characterised by a transducer as claimed in any
preceding claim coupled to vibrate the radiator to cause it
to resonate.
102. A vibration transducer to vibrate a .member having a
face, characterised by a motor coil éssembly having a coil
35 rigidly fixed to a tubular member, the motor coil assembly
being adapted to be fixed to the said face of the member,
and by a magnet assembly comprising opposed disc-like pole
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121 resonati ng. 224, Portabl e conpact-disc player according

to claim 223, NPiHlisSdned Has BakiBeppeddt i on (85) havi ng a |tTHISISHEEE HAYOBEEN

co

and by a lid (139) t Ilke over the turntabld, whe '

t he | oudspeakers (81) are magmu&‘mgtl id. . 225. Pork-abd CBEPEMED'
conpact-di sc player accordi 4, wherein the | 13 gers

(81) are hinged™MOP"2|id. 226. Portabl e conpact-di sc H5i%
according to claim 224, wherein the | oudspeakers (81) are each
housed in a slot in 10 the lid (1393%for sliding novenent

between a stor PQsi.t.i | ' t p S
substantial l'y Egeces,mgP?éoq%xﬁ?éﬁ%rynn?ﬁgbg ot&aﬁg!dgﬁug?i%gsﬂfé%ﬁs i %s
whi ch the arrangpsh &ok B sAhsROFRA Wiitnerd AR IRSSES e shadwise Rl i q.
iﬁ?- _Actlt \r/]e gcouéésﬁnﬂw C&ndcenedipegibheey dol IheS% el 06f 1which pbls,
erein e device is a.,ye €0 ent | f.Qr

| oudspeaker (81?&9&% hlssgélo?meérf‘gn%g?g ?Z)A"{}flltao@?lr?d'%gm flangeasgg%:?tét?%d tSai d
transducer nme&nssyeyouns candetpt heo digpaned adjacentyrfep r EBeNACECES QL
gggusv o ﬁd' ﬁt OpsPEMYIl NhdCRdFhCerised in AhaRUthehAAgHEs Medemyy 26

. Vehi cl e havi a passenger caonpartnmen | a,_ho ' or
appar at us accord?ﬁ%p'f%‘{)?f"aﬁﬁgﬁﬁfu etaé"lnﬁt%hggngge tg ?:}(R)?rpsoaniedntmﬁ"g)%%ln%? he
passenger conpar beewibrated. 229. Vehicle according to claim228, wherein
t2 ge h08t230 y h;dgylﬁelbaabgeaﬁtéﬁr o5 YeYe2) cggkhsﬁyI:Q'Deaohi@t&'ﬁ.ﬁﬁtﬁOrdoﬂeZIA

. .Vehicle _according to_clajm rein the e

concerned is 8 paSeRALLT 5%%??‘1‘63?9&- by' & %"’2‘35.&‘%& %Pecg'rgm\}gﬁi g‘?’e any
conponent accor dprgceding ailaikpgoupled to wihsatpnthhcaddaionehe evredited
is |i n: ng (104) eb gemh te. (140). 30 232. An electronic
musi ca I nst runment avin keyboard 140 St j _
devi ce according 96‘c?aPﬁ‘f‘ggt,_ggf?L%'ougsPeake%rhﬁ‘f%?g aé Zd}lds&%sbggggeﬁdcﬁ? t he
| oudspeaker conpeeceiatia radiatorsand eefiigstoftramisficprgleoudilgdt tPorthe and

sai d transduGey radiator "TBAS ekBithS dD3HHiGMteRO0! hyaendevenansevely @mesaid
menber 35 (%) to cause it to vihrate and regonate 85,80 2o S‘etd Go

radi ator provi di F33AREE¢ i CR/TAPRT AR %’e?oﬁ&f’f’ﬁ , cransduces, Loup
el ectronic nusi vdbrataesthemeatiafol37) having a

322 a Zogkeyg%sd £143heheiBoma 1008k pdaxé £ ChaYiAPPAT A 1t AduRed Nbde
o ctaim o %c%gs Jc.)cr:]eggdat.)a%onxg_ éan C)au 5 a%as %Eege'c]i upled to vibrate the

20 radiator to cause it to resonate, characterised by a second
transducer coupled to the radiator to produce a signal in
response to resonance of the radiator due to incident
acoustic energy.

106. A panel-form microphone characterised by a distributed

25 mode acoustic member and a transducer coupled wholly and
exclusively to the member to produce a signal in response
to resonance of the member due to incident acoustic enerxrgy.
107. A suspended ceiling tile incorporating a loudspeaker,
characterised in that the tile comprises a distributed mode

30 acoustic radiator, and by a transducer mounted wholly and
exclusively on the radiator to vibrate the radiator to
cause it to resonate.

108. A visual display unit comprising a display screen and

a housing in which the display screen is mounted,

35 characterised in that the housing carries a loudspeaker

- comprising a distributed mode acoustic radiator and
transducer means mounted wholly and exclusively on the
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234. Electronic nusical instrunent according to claim 232 —r_claim

233, conprising a body (137) having @,,msaﬁag"mﬂn laced | egs (IR SHEET HAS. BEEN
supporting the body above the ground, H‘im sai d nerjber ﬁEPLﬁCED
positioned at the base of the body. trom c nusteead

I nstrument according to claim 234, e | oudspeaker £86,&
positioned wt h ¥ PH%B R her (2) subst antially vertical.

El ectroni ¢ nusical instrument according to SLai m 235 W t h claim 174,
wherein the franme fornms a ground support for the instrunent.

237. A vendi ng nBL{ 16, Ol %h&h@g Eﬂ%&éié&@t%t%%sefit to reddddid.es or

product to be d| ensed conpri Si an acous accQr din
claim 34, 974Ag‘rap‘f?8 ter °°mprlsﬁﬁﬁo%ﬂ‘€aﬁ’8f‘r9nﬁ“%§e ispdp ted
means for sel ectsm&xhe characterdsedclim othgk othet display dsspeesetls, means

€.g. a coin-freef,rmg part'mﬁ?.an'émm rﬂxﬁie'ag ﬁbﬁ@enéé&gstﬁpdfé 1ato

di spensi ng outlet, ) sal d | oudspea conp-rising a_sald 2)
with a 20 5t riondaRaaken having ar?sdu‘i:"e?nsﬁaé’é’ﬁé‘-' ( PPUREERt eﬂhﬂﬁél’l ya&
excl usively on s&t’cﬁﬂ.ﬁﬁﬁﬁry tthecaoseto t viloratd rihiee radflator to causzodat €oas

an acoustic rad| %6n£e0\ltl Iﬁ;}g&aegaQRU§é6&stlc outtp q:ut put when resonati ng.

238. A vending I'ne of t of 25 articles or
“product to be dlkb‘éﬂs’édp%t‘ﬂglea Wa%\ﬁi@é’ (;J(layer, cméfﬁﬁ’é?ﬁ%ﬁ%daézoﬁﬂl ng
to claim 209, coppposedgpaser obppaneddform loudspeakexsi3dttachedsetectheg

the article 28 POPRVEL, 1alE 1n | coofl SRERACY ouMiflaKer (108koctsels 8

coi n-freed ut horrsi ng |ng ou

(142) and a 30 dlsuﬁeﬁﬂ?@eaﬂ@@e(aﬁus&hﬁ t#?éﬁ@&%'on@ﬁiqgs a [BPRSg8gREr or
M cr opheweted @he0lPi ed | edsReksly anteFb6lti ORBONGibrate the239.

Vend| ng machi ne aceor.di to._claim?2 cl.al m 238, wherein said
menber or corrpon’gn %J'DQ:O ca%zggvms:ugﬁz Peso?at means. 35 240.

Vendi ng machi ne h%:’eorltll ghiglel ahaviny 283 R?fssmer compartgent cla@cm 274,
conprising albOdyoxﬂdﬂféaka’iﬂd.nt hﬁefﬁﬁ@eﬁdér compartmbﬁtprblf&rddﬁe&gfs%h wht h

t he body. }oudspighpﬁ ceﬂRflsegjgasé¥£Lut¥Sn Bgran e

according to any that § al np rrg Second ucer
means (3) coupl efedArteR ai"édﬁa'ﬁ’é#ns(dﬂ‘)eﬁ Bpupte dﬂm}ﬂé’ aedi oFFBsiedauerng a

signal in respontket Gadda®s@nCeo Ofvibirateadtind Oradiatbp iHCi d8Ake AGRISELC
energy. 242. Veng'ég g@é:hi ne according to claim?241, wherein the second

transducer neans 1S as clained in claim 168, 169 or 170. _
20 112. A vehicle component comprising a loudspeaker,

characterised by a distributed mode acoustic radiator and
a vibration transducer mounted on the radiator to vibrate
the radiator to cause it to resonate.
113. An electronic musical instrument having a keyboard,
25 characterised by a loudspeaker comprising a distributed
mode acoustic radiator and a transducer mounted wholiy and
exclusively on the radiator to vibrate the radiator to
cause it to resonate.
114. A vending machine of the kind comprising a store of
30 articles or product to be dispensed, user operated means
for selecting the article or product to be dispensed,
means, e.g. a coin—-freed mechanism;, authorising dispensing,
and a dispensing outlet, characterised by a loudspeaker
comprising a distributed mode acoustic radiator and a
35 transducer mounted wholly and exclusively on the radiator
to vibrate the radiator to cause it to resonate.
115. Visual display apparatus comprising a notice or the
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like board, characterised in that the notice or the like
board is a distributed mode acoustic radiator having a
transducer mounted wholly and exclusively thereon to
vibrate the radiator to cause it to resonate. .

116. Packaging comprising a board component, characterised
in that the board is a distributed mode acoustic radiator
having a transducer mounted wholly and exclusively on the
radiator to vibrate the radiator to cause it to resonate.
117. A greetings or the like card, characterised by a board
forming at least part of the card and in that the board is
a distributed mode acoustic radiator having a transducexr
mounted wholly and exclusively on the radiator to vibrate
the radiator to cause it to resonate.

118. A display screen comprising a panel hav1ng a light

reflective or light emitting surface, characterised in that -

the screen is a distributed mode acoustic radiator
loudspeaker having a transducer mounted wholly and
exclusively thereon to vibrate the radiator to cause it to
resonate to provide an acoustic output.

119. Audio visual apparatus characterised by a display
screen as claimed in claim 118.

120. A display screen comprising a panel having a light
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reflective or light emitting surface, characterised in that - .

the screen is a distributed mode acoustic radiator
loudspeaker having a transducer mounted wholly and
exclusively thereon to Qibrate the radiator to cause it to
resonate to provide an acoustic output.

121. Audio visual apparatus characterised by a display
screen as claimed in claim 120.
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