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5 TITLE: PANEL-FORM LOUDSPEAKERS
10 DESCRIPTION
15 TECHNICAL FIELD
The invention relates to loudspeakers and more
particularly to loudspeakers comprising panel-form acoustic
radiating elements.
BACKGROUND ART
20 It is known from GB-A-2262861 to suggest a panel-form
loudspeaker comprising:—
a resonant multi-mode radiator element being a unitary
sandwich panel formed of two skins of material with a
spacing core of transverse cellular construction, wherein
25

the panel is such as to have ratio of bending stiffness
(B), in all orientations, to the cube power of panel mass
per unit surface area (u) of at least 10;

a mounting means which supports the panel or attaches

10



15 TECHNI CAL FI ELD ] The invention relates to

| oudspeakers and nore particul arhg SHEE'PHﬂSMN rs conprising
panel - f or m acowetor/essss radi ating ¢l eMeriep) ACE PCT/GB96/02162 -
BACKGROUND ART 20 It is knovv| - 1 to suggest a

panel -form | oudspeaker conprising:- 2 a resonant nulti-node
radi ator el enent being a unitar sandw ch pa rmed of two skins of
material with at® it %[fé’(ﬁpﬁﬁttﬁgeb‘ﬁify't F‘Bng\\ll\%’F%ee gFf“BF B r uct i on,
wherein 25 the panelpd S554ARcR8olMediMl chit 891 ¢ m RBupiid f @ Sthe

(B), in all orientations, to the cube power of panel nass per unit
surface area ([ pangl) \df:.cat séxvest tbOexcite a multirmodiadt respreagares inhiheh

supports the panel or attaches
radiator panel in response to an electrical input within a

5 working frequency band for the loudspeaker.
DISCLOSURE OF I NTION

Embodiments of the present invention use members of
nature, structure and configuration achievable generally
and/or specifically by implementing teachings of our co-
10 pending PCT application no. (our case P.5711) of even date
hexrewith. Such members thus have capability to sustain and
propagate input vibrational energy by bending waves in
operative area(s) extending transversely of thickness often
but not necessarily to edges of the mnember(s); are
15 configured with or without anisotropy of bending stiffness
.to have resonant mode vibration components distributed over
said area(s) beneficially for acoustic coupling with
ambient air; and have predetermined preferential locations
or sites within said area for transducer méans,
20 particularly operatiqnally active or moving part(s) thereof
effective in relation to acoustic vibrational activity in
said area(s) and signals, usually electrical, corresponding
to acoustic content of such vibrational activity. Uses are
envisaged in co-pending International application No. (our
25 file P.5711) of even date herewith for such members as or
in "passive" acoustic devices without transducer means,
such as for reverberation or for acoustic filtering or for

acoustically "voicing" a space or room; and as or in
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2 to it a supporting body, in a_free undanped manner; and an

el ectro-nechani cal drive neans coup quhg SHEEEHAS BHERNE! whi ch serves to
excite a multiwpodtdseg esonance in th RE"PEﬂC@Em panel i pcreBooiez to an
electrical input within a 5 workil or the | oudspeaker.
US- A- 3, 247, 925 of WARNAKA di scl oses what pgurports to be a | ow frequency
resonant panel | oudspeaker nounted in a chassis and excited by an

el ect romechani cdketive’s dgouptic deNéGﬁ% ol tdntrapsdygersipeans,] Buch as in
DI SCLOSURE OF | NVENT t n
nmenbers of ﬁaf?ﬂ'%rq\la‘ﬁly Mdaris §aﬁﬂa ?o%gpﬁg?%tc'ft ﬁ°'é§‘?.. EBP@%%%@?‘% I ;Se

) when supplied with input signals to be converted to said

sound, or in such as microphones when exposed to sound to
5 be converted into other signals.

This invention is particularly concerned with active
acoustic devices in the form of loudspeakers.

Members as above are herein called distributed mode
acoustic radiators and are intended to be characterised as

10 in the above PCT application and/or otherwise as
specifically provided herein.

The invention provides a panel-form loudspeaker having
a distributed mode acoustic radiator and a first transducer
coupled to the radiator to excite distributed mode

15 rxresonance in the radiator, characterised by a second
transducer coupled to vibrate the radiator. The first and
second transducers may be adapted to operate in different
frequency ranges. One of the transducers may be
electromagnetic. One of the transducers may be piezo-~

20 electric.

The panel-form loudspeaker may be a second distributed
mode acoustic radiator mounted on or in the first said
radiator, and a resilient suspension coupling the first and
second radiators, the first transducer being mounted wholly

25 and exclusively on the first radiator and the second

. transducer being wholly and exclusively mounted on the

second radiator. The second radiator may be mounted in an

aperture in the first radiator.
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and/or specifically by inplenenti n%_t-each#n?s-e-f—-eu# co- pendi ng PCT
publication No. W97/09842 of even |d&ti® SHEET itASeBERM| Such members thus

have capabi | ityWp87/eas ai n and propaBEmef\OEﬂput v| br at i oregir/Geaee62 by
bendi ng waves in operative ared{sy extendrng transversely of thickness
of ten but not necessarily to edges of #he nmenber(s); are configured

with or without anisotropy of have resonant node
vi bration conponents distribu eneficially for

acoustic coupling witgne mvaﬁbi&ntisaa&agwﬂnaha\éalmyeﬂﬁ&f&h@@é iehayenti al

| ocati ons or sites wthin said area for transducer neans,
particularly opecfitexangiley aotthe agcompanyipp Axatidngs helreshicBo-ef f ecti ve
in relation to acoustic V|brat|onal activity in said area(s) and

signal's, usually el eCtHaE8I 1 codfr A pBhRFTRF ~ ShoTiPhctusistribitadmmode such
vi brat i onal agt | Yoldepedies: A descrAiBeaSaHAd dhsiGRaPeNd O¢ | S, Lgnal

publication
International application No... (our case P.5711);

Figure 2a is a partial section on the line aA-A of
Figure 1;

Figure 2b is an enlarged cross-section through a

10 distributed mode radiator of the kind shown in Figure 2a
and showing two alternative constructionms;

Pigure 3 is a diagram of a first embodiment of
distributed-mode loudspeaker according to the present
invention;

15 Figure 4 is a diagram of a second embodiment of
distributed mode loudspeaker according to the invention;

?igure S is a diagram of a third embodiment of
distributed mode loudspeaker according to the invention;

Figure 6 is a diagram of a fourth embodiment of

20 distributed mode loudspeaker according to the invention,
and

Figure 7 is a perspective diagram of a transducer.

ES R_CARRYIN THE NTI

Referring to Pigure 1 of the drawings, there is shown
a panel-form 1oud§peaker (81) of the kind described and
claimed in our co-pending Internatiomnal application No.
(our case P.5711) of even date herewith comprising a

5 rectangular frame (1) carrying a resilient suspension (3)
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W97/ 09842 of even date herewth for_such nenhers_as gr in "passi ve"
acoustic devices w thout transducer _WHISSSHEE@ICHAS BEENAs for reverberation

or for acoustiwobidssseri ng or for acoygEpl AQED Y " Vdi Ci NGCT/SBIPRLS oF
room and as or in 5 "active" acous++ ' ' ransducer neans,
such as in a remarkably w de range 0o$ sources of sound or |oudspeakers
when supplied with input signals to be converted to saji.d sound, or in
such as nmi cr ophb?Rd Mérﬁ%‘i@ﬁo?@ﬁim&f’?oﬂhﬁc?cF“pp°rt5eac?d‘t‘?\}:é'ripgﬁe‘lgﬁ‘f ot her
signals. 10 Thi g,k | 0Badkey P i cul arl ed.gni t ctjgve
acoustic devi ce€oTn tggh¥%ﬁr§dofﬂT%€ldsgggkersg Nﬁér ers%%g (9 gl’)gvedsare

herein cal | ed dagétiddacdinv@etacdusiiith r pefeterice to our co-pending
International applications Nos. (our cases P.5683/4/5) of
5 even date herewith, is mounted wholly and exclusively on or
in the panel (2) at a predetermined location defined by
dimensions x and ¥y, the position of which location is
calculated as described in our co-pending International
application No. (our case P.5711) of even date herewith,
10 to launch bending waves into the panel to cause the panel
to resonate to radiate an acoustic output.
The transducer (9) is driven by a signal amplifier
(10), e.g. an audio amplifier, connected to the transducer
by conductors (28). Amplifier loading and ©power
15 requirements <c¢an Dbe entirely normal, similar to
conventional cone type speakers, sensitivity being of the
order of 86 - 88dB/watt under room loaded conditions.
Amplifier load impedance is largely resigtive at 6 ohms,
power handling 20~-80 watts. Where the panel core and/or
20 skins are of metal, they may be made to act as a heat sink
for the transducer to remove heat from the motor coil of
the transducer and thus improve power handling.
Figures 2a and 2bh are partial typical cross-sections
through the loudspeaker (81) of Figure 1, Pigure 2a shows
25 _that the frame (1), surround (3) and panel ({2) are
connected -together by respective adhesive-bonded joints
(20). Suitable materials for the frame include lightweight

framing, e.g. picture framing of extruded metal e.g.
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and are intended to be characterised as in the above PCT application
and/ or otherw se as specifically provided 15 herein. The

i nvention i s awMoNi@#846 or m | oudspeaker having a menber RGUGER®SHAIIY a .
stiff |ightweight panel having capability to sustain and propagate

I nput vi brational energy by bending waves in at |east one operative
area 20 extending.transversely of thickness to.have resonant node, - .
vibration conpo naP’_gt?ﬂﬂH ec}é:_ (R}&St%ﬁfﬁ a€ullt€§2fe Bﬁgwn%a_m?rtgﬁgahﬁ have
predet erm ned prigfan@at kakil 06& i RN%r36181 5€6h as £olnl Hubpsai dndr €8ahOr
transducer neans and having first and second transducers nounted on .
sai d menber at tpimstficsal dSulablleocdhieohvenricgi ttbs fioiwvtdr{Roe tihelwdeber to

cause it to resonate form n% an acoustic radijator,_which provides an
acousti c out put SHREY.r 8SEREG AFA cYRR-3¢¥IAtendtSe A9RESiVestr ansducers may -

be adapt ed tOBOperat%iggrgiéﬁfﬁfiﬁgtrates; to an enlarged scale, that the

panel (2) is a rigid lightweight panel having a core (22)
e.g. of a rigid plastics foam (97) e.g. cross linked
polyvinylchloride or a cellular matrix (98) i.e. a
honeycomb matrix of metal foil, plastics or the like, with
10 the cells extending transversely to the plane of the panel,
and enclosed by opposed skins (21) e.g. of paper, card,
plastics or metal foil or sheet. Where the skins are of
plastics, they may be reinforced with <fibres e.g. of
carbon, glass, Kevlar (RTM) or the like in a manner known
15 per se to increase their modulus.
Envisaged skin layer materials and reinforcements thus
include carbon, glass, Kevlar (RTM), Nomex (RTM) i.e.
aramid etc. fibres in various lays and weaves, as well as
paper, bonded paper laminates, melamine, and vaiious
20 synthetic plastics films of high modulus, such as Mylar
({RTM), Kaptan (RTM), polycarbonate, phenolic, polyester or
related ﬁlastics, and fibre reinforced plastics, etc. and
metal sheet or foil. Investigation of the Vectra grade of
liquid crystal polymer thermoplastics shows that they may
25 be useful for the injection moulding of ultra thin skins or
shells of smaller size, say up to around 30cm diameter. *
This material self forms an orientated crystal structure in

the direction of injection, a preferred orientation for the



3a frequency ranges. 'The radiator may have a cellular core

sandwi ched between skins. The | oudspeaker may conprise a frame
supporting thewoatiessdcor, and a resilient suspension 5 by RGRIGER6Q2HE -
radiator is attached to the frame. The frane may surround the radiator,
and t he suspension may be attached to7the edge of the radiator. The

first and second transducers may be nounted wholly and exclusivyely on
t he radi at ogoodoREopRIR P PENERRRYS EDRRYY Xl Lbe r%ﬁé’dﬁgt ?‘éjnt %6 One

of the transducglé%(?rg?élbﬁgpmﬁgéﬁl ectric. The panel - form | oudspeaker
may conprise a nd meffber havi ng capability to sustain and propagate
i nputs vi brational aaditional such moulding for this and other
thermoplastics allows for the mould tooling to carry
5 location and registration features such as grooves or rings
for the accurate location of transducer parts e.g. the
motor coil, and the magnet suspension. Additional with
some weaker core materials it is calculated that it would
be advantageous to increase the skin thickness locally e.g.
10 in an area or annulus up to 150% of the transducer
diameter, to reinforce that area and beneficially couple
vibration energy into the panel. High frequency response
will be improved with the softer foam materials by this
means.
i5 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 plastics or pulp materials, even aerogel metals
20 1if of suitably low density. Some suitable core layer
materials 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
25 name ’‘Rohacell’ which may be suitable as a radiator panel
. and which is without skins. In practical terms, the aim is
for an overall 1lightness and stiffness suited to a

particular purpose, specifically including optimising



energy by bending waves in at |east one operative area ext endi ng
transversely of thickness to have resonant node 15 vibration conponents

di stributed oMPIHWB4 at | east one area and have predefeFRpiéRI62 - _
preferential |ocations or sites within said area for transducer neans
and having a transducer nounted on safd nmenber at one of said |ocations

acoust | o T adi at DG AT ISRg, Figh” gEEHCEn | ki | FAPHAL Fand LALILADART
t he second menbgstkeindnemunt ed on or inthe first said nmenber, and a
resilient suspension coupling the first and second nenbers. The second
menber may be nBevesdli wfarthepprefexredn fiomaulationsdinerthe oanel2s
second transducer Jr_ray ggtgfugggdmg\ﬁgﬂlxlﬁr}d Sg(i(ixlslfSigrelXli(:)enrnativteifler saecond
menber . employ
5 carbon fibre reinforcement. Both of these, and also
designs with an alloy Aerogel or metal honeycomb core, will
have substantial radio frequency screening properties which
should be important in several EMC applications.
Conventional panel or cone 't;.ype speakers have no inhérent
10 EMC screening capability.

In addition the preferred form of piezo and electro
dynamic transducers have negligible electromagnetic
radiation or stray magnet fields. Conventional speakers
have a large magnetic field, up to 1 metre distant unless

15 specific compensation counter measures are taken.

Where it is important to maintain the screening in an
application, electrical connection can be made to the
conductive parts of an appropriate DML panel or an
electricaliy conductive foam or similar interface may be

20 used for the edge mounting.

The suspension (3) may damp the edges of the panel (2)
to prevent excessive edge movement of the panel.
Additionally or alternatively, further damping may be .
applied, e.g. as patches, bonded to the panel in selected

25 positions to damp excessive movement to distribute
resonance equally over the panel. The patches may be of

bitumen-based material, as commonly used in conventional

loudspeaker enclosures or may be of a resilient or rigid



o 4 BRI EF DESCRI PTI ON OF DRAW NGS The invention is

diagrammatically illustrated, by way of exanple, in the acconpanyi ng
drawi ngs, ‘i n \WND@09846 Figure 1 is a diagram show ngPGa/GBo6/02162 .

di stributed-node 5 |oudspeaker as described and clained in our co-pending
| nt er nati onal appllcatlon No. WD97/09842; 9 -Figure 2a is a parti al

section on the line A-A Figure_ 1; Fi gur e b.is an_enl arged
| cross-section t RPG¥PATLES iff%ﬁsﬂaégﬁﬁféd n&&@erﬁaFﬁfiéhﬁﬁ qﬁingVnH 28%bwn in
Figure 2a aRdashowdlg AN® abher RATeYe ragNShd Uskh £0famping.  whbkgure 3

is a diagramof a first enmbodi ment of di stri but ed- node | oudspeaker
according to théesiesé@ntthe dampiogt mep, be increased in the comnstruction
of the panels by employing resiliently setting, rather than

5 rigid setting adhesives.

Effective said selective damping includes specific
application to the panel including its sheet material of
means permanently associated therewith. Edges and corners
can be particularly significant for dominant and 1less

10 dispersed low frequency vibration modes of panels hereof.
Edge-wise fixing of damping means can usefully lead to a
panel with its said sheet material fully framed, though
their corners can often be relatively free, say for desired
extension to lower frequency operation. Attachment can be

15 Dby adhesive or self-adhesive materials. Other forms of
useful damping, particularly in terms of more subtle
effects and/or mid- and higher frequencies can be by way of
suitable mass or masses affixed to the sheet material at
predetermined effective medial localised positions of said

20 area.

An acoustic panel as described above is Dbi-
directional. The sound energy from the back is not
strongly phase related to that from the front.
Consegquently there is the benefit of overall summation of

25 acoustic power in the room, sound energy of uniform

. frequency distribution, reduced reflective and standing
wave effects and with the advantage of superior

reproduction of the natural space and ambience in the



i &

15 Figure 4 is a diagramof a second enbodi nent of di stributed
node | oudspeaker according to the invention; Figure 5 is a diagram
of a third enbyaiomeasss of di stributed node | oudspeaker REIETRIPAI6X o- t he

i nvention; Figure 6 is a diagramof a fourth enbodi nrent of 20

di stributed node | oudspeaker according tol®he invention, and

Figure 7 is a perspective diagr of..a transducer. BEST MODES
FOR CARRYI NG Me?gﬁg?ﬁ?ﬁﬁff‘&% élg‘]mrdlq“;sl?eferri ng to Figure 1 of the

drawings, there is shgide the Fadd@dtdlonl PFéh lthedsanmialc p8ddl afs thegkiyd
descri bed and claimed in our co-pending |International application No.

W97/ 09842 of ewen-diarectiomal,th thmpr peragntagect 9fgul prases f rakategd)
cartying a resi l:i.ln%m'masgiscpner:}.%lcgga e3 orf%ugzgisl.t SFor improved focus for the
5 phantom stereo image, placement of the speakers, 1like
pictures, at the usual standing person height, confers the
benefit of a moderate off-axis placement for the normally
seated listener optimising the stereo effect. Likewise the
triangular left/right geometry with respect to the listener
10 provides a further angular component. Good stereo is thus
obtainable.

There is a further advantage for a group of listeners
compared with conventional speaker reproduction. The
intrinsically dispersed nature of acoustic panel sound

15 radiation gives it a sound volume which does not obey the
-inverse square law for distance for an eguivalent point
.source. Because the intensity fall-off with distance is
much less than predicted by inverse sguare law then
consequenfly for off-centre and poorly placed listeners the

20 intensity field for the panel speaker promotes a superior
stereo effect compared to conventional speakers. This is
because the off-centre placed listener does ndt suffer the
doubled problem due to proximity to the nearer speaker;
firstly the excessive increase in loudness from the nearer

25 speaker, and then the corresponding decrease in loudness
from the further loudspeaker.

There is also the advantage of a flat, lightweight

panel-form speaker, visually attractive, of good sound



e gl araenm

5 I nner periphery which supports a distributed node sound radi ati ng

panel (2). A transducer (9) e.g as described in detail with reference

t 0 our co- pendvoagrisdser nat i onal publication Nos. W97/ ®#GBGHI6/02162 .

W097/ 09861, WDO7/09858 even 5 date herewith, is nounted wholly and

exclusively on or in t he panel (2) atlla predeterm ned | ocation defined

by di mensi ons x and é Ht he position of which_|locatiqn is cal cul at ed
n

as described i ¥ ap IR0 PRLY | Y= SONRRS 205t PBCRRE3WFS7/ 09842
of even date heggwig QulﬁorLﬁHQCébunkonSHdém panes aidghrdam.panel to cause

the panel to resonate to"radi ate an acoustic out put. The
trangducer (9) is drrigaieb)’ aiRwtalatasphi fpamel-form (1lO)dsmakeran{&aydi o

anplifier, connected to the transducer .
generally similar to that shown in Figures 1 and 2 and in

S which the distributed mode panel (2) is formed with a
generally rectangular aperture (82) within its boundaries
in which is mounted a second distributed mode sound
radiating panel (4) with a resilient suspension (3)
interposed between the respective panels. The panel (4) is

10 constructed in the same manner as the panel (2), e.g. with
a central core (22) separating skins (21). The panel (4)
is driven by its own transducer (9) mounted wholly and
exclusively on or in the panel (4) at-a predetermined
location to produce a high frequency acoustic output, while

15 the panel (2) is driven by a separate transducer (9) to
produce an acoustic cutput of lower frequency, so that the
loudspeaker can readily encompass the whole acoustic
spectrum. Such an arrangement may be useful if losses in
the material of +the panel tend to attenuate high

20 frequencies. More than one transducer may be mounted on
each or one of the panel to improve performance.

Figure 4 illustrates how a distributed mode panel (2)
according to the present invention, and for example of the
kind shown in Figures 1 and 2, ‘can be driven to resonate by

25 a pair (70,71) of transducers (2). The smaller one of the
transducers (70) is a high frequency piezo transducer, e.g.
of the kind shown in Pigure 7, and the larger one of the

transducers (71) is of the electrodynamic kind, e.g. as



by conductors (28). Amplifier Ii I r 15 requirenents
can be entirely nor mal , sim gg% §€%ET°‘HRS§§E gnt i onal

cone type
speakers, sensWwaazeesss bei ng of the or REPLACERS - g8dB/ WRET/GBI6WRIE2 som
| oaded conditions. Amplifier | oad inpedance is largely resistive at 6
ohns, power handling 20-80 watts. WhéRe the panel core and/ or 20

sklns are of nmetal, they nay be nade to_ac heat
transducer to r &HGYB ABaLYFr GRTPRR ’r?b?o*’?fc &fmaf Pﬁipﬁartélﬁgdﬁ%ésr‘ "and

thus inprove poveg-hapflkd N¥ke83/74/5). Figures 2a and 2b are partial typical
Cross-sections t hrough the Ioudspeaker (81) of Figure 1. Figure 2a

shows 25 that the frheetcahsdsesrsou(md,(7A) ok pharislen( Dy ane amplifdmmect ed
t oget her by respective adhesive-bonded joints &E . Suitable materials

for the frame i ndNdeorPkpf 8 pprallel FPa‘m%d"esBeﬁ SEAREaReerR Wathf
jEXtrUdEd rretaé % interposition of a step-up transformer (72) and

matching resistance (73) i1ia the 1line to the piezo

_transducer in view of its —relatively high voltage

requirement. If desired more than one transducer (70)

and/oxr transducer (71) may be provided to improve the
10 performance.

Figure 5 illustrates how a distributed mode panel (2)
according to the present invention, e.g. of the kind shown
in Pigures 1 and 2, can be driven by a pair (70,74) of
transducers (9), the transducer (70) being a high frequency

15 piezo-electric transducer e.g. of the kind shown in Pigure
7 and the transducer (74) being a low frequency piezo-
electric transducer of the kind shown in our co-pending
International application No. (our file P.5684).
Reference (75) indicates that the transducer (74) is

20 weighted with a mass to increase 'its inertia. The
transducers (70,74) are driven by an amplifier (10) to
which they are connected in paréllel, with resistors (78)
interposed to provide a frequency dividing network. If
desired more than one transducer ({70) and/or transducer

25 (74) may be provided to improve the performance.

Figure 6 illustrates how a distributed mode panel (2)
according to the present invention, e.g. of the kind shown

in Figures 1 and 2, can be driven by a pair (68,62) of

This Sheet Has Been Replaced
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6 alum niumall oy or plastics ﬁyBEEW d materials I ncl ude
resilient nateolessssuch as foam ru-[)ber % 1 pl ast iPC3/GBBM21RD] € .
adhesives for the joints (20) incl nnvv ylic and cyano-acryl ate
etc. adhesives. 5 Fi gure 2b |Ilustrﬂ; es to an enl arged scal e, that

t he panel (2) is a rigid |Iightweight panel havi ng a core (22) e.g.
of arigid pl as&lwrfodxnﬁ@!)q)t@@du@le%s eihkeaf the gbﬂﬁ/ ishewahiBrowe or a
cel lul ar natrlx trix of tal |I, ics or
the like, with© 'CP é‘ngelfgte«fntae % @\?3}:58? 0 't hegﬁarne?:l %
panet, and gnéd qspy opposed sklns (21) e.g. of paper, card,

pl astics or neta1 f0|I sheet. Were the skins are of pl astics, they

may be reinforced wiThe ftrlalneéueeag. (68) is intended as a high frequency
5 driver and is thus of 1low inductance, whereas the
transducer (69) is intended as a low frequency driver and
is of high inductance.

The transducers (6B8,69) are driven in parallel by an
amplifier (10) with a capacitor (77) in the line to the
10 transducer (68) to act as a fregquency divider to pass most
of the high frequency signal to the transducer (68). If
desired more than one transducer (68) and/or transducer

(69) may be provided to improve the performance.
Figure 7 shows a transducer (9) for a distributed mode
15 panel (2) in the form of a crystalline disCflike piezo
bender (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) yia leads (28) will cause the piezo.disc
20 (27) to bend and thus locally resiliently deform the panel

(2) to launch bending waves into the panel.

heet Has Been Replaced
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carbon, glass, Kevlar (RTM or the like in_a manner own 15 per se to

i ncrease their nodul us. EnvigageshicsiriHng BEEN |material s and

r ei nf or cenent swbi»wess46 i ncl ude car{bon, BEPSACGE evl arL ( RTMpCTASBY6ER16¢ RTV)
i.e. aramid etc. fibres in vari s, as well as
paper, bonded paper lamnates, nelamnme4 and various 20 synthetic
plastics filnms of high nodul us, such as &y!ﬁg (RTM, Kaptan (RTM,
pol ycar bonat e, phenolic, polyester or ated plastics, and fibre
reinforced plastics, atganddl¥orm loﬁﬁts?laaﬁé‘.@eﬁa@.{né 0| aike¥esitdnt mede of
the Vectra grade of liquid crystal polymer thernoplastics shows that
they may 25 be acmistid aradila¢ornpedt aorfirstl dragsdbcen t caupledn ki tise or
shells of smaller size, say up to around 30cm_ di anet er. ~ This nmaterial
sel f forns an orFadikahord tpyS*aite: r¢kstribuytgd mode hEegpRangq oAnofthe

Injection, a BreL§E{§¥££2fLﬁg}g&{g%kég&’h&hg second transducer éoupled to

vibrate the radiator.

2. A panel-form loudspeaker acdording to claim 1,
characterised in that the first and second transducers are
adapted to operate in different frequency ranges.

10 3. A panel-form loudspeaker according to ¢laim 1 or claim
2, characterised in that the radiator comprises a stiff
lightweight panel having a cellular core sandwiched between
skins.

4. A panel-form loudspeaker according to claim 3,

15 characterised by a frame supporting the panel, and by a

resilient suspension by which the panel is attached to the

frame.
5. A panel-form loudspeaker according to claim (4,
characterised in that the frame surrounds the panel, and ig
20 that the suspension is attached to the edge of the panel.
6. A panel-form loudspeaker according to any preceding
claim, characterised in that the £first and second
transducers are mounted wholly and exclusively on the
radiator.
25 7. A panel-form loudspeaker according to any preceding
claim, characterised in that one of the transducers is
electromagnetic.

8. A panel-~form loudspeaker according to eclaim 7,

F L ——
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7 good propagation of trebj g driving point to
t he panel periwBlo@b9sss mlgwm IIIA@IEEEN ‘moul dpegerdsmsiez t hi s

and ot her t her nopl asti cs D\AB%PE\‘ACW?P moil d tooling to carry

5 location and registration features suchtsas grooves or rings

for the accurate | ocation of transducer parts e.g. the not or
coil, and the nmharacsaspeedi dh. thafd@ne cifal the t hransducers igorpiegoaker
core materials i | culated that it would be advant ageous to
I ncrease the skier:\"etcazlg ness locally e.qg. 10 in an area or annulus up
to 150% of the tgansguglhel-form loudébctRirClacchbaifd NEST &8y t fécém@ and
beneficially couple vi bration energy into the pane Hi gh
frequency resporslk@aim, characterised by a second distributed mode acoustzc

5 radiator mounted on or in the first said radiator, a
resilient suspension coupling ¢the first and second
radiators, the first transducer being mounted wholly and
exclusively on the first radiator and the second transducer
being mounted wholly and exclusively on the second

10 radiator.
10. A panel-form 1loudspeaker according to claim 9,
characterised in that the second radiator is mounted in an

aperture in the first radiator.

e
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will be inproved with the softer foam materials by this means.

15 Envi saged core |ayer materials include fabricated
honeyconbs or ges¢eeaki ons of al unminium alloy sheet or PCT/GBY6/®2¢i2| - or
Kevlar (RTM, Nonmex (RTM, plain or bonded papers, and vari ous
synthetic plastics filns, as well as expgnded or foaned plastics
or pulp materials, even aerogel netals}/7 20 if of suitably | ow
density. Some suitable core |ayer materials effectively
exhi bit usable self-skinning in their manuf act ure and/ or
. ot herwi se have enough inherent stiffness ' for use w thout
| am nation between skin | ayers. A hi gh performance cel |l ul ar
core material is known under the trade 25 nane ' Rohacel |’ which may
be suitable as a radiator panel and vvhlz)a’ wi t hout skijns. I n practical
terns, the aimis for an over&l| lightness apd stiffness suited
to a o . : ety
X
=
Ay ||| _iA
/A
3
28
10
)
[

Fig. 1
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8 contributions fromcore and skin layers and transitions bet ween
t hem woeves4l of the preferred fornulations for tHETERMEN2162 -
enpl oy net-al and netal alloy skins, or alternatively a 5 carbon fibre
~reinforcenent. Both of these, and also designs with an alloy Aerogel
. or nmetal honeyconb core, wll have sgpsfantial radio frequency
" screening properties which should be" inportant in several EMC
appl i cations. Conventional panel or cone type speakers have no inherent
10 EMC screening capability. In addition the preferred form of
pi ezo” and el ectro
1 20 3 ,20 22 21 !
¢ & g A
/
\71

22 N 98
Y ) )
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Fig.2b
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dynam ¢ transducers have negligible el ectromagnetic radi ati on or
stray magnet fields. Conventional speakers have a | arge nagnetic
field, up to Iweetessssdi stant unl ess 15 specific conpensat i STEHEPE -
measures are taken. Where it is inportant to maintain the
screening in an application, electricgl connection can be nmade to the
conductive parts of an appropriate DM. p§fed or an electrically
conductive foamor simlar interface may ‘be 20 used for the edge nounti ng.
The suspension (3) may danp the edges of the panel (2) to prevent

i excessive edge novenent of the panel. Additionally or
altermnatively, further danpi ng nay be applied, e.g. as patches, bonded
to the panel in selected 25 positions to danp excessive novenent to
distrjbute resonance equal ly over the panel. The patches may be of

bi t umen-based material, as commonly used in conventiona

N

———

|

|
L/ I

Fig.3
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| oudspeaker encl osures or may be of a resilient or rigid WO 97/ 09846

PCT/ GB96/ 02162 9 pol yneri c sheet _
material. Soxgonwse ials, notably paper and card, anBFHEPAS/02E? es- may
be sel f-danpi ng. Wher e desired, the danping may be increased in the
constructtion of the panels by enpl oyi resiliently setting, rather
than 5 rigid setting adhesives. 4/? ffective said selective danping
i ncl udes specific application to the” panel including its sheet nmaterial
of means pernmanently associ ated therewi th. Edges and corners can be
particularly significant for dom nant and | ess 10 dispersed | ow frequency
vi brati on nodes of panels hereof. Edge-w se fixing of danpi ng neans can

usefully lead to a

-

A

\
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n

Fig.4
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panel wth its said sheet material fully framed, though their corners
can often be relatively free, say for desired extension to | owner
frequency opewnasd7mpsas At t achment can be 15 by adhesive or PSECR2%MHEsi-ve
materials. OQher forns of - useful danping, particularly in terns of
nore subtle effects and/or m d- and higher frequencies can be by way of
sui tabl e mass or masses affixed to the§fffleet material at predet erm ned
effective nedial |ocalised positions of said 20 area. An
acoustic panel as described above is bi- directional . The
sound energy fromthe back is not strongly phase related to that
from the front. Consequently there is the benefit of overal
sumat i on of 25 acoustic power in the room sound energy of uniform
frequency distribution, reduced reflective and standi ng wave effects
and with the adv%ptage of superior

)
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Fig.5
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reproduction of the natural space and ambi ence in the WO 97/ 09846

PCT/ (3B96/ 02162 10 r epr oduced sound

recordi ngs. wo 97/09840Mi | e the radiation fromthe acoustic peEmeBssosisk argel y

non-directional, the per cent age of phase rel ated i nformation

i ncreases off axis. For inproved focus for the 5 phantom stereo inage,

pl acenment of the speakers, |ike pim)/&es, at the usual standing person

hei ght, confers the benefit of a noderate off-axis placenéent for the
normal |y seated |listener optimsing the stereo effect. Likew se the

triangular left/right geometry with respect to the listener 10 provides a
- further angul ar conponent. Good stereo is thus

>

01—t N

| Fig.6
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obt ai nabl e. There is a further advantage for a group of listeners

conpared with conventional speaker reproduction. The
intrinsically wo9pesded nature of acoustic panel sound 15 pericBdsioorns2gi_ves
it a sound vol une which does not obey the i nverse square | aw for
~distance for an equival ent point source., Because the intensity
fall-off with distance is much | ess an predicted by inverse square
| aw then consequently for off-centre“and poorly placed listeners the
20 intensity field for the panel speaker pronobtes a superior stereo
effect conpared to conventional speakers. This is because the
" off-ctntre placed |istener does not suffer the doubl ed problem due to
proximty to the nearer speaker; firstly the excessive increase in
| oudness fromthe nearer 25 speaker, and then the correspondi ng decrease
i n | oudness fromthe further |oudspeaker.

SUBSTITUTE SHEET (RULE 26)



There is also the advantage of a flat, |ightweight panel - f orm speaker,

visually attractive, of good sound WO 97/ 09846

PCT/ GB96/ 02162 11 .quality and fequiring .
‘only one transducer .and no crossover %or a full range sound firorh €achl .’
panel di aphragm - Figure 3 illustfates a panel-form’ oudspedker ** °

(8D) . oor Sensialy Sididatrditng aphoi 4 e Fb8UeR8atpBRnZntad; 1 O whi ch

the distributed ‘orme eneral 'y fectangul ar

aperture (82) withigyids @Pé'@éﬁéi-ﬁéchambal"\’ﬁhﬁk}e' RN R A SECN0the
di stri buted node sound radi ating panel (4) wth a resilient suspension

(3) » interposed gl QR VS RRSBRELIEVCaPRAAELS-nbBE1P28Sbnkdtel Sn Hik
constructed in the sane manner as the panel (2), e.g. with
radiator panel in response to an electrical input within a
5 working frequency band for the loudspeaker.
US-A-3,247,925 of WARNAKA discloses what purports to
be a low frequency resonant panel loudspeaker mounted in a
chassis and excited by an electromechanical transducer
mounted on the chassis.

10 DISCLOSURE QF INVENTION
Embodiments of the present invention use members of
nature, structure and configuration achievable generally
and/or specifically by implementing teachings of our co-
pending PCT publication No. W097/09842 of even date
15 herewith. Such members thus have capability to sustain and
propagate input vibrational energy by bending waves in
operative area(s) extending transversely of thickness often
but not necessarily to edges of the member(s); are
configured with or without anisotropy of bending stiffness
20 to have resonant mode vibration components distributed over
said area(s) beneficially for acoustic coupling with
ambient air; and have predetermined preferential locations
or sites within said area for transducer means,
particularly operationally active or moving part(s) thereof
25 effective in relation to acoustic vibrational activiéy in
said area(s) and signals, usually electrical, corresponding
to acoustic content of such vibrational activity. Uses are

envisaged in co-pending International publication No.

AMENDED SHEET



a central core (22) separating skins (21). The panel (4) I's driven by

Its own transducer (9) nounted wholly and” exclusively on or in the

panel (4) at a predeterm ned- | ocation to produce a high frequency :
acoustic output, while 15 the panel (2) is driven by a separate transducer :
(9) to produce an acoustic output of 3ower frequency, so that: the s

he _ whol t t Such an
oy anbeaont ﬁ&@9@2%§§é¥ur>?- |e85?@%efﬁsr%w?t%ﬁ%‘é?ra{st&qham;w%e%‘é?ea fhend
w b t ragpsducer
Lguﬁiégngﬁte hbggSl or 5%% %ﬁ (ﬁ%V%ﬁmﬁQY%Q? ?ogﬁaﬁﬁ ?8?ﬁaﬁ88n¥ Such
Figure 4 illuggr af@f g%f e*'?c&é'zsatﬂ §9t B %@%st(d. Shfllte%]ﬁ_grd' NgcLo the

T
pr esent i nvention, or exanp own |I'n gU?’ JD. and

2, can be dri HQBuEQlEﬁiQS}at @vgi/cn.ﬁé"a éja's!'pa(céo 3:1:) Qorh/ ARFYUCLES c(z.g) inine
smal | er one of the fransducers (70) is a high frequency piezo

transducers ergctive" acoustic devices with transducer means, such as in
a remarkably wide range of sources of sound or loudspeakers
when supplied with input signals to be converted to said
sound, or in such as microphones when exposed to sound to
be converted into other signals.

10 This invention is particularly concerned with active
acoustic devices in the form of loudspeakers. Members as
above are herein called distributed mode acoustic radiators
and are intended to be characterised as in the above PCT
application and/or otherwise as specifically provided

15 herein.

The invention is a panel-form loudspeaker having a
member comprising a stiff lightweight panel having
capability to sustain and propagate input vibrational
energy by bending waves in at least one operative area

20 extending transversely of thickness to have resonant mode
vibration components distributed over said at least one
area and have predetermined preferential locations or sites
within said area for transducer means and having first and
second transducers mounted on said member at two of said

25 locations or sites to vibrate the member to cause it to
resonate forming an acoustic radiator which provides an
acoustic outpuf when resonating. The first and second

transducers may be adapted to operate in different

AMENDED SHEET



of the kind shown in Fi gure 7, and the larger one of the transducers
(71)+is of the electrodynamc kind, e.g. as

12 shown in our co-pending | nt er nat i onal publication Nos. . ., -
W97/ 09859, WO7/09861, WDO7/09858. The transducers : (70; 71) are“
driven by an arrpl*lfler (10) coupled3@n parallel to the resp'éct‘T've .

transducers with 5 the interposition of a step -u% transforper (72) and
mat chi ng re5|§F&HEGn€73FaPHe§heIqqﬁaﬁ%ﬂ¥4kpﬁ|@§5 avet By ettty nCOFew of

transducer " ( J8paRichafqPaRIEPanSHaTEr ( TBF dﬁ&'%&%’ﬁd@fﬁﬁ%%e 2t he

frame supporting the radiator, and a resilient suspension

5 Dby which the radiator is attached to the frame. The frame
may surround the radiator, and the suspension may be
attached to the edge of the radiator. The first and second
transducers may be mounted wholly and exclusively on the
radiator. One of the transducers may be electromagnetic.

10 One of the transducers may be piezo-electric. The panel-
form loudspeaker may comprise a second member having
capability to sustain and propagate input vibrational
energy by bending waves in at least one operative area
extending transversely of thickness to have resonant mode

15 wvibration components distributed over said at least one
area and have predetermined preferential locations or sites
within said area for transducer means and having a
transducer mounted on said member at one of said locations

or sites to vibrate the member to cause it to resonate

20 forming an acoustic radiator which provides an acoustic
output when resonating, the second member being mounted on

or in the first said member, and a resilient suspension
coupling the first and second members. The second member

may be mounted in an aperture in the first member. The

25 second transducer may be mounted wholly and exclusively on

the second member.
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10 per f ar mance. " Figure 5 illustrates how a distributed node pane

(2) - according to the present invention, e.g. of the kind shown I n
Figures 1 and 2, can be driven by a pair (70,74) of . .. transducers (9),.*s, 2
the transducer (7Q) being a high frequency 15 piezo-electric: transducer’ﬁ W'
e.g. of the kind-shown in Figure 7 an¥ the transducer: (‘74) being a Powe
frequency piezo- eIectrrc transducer of the krnd shomn I n our

co- pendi ng | nt er nat i onB& ¢ BHENGS Reference (75)

e iﬂgTrr:rz%%@eggmwrazm 125 bl
10 > 78
(10) to which ey 4 cORReEhed Jdbonpa RANA Idlay dd) TRR 1SS e;fi -

i nterposed to pro fTequency g ne gesited nore

than one tfansﬁ“ig;%g:e( 79) ANd/OT gl bERIRUCEROLIRy MBY A% tH B e 25

| mprove the performanc
5 loudspeaker as described and claimed in our co-pending

International application No. W097/09842;

Figure 2a is a partial section on the line A-A of
Figure 1;

Figure 2b is an enlarged cross-section through a’

'''''' 10 distributed mode radiator of the kind shown in Figure 2a
and showing two alternative coastructions;

Figure 3 1is a diagram of a first embodiment of
distributed—mede loudspeaker according to the present
invention;

15 Figure 4 is a diagram of a second embodiment of
distributed mode loudspeaker according to the invention;

Figure 5 1is a diagram of a third embodiment of
distributed mode loudspeaker according to the invention;

Figure 6 1is a diagram of a fourth embodiment of

20 distributed mode loudspeaker according to the invention,
and

Figure 7 is a perspective diagram of a transducer.

BEST MODES FOR CARRYING OUT THE INVENTION

Referring to Figure 1 of the drawings, there is shown
a panel-form loudspeaker (81) of the kind described and
claimed in our co-pending International application No.
W087/09842 of even date herewith comprising a rectangular.

5 frame (1) carrying a resilient suspension (3) round its

AMENDED SHEET



'Figure 6 illustrates how a distributed node panel (2) according to the

present invention, e.g. of the kind shown I n Figures 1 and 2, can be
driven by a pair (68, 69) of 13 L,
‘el ectrodynam ¢ transducers, e.g. of the kinds shown in our, . cg-pendi rrg: ,*
| nt er nati onal publlcatlon Nos. WD97/ 098597 W0O7/ 09861, W97/09858. =+ -
The transducer (68) is intended as a hi h frequency 5 driver and is thus

of | ow i nduct ARBET" ReFiPRET¥h'hich ¢ FUR EEEér%(G@}SF?P%F%ﬁdéW% SORBRY

frequency driv i nduct t ransducers

6o bey L o FRuaane eendt 2Dy O OSSR () @ af (destEIREL TR

(77) in the |5Q%aif t&?%h reference to our co-pending International
publication Nos. W097/09859, WO97/09861, W097/09858 even
5 date herewith, is mounted wholly and exclusively on or in
the panel (2) at a predetermined location defined by
dimensions x and y, the position of which location is
calculated as described in our co-pending International
publication No. W097/09842 of even date herewith, to launch
10 Dbending waves into the panel to cause the panel to resonate
to radiate an acoustic output.

The transducer (9) is driven by a signal amplifier
(10), e.g. an audio amplifier, connected to the transducer
by conductors (28). Amplifier 1loading and power
15 requirements can be entirely normal, similar to
conventional cone type speakers, sensitivity being of the
order of 86 - 88dB/watt under room 1loaded conditions.
Amplifier load impedance is largely resistive at 6 ohms,
power handling 20-80 watts. Where the panel core and/or
20 skins are of metal, they may be made to act as a heat sink
for the transducer to remove heat from the motor coil of

the transducer and thus improve power handling.
Figures 2a and 2b are partial typical cross-sections
through the loudspeaker (81) of Figure 1. Figure 2a shows
25 that the frame (1), surround (3) and panel (2) are
connected together by respective adhesive-bonded joints

(20). Suitable materials for the frame include lightweight

framing, e.g. picture ., framing of extruded metal e.gq.



10 transducer (68) to act as a frequency divider to pass nost of the

hi gh:frequency signal to the transducer (68). |If desired nore than one

transducer (68) and/or transducer " (69) may be provided to inprove the,

‘per f or mance.

node

panel

15 panel (27 inthe formof a crysté?llne di sc- I|ke pi ezo
(27) nmounted on a disc (118),
of the panel

acoustic sign
the piezo dis

Figure 7 shows a transducer (9) for a distributed =

of brass

oy, 5 Wrancaaﬁggﬁeag PR EsrheESonal, Pibbr A Eiom on®

HostRsd. | Beigoasa's HRSVARATS) coft | T, Gl ™"

(2) to |ﬂlénc&§}?§'&ﬂ£@rg\ﬁ\($6"7%0§f@ H?‘Qggn’ by an amplifier

10

15

20

25

(10) coupled in parallel to the respective transducers with
the interposition of a step-up transformer (72) and
matching resistance (73) in the line to the piezo
transducer in view of its relatively high voltage
requirement. If desired more than one transducer (70)
and/or transducer (71) may be provided to improve the
performance.

Figure 5 illustrates how a distributed mode panel (2)
according to the present invention, e.g. of the kind shown
in Figures 1 and 2, can be driven by a pair (70,74) of
transducers (9), the transducer (70) being a high frequency
piezo—electric transducer e.g. of the kind shown in Figure
7 and the transducer (74) being a low frequency piezo-
electric transducer of the kind shown in our co-pending
International publication No. W097,/09861. Reference (75)
indicates that the transducer (74) is weighted with a mass
to increase its inertia. The transducers (70,74) are
driven by an amplifier (10) to which they are connected in
parallel, with resistors (78) interposed to provide a
frequency dividing network. If desired more than one
transducer (70) and/or transducer (74) may be provided to
improve the performance. .

Figure 6 illustrates how a distributed mode panel (2)
according to the present inéention, e.g. of the kind shown

in Figures 1 and 2, can be driven by a pair (68,63) of

bender
onded toﬁﬁ f ace

]



CLAI M5B | 1. A panel-formloudspeaker (81) having a nenber (2)

conprising a stiff |ightweight panel having capability to " sustain and
propagat e input vibrational energy by bending 5 waves i.n at |east one-" _
‘operative area extending transversely of thickness to have resonant *-: 2

+

nmode vi bration conponents di stributedtdver said at | east one-area and *
have predeterm ned preferential |ocations or sites within said ar ea
for transduceBl@ﬁ&ﬁQdyg?maﬁdtﬁanﬁ@gc¢¥$steamd efcorel kipds t shesrutereur(9)
nmounted on said nmenber at two of sa |.ocations Qr sites to vibrate

t he nenmber toceaﬁ§8dFP9toInternﬁgéeﬁéﬂe PYPALRG TR ac AR ¢ WAHT AP B S %hi ch
PrOVLIE 3 oo BRNER, CuBY bR TSIONILING. B A jpanel form,
and second transdu&%e é&é&sducer (68) is intended as a high frequency
5 driver and 1is thus of low inductance, whereas the
transducer (69) is intended as a low frequency driver and
is of high inductance.

The transducers (68,69) are driven in parallel by an
amplifier (10) with a capacitor (77) in the line to the
10 transducer (68) to act as a fréquency divider to pass most
of the high frequency signal to the transducer (68). If
desired more than one transducer (68) and/or transducer

(69) may be provided to improve the performance.
Figure 7 shows a transducer (9) for a distributed mode
15 panel (2) in the form of a crystalline disc-like piezo
bender (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) via leads (28) will cause the piezo disc
20 (27) to bend and thus locally resiliently deform the panel

(2) to launch bending waves into the panel.

Ardr e s
¢, TS,



‘are adapted to operate in different frequency ranges ' 3. A panel-form

| oudspeaker according'to claiml or claim 2, characterised-in-that the
radi ator -has a cellular core (22) sandwi ched bet .
‘4. A panel -form_ .l oudspeaker according to claim thmﬂ "rm Emﬁmrlaed ve'
by a frame (1) supportlng the radi ator (24 and by acres

suspension (3) by which the radiator is attached to the frane.

A panel -form Ioudspeaker according $AIM3aim 4, 25 characterised |n
(hai the f1ap (1) suconds ADe, (Oatetsr (o b Obhete! Begiiapers) o
| oudspeaker 8888£ 159n50aa§¥19%e3 ghQaeight panel having capability to
sustain and propagate input vibrational energy by bending
5 waves in at least one operative area extending transversely
of thickness to have resonant mode vibration components
distributed over said at least one area and have
predetermined preferential locations or sites within said
area for transducer means (9) and having first and second

10 transducers {9) mounted on said member at two of said
locations or sites to vibrate the member to cause it to
resonate forming an acoustic radiator which provides an
acoustic output when resonating. |
2. A panel-form loudspeaker according to claim 1,

15 characterised in that the first and second transducers (9)
are adapted to operate in different frequency ranges.

3. A panel-form loudspeaker according to claim 1 or claim
2, characterised in that the radiator has a cellular core
(22) sandwiched between skins (21).

20 4. A panel-form loudspeaker according to claim 3,
characterised by a frame (1) supporting the radiator (2),
and by a resilient suspension (3) by which the radiator is
attached to the frame.

5. A panel-form loudspeaker according to claim 4,

25 characterised in that the frame (1) surrounds the radiator,
and in that the suspension is attached to the edge of the
radiator.

6. A panel-form loudspeaker according to any preceding

AMENDED SHEET



15 claim characterised in that the first and se

transducers (9) are nounted wholly and excl usively lﬂ “I‘ M““\or

7. A panel -form | oudspeaker according to any prece

‘characterised in_that one of the transducers is electronagnetlc re 48
A panel -form 1oudspeaker according toldclaim 7, ° characterlsed in
that one of the transducers is piezo- el ectri.c. A_panel -faorm

| oudspeaker actlng ERABRGEHF LRI ny® théFalﬁh%ﬂu§¥ﬁﬁ¥N|§%@ b§e§°§@cond
mber (4) h LT ¢ t d { b |
romher (3] v SSPOP| 14 .S T L SpogeLE, gkt v Lo

transversely of(ihlck ess to*have resonant node 15 vibration conponents
di stributed oVet %ﬁﬁ at | east one

7. A panel-form loudspeaker according to any preceding
5 <claim, characterised in that one of the transducers is

electromagnetic.

8. A panel-form loudspeaker according to claim 7,

characterised in that one of the transducers is piezo-

electric.

10 9. A panel-form loudspeaker according to any preceding
claim, characterised by a second member (4) having
capability to sustain and propagate input vibrational
energy by bending waves in at least one operative area
extending transversely of thickness to have resonant mode

15 wvibration components distributed over said at least one
area and have predetermined preferential locations or sites
within said area for transducer means and having a
transducer (9) mounted on said member (4) at one of said
locations or sites to vibrate the member to cause it to

20 resonate forming an acoustic radiator which provides an
acoustic output when resonating, the second member (4)
being mounted on or in the first said member (2), and a
resilient suspension (3) coupling the first and second
members (2,4).

25 10. A panel-form loudspeaker according to cla;m 9,
characterised in that the second member (4) is mounted in
aﬁ aperture (82) in the first member (2).

11. A panel-form loudspeaker according to claim 9 or claim

AMENDED SHEET



area and have predetermnined preferential |ocations or sites

area'for transducer neans and having a t ransducer mﬂ‘\m‘ mm&@%
menber (4) at one of said | ocations or sites to vi )
‘cause it to 20 resonate form ng an acoustic radiator whi ch prOV|des an :

acoustic output when resonating, the secohﬁ menber (4) bei ng mount ed on

or in the first sah nmenber (2), and resilient suspension (3)
coupling the fPrsFParactecisgd in ﬁEﬂBeFEe(Qeﬁ?nd s5anpdugepanél npepked

| oudspeak t din that th d
monber (4). | S“GumY od o< Tu T VLY, oh GREasPoPRd: AEBRES Henber ()

11. A panel -form | oudspeaker according to claim9 or claim -

\q !f'
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16 10,

characteri sed
excl usively on the second nenber

(4).
PCT

in that the second transducer
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A panel-form loudspeaker (81) having a distributed mode acoustic radiator (2, 4) and a first transducer (9) coupled to the radiator (2)
to excite distributed mode resonance in the radiator, characterised by a second transducer (9) coupled to vibrate the radiator (14).




