1 PANEL- FORM LOUDSPEAKER This invention relates to a panel-forml @ eaker
utilising a resonant nulti-node radiator, which is suitabl @r(ogy F20[
applications requiring thin speaker sections such as in public address _
| oudspeakers. The speaker exhibits a conversion efficiency approaching "§.
unity so it is suitable for applications reqdiring high acoustic power B
out put fromthe | oudspeaker. Current | oudspeakers utilise a diaphragm or
simlar elenent which is caused to nove in a gross fashion in an
essentially pistonic manner to cr eaPANEYrFORMOUAUDSREMER ut. The notion of

t he di aphragm shoul d be in-phase across its surface so that the diaphragm
noves backwards and forwards in response to the driver actuation and this
is achieved, inter alia, by the nature and size of the diaphragmin
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are used but tlaeeastiliccpbwir olitput drbmrthdl abadspeakerow frequencies. There
are two main kinds of |oudspeaker in current use and both of these utilise
a di aphragmdriven in pistonic manner. The first of these is the
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spaced behind the diaphragm Electrostatic | oudspeakers are capable

yi el di ng a hi gifFeptRtheyacaushit outPrEs Jhfi Betioneqf dihey dbsrhragn shovdd e e
of Irsal at ively ahaﬂedsecaﬁfdguneé | URraGE ts%bltﬁ?ji ?hepﬂﬂﬂf&aﬁﬂckﬁﬁ backwards and
appl i cati ons. Weve ey are_expensi ve.an ve_yer ow conversi.on

SFTi ci ancy i CRESREALE FasPBRTS 113, Foe, FFANFS Euer e Splorhiac s RiRTR or m
of pistonic-di dpheraghiboussthalmature 4 size\hithendilaptivaganio relatdipeaterthe
whi ch i ncor por e ted . di | r ni gal
dri ver Theoe Focaudtiby Baf BOURRICA BRMBIBRIAF e feRlREEL GEEREET TR
they are nore &heseiloudspenkens othe dhephnegn epenatesstargedy | afudspusnsiss thedgw

those at which it exhibits resonant modes (though typically they can

operate above the first resonant freguency of the diaphragm by
suitably damping-out this mode). and this imposes spatial'and/or '
frequency limitations upon the loudspeaker which are undesirable. In
order to raise the threshold of resonant frequencies small diaphragms
are used but these are not efficient radiators at low frequencies.

-There are two main kinds of loudspeaker in current use and both of
these utilise a diaphragm driven in pistonic manner. The first of
these is the electrostatic 1oudspeakér in which the diaphragm is
driven by the charge difference experienced between the diaphragm and
a rigid backplate closely spaced behind the diaphragn. Eleétrostatic
loudspeakers are capable of yielding a high fidelity output across a
wide frequency band and they are of relatively planar configuration
suitable for public address applications. However they are expensive
and have very low conversion efficiency which detracts from their
advantages. The other established form of pistonic-diaphragm
loudspeaker is the conventional dynamic loudspeaker which incorporates
an edge mounted diaphragm driven by an electro~-mechanical driver.
These loudspeakers have relatively narrow bandwidth and although they
are more efficient radiators than the electrostatic loudspeakers they
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this for cessary to prevent destructive interference
Fiyorhioss R

f or wagd, rearward outputs of the diaphragm This usually r

t he dl aphragm be nounted in the front face of a substantial box housing and
consequently precludes flat panel fornat It is an aimof the present:

i nvention to provide a high conversion efficiency flat panel-form

| oud Kk . | dr
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which is sandvm ched a |ight spacing core are conmonly uséd Tor aerospace

structures fdprksagmbe novated dpathe fronydase mfy abé“‘!ﬁéﬂ‘:’r# ORE RPBIREr as

cl ai med her qin8. cérivehabntiyopstidlutied At piNe’ fovnatdave been used previously
in the construction of diaphragns in conventional ‘dynam c | oudspeakers, eg

as disclosed in patent specifications GB 2010637A; GB 2031 691A; and GB
2023375A, buit hash adh dfeehe yredent dnoentibnovd ergeidd B high renversioh t hi s

I nvention as nant I ti- e radi L or cla herein is
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as to have ratio 6’% benc]:wé stlyiness B) to the cube power of panel nass
per unit suPpaels eFPeH“‘{‘{“@Fr})1°Pﬁs%ﬁaﬁ‘e5r‘f’%ﬁf‘a?‘?eé'ﬁe%fi“aﬁ ngdiwayy, a
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boo‘w in a freg und % manner ; and an el ectr th?gecha(‘_lr‘}og‘?i‘l_ drive neans
coupl ed to 8 ight SRAGLAE (COTe Ane; EOUEaRLY Ys 8EEeRRGTce in the
r adi at or pambummrbesﬁnnegamnleaaneIceetaimar thesetmay bhi usesd mnrﬂimgpeaker
frequency b %gdc.{tﬂ ehhﬁe:legﬂdsrb%@%ﬂ“ sandwich panel materials have been used
previously in the construction of dlaphragms in gonventional dynamic
loudspeakers. eg as disclosed in patent specifications GB 2010637A;
GB 2031 691A; and GB 2023375A, but have not been used, to our
knowledge, in the manner of this invention as resonant multi-mode
radiators. '

The invention claimed herein is a panel-form loudspeaker comprising:

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

a mounting means which supports the panel or attaches it to a

supporting body, in a free undamped manner; o '

and an electro-mechanical drive means coupled td the panel which
 serves to excite a multi-modal resonance in the radiator panel'in

response to an electrical input within a working frequency band for

the loudspeaker. '

The term "transverse cellular construction" as used in the above



The term "transverse cellular construction"” as used in the above WO
92/ 022/03024 PCT/R1B91/81262 01262
definition and el sewhere in the specification refers to honeyconb core
~forms and. other. cellular based core constructions having non- hexagonaJ\,;ore
sections with core cells extending thrﬁugh the thickness of the panel -
material. In the above definition of the invention and throughout the
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t he val ue of T%stho I be at |l east 100. This T value is a neasure of the

acoustic caé’ﬁ%e'i’ SonTet fici ency of the radiator panel when the | oudspeaker
IS operating as intended.at .frequencies above its- coi nci dence frequency

(see bel 0% ¢pf" {H&Q desifttfor Se DRl 1AGIEUR hrld) ehiSRgRbudiangY COnD Cor ed

panel s havi ng n neta ins presentl ymr()%e erred panel a‘}j‘/pe is
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panel of mmiert thztknhe;sadmltar banal aight fnetioh mrm i& theldanbe# ow t hat
required. o3al gy Cabbﬁ& heemfuarspek Qh@@ﬂd 68 a%h@e&& Wobh 9@y -pxed

rei nf or cement - woul d va ue around 0. 85, well short of the
M ni num r‘éﬂ-ﬂf-’-r%ﬁr@n!‘e“ﬁ?@ %&@emcwé%gtqoaneﬁiwrﬁféﬁé%r ofisthe ained is
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I oudspeak}eg% g’?%telsn?%‘fy eagé)(f"gﬁ%’d{%fie fnrtegg?'b {858 ﬁﬁg?ﬂd i C}Hﬁ g'g noti on of
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and/ or by 1ncor porating anpl ng o suppr ess I'n contrast the

present ihavdngihomeyernb gere jcepstmustieR: andythisng wheh bethkiagnansut
core being of aluminium or aluminium alloy. With such panels T values

‘of 200 or more can be achieved. It is most unlikely that any solid
plate material could provide the required minimum value of T. A solid
steel panel of any thickness would have a T value of about O. 5, well
below that required. Solid carbon flbre reinforced plastics sheets
with egui-axed reinforcement would have a T value around 0.85, still
well short of the minimum requirement. The-méde,of operation of the
speaker as cléiméd is fundamentally different from prior art diaphragm )
loudépeakers which have an essentially "pistonie" diaphragm motion. \.;
As-mentione& p:evidusly'shch loudspeakers are ihtended to produce a
recipbocaéing'and in-phase motion of the diaphragm and seek to avoid

- modal fesonaht’chions'in the diaphragm by design of the diaphragm to
exclude Ehem from the loudspeaker frequency band and/or by
iﬁcorporating suitable damping to suppress them. In contrast the
present invention does not incorporate any conventional diaphragm but
rather uses a panel, meeting.the criteria_described; as a multi-mode:
radiator which functions through the excitation of resonant modes in
the panel not by_fprcing it to move in a pistonic, non-resonant
manner. This diéference in mode of operation follows from the panel
stiffness to mass criterion, from the avoidance of edge damping and
the absence'of inteinal damping layers etc within the radihtor panel,
and also from operation of the radiator at frequencies above both the



father uses a panel, neeting the criteria described, as a nmulti-node. -
radi ator whjch functions through the excitation of resonant nodes in the

panel n%otﬁ 'Bb&sl ng it to nove in a pistonic, non- resonant @Zaﬁguﬁl@f

di ff erence " i'n node of operatlon fol lows from the panel stiff

criteson, fromthe avoi dance of edge danpi ng and the absence of internal
danpi ng Iayers etc within the radiator pgnel, -and al so from operation of
the radiator at frequencies above both t WD 92/.03024
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conposi te p&fdpcidence: ERAGYENEE BB é tal frpguency Bt fhe %Eﬁ t he
bendi ng waveaapeed in the radi ator panel matches the speed of sound_ in air.
This frequency is of the manner of a threshold for efficient operation of

t he | oudspeaker for at frequencies above their coincidence frequency nmany
noder n conpddet tcalagidende premiepcyhdisathe direauenayt Ay whichi thepbendimgewans ng

the informtdagy pf@&hé%d&ﬁﬁ&* e,ahéu RaREhES tﬁerﬁﬂieﬁté‘f g0 ! inS Wit abhgid or

gi ven frequency bands in the conci dence_frequency of the radi ator

panel will fExeRuencyois Rf] she (meeneeff pcthusshald for eficient operstidispbaker
wi |l conver tghal mﬁispébieMSP?ref]ﬁ fabquenRilés fdbﬁﬁbtﬁlﬁiﬂmhbmﬂ&aﬂté‘qﬂef néy i ve

nmeans into acoustic output., This is, oore than atumfor it is
this char act“@f‘?s‘?‘?d(?rﬂfccﬁqp ﬁi%ﬁ\?@#%jicgop%?%scr %ﬁi iBot enti al
probl ens i n posstislEnasingnthei inflodsa tio armidbdsmesystcemwdu gm-aﬁimzer si on

efficiency fﬁ‘@?hfﬁ}tﬁ%ﬁbpf fﬁg%%ﬁdf% ,tfmlna s 6hi Ping'e ﬁk&éﬁ&' s in

accor dance esi gn ereln s ac anel
moti ons ar e feeavencyi nécﬂlsy!‘MmMArﬂpﬂﬁgfﬁ [ or fhedow nhe na‘l“ié'ﬁﬁuct ur al

darrp' ng wit tﬂaﬂd&%ﬂ:hpaaeéharﬁa&% i18hidéPealtar g emedamswltlueeatan&lea panel

nting. Wien this i's achi eved acousti ¢ distortions will be snall.

vaI e of "BinpHtifrem,Ehy @lgetratmeghandcp] Jriyg peans inty a??lt“asn%tr?gt~
stiffness offhifeipadee thahhamdreadedideratund FoLsit Q§ tiils ehdarectedidtic of

subj ect ed t%iggpclzéjnvfelrs n %I‘f 1‘@’%%? rwt;[ig ovee'}glomgs E tq.%i problems in a
- resonant multi-mode radiator based system. A high conversion

efficiency (which can be achieved by suitable selection of materials
in accordance with the design rules giyen her'ei'n)' is gehieved when
panel motions are constrained by acoustic damping rather than internal
structural damping within the pane]_. material or damping imposed by
virtue of the panel mounting. When this is achieved acoustic
distortions will be small. |

The value of "B" in the above given *p" cpiterion is the static _
A bending stiffness of the panel rather than the stiffness of the panel
when subjected to rapid flexure. However the bending stiffness
reduces with increasing frequency due to the increasing influence of
shear motions within the core. It is important that the effect of
this shear motion is minimised';'and this can be achieved by the use
of a panel with a sufficiently'high shear modulus._ This requirement
leads to a second criterion which is that the core shear modulus (G)
should be not less than the Value.given by the relationship: pc?/d;
where "c" is the speed of sound in air and "d" is the depth of the
- panel core. It is convenient to re-arrange this expression to the
alternative formulation: p.c?/d.G > 1.

Two exemplary foms of the invention are described below by way of
example, with reference to the drawings of which:
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reduces W|th I ncreasi ng frequency due to the increasing influence of shear
not iwOP2¥030R4n the core. It is inportant that the effectP(ﬂ’/GB?ﬂﬂ!Mar
notion is mnimsed and this can be achieved by the use of a panel with a
sufficiently high shear nodulus. This requirenent |leads to a second \J
criteri.on which is that the core shear rgodul us (G should be not |less than
the value given by the relationship: [érr] where "c" is the speed of sound
inair and "d" isfgiperdapid &f ibdRtpddalienOfn the reaf @Ivani ent to

re-arrange this e ressmnt ernative formulation: J[err] Two
exenpl ary forns o?‘% 3#183&5’?5}‘%%'58? 'bed bel ow by way of exanpl e,

with reference to the dravm ngs of whi ch: ‘WO 92/ 03024

PCr/ GB91/ 01262 Fi g‘i&ﬁr 2 isasplh‘éél‘ﬁt C-ié“w bV ckli Pihgt RSudtRar 1&Ids§eaker
frame- nount ed | oudspeaker; and, Figure 2 is a lateral view of acelllng
nmount ed | oudspeaker. The Ioudspeaker as-illustrated in Figure 1 conprises a

resonant mghbi wﬂui@eélaéﬂ &EOIIli;stx’!he“eBnﬁ e'iﬁuusmareodmm 2 bkesgnanki ch t he
radiator is: uspe ns of pensi o.

el ect r omec L RO xE "@l“’ﬁ The® jr’“gEFa?“(?Pmi ggo f‘ég? ARGul ar panel
of al umi ni wmahtayisksmddethbpmmnmﬁlshsyetiswem 3asddi arh

constructio Deta S of t I rl a et er
The el ect roeﬁﬁﬁﬁ'é? C e%lct%ra% ?1%12% aﬁgf?héi&gﬁ Fe %?T‘Bunét\ee'daﬁrp%rl?&?%e gupport
frame 2 sucienehaf whimindunf Qllsyme%g@llﬂsiﬂiﬁlﬁeﬂrl@arh%ﬁwﬂ@ sgadwichr panel
1 and exci t@asthgdidh! eDel)i1s bECIHA! paRd asarmm@rm& debearhghventhen an
el ectrical signal is supplledtothe xmp hg I pt of contact

bet ween t het@$REf t The PPCtREmaEnREIC ARE:tox; :'Pasi 8 %fﬁf r%)’gdl%)?"’&n ch 6 to
resi st wearuypafdtise gagportT Peamx 2i suwh thats this ishaOt &dbearsh aghiisti thereates .
the radialofe RREYaatadl ?a&&s'ltkﬁif'e&@f{e ROBng 183 Er By OF GeldlphdcetRf NeT S nd

at a p03|t|on crose S centre to avo ing the pan
pr ef er ent | ajovenent Pt'sﬂ!g/mt'lr when %Qk@tl‘m shenal; ¢ supplied 4p thﬁe exciter

4 and the radialon Pagelthé eaietr@ft %Bﬂgaétobéﬁ@éhet@sﬁﬁd i 8 the6dnied!

coupl i ng between the two far ficient cl%oger transfer.
the latter is reint‘orced by a pat to resist wear and damage. The
exciter 4 is positioned such that it excites the radiator panel 1 at a
posit:ion thereon close to one of its corners not at a position close
to its centre po:lnt. to avoid exciting the panel preferentially in its
_symmetrical modes. The inertial masses of the exciter i and the
radiator ‘panel 1 are matched to secure an efficient inertial coupling -

between the two for effic1ent power transfer

The second version of the loudspeaker, which is depicted in Figure 2, )
is the like of that described above with reference to Figure 1 save in \J
some minor details mentioned below. Common reference numerals are

_used for common parts in the two figures.

This version of'loudspéakef is susbehded 'from a ceiling 7 rather than
a stipport: frame. - Four suspension loops 3 are used instead of two in
the previous version, so that the radiator panel 1 underlies the
ceiling rather than hanging down from it. The exciter 4 is positioned
above the radiator 1. -

Both versions of 't_hs léud'spéak_ez_- 6perate in exactly the same way and
are subject to the same désigh rules regsrding- selection of panel
materials and cbnstructioﬁ and dimensioning of the panel having regard
to the required fre_duenéy band of the loudspeaker.
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- Thé second version of. the | oudspeaker, which is depicted in Figure 2, is
“the like of that .described above with reference to Figure 1 save in sone

m nor il s qenti oned bel ow. Common reference nunerals a
connnnq§§3k§EWﬁ§the two figures. This version of Ioudspeake?%pzégﬁéégﬁﬁﬁd
froam®a ceiling 7 rather than a support franme. Four suspension |oops 3 are
used i nstead of two in the previous version, so that the radiator panel 1
underlies the ceiling rather than hanging5d0mn fromit. The exciter 4 is
positi oned above the radiator 1. Both versions of the | oudspeaker operate
In exactly the same way and are subject to the sanme design rul es regarding
sel ection ofrheanet drkericH andtheCohdr Wédulus eritettiscrNdobhidfy which havpanel

gg)’ IO gg2zegar§eegxoménm ogxg upirreggoésrl%qg&a% " -63‘ r})dangi ftorﬁ‘gsl é)n_ %Qggiéeérﬁ:&’g’fpglz 62
6 The "T' credther othannpanele dimmrgsions dwduiowispeakern firedqueniy ofangeseh Teave
been ment | oG aREe"] Qghued helilsbd AANG! pdii i N drBGibaky PR B St 21 her

t han panel menst ons” an er frequency ranges. To produce a
speaker optivsefud fprefentot send desigreFules ywhigh Arei given b | to refer to
sone design rules which are given below. The |ow end of the desired

frequency range of the | oudspeaker sets a limt upon the fundanental
frequency ofThendowang of Jthe desirgd ireguency FAree & 89%91"“9? ﬁcf)&tﬁ a

i nterest. MI#A'¥Chpdnehé Fundahitat freaguneye pfothd panghifer shisimdstiteo be
bel ow the | owest frequencies of interest. The Walo] ([err])
i s i ndependetfitoys the, dowest gaeﬁ?ﬁfcf’ sofgrg?\'}gﬁrﬁﬁ?'t ﬁ’gor&%‘ﬁ%g} g'lgo%é&'%grsﬁgerhe :
desi red bandpvediibnéy ofathsn prhellishoubb@dkerbes betow thal iavest frequenedes hREnce
est abl.i shes r i 0 [ ; f Offt :

f undanment al- ﬁtgg%%é\'cy&ﬁgrﬁzgwgﬂ%g iﬂqﬁ.b?ﬁiggfﬁ] i’ {fsefRhignlor fihel aree

s also se I's fixes an approxi mate
vahue for thandadeagivent b thenexpPregpiqnérr] i s given by the approxi mate
expression: [err] : '

£2 = p.c'/4.72.B

The desired bandwidth for a particular speaker sets a value of f_ and
hence establishes a relationship between u and B. If a value of the
fundamental frequency (fx) is also set then this fixes an approximate
value for the area of the panel for f, is given by the spproximate

expression:

£,2 = B/p.A?

x*‘ Finally, the freguency at which the first air resonance occurs within
the core of the panel should be ébove the upper frequency limit of the
loudspeaker. This frequency (f_) is given by another expression:

f, = c/2.d

wheré d is the depth of the panel core. Hence this expression fixes
‘the depth of the panel core according to the frequency bandwidth of
the loudspeaker.

Design considerations are illustrated by way of example below with

. reference to one version of the loudspeaker which utilises a radiator



Finally, the frequency at which the first air resonance occurs within the
cor e WO 2M3084nel shoul d be above the upper frequency |i FET/§iB%1/4@1262
| oudspeaker. This frequency (f,) is given by another expressidn:-[err]
where d is.the depth of the panel core. Hence this expression fixes the-
depth of the panel core according to thg frequency bandw dth of the
| oudspeaker. Design considerations are illustrated by way of exanple bel ow
- Wi th refer patesl comprisingreilank din swareoof laakeiumbkirined, i aAlvwdaian r adi at or
WO 92/ 03024 _ : _
PCT/ @9110?%@%&% pd c%orlr'ff”?;s?eﬁg Tah‘T X ldrﬁpga uf:'frret%? R ﬁ%n irﬁ 8 r'nolé”f(iaﬁﬁed,
al uni ni um kbechdckessopt eachngiva ie 0.00A3mcoFer dédspansl Bhis 38B%0INN,spO. 04m
~and the thkg?}ggﬁgw'eag]-rsg 8eRnYx@P03m For this panel B is 18850Nm
[err] is 3.38kg/[err], and Tis [err] Fromthe [err] equation, [err] is |
18850/ 3.38 x 1][err] = 75 Hz. Fromthe [err] equation, [err] is [3.38 x
[err] 246 Fom fonent ! Budtabn] Mouatll 685013881 1348, 2x50Rz= 4250 Hz. The
shear stiffness of the panel varies with orientation within the plane of
the panel. For the axis of ‘the mnimumvalue of "G the expression: '
p.c[err]d Resm aheaf Uequdtion0Sh amd ¥.38 * 340%lsx 3. 18167 s 188601 Freval ue t he
sane expre§§éqﬂrhas a value of 0.122. Both these values are much | ess than
the limting value of 1 and.indicate that the*l oudspeaker w Il not be
limted in performance across the intended frequency band by core shear
notions. Fgpsp ttheSE eghdtibdl | ONSs i fuonexd. dube spegs ed that a |oudspeaker as
claimed utilizing & radiator ganel™in the formof a 1msquare of the
materi al detail ed above woul d have a frequency bandw dth of 250 Hz to 4 kHz
wi thin whi wheimw@hafhmharmg@hgmvgasieﬁw;ﬁﬁ io@imimdv:l:ctﬁmhtﬁlﬁt ?rti (;ul
It is anticjipated-ihat such g dwi dt i atisfactory for
public ad dP% e u&epgﬁ%’. @or %pxe- axqs o Xhe mPn%mﬁH \;aelug M‘ Vel I:he
expression: p.c?/G.d has a value of 0.056 and for the axis of of its

maximum value the same expression has a value of 0.122. Both these
values are much less than the limiting value of 1 and indicate that
the loudspeaker will not be lim-it_ed in performance across the intended
frequency band by core shear n_iet.ions. :

From these calculations it woiild be expected that a loudspeaker as t
claimed utilising a radiator pahel in the form of a 1m square of the
material detailed above would have a freguency bandwidth of 250 Hz to

4 kHz within which it would have a high conversion efficiency and low
distortion. It is anticipated that such a bandwidth would be quite
satisfactory for a public address loudspeaker. \J



‘WO 92/ 03024 8 CLAIMS 1.0 A panel -form | oudspeaker conprising: a resonant

mul ti-node radiator el ement being a unitary sandwi ch panel formed of two
skins oWw@®2/03024 with a spacing core of transverse cellular construction,
wher ei-n thé panel is such as to have ratio of bending stiffness (B), in al
ori estations, to the cube power of panel mass per unit surface area (p) of
at least 10; a mounting means which suppor8s the panel or attaches it to a
supporting body, in a free undanped manner; and an el ectronechani cal drive
means coupl ed to the panel which serves to excite a nmulti-nodal -resonance
in the radiator panel in response to an electrical input. within a working
frequency band for the | oudspeaker. 2. A panel-forml oudspeaker as cl ai ned
inclaiml in which the sandwi ch panel Lﬁﬁﬁﬂfiuling the radiator elenent is
such that it has a ratio of Blerr] of at least 100. 3. A panel-form

| oudspeaker as claim2 in which the skins and core of

d 1
the sandwi ch a eP"ggng{’TqT ﬁppﬂénvwg{‘rcggpg%ﬁn €&l ement conprise al unini um or

al um nium all oy. 4. A panel -form | oudspeaker as clained in any one of the

preceding cl.ai ns whe 2| ecfr r h an
electrical dr? rgsgmd'nawﬁa"slm%é at%?g%%gnrrg ?’J'ﬁan ir’%% n?&ﬁc%ﬁy cs)%gﬁltd"?ﬂ pég‘(écless
of both the fforsedrefsswarskinscofl@matgriaddvwite aceparingctrre g? e FBASLSEf t he

radi at or paneéellﬁ%axé‘ &ﬁg@#uétgém lWARESHE tkepanel Cis?‘bﬁm dsNté | 1ve dat3Bdof
substantially as herein ore. descri bed with reference to the draw _ngs
bending stiffness (B). in all orientations, to the cube power of ganel

mass per unit surface area (p) of at least 10;

\;2 a mounting means which supports the panel or attaches it to a
supporting body, in a free undamped manner;

and an electro-mechanical drive means coupled to the panel which
serves to excite a multi-modal resonance in the radiator panel in
response to an electrical input within a working frequency band for
the loudspeaker.

2. A panel-form loudspeaker as claimed in claim 1 in which the
sandwich panel constituting the radiator element is such that it has a
ratio of B/ of at least 100.

. 3. A panel-form loudspeaker as claimed in cleim 1 or claim 2 in which
Nt the skins and core of the sandwich panel constituting the radiator
element comprise aluminium or aluminium alloy. '

4. A panel-form loudspeaker as claimed in any one-of the preceding
claims when the electro-mechanical drive means is supplied with an
electrical drive signal having a fundamental frequency component in
excess of both the first resonant freguency and the coincidence

frequency of the radiator panel.

5. A panel-form loudspeaker as claimed in claim 1 and substantially
as hereinbefore described with reference to the drawings.
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