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10 . WO 98/43464 DESCRI PTI ON 15 _ PCT/GB98/00834
TECHNI CAL FIELD The invention relates to personal conputing

devi ces and nore particularly to4 ap-top and the |ike portable
personal conputers, e.g. so-called note-book conmputers and portabl e
personal tel ephones incorporating | oudspeakers. 20

BACKGROUND ART Enbodi ments of the present invention use nenbers
of nature, structure and configuration achievable generally

and/ or specifically by inplenenting teachings of our I nt ernati onal
application W97/09842. Such nenbers thus 25 have capability to sustain
and propagate input vibrational energy by bendi ng waves in operative
area(s) ext endi ng transversely of thi ckness often but not necessarily
to edges o
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PERSONAL COMPUTING D VICES COMPRIS NG A RESONANT PANEL LOUDSPEAKER

10 : DESCRIPTION
15 TECHNICAL FIEL

_ The invention relates to personal computing devices
and more particularly to 1ap-top and the 1like portable
persqnal computers, e.g. so-called note-book computers and.
portable personal telephones incorporating loudspeakers.

20 BACKGROUND ART |
Embodiments of the present invention use members of
nature, structure and configuration achievable generally
and/or specifically by implementing teachings of our
International application W097/09842. Such members thus
25 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



ani sotropy of bending stiffness to have resonant nmode vi bration
conponents distributed over said area(s) beneficially for acoustic

coupl i ngwwf;slﬂ‘lsﬁgg)i ent air; and have predeterm ned pref ﬁ@%b@@ﬁcat i ons

or sites wt 5 said area for exciter nmeans, particula ‘%narly
active or noving part(s) thereof effective in relation to acoustic
vibrational activity in said area(s) &nd signals, . usual Iy el ectrical
correspondi ng to acoustic content of such vibrational activity. 10
Menber s ABIZREFRORY e Ofer BPRALRM| cHtHFERPFBULTR R Tesodant cmPgEi ators
and are intended to be characterised,as i,n the above PCT application
and/ or 33# (xR §OMPOLS, sfic§+F§r6P8$FGed PYPEj nSaid  areapplg7/ 09854

oudspoaSh A HEHER PRt “aodR s LougbiRRPRIEY, Bk ThEEE BT TOAE,
700 210 qesal ihesaded Sheba! BReTELettihI UMM fons o PRNEEHLIGT chachanne!

t he out put of “conventi ona peakers to the fﬁont of

the tel eWalidnaseh P excitOrdtngdrds FRTHIIRASA FOoBRE ratAadddynd

appar at us having an acoustic horn inthe side of the apparatus.

This i neediven of SmoPfhigi pelc@rlsy thearaef neffeative in 2eduattion devices in
the form of | oudspeakers for personal conputing devices, and with
per sonal acmyaiticgrideratienalSactivei ppr ani sgiduahebdslspadkedignals,

DI SCLOSURE OF | NVENTI ON According to the invention, there is

provi ded uguallypeeteatricadputdonrarnordingyvtag apdvdBicorprtenbgof -

3 _

such vibrational activity.

10 ' Members as above are herein called distributed mode
.acoustic radiators and are intended to be characterisea as
in the above PCT application and/or otherwise as’
specifically provided herein. |

This invention is particularly concerned with acoustic

15 devices in the form of loudspeakers for personal éomputing
devices, and with personal computing devices incorporating
such loudspeakers. .

DISCLOSURE OF INVENTION _
The present invention is a lap-top or the 1like

20 portable computing device_ having a body comprising a
keyboard and a 1id hinged to the body and comprising a
display screen, characterised by a resonant panel
loudspeaker, preferably a distributed mode acoustic
radiator loudspeaker, in or attached to the 1lid, and an

-25 acoustic waveguide or horn directing an acoustic output
from the loudspeaker in a.desired direction. The desired
diréction will normally be towards the user of the portable

computing device.
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keyboard and a Iid conprising a display screen hinged to t he bo
to cover, eyboard, and a resonant panel | oudspeaker in or
attaghed”égg@ﬁgxlid, characterised by an acoustidﬂWHGE§MM§é or
horn-to direct acoustic output from . 5 the | oudspeaker, wherein the
wavegui de or horn conprises a 3 nenber nounted on the lid, the
nmenber bei ng novabl e on the lid froma closed or retracted
position to aFhgdwmanegnide or horn gpeyy FOPriss. 2 member movablhe
acoustic wavegui de or horn pmay direct an acaqustic 10 output fromthe
| oudspeaR@RRtRdy @Bsi FBRE tidcti®rg- A% Pivoting jand/oF disddddingh wil |
normal |y be towards the user of the pqrtabl e gqnputi devi ce.
An opposBAVEERR Yot lfﬁé’“*/va\"i‘egﬁg(?éf%or °ﬁorﬁ§tﬁ§fq’§g pos:.q::.o:br } d&R e, g.

to provi | ti.- channel _acousti.G .out put. . Th vequ de(s) or

hor n('s) grgygc&:{grrgri 2% a%}ﬂeg‘t eg’%ﬁg‘g‘:ion' An _rrgﬁgeor %hdl ng’ea : o%%eqﬁ(q%.

The | kd Vi ] pFoRA ust ixCa i .anspar ent
apert!l:ﬁreigg?érelgiﬁti;Ia ef)gutog"raql‘g\l%‘rn ag‘g?b%r deEIeLGe ltl‘:‘y1:'roVI%I%IeEE“"Isgg'CRl PTI ON

OF DRAW MBnnel accifstic JWEphEYENtTheN wivdthaHaERt bgahbyni(lshusidpt ed, by
way of exanple, in the acconpanying draw ngs, in which:-

Fi gure lcompxifgeordi pedteperike emgmberohiaghdr to the 1lid. enbodi nent of

| ap-t op conmputer according to the present i nventi on; 25
Figure 2 is aThessidandy Gelpyoeided whehl bdeobrt here acoustidaaliypp
conputer; Figures 2a and 2b are respective enlarged scrap
Cross- setriamsgiarsnt apertunés ainedtst pudedesairfaden t he

4 enbodi ment of Figures 1 and 2; :
10 BRIEF DESCRIPTION OF DRAWINGS

The invention is diagrammatically illustrated, by way
of example, in the accompanying drawings, in which:-
figure 1 is a front pérspective view of a fiist
embodiment of lap-top computer according to thé_present
15 invention; |
Figure 2 is a cross—sectional view of the lid of the
laptop conmputer; - |
Figures 2a and 2b are respective enlérged scrap cross-
sectional side views of alternative details in the
20 embodiment of Figures 1 and 2; .
| Figure 3 is a front perspective view of a &econd
embodiment of laptop computer;
Figure 3a is a plan view of the lid of the laptop
computer of Figure 3;
25 Figure 4 is a front perspective view of a third
embodiment of laptop computer;

Figure 5 is a front perspective view of an embodiment

of electronic personal organiser; _
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Figure 3 is a front. perspective view of a second enbodi nent of | aptop
conput er; Figure 3a is a plan view of the lid of the laptop 5
conput er Figure 4 is a front perspect of a
third ‘g%g} mant of | apt op conputer; Figure 5 .E’CJ’?‘JP’?X?VP ‘
perspective view of a conparative exanpl e of an el ectronic personal
organi ser; 10 Figure 5a is an enftarged scrap- cross-sectional side
views of alternative details of the conparative exanpl e of Figure 5, and
Figure 5b is aﬁlgﬁl‘:&lsgéé €F€s§bs%|¥ﬂl%ﬂ’e%?%e\ﬁw5$ed SCZAP FERRFTent of
the inventio u s rea ct.i,ve Vv e of the
conpar at i ¥8€ g%ﬁﬁﬁie Sias r%ﬁ?%idﬁ% SiiﬁﬁﬁnP%évg gﬁiﬁ%ﬁ f in

Fi gure 5b MDEZ FOR CARRYI NG QUT THE INVENTICN

Figures 1, mEOdlgeE OFIUSS§§FE d ﬁgggfgp personal 20 conputer (128) having
a body (137) C?Eg{;?:% B9 1% keyhaar gerspéc]éa)e b df K d ANboRMheSE 2
rectangul ar fra noul ded pl astics, supporting a visua

di spl ay S§kr€®A in pﬁ%@&% gnd which Iid is hinged to the body for novenent
as i ndi cated by arrow X, betmeen a folded p03|t|on in mhlch 25 the lid
encl oses t he keyb@gsir aab F ARRYIE ]

substantially upright. The I|d (130) houses an opposed pair of

| oudspeakers Fignsesdapi Zheandnpal eillvstmatei -aredrp—4popl ipexsomaland the
| i ke, the | oudspeakers each conprising a thin rectangul ar panel é2)
form ng acemPRtefodd 2ousayEng adi asky of13hk comprising a keyboar

(138) and a 1id (130) having a rectangular frame (1), e.qg.

of moulded plastics; supporting a -visual d&isplay screen

5 (129) and which 1lid is hinged to the body for movement as

indidated_by arrow X, between a folded position in which

the 1lid encloses the keyboard and an erect position in
which the 1id is substantially upright. _ |

The 1id (130) houses an opposed pair of loudspeakers

10 to adapt the computer for multi-media applications and the

like, the loudspeakers each comprising a thin rectangular

panel (2) forming a mnlti-modé acoustic radiator of the

kind described in W097/09842. Each loudspeaker panel (2)

has a monolithic structure and is supported near to its

15 periphery on discrete resilient suspension elements'(S)

e.g. of an elastomeric material, which in turn are

supported on the surroﬁnding frame (1) via the display

screen (129). A vibration exciter (9) is mounted on each

panel at a predetermined position as discussed more fully

20 in our International application W0397,/09842, to launch

bending waves into each of the panels (2) to cause them to

resonate to produce acoustic outputs. The exciters may be_

eplaced
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ki nd described in W97/09842. Each | oudspeaker panel (2) has a
nmonolithic structure and is supported near to its 5 periphery on discrete

resilient Ws3déki on el enents (3) e.g. of an el ast oner PCT/AGHISN0SIY,
which in turn are supported on the surrounding frane (1) via the
di spl ay screen (129). A vibration exgiter (9) is nounted on each

panel at a predeterm ned position as discussed nore fully 10 in our
Internathggéc@935¥ﬁghggq W97/ 09842, to |aunch bendi ng waves into each

of the panels ( 0 cause themto resonate to produce acoustic outputs.
The exciters rra'rhbe 1id (130) cofipgdigexlyaani spposed paidhef i dove30)
conpri ses an opposed pair of cover menbers (167, 168) which together

define t hemenbersc{senNgleB) whithetbpethed dediezcihshepterasasihigabf
rectangul ar panel 5 having a downturned peripheral rim extendi ng round
three thleadddt andlesret lmdhoushapedda@shed n§lakr AArpEANgIbdYt panel

agai nst the correspondi ng side of the opp05|te cover menber. The cover
menber s5 s| ha¥ingd ahidrejentwreed pexddhemal rimnextending(Femadi khrest ed by

arrows Y and Z respectively 10 such hat tended fromthe ¢
position i #@IREPRE sides.fdq ef‘?uﬁé'r ‘gg E’r? %U?Eringﬁg} Hefr @ g’b‘é‘ratlve

Fﬁi'ry]t arc | B8RASEy FPPot FORCOPPRLAR Gro B 008 LB o é@s&a  RAYER des
Sl dos. o (REEPHE?" HIS°E0BE hikBRre 31akeT SEPFV«?%S%%ZQ. s Fgoae Rges e

region of {hetne alﬂ%qrﬁlc%@w@ﬁrwynd Sﬁ&rQYrQQSeEQQTVE}iy
const ant power with frequency of the |oudspeakers neans that

rel atiyel ys@efdtiaichiheg ektatiliey fkdivt tReNclibseiopostiion?@ndilba tedeaker
el ements. Benefits include relatively high
at the 1left-hand side in Figure 2 to their operative .
position indicated in Figure 1 and the righﬁ-hand_side in
Figure 2, they are locked by friction or other meaﬁs to
form acoustic waveguides or horn structures whose apertures
15 (169) are presented to the opposite sides of the lid. The
horn expaﬁsion effectively begins over the region of the
loudspeakers. The diffuse sound energy and nearly constant“
power _with frequency of the 1loudspeakers means .that
relatively good matéhing is achieved between the horn and
20 the speaker elements. Benefits include relatively high
acoustic efficiency, improved low range response and a
sound directivity which is beneficially directed towards
the user with reduced leakage +towards others. Thé
relatively small effective acoustic sources represented by
25 the horn apertures (169) also Qill improve the sense of
stereo image localisation for the user.

It might also be possible to incorporate the multi-

mode speaker units in the 1id cover menbers (167,168) where



acoustic efficiency, inproved | ow range response and a sound
directivity which is beneficially directed towards . the wuser wth

reduced I|ygg towards others. The ~relatively s ive
acoustic sou?g}g%m?epr esented by 25 the horn apertures (169 (%}gs:ts&ﬁﬁzs ©

i nprove the sense of stereo image | ocalisation for the user.

It might also be possible to incorporaté the nulti-. node speaker units
in the Iid cover nenbers (167, 168) where L. ) '

6 the 2@ aFprehatdPn nBaY oithft Bdtheryi Pecdiosdirefidenal andfqfr ds

di ted via th . St . h in Fi 2b it i
possi bl ¢ 1 6PHIAY Fected En theobere SERRTRNRSy acoustically

t t b i gi (1 Mg €

perng - cover A coRoHH dn (- ERELS RS 46 78 pobHFREEl o PRRARE] "
speaker 10 c¥idp Oﬁ;eﬁbfe%%”at¢1vé§ Y186 PUSheodlsl caRague ﬂ@@ﬂ‘%pareﬁﬁgngﬁ e

I's noved to cover the aperture to direct the sound t hroug only

thr ough st hgar i Sh@Maerturtle (1903 | dhosedhi | | Ena0ugbatdous t hRiyger to

open, or partially open and cl ose the apertures to control the degree
or mx advdfableripy ed f eTidvrg copaneny1zpdtbhal diokegbundufton tmvitted
via the grille. Figures 3 and 3a show a second enbodi nent of

| apt op 15 speEgkeertohexit sogeakbtarhativeillyascbostiiatnldys opamt athere

with reference to Figures 1 and 2. However the conplexity of the
wavegui de dtheno¥pikdehini moved dionstaverdthesapertuvepar ¢ ddneed the
enbodi nent of Figure 1 and 2 _so that opposed horn/wavegui de el enents

are provi detPUpA t A sawde apd omkpedbrougy bhewdharn | glefemte ol Fhat s

40) hi.nged b hi nge 34). tq .the ter rface of a generall
(40) Il%g sl-:e/ding 'grg'.lgeswgul)d ac.)llow t%e usr—?r[‘J to open, o% paratia)flly

open é.nd close the apertures to control the degree or mix
of " the ‘horn effective cdmponent and the direct sound
emitted yia the grille. |
Figures 3 and 3a show a .second embodiment of laptop
15 computer which is generally similar to that described. above
with reference to Figures 1 and 2. However the complexity
o~f' the waveguide or horn mechanism is simplified, as
compared to the embodiment of Figure 1 and 2 so that
obposed horn/waveguide elements are provided by the wedge
20 shapes formed bétween'flat plate elements (40) hinged by
hinges (34) to the outer surface of a generally
conventional 1id (131) and the 1id itself. In this
embodiment, the elements (40) are or comprise multi-mode
~acoustic radiators of the kind described in W097/09842 and
25 excited by vibration exciters (9) mounted thereon. - The
hinges (34) may have friction or detent aétion to allow
both predetermined and/or user-preferred angles for the

waveguide elements. Additionally the lid casing itself may



conventional lid (131) and the lid itself. In this enbodi nent,

the elenments (40) are or conprise multi-node acoustic radiators of the
ki nd descMMWA3ined W7/ 09842 and 25 excited by vibration BEEGRISGIZ3H)
nount ed t her eon. The hi nges (34) may have friction or detent action
to all ow both predeterm ned and/ orquser-preferred angles for the
wavegui de el enents. Additionally the lid casing itself may

7 be askptfHighpeed esedati sekdtdli Nfecdordingri bot edisbdtbutedprinodepl es
by control of effective area geonetry and exciter -position.

The enbodipeiteDplEsgube 4codstpeberaf| yeBfetkavet coarba tpeomebty Fagdre 3,
but in this case, the generally conventional |id case (131) of the
| apt op comgmeterspositpoovi ded with a single plate-like cover (40) hinged
to the body (137) to forma medge shaped cavity t rovi de horn-

li ke | oadi ng foFha ﬁwmmdiﬁﬁkisﬁ aFerayzs ﬁo&ﬁeﬁﬁﬂ%?ﬁgﬁg IR ober .

The pl at e- Ilke cover _(40) is forgﬁg&MAth ectan ul ar franme iﬁy)
suppor t3 ngtB2Bi s¥i bELgYrRudE ac 3J¥a e'paﬁ%? (%?nﬁﬁ? may be

ot i cl oncy anteRtpRal” & d”e“eimssnpl §¥°°#ﬁ‘é AFhgP T g ggo0 €
mul {i-changebysaea BEEAM dl BYbe ol BY DA %rtbsop'ﬂiﬁaﬁadt&h%h

| ocati on nunber str uted node spe pane

l'end t herrsséags (1873Ct kb2t layw@algté-mrpaﬁa@ épFstPueot frovidet A8rn~

non- pi stoni ¢ bendi ng wave operation. In the enbodi ment of Figures
5 and 6, thexeoneRRtiny for at hﬁl&ﬁ.@uﬁddél ¥pYekgy (2 )aslateseed bedtakave is

applied to di stributed node speaker(s) in the lid (150) of a personal
di gi t atoasshat abire@r. personal data unit (158). The device

The plate-like cover (40) is formed with a rectangular
frame (41) supporting a distributed mode acoustic radiator
panel (2) which may be bi-directional or forwards directed
according to the required acoustic efficiency and desired

15 use. This plate-like cover may be single or multi-channel
according to the properties of the plate and the location
and number of exciters. Distribu;ed mode speaker panels
lend themselves to activation by multiple exciters due to
the non-pistonic bending wave operation.

20 In the embodiment of Figures 5 and 6, the conéept of
the acoustic wave guide as described above is applied to
distributed mode speaker(s) in the 1id (150) of a personal
digital assistant or personal data unit (158). The device
(158) is generally similar to the léptop computer described

25 above and comprises a body (157) having a keyboard (156)
and a 1lid (150) hinged@ to the beody and incorporating a
visual display screen (129). The 1lid cqnstruction is

similar to that described above with reference to Figures



(158) is generally simlar to the | apt op conputer described 25 above and

conprises a body (157) having a keyboard (156) and a lid (150) hinged
to the i ncorporating a vi sual display scree The
l'id con?@?%%??g% i's simlar to that described above gf?h r@@%?énce'to
Fi gures 8 2 and 2a or 2b, as

I ndicated in Figures 5a and 5b, with & the exception that in the present

he lid 55 IS ' . | . | -lik
Cir Tace 2 489, PH PECAb)es MMCAFRRG Bori BRERE Shippdmp il BT 0%
f (1 ' ' 2 j t I
| ouospeaksr SBESEY) VAt f ffy e SERRE age” the 48 Iover (EROPL T

(159 aé:%%ﬁ,{@éiegeguctu?@t %g?neaggg%seesma ShriheeVisHpbufiea By screen

(129) cover ( are coupled to an acoustic 10
channel }eadiRGurhdd 6péd e1ipedhan wnithmvadries di recime spupd
towards the user. Optionally as shown in t he enbodi nent of Figures 5b
and 65 tB@pbotttdiay thdvyiPslay Perkenat(adot wilthD)a tresdiawt spandlt o be
radiated fromthe rear section, under the control of a novable grille
(171). 1lbudSpeakiclf ug2, 9 pdresi bhenhiyampunited chanredn.- dik emi@nag

nature of the distributed node speaker lends itself to the
ef fecti vahots of15R)s apel idefiiingd | betWeeuggeBeEdtRodeldns ©f ofBeati on.

Where a personal_ data unit has audi o nodes _of 20 oper iqﬁ%fr na¥ be
conbi ned VSR oA IERIAYT S8Rt H139) anﬁoﬁh%&?%ﬂ%%h&ﬁg)t ¢R afPvel y -

29 0 SN aconahlRCRRRAT, ARG o | Bud "ErbadeBhRYELCS °
lOUd§86a5£BQOEF|egggfegﬁﬂﬁhpg'directs sound towards the |user.
" Optionally as shown in Figures 5b ahd 6, the lid casing may
be perfqrated at (170) to allow sound to be radiated from
the rear section, under the control of a movable grille
(171). The diffuse radiation characteristic and bi-
15 directional nature of the distributed mode speaker lends
itself to the effectiveness of this application in the
suggested mode of operation. _
ﬁhere a personal data unit has audio modes of
-oper#tion or may be combined with or associated with a
20 mobile telephone, the relatively large distributed mode-
type speaker installed in the 1lid provides a means for
hands free communication and also will be effective for
loudspeaking tele-conferencing.
The lid cover (155) may also be designed as .an

25 integrated distributed mode speaker or speakers if desired.
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I nt egrated dlstrlbuted node kers if desired.

CLAI NS WP 9848484 sonal corrput havi ng a boBFTIGBI/P0s3a
conpri-si ng a keyboard (138) and a I| d ( 30 150) conpri sing a di spl ay
screen (129) hinged to the body (137) ®o cover 5 the keyboard (138), and a
resonant panel | oudspeaker (2,40) in or attached to the lid (.130, 150),
characterised by an acoustic waVelgRIM8 or horn to direct acoustic

out put fromthe | oudspeaker (2), wherein the wave U|de or horn

conpri sesla nedb&e¥aeral cEOUBYtABENAEYIGE hAving a¢ RedY1 FORRRISing

$é?Zaifﬁd‘%y&o@ﬁmf‘éa@E'azdu%z‘ng«z%né#f%%é%’%138%geeyoﬁc@e%n§' iaditon
ﬁggﬁgﬁl?%égﬁﬁgﬁﬁﬁb) %P&EQgtPgokeig gghérCharégggfﬁgper naI cé%%%% ng
devi ces gl Ndoddkpddidld” & or 4REaBHRA NEoCOYRE (£94 |°afd CAAPIIses

a resonan panel eake personal ~ conplting evi ce
accordi ng Y, edin [ &hps gtgﬁbggqlbnddﬁg
Ioudspeakgrédhsug@an‘é?g?3€if&§ gﬁpggﬂngd%i n theél i d (130, 150) b;}lérre%\%mof a
reS|I|entt§u§p@ﬁ§1§?eéﬁér_ 5. A personal, conputing device according
to claim 4, racterised by a frame (1) surrounding the panel (2)
and 25 orzwi &b fpeersona computpagdedievice Gccedrgibmngortad coapnt i by
device according to claim 5, characterised -in that the - display
screen (X3Bracgerised in that the waveguide or horn comprises a

25 ~The 1lid cover (155) N gm de5|gned as an
|

10 member mounted on the lid.

3. A persoﬁal computing device. according tb claim 2,
charaqterised in that the member is movably mounted 6n the
lid from a closed or retracfed position to an advanced or
open position.

15 4. A personal computing device according to claim 2 or
claim 3, characterised in that the member forms a 1lid
cover.

5. A personal computing device according to any preceding
claim, characterised in that the loudspeaker panel is

20 supported in the 1id by means of a resilieﬁt suspension;
6. A personal computing device according to c¢laim 5,
characterised by a frame surrounding the panel and on which
the panel is suspended.

7. A personal computing device according to claim 6,

25 characterised in that tﬁe display screen is supported on
the frame and in that the loudspeaker panel is re;iliently
supported on the display screen.

8. A personal computing device according to any one of

eet Has Been Replaced
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supported on the frame (1) an speaker

10 panel (2) is resilientl 'ﬂ! ’cllﬂ m e di splay screen (129)

7. kg conputing de any g}oﬂﬁgd aim
. A

char act er| se by an opposed pair of the 5 wavegw des or h’gr

personal conputing device accordin to any preceding claim
characterised in that the wavegui de & horn corrpri ses a plate-like
menber hi d to t he I|d 130 150, i er sonal onput i ng
devi ce étgcjd'i‘ r%(z VRRF c# ﬁl%&fﬁ?‘f’aﬁtat t he

lid (132,5115%)70])oud§p€%)g&ded W t h one or rmre acoustically transparent

apertur A personal corrputl ng devi ce according to claim 11,

15 charagterig Mor?ai@@rﬁﬂx&ﬂié'dé‘vié@jéﬁé&&‘ﬂ&séow ddcedin Ut put

t hr ough the ap rtures personal conputing -device cord| ng

to any claim) e6R&ra6tetdsan BRAALCISHPSEE | PalBabft ke W’@@Hi
| oudspeaker (2) is integral w?ﬁ t he ?d (13%a150) 20 12 A personal

conpt i gr mewmse according to any preceding claim characterised in
t hat the resonant panel | oudspeaker conprises a stiff |ightweight panel
(2) havily A marrﬁtcmdl tdumputing tdeeice acddrding peragyngireassding i ng

devi ce accor di ng any 25 preceding claim characterised in that the

r esonantCifae &iﬁ%ﬁ%‘%ﬂl@ﬁd Ani sthabi sihe bHasMe FIbHRe acVTstharn adi at or .

comprises a plate-like member hlnged to the 1lid.

11. A personal cemputing de#ice according to any preceding
io claim, characterised in that the 1id is provided with one

or more acoustically traﬁsparent apertures.

12. A personal computing device according to claim 11,

characterised by a movable grille to adjust acoustic output

through the apertures.

15 13. A personal computing device according to any preceding
claim, characterised in that the resonant panel loudspeaker
is integral with the lid. |
14. A personal computing device according to any preceding
claim, characterised in that the resonant panel loudspeaker

20 comprises a stiff lightweight panel having a monolithic
structure.

15. A personal computing device according to any preceding
claim, characterised in that the resonaht panel loudspeaker

is ‘a distributed mode acoustic radiator.
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