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The invention relates to personal computers and more
particularly to lap-top personal computers incorporating
loudspeakers.
ACK RT
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



15 TECHNI CAL FI ELD e invention relates to

personal conputers and nore particularlymF§HE§E+Hmnnrq gonal conputers

i ncor porating | oudspeakers. REPLACED BACKGROUND ART

20 It is known from GB-A-2262861 to suggest a pa $0r m

| qudspeaker cowpyi/essg: - a resonant mnulti-node radpei/GRosmzBRENT

being a unitary sandwi ch panel fornmed of two skins of material with a

spacing core of transverse cellular construcgion, wherein 25 the panel is

such as to have ratio of bending stiffness (B), in all orientations,

to: t he cube power tof ipameduppeting bogyy iniad fred andaxped @paney} of at

| east 10; a nounting neans which suEports t he panel or attaches
: 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 electiical input within a
5 working frequency band for the loudspeaker.
L F N N

Enbodiments 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
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

15 configured with or without anisotropy of bending stiffness
toc have resonant mode vibration components distributed over
said area(s) Dbeneficially for acoustic coupling with
ambient air; and have predetermined prefefential locations

or sites within said area for transducer means,

20 particularly operationally active or moving part(s) thereof
effective in relation to acoustic vibrational activity in
said area(s) and signalé, 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 ﬁithout 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 coupled to t 5 whi ch serves to
excite a nmulti-nodal resonance in the Q1 - pané$ BEpyrjesponse to an
electrical input within a 5 working frequeney-LIhd §ER t he [l oudspeaker.
DI_SCLOSURE  OFwoNiobEss ON Enbodi ments of the present PCWEBRIGATM2USE
menber s of nature, structure and configuration achi evable generally
and/ or specifically by inplenmenting teachings of our co- 10 pending PCT
publ i cation No. W97/09842 of even date herewi th. Such nenbers thus
have capability t"activedi aceuastic depicpaged th itnansducbrancams] suulr s bn
bendi ng waves in operative area(s) extending transversely of thickness
often: but no@ Kewazkably widse rapes of aonraes pérseynd ax londspeakeysr ed

with or without apisotro of b ing stiffnes 0 have resgnant mmde
vi br&ti on compon&Hed (ﬁ“ﬂ’%ﬁf"ﬁﬁt ggggvégpusz sigiils to b8 dBuVertSd"E0 s34

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 e.g. in the foﬁm of loudspeakers for
personal lap-top computers.

Members as above are herein called distributed mode

10 acoustic radiators and are intended to be characterised as
in the above PCT application and/or otherwise as
specifically provided herein.

The invention is a lap-top computer comprising a
combined keyboard and display screen, characterised by an

15 opposed pair of loudspeakers attached to the computer, and
in that each loudspeaker comprises a distributed mode
acoustic radiator having a transducer wholly and
exclusively mwounted thereon to wvibrate ‘the radiator to
cause it to resonate. The loudspeakers may be mounted to

20 the display screen.

The loudspeakers may be hinged on the display screen.

The display screen may comprise a housing and the
loudspeakers may each be housed 'in a slot in the display
screen housing for sliding movement between a stored

25 position, in which the 1loudspeakers are substantially

" wholly housed in the slot, and a use position in which the
loudspeakers are positioned on opposite sides of the
display screen. e
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said area(s) beneficially for acoustic coupling with anbient air; and

have predeterm ned preferential |ocations or sites wthin sai d

area for transducer neans, 20 particH?gr’ LY gatip? |1y active or
novi ng part(s) thereof effective injrelat Aﬁ otlsfic vibrationa
activity in wooanssar ea(s) and signal 4 | tal pctamsespendi ng
to acoustic content of such vibrational activity. Uses are envi saged
in- co-pending International publication Na. 25 W97/09842 of even date
herewith for such nenbers as or in "passive" acoustic devices wthout

transducer neans, suchfFrom aaother raspedies atthen tmvénkicrcodsti s flap-ddmg
or for acousti cal | " '

3 "active" anggppEde§¥§@%ln- i ?ﬁ;ﬁ§§§§§%d33§ﬁi,ézﬂgﬁgzgggnlggreen,
characterised in that the display screen is, of forms part
of a distributed mode acoustic radiator having a transducer

5 mounted wholly and exclusively thereon to vibrate the
radiator to cause it to resonate. The display screen may
comprise a liquid'crystal display.

BEach radiator may comprise a stiff lightweight panel
having a cellular core sandwiched by opposed high modulus

10 skin layers, and -the panel may be supported in a
surrounding frame by means of a resilient suspension.

BRIEF DE F _DRAWIN:
The invention is diagrammatically illustrated, by way
of example, in the accompanying drawings, in which:-~

15 .Figure 1 is a diagram showing a distributed-mode
loudspeaker as described and claimed in our co-pending
International application No. (our case P.5711):;

Figure 23 is a partial section on the line A-A of
Figure 1;

20 Figure 2b is an enlarged cross-section through a
distributed mode radiator of the kind shown in Figure 2a
and showing two alternative constructions;

Figure 3 is a diagram of a perspective diagram of an
embodiment of lap-top computer according to the present

25 invention, and

Figure 4 is a partial cross—-sectional view of a detail

of Figure 3.
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a remarkably w de range of sources of sound or |oudspeakers when
supplied with input signals to be converted to said sound, or in such

as m crophones when exposed to sound to - eoRverted i nto ot her
si gnal s. This invention is par{i F EET HASREENe with acti ve
acoustic devi gagofpeiiss | N the formof |ou ALEP PeEEeBsdn2i4p- t op

conput ers. Menbers as above are herein called distributed node
10- acoustic radiators and are intended to begcharacterised as in the
above PCT application and/or otherw se as speC| ficall y provi ded

her ei n. Fr om onsEsI MODEShE Ry B

conprising a keyboard and a di spl ay screénl characterised 15 in that the
di splay screen conpﬁeissriagn‘mrtimultﬁa\h n§ the dceﬁpmﬂs.u thheaxe digsisiiownand
propagat e i nput vi bratlonal y by bendi ng waves in_at | east one

operative area 2 PRARITFATR i & V&I (95 CTJF\%SE“L“B fAsseribed and
mode vi bratign ;eiPq9e i Ueldendihed 1R rnddidndl LEAT1cRPfon wo.

(our case P.5711) of even date herewith comprising a
5 rectangular frame (1) carrying a resilient suspension (3)
round its inner periphery which supports a distributed mode
sound radiating panel (2). A transducer (9) e.g as
described in detail with reference to our co-pending

International applications Nos. (our cases P.5683/4/5) of

10 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,

15 to launch bending waves into the panel to cause the panel
o 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). Anplifier loading and power

20 requirements can Dbe entirely normal, similar to

conventional cone type speakers, sensitivity being of the

order of 86 - B88dB/watt under room load_ed conditions.

Amplifier load impedance is largely resistive at 6 ohms,

power handling 20-80 watts. Where the panel core and/or

" 25 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.
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20 area and have predeterm ned preferential |ocations or sites W t hin
said area for transducer neans and having a transducer nounted whol |y
and exclusively on said nenber at one of said |ocations or sites to

vi brate the nenber to cause it to resonate form ng an acoustic radiator

which 25 proviygasmadss acousti c out put when resonating. PCT/CHOEB142
another aspect the invention is a l|ap-top conputer conprising a

keyboard and display screen, character.i sed by an opposed pair
of- panel-form | oudspeakers, "and in that each | oudspeaker

conprises a menbegi faré H02£ aabidy tard Padtiadl Rypidapr 68888t SedFiblis
vi brational energy by bending waves in at |east one

through the loudspeaker (81) of Figure 1. Figure 2a shows
that the <£frame (1), surround (3) and panel (2) are
connected together by respective adhesive-bonded joints
5 (20). Suitable materials for the frame include lightweight
framing, e.g. picture framing of extruded metal e.g.
aluminium alloy or plastics. Suitable surround materials
include resilient materials such as foam rubber and foam
plastics. Suitable adheéives for the joints (20) include

10 epoxy, acrylic and cyano—acrylate etc. adhesives.
Figure 2bp illustrates, 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
15 honeycomb matrix of metal foil, plastics or the like, with
the cells extending transversely to the plane of the panel,
and enclosed by ppposed 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
20 carbon, glass, Kevlar (RTM) or the like in a manner Xknown

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
25 paper, bonded paper laminates, melamine, and various
synthetic plastics films of high modulus, such as Mylar
(RTM), Kaptan (RTM), polycarbonate, phenolic, polyester or

related plastics, and fibre reinforced plastics, etc. and



operative area extending transversely of thickness to have 5 resonant

node vi bration conponents distributed over said at | east one area and
have predeterm ned preferenti al | ocations or sites within said area
for transducer neans and having a transducer nounted whol |y and

excl usively onyoorgessei d nenber at one of said | ocations or screRé/cR142
vibrate 10 the nenber to cause it to resonate form ng an acoustic

radi ator which provides an acoustic output when resonati ng. The

| sudspeakers nay be nounted to the display screen. Thus the

| oudspeakers nay metdl ekt ort fieilli spIowesitigabion of thbt¥eotita veradd hof

di splay screen may conprise a housing and 15 the |oudspeakers nay each be

housed in a slot }awk crystalspodymesr SBaTRERIRAREL ¢ rSRAWRI| Hhp thotheik may

D oty b e B lens o on L8 oyl APUIRBSPERLR, el e

L1 oUishecker s RRLPO LY BAERLEP BUDGT by uoRe o Sl Sieer,

cellular core gangyf¢hmtd¥ial self forms an orientated crystal structure in
the direction of injection, a preferred orientation for the
good propagation of treble energy from the driving point to
the panel perimeter.

Additional such moulding for <this and other

10 thermoplastics allows for the mould tboling to carry
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

15 be advantageous to increase the skin thickness locally e.g.
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 freguency response
will be improved with the softer foam materials by fhis

20 means.

Envisaged core layer materials include fabricaﬁed
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

25 or foamed plastics or pulp materials, even aerogel metals
if of suitably low density. Some suitable core layer
materials effectively exhibit usable self-~skinning in their

manufacture and/oxr otherwise have enough inherent stiffness



opposed skin layers. The radiator nmay be supported in a surroundi ng

frame. A resilient suspension may support the radi ator in the frane.
25 BRI EF DESCRI PTI ON OF DRAW NGS The invention is
diagrammatically illustrated, by way of exanple, in the acconpanying
dr.awi ngs, in wviooh/09ss4. Figure 1 is a diagram show ng ®CT/GB96/02142

di stri but ed- node 4a

| oudspeaker as described and clainmed in our go-pending | nt er nat i onal
publ i cati on No. W97/09842; Figure 2a is a partial section on the

i ne A-A of 5 [Fogunselwithout lamEngtiien?betsecm skiar gaglersoss-Asdgighon
through a performance cellular core material is known under the trade
name ‘Rohacell’ which may be suitable as a radiator panel
and which is without skins. In practical terms, the aim is
5§ for an overall lightness and stiffness suited to a
particular -purpose, specifically including optimising
contributions from core and skin layers and transitions
between them.

Several of the preferred formulations for the panel

10 employ metal and metal alloy skins, or alternatively a
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.

15 Conventional panel or cone type speakers have no inherent
EMC screening capability.

In addition the preferred form of piezo and electro
dynamic transducers have negligible electromagnetic
radiation or stray magnet fields. Conventional speakers

20 havé a large magnetic field, up to 1 metre distant unless
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

25 electrically conductive foam or similar interface may be
used for the edge mounting.

The suspension (3) may damp the edges of the panel (2)

to prevent excessive edge movement of the panel.



di stributed node radi ator of the kind shown in Figure 2a and show ng

two al ternative constructions; Figure 3 is a diagramof a
perspective diagramof an 10 enbodi nent of |ap-top conputer according to

t he present i nvention, and Figure 4 is a partia

Cr.oss-secti onawowrevespf a det ail of Figure 3. PCT/GB96/02142
BEST MODES FOR CARRYI NG OQUT THE | NVENTI ON Referring to Figure 1
of -the drawi ngs, there is shown a panel ¢of orm | oudspeaker (81) of the
ki.nd descri bed and clainmed in our co-pending International publlcatlon
No.. W07/ 098Add btieverlylabe halte\rn&tmwl sfugther ecaxygincar may5 be

frame (1) carrying a resilient suspension & round its
applied, e.g. as patches, bonded to the panel in selected

. positions to damp excessive movement to distribute
resonance equally over the panel. The patches may be of
5 bitumen-based material, as commonly used in conventional
loudspeaker enclosures or may be of a resilient or rigid
polymeric sheet material. Some materials, notably paper
and card, and some cores may be self-damping. Where
desired, the damping may be increased in the construction
10 of the panels by employing resiliently setting, rather than
rigid setting adhesives.

Effective said selective damping includes specific
application to the panel including its sheet material of
means permanently associated therewifh. Edges and corners

15 can be particularly signlficant for dominant and less
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 desi;ed

20 extension to lower frequency operation. Attachment can be
by 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

25 predetermined effective medial localised positions of said
area.

An acoustic panel as described above is Dbi-

directional. The sound energy from the back is not



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
to our co-pending |International publ i cation Nos. W97/ 09859,

W97/ 09861, W97/09858 of even 10 date herewith, is nmounted wholly and

excl usi vel y onygoyhdsss the panel (2) at a predeterm ned | pepisgmeiefi ned
by di mensions x and y, the position of which location is

cal cul ated as described in our co-pending |Rjernational publ i cation
No. W)97/09842 of even date herewith, to launch 15 bending waves into the
panel to cause tm::rmrgaly t oph#s@natrelated t ko adthée arframousthe Ofirprt.

The transducer (9) is driven by a signal anplifier (10), e.g. an-audio
anplifier; connedienpagyneridy: thgzgudsrthe bemsﬂ*ecﬁijmaﬁasll (sgarynation of

formal . simi 1 ar SbquFtic PBAGE cbn SRt GFRoTy p S UFRKEPEEIL e | BPLEGTR
being of the Fdiflen¥y 5815t S8R HHRed OPEH] QAR CORE §\8RA1ng
5 wave effects and with the advantage of superior
reproduction of the natural space and ambience in the
reproduced sound recordings.
While the radiation from the acoustic panel is largely
non-directional, the percentage of phase related
10 information inc;eases off axis. For improved focus for the
phantom stereo image, placement of the speakers, like
pictures, at the usual standing person height, 6onfers the
benefit of a moderate off-axis placement for the normally
seated listener optimising the stereo effect. Likewise the
15 +triangular left/right geometry with respect to the listener
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
20 intrinsically dispersed nature of acoustic panel sound
radiation gives it a sound volume which does not obey the
inverse sqguare law for distance for an egquivalent point
source. Because the intensity fall-—off with distance is
much less than predicted by inverse square law <then
25 consequently for off-centre and poorly placed listeners the
intensity field for the panel speaker promotes .a superior
stereo effect compared to conventional speakers. This is

because the off-centre placed listener does not suffer the



Amplifier load inpedance is largely resistive at 6 ohns, power handli ng
20-80 watts. Were the panel core and/or 25 skins are of netal, they may
be made to act as a heat sink for the transducer to renove heat from
the nmotor coil of t he transducer and thus inprove power handling.

WO 97/ 09854  wo 97/09854 PCT/ GB96/ 0214 3CT1/GB96/02142

6 Figures 2a and 2b are partial typical cross-sections t hr ough
t he | oudspeaker (81) of Figure 1. Figure 2a gghows that the frame (1),
swround (3) and panel (2) are connect ed toget her by respective

adhesi ve- bonded | @pubsed préBlem et 86l promimityl tof Ghet headveanespeuiteric
| i ght wei ght framng, e.g. picture framng of extruded netal e.gqg.
al um ni um al | oy ofipstlyithe ex¢esabve ituecreassl imatlondaess from the nearer

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

S There is also the advantage of a flat, lightweight
panel-form speaker, visually attractive, of good sound
quality and requiring only one transducer and no crossover
for a full range sound from each panel diaphragm.

Figures 3 and 4 illustrate a lap-top personal computer
10 (128) having a keyboard (137) and a member (130)
incorporating a visual display screen (129) and which
member is provided with an opposed pair of loudspeakers
{39,40) attached to the visual display member (130) to
adapt the computer for multi-media applications and the
15 like.
The 1loudspeakers (39,40) are formed as thin
rectangular panels which as indicated at (39) and by arrow
'A’ may be slid from the position of use indicated in the
drawing into a storage position in the member (130) through
20 a slot (82). Alternatively, as indicated at (40) and by
arrow ‘B’ the loudspeaker panel may be folded about hinges
(34) from the position of use indicated in the drawing to
a storage position in which the panel (40) overlies the
screen member (130).
25 Each of the 1loudspeakers (39,40) is formed as a
lightweight multi-mode acoustic r-adiator of the kind
described above with reference to Figures 1 and 2. ‘Thus

each loudspeaker (39,40) comprises a stiff lightweight



include resilient materials such as foam rubber and foam pl asti cs.

Sui tabl e adhesives for the joints (20) infgtoee , acrylic and
cyano-acryl ate etc. adhesives. T ALY es, to an

enl arged scale, that the panel (2) i s—a-Li §EBLAagght Wel ght panel havi ng
a.core (22) woewn@sssof a rigid plastics foam (97) € g—ctdSBECI/GBICMR 42

pol yvinyl chloride or a cellular matrix (98) i.e. a 15 honeyconb matri x of
nmetal foil, plastics or the like, with fake cells extendi ng transversely
to the plane of the panel, and encl osed by opposed skins (21) e.g. of
paper, card, panek (23 baviega dedilnlsr aoreet(22)\weianedcon Kioth sidesf

| astics, -th b i_nf d wth fib .g. ,of 0 bon, al :
Revi ar (RTM) or (HEER (RRBEATen SRRRTE: (Rhowihe Pefiel () (hpfi Sapetend at
nodul us. [ i n_|ayer | Infarc ntgeth
incrugz car bon, g%gés“sfl,;%%%aegy(ﬁ ngoggéf&%;s %ﬂeﬂﬂog‘ra ES e?g. &
fibres in variouse]gus CRYESridf WRlibhaSin 2BuPAPS s BOPPELLE4PEn a

| am nates, nel am ne, and vari ous
5 lightweight surrounding frame (1), e.g. of plastics. A

transducer (9) is mounted on each panel (39,40) at a-

predetermined position discussed .more fully in our co-

pending International application No. (our file P.5711),

to launch bending waves into the panel (2) to produce an

10 acoustic output. The transducer (9) may be of the kinds

described in our co=-pending International application Nos.
{our files P.5683/4/5).

A decorative lightweight cover (not shown) may be

positioned over the panel (2) surround (3) and fralﬁe (1) to

15 obscure the loudspeaker.
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synthetic plastics filns of high nodulus, such as Ml ar (RTM, Kaptan
(RTM, polycarbonate, phenolic, polyester or rel ated plastics, and

fibre reinforced plastics, et c. and THIS AD_97/ 09854
PCT/ GB96/ 02142 SHEET HAS 8EEN

REP
met al sheet orwéH9y/ho854 Nvest i gat i on of the LACER PCT/GB96/02142
liquid crystal polynmer thernoplastics shows that they nmay "bé useftul for =

the injection moulding of ultra thin skins qr mll I

sral | er size, say up to around 30cm di ameter. 5 1} EHﬂ“! Iluull I“II'
sel.f forms an orientated crystal structur €CLAIMS t*he i trect'i oh of
I njection, a preferred orientation for the good propagati on of

trebl e energy fromm thet depreap Mmtqlb comprising a keptheardnandperdimniey.

Addi tional such nouldin for and. . ot her
’ screen, aracterise% in that the display screen is, or

forms part of, a distributed mode acoustic radiator
5 loudspeaker having a transducer mounted wholly and
exclusively thereon to vibrate the radiator to cause it to
resonate to produce an acoustic output.
2. A lap-top computer comprising a keyboard and display
screen, characterised by an opposed pair of panel-form
10 loudspeakers attached to the computer, and in that each
loudspeaker comprises a distributed mode acoustic radiator
having a transducer wholly and exclusively mounted thereon
to vibrate the radiator to cause it to resonate.
3. A lap~top computer according to claim 2, characterised
15 4in that the loudspeakers are mounted to the display screen.
4. A lap-top computer according to claim 3, characterised
in that the loudspeakers are hinged on the display screen.
5. A lap-top computer according to claim 3, characterised
in that the display screen comprises a housing and in that
20 the loudspeakers are each housed in a slot in the display
screen housing for sliding movement between a stored
position, in which the loudspeakérs are substantially
wholly housed in the slot, and a use position in which the
loudspeakers are positioned on opposite sides of the
25 display screen
6. A lap-top computer according to any preceding claim,
characterised in that each radiator comprises a stiff

lightweight panel having a cellular core sandwiched by

This Sheet Has Been Replaced
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10 thernoplastics allows for the nDUPd”tooIing to carry
| ocation and registration features such as grooves or rings

for the accurate |ocation of transducer t+he not or
coil, and the magnet suspensi on. Addltloni?gﬁﬁggSBEEN . sonme weaker
core materi al s wooumssaal cul ated that i t—weuld b be rrivewvsopapus
to increase the skin thickness locally e.qg. in an area or
annul us up to 150% of the transducer 14 di anmeter, to reinforce
that area and beneficially couple vi bration energy into the
panel . High frequenmpseésphmaelayers. mjll be inproved with the

softer foam materials by

Envi saged core | ayer nﬂtéPPﬁFQplﬁEPBWE??eﬁﬁQQEﬂﬁag to any PreceaﬁBﬁe?%%h%e

or corrugations of aI e 0i | Keyvl ar
(RTM) , llilgrrelx (Em\/p ug:,: gpeﬁ i %é%%rshe panel is 5H|8p9§€?%usj\‘/n
synthetic plasti cg b BRaif§ pplle as expanded 25 or foaned

pl astics or pulp naterlaF even aerogel netals if of suitably

low density.  sSomg supt Ebbewpro%rdmeﬁ: according to claim 7, characterised
by means of a resilient suspension supporting the panel in

the frame.

T



materials effectively exhibit usabl é' sel f - ski nni ng in their

manuf act ure and/ or ot herw se have enough inherent stiffness WO
97/ 09854 PCT/ GB96/ 02142 for use
wi t hout | am nation between skin layers. A high performance cel | ul ar
caore materi al wigorksgaen under the trade nanme ' Rohacel |' wioradBIs@34be
suitabl e as a radi at or panel and which is without skins. In practical
terms, the aimis 5 for an overall lightness and stiffness suited to a
particul ar purpose, specifically includi ?}/fpti m si ng contributions
fromcore and skin layers and transition bet ween t hem

Several of the preferred formulations for the panel 10 enploy netal and
netal alloy skins, or alternatively a

| ) o ,
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carbon fibre reinforcenent. Both of these, and also designs with an
all oy Aerogel or netal honeyconb core, wll have substantial radio
frequency screening properties which should be inportant in several
EMC applications. 15 Conventional panel or cone type speakers have no

i nher ent Wormodsgeni ng capability. I n addi ti on ddircHIE6319% r ed
formof piezo and electro dynam c transducers have negligible

el ectromagnetic radi ati on or stray magnet fields. Conventional
speakers 20 have a |arge nagnetic fiegzzerp to 1 metre distant unless
speci fic conpensati on counter neasures aken. Where it is
inportant to maintain the screening in an application, electrical
connection can be nmade to the conductive parts of an appropriate
DML panel or an 25 electrically conductive foamor simlar interface
may De used for the edge nounting. The suspension (3) may danp
t he edges of the panel (2) to prevent excessive edge2 novenent  of

t he _panel.
fgo@m oo 2 oy
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Fig.2b
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9 Additionally or alternatively, further danping nmay be appli ed,
e.g. as patches, bonded to the panel in selected positions to danp
excessi ve novenment to distribute resonance equal ly over the. panel. The
patches nmay beW@#97/09854bi t unen- based material, as comonly Usepci/Bposn2142
conventi onal | oudspeaker encl osures or may be of a resilient or rigid
pol ynmer.ic sheet material. Sonme materials, notably paper and card, and
soire cores nay be sel f-danping. Wher e esired, the danping may be

I ncreased in the construction 10 of the | s by enploying resiliently
setting, rather than rigid setting adhesives. Ef fective said

sel ective danping includes specific

Fig.4

SUBSTITUTE SHEET (RULE 26)



abp1ibatioh to the panel including its sheet material of means
permanent|ly associated therewith. Edges and corners "15 can be

particularly significant for dom nant and | ess di spersed | ow frequency
vi brati on nodes of panels hereof. Edge-wi se fixing of danping means can
usefully lead to a panel with its said sheet material fully framed,

t hough their corners can often be relatively free, say for desired 20
extension to |l ower frequency operation. Attachnment can be by adhesive
or sel f-adhesite iFaesudpertifgh®odkor #h af free Us@hrbedamRhigr;
particularly in terms of nore subtle effects and/or md- and higher

frequenci es can beahngd way edfectro-sneichanicalnsirioe meEssss affpledtl to the
sheet material at 25 predetermned effective medial ‘| ocalised positions of
sai d arepanel which pervesut?iexgpilrela milddsoodpddrapenanre pp-the

directional. The sound energy fromthe back is not: . .
radiator panel in response to an electrical input within a

5 working frequency band for the loudspeaﬁer.
DISCLOSURE OF INVENTION

Embodiments of the present invention use members of
‘nature, structure and configuration achievable generally
.and/or specifiéally by implementing teachings of our co-
10 pending PCT publication No. W097/09842 of even date
herewith. Such members thus have cépability 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
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 iocations
O or sites within said area for transducer means,
. 20 particularly operationally active or moving part(s) thereof
effective in relation to acoustic vibrational act:ivity in
said area(s) and signals, usually electrical, corresgonding
to acoustic content of such vibrational activity. Uses are
envisaged in co-pending International publicaz:za No.
25 W097/09842 of even date herewith for such members as or in
"passive" acoustic deviceg without transducer means, such

as for reverberation or for acoustic filtering := fdrﬁ

acoustically "voicing" a space or room; and as 2r in
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10 strongly phase related to that from the front. .

Consequently there is the benefit of overall summation of acoustic

power in the room sound energy of uniform frequency distribution,

reduced reflective and standi ng 5 wave effects and wth the

advant age of superior reproduction af the natural space and anbi ence
in the reproduced sound recordings. Wil e the radiation from

the acoustic pAREEVRS 2eeyetic devimrgs mrtéb}tfemﬂpceghmeénperwmd ]ecaagsa in ]gf
hase related 10 informatjon increases o axis. For inprove ocus for

?he phant Bnf ¥RRFERP faffde Fengeoft SGRIERE Qheirend of jYaudspeakearsur es,

g?}fgiigsg?gcﬁhgﬁ?Egngﬁﬁéoﬁggﬁgﬁrtuéxggéﬁgiér%3 be 38232}¥e8f€%'§§§¥ate
sound, or in such as microphones when exposed to sound to
5 be coﬂverted into other signals.

This invention is particularly concerned with active
acoustic devices e.g. in the form of loudspeakers for
personal lap-top computers.

Members as above are herein called distributed mode

10 acoustic radiators and are intended to be characterised as
in the above PCT application and/or otherwise as
specifically provided herein.

From one aspect the invention is a lap-top computer
comprising a keyboard and a display screen, characterised

15 in that the display screen comprises a 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
vibration components distributed over said at least one

20 area and have predetermined preferential locations or sites
within said area for transducer means and having a
transducer mounted wholly and exclusively on said member at
one of said locations or sites to vibrate the member to

- cause it to resonate forming an acoustic radiator which

25 provides an acoustic output when resonating.-

From another aspect the invention is a lap-top
computer comprising a keyboard and display screeg,i

characterised by an opposed pair of panel-form



seated |istener optimising the stereo effect. Likew se the 15 triangular

| eft/right geonetry with respect to the |listener provides a further
angul ar conponent. Good stereo is thus obt ai nabl e. There is a
further advantage for a group of listeners  conpared with conventi onal
speaker - reproducti on. The 20 intrinsically dispersed nature of acoustic
panel sound radi ation gives it a soundd4vol unme whi ch does not obey the
i nverse square | aw for distance for an equival ent point sour ce.

Because the i mt@HEIREAKENS - ofPANikTh #hatarRach sloudspaekerePonunises a

predi cted by inverse square |law then,K 25 consequently for off-centre and
poor |y pIacedW@é%%ﬁeﬁgvfﬂ% capg i t5° f FEFYEBr a4 PERRAIAR akBPUL

This e o “padnesonat; BBEeR (B BBRRTRE HErSHocE nat cupRBE (RES

operative area extending transversely of thickness to have

'5 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 a transducer mounted wholly and exclusively on

said member at one of said locations or sites to vibrate

10 the member to cause it to resonate forming an acoustic

radiator which provides an acoustic output when resonating.

The loudspeakers may be mounted to the display screen.

Thus the loudspeakers may bé hinged to the display screen.

Alternatively the display screen may comprise a housing and

15 the _loudspeakers may each be housed in a slot in the

display screen housing for sliding movement between a

stored position, in which the loudspeakers are

substantially wholly housed in the slot, and a use position

e in which the loudspeakers are positioned on opposite sides

20 of the display screen. Each radiator may comprise a stiff

lightweight panel having a cellular core sandwiched by

opposed skin layers. The radiator may be supported in a

surrounding frame. A resilient suspension may support the
radiator in the frame.

25 BRIEF DESCRIPTION OF DRAWINGS .

The invention is diagrammatically illustrated, by way
of example, in the accompanying drawings, in which:- .'q

Figure 1 is a diagram showing a distributed-mode
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11 doubl ed problem due to proximty to the nearer speaker; firstly
the excessive increase in | oudness fromthe nearer speaker, and then

t he correspondi ng decrease in | oudness fromthe further |oudspeaker. 5
There is also the advantage of a flat, |ightweight panel - f orm speaker,
visual ly attractive, of good sound gqudkity and requiring only one

t ransducer an no Ccrossover for a full range sound from each panel

di aphr agm udspegkes §53d§ﬁd’r4-hieldl udR4 atcd ad medp- 1 Bp P sePraPeRSERGt er

}gcoﬁégfétlng&gﬂ%xgﬁ l%e é%lég éﬁn(%gg)wgﬁanﬁﬁg ; (130%enber i's
provided with an opg %%%%35%1t19f lq&g§9ﬁﬁfe%§ctlon Qﬁ? ég ?&b?c to the

vi sual display nenbe adapt the conputer
applications #dulidee1;15 Iike.

Figure 2b is an enlarged créss—section through a
distributed mode radiator of the kind shown in Figure 2a
and showing two alternative constructions; |

Figure 3 is a diagram of a perspective diagram of an

10 embodiment of lap-top computer according to the present
invention, and

Figure 4 is a partial cross-sectional view of a detail

of Figure 3.



The | oudspeakers

whi ch as indicated at (39) and by arrow "Al may be slid fromthe

position of use indicated in the

drawi.ng into a_storage position in

(39,40) are fornmed _,as thin rectangul ar panel s

the menmber (130) through 20 a slot (82). Aternatively, as indicated at
arrow 'B' the | oudspeaker panel may.- be fol ded about hinges

(40) and by

(34) fromthe position of use indicated irsthe drawing to

position in which the panel (40) overlles the screen nmenber (130).
T §))FOR LA 0

Each of the | oudspeaké

ght

nmul ti - node acoustic radfator'of t he klnd descrlbed above W th

ref erence to Fi gur 88ferziagoto Fagyre 1
a stiff Ilghtvvellgaht

10

15

20

25

el-form loudspeaker (81) of the kind described and
claimed in our co-pending Internationkil publication No.
W097/09842 of even date heréwith comprising a rectangular
frame (1) carrying a resilient suspension (3) round its
inner periphery which supports a distributed mode sound
radiating panel (2). A transducer (9) e.g as described in
detail with reference to our co-pending International
publication Nos. W097/09859, WO97/09861, WO97/09858 of 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
publication No. WO97/09842 of even date herewith, 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 1loading and power
requirements can be 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 resistive at 6 ohms,
power handling 20-80 watts. Where the panel core and/or

skins are of metal, they may be made to act as a heat sink

for the transducer to remove heat from the motor coil ofz

the transducer and thus improve power handling.

a storage

25

ofathe| duapraker tiaoe 405 showmi ses



12 ' .panel (2) having a cellular core (22) skinned on both sides wth
surface sheets (21), the panel (2) being supported at its periphery on
a resilient suspension (-3) of an el astonmeric material which in turnis
supported ina 5 |ightweight surrounding frame (1), e.g. of plastics. A

transducer (9) is rmounted on each panel (39, 40) at a

position discussed more fully in our co- 12 pendi ng | nternational

publ i cation
to produce a

descri bed
W)97/ 09859,

(1) to

5

10

15

to i hg waves_ i nt I

: : d he p
PaRbhs(4 . PaIG s ApEL LieT FARSabeel ounay T Bich MadRenas

pr edet er m ned

(2)

o5 BEEecfotthoR ) - " W T2y, Bt BB Rl e over
(not shown) npysbeperipPOSYti gREda0VREsE NEeRRNCLLERENEYBROURY ) (3L sand f rane

15 obscure” the | oudspeaker.

elastomeric material which in turn 4is supported in a
lightweight surrounding frame (1), e.g. of plastics. A
transducer (9) is mounted on each panel (39,40) at a
predetermined position discussed more fully in our co-
pending International publication No. WO97/09842, to launch
'bending waves into the panel (2) to produce an acoustic
output. The transducer (9) may be of the kinds described
in our co-pending International publication Nos.
W097,/09859, W097/09861, WO097/09858.

A decorative lightweight cover (not shown) may be
positioned over the panel (2) surround (3) and frame (1) to

obscure the loudspeaker.
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_ CLAI M5 1. A lap-top conputer (128)
keyboard (137) and a display screen (129), characteris

ed

di spl ay screen conprises a nenber -(2) having capability to

propagate input vibrational energy by bending . waves

n at

rative area extending transv§?sely of thickness to have

vi bration conponents di §
predeterm ned prefereptpplgl ocations or sites within

ri buted over said at | east one

sai d

ransducer nmeans and having a transducer (9) nount ed whol |y

vijbrate the nenber to cause it to resonate form ng an acoustic radi
whi ch provi deandn a diaspdlayt i scoeéput(dgdedn r ehapattegisedb i2. thAtl aphé op
conputer (128) conprising a keyboard (137)

10

15

20

25

display screen comprises a member (2) 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 vibration 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 wholly and exclusively on said member at one 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 lap-top computer (128) comprising a keyboard (137)
and display screen (129), characterised by an opposed pair
of panel-form 1loudspeakers (39,40), and in that each
loudspeaker comprises a member (2) 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 vibration components
distributed over said at 1least one area and have
predetermined preferential locations or sites within said
area for transducer means and having a transducer (9)
mounted wholly and exclusively on said member at one of

said locations or sites to vibrate the member QO cause it

at or

to resonate forming an acoustic radiator which provides énﬁ

acoustic output when resonating.

|



and, di splay screen (129),

panel -
a nenber

vi br ati onal
ext endi ng transversqlﬁ
cohponent s

pr e¢det er

t r-ansducer

excl usi
the ne
provi des

»
w
'y

4

form | oudspeakers ( fé%}ﬂ rrfj

(2) havi ng capabi lji s st ai
energy by bending 20 waves in at
of thickness to have resonant node

di PCbut ed ova¥o

hat

rm%%&%?%?hl n said
UNBER T5i6 EATENT

n opposed palr of
o, eaker conprises
and prop =i nput

| éast one operati;

m ned preferential | ocations o
ATIONALAFPHE SPOFERATIPNIREATY @®CT)
@41y Ingrpativeal PhtenteQidseication 6 one  of b $R) TternitiGil PublikStiod Nuitleiz €S  t OWKD 19700854
er HOME M6G06F 1/16, HV4R 13 onat Aﬁq rmng an acoustic radi ator which
an acousti c out put when fesd r(ﬁa)[lpl@ahomll’ubhuﬁonbate 13 March 1997 (1303.97)_
(21) International Application Number: PCI/GB96/02142 | (81) Designated States: AL, AM, A' , U, AZ, BB, BG, BR, BY,
. CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE, HU,
(22) International Filing Date: 2 September 1996 (02.09.96) IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT,
LU, LV, MD, Mi , MN, MW, MX, NO, NZ, PL, PT,
RO, RU, SD, SE\S§, SI, SK, TJ, T™, TR, TT, UA, UG,
(30) Priority Data: US, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ, UG),
9517918.0 2 September 1995 (02.09.95) GB Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TI, TM),
0522281.6 31 October 1995 (31.10.95) GB European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB,
9606836.6 30 March 1996 (30.03.96) GB GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ,
CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).
(71) Applicent (for all designated Siates except US): VERITY
GROUP PLC [GB/GB}; Stonehill, Hunmtingdon, Cam- | Published
bridgeshire PE18 6ED (GB). Without international search report and to be republished
upon receipt of that report,

(72) Inventors; and

{75) Inventors/Applicants (for US only): AZIMA, Henry [CA/GB];
3 Southacre Close, Chaucer Road, Cambridge CB2 2TT
(GB). COLLOMS, Martin [GB/GB]); 22 Burgess Hill,
London NW2 2DA (GB). HARRIS, Neil [GB/GB]; 9 Davey
Crescent, Great Shelford, Cambridge CB2 5JF (GB).

(74) Agent: MAGUIRE & CO.; 5 Crown Street, St
Cambridgeshire PE17 4EB (GB).

Ives,

(54) Title: PERSONAL COMPUTERS

(57) Abstract

A lap-top computer (128) comprising a combined keyboard (137) and display screen (120), characterised by an opposed pair of
loudspeakers (39, 40) attached to the computer, and in that each loudspeaker comprises a distributed mode acoustic radiator having a
transducer (9) wholly and exclusively mounted thereon to vibrate the radiator to cause it to resonate.




