24 August 2006 -1 Title: LOUDSPEAKER W TH SHAPED SOUND FI ELD Field of the
| nvention [0001] This invention relates to audi o | oudspeadie¥ugust 2896k gr ound
of the Invention [0002] Omi-directional |oudspeakers, which transmt sound
inall 5 directions are well-known. Typically, such | oudspeakers have an
axis along which at |east one driver is nounted such that the driver's
cone noves in an axial direction. Typically the axial direction is normal
to the floor or ground of the areaqin which the | oudspeaker is used. The
driver generates sound waves which propagate either upwards away from or
downwar ds towards_the floor or 10 ground. A sound reflector is positioned
co-axial ly with thitleytOUSBSREAKER WHH SHAPEEOSOQUNDRIESD o produce refl ect ed
waves whi ch propagate away fromthe |oudspeaker with equal strength in al
directions. Such omi-directional speakers desirably provide a w de sound

field whi ﬁbliolfﬁg;! E@rion positioned in any direction around the

| oudspeak: bandwi dth 15 sound produced by the | oudspeaker.
[0003] Mof0B0M]} soundhisinvarien reRedsuigiatdiolsudspbhiegs home theatre systens,
often incorporate 5 or nore |oudspeakers which are positioned at various

| ocat i onsBackdround dfithé Riventiohoom The | oudspeakers are preferably

confi gure&&% positfironed to provide a bal anced sound field in a listening
20 area Zher eaQémi!lﬂ&r@tleeabfoudﬁgeakmemm transmitrsouridcin allr el ati vel y
flat Br egirsufon ble to LS & Ioudspeakers
with a rel atlvse%%\i\nmggﬁg%ﬁn P‘Cgﬂxg%uxﬁhtl%l#ﬁ?m%@éeqﬁgv%gpm 6P9t he sound
field at Whigh atietasbnne]grl\p&rss niamted suorsthdemercmvbfs tone AivESlin dRe shape of
t he soun Jcular peaker. -To achi eve a w de
sound fi g?’zdé’edr’%ﬂ"ﬁr O&H"Eﬂﬁ&?’%‘% 2} directiop is %%’&1%? g flosr & gEaURd ot do

di sper si dhepatd mr\ﬂhldﬂh@ﬂ@u@ BhKLSt is DSEd. | PHE @rvet ncy range.
[0004] Accl%)rdl nocb IS ng| rable to prOVIVgeaéné’ggQgggggé tgﬁat al | ows

K agate e!ther upwards away from or downwards towards the ﬂoor or

10 ground. A sound reflector is positioned co-axially with the driver to reflect the

sound waves to produce reflected waves which propagate away from the

loudspeaker with equal strength in all directions. Such omni-directional

speakers desirab!y provide a wide sound field which allows a person

positioned in anyl direction around the loudspeaker to hear wide bandwidth
15  sound produced by the loudspeaker.

[0003] Modern sound systems, including so-called home theatre

‘systems, often incorporate 5 or more loudspeakers which are positioned at

various locations within a listening room. The loudspeakers are preferably

configured and positioned to provide a balanced sound field in a listening

- 20 area. To increase the size of the listening area in which a relatively flat

frequency response is achieved, it is desirable to use loudspeakers with a

. relatively wide sound field. To enhance the balance of the sound field at the

listening position, it is desirable to control the shape of the sound field

produced by any particular loudspeaker. To achieve a wide sound field from a

25  loudspeaker, it is desirable to attain a wide dispersion pattern across a wide
portion of the audible frequency range.

- [0004] Accordingly, it is desirable to provide a loudspeaker that allows
the wide sound field characteristics of an omni-directional loudspeaker to be
shaped




the wide sound field characteristics of an omi-directional |oudspeaker to
be shaped. 24 August 2006 -2 Summary of the Invention [Zdotgs ®di nent s
of the present invention provide an inproved |oudspeaker. [0006] In
accordance with a first aspect of the present invention, there 5 is

provi ded a | oudspeaker conprising: (a) a base defining a support plane, the
base bei ng operable to support the |oudspeaker relative to a surface; (b) a
driver nmounted to the base, the drivep.being novable parallel to an skis of
novenent through a center of the driver to produce sound waves; and (c) a
reflector nounted facing a di aphragmof the driver for reflecting sound
waves 10 fr agahRngbf i Invédiford ©f | ect or being configured relative to the
driver such that Treflected sound energy is greatest in a selected '
direction friBA™ frontEmodiments eff thecprgperdnavantion drrpvide  amirapraved ni shes at
progr essi velyudspegigdr. angl es fromthe selected direction; wherein the
driver is aligned with a driver plane orthogonal to the axis of novenent,

the driver gbgarjgi S dh aodtdinctakith a%gtgsﬁéwbﬁhg%ﬁgagﬁteﬁﬁerﬁgﬁgﬁe}%pI ane, and

- the sel ecte ctiogn diverges fromthe driver nbodi nment s

of the pr8sdhProvided adeusispeakel corapdsing: (@rahase defingis suppast plapgdhs] | n
accordance W : f | td thaere is

provi ded a Yﬂoa_ﬁg%&@E@%@;@?@%ﬁﬁggﬁr}gpl&g@%bﬁép?’%@égtgode?%%gI@ 420 support
pl ane, -t he whiver mouatgd &p Shreabase, the diverdeingthevableupamiielke ary skigofve to a
surface; (b | r 1 recei.ving an _audj o si gnal, and a

clrJoss- oveg )r%d;%%%ﬂggfglhm{gg %%rn%{'e FQY?F:%IHTO%PB‘? s%‘fu'\d ‘H?Yfﬁ??ﬂ@ @u@ii o si gnal
into a pl ur aflector afountedrfacing atdiaphesym of thé alivar fér EAdcHRE isvRd Waves ed to the

base and,linked,to, the, crass-over to recejive a first conponent signal in
the. pl ui"ili V%@Fﬂnm%feﬁﬁﬁef%"ﬂw jaugad relative b the diiver aushethel the first

component s rgfiegiec ull® wAeiRis bledlest h & selobkd irdiioh fim MMGIR nd M ouah a
center of the first driver to produce soun
- reflector and the driver, and diminishes at progressively larger angles from the

selected direction; wherein the driver is aligned with a driver plane orthogonal
- o the axis of movement, the driver plane is at a non-zero acute angle to the
- 16 suppori plane, and the selected direction diverges from the driver plane.

[0007] Embodiments of the present invention provide an improved
loudspeaker.
[0008] in accordance with a second aspect of the present invention,

there is provided a loudspeaker system comprising (a) a base defining a

20 support plane, the base being operable to support the loudspeakér relative to
_asurface; (b) an input terminal for receiving an audio signal and a cross-over
connected to the input terminal for dividing the audio signal into a plurality of
“component signals; (c) a first driver mounted to the base and linked to the
cross-over to recelve a first component signal in the.plurality of signals, the

25 first driver being drivable by the first component signal to move parallel to a
first axis of movement through a center of the first driver fo produce sound
~waves; (d) a first reflector mounted facing a first diaphragm of the first driver

for reflecting sound waves from the first driver, the first reflector being
~configured relative to the first driver such that refiected sound energy is
30 greatest in a first elected direction from a front of the first reflector and the first
driver, and diminishes.at progressively farger angles from the first selected




waves; (d) a first reflector nmounted facing a first diaphragmof the first
driver for reflecting sound waves fromthe first driver 24tAngusti2086
reflector being configured relative to the first driver such that
reflected sound energy is 30 greatest in a first elected direction froma
front of the first reflector and the first driver, and dimnishes -at
progressively larger angles fromthe first selected 24 August 2006 3
direction; and, (e) at |east one of a second driver for producing higher
frequency sound waves than the sound wdves produced by the first driver and
a third driver for producing | ower frequency sound waves than the sound

waves produce h Iy st L e e : d driver
and 5 [he.t i derkipt Epdufed oy oot e A8 BredfaeCRT drudallp MR ¢
cross-over t offequeney stemdtwdvea tian dresotmdnanenprodigaity thefilshdriverandl i ty of
conponent signal.s, .fromthe cross-over; wherein first driver is aligned
with a first %?’T'@eﬁ’“‘ﬁﬁ’?ﬂ@@f‘?’ﬂ% | freqyengi saund; way ﬁtS,OUPﬁe first

driver plane meaqaraau@drngnnéwdﬂm.%sa@l&bﬁoﬁ@pﬂt@s&wﬁv&hﬁee; and
first selected direction diverges fromthe 10 first driver plane. [0009]

Enbodi nent § dhethied griverchaing mognfed do the basaiand finkedtoothe erogsoenes feaker .
[0010] In acc \ ' ts o L.oR, there
T's provi ded. CRarh SR8t he'chiipdrend 3RRn Bo BRI SCEHRpBHCGphge

| oudspeaker . frobb thih eraseohe] whengn ifisstsdriva) ispalipredi with anfirstudiiver plgeal to the
driver, the drjver i novabl e paral,| el. .an axi s, af venment through a
center of thé d&?&%ﬁ?%ﬁ’% Wso%bdﬁ%veg'&"ﬂ&hﬁaﬁi?r'Bﬂ'sogﬂ"%%e‘?%gP%Ua?'Ge@i gnal ; (b)
orienting thacdieiangte tothe bufifositplaneg ahd Grst pblacted dirédtiog @ivelgdsdrdnhitheaxi s of
novenent i8' ixlts ? isel ict ed angle of inclination relative to a horizontal
pl ane, t hd0sdf f&%fp?qu'e of 20 inclination being a non zero acute angl e;
and, (c) reflecting sound waves from the driver such that reflected sound
energy is gr&08kt i n Emhodiseends ofithe oresent inveptiem provide: anfimpravedri ver and

di m ni shes ajogggekeesi vely larger angles from the selected direction,
wherein the selected direction diverges fromthe driver

[0010] In accordance with a third aspect of the present invention, there

is provided a method of directing sound waves from a driver of a loudspeaker.

15 The method comprises (g) providing an audio signal {o the driver, the driver

being movable parallel to an axis of movement through a center of the driver

to produce sound waves based on the audio signal; (b) orienting the driver

such that a driver plane orthogonatl to the axis of movement is at a selected

angle of inclination relative to a horizontal plane, the selected angle of

20 inclination being a non-zero acute angle; and, (c) reflecting sound waves from

the driver such that reflected sound energy is greatest in a selected direction

from a front of the driver and diminishes at progressively larger angles from

the selected direction, wherein the selected direction diverges from the driver
plane.

25 Brief Descripfion of the Drawings ‘
- joo11] A preferred embodiment of the present invention will now be

described in detail with reference fo the drawings, in which:

[0o12) Figure 1 is a perspective drawing of a loudspeaker according to
a first embodiment of the present invention; | |




pl ane. 25 Brief Description of the Drawi ngs [0011] A preferred enbodi ment
of the present invention will now be described in detai P4dugnst28P@r ence to
the drawi ngs, in which: (0012] Figure 1 is a perspective drawing of a

| oudspeaker according to a first enbodi nent of the present Invention; 24
August 2006 -3a [0013] Figure 2 is a cross-sectional side view of the

| oudspeaker of Figure 1; [0014] Figure 3 is a detailed cross-sectional
view of a sound reflector and ? driver of the 'l oudspeaker of Figure 1; 5
[0015] Figure 4 is a top view of 'the | oudspeaker of Figure 1; [0016] Figure
5 is' a perspective drawi ng of a | oudspeaker according to a second

enbodi ngAO13]f t heFigure<kista crosesédtional $ide Vidw 67 thurleudspeaker ofr 0ss- sect i onal

si de V|e%/ f1the | oudspeaker of Figure 5; 10 [0018] Figure 7 is a side

vi ew of H9HE I0udspeaker of Figure 5 illustrating a sound field; 24 August

2006 19] rates t se of mul ti speaker S
accor di rAIBH) ‘@F@géﬁ? 4ekﬁlf's%r%ﬁ~sef&m§]"ew|t15@rﬁ9ugd Jgfi)egtqgr oss- sect i onal
side vi @Md(y‘dme}@ﬂ{ﬁ@megﬁ%ker@pp@m@pg to a third enbodi nent of the present

i nventi on 5 [0021] Figure 10 1S a perspective view of a | oudspeaker
accorgli gofe) 2 it B iearBYieR nhulfiRaReret Fighre #vent i on; and [0022)
Fi gure 1 |s a Cross- sectlonal e Vi eW 0 oudépeaker according to a

fifth enhwgsment Frdurébm)pé\%sé&wéa%g%lu%é@bk&%c%aﬁm@' tgtion of the

| nventi on
- - a second embodiment of the present invention;

[0o17] Figure 6 is a cross-sectional side view of the loudspeaker of
Figure 5; '

10 [0048] Figure 7 is a side view of the loudspeaker of Figure 5 iliustrating
a sound field;




10 [0023] Human hearing is at its nost sensitive to sound within a fairly
narrow regi on between 2 kHz and 5 kHz. This is al so the ?ééﬂ@%ﬁﬁﬁgﬁe our
brai ns perform nmuch of the processing needed to | ocalize or determ ne the
position or origin of sound. [0024] In audio systens, nultiple |oudspeakers
are used to recreate a 15 three-di nmensional recorded event. That is, a
three-di nensional effect is <created through the position, intensity and
time delay between the two or nored4channels. Qur brains are able to
recreate a sense of space and size because of this, as well as a sense of
the refle éions that occur within a typical room For exanple, |istening
to a sym:[ﬁ R or chkiguren8illistratesy he gisef comultiple steakears aceordingéar s sound

that has ¢ bntihddhtighoportion of reflected information. Typically, 70%
of the aug?}g% nPor rrat?ao’n will be reflected, and only 30% w Il be direct

|
sound fr e per | {,; I St ypi cal
speaker %ﬂ?%‘ﬁdri Vel;:@ﬁ(%‘r%Ese%gfésfégg?ctkﬂgﬁgde Bﬂ.le‘(‘:}ﬁ dgﬁ”ﬁ@d%&ﬁg?

par ti cul aaccording thiagthird eadpodincerd of the presdrd imbientiari;ed right at the 25

| istener and the reflected content will be mnimal. This |ack of reflected
i nf or nft i[0021]corrp?Figgret 0 id‘ﬁgpemiamm\g of a%udspfgmdcﬂordg@m t hef )
percei ve i ze, of. t und -the "soundstage". wever, because of the

| ar ge anga‘r'{&e'BPmHMeaﬁ?fS@?gF%ﬁe" VEREIN: 3N% 1y 1o 5 kHz, a speaker with
drivers ctﬁ___"e vertical ., p]lane wl| pr_odtljce tightly defined acoustic

i mages. P04 fe ot nEPUE Meifed ¢rosgrssetional side Mew #fi a dovdsnaakRhl  speaker
with a relbaeirito @GRl oftfie bRBeRNMAMIBR! 2006 -5 horizontal plane,

the ratio of reflected information to direct information from the speaker
wll be ‘Dﬁﬂiléﬂgésc%iﬁéﬁﬁélhveﬁtiéﬁr ge sense of space, such as in a
concert hallT,” W brain. However, as very little direct
si.gnal0 [e@&Hes tHdumpntheadng ipat it cudshseysiiive tchsoumdwithinea filyz r egi on,
poorly defl i m-qi.c.real i R reated in the
brain. [8'%‘9@?}1 rl?ﬁ@&o‘?%%?@%? %ﬁd ? %l-sl%n-{ﬂ"? ﬁ\/%lﬁ? it%% r%%{)rhiv&%{%gﬁ atio of
direct dirginglpetform efdchcofetie Prosadsingondricdadi 166hlizeaurtdeteriing Yheat

frequenci es_.bet we 2
g position or or?gr}n of sound.

[0024] In audio systems, multiple loudspeakers are used to recreate a

16 three-dimensional recorded event. That is, a three-dimensional effect is

created through the position, intensity and time delay between the two or

more channels. Our brains are able to recreate a sense of space and size

because of this, as well as a sense of the reflections that occur within a typical

-room. For example, listening to a symphony orchestra in a very good concert

20 hall, one hears sound that has a very high propotrfion of reflected information.

Typically, 70% of the audio information will be reflected, and only 30% will be
direct sound from the performance on stage.

[0025] If we listen to a typical speaker with drivers on the vertical plane,
much of the sound, particularly at high frequencies, will be directed right at the
25 listener and the reflected content will be minimal. This lack of reflected
information, compared to what happens in reality, would reduce the perceived
size of the sound -the "soundstage”. However, because of the large amount
of direct signal befween 2 kHz to 5 kHz, a speaker with drivers on the vertical
plane will produce tightly defined acoustic images. In the other extreme, in a
30 prior art omni directional speaker with a reflector above a driver on the




kHz to 5 kHz, which is the upper operating range of a woofer. By doing so,
the reflected information required to produce a | arge s38ddspdd80&an be
retai ned. 10 At the sane tinme, by also retaining a sufficient anmount of
direct signal, the inmage created by the sound can be focused to better
duplicate the sound of a live performance. [0027] Reference is first nade
to Figure 1, which illustrates a |oudspeaker 20 according to a first

enbodi ment of the present inventiong. 15 Loudspeaker 20 has a housing 22, a
driver 24, a housing baffle 26, input termnals 28, 30 (Figure 2) and a
sound reflector 32. [0028] Housing 22 has a base 40, which also defines the
base 42 dforizbatatiplasakthe 2o dsaéfidoted Biformation b efleochinfdimation fréd of housi ng

22 using ews 46 (EFiqure 2)., Alternatively, baffle 26 may be
rount eq S SHEHEL LAYy Bl BsSh Sy e lgfoe e of SRR ERN GEB Br 1 ast ener
or any otdoacert twafl, il bel¥rextet id4hé Brai el er Nasferg iR dﬁ@hc%%ig'rr]@l baffle 26.
Driver 24 |%@§§Bunted such that its cone 50 faces out fromthe top of

baffl e 2d€2 e listenek pagiculssly; in they2 etz torf: lddz kegign.wicorly Befined 26 and i s
spaceds anﬁ\égeéﬁﬂﬂa@aétfrhﬁnic@aﬁay\#@;b%%ééteég}th\é@réiiﬂ. is also formed integrally

with baffle 26. In another 257 I ment the present invention, sound

ref | ect orpogAand SeBaine?fs Bfthe HEsLATARASH BaLAR Bl ddoUpdhaky | e 26 and

may be assenbled wth D usi ng one or eners and/ or an
adhesi ve signabimieilgciedsignsl ite beovariad, partipulaily abfrequeriviaschetwiesr2 24 and has a
ces the_cone _50_of, drive 4. 24 August

d ref ' 58 which f 2
2832 ! g%g@gmmcﬁjfgl%peggpgﬁ g FANGe & ayypoler; Qiﬁtdog‘ﬂc?@'@\e housi ng 22.
Ter mi nal sefRtedififormyutidre regitited Yo prodlicéaUavgk ROuAERAIBArP DS vathinBle f or

attachn ﬁludi 0 cables (not shown). Termi nals 28, 30 are coupled to driver
24 bym/vi %éé e 66’,“962“%3?3@&?@ refaining poatigientameaunt of direst sigealFthgure 2, the
base 42 %aé@%ﬁ%e%@uv@%&?b@'fédﬁsgﬁftd B&tfer 4upRShe MESundbe a1l ch 1 n

operation rests on externa
live performance.

[0027] Reference is first made to Figure 14, which illustrates a

loudspeaker 20 according to a first embodiment of the present invention.
_15 Loudspeaker 20 has a housing 22, a driver 24, a housing baffle 26, input

terminals 28, 30 (Figure 2) and a sound reflector 32. |

[0028] Housing 22 has a base 40, which also defines the base 42 of

loudspeaker 20. Baffle 26 is mounted on the top 44 of housing 22 using

several screws 46 (Figure 2). Alternatively, baffle 26 may be mounted to

20 housing 22 using a friction mount, another type of fastener or any other

| method. Driver 24 is mounted in an opening 48 in baffle 26. Driver 24 is

- mounted such that its cone 50 faces out from the top of baffle 26. Sound

reflector 32 is formed integrally with baffle 26 and is spaced apart from baffle

26 by support 54, which is also formed integrally with baffle 26. In another

25 embodiment of the present invention, sound reflector 32 and support 54 may

be formed separately from baffle 26 and may be assembled with baffle 26
using one or more fasteners and/or an adhesive.

:[0029] Sound reflector 32 is positioned above driver 24 and has a
sound reflecting surface 58 which faces the cone 50 of driver 24.




support plane, provided by, for exanple, a floor or a bookshelf. The top
edge of cone 50 defines a driver plane 70. Driver plane2#g\ggst004n angl e
71 to base plane 68. 10 [0032] In use, |oudspeaker 20 nay be positioned so
that base plane 68 is substantially parallel to the floor or ground (not
shown) in the area where |oudspeaker 20 is used. As a result, driver plane
70 wll typically not be parallel to the floor or ground. Alternatively,

| oudspeaker 20 may be suspended frgma ceiling so that its base is
parallel to the floor or ground, or it 15 may be nounted with its base or
back against a wall. [0033] In use, |oudspeaker 20 receives an audi o signal
at terni rf@080P8, Jermineis 28, 3Wam moomtezkok Fotess sidenpf houdimp @2, manner . The

signal s > an,audi o receiver. or_anplifier skilled person wll
under st agtgrﬁﬁ%aiggé'eﬁmﬁg ke 2 éﬁ?'frﬁ'ﬁgé‘?’mﬁnﬁalﬁﬁw‘f% fgéﬁgam o source and
this is reidio 88blési(ridtehowly)s CTerai2E, B0 areQatplcleb ariestea hyswirext nmade to
Figure 3 n enlarged view of driver 24 and sound reflector 32.

: i.ch.is
Driver 2@%@4?\9@5‘33 e audio signal through wires 60, 62 (Figure 2) and

causes ita %ﬁne 50 _tgo nove in an axial direction 66, which will typically
be nor?rall®P8Mdr i veRejrHRS next tadigyre2sthexbase vids of jaudspeakes 2 ound waves
74. Soun v fals ] he specific
{ange doSSharaly dmiie 8 ReEdfe O, Wi T RLARITRRET00 itibl
conponentsppeit planes pravidedrblyy for esample; atficar onabebkshglfh Thedog edge han t he

di anet er @f re propagat 0. a I rection general normal to
driver plogr?gﬁg@ ?%ﬂn[e%ea gﬁYeécp?%ben?@‘f ﬁr&ﬁf'é’ M %ag%} 135%'8 S%toAs sound
waves 74 taseipkmeés.l ecting surface 58, they are reflected outwardly from
| oudspeaker 20 as sound waves 76. Although sound waves 24 August 2006 -7

76 ar 40 sHjoesr)pr opapaise) bubisseake P20l kg positINBH 40 thitdabs PRined® rear of
| oudspeaker 20, sound waves 76 will actual I¥ ropagate away from
| oudspea;{%_gu%amallw pargilel i-thedlper or ground (not shown) in the area where

loudspeaker 20 is used. As a result, driver plane 70 will typically not be

paraliel to the floor or ground. Alternatively, loudspeaker 20 may be

suspended from a ceiling so that its base is parallel to the floor or ground, or it
15 may be mounted with its base or back against a wall.

'[0033] In use, loudspeaker 20 receives an audio signal at ferminals 28,

30 from a signal source (not shown) in known manner. The signal source

may be an audio receiver or amplifier. A skilled person will understand the

-operation and connection of an appropriate audio source and this is not
20 further described here.

- [0034] Reference is next made to Figure 3, which is an enlarged view

-of driver 24 and sound reflector 32. Driver 24 receives the audio signal
“through wires 60, 62 {Figure 2) and causes its cone 50 to move in an axial
direction 66, which will typically be normal to driver plane 70. As cone 50

25 moves, it creates sound waves 74. Sound waves 74 have a range of
frequency components with the specific range depending on the selection of
driver 24. Higher frequency components, and particularly those with a

" wavelength shorter than the diameter of cone 50, are propagated in a
_direction generally normal to driver plane 70, in the direction of refiecting

30 surface 58. As sound waves 74 strike reflecting surface 58, they are refiected
outwardly from loudspeaker 20 as sound waves 76. Although sound waves




[ 0035] Reference is additionally nade to Figure 4. Reflector 32 is 5
posi ti oned above driver 24 such that sound waves 74 are 2augssta@0és sound
waves 76 unequally. Relatively large portions of sound waves 76 are
reflected in direction 77 fromthe front of |oudspeaker 20. This means
that a relatively l|arge portion of the sound energy produced by driver 24
Is directed outward fromthe | oudspeaker 20 in direction 77. 10 [0036]
Progressively | ess of sound waves 7% _(and progressively |less of the sound
‘ener gy produced by sound energy produced by | oudspeaker 20) are reflected
I n each direction at progressively |arger angles fromthe front of
| ouds pealéér aiz0sholre propzighting fronr loudspedlier towardsviky donf Gndrrear ef | ected in

directio t oypar the rear of udgpeaker, 20. Curve 79 illustrates the
15 rel at ?%‘Z“g@ﬁag%?@'oﬁowﬁ WaYERd &/a‘(‘f@‘s a?E’ﬁ"é!f prpagate; AWaY| 1@t ecti ons away
from lo adfiesr 200n all AtScdtionief erence is again made to Figure 3. The
relative anplitude of sound waves 76 propagated away from | oudspeaker 20

in any dirg i on  Hderesste RNad tidErOd , the
posi ti on[o;;.:_;?r]ef | ector 32 wth ngg)rr%'g gﬁgﬁésgqﬁél?f\%% ﬁéfiaeﬁgfrﬁ]ze?%i ze and
shape %f P@sitipaed aboverddvar 2 ssishithal sound waves 74 are reftactad aesownd or 32 has a

conpound | £ 4 ted by

- curved sﬂ F%?gq@gbg%y E&%ﬁé}# \%%e a §®%b ?gﬁség-’dh@é’egr@r?g?fée@%%i us of

cur vat ur én destiooufi/feomdbe froninofdGudspeaké] 20 hThis anddnsthatra rilativelnd shape of
reflecti surface I N an 25 particul ar .emhodi ngnt, of | oudspeaker 20
accor di ngaqg?) pPFF@"p‘?é@@ ﬁPuV%éBﬂrﬁydﬁOderblﬁgﬁﬁn}‘idﬁ Efﬁ%teg r%%ﬁ@ﬁﬁy response
of the dlﬂbu*ﬁ[he%@ﬁdamzohﬁdfré@ﬁﬁwy response desired for the | oudspeaker
20. Driver 24 of this exenplary |oudspeaker 20 is a full range | oudspeaker

h t trd ' Th
choserp W"e"f‘Fer a prgaashely lésrtﬁg,guga %vagdfe%ﬁd B{o@%@ﬂéw Jé&esfrum e

shape of r ection surfacé 5 een 3 ound provirde a relatively

flat fredifeheynd ererghpsodused by srindanargp produced bydsudspeaker 20kch a
0P8 otebid s Bl A RUSIENe 89 BaCeRiet YSBRAENER &, Su01: %0
-surface loudspeaker 20. The smallest portions of sound waves 76 are reflected in
direction 78 towards the rear of loudspeaker 20. Curve 79 illustrates the
15 relative strength of the sound waves 76 reflected in all directions away from
loudspeaker 20.

[0037] Reference is again made to Figure 3. The relative amplitude of
sound waves 76 propagated away from loudspeaker 20 in any direction
depends on the shape and size of reflector 32, the position of reflector 32 with

20 respect to driver 24 and the size and shape of driver 24. The reflecting
surface 58 of sound reflector 32 has a compound surface with three flat
sections 80, 82 and 84 separated by curved sections 86 and 88. Curved
section 86 has a smaller radius of curvature than curved section 88.

[0038] The particular size and shape of reflecting surface 58 in any

25 particular embodiment of a Ioudépeaker 20 according to the present invention
will depend on the frequency response of the driver 24 and on the frequency
response desired for the loudspeaker 20. Driver 24 of this exemplary
loudspeaker 20 is a full range loudspeaker chosen to cover a large portion of

- the audible frequency spectrum. The shape of reflection surface 58 has been

30 found to provide a relatively flat frequency response for loudspeaker 20, when
used with such a loudspeaker. If a different frequency response or dis_pe_rsion




may be used. For exanple, a parabollc elliptical, hyperbollc or_ circular
reflection surface may be used in alternative embodi ment 24 ABUSR00A dri ver
24 of any shape or size may be used with the present 5 invention. If a

| arger driver 24 is used, a |larger proportion of the generated sound waves
will be directional. The size of sound reflector 74, 76 may need to be
Increased, if it is desired that the reflector 32 effectively redirect the
| arge range of directional frequency_conponents. [0040] Reference is nade
to Figure 4. The degree to which reflector 10 32 is effective in
reflecting sound waves 74 al so depends on the frequency of the sound waves

74. 1t i pattei rsldmimd ﬂ‘dslabudisp&akéeﬂmwdlffemnﬂy(sh‘agv@%ﬂﬁcﬁoﬂx eadacdli recti onal

t han hi gher audi o ves ans .t ow fr quency sound
di ver ges W& ﬁ&’%‘?‘&gg’f‘apé@ o c:vgﬁl?‘ﬁﬂlsl EOI“'dP'F 6!5?‘? Bhs (in three

di nensi oméﬂemsuﬁédymw Be &i88d rrﬁalférmv%hﬂabdﬁnéﬁs' oudspeaker) . A high
frequency sound on the other hand is | ess divergent and propagates in a

compar at uglg] nar 1RW0Er S06HAAASAMEEH LB pEARALEE hin the Brdsat {1 cauency

sound. In thé absence of soun ect or equenc sounds produced
by dridveinentiopulica largeradrives 24 laeussada a larper mopetttonmfdhamyeratecbm

al'ong | 1 seng RaptE MM ancthhel TR Y STREEISRY . BRI To0a1) i gn
fr equencyo beuncreased; Sf #rie desired daati thy refiddiec 82 @ffeytivelp sedieicbthe n t hei r

pat hs, rtlcul ar | e obstacle is |larger than the wavelength of the
sound vva\)gé'g rgrge égﬁfrégiéq“ EWGYPQWQWSOUHd waves are affected to a

| esser d stacles in the pat h. _.Thi s nmeans 5 hi gher
fr equencmiponeﬂ%%fefﬂm@dﬁmﬁ‘{ﬁa eégtm 4-FThadegmse ) W}“Cgée&%ﬁ?fect ed by
soundg efs!z%?éﬁéctﬁé lmﬂacﬁﬁbagbdw%\bésrwsaa@we ueAkyngr reflector

32 is sized so that 1ts dianeter I's large veI engt h of
f r equenciheceybdivaves 7dh ltis well kuowa that dove freg@ency sudiceweeas are lessf | ect [ 0042]

2, ot e ) ol S AR Cho ASCTHR! PR RLE B, 00t
t he sounfrefjuehcy soon cdiveryes| moss widklyr afd gropagatestinveirtyally ghif audi o
directions (in three dimensions) away from its source (typically a
15 loudspeaker). A high frequency sound on the other hand is less divergent
and propagates in a comparatively narrow or focused direction compared to
the low frequency sound. In the absence of sound refiector 32, low frequency
sounds produced by driver 24 would propagate widely in all directions away
from loudspeaker 20. However, high frequency sounds would fravel upwards
20 along fine 66 (Figure 3) and would diverge much more narrowly.

[0041] High frequency sound waves are more easily reflected by

- obstacles in their paths, particularly when the obstacle is larger than the

wavelength of the sound waves. In confrast, lower frequency sound waves

_ are affected to a lesser degree by obstacles in their path. This means that

25 higher frequency components of sound waves 74 (Figure 3) will be reflected

by sound reflector 32 more than lower frequency components. Sound

reflector 32 is sized so that its diameter 90 is larger than the wavelength of
frequency components that sound reflector 32 is intended to reflect.

[0042] As noted above, driver 24 is selected'to generate' sound waves
30 74 with a broad range of frequency components. Curve 79 illustrates the
shape of the sound field produced by loudspeaker 20 for relatively high audio




24 August 2006 -9 frequencies. Curve 96 illustrates the shape of the sound
field produced by | oudspeaker 20 for m d-range audio fr@&dﬂﬁ@ﬁé@96CUrve 98
illustrates the shape of the sound field produced by | oudspeaker 20 for
relatively low audio frequencies. Curves 79, 96 and 98 are nerely

il lustrative, are not to scale and 5 do not define boundaries of the sound

field at each frequency range. They are intended to illustrate the general
shape of wave propagation in each _§requency range. Curves 79, 96 and 98
illustrate that the total sound field produced by |oudspeaker 20 will have

nore directional higher frequency conponents and |ess directional |ow

f r equencyfreuepdesnCurvd 96 iwmtrated ihel shapB dirtheleeasd fgid prodsdelker 20 wil |

radi ate 3vva%efrg?md£§bgds eaker 20 in _three ,  dinensiqgns. The vertical shape

of the sdBWPPEAERGAAIOk i Tnos, 2y pdeauenaes (Giive (45 Hivalrales thent al

di nensi Or‘ahaﬁ';@%thecéﬂmsﬁ&@pr&ﬁlcé@ﬁy%dsgbé@r%tfﬁr Fé?ft‘v%&ﬂléﬁr Wwietion of the
ncy range. b 3 'Ia

sound field in each corresponding frequ he shape of
refl ect i fpoyangies CWeenaS &e@d $Dareomerelyillusiralive,15e met tx soald gnd | at

frequegc f [ ] I en range, when

rreagﬂrgdch{ 'gorctnma%ﬁﬁg rqogé(rj\%'g‘%d%g{sﬁ%fsfog Hag'}eﬁg%tgﬁfch[afﬁ%&ﬂe&c ﬁ%'?%er ﬁ‘%\ﬁds pgaker 20.

]Ic_ouds pealaze iﬂlgndlediz‘tda dlhxsfttaté; ﬂn?gen@abeh?;bmwawgaﬁbrobbgam ingeadc ga gt ijt S
ront si nd makes effici se e, soun ne ener, river

2”1 doliRgUBGeY BSGEocauT R o b an isro Ban il <3580 B "ang e 71

bet ween hasduced! B foudRpaarerdnd \Will Hava tRoréDdivéctidPal AheE SreqLiBndy her

enbodi nents of the present invention, this angle is 30 degrees. This angle

i s choserfoptpopeniyiand less direptionaliiow freguenpyampponesisonthe saupddielti s 66
(Fi guye d ' : t ' tdPn, | s angl e may
be be‘! we no SJCE%?&QEﬁ%%gABg}S?B%@ ’%ﬁtﬁedg‘%y%&ﬁi‘%urdé § 2éggh}dz cg{gl tgPe%'lr ees, or
bet ween Ziimensibrss The yesdieal sliape4s thersaumdriigld atffieguency @ingeds Stilamy be def i ned
for soun flectaor, 32 across the top_qf .reflectin urface 58. The angle
92 bet vveg%hggﬁﬁ%mﬁ@[f(ﬁ@@f‘ﬁ\pn' p ec%egr?g- gé iavgfg%p'h'é%@%%éher £r%8Robsen based on
t he soundedichasfitise ssuriefidl€ imeach corresponding frequency range.

[0043] The shape of reflecting surface 58 has been found to give a

15 relatively flat frequency response for loudspeaker 20 across a wide frequency

range, when measured from a horizontal position at about the height of

loudspeaker 20. Loudspeaker 20 provides a large three-dimensional listening

area at its front side and makes efficient use of the sound energy generated

by driver 24 in doing so.

20 [0044] in this exemplary loudspeaker 20, the angle 71 between base
plane 68 and driver plane 70 is 25 degrees. In other embodiments of the
present invention, this angle is 30 degrees. This angle is chosen to provide a
flat driver frequency response along axis 68 (Figure 3). In other embodiments

, of the present invention, this angle may be between 5 and 85 degrees,

25 Dbetween 10 degrees and 80 degrees, or between 20 and 35 degrees.

[0045] A sound reflector plane 90 may be defined for sound reflector 32
across the top of reflecting surface 58. The angle 92 between sound reflector
plane 33 and driver plane 70 is chosen based on the sound dispersion pattem
that is desired to be produced by loudspeaker 20. The desirable sound
30 dispersion pattern will depend on the application of the loudspeaker 20. For
éxampl_e, depending on the room {or type of room) in which the loudspeaker




that is desired to be produced by | oudspeaker 20. The desirable sound 30

di spersion pattern will depend on the application of the Z\EHINREr 20.

For exanpl e, depending on the room (or type of roon) in which the

| oudspeaker 24 August 2006 -10 20 is expected to be used, different sound
reflections will occur at the rooms boundaries (i.e. the walls defining
the room. Typically, |oudspeaker 20 will be placed with its rear close to
the wall or the back of a bookshelf4gBy angling sound reflector 32 so that
its front side 32f is angled dowwards, as in the 5 exenplary | oudspeaker
20, the sound waves directed fromthe front of |oudspeaker 20 wll be
concent r adkl$ expaateddo helised pdifferent sburahtefloétidns avill botidud drkon?d at

douna v PaBET et BBRunG s ORD. Huprelolosesnekerad Wilhe nave o

sli ght umlameﬂswtthﬁtecréarocﬂoﬁltb thb'Walb@(Uth@%dékfoftah@odk%hélfoB %@hﬁgﬂe'f 10 and
be reflected frgntwards and a general ly higher height than the

sound waRRINAdefigetpe 32 ﬁPJth’FFefFPﬁW@e@ﬂf I%Mgédnwnwatds FRiig tthQ)nt ributes to
a spagi %nﬁﬂﬁ@d!dcu'd%@hke?‘ éelfﬁ?scﬁm Clhyed ri'ﬁ'ek‘, Iyt frﬁfhntl{eeﬁeﬂf'%

characteristics of [ oudspéaker na SPETES resent invention.
A skill edoﬂé@wﬁakewaq wilbbecegnaentrated smbardsi zmglsbafnempprinmtl af daheangl eto

_ d 1 10 S flect 32
bper at os PRk 20UF GotdrfytheSarba e 85 180 Iisspeait o0 8 Move "sound
field produeetimeytHeossimdasdes Bflectdd froph Biechadkdof th dowiepbakeérf 20 ound

refl ector @%ﬁrel atd e riyer  plane 70 have been descri bed above. As

sound wav¥ e Br%’g E'é’%i"?ﬁfas grregiian and willdbawnce ofithawelkarthaokshelf 20 32, sone
of t hegn ikl berehbgbl Yromm@ém #0413 algRhb Ay A ghé?héiagtztm@'m%d' ffracted

sound waves 81 (Figures ove s ector
f r equenc poHBdMRYeR feflesteddionmth of Mdspeﬁkehao.eTaiS\m&lbatﬁﬁibasnal ler than

Sound r erPageds AR ARG R arlishe o REalBhtive BETRIENR 55 ° 7 ™

‘propor t i @loudspeakesmadel aveording 4 thdpiessnd ihvéitiofll A slanédepbrsm RS eS as the

si ze
be capable of selecting an appropriate angle to provide a desired sound filed
18 characteristic.

[0046] Sound reflector 32 operates to shape both the horizontal and
vertical shape of the sound field produced by loudspeaker 20. The shape and
the angle of sound reflector 32 relative to driver plane 70 have been described
- above. As sound waves 74 produced by driver 24 encounter sound reflector
20 32, some of them will actually wrap around sound reflector 32 and form
diffracted sound waves 81 (Figures 2 and 3) above sound reflector 32. Higher
frequency components of sound waves 74 that have a wavelength smaller
than the diameter of sound reflector 32 will be both diffracted and reflected by
sound reflector 32 as sound waves 81 and as sound waves 76. The
25 proportion of the sound waves 74 that wili be diffracted increases as the size
' of the sound reflector 32 is reduced. Sound reflector 32 may be sized to
provide a desired sound field may be produced in both the horizontal and

* vertical directions in the listening area.

[0047] As noted above, loudspeaker 20 is provided with a driver 24
30 _.sélected to produce sound with a wide frequency range in response fo an




of the sound reflector 32 is reduced. Sound reflector 32 may be sized to
provide a desired sound field may be produced in both t ha4 siZPPal  and
vertical directions in the listening area. [0047] As noted above,

| oudspeaker 20 is provided with a driver 24 30 selected to produce sound
with a wide frequency range in response to an 24 August 2006 -11 audio

signal. It may be desirable to generate different audio frequency ranges
(which nmay overlap) with different-g¢fivers. [0048] Reference is next nade
to Figures 5 and 6, which illustrate a |oudspeaker 120 according to a

second enbodi ment of the present invention. 5 Conponents of |oudspeaker

120 cor r e3{sigaiong. tlomayhe dasirable tef gansiate diffarent apdiodreguedanangesd wit h
simlar by 100. Loudspeaker 120 has a housi ng
122, a dr@/er éyo%aﬁ?ﬂgﬁrqg%gérﬁ@g&f input termnals 128, 130, a sound
refl ector whi n era | N neral | he sane
manner a ﬁ@ corrgsép%%@‘férs]g %ﬁ% fo E@P%%Og aﬁ?ﬁoésdﬂﬂ‘ﬁbﬁ' a% t>éF%gure 1). In
addi t i on, loudepeakerai@i addfdifip® aseesrnsmbodiient ofthé preteatinoastisround

reflector.,136 and a ss-over 15 [0049] Drjver 134 is nounted in the top
side of <SGOMACPERIS 6’?0&“95@9% %Qs cofresRpadings to gampopretse& or 136 has a

suppor t Jlat?dsgd@akér zata?@%niuféuwutﬁ%maﬁ re’fééné@hu@ie% ‘irhﬁ g% sound

refl ector Sound reflector 1Is positione genera ve driver
134. [005W) [quuoléﬁeai@mmhas ﬂ.hgnsmgéaaeandpverﬂuzaea houmn@hafﬂe W6l ected to

R ce abiitdetianaR foe 1d, \Eourld MR 4 Mifor SRV sfidniBls gad> [P ool Y
' °”dspe‘3wem“" oaneray tqéiammm“ﬁf“??’mﬂ%ﬁ‘ﬁ"imom ot neen 1 e
Hz S

b 4" 1D 5 0Ep3Rer A idurd 3 PRl Go e oker SZB e Secng ot | vor 124

W 'l be l134pa sbbert $dunt réflectliri 188'andh £ross-Byéistyzaker 20, since | oudspeaker

20 does not have a high frequency driver.) In another enbodi ment of the
present [0049] Driver 134 is mounted in the top side of sound reflector 132 and

has an axis 138. Sound refiector 136 has a support 137 which extends from
support 154 (or from the fop of sound reflector 132). Sound reflector is
15 - positioned generally above driver 134.

[0050] Driver 134 is a high frequency driver, which is selected to
- produce sound waves at a higher frequency range than driver 124, typicaliy
with some overlap beiween the two frequency ranges. For example, in
loudspeaker 120, driver 124 may be selected to produce sound between 50
20 Hz and 2 kHz and driver 134 may be selected to produce sound between 1
kHz and 18 kHz. (Typically the high end of the frequency range of driver 124
will be lower than that of driver 24 in loudspeaker 20, since loudspeaker 20
does not have a high frequency driver.) In another embodiment of the present
invention, drivers 124 and 134 may be selected to have any suitable

25 frequency range.

[0051] Cross-over 152 is mounted inside housing 122 and is coupled to
terminals 128, 130 by wires 160, 162. Driver 124 coupled to cross-over 152
by wires 160I, 162l. Driver 134 is coupled to cross-over 152 by wires 160h
and 162h. Cross-over 152 receives an audio signal from terminals 128, 130
30 and divides it into a low frequency audio signal and a high frequency audio




I nvention, drivers 124 and 134 may be selected to have any suitable 25
frequency range. [0051] Cross-over 152 is nounted inside o@ﬁ“ﬁbzoﬂﬁz and is
coupled to termnals 128, 130 by wires 160, 162. Driver 124 coupled to
cross-over 152 by wires 1601, 1621. Driver 134 is coupled to cross-over
152 by wires 160h and 162h. Cross-over 152 receives an audio signal from
termnals 128, 130 30 and divides it into a | ow frequency audi o signal and
a high frequency audi o 24 August 20Q6. -12 signal in known manner. The | ow
and high frequency audi o signals have overlapping frequency ranges. [0052]
Driver 124 receives the |ow frequency audi o signal fromcross- over 152 and
i n r esponsigngk Bdnow matiner.waeslow7and highHesqummey rmxiiesigasls Haver i ver 124

produces | ' e 4). Audio waves 172 are reflected by

refl ect oraﬁ%@g}iﬁ\s{r@r‘%@%@é@%m [0053] Driver 134 receives the high
frequency { O Si 0SSz qver. 152 and [.n tesppnse produces audi o
waves 173?0%%2* | ect ?@r}ﬂ)ﬁéé@%&d\gﬁ ‘PF@%&"E’&HEWH logggqagﬁgqngr $ of audio
waves 173owarel S2ravidda nbsgonsitprodick audiol Walds"r Sintha 8méaRarer z8f | ector 136

reflec;tss @udi 0 ves, 173 outward from I_oudsgeaker_ 120 as sound waves 175.
A rel aPi vBTYRT %é’rwqqsoﬁ”@f’ WaYeRl 72vdnigwe 145 Audigi wavased72 rasen t he front

of | oudsprfEeted byPefidda a3 stthy wies 172f sounds waves 175 are in each
direction at progressively larger angles from the front of |oudspeaker

hoo oo OB TheDHTEr 34 AR e fightRihendy'adild kit e o Peaice!, 120

has several advantages over the sin rirver’ desrg eaker 20.
First, theveais®2andwo réspansespieiices dudiiwaléowdadr Reflestot d3bdssel ect ed

anges. - 1stionga {kh Hatipls Bl il vales 874 peS rgifeniSn R 'Tho”

separ 40 e refledtinguefacy 168 f esflattdronds reflsots Qudie wavaksd 7@Q:|fu|t\ﬁéﬂffrcfrﬁ equency

allowing the overa sound field of

range to ,be. shape re precisel
O ougspeaQQVdWﬁgﬁnggs so%n% wavesy175. A relatively large portion of sound
waves 175 is directed from the front of foudspeaker 120. Progressively less
of sounds waves 175 are in each direction at progressively larger angles from

the front of loudspeaker 120.

15 - [0054] The use of separate drivers 124 and 134 in loudspeaker 120
has several advantages over the single driver design of loudspeaker 20.
First, the use of two drivers 124 and 134 allows drivers fo be selected that
provide a better sound quality within their selected frequency ranges. -
Second, the use of independent reflectors 132, 136 for the separate

20 frequency ranges allows the sound field for each frequency range to be
shaped more precisely, allowing the overall sound field of loudspeaker 120 to
be shaped more closely to a desired shaping. The driver 134 is located further
from the front of the loudspeaker 120 than the driver 124. Similarly, the
reflector 136 is further from the front of the loudspeaker 120 than the reflector

25 132, As,a result, the audio waves 172 from the driver 124 and reflector 132
have less distance to traverse fo a listener than the audio waves 173 from the
driver 134 and reflector 136. This is desirable as the audio waves 173 from
the high frequency audio signal would otherwise reach a listener slightly
before the audio waves 172 from the low frequency audio signal.

30 - [0055] Reference is next made to Figure 7. Sound waves 174 and 175
are illustrated in cross-section propagating from the front and back of _




be shaped nore closely to a desired shaping. The driver 134 is | ocated
further fromthe front of the |oudspeaker 120 than the d&4August2086
Simlarly, the reflector 136 is further fromthe front of the |oudspeaker
120 than the reflector 25 132. As, ar gult, the audi o waves 172 fromthe
driver 124 and reflector 132 have | ess¥di stance to traverse to a |istener
than the audio waves 173 fromthe driver 134 and reflector 136. This is
desi rabl e aludapeaiatii2Owboerd wages ﬁmndhﬁ'wecﬁvebmrewdg asantind fieidynal

woul d ot her | . sli efore ves 172 from
the | ow frem?z%&ygg‘bhﬂ?%f ﬂ@%’i‘?ﬁ%@%‘a %%{th rf“eqrﬁngte Q&Iﬁg’ﬁt %ﬂ@ b Figure
7. Sound ms&satb@aarpblﬁﬂag%r will IHes#t thet eBmbinéd offl- Sehd Gieldr ep@gat i ng

fromthe front, and back of --- ------------ 24 August 2006 -13- | oudspeaker

120. Sound ggeal %dptpmeemn‘e%qupye%admﬁe inensiangl spwndifieldnat
St oared ot PIBRRR ShuSREHRDofits PORIaH 198EIHEH A Rspedivefl Yo

| oudspeaker below ilhedﬂa;gi’eiam‘espeakér R®diilcalso dileaht!’meaﬂnbnedlfdhsd)umbﬁmld field.
A listener git d at points 19 ich are ect| above
and bel ow ?‘h\ﬂa%ge Bfmgg’@aﬁ%‘?ﬂ%%@?\ﬁﬁéca%gme %St(PfregrEP Ré sound
field A shihlapd tﬁéi?@ﬂedmrh|13291%g%hleféd% ﬁ@u;%@ts Qﬁdbz% e&ﬂhﬁtﬁa‘ dr' vers
124 and 134 and their reflectors 1 é abeled in Figures 5 and 6) to

provi de t hecorsBingdfeund dielhat the height regeirac: ofj tany metfigulas enmlodiment ek ti cul ar
enbodi ment g, reg%t% Q't’ I nvention. [0056] Reference is next nmade to
Fi gure 8. Spedkers 120 are suitable for use in multiple channel

sound syste[@@SG]VbderanefErenwsa‘tMmm re@NBpelakels R0 ankg 120 wee or nore

speakers. honge th er S stem 200 may include a
front left ?W%gﬁk‘ﬁe EDQ"U ? PBﬁFn Mediern home, theatieer

270, The souha T aoen oS %@ﬁ“@g@%@%ﬁ?ﬁ A e ngifie HifRPoake!

synbol i cal | lputispaaker aysiemi 200Rmgy ircl@deba froot lefidorispetkerd?2, adfant right
loudspeaker 204, a center loudspeaker 206, a rear left loudspeaker 208 and
rear right loudspeaker 210. The sound field of each of these speakers in the
2-5kHz band is symbolically illustrated in Figure 9 by curves 212 (front left
loudspeaker 202), 214 (front right loudspeaker 204), 216 (center loudspeaker
206), 218 (rear left loudspeaker 208) and 220 (rear right loudspeaker 210).
Each of these curves illustrate the region in which the associated loudspeaker
may be effectively heard, in the shown layout. The five curves 212 to 220
overlap to provide a listening area 222. A listener situated in the listening
area 222 will be able to hear all five speakers 202 to 210 and will enjoy a
typical "surround sound" audio presentation from all five speakers, under the
control of a sound signal source (not shown).
[0057] As mentioned earlier, low frequency sounds are relatively non-
directional. In addition, a substantial amount of power is often required to
generate such low frequency sounds. The five loudspeaker system of Figure
8 may be combined in known manner with a low frequency loudspeaker or
"sub-woofer” in a "5.1" loudspeaker system that provides a sound field with a
wide frequency range. For example, the low frequency loudspeaker may
have a frequency range of 20 Hz to 80 Hz. The drivers 124 of speakers 202




| oudspeaker 202), 214 (front right |oudspeaker 204), 216 (center

| oudspeaker 206), 218 (rear left |oudspeaker 208) and 22’6"’(‘?@1&?2q0§ght

| oudspeaker 210). Each of these curves illustrate the region in which the
associ at ed | oudspeaker nmay be effectively heard, in the shown |ayout. The
five curves 212 to 220 overlap to provide a listening area 222. A listener
situated in the listening area 222 wll be able to hear all five speakers
202 to 210 and will enjoy a typical{4surround sound" audi o presentation
fromall five speakers, under the control of a sound signal source (not
shown) . [0057% As mentioned earlier, |low frequency sounds are relatively
non- di r edeiZIRanay haveaadraguency raangehxflﬁ@rlﬂz&iZd(mLmtd thé dmaen34 efoften

dt t fr h Kk
Cyatem of Peafa03E 230y B4 FRUERSY riR Sord Gadd K THGSS T equency
| oudspeakdrequency masiges@od only ex@n@larﬁahd d SKilkRNRREE wWaViSd 8apdbleibf pProvi des a

sound field,w.th a requency range. For exanple, the |ow frequency
| ouds peak SEIGRIDY dfvers “ﬂﬁﬁé@@é‘gﬁ%ﬁnﬂﬁﬁﬂ'@téﬂﬁﬂ@wqﬁf apolicationphéhedr i vers 124

of speakenfesitinéntidtgust 2006 -14 to 210 may have a frequency range of 60
Hz to 2 kHz and the driver 134 of speakers 202 to 210 nmay have a frequency

range of Jobdd#y to lﬁefg'gnceTL?f xttfﬁlﬁ&%'%c‘lf#tﬁ%g@smm !]Lsxr gxenpl ary and a

skilled person will be capa ect | ri'vers wi requency ranges
that suit 'eudspeakerBaP agsprdingtio @n third enﬂaodﬁnmteefepresent/mmnmn [ 0058]

Ref erence (iy t u whi.c | ] ust tes a udspeaker 320
accordi ng t?dgﬁﬁﬁér}ggﬁo §8$n§ %t?%(?w[ﬁ' esg@ﬂ?rltﬁv k Lo{?g] ﬁé@ier 320 has
a struct un‘:errespmnchng tammpmﬂatmak@rdérﬁﬁedrﬁy sﬁmldrem%ﬁb@m&%l%nent s are
|dent|,w ed rgy rence nuneral s 10 increased by 200Q. High
frequency Qﬁr S@OOpéﬂgﬁtf@SuﬁﬂWad%ﬁ*gﬂ opeiatesin 3 B"anﬁelgﬂn'\“ﬁ'é@uency driver
134. HoweviRyh fréquiéhey ﬂﬁv‘/éremorﬁ h asouPaSan 6:‘ ﬁ?g%s Bét[tq ﬁﬂiow dvi de a

seal ed rear chanber” 335 f E frequency driver frequency
driver 339%@§Jrawde|aeseaiﬂi near charm&@Béufor Imgbﬁequmayadrwed%d,c High

frequency driver 334 has a hole 337 to release air pressure caused by
movement of ifs cone 351. This volume of air contained within reflector 332

15 reduces the fundamental resonance of driver 334, thereby reducing distortion
and improving power handling at the bottom of its frequency rangé and
smoothing out its frequency response.

[0059] Reference is next made to Figure 10, which shows a

loudspeaker 420 according to a fourth embodiment of the present invention.
20 The speakers described above all incorporate circular driver (j.e. drivers 24

and 134). The present invention may be used with a driver having an elliptical

or other shape. Loudspeaker 420 is similar to loudspeaker 20. Corresponding

components of loudspeaker 420 are identified by similar reference numerals

increased by 400. Driver 424 has an elliptical shape and sound reflector 432
25 has a corresponding elliptical shape.

[0060] In other embodiments of the present invention, the driver (or
drivers) may have any shape. For example, they may be conical, flat or dome
shaped.

[0061) Loudspeakers 120 and 320 have two drivers and two
30 corresponding reflectors. Other loudspeakers according to the present
invention may have three or more drivers and corresponding reflectors. The -




novenent of its cone 351. This volune of air contained wthin refl ector 332
15 reduces the fundamental resonance of driver 334, ther @8yAystiid0hg
distortion and inproving power handling at the bottomof its frequency
range and snoothing out its frequency response. [0059] Reference is next
made to Figure 10, which shows a |oudspeaker 420 according to a fourth
enbodi nent of the present invention. 20 The speakers described above all

i ncorporate circular driver (i.e. dvrisyers 24 and 134). The present

i nvention may be used with a driver having an elliptical or other shape.
Loudspeaker 420 is simlar to | oudspeaker 20. Correspondin conponent s of
| oudspeakdhregoor mase leusdspreakens Hay have differest end massiblyroveatlappingicr eased by

400. Dri L t 4 25 h
cor t espond Serenry fendtR, P rhe Rser pEARP IR SRR el bESeRer 80 oo ecen
i nvent i on,previde dr midar ¢ambinedifrerencyagspunse oy dtiepequdhity sexsdpl e, t hey

may be conjcal,. flat .o donme shaped. [0061] Loudspeakers 120 and 320 have
two dri Ve:}%ﬁ@ﬂgct[qxlgorbg ‘corresponding refl ectors. Ot her |oudspeakers

according he prgsent invention have three or nore drivers and
corresp népﬁﬁﬁ]refleﬁ?%f'%’?ceﬁe" maAs. 1 Flags 11, whichpilusirales otifth

| oudspeak ensbatimehnve HidudapeakeraBJo PaASRIAhY 18VRk! BRIYERE indrftRHENCY ranges.
The drlversgaf such | oudspeakers nmay be selected to provide a w der

combi ned f-PUESRARKGT 520k three diiviges 624, Gadiandy5&b Uddverr 834 baact i on or
FTth  enboneopsnarESion 57 6y o 3ouhes st badonanipkeibeloradp [ 1105 Fon.
Loudspeak &livern 5R4s53mnd refleaterss552 4536 8geratedirbihe. sdine vranitsitdashas a
S36. b1 SupEres . B and enBRbetats a8 5! e ibrgakeL 0 (RS Vare manner
zg)s_ 10 dri veudspeaker 520 has dnptf teAnin@lss53B3dnd 536 wiHich avsleBaskEeto 120 (Figure
' three way cross-over 552. Cross-over 552 divides an audio signal (not
shown) received at terminal 528, 530 into low, mid-range and high frequency
components. The high frequency components are provided to driver 534
15 through wires 560h, 562h. The mid-range frequency components. are
provided to driver 524 through wires 560m, 562m. The low frequency

components are provided to driver 574 through wires 5601, 5621.

[0063] Driver 574 is selected to have a low frequency operational range
and along with crossover 552 reproduces audio in response to the low

20 frequency components of the audio signal. Since the low frequency audio
output of driver 574 will be essentially omni-directional, driver 574 does not
require a sound reflector.

[0064] Loudspeaker 520 is capable of producing sounds with a very
A wide frequency range, depending on the selection of drivers 524, 534 and
25 574, and with wide listening area.

[0065] Other variations and modifications of the invention are possible.
For example, while the foregoing has referred to drives having cones, those of
skill in the art will appreciate that diaphragms of other shapes may be
substituted. All such modifications or variations are believed to be within the
30 sphere and scope of he invention as defined by the claims appended hereto.




Loudspeaker 520 has input termnals 528 and 530 which are coupled to a
three way cross-over 552. Cross-over 552 divides an audi @4giughgli200hot
shown) received at termnal 528, 530 into | ow, m d-range and high frequency
conponents. The high frequency conmponents are provided to driver 534 15

t hrough wires 560h, 562h. The m d-range frequency conponents. are provided
to driver 524 through wires 560m 562m The |ow frequency conponents are
provided to driver 574 through wires 5601, 5621. [0063] Driver 574 is
selected to have a |ow frequencygoperational range and along wth
crossover 552 reproduces audio in response to the low 20 frequency
conponents of the audio signal. Since the |ow frequency -audi o out put of
driver (dithep | | be essentially omi-directional, driver 574 does not
require a sound reflector. [0064] Loudspeaker 520 is capabl e of producing
sounds with a very. . w de frequency range, depending on the sel ection of

dri ver s 524, 53%%‘#&'3‘%@’@9‘38 4 with wide |istening area. [0065] O her
vari ations and nodifications of the invention are possible. For exanple,

whi | e the foreggd)rthdtesdefifiing @ REApo® plihb MRS bBsY béldg 6paable those of  skill in
the art wl| &Fprem ate that diaphragns of other Shapes nmay be

subst i sUpre the\Joudspeakenfelative toa susaseior variations are believed to be within
the 30 sphere and scope. of he invention as defined by the. clains appended

herego." 24 AUQUHQ 2 QRfer m&ﬁnt@ﬂ%ﬁgél?a%, ¢! d?‘l«lfé?%% ChotQR i sing: (a) a

base defining a support plane, 't ase being operdable to support the

| ouds pdaredel tpamakiy of movament thaangh a seqiby obthérdriver tnprotivee t o t he base, the
dri'versgﬁ{dq?a\;gg.v le parallel to an axis of nmovenent through. a center of
the driver 1o produce sound waves; and (c) a-reflector nmounted facing a
di aphragm of the driver for : , :

' (c) a reflector mounied facing a diaphragm of the driver for

reflecting Sound waves from the diiver, the reflector being configured relative

10 to the driver such that reflected sound energy is greatest in a selected
- direction from a front of the reflector and the driver, and diminishes at
pmgreSSively larger angles from the selected direction;

wherein

the driver is aligned with a driver plane orthogonal fo the axis of
18 movement, the driver plane being at a non-zero acute angle to the support
- plane; and '

the selected direction diverges from the driver plane.

2. The loudspeaker as défined in claim 4 wherein the reflector is
positioned relative to the driver such that the axis of movement of the driver
20 intersects the reflector. '

3.  The loudspeaker as defined in claim 2 wherein

the',reﬂector comprises a reflecting surface facing the driver;
and, |

the axis of mdve‘ment_ of the driver intersects the reflecting
25 surface at a center thereof.
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reflecting sound waves fromthe driver, the reflector being confiqgured
relative 10 to the driver such that reflected sound enerfy yaas Gtest in
a selected direction froma front of the reflector and the driver, and

di m ni shes at progressively larger angles fromthe sel ected direction;
wherein the driver is aligned with a driver plane orthogonal to the axis of
15 novenent, The driver plane being at a non-zero acute angle to the
support plane; and the selected direction diverges fromthe driver plane.
2. The | oudspeaker as defined inldtaim 1 wherein the reflector is
positioned relative to the driver such that the axis of novenent of the

driver O inter t L. 2. The | oudspeaker as defined in claim
2 vvherei% t he re?ﬁé&%@%{?ﬁ%g%gglqé?'f'bEth&'"surface facing the driver,
and, the axis of novement of the driver intersects the reflecting 25

surface at a centthe refibeforaimprigds Aaflesting2U0fice fatifig the diiver;| oudspeaker as
defined in claim| wherein the reflector conprises a reflecting surface

facing the drivery, ' of .. efl.ecti.ng, surface fromthe driver
varies around t ﬁeSP%rci?IQyil%gfgﬁ%cgwgy@%@tfre%h\eﬂ:@v%ws Bfouf'ﬁ]e driver and the
r ef | ect dhe dived andisdargestonithedrom of HE diiter dngftheRfbdter; aad,f ace rel ative to the
driver plane varies around the driver and is |argest at the front of the

driver and the ref.l or. .5 The.,l oudspeaker. defined in claim|l wherein
‘the s®lected di Pgdfﬂq(ﬁﬁ#‘%“@gl?dﬁﬁ%ﬁ#{'? ﬁ'l"?%ei 'ﬁ‘aﬁ"%?’éb?edfﬂfér BBM®| to the axis of
movenentvafies! arddathe isgenahd 19 Iskdst 1t RO fonPbPMR. drfver BRG the@udspeaker as

defi ned rtlaﬁec%olral m 3, wherein the non-zero

5. The loudspeaker as defined in claim 1 wherein the selected
direction is substantially in a plane parallel to the axis of movement and
10 orthogonal to the support plane,

6. The loudspeaker as defined in claim 3, wherein the non-zero
acute angle is between 5 degrees and 85 degrees.

7. -~ The loudspeaker as defined in claim 3, wherein the non-zero
acute angle is befween 10 degrees and 80 degrees.

5 8. The loudspeaker as defined in claim 3, wherein the non-zero
acute angle is between 20 degrees and 35 degrees.

0. A loudspeaker system comprising

(a) a base defining a support plane, the base being operable to
support the loudspeaker relative to a surface;

.20 (b) an input terminal for receiving an audio signal and a cross-
~over connected to the input terminal for dividing the audio signal info a
plurality of component signals;

(c) a first driver mounted to the base and linked to the cross-
over to receive a first component signal in the plurality of signals, the first




acute angle is between 5 degrees and 85 degrees. 7. The | qudspeaker as
defined in claim 3, wherein the non-zero acute angle i s 2AeuguE 2096 degrees
and 80 degrees. 15 8. The | oudspeaker as defined in claim3, wherein the
non-zero acute angle is between 20 degrees and 35 degrees. 9. A

| oudspeaker system conprising (a) a base defining a support plane, the base
bei ng operable to support the | oudspeaker relative to a surface; 20 (b) an
input terminal for receiving an audiggsignal and a cross- over connected to
the input termnal for dividing the audio signal into a plurality of
conponent signals; (c) a first driver nmounted to the base and linked to the
crossl- oveL ddvar being ddvable byﬁleﬁrstrqompenentsigylatg nﬁovetdgaliéﬂtglraaﬁrﬁit y ﬁf f
signals, the_fi t. 200 -18 drjver Dbei riv e by the first
conmponent  Si 8%%??@%\%%6@1%@9%?'08&{@%&9 &Ftrcé'f’eﬂafpgg?ﬁs%@@’ﬁ% through a
center of the first driver to produce sound waves; (d) a first reflector
nmount ed facing a firsi) aifissb heflegtor nfounted fidings# firdt diaphragrmrof tief firsct i ng sound

waves fromt ' river. the first, ref]ector bein 5 configured
relative to Pﬁveefr ﬁrﬁ‘éf{e%‘igl SPpupd waves ﬁ%&h? 6?{ ‘S'E’?E(y‘es'ﬁﬁtrf et g s gr eat est
} n a fij rst5 sesrfigred relatieectd thie firsodtiver fsueh thfrefidied sdunl ket or and the
~first driver

a?ed di i ni she g{i rogressively larger angles fromthe first
sel ected di r EFESHN ,seFeg%d re forg adragt otthe Beeh rflealpr 9rd theor pr oduci ng
higher 10 ffigtdevay afddiminisRes st phifedshRis RIGS é’l‘glé%sfr&ﬁocﬁé!cfﬁ by the first

driver and a thit{fﬁl driver for producing l'ower fréquency sound waves than
the sound wRRIREAHIGEIORRMpy the first driver, the at |east one of the
second driver and the third driver being nounted to the base and linked to

the cross-over to T qephyfadt dnBast aCRRoR@TRRREMr plodlahg! Mghdie Plurality
of corrpor)l(ant signals 15 fromthe cross-over;

frequency sound waves than the sound waves produced by the first driver and

a third driver for producing lower frequency sound waves than the sound

waves produced by the first driver, the at least one of the second driver and

the third driver being mounted fo the base and linked fo the cross-over to

receive at least one component signal in the plurality of component signals

15 from the cross-over;
wherein

the first driver is aligned with a first driver plane orthogonal to
the axis of movement, the first driver plane baing at a non-zero acute angle to
the support plane; and,

20 the first selected direction diverges from the first driver plane.

- 10. The loudspeaker system as defined in claim 9 wherein the first
reflector is positioned relative to the first driver such that the first axis of
movement of the first driver intersects the first reflector.

11. The loudspeaker system as defined in claim 10 wherein
25 the first reflector comprises a first reflecting surface facing the
first driver; and, '
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wherein the first driver is aligned wwth a first driver plane orthogonal to
the axi's of novenent, the first driver plane being at a ABugast@08e ut e
angle to the support plane; and, 20 the first selected direction diverges
fromthe first driver plane. 10. The | oudspeaker system as defined in claim
9 wherein the first reflector is positioned relative to the first driver
such that the first axis of novenent of the first driver intersects the
first reflector. 11. The | oudspggker systemas defined in claim 10 wherein
25 the first reflector conprises a first reflecting surface facing the
first driver, and, -TaPC D Slzi-~. 24 August 2006 -19 the first axis of
movement of the tié first axds o/ movemént ob thetfistidnieer mtefdectsrthé igtt i ng surface at a
center thereof. 12. The. |l qudspeaker systemas defined in claim9 wherein

t he fir@ﬁe¢@9?@%W%?t%ﬁﬁﬁgﬂﬁgg@ga first reflecting surface facing the 5
first driver; a spacing of the first reflecting surface fromthe first

driver 1&ries Jheloodspdakersystem sdideftRl imolgini Swhaemest at the front of the
first driver and the first reflector, and, an inclination of the first

reflecting surf relative tothe first 10 drjve | gne varies around the
first driver angl%lefgstlrgﬁ A copripep.a 5%@@9%19%'@43% fﬂé’ﬁ'ﬁ%l ver and the first
ref | Bctfist.dridéd; The | oudspeaker system as defined in claim1l wherein the at
| east one conponent signal conprises a |ow frequency signal; and, 15 the

third driver is_Ljnked .t h ross-over_to.receive the low frequency
signal, the thi ?8p€qq%ﬁﬁ%ﬁf§ﬁ5ﬁ%’g'iﬁl/ﬂ’5ﬁé%eE?fnlth?ef":rftaﬁ"?'r‘@ﬂ%ncy signal to
. around the first driver and is fargest at the front of the first driver and the first
reflector; and, '

an inclination of the first reflecting surface relative to the first
10 driver plane varies around the first driver and is largest at the front of the first
driver and the first reflector.

- 13. The loudspeaker system as defined in claim 11 wherein

the at least one component signal comprises a low frequency
signal; and,

15 the third driver is finked fo the cross-over to receive the low
frequency signal, the third driver being drivable by the low frequency signal fo
produce the lower frequency sound waves.

14. The loudspeaker system as defined in claim 11 wherein
_ the at least one component signal comprises a high frequency
20 signal;

the second driver is linked to the cross-over to receive the high
frequency signal, the second driver being drivable by the high frequency
signal to move parallel to a second axis of movement through a center of the
second driver fo produce the higher frequency sound waves; and,
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produce the | ower frequency sound waves. 14. The | oudspeaker system as
defined in claim 1l wherein the at | east one conponent si24A¥IEUEFPEPi ses a
hi gh frequency 20 signal; the second driver is linked to the cross-over to
receive the high frequency signal, the second driver being drivable by the
hi gh frequency signal to nove parallel to a second axis of novenent
through a center of the second driver to produce the higher frequency
sound waves; and, 24 August 2006 -264the |oudspeaker system further
conprises a second reflector nounted facing a second di aphragm of the
second driver for reflecting the higher frequency sound waves fromthe
second driver, the sdheimidseddkersystem firthep compises a estondlrefiactor t o t he
second drive that_refl ected. squ 5 energy. fromthe. second reflector
i s greatest ﬁﬁﬁrggtgga&ﬂﬁqa §%q08§t‘ﬁﬁ?ﬂmg%é}ﬂh%ﬁecmﬁ%"ﬁr &’FB?#CW lﬁﬁe second

refl ector anhighdrdregeemydotid waves fomdl tidi SEcond dr,ahe sBéopdefietorel vy | ar ger
angl es froméhe sec nd%!rseele_ct ed direction; wherein the second driver is

al i gned wi t hPeing gerigyreg: elative dp the seoand Jirvep Sertnihat seflestedssogBdd axi s of
movenent , 5t heneRGCRoIA til 586dRd PERBRI REIrBStedlin PocBBRPBEleA8M if&iiBn acut e angl e

to the suppgt‘rrg pl ane; tﬁlnd the second selected direction diverges fromthe

second dri vefom gifigptof the second refleatos prebibe seegnedsiver, endi diminighesiah cl ai m 14
wherein the préﬁe SrgBOshglR HOnARY é‘coﬁ@géléctéfdi@cﬁér?rent fromthe first non

zero acute an 6. The | oudspeaker system as ined in claim14
wherein the second reflector is positioned relative to the second driver
such that tH¥&¥Rcond axis of nmovenent of the second driver intersects the
second reflector. 17. The | oudspeaker system as defined in claim16

wherein 20 the seconghg @bt&f @FivéroRPENgh8S Wil oF SBEbridelitiRG! piage Sur f ace
10 orthogonal to the second axis of movement, the second driver plane being at
a second non-zero acute angle to the support plane; and

the second selected direction diverges from the second driver
plane.

16. The loudspeaker system as defined in claim 14 wherein the
15 second non-zero acute angle is different from the first non-zero acute angle.

- 16. The loudspeaker system as defined in claim 14 wherein the
. second refk_actor is positioned relative to the second driver such that the
second axis of movement of the second driver intersects the second refiector.

17. The loudspeaker system as defined In claim 16 whetein
20 the second reflector comprises a second reflecting surface
facing the second driver; and,

the second axis of movement intersects the second reflecting
suriace at a center thereof.

18. The loudspeaker system as defined in claim 14 wherein

25 _ the second reflector comprises a second reflecting surface
facing the driver; | " | J
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facing the second driver, and, the second axis of novenent intersects the
second reflecting surface at a center thereof. 18. The P4fuuped08p system
as defined in claim 14 wherein 25 the second reflector conprises a second
reflecting surface facing the driver, 24 August 2006 -21 a spacing of the
second reflecting surface fromthe second driver varies around the second
driver and is largest at the front of the second driver, and, an

i nclination of the second refleéilng surface relative to the 5 second
driver plane -varies around the §econd driver and is largest at the front

of the second driver and the second- reflector 19. The | oudspeaker system

as defined in clfispacy bheieckdbohd FeflsBiP etialh K the ted to the first
refl ect 20, The Iouds eaker as def ed in c almls erein the first 10

reflect gﬁveébs@ﬂﬁ'slas% werwcbdfwerwaw@aestamhaﬂrmtgﬁbeamu ver. 21. The
| oudspegipk: snystem as defined in claim14 wherein the second selected
direction I's substantially parallel to the first selected direction. 22.

The | oudspeaker system as defined in claim9 wherein the at |east one
“conponent si gnal ancipplifiation: sf the: agond eeflgetingysurinse selgiivel fo thed, the third

18 béohd BRHpfe (alRe Gl ARR HRREO AR BESIAIE IS A e UenCY 51 90

the third driver bein rrva ow fre to producethe
| ower fﬁféhﬁumyd@ww%ewonﬁmﬂeﬁonet hod of directing sound waves from a
driver of a 20 |oudspeaker, conprising: (a) providing an audio signal to

the driygr, the 'I%'Ib’lf‘:ﬁg@ﬁ&e'i’Q;gst@ﬂ"%bbé}“ngﬂ‘rlﬁlclaﬁh HQuifdlefi’thg Of Movement

t hrough a center of
second driver is mounted fo the first reflector.

20. The loudspeaker as defined in claim-19 wherein the first
10 reflector comprises a resonance chamber for the second driver.

21. The loudspeaker system as defined in claim 14 wherein the
second selected direction is substantially parallel to the first selected direction.

22, The loudspeaker system as defined in claim 9 wherein

_ the at least one component signal comprises a low frequency
16 signal; and,

the third driver is linked to the cross-over to receive the fow
frequency signal, the third driver being drivable by the low frequency signal to
produce the lower frequency sound waves,

23. A method of directing sound waves from a driver of a
20 loudspeaker, comprising:

(2) providing an audio signal to the driver, the driver being
movable paralle! to an axis of movement through a center of the driver to
produce sound waves based on the audio signal;

(b) orienting the driver such that a driver plane orthogonal to the
25 axis of movement is at a selected angle of inclination relative to a hotizontal
‘plane, the selected angle of inclination being a non-zero acute angle; and,
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produce sound waves based on the audio signal; (b) orienting the driver

such that a driver plane orthogonal to the 25 axis of nmo{eHENtt4086ar 2

sel ected angle of inclination relative to a horizontal plane, the sel ected

angle of inclination being a non-zero acute angle; and, tree Ote; 24

August 2006 -22 (c) reflecting sound waves fromthe driver such that

refl ected sound energy is greatest in a selected direction froma front of

the driver and dimnishes at progreggi vely larger angles fromthe sel ected

direction, wherein the selected direction diverges fromthe driver plane.

ti
P (c) reflecting sound waves from the driver such that reflectéd

sound energy is greatest in a selected direction from a front of the driver and
diminishes at progressively larger angles from the selected direction, wherein
the selected direction diverges from the driver plane.
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