OWNI DI RECTI ONAL SPEAKER FI ELD OF THE [ NVENTI ON [ 0001] This invention
relates to omidirectional speakers, and nore particularly to an

ommi di rectional speaker with inproved sound quality. BACKGROUND OF THE

| NVENTI ON [ 0002] Drivers are transducers which convert electricity to
various ranges of sound frequencies. It has been known for many years to
provi de speakers having a plurality of drivers generating sounds of varying
audi bl e frequencies. Such s i eferred to as nultiway

| oudspeakers. Drivers incl u@@mgshli%gﬁ%ﬁt ﬁmﬁﬁr/es back and forth to
create pressure waves in a colum of air in front of the driver, and
dependi ng on the application, at sone angle to the sides. The diaphragmis
typically in the shape of a cone and has a dianeter. The use of multiple
drivers is done in an efforlEDMAhEINVEMHOMality. The conbinations
typically take on the formof woofers (or sub-woofers) for emtting sounds
in a low frequency range, mdrange drivers for emtting sound in a mddle
range, and tweeters for emtting sounds in a high frequency range. Breaking

up a sood1FTEeahvertiohhictatégnoeimiiasediRABll Epediers Oanddvarat pareouatly teaver the
range of sounds a human can hear. The nultiple drivers nmay be nounted

coaxi al BMnRﬁ’rregFénatl Qggaliér%fh @{preﬁw%nmitﬁpeaker s are known as

om ndi rection speakers, and they provide a sound field which allows a
person 1

BACKGROUND OF THE INVENTION

[0002] Drivers are transducers which convert electricity to various ranges of sound
frequencies. It has been known for many years to provide speakers having a plurality of
drivers generating sounds of varying audible frequencies. Such speakers are
sometimes referred to as multiway loudspeakers. Drivers include a diaphragm that
moves back and forth to create pressure waves in a column of air in front of the driver,
and depending on the application, at some angle to the sides. The diaphragm is
typically in the shape of a cone and has a diameter. The use of multiple drivers is done
in an effort to enhance sound quality. The combinations typically take on the form of
woofers (or sub-woofers) for emitting sounds in a low frequency range, midrange drivers
for emitting sound in a middle range, and tweeters for emitting sounds in a high
frequency range. Breaking up a sound signal in this manner has been found to
advantageously cover the range of sounds a human can hear. The multiple drivers
may be mounted coaxially normal to a floor or ground. Such speakers are known as

omindirectional speakers, and they provide a sound field which allows a person



positioned in any direction around the speaker to hear the w de bandw dth
(frequency range) sound produced by the speaker. [0003] A wide variety of
speaker designs have been created in an effort to enhance sound quality.
For exanpl e, known speaker designs include US Patent 5,115,882 to Wody.
Wody di scl oses a speaker conprising a pair of drivers, one tweeter and one
m drange, with each driver aligned in the sane direction. Each driver is
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surfaces, such as the ti e coni cal shaped dispersion surtace, ve

been fo%ggei]godr{g r%gHg&% gyzljgeo%ééaq&? in sound quality. Such conical shaped

wavegui ave prove eSs than ideal. In general, irregular
surfaces produce reflections in sound waves which are out of phase wth
ot her sound waves generated by the speaker, and can also result in

rei nforcenent of sonme frequencies and cancellation of others. [0004] US

Pat ent WORBDA odde tvarirbnAE sPeRkal| drsignsa e begh wiealedr i@ amiefiertaloectlriceal and

face each other, and each driver is provided with a done (wavegui de).

Howev er souridequalitymétoe rexafnpléekivvre speaes glasirs insludesdStPatant hd 18i&82etoer of
the drivers, and the doneslwaveguides have a flat reflecting surface. This
has t heWslotigctWobdy discirdas iangpeaties tombprising d pais ofiddversabné twedéteotahdronenown
speaker design has a coaxial tweeter, a trapezoidal mdrange driver and

subwoof ﬁﬁﬁdraﬁ%é’}@_wﬁgéb&? drife PAITYieldOR afle 3REEEdiFd@iont VRS Hrivérid AsWpRfided
general |y spherical shaped waveguide is positioned between the tweeter and
the m dgangediidal ShapddPdRpEFsiort SETaddRCTGREVef, FIBZRRH SURAEEY! dien! a5 hEal er
of the conical shaped dispersion surface, have been found to introduce distortions in
sound quality. Such conical shaped waveguides have proved to be less than ideal. In
general, irregular surfaces produce reflections in sound waves which are out of phase

with other sound waves generated by the speaker, and can also result in reinforcement

of some frequencies and cancellation of others.

[0004] US Patent 4,182,931 to Kenner discloses a pair of drivers which are coaxial and
face each other, and each driver is provided with a dome (waveguide). However, the
diameter of the domes/waveguides is less than the diameter of the drivers, and the
domes/waveguides have a flat reflecting surface. This has the effect of introducing
distortions in sound quality. Another known speaker design has a coaxial tweeter, a
trapezoidal midrange driver and subwoofer. A waveguide is positioned above the
tweeter, and another generally spherical shaped waveguide is positioned between the
tweeter and the midrange driver. However, the spherically shaped waveguide is smaller

than the midrange driver, again resulting in some distortions in the sound quality. An



than the m drange driver, again resulting in sone distortions in the sound
quality. An 2 idealized om ndirectional speaker would reproduce sound at a
poi nt, and the sound would radiate outward fromthe point all directions.
Sound waves diverging would be free of interferences. It would be desirable
to provide an omidirectional speaker with a plurality of drivers which
provi des enhanced sound quality, which reduces background noises and

di storti which i i t i gi r di ng.
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om ndi rectional ., speaker .co ises.a high, frequency driver which perat es
sound o¥ay!d 35t BHGIH IR e plnt B ReRtons £ SN wiles flvefolhg vt B
frequency wavegui de having a second di aneter which is larger than the first
di anet efée of infariarengegy dhygutsirb%emf?&e i0 PrAVide 3yt ampidirechAtalsPsakenmyith a

m drange driver has a fourth dianmeter. Each mi drange driver generates sound
over a pluiadityl ef drivegsiaviigh providesaghansedfgousd quadityavguchi redunesthasigraung
second m drange driver. A first m drange wavegui de corresponds to the first
m dr angeoisks ared ditudtitvess aadfwHithis thiessfetcanpreafaithful feaw odgimatirezogingvavegui de
corresponds to the second mdrange driver and has a sixth dianmeter. The
fifth diameter is larger than the third dianmeter and the sixth dianmeter is
| arger than the fourth dianeter, and both of the m drange frequency

wavegui des are positioned ﬁ%%\p@: fHEsiN\/'@'tﬁl@'ﬂge driver and the second
m drange driver so as to ' the first mdrange driver
to the second m drange
[0005] In accordance with a first aspect, an omindirectional speaker comprises a high
frequency driver which generates sound over a high frequency range and has a first
diameter, and a high frequency waveguide having a second diameter which is larger
than the first diameter. A first midrange driver has a third diameter and a second
midrange driver has a fourth diameter. Each midrange driver generates sound over a
middle frequency range and the first midrange driver faces the second midrange driver.
A first midrange waveguide corresponds to the first midrange driver and has a fifth
diameter, and a second midrange waveguide corresponds to the second midrange
driver and has a sixth diameter. The fifth diameter is larger than the third diameter and
the sixth diameter is larger than the fourth diameter, and both of the midrange frequency
waveguides are positioned between the first midrange driver and the second midrange
driver so as to block a direct path from the first midrange driver to the second midrange

driver.



driver. 3 [0006] Fromthe foregoing disclosure and the follow ng nore
detail ed description of various enbodinents it wll be apparent to those
skilled in the art that the present invention provides a significant
advance in the technol ogy of speakers. Particularly significant in this
regard is the potential the invention affords for providing a high quality,
| ow cost omi ndirectional speaker. Additional features and advant ages of

doscr i plOOBRT BT ECroddmg B SRS B %Ewﬁkuéﬁéggﬁ%%e% 6. 1

is an isonetric view qof .one enbodi nent, K of an o tiopal speaker having
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m drange drivers provided with convex wavegui des. [0008 Fig. 2 is a si de

vi ew of invRBtigshipreNides: i sigaificaplariancss InFithe tachnatemopf spgakers; Pastiiarys
section view of the om ndirectional speaker of Fig. 1. [0010] Fig. 4 is an
expl odesignifioasttinithis vegavdd$ thépotentialdhe daveintinalafforssafoe pravidifg @ high qualitp11]
Fig. 5is a schematic cross section view of another enbodi nent of an

oni ndi r et icostl orsipdaEetionasi speakar egdditienalhdedtogsanand! bavarthgepraff vhkoust
[0012] It should be understood that the appended draw ngs. are not

necessagibydinfents will be better understood in view of the detailed description provided

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Fig. 1 is an isometric view of one embodiment of an omindirectional speaker

having a woofer, a tweeter, and a pair of midrange drivers, with the tweeter and

midrange drivers provided with convex waveguides.

[0008] Fig. 2 is a side view of the omindirectional speaker of Fig. 1.

[0009] Fig. 3 is a cross section view of the omindirectional speaker of Fig. 1.

[0010] Fig. 4 is an exploded isometric view of the omindirectional speaker of Fig. 1.

[0011]Fig. 5 is a schematic cross section view of another embodiment of an

omindirectional speaker using waveguides having an alternate profile.



scal e, presenting a somewhat sinplified representation of various features
illustrative of the basic principles of the invention. The specific design
features of the om ndirectional speaker as disclosed here, including, for
exanpl e, the specific dinmensions of the waveguides, will be determned in
part by the particular intended application and use environnent. Certain

features of the illustrated enbodi nents have been enlarged or distorted
relativ t [ ﬁ@&{ d I ' Aar.. thin
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t echnol ogy, that many uses and design variations are possible for the

oni ndi r epRakenaas sissideeds haies cnelvdinghdpe examele, otheowpegjlielcdigiensi@ns ifsthessi on
of various alternate features and enbodinments will illustrate the general
pri nci piagegfidedhewiil rbeedefeomingidt in pat byethe eparticudar imbenididr applicatian asgessdeer
suitable for use in hone entertainnment systens. O her enbodi nents suitable

for ot herviempdrtatieataim Ydtliresbsf thepidustrdted erhbediments hhesl beent éflagyed @i ven
the benefit of this disclosure. [0014] Turning now to the draw ngs, Figs.

1- 4 showsprizRefistivel %o | thafC ¥ SrUiE cleBf AIRRIARGRRY. MRVidrbcuTH, tthiy ©
drivers 20, 30, 40 and 90. Each driver converts 5
features may be thickened, for example, for clarity of illustration. All references to
direction and position, uniess otherwise indicated, refer to the orientation illustrated in

the drawings.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0013] It will be apparent to those skilled in the art, that is, to those who have knowledge
or experience in this area of technology, that many uses and design variations are
possible for the omindirectional speakers disclosed here. The following detailed
discussion of various alternate features and embodiments will illustrate the general
principles of the invention with reference to an omindirectional speaker suitable for use
in home entertainment systems. Other embodiments suitable for other applications will

be apparent to those skilled in the art given the benefit of this disclosure.

[0014] Turning now to the drawings, Figs. 1-4 show a speaker 10 in accordance with

one embodiment having multiple drivers 20, 30, 40 and 90. Each driver converts



electricity into sound over a given range of frequencies. For exanple, a
tweeter or high frequency driver 40 may generate sound over a range of 3000
Hz to 32 KHz, for exanple. A mdrange driver nay generate sound over a
range of 160 Hz to 8000 KHz, for exanple. A woofer or |ow frequency driver
may generate sound over a range of 20 Hz to 160 Hz, for exanple. In the
enbodi nents shown in the Figs., the tweeter or high frequency driver 40 is

positio i A f i e
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positioned within the frame or separate fromthe frane, as desired

Gener al BXAMBlF| A AUdRPE] HENET By genci#e Soupd pyer adanss of B60 hmntert000Kkz ¢ he
frequency ranges or the tweeter, mdrange drivers and woofers may overlap
somewhafor exagwle.t Aevoafer antpa freqenay qriver by genarateasound evatia rangeaat 46K

m drange and woofer drivers, instead of three separate drivers. Al of the

dri ver sHarte 16Dé+z, rfbica*drypleorinebe echbiodgetitershewnas the Figsoattiedweeter or high
si mul taneously. [0015] Fig. 2 shows the tweeter 40 and pair of mdrange

dri ver sfré§Quenty- driverafr & @abitienedVin and BIfigéd fto a4l YRIMA GO0 Worfge AitHr £ pasognd 1 s
reflected fromeach driver out to listeners by a correspondi ng wavegui de.

Hgh fr ﬁﬁ&@@gé( dW%f%Q%'O dgy 35rh%0f'%é ?&néﬁsé&' §oHiohd %g”%?%oq%kfa s o I 1 st

m dr ange wavegui de 15 ‘correspon s to m drange driver second
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frequencies, woofer 90 or low frequency range driver may be positioned within the
frame or separate from the frame, as desired. Generally, all the frequencies are in a
range audible by humans, and the frequency ranges or the tweeter, midrange drivers
and woofers may overlap somewhat. Also, the midrange drivers may be formed as a
combination of midrange and woofer drivers, instead of three separate drivers. All of the

drivers are electrically connected together so as to broadcast simultaneously.

[0015] Fig. 2 shows the tweeter 40 and pair of midrange drivers 20, 30. In accordance
with a highly advantageous feature, sound is reflected from each driver out to listeners
by a corresponding waveguide. High frequency waveguide 35 corresponds to high
frequency driver 40; first midrange waveguide 15 corresponds to first midrange driver
20 and second midrange waveguide corresponds to second midrange drivers 30.
Optionally, the woofer may also be provided with a similar waveguide. However, given
the energy of sound vibration at lower frequencies, such a waveguide is not needed for

the woofer. Each waveguide 15, 25, 35 can have a generally circular cross section



t he energy of sound vibration at |ower frequencies, such a waveguide is not
needed for the woofer. Each wavegui de 15, 25, 35 can have a generally
circular cross section 6 when viewed from above (or below), which
corresponds to the generally circular shape of each driver. [0016] Fig. 3
is a cross section view which shows the bottom nounting cap or portion 80
cooperating with the first mdrange driver 20 to define a first back chanber

22, Baclnefs NAIRE! RoACHRITENUE LEIRY RARA cdifesbBac ® ke Roncbiipcfiiueeh

a
result of vibration ound deneration. I'na simfar mahner, a second
back chamber, r{ﬁz is defined by the second m drange driver 30 in cooperation
with th8 ere}cg V§§ and the hi gh frequency waveguide 35. A top nounting cap
or portion 60 cooperates with the tweeter 40 to define a third back chanber
42. Optionally, each of the chanbers 22, 32, 42 may be filled with a sound
absorbing material. It is preferable that the closest distance between the
wavegui [0818hGigt Bés @ srasssynstian vipva wihicdrshewsrbe iottem mexnting aap okRartien dd
preferably, no nore than 5 nm The cl osest distance, as seen in Fig. 3,

woul d beoateratind ivith thé dingt midran@® driy€@047 o Aefiheagtirst hacls chaebes 226, B2k 36
of the wavegui des 15, 25, 35 are referred to herein as either convex (as

shown i hdrhBérs accdmraddte ahovereittsil the .cotregpontin@aeiserl8s a2@sult Ndibe&ic t he
wavegui des are understood not necessarily to be [imted to the precise

;”;E ng?frbﬁ@éoﬁﬂsgéﬂe%tii&ﬂ tf aSialaOfaRRES, iaeSecoRBHHRVEHMSEE SUI| dGRedWy ch
the second midrange driver 30 in cooperation with the frame 50 and the high frequency
waveguide 35. A top mounting cap or portion 60 cooperates with the tweeter 40 to
define a third back chamber 42. Optionally, each of the chambers 22, 32, 42 may be
filled with a sound absorbing material. It is preferable that the closest distance between
the waveguide and the corresponding driver be no more than 10 mm, and more

preferably, no more than 5 mm. The closest distance, as seen in Fig. 3, would be at a

line along axis 99.

[0017] Although the surfaces 16, 26, 36 of the waveguides 15, 25, 35 are referred to
herein as either convex (as shown in Figs. 1-4) or dual hyperbolic, the surfaces 16, 26,
and 36 of the waveguides are understood not necessarily to be limited to the precise
mathematical description of such geometries. The waveguide surfaces which reflect
sound generated from the drivers merely approximates these shapes, as seen in the
Figs. It has been found to be more important that the surfaces be smooth and free of
irregularities, discontinuities and/or abrupt transitions, and that the diameter of the driver

which generates the sound reflected to the corresponding waveguide be less than the



sound generated fromthe drivers nerely approxi mates these shapes, as seen
inthe Figs. It has been found to be nore inportant that the surfaces be
snooth and free of irregularities, discontinuities and/ or abrupt
transitions, and that the dianeter of the driver which generates the sound
reflected to the correspondi ng wavegui de be | ess than the 7 dianeter of the
wavegui de. Preferably the surfaces 16, 26, 36 of the waveguides are

differ e&'ltah?e?ér of theSvave (?ﬁ egnﬁefdbrﬂ% gmﬁeﬁ,@% 366" !er 5%‘3% LA abl e

cont i nuolds functi on, as a parabo pse, 'etc.

surface n ont.i nu d..an bru ion at
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i ntroduce di stortlons into the sound. &f th surfaces and eonetries
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in the art given the benefit of this disclosure. _|[0018l I n accordance with a
hi ghl y eentibptgslops to @xpis @) abruphtrangtiomatiayn§8. fifueaveidy imegulacsuiages, 30
are also positioned in the frane 50 facing each other. Positioned between

t he m dpaintge ett.j waich R6uld36tradece distertpomn dito gherisduadhgeOthee gty suMasesgui des
15, 25 so as to block a direct path fromthe first mdrange driver 20 to the

second ghdlgasmetritisi (ftabROfor ase 3B WMYal &g Uidd wilBbe Readilyafpplahientds itheessidifbd 30,
and 40 has a center, and preferably the centers of each driver are aligned

with ong @B rrijlﬁﬁen méo[gb,}]eq\,%op iQdik8l099e. The high frequency driver 40 has a

first dianmeter” 41. The requency wavegui de 35 has a second di aneter 37
which is larger than the flrst di aneter 41. The

[0018] In accordance with a highly advantageous feature, a pair of midrange frequency
drivers 20, 30 are also positioned in the frame 50 facing each other. Positioned
between the midrange drivers 20, 30 are corresponding midrange frequency
waveguides 15, 25 so as to block a direct path from the first midrange driver 20 to the
second midrange driver 30, as shown in Fig. 3. Each of the drivers 20, 30, and 40 has
a center, and preferably the centers of each driver are aligned with one another, such
as at axis 99. The high frequency driver 40 has a first diameter 41. The high frequency
waveguide 35 has a second diameter 37 which is larger than the first diameter 41. The
first midrange driver 20 has a third diameter 21 and the second midrange driver 30 has
a fourth diameter 31. The first midrange waveguide 15 has a fifth diameter 17 which is
larger than the third diameter. In a similar manner, the second midrange waveguide 25
has a sixth diameter 27, and the sixth diameter 27 is larger than the fourth diameter 31.
Advantageously, the third diameter 21 can be the same as the fourth diameter 31, and
the fifth diameter 17 can be the same as the sixth diameter 27, as shown in Fig. 3. The

waveguides shown in the Figs. have a circular shape when viewed from above or below



first mdrange driver 20 has a third dianeter 21 and the second m drange
driver 30 has a fourth dianeter 31. The first m drange wavegui de 15 has a
fifth diameter 17 which is Jlarger than the third dianmeter. In a simlar
manner, the second m drange wavegui de 25 has a sixth diameter 27, and the
sixth diameter 27 is larger than the fourth dianeter 31. Advantageously,
the third dianmeter 21 can be the sane as the fourth dianmeter 31, and the

fifth dianELekr n%@e%@oéé‘ﬁ} E@”ﬁ .a%)tﬁﬁgve atsir:]i‘;rcu FQIE %grve%sassg\(}}?@;\),\en Fig.

3. The ‘“waveguil shown 1 n when d from

above or bel o hat Fia. 1) , such
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surface over an area which exce an are def by t di angter. of the
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are nore precisely understood as |engths or the narrowest portion of the
wavegui de. lines shewmiy Eiui et mwe RIACiselyi yidessipod asplengis e tispnarrovast

di aneter woul d be defined along the minor axis of the ellipse. [0019] Fig. 4
i s an epmtioded thes armweguidevi letheofvavbguides hdve aot éltiptedal spapdk éor efaniplg, the. The
frame 50 conprises portions 60, 70, 80 along with spacing struts 74 and

f ast enediaméter walld ©8i dedintafal@rstBEhiIoF 8%iS ofttheosipsy. € housi ng. The two
wavegui des 15 and 25 may be fastened together as shown or fornmed as a

single piece or unitary construction. Fig. 5 shows another enbodi nent of a
speaker 110, wherein each of the waveguides 115, 125, 135 have a

corr espRidbfegSiid 35 exptbed tdnethigQidl bt HRMGHBLtdhaYBLakBRAFIE 1. Ohe

frame 50 comprises portions 60, 70, 80 along with spacing struts 74 and fasteners 76,
allowing for assembly into a complete housing. The two waveguides 15 and 25 may be
fastened together as shown or formed as a single piece or unitary construction. Fig. 5
shows another embodiment of a speaker 110, wherein each of the waveguides 115,
125, 135 have a corresponding surface 116, 126, 136 with a generally dual hyperbolic
shape. As with the first embodiment, each waveguide has a diameter which is greater
than the diameter of the corresponding driver. A real waveguide surface cannot exactly
match the curve of a hyperbola. Rather, it is more critical that the surface be smooth
without rough or irregular transitions which would introduce distortions. In accordance
with a highly advantageous feature, the tweeter 40 may be provided with a waveguide
projection 137 directly opposite the high frequency waveguide 135. Waveguide
projection cooperates with the waveguide 135 to reflect sound from the driver 40.
Optionally, if desired a waveguide projectios may also be positioned on the midrange
drivers 20 and 30. As with the first embodiment, it is preferable that the closest distance

between the waveguide and the corresponding driver (or in the case of the tweeter 40




shape. As with the first enbodi nent, each wavegui de has a dianeter which is
greater than the dianmeter of the corresponding driver. A real wavegui de
surface cannot exactly match the curve of a hyperbola. Rather, it is nore
critical that the surface be smoboth w thout rough or irregular transitions
whi ch woul d i ntroduce distortions. In accordance wth a highly advant ageous
feature, the tweeter 40 may be provided with a wavegui de projection 137

di rectl ¥, ARPRStiHes HAg m%giuyeewaﬁatn@wgg%wg% éﬁﬁectwﬁvﬁ?ﬂieﬂé?}o RioPé Bfdn ON

cooperates wth t?ue wave e 135 to ref from Iver 40.

Opti ona i [ v i J iow may al so be positioned on the
m dr angi6 %dp’i %/neo?@%%s%@ragg{, %%s%gm%ttﬁsﬁﬁgﬁﬁ' rst enbodinent, it is preferable
that the cl osest distance between the wavegui de and the correspondi ng
driver (or in the case of the tweeter 40 9 shown in Fig. 5, the waveguide
135 and t he wavequi de projection 137) be no nore than 10 mm and nore

pr ef er a90¢0] ﬁ@nwgﬁefowmngdwmosymm detadiad descririioadgficestai empedimentsd
detail ed description of certain enbodinents, it wll be apparent that

var i ouswitide aprarenbothet variklist inodiicatiehsoabiditions apd wthanaiteemdiyei arepodimeatse
possi ble without departing fromthe true scope and. spirit of the invention.
The enbedpossible Witbcutsdeshrtieg drarhabentr@ndcdes candoepirit @f pthevindentiome Thest
illustration of the principles of the invention and its practi cal

appl i cagm@Bdinferitd Aib¥senRire chBSe®fand dedicABEY t6 prdlidé thé BeseNiustrtiohsef t he
invention in various enbodinents and with various nodifications as are

suited {3 bfifcipes tdfcibanhvaisifort QAL P bAIcEEal 4bPlicatich tIALILSAEAIE one of
ordinary skill in the art to use the invention in various embodiments and with various |
modifications as are suited to the particular use contemplated. All such modifications
and variations are within the scope of the invention as determined by the appended

claims when interpreted in accordance with the breadth to which they are fairly, legally,

and equitably entitled.
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and variations are within the scope of the invention as determ ned by the
appended clains when interpreted in accordance with the breadth to which
they are fairly, legally, and equitably entitled. 10 CLAIMS What is
claimed is: 1. An om ndirectional speaker conprising, in conbination: a high
frequency driver which generates sound over a high frequency range and has
a first dianeter; a high frequency wavegui de having a second di aneter which
is larger than the first dianeter; Wit mdrange driver having a third
di aneter and a second m drange drivé&dgwgging a fourth dianeter, wherein
each m drange driver generates .ddl e frequency range and the
first mdrange driver faces theﬁggggﬁgmﬁﬁ'ra%%e driver; a first mdrange
wavegui de corresponding to the first mdrange driver and having a fifth

di aneter; and a second m drange wavegui de corresponding to the second

m drange driver and having a sixth dianmeter, wherein the fifth dianeter is
| arger {han Amemindiregtianalfdeakenernpisied. dn kpmbiNadigst er is | arger than the
fourth dianeter; wherein both of the m drange frequency wavegui des are

posi ti oned hehigherequency driver which generates sound over a high frequency range and

has a first diameter,

a high frequency waveguide having a second diameter which is larger than the
first diameter;

a first midrange driver having a third diameter and a second midrange driver
having a fourth diameter, wherein each midrange driver generates sound over a middle
frequency range and the first midrange driver faces the second midrange driver;

a first midrange waveguide corresponding to the first midrange driver and having
a fifth diameter; and

a second midrange waveguide corresponding to the second midrange driver and
having a sixth diameter, wherein the fifth diameter is larger than the third diameter and
the sixth diameter is larger than the fourth diameter;

wherein both of the midrange frequency waveguides are positioned between the
first midrange driver and the second midrange driver so as to block a direct path from

the first midrange driver to the second midrange driver.

2. The omindirectional speaker of claim 1 wherein each midrange waveguide has a

surface which is one of convex and dual hyperbolic.
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first mdrange driver and the second m drange driver so as to block a direct
path from the first mdrange driver to the second mdrange driver. 2. The
om ndi rectional speaker of claim1l wherein each m drange wavegui de has a
surface which is one of convex and dual hyperbolic. 11 3. The

om ndi rectional speaker of claim1 wherein each of the drivers has a center,
and all of the centers are co-axial with one another. 4. The om ndirectional

speaker 3 of Cflﬁ Fnindi¥agfichdl s%eﬁk&scﬁ‘%lalﬁi $W?&n%%ﬂﬁﬁﬁh@@ﬁbersvﬁééeﬁ%ﬁ‘t%rand

t he correspo ng driver 1s less than 10 . The om ndirectional speaker
of cl ai [ t e sarre as the fourth dianeter
and thegadl?lrﬁ]eﬂgg d%n[é}gawbé%éfgslg‘}n@ ogge %rﬁ)tﬁi}l xth dianmeter. 6. The

om ndirectional speaker of claim1 further conprising a | ow frequency range
driver. 7. The om ndirectional speaker of claim1 further conprising a
housi ng, wherein at | east the hi h frequency driver, the fiyst m drange
driver %nd tHe Q@dslirgctongl spgak %fr‘? im ﬁ,\l&ﬁe inia@asess diHaneR NeWREN §AChTHe
om ndi rectional speaker of claim7 wherein the housing and one of the

m dr ang@avkduide and tspeorsespondingedrivies isaless than hakn.chanber. 9. The

om ndi rectional speaker of claim7 wherein the housing and the high
frequency wavegui de cooperate with one of the mdrange drivers to define a
second

5. The omindirectional speaker of claim 1 wherein the third diameter is the same as

the fourth diameter and the fifth diameter is the same as the sixth diameter.

6. The omindirectional speaker of claim 1 further comprising a low frequency range
driver.
7. The omindirectional speaker of claim 1 further comprising a housing, wherein at

least the high frequency driver, the first midrange driver and the second midrange driver

are affixed to the housing.

8. The omindirectional speaker of claim 7 wherein the housing and one of the

midrange drivers cooperate to define a first back chamber.

9. The omindirectional speaker of claim 7 wherein the housing and the high

frequency waveguide cooperate with one of the midrange drivers to define a second

back chamber.
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back chanber. 12 10. The om ndirectional speaker of claim7 wherein the
housi ng and the high frequency driver cooperate to define a third back
chanber. 11. The om ndirectional speaker of claim1 further conprising a
wavegui de projection affixed to the high frequency wavegui de which
cooperates with the high frequency waveguide to reflect sound generated
the high frequency driver. 13

10. The omindirectional speaker of claim 7 wherein the housing and the high

frequency driver cooperate to define a third back chamber.
11.  The omindirectional speaker of claim 1 further comprising a waveguide projection

affixed to the high frequency waveguide which cooperates with the high frequency

waveguide to reflect sound generated by the high frequency driver.
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