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( 57 ) ABSTRACT 
A substantially full - range loudspeaker system for acoustic 
sound reinforcement can include a woofer section with a 
first loudspeaker driver configured to reproduce audio sig 
nals in a first frequency range and a controlled - directivity 
horn section configured to reproduce other audio signals in 
a different second frequency range . In an example , the horn 
section includes a second loudspeaker driver comprising a 
cone - diaphragm transducer and a dust dome , an acoustic 
lens having a first side and an opposite second side , wherein 
the first side of the lens is coupled to a sound - projecting face 
of the second loudspeaker driver , and a waveguide coupled 
to the second side of the lens , wherein the waveguide 
comprises walls that follow arcuate paths in horizontal and 
vertical planes . 
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LOUDSPEAKER ARRAY CABINET 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is related to and claims priority to 
U.S. Provisional Application No. 62 / 809,358 , filed on Feb. 
22 , 2019 , and entitled “ Loudspeaker Array Cabinet , ” the 
entirety of which is incorporated herein by reference . 

BACKGROUND 

[ 0002 ] Sound reinforcement systems can be provided for 
amplified playback of various sound sources or instruments , 
such as guitar , bass guitar , keyboards , drum machines , 
various other stringed instruments , or other acoustic sources . 
In an example , a sound reinforcement system includes a 
loudspeaker or speaker system that can include multiple 
enclosures , such as can be stacked , placed side by side , or 
otherwise used together . In an example , an internal or 
external power amplifier can be used to power speakers in 
one or more of the enclosures . In an example , transducers in 
the enclosures can receive respective input signals from a 
power amplifier . 
[ 0003 ] In an example , a system includes different enclo 
sures for different bands of audio signals . For example , a 
first enclosure or section can be a low frequency section and 
a second enclosure or second can be a mid / high frequency 
section . Each section can be differently or separately con 
trolled . In an example , response or output characteristics of 
the low frequency section can be controlled by a tuned port . 
In an example , response or output characteristics of the 
mid / high frequency section can be controlled by a phase 
plug , a horn , or transducer alignment , such as vertical 
stacking , to control acoustic output of the system . 
[ 0004 ] In some examples that include a horn , an acoustic 
transformer or phase plug can be used to tune an acoustic 
output from a loudspeaker . In an example , a phase plug can 
include an insert configured to be fit at least partially inside 
of a concavity defined by a loudspeaker cone diaphragm , 
and can be positioned in proximity to the speaker dia 
phragm . Such a phase plug can help bring different portions 
of sound waves generated by the diaphragm into coherence 
at the loudspeaker outlet . 

an emulator or similar processor and can provide a full 
bandwidth output . That is , the system can be configured to 
be substantially transparent such that instrument sounds that 
can be pre - processed to sound a particular way can be 
reproduced by the system without additional coloration . 
[ 0006 ] In an example , a solution to the above - described 
problem can include or use a substantially full - range loud 
speaker system for acoustic sound reinforcement . The sys 
tem can include a woofer section and a controlled - directivity 
( or substantially constant - directivity ) horn section . In an 
example , the woofer section can include a first loudspeaker 
driver configured to reproduce audio signals in a first 
frequency range . The horn section can be configured to 
reproduce other audio signals in a different second fre 
quency range . The horn section can include , among other 
things , a second loudspeaker driver comprising a cone 
diaphragm transducer and a dust dome , an acoustic lens 
having a first side and an opposite second side , wherein the 
first side of the lens is coupled to a sound - projecting face of 
the second loudspeaker driver ; and a waveguide coupled to 
the second side of the lens , wherein the waveguide com 
prises walls that follow arcuate paths in horizontal and 
vertical planes . In an example , the woofer section can 
include a baffle configured to receive the first loudspeaker 
driver , and the baffle has a baffle central axis . The waveguide 
can have a waveguide central axis in the vertical plane of the 
waveguide , and the baffle central axis and the waveguide 
central axis can be substantially parallel and transversely 
spaced apart . 
[ 0007 ] This summary is intended to provide an overview 
of subject matter of the present patent application . It is not 
intended to provide an exclusive or exhaustive explanation 
of the invention . The detailed description is included to 
provide further information about the present patent appli 
cation . 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

BRIEF SUMMARY 

[ 0005 ] The present inventor has recognized that a problem 
to be solved includes providing an instrument cabinet that is 
suitable for use in sound reproduction , such as following a 
signal chain modeler , and such as can be configured for live 
sound applications . For example , conventional guitar and 
bass guitar sound reinforcement systems , such as loud 
speaker cabinets with multiple conventional cone drivers , 
such as a 4x12 " driver arrangement , can be inadequate for 
signal chain modeling and live sound reinforcement . A 
solution to the problem can include or use the loudspeakers 
and / or cabinets and / or arrangements discussed herein . For 
example , a system according to the present disclosure can be 
configured to provide sufficient acoustical power to project 
sound toward or into an audience , and the system can have 
a suitable polar response , such as due to a crossover and / or 
a mid / high horn . In an example , this system can be powered 
by a professional amplifier such that the system can be 
integrated with various front of house systems . In an 
example , the system can receive power or input signal from 

[ 0008 ] In the drawings , which are not necessarily drawn to 
scale , like numerals may describe similar components in 
different views . The drawings illustrate generally , by way of 
example , but not by way of limitation , various embodiments 
discussed in the present document . 
[ 0009 ] FIG . 1 illustrates a loudspeaker system in accor 
dance with one example . 
[ 0010 ] FIG . 2 illustrates a loudspeaker system exploded 
view in accordance with one example . 
[ 0011 ] FIG . 3 illustrates a woofer polar response in accor 
dance with one example . 
[ 0012 ] FIG . 4 illustrates a cabinet detail in accordance 
with one example . 
[ 0013 ] FIG . 5 illustrates a waveguide detail in accordance 
with one example . 
[ 0014 ] FIG . 6 illustrates a lens in accordance with one 
example . 
[ 0015 ] FIG . 7 illustrates an inlet side perspective view in 
accordance with one example of a lens . 
[ 0016 ] FIG . 8 illustrates an outlet side perspective view in 
accordance with one example of a lens . 
[ 0017 ] FIG . 9 illustrates a cross section view in accor 
dance with one embodiment of a lens . 
[ 0018 ] FIG . 10 illustrates a horn section in accordance 
with one example . 
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01F1lustrates apartar - section view of 
horn section in accordance with one example . 
[ 0020 ] FIGS . 12-14 illustrate generally various views of 
an example of a second lens . 
[ 0021 ] FIGS . 15-17 illustrate generally various views of 
an example of thirden . 
[ 0022 ] FIGS . 18-20 illustrate generally various views of 
an example of fourth . 

DETAILED DESCRIPTION 
[ 0023 ] In an example , a loudspeaker system or sound 
reinforcement cabinet can be provided . The loudspeaker 
system can be characterized by a substantially full - range 
response and controlled - directivity of its acoustic output . In 
an example , the full - rangerespon an include acoustic 
signals from about 20 Hz to about 20,000 Hz . 
[ 0024 ] The term “ directivity ” is used herein to describe a 
way in which acoustic information from a loudspeaker 
system , or a frequency response of the system , behaves or 
changes at off - axis angles relative to a reference . Generally , 
a wide directivity system is one that can maintain a particu 
lar signal amplitude ( e.g. , sound pressure level ) between the 
on - axis and off - axis information over a wide subtended 
angle . A narrow directivity system is one where on - axis and 
off - axis amplitudes are substantially maintained over a small 
subtended angle . In direct radiating systems , small wave 
length or high frequency acoustic information can “ beam " or 
become more directional in the on - axis direction . Lobes or 
lobing can occur at off - axis locations such as due to phase 
interaction . 
[ 0025 ] In an example , a direction of acoustic output can be 
controlled , particularly at increasingly high frequencies , 
such that a listener or audience in a target zone can receive 
substantially all of the output acoustic information from the 
system . That is , a listener in the target zone can experience 
the substantially full - range output of the loudspeaker sys 
tem . In an example , the target zone can include an area that 
extends horizontally and vertically from a front or sound 
projecting side of the system , such as from about 1 meter in 
front of the system . 
[ 0026 ] In an example , the loudspeaker system can be 
configured as an instrument cabinet for signal chain mod 
eling or live sound applications . For example , conventional 
guitar and bass guitar sound reinforcement systems , such as 
loudspeaker cabinets with multiple conventional cone driv 
ers , such as can include 4x12 " driver arrangement , can be 
inadequate for signal chain modeling or live sound environ 
ments , for example due to directivity or frequency response 
deficiencies.Asolution to the problema include or use the 
loudspeaker systems discussed herein and / or can include 
elements or features thereof . For example , a loudspeaker 
system according to the present disclosure can be configured 
to provide sufficient acoustic power to project sound toward 
or into an audience or to the source musician in a target zone . 
The system can have a suitable polar response that enables 
a full - range listening experience in the target zone , such as 
due to a crossover network and / or a mid / high frequency 
horn section that is tuned for coherence . In an example , the 
system can be powered by an amplifier or can be integrated 
with or usable together with various signal chain modelers 

front huseysm . 
[ 0027 ] In an example , the systems discussed herein can 
receive power or an input signal from an emulator or other 
signal processor and , in response , can provide a substantially 

full bandwidth or full - range acoustic output . That is , the loudspeaker system can be configured to be substantially 
transparent such that instrument information that may be 
pre - processed can be reproduced by the system without 
additional coloration that could otherwise affect the intended 
result of the pre - processing . 
[ 0028 ] In an example , the loudspeaker system can be 
configured to split and extend a frequency response . The 
system can include a cabinet with a waveguide provided at 
an output of a woofer phase plug to produce a coherent wave 
front . In an example , the systems discussed herein can 
include a constant directivity horn to provide or maintain 
substantially constant dispersion in one or both of horizontal 
and vertical planes . In an example , the system is configured 
to receive amplified signals , such as from a professional 
audio amplifier that can include or use DSP ( digital signal 
processing ) in the audio chain . The constant directivity 
response , power output , as well as using a professional audio 
amplifier and signal chain , provide a system that can be used 
with signal chain modelers or on stage or mixed in with a 
front of house system . 
[ 0029 ] In an example , an upper portion or upper cabinet of 
the system can include one or more transducers mounted at 
an angle that is selected or configured to facilitate a position 
and direction to provide an optimal polar response for 
effective projection into an audience or for personal repro 
duction . In an example , the upper portion , such as including 
a mid / high frequency section , can be vertically splayed to 
spread the vertical pattern across a specified angle . 
[ 0030 ] FIG . 1 illustrates generally an example of a loud 
speaker system 100. The loudspeaker system 100 can 
include a woofer and high frequency portion 102 and a 
subwoofer portion 104. In an example , the loudspeaker 
system 100 can be configured as a substantially full - range , 
controlled - directivity loudspeaker system . In an example , 
the system comprising the lower frequency woofer section 
and the mid - high frequency section provides an acoustic 
output with less distortion , improved beam width , and 
improved high frequency extension relative to conventional 
instrument speaker cabinets or conventional combinations 
of multiple cabinets . 
[ 0031 ] The woofer and high frequency portion 102 can 
include or use loudspeaker drivers with cone - shaped dia 
phragms or can include or use compression drivers . In an 
example , the woofer and high frequency portion 102 can 
include a horn section comprising one or more loudspeaker 
transducers , a waveguide , and an acoustic lens or phase plug 
provided between each transducer and the waveguide . In an 
example , the high frequency portion 102 can include or use 
one or more direct radiating transducers . 
[ 0032 ] In an example , the loudspeaker system 100 can 
receive an input signal and split ( actively or passively ) the 
input signal to send information to at least two different 
speaker sections , such as to the woofer and high frequency 
portion 102 and the subwoofer portion 104. The portions can 
be physically separate , such as comprising different speaker 
cabinets that can be stacked . In an example , one or both of 
the cabinets can include or use one or more tuned ports to 
help manage or tune reproduction of low frequency sounds . 
[ 0033 ] High frequency sound information from an input 
signal can be provided to the woofer and high frequency 
portion 102 for reproduction using one or more drivers . In 
an example , the woofer and high frequency portion 102 can 
include or use one or more cone transducers , phase plugs , 
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diffraction beams , lenses , horns , waveguides , or combina 
tions thereof . In an example , such as illustrated in the figures 
herein , the woofer and high frequency portion 102 can 
include four mid / high frequency cone transducers , and each 
transducer can have a respective phase plug or lens coupled 
to a common directivity waveguide . Other embodiments can 
similarly be used , such as using fewer or additional trans 
ducers . 
[ 0034 ] In an example , a cabinet according to the present 
disclosure can have multiple cabinet sections for mobility 
and ease of use . In other examples , the various configura 
tions can be integrated into a single cabinet . In an example , 
one or more of the cabinet sections can have a size or shape 
that can be the same or similar to a traditional 2x12 " guitar 
cabinet ( e.g. , having a front area of about 20 " x30 " ) . In an 
example , the lower section cabinet , such as comprising the 
subwoofer portion 104 , can be rectangular and , in an 
example , does not include any offset in a facing direction of 
the low frequency transducers therein . That is , the lower 
section can have a transducer mounting baffle that is vertical , 
rather than sloped . 
[ 0035 ] FIG . 2 illustrates generally a loudspeaker system 
exploded view 200 of the loudspeaker system 100. The 
loudspeaker system exploded view 200 illustrates that the 
woofer and high frequency portion 102 can , in an example , 
be detachable from or coupled to the subwoofer portion 104 . 
[ 0036 ] In an example , the subwoofer portion 104 can 
include a subwoofer cabinet 202 including a subwoofer 
cabinet port 222 , a subwoofer driver 218 , and a foot receiver 
226. The foot receiver 226 can include one or multiple 
features configured to align the subwoofer cabinet 202 with 
the woofer and high frequency cabinet 204 or with another 
cabinet or device . 
[ 0037 ] In the example of FIG . 2 , the woofer and high 
frequency portion 102 includes a woofer and high frequency 
cabinet 204 with a woofer cabinet port 220 , a woofer baffle 
206 , a waveguide receiving portion 208 , one or more 
mid - frequency woofer drivers 210 , one or more high - fre 
quency or full - range woofer drivers 212 , one or more lenses 
214 , a waveguide 216 , and a cabinet foot 224. The cabinet 
foot 224 and foot receiver 226 are configured to mate to 
provide a specified alignment or relationship between the 
one or more drivers in the subwoofer cabinet 202 and the 
one or more drivers in the woofer and high frequency 
cabinet 204 . 
[ 0038 ] The woofer baffle 206 forms , in part , a front face of 
the woofer and high frequency portion 102 of the loud 
speaker system 100. In an example , the mid - frequency 
woofer drivers 210 are mounted to the woofer baffle 206 . 
Along with holding the drivers in place , the woofer baffle 
206 prevents sound from the front and the back of the drivers 
from destructive interference . In the various examples dis 
cussed herein , the woofer baffle 206 can be angled or offset 
relative to a vertical axis , such as to steer acoustic energy in 
a specified manner . In an example , the woofer baffle 206 can 
have about a 5 degree to 20 degree back tilt angle relative to 
a vertical reference plane . 
[ 0039 ] FIG . 3 illustrates generally an example of a woofer 
polar response 300 such as for the one or more woofers in 
the woofer and high frequency cabinet 204 of the waveguide 
loudspeaker system 100. In the example of FIG . 3 , the 
mid - frequency woofer drivers 210 include a first woofer 302 
and a second woofer 304 coupled to the woofer baffle 206 . 
The first woofer 302 and second woofer 304 can be sub 

stantially matched woofer drivers or can be differently 
configured . In the example of FIG . 3 , the first woofer 302 
and second woofer 304 can be substantially matched in 
terms of expected acoustic response and sensitivity . The 
woofer polar response 300 shows generally a vertical direc 
tional response , by frequency , of acoustic output from the 
first woofer 302 and the second woofer 304 when they are 
used together . 
[ 0040 ] Different response characteristics than those illus 
trated would be expected if only one driver is used or if 
greater than two drivers is used . 
[ 0041 ] The first woofer 302 and the second woofer 304 
have respective central axes that can be perpendicular to a 
plane of the woofer baffle 206. The central axes of the 
woofers are spaced apart by a first distance or woofer 
spacing 316. The length of the woofer spacing 316 can 
influence or affect a polar response of the system . For 
example , a vertical dispersion of the system can be influ 
enced by the woofer spacing 316. The woofer spacing and 
polar response can be tuned or selected , for example , based 
on one or more characteristics of a horn section that can be 
provided adjacent to the woofers . 
[ 0042 ] The example of FIG . 3 shows a polar plot 306 
corresponding to a first woofer spacing 316. The vertical 
polar plot 306 indicates , by frequency , a relative vertical 
response of the system at various locations that are off - axis 
to the system that includes both illustrated woofers . The 
polar plot 306 includes a 6 dB down line 314 that indicates , 
for each of multiple frequencies , where the acoustic output 
of the system is attenuated by 6 dB relative to a reference 
position or normalized position , such as relative to a location 
that would be directly on - axis with the woofer portion of the 
system . In the illustrated example , the reference position or 
normalized position corresponds to 90 degrees in the polar 
plot 306. In the illustrated example , a central lobe 308 of the 
polar plot 306 extends coaxially with the reference direction . 
At about 1800 Hz , the cutoff or intersection with the 6 dB 
down line 314 is at about 70 degrees and 110 degrees ( e.g. , 
about a 40 degree vertical spread ) . If the woofer spacing 316 
is increased , then the cutoff or intersection with the 6 dB 
down line 314 would be at different angles , for example 
indicating narrower dispersion and a relatively more focused 
central lobe 308. The example polar plot 306 of FIG . 3 
illustrates an upper side lobe 312 and a lower side lobe 310 . 
The side lobes , which are generally to be minimized , indi 
cate generally vertical off - axis performance of the system 
relative to the reference or central axis of the system . 
[ 0043 ] In the example of FIG . 3 , the first woofer 302 and 
second woofer 304 are mounted such that sound projecting 
faces of the woofers are provided in the same plane . In other 
examples , the woofers can be splayed or angled relative to 
one another , or can be offset in the horizontal or vertical 
directions . 
[ 0044 ] FIG . 4 illustrates generally an example of a cabinet 
detail 400 for the woofer and high frequency cabinet 204 , 
particularly for the first woofer 302 , the second woofer 304 , 
and the woofer baffle 206. The cabinet detail 400 includes 
the woofer and high frequency cabinet 204 and a horizontal 
plane 404. The horizontal plane 404 can be parallel to a 
bottom surface of the woofer and high frequency cabinet 
204 and , in an example , the horizontal plane 404 provides a 
reference for various other features of the woofer and high 
frequency cabinet 204 . 
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[ 0045 ] In an example , the woofer baffle 206 has a baffle 
plane 402. The baffle plane 402 can include a plane or 
surface to which the first woofer 302 and the second woofer 
304 are mounted . The baffle plane 402 can be offset from a 
vertical axis or vertical plane and from the horizontal plane 
404. Instead , the baffle plane 402 can be angled such that 
acoustic information from woofers mounted to the woofer 
baffle 206 can be directed at least partially upward and away 
from the horizontal plane 404. In an example , a bottom edge 
( e.g. , -6 dB point ) of the subtended angle , or woofer vertical 
angle 410 , can be parallel to , but offset from , the horizontal 
plane 404 . 
[ 0046 ] The woofer baffle 206 can have a baffle center axis 
406. The baffle center axis 406 can be a central axis of the 
woofer baffle 206 and can be located at a midpoint between 
axes of the first woofer 302 and the second woofer 304 on 
the baffle plane 402. In an example , an orientation of the 
baffle plane 402 can be defined in part by a baffle angle 408 , 
such as can include an angle between the baffle center axis 
406 and the horizontal plane 404. In an example , the baffle 
angle 408 can be greater than about 10 degrees and less than 
about 30 degrees . In an example , the baffle angle 408 can be 
between about 15 degrees and 20 degrees . 
[ 0047 ] As described above in the discussion of FIG . 3 , the 
woofer and high frequency cabinet 204 has an acoustic 
output that can be defined or measured at least in part using 
polar response information . Spacing between the woofers in 
the woofer and high frequency cabinet 204 , such as addi 
tionally to other signal phase correction , and characteristics 
of the woofer baffle 206 can influence the response . In the 
example of FIG . 4 , a woofer vertical angle 410 indicates 
generally a response in the vertical plane from the woofers , 
such as over a particular range of frequencies . The response 
of the woofers alone is generally not a constant directivity 
response , for example , because there can be relatively little 
reinforcement of higher frequency information , especially 
off - axis or away from the baffle center axis 406. Addition 
ally , woofer response patterns generally drop off at relatively 
higher frequencies due to the mass - controlled region of the 
woofer . However , by introducing a horn section that 
includes a waveguide , an overall system response and direc 
tivity can be enhanced . In an example , directivity charac 
teristics of acoustic output from the woofers mounted to the 
woofer baffle 206 can be configured to substantially match 
directivity characteristics of acoustic output from the horn 
section at one or more crossover frequencies . 
[ 0048 ] FIG . 5 illustrates generally an example of the 
woofer and high frequency cabinet 204 including the wave 
guide 216. The example of FIG . 5 includes the woofer baffle 
206 to illustrate generally an example of a relationship or 
relative position of the waveguide 216 and the woofer baffle 
206 when the waveguide 216 and woofer baffle 206 are 
provided adjacent to each other . FIG . 5 includes a wave 
guide reference plane 506 that is defined by the orientation 
of the waveguide 216. In an example , the waveguide refer 
ence plane 506 is parallel to , but offset vertically from , the 
horizontal plane 404 of the woofer and high frequency 
cabinet 204. In other examples , the waveguide reference 
plane 506 can be angled or offset from a horizontal reference 
plane such as by 10 degrees or less , or can have other offsets 
or orientations . 
[ 0049 ] The waveguide 216 can have various dimensions 
and acoustic shaping characteristics . In an example , the 
waveguide 216 has a waveguide top plane 508 correspond 

ing to an uppermost sound - projecting edge or face of the 
waveguide 216. The waveguide 216 can include a wave 
guide center axis 502 provided at or about halfway between 
the waveguide reference plane 506 and the waveguide top 
plane 508. A waveguide vertical angle 504 indicates a 
vertical splay of the top and bottom edges of the waveguide 
216. In an example , the waveguide vertical angle 504 is 
about 40 degrees . The vertical angle 504 generally indicates 
a vertical acoustic dispersion pattern of the horn . 
[ 0050 ] In an example , the waveguide center axis 502 can 
be parallel to , or can be co - planar with , the baffle center axis 
406. In other words , a center axis of the waveguide 216 and 
a center axis of the woofer baffle 206 can be parallel . Other 
relationships between the waveguide center axis 502 and 
baffle center axis 406 can be used to affect a relationship 
between a polar response of the woofer and high frequency 
portion 102 of the loudspeaker system 100 . 
[ 0051 ] FIG . 6 illustrates generally a perspective view of a 
first example of an acoustic lens 600. The lens 600 can 
comprise one or more of the lenses 214 from the example of 
FIG . 2. In an example , the lens 600 can be configured to 
promote coherence of acoustic information from a source 
transducer , such as from one of the full - range woofer drivers 
212 , at a throat or outlet of a horn section or of the 
waveguide 216 . 
[ 0052 ] The lens 600 comprises a lens inlet side 602 that 
can be coupled to a source or transducer , such as a cone 
shaped woofer transducer . The lens 600 can be coupled to 
the transducer using , for example , a driver interface 616 . 
The lens 600 comprises a lens outlet side 604 that can be 
coupled to a waveguide , such as the waveguide 216 , or other 
controlled - directivity output device . The lens 600 can be 
coupled to the waveguide 216 using a waveguide interface 
608. The lens 600 includes various features that can promote 
a tailored frequency response , such as for coherence of 
acoustic information at an output of the loudspeaker system 
100 . 
[ 0053 ] In an example , to extend high frequency perfor 
mance of a theoretically ideal loudspeaker with a diaphragm 
that vibrates uniformly as one piston at all frequencies , the 
lens 600 can be closely spaced to a loudspeaker diaphragm . 
A distance between one or more through - holes or passages 
in the lens 600 can be minimized , and sound travel path 
lengths through the lens 600 can be substantially equal . In 
practice , however , different portions of a source loudspeaker 
diaphragm can vibrate at different frequencies . For example , 
at relatively higher frequencies , a dust cap or dome portion 
of a cone loudspeaker driver adjacent to the voice coil can 
vibrate uniformly while other peripheral portions of the 
same loudspeaker's diaphragm may be in vibration anti 
phase with still other portions of the cone , thereby resulting 
in a bulk cancellation . To help ensure higher frequency 
acoustic signals are efficiently released from a loudspeaker 
system , the lens 600 can be configured to allow acoustic 
information originating from a dust cap or dome portion to 
pass , such as into a waveguide , without being physically 
impeded by a portion of the lens 600 . 
[ 0054 ] The lens 600 can have various dimensions or 
characteristics . In an example , the lens 600 can have surface 
features or contours that match or mirror surface features or 
contours of the loudspeaker transducer diaphragm with 
which the lens 600 is used . For example , a convexity or 
concavity of the lens 600 can be configured to substantially 
match a concavity or convexity of a corresponding dia 
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phragm cone . For the purposes of this discussion , a 
" matched " concavity and convexity can be opposite or 
opposing surfaces having the same or substantially the same 
angles , curves , dimensions , or other characteristics . In the 
example of FIG . 6 , the lens 600 includes at least a peripheral 
inlet contour 606 that can have a slope that is configured to 
be substantially the same as a slope of a cone diaphragm of 
a transducer that is mounted to the lens inlet side 602 of the 
lens 600. The lens 600 can include a central inlet contour 
618 that is configured to be substantially the same as a 
contour or feature of a dust dome or cap of a transducer that 
is mounted to the lens inlet side 602 of the lens 600 . 
[ 0055 ] In an example , one or more passages or through 
holes can be provided in the lens 600 such that acoustic 
energy from a transducer mounted to the lens 600 can be 
directed through the lens 600 and , for example , into the 
waveguide 216. The one or more passages can have various 
sizes and shapes . In some examples , the one or more 
passages can be slot - shaped , ring - shaped , star - shaped , or 
otherwise shaped . In an example , the lens 600 can include 
slots having various configurations such as including a 
concentric ring formation , a perforated formation , or a slot 
formation wherein one or more of the slots or the sidewalls 
thereof can be wedge - shaped . 
[ 0056 ] In the example of FIG . 6 , the lens 600 includes a 
central passage 610 , a first peripheral passage 612 , and a 
second peripheral passage 614. In an example , at least one 
passage can be provided coaxially with the transducer that 
drives the lens 600 such that acoustic information from a 
central dust cap or dome portion of the transducer can be 
directly communicated to the waveguide 216. In other 
words , the central passage 610 can be configured such that 
it provides an open area or through hole for communication 
of acoustic information from a transducer to a waveguide . 
Although the example of the lens 600 includes three slots , 
fewer or additional slots or passages can similarly be used . 
[ 0057 ] In an example , at least one passage through the lens 
can be provided substantially coaxially with the transducer 
that drives the lens 600 such that acoustic information from 
a central dust cap or dome portion of the transducer can be 
communicated to the waveguide 216. In other words , the 
central passage 610 can be configured such that it provides 
an open area or through hole for communication of acoustic 
information from the vicinity of the dust cap or dome portion 
of the transducer to a waveguide or other outlet . The passage 
can optionally be laterally offset from the central axis of the 
transducer . Generally , however , at least a portion of the 
passage can be configured to receive acoustic energy from a 
least a portion of the dust cap or dome of the transducer such 
that high frequency information originating from or near the 
central axis of the transducer can be received and commu 
nicated directly to the outlet of the lens or to a waveguide . 
[ 0058 ] FIG . 7 illustrates generally an inlet side perspective 
view 700 of the lens 600. The example of FIG . 7 shows , 
from another vantage point , the various contours and sur 
faces of the lens 600. For example , FIG . 7 illustrates a 
concavity of the central inlet contour 618 , such as can be 
configured to match or mirror a convex surface of a dust 
dome or cap of a transducer . 
[ 0059 ] The example of FIG . 7 illustrates that each of the 
slots or passages in the lens 600 is an elongate or extended 
oval - shaped slot and each slot has a respective aperture 
characteristic on the lens inlet side 602. For example , the 
central passage 610 has a corresponding central inlet aper 

ture 702. The central inlet aperture 702 can include a 
perimeter or edge portion of the central passage 610 or of the 
central slot of the lens 600. The central inlet aperture 702 c 
have a length characteristic and can define an area of the 
opening of the central inlet aperture 702 . 
[ 0060 ) Similarly , the first peripheral passage 612 can have 
a corresponding first peripheral inlet aperture 704 , and the 
second peripheral passage 614 can have a corresponding 
second peripheral inlet aperture 706. In an example , the 
peripheral passages can be substantially slot shaped or can 
be kinked or angled , such as having a kidney bean - type 
shape . One or more of the apertures can have the same or 
different characteristics . For example , a length or area 
characteristic of the central inlet aperture 702 can be greater 
than corresponding length or area characteristics of the first 
peripheral inlet aperture 704 or the second peripheral inlet 
aperture 706 , or vice versa . In other words , a size of the inlet 
to the central passage 610 of the lens 600 can be larger than 
the respective sizes of the inlets to the first peripheral 
passage 612 or second peripheral passage 614. In other 
examples , a size of the inlet to the central passage 610 can 
be smaller than the sizes of the other passage inlets . 
[ 0061 ] FIG . 8 illustrates generally an outlet side perspec 
tive view 800 of the lens 600. The example of FIG . 8 shows 
various details of the lens outlet side 604 of the lens 600 , 
such as can be communicatively coupled with an inlet of the 
waveguide 216. The lens outlet side 604 can include or can 
be coupled to portions of the central passage 610 , the first 
peripheral passage 612 , and the second peripheral passage 
614 . 
[ 0062 ] The example of FIG . 8 illustrates that each of the 
slots or passages in the lens 600 has a respective aperture 
characteristic on the lens outlet side 604. For example , the 
central passage 610 has a corresponding central outlet 
aperture 802. The central outlet aperture 802 can include a 
length or perimeter edge portion of the central passage 610 
or central slot of the lens 600. The central outlet aperture 802 
can have a length characteristic and can define an area of the 
opening of the central outlet aperture 802. Similarly , the first 
peripheral passage 612 can have a corresponding first 
peripheral outlet aperture 804 , and the second peripheral 
passage 614 can have a corresponding second peripheral 
outlet aperture 806. One or more of the apertures can have 
the same or different characteristics . For example , a length 
or area characteristic of the central outlet aperture 802 can 
be greater than corresponding lengths or area characteristics 
of the first peripheral outlet aperture 804 or the second 
peripheral outlet aperture 806. In other words , a size of the 
outlet from the central passage 610 of the lens 600 can be 
larger than the respective sizes of the outlets from the first 
peripheral passage 612 or the second peripheral passage 614 . 
In other examples , a size of the outlet from the central 
passage 610 of the lens 600 can be smaller than the respec 
tive sizes of the outlets from the peripheral passages . 
[ 0063 ] FIG . 9 illustrates generally an example of a cross 
section view 900 of the acoustic lens 600. In the example of 
FIG . 9 , the cross section view 900 shows relationships 
between features or characteristics of the lens inlet side 602 
and features or characteristics of the lens outlet side 604 of 
the lens 600 . 
[ 0064 ] FIG . 9 illustrates a lens central axis 912 that 
extends centrally through the lens 600 , such as through the 
central passage 610 of the lens 600. In an example , the 
central passage 610 includes or is defined in part by side 
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walls , such as a first central sidewall 902 and a second 
central side wall 904. The first central sidewall 902 can be 
angled , such as relative to the lens central axis 912 , such that 
the first central sidewall 902 would converge with or contact 
the lens central axis 912 if it were lengthened . In other 
words , the first central sidewall 902 can be sloped relative to 
the axis of the lens 600. The opposite second central side 
wall 904 can be similarly sloped relative to the lens central 
axis 912 such that the second central side wall 904 and first 
central sidewall 902 have one or more portions that are 
nearer to the lens central axis 912 at the lens outlet side 604 
than at the lens inlet side 602. Stated differently , due to a 
sloped and converging nature of the first central sidewall 902 
and second central side wall 904 , the length of an aperture 
at the lens inlet side 602 of the central passage 610 can be 
greater than a length of an aperture at the lens outlet side 604 
of the same central passage 610. In other words , the first 
central sidewall 902 and second central side wall 904 can 
provide a pair of walls for a tapered central passage 610 . 
[ 0065 ] In the example of FIG . 9 , the first peripheral 
passage 612 comprises a first peripheral sidewall 908 and a 
second peripheral sidewall 910. In an example , the first 
peripheral sidewall 908 and the second peripheral sidewall 
910 can be sloped such that a length of an aperture of at the 
lens inlet side 602 of the first peripheral passage 612 can be 
greater than a length of an aperture at the lens outlet side 604 
of the same first peripheral passage 612 . 
[ 0066 ] Stated differently , each of various passages or 
through - holes in the lens 600 can be funnel - shaped such that 
each passage has a greater surface area characteristic at its 
inlet side than at its outlet side . That is , the central passage 
610 can be funnel - shaped with a smaller or converging end 
at the lens outlet side 604 , the first peripheral passage 612 
can be similarly funnel - shaped with a smaller or converging 
end at the lens outlet side 604 , and the second peripheral 
passage 614 can be similarly funnel - shaped with a smaller or 
converging end at the lens outlet side 604. By using the 
various passages of the lens 600 to adjust acoustic through 
put of the lens 600 , a magnitude of acoustic signals at the 
output , or at the lens outlet side 604 , can have a sufficient 
magnitude to ensure the waveguide 216 can restrain the 
output pattern or response . In other words , the shapes of the 
various passages in the lens 600 can be configured to ensure 
the high frequency section has or exhibits specified direc 
tivity characteristics during use . 
[ 0067 ] In an example , the lens 600 can be coupled to a 
waveguide , such as the waveguide 216 from the example of 
FIG . 2 , and to a driver . FIG . 10 illustrates generally an 
example of a horn section 1000 that can include the wave 
guide 216 coupled to multiple different instances of the lens 
600 that , in turn , are coupled to respective multiple different 
loudspeaker drivers . In other words , the side view example 
of the horn section 1000 in FIG . 10 illustrates an assembly 
that can include the full range woofer drivers 212 , the lenses 
214 , and the waveguide 216 from the example of FIG . 2 . 
[ 0068 ] The example of FIG . 10 includes multiple woofer 
drivers coupled to respective different lenses . For example , 
a first driver 1002 can be coupled to a first lens 1010 , a 
second driver 1004 can be coupled to a second lens 1012 , 
third driver 1006 can be coupled to a third lens 1014 , and a 
fourth driver 1008 can be coupled to a fourth lens 1016 . 
Additional or fewer lenses and drivers can similarly be used . 
The various lenses 1010-1016 can be coupled to an inlet of 
the waveguide 216 . 

[ 0069 ] In an example , the waveguide 216 has a vertical 
splay angle , or waveguide vertical angle 504 , that can extend 
from the waveguide reference plane 506 ( e.g. , correspond 
ing to the horizontal plane 404 in some examples ) to the 
waveguide top plane 508. In an example , the waveguide 
vertical angle 504 can be greater than about 30 degrees and 
less than about 50 degrees . The waveguide center axis 502 
can be provided midway between the waveguide reference 
plane 506 and the waveguide top plane 508. The waveguide 
216 thus includes a splayed or angled acoustic outlet . The 
various drivers 1002-1008 can be splayed or angled in a 
corresponding manner . That is , inlet portions of the wave 
guide 216 corresponding to each of the drivers can be 
differently angled such that sound - projecting faces of the 
drivers are arranged along an arcuate path . The arcuate path 
along which the drivers are arranged can be the same or 
similar to a vertical angle of the waveguide 216 . 
[ 0070 ] For example , the first driver 1002 can have a first 
driver central axis 1020 , such as can be angled relative to , or 
non - parallel to , the waveguide top plane 508. The second 
driver 1004 can have a second driver central axis 1022 , such 
as can be angled relative to , or non - parallel to the first driver 
central axis 1020 and to the waveguide top plane 508 . 
Similarly , the third driver 1006 can have a third driver 
central axis 1024 that can be differently angled , and the 
fourth driver 1008 can have a fourth driver central axis 1026 
that can be further differently angled . In an example , the 
fourth driver central axis 1026 can be offset from the 
waveguide reference plane 506 by a reference - driver axis 
angle 1030. The reference - driver axis angle 1030 can , in an 
example , be about 5-10 degrees . In an example , the second 
driver central axis 1022 and the third driver central axis 1024 
can be offset such that a first inter - driver axis angle 1028 is 
about 5-10 degrees . In an example , the first inter - driver axis 
angle 1028 can be greater than the reference - driver axis 
angle 1030 , or vice versa . A waveguide vertical half - angle 
1018 , such as from the waveguide reference plane 506 to the 
waveguide center axis 502 , can be at least about 15 degrees 
and less than about 25 degrees . 
[ 0071 ] FIG . 11 illustrates generally a partial cross - section 
view 1100 of the horn section 1000. The partial cross - section 
view 1100 shows the peripheral inlet contour 606 and the 
central inlet contour 618 of the lens 600 , the first driver 
1002 , the second lens 1012 , the second driver 1004 , the 
waveguide 216 , a cone diaphragm 1102 of the second driver 
1004 , and a dust dome 1104 of the second driver 1004 . 
[ 0072 ] The example of FIG . 11 illustrates generally the 
matched or mirrored relationship between the central inlet 
contour 618 and a contour of the dust dome 1104. That is , 
the dust dome 1104 follows a curved path and the central 
inlet contour 618 follows substantially the same curved path 
but offset from and spaced apart from the dust dome 1104 
itself . Similarly , the cone diaphragm 1102 follows a sloped 
path and the peripheral inlet contour 606 follows substan 
tially the same slope but is offset from and spaced apart from 
the cone diaphragm 1102 . 
[ 0073 ] FIG . 11 illustrates a cross section of the second lens 
1012 , such as corresponding to the cross section view 900 of 
the lens 600 from the example of FIG . 6. The second lens 
1012 includes various funnel - shaped passages or slots that 
receive information from the second driver 1004 and trans 
mit the information into a body of the waveguide 216. That 
is , inlet surface areas , or apertures , of the slots in the second 

a 
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lens 1012 can be large relative to the respective outlet 
surface areas for the same slots . 
[ 0074 ] Variations of any one or more of the cabinets , 
transducers , waveguides , lenses , baffles , orientations , 
angles , or other components or features of the loudspeaker 
system 100 can similarly be used to provide a substantially 
full - range loudspeaker system configured to provide con 
trolled or constant directivity . FIGS . 12-20 illustrate gener 
ally examples of different lens configurations that can be 
used , alone or in combination with each other . In an 
example , any one or more of the lenses , or lens features , 
illustrated in FIGS . 12-20 can be used with or used in place 
of the various examples of the lens 600 discussed elsewhere 
herein . For example , one or more instances of a second lens 
( e.g. , FIGS . 12-14 ) , or one or more instances of a third lens 
( e.g. , FIGS . 15-17 ) , or one or more instances of a fourth lens 
( e.g. , FIGS . 18-20 ) , or aspects thereof , can be used addi 
tionally or alternatively to the examples illustrated else 
where herein that incorporate the first lens 600 . 
[ 0075 ] FIG . 12 illustrates generally a perspective inlet 
side view of an example of a second lens . The example of 
FIG . 12 includes a second lens inlet side 1200 that includes 
an inlet dome contour 1202 , a second lens axial passage 
1204 , a central first peripheral passage 1206 , a first periph 
eral side passage 1208 , and a second peripheral side passage 
1210. A central second peripheral passage 1302 ( see FIG . 
13 ) can be included , however , it is obscured from view in the 
illustration of FIG . 12 . 
[ 0076 ] Any one or more of the passages in the second lens 
can have one or more sidewalls that can be planar or curved . 
In an example , one or more of the sidewalls can be parallel 
to a plane of the central axis of a lens , or one or more of the 
sidewalls can be angled or tapered , such as similarly dis 
cussed above in the example of the lens 600 , such that the 
one or more passages can be funnel - shaped . The various 
passages are configured to facilitate acoustic communication 
between a transducer that is coupled to a first side of the 
second lens and a waveguide such as can be coupled to an 
opposite second side of the second lens . 
[ 0077 ] FIG . 13 illustrates generally a perspective outlet 
side view of the second lens . The second lens outlet side 
1300 comprises the second lens axial passage 1204 , the 
central first peripheral passage 1206 , the first peripheral side 
passage 1208 , the second peripheral side passage 1210 , and 
the central second peripheral passage 1302. In an example , 
one or more of the passages can be acoustically coupled 
within the thickness direction of the lens . That is , one or 
more through - holes can be provided between two or more 
adjacent passages . 
[ 0078 ] FIG . 14 illustrates generally a second lens cross 
section view 1400 for the second lens . The example of FIG . 
14 includes the inlet dome contour 1202 , the second lens 
axial passage 1204 , and an inlet cone contour 1402. From 
the second lens cross section view 1400 , it can be observed 
that one or more of the passages is funnel - shaped or tapered 
and includes a relatively smaller inlet - side cross sectional 
area than an outlet - side cross sectional area for the same 
passage . 
[ 0079 ] In an example , the various communication paths 
through a lens can have various shapes , sizes , divisions , and 
contours . In the example of the second lens , such as illus 
trated in FIGS . 12-14 , a central portion of the lens can be 
divided into multiple different passages , and multiple other , 
larger passages can be provided at the periphery . In the 

examples of FIGS . 12-14 , the second lens axial passage 
1204 can be centered over an adjacent woofer's dust cap or 
dome . Areas of the lens surface adjacent to the second lens 
axial passage 1204 can have an inlet dome contour 1202 that 
can be conical or spherical , such as to match a dust dome 
shape in a mirrored manner . In an example , an aperture of 
the second lens axial passage 1204 can be made sufficiently 
small enough to diffract high frequency wave fronts or high 
frequency acoustic information received from the adjacent 
transducer , such as to thereby better supply a waveguide 
coupled to the outlet of the second lens . In the example of 
the second lens , the central first peripheral passage 1206 and 
the central second peripheral passage 1302 can receive 
information from a cone surface of the transducer and , 
acoustic energy received through these slots can also con 
tribute to a high frequency response of the system . 
[ 0080 ] FIG . 15 illustrates generally a perspective inlet 
side view of an example of a third lens . The example of FIG . 
15 includes a third lens inlet side 1500 that includes a dome 
receiving portion 1502 , a third lens axial passage 1504 , a 
central first peripheral passage 1506 , a first peripheral side 
passage 1508 , a second peripheral side passage 1510 , and a 
central second peripheral passage 1512. Any one or more of 
the passages in the third lens can have straight or angled or 
tapered sidewalls , as similarly discussed for the other lens 
examples herein . The various passages facilitate acoustic 
communication between a transducer that is coupled to a 
first side of the third lens and a waveguide such as can be 
coupled to an opposite second side of the third lens . 
[ 0081 ] FIG . 16 illustrates generally a perspective outlet 
side view of the third lens . The third lens outlet side 1600 
comprises the third lens axial passage 1504 , the central first 
peripheral passage 1506 , the first peripheral side passage 
1508 , the second peripheral side passage 1510 , and the 
central second peripheral passage 1512. In an example , the 
third lens axial passage 1504 can extend through the third 
lens and can have a substantially frustoconical shape . 
[ 0082 ] FIG . 17 illustrates generally a third lens cross 
section view 1700 for the third lens . The example of FIG . 17 
includes the third lens axial passage 1504. Unlike other lens 
examples herein , the third lens is relatively open in that it 
does not include or use a relatively high percentage of cone 
area cutoff . That is , the third lens does not include rigid or 
acoustic transmission - inhibiting features or walls over a 
large surface area portion of its body . Instead , the third lens 
is configured to sample or receive information from a 
relatively large portion of an adjacent cone area of a trans 
ducer and then direct such information through a slotted area 
with relatively thin sidewalls or vanes . In an example , the 
third lens can include or use passages having various side 
wall or width characteristics . For example , some of the 
passages can expand and contract over a thickness direction 
of the lens , and others can expand ( e.g. , from the acoustic 
inlet side to the acoustic outlet side , or vice versa ) . 
[ 0083 ] In the example of the third lens in FIGS . 15-17 , at 
least one of the passage sidewalls can extend in the acoustic 
outlet direction , such as into an adjacent horn or waveguide . 
For example , FIG . 17 illustrates a passage wall extension 
1702 , or diffraction blades , such as in or around the third 
lens axial passage 1504 , that extends in the waveguide 
direction and beyond the other passage walls . One or more 
of the other passage walls can be similarly made to extend 
into a horn or waveguide . Conversely , one or more portions 
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of the passage walls can be shortened so as not to extend into 
or not to be adjacent to a plane at which an adjacent 
waveguide begins . 
[ 0084 ] FIG . 18 illustrates generally a perspective inlet 
side view of an example of a fourth lens . The example of 
FIG . 18 includes a fourth lens inlet side 1800 that includes 
an inlet dome contour 1802 , a twisted central passage 1804 , 
a twisted first peripheral passage 1806 , a twisted second 
peripheral passage 1808 , and a cone contour 1810. Any one 
or more of the passages in the fourth lens can have straight 
or angled or tapered sidewalls , as similarly discussed in 
other lens examples herein . The various passages facilitate 
acoustic communication between a transducer that is 
coupled to a first side of the fourth lens and a waveguide 
such as can be coupled to an opposite second side of the 
fourth lens . In the example of FIGS . 18-20 , the fourth lens 
includes passages that are “ twisted ” or have a screw thread 
like shape or path . 
[ 0085 ] FIG . 19 illustrates generally a perspective outlet 
side view of the fourth lens . The fourth lens outlet side 1900 
comprises the twisted central passage 1804 , the twisted first 
peripheral passage 1806 , and the twisted second peripheral 
passage 1808. Fewer or additional passages can similarly be 
used . 
[ 0086 ] FIG . 20 illustrates generally a fourth lens cross 
section view 2000 for the fourth lens . The example of FIG . 
20 includes the inlet dome contour 1802 , the twisted central 
passage 1804 , the twisted first peripheral passage 1806 , and 
the cone contour 1810. The example of the fourth lens with 
twisted passages facilitates communication between various 
different areas around a cone or dust dome of a transducer 
and an outlet or waveguide . In an example , an inlet - side area 
characteristic of one or more passages in the fourth lens can 
be larger than an outlet - side area characteristic for the same 
one or more passages . 
[ 0087 ] The systems and configurations discussed herein 
provide various advantages . First , the loudspeaker systems 
discussed herein can provide lower distortion output relative 
to conventional cabinet solutions . Second , the loudspeaker 
systems discussed herein can provide wider acoustic band 
width relative to conventional cabinet solutions . Third , the 
loudspeaker systems discussed herein can provide precise 
dispersion control . Fourth , the loudspeaker systems dis 
cussed herein can handle high power input signals . Fifth , the 
loudspeaker systems discussed herein can be configured for 
use with instruments or signal chain modelers , such as can 
have an extended frequency response range . Sixth , the 
loudspeaker systems discussed herein can be configured for 
use on stage as a direct source or can be mixed with or using 
a front of house system . Additionally , the loudspeaker 
systems discussed herein can be configured to provide a 
substantially uncolored response such that instrument infor 
mation or information from a pre - processor or emulator can 
be faithfully reproduced . 

ured to reproduce audio signals in a first frequency range , 
and a controlled - directivity horn section configured to repro 
duce other audio signals in a different second frequency 
range . In an example , the horn section can include a second 
loudspeaker driver comprising a cone - diaphragm transducer 
and a dust dome , an acoustic lens having a first side and an 
opposite second side , wherein the first side of the lens is 
coupled to a sound - projecting face of the second loud 
speaker driver , and a waveguide coupled to the second side 
of the lens , wherein the waveguide comprises walls that 
follow arcuate paths in horizontal and vertical planes . 
[ 0090 ] Aspect 2 can include or use , or can optionally be 
combined with the subject matter of Aspect 1 , to optionally 
include the woofer section comprising a planar baffle con 
figured to receive the first loudspeaker driver . In Aspect 2 , 
opposite endpoints of the arcuate path in the vertical plane 
of the waveguide define a first segment , and a bisector to the 
first segment in the vertical plane is substantially perpen 
dicular to the planar baffle . 
[ 0091 ] Aspect 3 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 1 or 2 to optionally include the woofer section 
comprising a baffle configured to receive the first loud 
speaker driver , and the baffle has a baffle central axis . In 
Aspect 3 , the waveguide has a waveguide central axis in the 
vertical plane of the waveguide , and the baffle central axis 
and the waveguide central axis are substantially parallel and 
transversely spaced apart . 
[ 0092 ] Aspect 4 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 1 through 3 to optionally include the woofer 
section comprising a baffle for the first loudspeaker driver , 
wherein the baffle is angled relative to a horizontal reference 
plane such that an acoustic directivity characteristic of the 
woofer section substantially matches an acoustic directivity 
characteristic of the horn section at or near a crossover 
frequency of the first and second frequency ranges . 
[ 0093 ] Aspect 5 can include or use , or can optionally be 
combined with the subject matter of Aspect 4 , to optionally 
include the crossover frequency is between about 1000 Hz 
and 2000 Hz . 
[ 0094 ] Aspect 6 can include or use , or can optionally be 
combined with the subject matter of one or a combination of 
Aspects 4 and 5 , to optionally include the baffle is angled 
about 18 degrees relative to the horizontal reference plane . 
[ 0095 ] Aspect 7 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 1 through 6 , to optionally include a vertical angle 
of the waveguide extends about 36 degrees from the hori 
zontal reference plane . 
[ 0096 ] Aspect 8 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 1 through 7 to optionally include the woofer 
section comprising a pair of loudspeaker drivers coupled to 
a baffle , and a central axis , or a perpendicular center line , of 
the baffle extends between the drivers and is parallel to a 
central axis of the waveguide . 
[ 0097 ] Aspect 9 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 1 through 8 to optionally include the first loud 
speaker driver offset from a center axis of the loudspeaker 
system toward a top edge or a bottom edge of the waveguide . 
[ 0098 ] Aspect 10 can include or use , or can optionally be 
combined with the subject matter of one or any combination 

VARIOUS NOTES AND ASPECTS 

[ 0088 ] Various aspects of the present disclosure can be 
combined or used together . 
[ 0089 ] Aspect 1 can include or use subject matter ( such as 
an apparatus , a system , a device , a method , or a means for 
performing acts , or an article of manufacture ) , such as can 
include or use a substantially full - range loudspeaker system 
for acoustic sound reinforcement . Aspect 1 can include a 
woofer section including a first loudspeaker driver config 
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include or use an acoustic lens for use with a cone - dia 
phragm loudspeaker transducer , the lens comprising a 
sound - receiving first side having a surface contour that 
substantially mirrors a contour of at least a portion of a 
diaphragm of the loudspeaker transducer when the lens is 
provided adjacent to the loudspeaker transducer , and a 
sound - projected second side opposite the first side . Aspect 
28 can include a first slot provided coaxially with a central 
axis of the loudspeaker transducer and configured to provide 
an acoustic path from the first side to the second side of the 
lens , wherein an aperture of the first slot on the first side of 
the lens has a greater area characteristic than an aperture of 
the first slot on the second side of the lens . 
[ 0117 ] Aspect 29 can include or use , or can optionally be 
combined with the subject matter of Aspect 28 , to optionally 
include the surface contour of the first side comprising a 
concave contour portion adjacent to the slot , wherein the 
concave contour portion corresponds to a convex contour of 
a dust dome of the loudspeaker transducer . 
[ 0118 ] Aspect 30 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 28 and 29 to optionally include peripheral slots 
adjacent to the first slot . 
[ 0119 ] Aspect 31 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 28 through 30 to optionally include at least two 
opposite sidewalls of the first slot are substantially linear and 
sloped from the first side of the lens toward the central axis 
of the loudspeaker . 
[ 0120 ] Aspect 32 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 28 through 31 to optionally include or use second 
and third elongate slots provided on opposite sides of the 
first slot , wherein the first slot includes a pair of tapered 
sidewalls and wherein the second and third slots have 
respective pairs of sidewalls that are substantially parallel . 
[ 0121 ] Aspect 33 can include or use , or can optionally be 
combined with the subject matter of one or any combination 
of Aspects 28 through 32 to optionally include or use second 
and third elongate slots provided on opposite sides of the 
first slot , wherein each of the first , second , and third slots is 
tapered in a sound - projecting direction of the lens . 
[ 0122 ] Each of these non - limiting aspects can stand on its 
own or can be combined in various permutations or com 
binations with one or more of the other examples . 
[ 0123 ] The above description includes references to the 
accompanying drawings , which form a part of the detailed 
description . The drawings show , by way of illustration , 
specific embodiments in which the invention can be prac 
ticed . These embodiments are also referred to herein as 
“ examples . ” Such examples can include elements in addi 
tion to those shown or described . However , the present 
inventors also contemplate examples in which only those 
elements shown or described are provided . Moreover , the 
present inventors also contemplate examples using any 
combination or permutation of those elements shown or 
described ( or one or more aspects thereof ) , either with 
respect to a particular example ( or one or more aspects 
thereof ) , or with respect to other examples ( or one or more 
aspects thereof ) shown or described herein . 
[ 0124 ] In the event of inconsistent usages between this 
document and any documents so incorporated by reference , 
the usage in this document controls . 

[ 0125 ] In this document , the terms “ a ” or “ an ” are used , as 
is common in patent documents , to include one or more than 
one , independent of any other instances or usages of “ at least 
one ” or “ one or more . ” In this document , the term “ or ” is 
used to refer to a nonexclusive or , such that " A or B ” 
includes “ A but not B , " " B but not A , ” and “ A and B , " unless 
otherwise indicated . In this document , the terms including ” 
and “ in which ” are used as the plain - English equivalents of 
the respective terms " comprising ” and “ wherein . ” Also , in 
the following claims , the terms “ including ” and “ compris 
ing ” are open - ended , that is , a system , device , article , 
composition , formulation , or process that includes elements 
in addition to those listed after such a term in a claim are still 
deemed to fall within the scope of that claim . Moreover , in 
the following claims , the terms “ first , ” “ second , ” and 
“ third , ” etc. are used merely as labels , and are not intended 
to impose numerical requirements on their objects . 
[ 0126 ] Geometric terms , such as “ parallel ” , “ perpendicu 
lar ” , “ round ” , or “ square ” , are not intended to require 
absolute mathematical precision , unless the context indi 
cates otherwise . Instead , such geometric terms allow for 
variations due to manufacturing or equivalent functions . For 
example , if an element is described as “ round ” or “ generally 
round , ” a component that is not precisely circular ( e.g. , one 
that is slightly oblong or is a many - sided polygon ) is still 
encompassed by this description . 
[ 0127 ] The above description is intended to be illustrative , 
and not restrictive . For example , the above - described 
examples ( or one or more aspects thereof ) may be used in 
combination with each other . Other embodiments can be 
used , such as by one of ordinary skill in the art upon 
reviewing the above description . The Abstract is provided to 
comply with 37 C.F.R. § 1.72 ( b ) , to allow the reader to 
quickly ascertain the nature of the technical disclosure . It is 
submitted with the understanding that it will not be used to 
interpret or limit the scope or meaning of the claims . Also , 
in the above Detailed Description , various features may be 
grouped together to streamline the disclosure . This should 
not be interpreted as intending that an unclaimed disclosed 
feature is essential to any claim . Rather , inventive subject 
matter may lie in less than all features of a particular 
disclosed embodiment . Thus , the following claims are 
hereby incorporated into the Detailed Description as 
examples or embodiments , with each claim standing on its 
own as a separate embodiment , and it is contemplated that 
such embodiments can be combined with each other in 
various combinations or permutations . The scope of the 
invention should be determined with reference to the 
appended claims , along with the full scope of equivalents to 
which such claims are entitled . 

What is claimed is : 
1. A substantially full - range loudspeaker system for 

acoustic sound reinforcement , the system comprising : 
a woofer section including a first loudspeaker driver 

configured to reproduce audio signals in a first fre 
quency range ; and 

a controlled - directivity horn section configured to repro 
duce other audio signals in a different second frequency 
range , the horn section including : 
a second loudspeaker driver comprising a cone - dia 
phragm transducer and a dust dome ; 
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an acoustic lens having a first side and an opposite 
second side , wherein the first side of the lens is 
coupled to a sound - projecting face of the second 
loudspeaker driver ; and 

a waveguide coupled to the second side of the lens , 
wherein the waveguide comprises walls that follow 
arcuate paths in horizontal and vertical planes . 

2. The loudspeaker system of claim 1 , wherein the woofer 
section comprises a planar baffle configured to receive the 
first loudspeaker driver ; and 

wherein opposite endpoints of the arcuate path in the 
vertical plane of the waveguide define a first segment , 
and a bisector to the first segment in the vertical plane 
is substantially perpendicular to the planar baffle . 

3. The loudspeaker system of claim 1 , wherein the woofer 
section comprises a baffle configured to receive the first 
loudspeaker driver , and wherein the baffle has a baffle 
central axis ; 

wherein the waveguide has a waveguide central axis in 
the vertical plane of the waveguide ; and 

wherein the baffle central axis and the waveguide central 
axis are substantially parallel and transversely spaced 
apart . 

4. The loudspeaker system of claim 1 , wherein the woofer 
section comprises a baffle for the first loudspeaker driver ; 

wherein the baffle is angled relative to a horizontal 
reference plane such that an acoustic directivity char 
acteristic of the woofer section substantially matches an 
acoustic directivity characteristic of the horn section at 
or near a crossover frequency of the first and second 
frequency ranges . 

5. The loudspeaker system of claim 4 , wherein the cross 
over frequency is between about 1000 Hz and 2000 Hz , 
wherein the baffle is angled about 18 degrees relative to the 
horizontal reference plane , and wherein a vertical angle of 
the waveguide extends about 36 degrees from the horizontal 
reference plane . 

6. The loudspeaker system of claim 1 , wherein the woofer 
section comprises a pair of loudspeaker drivers coupled to a 
baffle , and a central axis of the baffle extends between the 
drivers and is parallel to a central axis of the waveguide . 

7. The loudspeaker system of claim 1 , wherein the wave 
guide extends in the vertical plane between lower and upper 
waveguide edges , and the lower edge coincides with a 
reference horizontal plane ; and 

wherein the horn section comprises multiple cone - dia 
phragm transducer loudspeaker drivers arranged in the 
vertical plane of the waveguide , and wherein respective 
central axes of the drivers are offset relative to each 
other and relative to the reference horizontal plane . 

8. The loudspeaker system of claim 1 , wherein at least a 
portion of the first side of the lens comprises a contoured 
surface that mirrors a corresponding surface of the dia 
phragm and the dust dome of the second loudspeaker driver . 

9. The loudspeaker system of claim 8 , wherein the lens 
comprises a first elongate slot provided axially above a 
center of the dust cap , wherein an aperture of the first 
elongate slot on the first side of the lens has a first area 
characteristic , and wherein an aperture of the first elongate 
slot on the second side of the lens has second 
characteristic that is less than the first area characteristic . 

10. The loudspeaker system of claim 8 , wherein the lens 
comprises a first elongate slot provided axially above a 
center of the dust cap , wherein the first elongate slot 

comprises sidewalls that extend from the first side of the lens 
to the second side of the lens along a slanted path toward a 
central axis of the second loudspeaker driver . 

11. The loudspeaker system of claim 1 , wherein the horn 
section further includes a third loudspeaker driver , and 
wherein the acoustic lens comprises respective lens 
instances coupled to the second and third loudspeaker driv 
ers and to the waveguide , and wherein sound - projecting 
faces of the second and third loudspeaker drivers are 
arranged along an arcuate path in the vertical plane of the 
waveguide . 

12. A loudspeaker horn comprising : 
a plurality of electroacoustic drivers for generating sound 

waves over a range of frequencies , each driver having 
a central axis and a sound - projecting face ; 

a plurality of acoustic lenses extending from an inlet to an 
outlet , wherein inlets of respective lenses are acousti 
cally coupled to the sound - projecting faces of respec 
tive drivers ; and 

a waveguide coupled to the outlets of each of the acoustic 
lenses ; 

wherein at least one of the lenses comprises an aperture 
that is coaxial with a central axis of a first one of the 
drivers , and wherein the aperture has a greater cross 
sectional area at its inlet than at its outlet . 

13. The loudspeaker horn of claim 12 , wherein the inlets 
of the plurality of acoustic lenses are disposed on an arcuate 
line in a vertical central cross section of the waveguide . 

14. The loudspeaker horn of claim 12 , wherein axes of the 
plurality of acoustic lenses form an arcuate array with a 
point of convergence on a driver side of the horn . 

15. The loudspeaker horn of claim 12 , wherein a first one 
of the lenses comprises a first elongate slot provided coaxi 
ally with a corresponding first one of the drivers , and 
wherein an aperture of the first elongate slot on a driver 
facing side of the lens has a first area characteristic and an 
aperture of the first elongate slot on an acoustic - projection 
side of the lens has a lesser second area characteristic . 

16. An acoustic lens for use with a cone - diaphragm 
loudspeaker transducer , the lens comprising : 

a sound - receiving first side having a surface contour that 
substantially mirrors a contour of at least a portion of 
a diaphragm of the loudspeaker transducer when the 
lens is provided adjacent to the loudspeaker transducer ; 

a sound - projected second side opposite the first side ; and 
a first passage provided substantially coaxially with a 

central axis of the loudspeaker transducer and config 
ured to provide an acoustic path from the first side to 
the second side of the lens , wherein an aperture of the 
first passage on the first side of the lens has a greater 
area characteristic than an aperture of the first passage 
on the second side of the lens . 

17. The acoustic lens of claim 16 , wherein the surface 
contour of the first side comprises a concave contour portion 
adjacent to the passage , wherein the concave contour portion 
corresponds to a convex contour of a dust dome of the 
loudspeaker transducer . 

18. The acoustic lens of claim 16 , wherein at least two 
opposite sidewalls of the first passage are substantially linear 
and sloped from the first side of the lens toward the central 
axis of the loudspeaker . 

19. The acoustic lens of claim 16 , further comprising 
second and third elongate passages provided on opposite 
sides of the first passage , wherein the first passage includes 

a area 
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a pair of tapered sidewalls and wherein the second and third 
passages have respective pairs of sidewalls that are substan 
tially parallel . 

20. The acoustic lens of claim 16 , further comprising 
second and third elongate passages provided on opposite 
sides of the first passage , wherein each of the first , second , 
and third passages is tapered in a sound - projecting direction 
of the lens . 


