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LOUDSPEAKER HORN

PRIORITY CLAIM

[0001] This application claims the benefit of priority from
U.S. Provisional Application No. 61/584,560, filed Jan. 9,
2012, which is incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] Theinvention relates to loudspeakers and, more par-
ticularly, to acoustical horns or waveguides for use in loud-
speakers.

[0004] 2. Related Art

[0005] Typically, a loudspeaker includes a driving unit that
is coupled to a horn. The large end of the horn, called the
“mouth,” typically has an area large enough to radiate sound
efficiently at a desired low frequency. The small end of the
horn, called the “throat,” has an area selected to match the
acoustic impedance and exit diameter of the driving unit and
to reduce distortion of the acoustic signal.

[0006] The loudspeaker horn guides the acoustic signal or
acoustic energy into particular directions or regions. The
loudspeaker horn surfaces that constrain and control the
radiation of acoustic energy are commonly referred to as an
acoustic waveguide. The surfaces of an acoustic waveguide in
aloudspeaker typically produce a coverage pattern of a speci-
fied total coverage angle that may differ horizontally and
vertically. The coverage angle is a total angle in any plane of
observation (although typically horizontal and vertical
orthogonal planes are used). The coverage angle is evaluated
as a function of frequency and is defined to be the angle at
which the intensity of sound, or sound pressure level (SPL), is
half of the SPL on the axis (the reference axial direction is
usually normal to the throat of the driver).

SUMMARY

[0007] A horn for use with a loudspeaker may include an
entrance disposed at a first axial end of the horn and config-
ured to receive a driver. A mouth may be disposed at a second
axial end of the horn opposite the entrance. A contoured
surface may extend between the entrance and the mouth.
[0008] A cross sectional shape of a coverage pattern of
audible sound emitted by the loudspeaker coupled with the
horn may be independent of a shape of the entrance and a
shape of the mouth.

[0009] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the invention, and be
protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The system may be better understood with reference
to the following drawings and description. The components in
the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention.
Moreover, in the figures, like referenced numerals designate
corresponding parts throughout the different views.

[0011] FIG.1 illustrates a perspective view of one example
of'a horn for use in a loudspeaker.

[0012] FIG. 2 illustrates a front view of the horn of FIG. 1.
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[0013] FIG. 3 illustrates a side view of the horn of FIG. 1.
[0014] FIG. 4 illustrates a rear view of the horn of FIG. 1.
[0015] FIG. 5 illustrates a top view of the horn of FIG. 1.
[0016] FIG. 6 illustrates a side view of the horn of FIG. 1.
[0017] FIG. 7 illustrates a bottom view of the horn of FIG.
1.

[0018] FIG. 8 illustrates a cross sectional view of the horn

of FIG. 1 taken along line 8-8 of FIG. 2.

[0019] FIG. 9 illustrates a cross sectional view of the horn
of FIG. 1 taken along line 9-9 of FIG. 2.

[0020] FIGS. 10-11 illustration a varying depth of a throat
of'the horn of FIG. 1.

[0021] FIG. 12 is a perspective view of another example of
a horn for use in a loudspeaker.

[0022] FIG. 12A is a 3-dimensional rendering of the view
shown in FIG. 12.

[0023] FIG. 13 illustrates a front view of the horn of FIG.
12.
[0024] FIG. 13A is a 3-dimensional rendering of the view

shown in FIG. 13.

[0025] FIG. 14illustrates a side view of the horn of FIG. 12.
[0026] FIG. 15 illustrates a rear view of the horn of FIG. 12.
[0027] FIG. 16 illustrates a top view of the horn of FIG. 12.
[0028] FIG. 17 illustrates a side view of the horn of FIG. 12.
[0029] FIG. 18 illustrates a bottom view of the horn of FIG.
12,

[0030] FIG. 19 illustrates a transverse cross sectional view

of the horn of FIG. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] A loudspeaker may include a horn or a waveguide,
which may define the coverage pattern of the loudspeaker in
one or more planes. The horn or waveguide may include an
entrance, which may be positioned at a first axial end of the
horn or waveguide. The entrance may be positioned on an
entrance plane that is perpendicular to a longitudinal axis of
the horn or waveguide. The longitudinal axis may be a line
that is perpendicular to the entrance plane and intersects the
entrance plane at the center of the entrance. The horn or
waveguide may or may not be symmetrical about the longi-
tudinal axis. The entrance may be configured to receive a
driver. The horn or waveguide may include a mouth disposed
at a second axial end of the horn or waveguide opposite the
entrance. The horn or waveguide may include a contoured
surface extending between the entrance and the mouth. The
contoured surface may be an inner surface defining a cavity
within the horn or waveguide. The contoured surface may
include, for example, a frustoconical surface or a plurality of
walls arranged relative to one another to from the cavity. The
horn or waveguide may include a throat extending between
the entrance and the contoured surface. For example, the
contoured surface may have a first axial end positioned near
the entrance and a second axial end positioned near the
mouth. The throat may extend from the entrance to the first
axial end of the contoured surface to couple the contoured
surface to the entrance. The throat may he configured as a
tubular member defined by one or more walls. In one
example, the cross sectional area of the throat transverse to
the longitudinal axis of the horn or waveguide may expand
along the longitudinal axis of the horn or waveguide. For
example, the cross sectional area of the throat may expand
exponentially. In other examples, the cross sectional area of
the throat may remain substantially constant, contract, or any
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combination thereof. The terms “horn” and “waveguide” may
be used interchangeably herein, and are defined to include
any form of mechanism or device having an entrance and a
mouth that can be placed the vicinity of a loudspeaker to
affect or modify the directivity or pattern of at least a portion
of audible sound waves produced by the loudspeaker.

[0032] Inone example, an elliptical waveguide may define
the coverage pattern of a loudspeaker in one plane (i.e., the
design plane). The elliptical waveguide may include a con-
toured surface having a generally frustoconical shape. A cross
section of the contoured surface taken transverse to the lon-
gitudinal axis of the waveguide may have an elliptical shape.
The elliptical waveguide may lack a throat. In other words,
the throat may be omitted, and the first axial end of the
contoured surface may be positioned at the entrance of the
waveguide. The design plane may be a plane including the
longitudinal axis of the elliptical waveguide and the major
axis of the elliptical shaped cross section of the contoured
surface. The coverage angle of audible sound emitted by the
loudspeaker in planes other than the design plane may be at
least partially constrained by the shape of the elliptical
waveguide and the coverage angle in the design plane. In
other words, the coverage angle of sound waves emitted by
the loudspeaker in planes other than the design plane may be
at least partially dependent on or affected by the geometry of
the waveguide and the coverage angle of the loudspeaker in
the design plane, In this manner, the coverage pattern of
sound waves emitted by the loudspeaker may be at least
partially constrained by the shape of the elliptical waveguide
and the coverage angle in the design plane. As used herein, the
terms “coverage pattern” or “pattern” of sound waves refers
to at least one of, or both of, the directivity and propagation
behavior of sound waves radiating from a loudspeaker.

[0033] In another example, a bi-radial horn may at least
partially define the coverage angle of sound waves emitted by
a loudspeaker in multiple planes (i.e., multiple design
planes). The bi-radial horn may include a first pair of walls
positioned opposite one another and a second pair of walls
positioned opposite one another. The first pair of walls may be
mirror images of one another. The second pair of walls may be
mirror images of one another. The first pair of walls and the
second pair of walls may be arranged relative to one another
to form the contoured surface and the cavity of the bi-radial
horn. A first design plane may be a plane including the lon-
gitudinal axis of the bi-radial horn and bisecting each of the
first pair of walls. In one example, the first design plane may
be a horizontal plane. A second design plane may be a plane
including the longitudinal axis of the bi-radial horn and
bisecting each of the second pair of walls. In one example, the
second design plane may be a vertical plane. The coverage
angle of sound waves emitted by the loudspeaker in planes
other than the design planes may be at least partially con-
strained by the shape of the bi-radial horn and the coverage
angles in the design planes. In other words, the coverage
angle of the loudspeaker in planes other than the design
planes may be at least partially dependent on or affected by
the coverage angles of sound waves emitted by the loud-
speaker in the design planes. In this manner, the coverage
pattern of sound waves emitted by the loudspeaker may be at
least partially constrained by the shape of the bi-radial horn
and the coverage angles in the design planes.

[0034] In other examples, a horn or waveguide may define
the coverage angles of a loudspeaker in three or more planes
(i.e., three or more design planes). FIGS. 1-9 illustrate one
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example of a horn 100, which may define the coverage angle
of a loudspeaker in three or more planes. The horn 100
includes an entrance 102 positioned at a first axial end of the
horn 100. The entrance 102 may have any geometric shape
including, for example, circular, elliptical, rectangular, or any
other shape. In the example shown in FIGS. 1-9, the entrance
102 has a circular shape. The entrance 102 is positioned on an
entrance plane that is perpendicular to a longitudinal axis 104
of the horn 100. The entrance 102 may be configured to
receive a driver, such as a tweeter loudspeaker operating in the
range of 5 kHz to 20 kHz. The horn 100 includes a mouth 106
disposed at a second axial end of the horn opposite the
entrance 102. The mouth 106 may have any geometric shape.
In the example shown in FIGS. 1-9, the mouth 106 has an
elliptical shape. The mouth 106 may be planar as shown in
FIGS. 1-9 or non-planar (e.g., curved). The horn 100 includes
a contoured surface 108 extending between the entrance 102
and the mouth 106. The contoured surface 108 defines a
cavity within the horn 100.

[0035] The horn 100 includes a throat 110 extending
between the entrance 102 and the contoured surface 108. In
the example shown in FIGS. 1-9, the contoured surface 108
has a first axial end 112 positioned near the entrance 102 and
a second axial end 114 positioned near the mouth 106, and the
throat 110 extends from the entrance to the first axial end of
the contoured surface to couple the contoured surface and the
entrance to one another. In one example, the transition
between the throat 110 and the contoured surface 108 may be
smooth and/or continuous. In other examples, the transition
between the throat 110 and the contoured surface 108 may be
discontinuous and/or abrupt (e.g., a stepped transition). The
throat 110 may be configured to fill the gap between the first
axial end 112 of the contoured surface 108 and the entrance
102. In this manner, the geometry (e.g., the size and/or the
shape) of the contoured surface 108 may be independent of
the geometry of the entrance 102, and the geometry of the
throat 110 may be dependent on the geometry of the con-
toured surface and/or the geometry of the entrance.

[0036] The throat 110 includes a wall defining a tubular
segment extending between the entrance 102 and the con-
toured surface 108. In one example, the wall of the throat 110
may be substantially perpendicular to the entrance plane. In
other examples, the wall of the throat 110 may be positioned
at any angle relative to the entrance plane such that the pas-
sageway extending longitudinally within the tubular segment
may have a tapered cross section. A longitudinal axis of the
throat 110 may be substantially aligned with the longitudinal
axis of the horn 100 (i.e., the throat may be substantially
coaxial with the horn). A depth of the throat 110 may be
defined as the longitudinal distance between the entrance 102
and the first axial end 112 of the contoured surface 108. The
depth of the throat 110 may vary around the circumference of
the throat. In other words, the longitudinal distance between
the entrance 102 and the first axial end 112 of the contoured
surface 108 may vary around the circumference of the
entrance 102. FIGS. 8-9 show cross sectional views of the
horn 100 taken along lines 8-8 and 9-9, respectively, in FI1G.
2. The depth of the throat 110 at a 12 o’clock position (shown
asD12), as shown in FIG. 8, is less than the depth of the throat
110 ata 9 o’clock position (shown as D9) as shown in FIG. 9.
In one example, the depth of the throat 110 may vary con-
tinuously around the circumference of the throat between the
depth D12 and the depth D9 as shown in FIGS. 1-9. In other
words, the depth of the throat 110 may taper around the
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circumference ofthe throat. In other examples, the throat may
include abrupt transitions between various depths of the
throat. For example, the abrupt transitions may include a step,
an offset, a stagger, a shoulder, a depression, and/or a dome.
In one example, the wall of the throat 110 may be continuous
around the circumference of the entrance 102 as shownin1-9.
In other examples, the wall of the throat may be discontinu-
ous. In other words, the wall of the throat may not extend
continuously around the circumference of the entrance. In
one example, the contoured surface may be in contact with the
entrance at a portion of the circumference of the entrance
corresponding to a discontinuous section of the wall of the
throat (e.g., a void or gap in the wall of the throat).

[0037] The varying depth of the throat 110 may correspond
to a varying longitudinal distance between the first axial end
112 of the contoured surface 108 and the entrance plane
circumferentially around the entrance 102. Such a varying
longitudinal distance may be the result of one or more surface
irregularities or predetermined variations included in the con-
toured surface 108 at one or more predetermined locations.
The surface irregularities may include for example, a dimple,
a protuberance, or any continuous or non-continuous varia-
tion of the contoured surface 108. The surface irregularity
may be a non-uniform portion of an otherwise uniform sur-
face. For example, the surface irregularity may include a
dimple or a protuberance in an otherwise uniform straight
(e.g., planar) or curved (e.g., exponential, parabolic, hyper-
bolic, conical, flared, and/or rounded) surface. In the example
shown in 1-9, the contoured surface 108 includes dimples 116
positioned radially at approximately 12 o’clock and 6 0’clock
and longitudinally near the first axial end 112 of the contoured
surface. The dimples 116 may correspond to a minimum
depth D12 of the throat 110. In the example shown in FIGS.
1-9, the contoured surface 108 also includes protuberances
118 positioned radially at approximately 3 o’clock and 9
o’clock and longitudinally near the first axial end 112 of the
contoured surface. The protuberances 118 may correspond to
a maximum depth D9 of the throat 110. A cross section of the
horn 100 taken transverse to the longitudinal axis of the horn
at the longitudinal position of the dimples 116 and/or the
protuberances 118 may have a shape that is a non-polygonal
closed curve that is neither a circle nor an ellipse. In other
words, the cross section may be anon-circular and non-ellip-
tical closed curve that does not include any straight line
segments.

[0038] FIGS. 10-11 are graphical illustrations of the vary-
ing depth of the throat 110. FIG. 11 illustrates the relationship
between the longitudinal distance between the entrance plane
and the horn 100 (e.g., the throat 110 or the contoured surface
108) and the radial distance from the entrance 102 in the
various angular directions between 12 o’clock and 9 o’clock
as shown in FIG. 10. As shown in FIG. 11, the longitudinal
distance between the entrance plane and the horn 100 initially
increases more rapidly at 9 o’clock (corresponding to the
maximum depth D9 of the throat 110 and the protuberances
118) than at 12 o’clock (corresponding to the minimum depth
D12 of the throat and the dimples 116).

[0039] By providing a contoured surface having predeter-
mined surface irregularities at predetermined locations, the
coverage angle of audible sound emitted by a loudspeaker
coupled with the horn 100 may be defined for at least three
design planes. The first design plane may be a plane including
the longitudinal axis of the horn 100 and the 9 o’clock posi-
tion (i.e., the x-z plane as shown in FIGS. 1-9). The second
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design plane may be a plane including the longitudinal axis of
the horn 100 and the 12 o’clock position (i.e., the y-z plane as
shown in FIGS. 1-9). The third design plane may be any other
plane including the longitudinal axis of the horn and posi-
tioned oblique to the first and second planes.

[0040] The horn or waveguide as described herein may be
configured to provide a substantially predefined coverage
angle or direction of sound waves in any plane intersecting the
horn or waveguide axis (e.g., the longitudinal axis). The pre-
defined coverage angles in a plurality of different planes each
including the horn or waveguide axis may collectively define
apredefined coverage pattern of sound waves provided by the
horn or waveguide. The coverage pattern of sound waves may
be substantially predefined without regard to the horn shape,
which may enable independence between the horn shape and
the coverage pattern. Any suitable method of horn profile
geometry design may be applied to an arbitrary number of
oblique planes to provide a horn or waveguide configured to
provide a defined coverage pattern of sound waves in the
oblique planes. In one example, the contoured surface may be
configured such that the coverage pattern of sound waves
produced by the loudspeaker may be defined in each of a
plurality of oblique planes. The transitions between sections
may be blended to reduce diffraction. For example, the con-
toured surface may taper continuously from one design plane
to an adjacent design plane to reduce diffraction. In this
manner, the coverage pattern may be independent of the
shape ofthe horn or waveguide (e.g., the shape of the entrance
and/or the mouth). The coverage pattern, which may be
formed from a combination of coverage angles in the plurality
of planes may be rectangular, elliptical, or any other shape.
For example, an elliptical horn or waveguide may produce an
elliptical coverage pattern, an elliptical horn or waveguide
may produce a rectangular coverage pattern, a rectangular
horn or waveguide may produce an elliptical coverage pat-
tern, a rectangular horn or waveguide may produce a rectan-
gular coverage pattern, or an amoeba shaped horn or
waveguide may produce a trapezoidal coverage pattern. In
other examples, a horn or waveguide having any shape may
produce a coverage pattern having any shape. Because the
horn or waveguide may be configured to provide a desired
coverage pattern of audible sound waves in the plurality of
design planes (e.g., design planes in addition to horizontal
and/or vertical planes), the frequency response and/or direc-
tivity anomalies of sound waves produced by the loudspeaker
may be reduced as compared to horn designs with less than
three design planes. Because horn geometry may be defined
from the central horn axis outward, internal reflections may
be reduced and/or frequency response may be improved as
compared to horn designs with less than three design planes.

[0041] FIGS. 1249 illustrate another example of a horn
200, which may define the coverage angle of a loudspeaker in
three or more planes. The horn 200 includes an entrance 202
positioned at a first axial end of the horn 100. The entrance
202 may be positioned on an entrance plane as described
above with reference to the horn 100. In the example shown in
FIGS. 12-19, the entrance 202 has a circular shape. The horn
200 includes a mouth 206 disposed at a second axial end of
the horn opposite the entrance 202. The mouth 206 may be
planar or non-planar. For example, the mouth may be dis-
posed on a plane that is substantially parallel to the entrance
plane. Alternatively, the mouth 206 may be curved as shown
in FIGS. 12-19. The mouth 206 may be disposed on a surface
having a radius of curvature about the entrance 202. In the
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example shown FIGS. 12-19, the mouth 206 has a rectangular
shape. In other examples, the entrance 202 and the mouth 206
may have any other shape. The horn 200 includes a contoured
surface 208 extending between the entrance 202 and the
mouth 206. The horn 200 includes a throat 210 extending
between the entrance 202 and the contoured surface 208. In
the example shown in FIGS. 12-19, the throat 210 extends
from the entrance 202 to a first axial end 212 of the contoured
surface 208 to couple the contoured surface and the entrance
to one another. The depth of the throat 210 may vary around
the circumference of the throat as described above with ref-
erence to the horn 100.

[0042] The contoured surface 208 may include one or more
predetermined surface irregularities or surface variations. For
example, the contoured surface 208 may include dimples 216
and/or protuberances 218 positioned at various positions
along the contoured surface. FIG. 19 shows a cross section of
the horn 200 taken transverse to the longitudinal axis of the
horn at the longitudinal position of the dimples 216 and the
protuberances 218. The cross section of the horn 200 may
have a shape that is a non-polygonal closed curve that is
neither a circle, an ellipse, nor a rectangle as shown in FIG.
19. In other words, the cross section may be a non-polygonal,
non-circular, non-elliptical, non-rectangular closed curve.
The contoured surface 208 may vary in circumferential and/
or longitudinal directions. In one example, the contoured
surface 208 may vary continuously. For example, the con-
toured surface 208 may taper in the longitudinal and/or cir-
cumferential directions. In another example, the contoured
surface may include discontinuous or abrupt transitions. For
example, the contoured surface 208 may include a step, an
offset, a stagger, a shoulder, a depression, and/or adome in the
longitudinal and/or circumferential directions.

[0043] The horn 200 may include a plurality of walls that
collectively define the contoured surface 208. For example,
the horn 200 may include four walls as shown in FIGS. 12-19.
The horn 200 may include a first pair of walls 220 positioned
opposite one another and a second pair of walls 222 posi-
tioned opposite one another. The first pair of walls may be
mirror images of one another. Additionally, or alternatively,
the second pair of walls may be mirror images of one another.
In other examples, the horn may include any number of walls
(e.g., three, five, or more) that collectively form the contoured
surface. The first pair of walls 220 and the second pair of walls
222 may be arranged relative to one another to form the
contoured surface 208 of the horn 200. To that end, each wall
220 may be joined to an adjacent wall 222 at a joint 224. The
joint 224 may extend longitudinally between the entrance 202
and the mouth 206 of the horn 200. For example, each joint
224 may extend longitudinally from the first axial end 212 of
the contoured surface 208 to the mouth 206. The walls 220
and 222 may be formed as a unitary structure or formed
separately and joined to one another to form the contoured
surface 208. The walls 220 and 222 may flare outward as
shown in FIGS. 1249. In other examples, the walls may
extend straight (e.g., planar), curve inward, or have any other
desired configuration.

[0044] One or more of the walls of the horn 200 may
include a predetermined surface irregularity. For example,
each wall 220 may include a dimple 216, and each wall 222
may include a protuberance 218 as shown in FIGS. 12-19.
The dimples 216 may extend outward away from the longi-
tudinal axis of the horn 200 and into the contoured surface
208. The protuberances 218 may protrude inward toward the

Jan. 15, 2015

longitudinal axis of the horn 200 and outward from the con-
toured surface 208. In this manner, the contoured surface 208
may have an irregular or non-uniform shape defined by the
surface irregularities. The dimples 216 may be positioned
approximately at the 12 o’clock and 6 o’clock positions. The
protuberances 218 may be positioned approximately at the 3
o’clock and 9 o’clock positions. In other examples, the sur-
face irregularities may be positioned at any other circumfer-
ential and/or longitudinal position along the contoured sur-
face. The coverage pattern of audible sound emitted by a
loudspeaker coupled with the horn 200 may depend on the
size, shape, and/or placement of the surface irregularities. In
this manner, the coverage pattern of audible sound emitted by
a loudspeaker coupled with the horn 200 may be independent
of the shape of the entrance 202 and/or the mouth 206 of the
horn. In other words, the shape of the coverage pattern may be
different than the shape of the entrance 202 and/or the mouth
206 of the horn. For example, the horn 200 having a substan-
tially rectangular shaped mouth 206 may produce a non-
rectangular coverage pattern. This may enable a coverage
pattern of any desired shape to be produced using a horn
having an entrance and/or a mouth of any desired shape as
further described below. The contoured surface 208 may taper
continuously to provide substantially smooth transitions
between predetermined surface features as further described
below.

[0045] Two planes, each including the longitudinal axis of
the horn 200, may divide the horn into four sections. For
example, a first plane (e.g., a y-z plane) may extend between
the 12 o’clock position and the 6 o’clock position, and a
second plane (e.g., an x-z plane) may extend between the 3
o’clock position and the 9 o’clock position. An oblique plane
(e.g., a plane that includes the longitudinal axis of the horn
200 and is oblique to the first and second planes) may inter-
sect the first section of the horn 200 disposed between the 12
o’clock position and the 9 o’clock position. The intersection
between the oblique plane and the horn 200 (e.g., the con-
toured surface 208 and/or the throat 210) may be a continuous
curve. For example, the intersection may be an unbroken
curve extending continuously from the entrance 202 to the
mouth 206. In one example, the unbroken curve may include
at least a portion of the entrance 202, the throat 210, and the
contoured surface 208. In another example, the unbroken
curve may include at least a portion of the entrance 202 and
the contoured surface 208. For example, the oblique plane
may intersect the horn at a circumferential position at which
the contoured surface 208 is in contact with the entrance 202
as described above with reference to the horn 100. In one
example, the contoured surface 208 may vary in the circum-
ferential and longitudinal directions such that the intersection
between the contoured surface 208 and/or the throat 210 of a
section of the horn 200 and any plane including the longitu-
dinal axis of the horn and positioned oblique to the first and
second planes (e.g., any oblique plane) may be a continuous
curve extending between the entrance 202 and the mouth 206.

[0046] By providing a contoured surface having predeter-
mined surface irregularities at predetermined locations, the
coverage angle of audible sound emitted by a loudspeaker
coupled with the horn 200 may be defined for at least three
design planes (e.g., the first plane, the second plane, and an
oblique plane). In this manner, the horn 200 may be config-
ured to provide a substantially predefined coverage angle or
direction of sound waves in any plane intersecting the longi-
tudinal axis. The predefined coverage angles in a plurality of
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different planes each including the longitudinal axis may
collectively define a predefined coverage pattern of sound
waves provided by the horn or waveguide. In this manner, the
coverage angles in the plurality of design planes may collec-
tively define the shape (e.g., the transverse cross sectional
shape) of the coverage pattern. The coverage pattern of sound
waves may be substantially predefined without regard to the
horn shape, which may enable independence between the
horn shape and the coverage pattern and/or reduce diffraction
as described above. The coverage pattern, which may be
formed from a combination of coverage angles in the plurality
of planes may be rectangular, elliptical, or any other shape.
For example, an elliptical horn or waveguide may produce an
elliptical coverage pattern, an elliptical horn or waveguide
may produce a rectangular coverage pattern, a rectangular
horn or waveguide may produce an elliptical coverage pat-
tern, a rectangular horn or waveguide may produce a rectan-
gular coverage pattern, or an amoeba shaped horn or
waveguide may produce a trapezoidal coverage pattern. In
other examples, a horn or waveguide having any shape may
produce a coverage pattern having any shape. Because the
horn or waveguide may be configured to provide a desired
coverage pattern of audible sound waves in the plurality of
design planes (e.g., design planes in addition to horizontal
and/or vertical planes), the frequency response and/or direc-
tivity anomalies of sound waves produced by the loudspeaker
may be reduced as compared to horn designs with less than
three design planes. Because horn geometry may be defined
from the central horn axis outward, internal reflections may
be reduced and/or frequency response may be improved as
compared to horn designs with less than three design planes.

[0047] Inoneexample, amethod for forming a horn for use
with a loudspeaker e.g., the horn 100 or the horn 200
described above) may include selecting a first design plane
including a longitudinal axis of the horn, selecting a second
design plane including the longitudinal axis of the horn and
being perpendicular to the first design plane, and selecting a
third design plane including the longitudinal axis of the horn
and being oblique to each of the first design plane and the
second design plane. The first design plane and the second
design plane may be a horizontal design plane and a vertical
design plane, respectively, as described above. Additionally,
or alternatively, the third design plane may be an oblique
design plane as described above.

[0048] The method may include selecting a first predeter-
mined coverage angle in the first design plane, selecting a
second predetermined coverage angle in the second design
plane, and selecting a third predetermined coverage angle in
the third design plane. The first predetermined coverage
angle, the second predetermined coverage angle, and the third
predetermined coverage angle may collectively define a pre-
determined coverage pattern of audible sound emitted by a
driver coupled with the horn as described above. Each of the
first predetermined coverage angle, the second predetermined
coverage angle, and the third predetermined coverage angle
may be independent of the others of the first predetermined
coverage angle, the second predetermined coverage angle,
and the third predetermined coverage angle. Additionally, or
alternatively, each of the first predetermined coverage angle,
the second predetermined coverage angle, and the third pre-
determined coverage angle may be independent of the shape
of the entrance and/or the mouth of the horn as described
above.
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[0049] The method may include forming a contoured sur-
face of the horn such that an intersection of the first design
plane with the contoured surface is a first continuous curve
having a first function corresponding to the first predeter-
mined coverage angle, an intersection of the second design
plane with the contoured surface is a second continuous curve
having a second function corresponding to the second prede-
termined coverage angle, and an intersection of the third
design plane with the contoured surface is a third continuous
curve having a third function corresponding to the third pre-
determined coverage angle. The third function may not be a
function of the first function and the second function. Addi-
tionally, or alternatively, a first cross sectional shape of the
contoured surface along the first design plane may corre-
spond to the first predetermined coverage angle, a second
cross sectional shape of the contoured surface along the sec-
ond design plane may correspond to the second predeter-
mined coverage angle, and a third cross sectional shape of the
contoured surface along the third design plane may corre-
spond to the third predetermined coverage angle.

[0050] While various examples of the invention have been
described, it will be apparent to those of ordinary skill in the
art that many more examples and implementations are pos-
sible within the scope of the invention. Accordingly, the
invention is not to be restricted except in light of the attached
claims and their equivalents.

1. A horn for use with a loudspeaker, the horn comprising:

an entrance disposed at a first axial end of the horn and

configured to receive a driver;

amouth disposed ata second axial end of the horn opposite

the entrance; and

a contoured surface extending between the entrance and

the mouth;

where a cross sectional shape of a coverage pattern of

audible sound emitted by the driver coupled with the
horn is independent of a shape of the entrance and a
shape of the mouth.

2. The horn of claim 1, where the cross sectional shape of
the coverage pattern is different than the shape of the entrance
and the shape of the mouth.

3. The horn of claim 1, further comprising a throat extend-
ing longitudinally between the entrance and the contoured
surface.

4. The horn of claim 1, where the contoured surface com-
prises at least one surface irregularity, and the cross sectional
shape of the coverage pattern is dependent on the surface
irregularity.

5. The horn of claim 4, where the surface irregularity com-
prises at least one of a dimple in the contoured surface or a
protuberance from the contoured surface.

6. The horn of claim 1, where the shape of the mouth is
elliptical, and a transverse cross section of the contoured
surface at a longitudinal position between the entrance and
the mouth comprises a non-circular, non-elliptical closed
curve.

7. The horn of claim 1, where the shape of the mouth is
rectangular, and a transverse cross section of the contoured
surface at a longitudinal position between the entrance and
the mouth comprises a non-rectangular closed curve.

8. A horn for use with a loudspeaker, the horn comprising:

an entrance disposed at a first axial end of the horn and

positioned on an entrance plane, the entrance configured
to receive a driver;
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amouth disposed at a second axial end of the horn opposite

the entrance; and

a contoured surface extending between the entrance and

the mouth and defining a cavity within the horn, the
contoured surface comprising at least one surface
irregularity;

where the contoured surface comprises a transverse cross

sectional shape at a longitudinal position of the surface
irregularity that is different than both a shape of the
entrance and a shape of the mouth.

9. The horn of claim 8, further comprising a throat extend-
ing longitudinally between the entrance and the contoured
surface, where a longitudinal depth of the throat varies cir-
cumferentially around the throat.

10. The horn of claim 8, where the shape of the mouth is
elliptical, and the transverse cross sectional shape of the con-
toured surface at the longitudinal position of the surface
irregularity is non-elliptical and non-circular.

11. The horn of claim 8, where the shape of the mouth is
rectangular, and the transverse cross sectional shape of the
contoured surface at the longitudinal position of the surface
irregularity is non-rectangular.

12. The horn of claim 8, where a reference plane is perpen-
dicular to a longitudinal axis of the horn and positioned lon-
gitudinally between the entrance and the mouth, and a dis-
tance between the longitudinal axis and the contoured surface
along the reference plane varies circumferentially around the
longitudinal axis in a continuous manner.

13. The horn of claim 8, where any plane including a
longitudinal axis of the horn intersects the horn at a continu-
ous curve extending from the entrance to the mouth.

14. A horn for use with a loudspeaker, the horn comprising:

an entrance disposed at a first axial end of the horn and

configured to receive a driver;

amouth disposed at a second axial end of the horn opposite

the entrance; and

a contoured surface extending between the entrance and

the mouth;

where the horn comprises a horizontal design plane includ-

ing a longitudinal axis of the horn, a vertical design
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plane perpendicular to the horizontal design plane and
including the longitudinal axis of the horn, and a plural-
ity of oblique design planes each including the longitu-
dinal axis of the horn and being oblique to the horizontal
design plane and the vertical design plane, where the
intersection between each of the plurality of oblique
design planes and a section of the horn is a continuous
curve extending from the entrance to the mouth; and
where a shape of a coverage pattern of audible sound
emitted by the driver coupled with the horn is different
than a shape of the entrance and a shape of the mouth,

15. The horn of claim 14, further comprising a throat
extending longitudinally between the entrance and the con-
toured surface, where a depth of the throat varies circumfer-
entially around the longitudinal axis of the horn.

16. The horn of claim 14, where the contoured surface
comprises a plurality of surface irregularities, each compris-
ing at least one of a dimple or a protuberance,

17. The horn of claim 14, further comprising a first pair of
walls positioned opposite one another and a second pair of
walls positioned opposite one another, each of the first pair of
walls joined to an adjacent one of the second pair of walls at
a joint, the first pair of walls and the second pair of walls
collectively defining a cavity of the horn.

18. The horn of claim 17, where each of the first pair of
wails comprises a dimple in the wall and each of the second
pair of walls comprises a protuberance protruding from the
wall.

19. The horn of claim 17, where the shape of the mouth is
rectangular, and a transverse cross sectional shape of the
cavity at a longitudinal position between the entrance and the
mouth is non-rectangular.

20. The horn of claim 14, further comprising a cavity
defined by the contoured surface, where the shape of the
mouth is elliptical, and a transverse cross sectional shape of
the cavity is non-circular and non-elliptical.

21. (canceled)



