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(57) Abstract: An acoustic system is described for
accurately reproducing sound. The acoustic system
generally includes driver which produces a plurality of
higher frequency pressure waves at larger amplitudes
and produces lower frequency pressure waves at smaller
amplitudes. A passage is provided which serves as an
amplifier and resonator for the lower frequency pressure
waves. Accordingly, the system accurately reproduces a
large range of higher and lower frequency sounds.
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ACOUSTIC SYSTEM

Inventor: David Maeshiba

Field of the Disclosure

[001] This application claims the benefit of U.S. Provisional Application No.
60/981,568, filed October 22, 2007. The present disclosure relates

generally to an acoustic system and more specifically, an acoustic system

which accurately reproduces sound.

Description of the Prior Art

[002] Acoustic systems generally include a loudspeaker for reproducing
sound. The loudspeaker in an acoustic system may comprise a single driver
or multiple drivers which convert electrical signals into sound pressure
waves. More specifically, drivers generally include an actuator and a
diaphragm. In response to electrical signals, the actuator oscillates the

diaphragm to produce a plurality of sound pressure waves having higher and

lower frequencies.

[003] The size of the diaphragm and type of driver generally dictate the
range of higher and lower frequencies that each driver may reproduce. For
example, drivers having a diaphragm with a small diameter are generally

able o reproduce higher frequency pressure waves at larger amplitudes.
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However, in general, these smaller diaphragms unaided are not able to
reproduce lower frequency pressure waves at the level desired for consumer
acoustic systems. Accordingly, acoustic systems which utilizing only drivers
with smaller diaphragms have not traditionally been able to accurately
reproduce lower frequency sounds. Conversely, in general, drivers having a
relatively large diaphragm are better able to produce lower frequency
pressure waves at larger amplitudes than are drivers with small diaphragms
but those relatively large diaphragm drivers do not produce the higher
frequencies as well as the their small diaphragm counterparts.

[004] In view of such, some prior art acoustic systems include loudspeakers
with a range of drivers for reproducing a range of higher and lower
frequency pressure waves. For example, a combination of larger and
smaller drivers have been integrated in an attempt to reproduce the full
range of sound, e.g. higher and lower frequency sounds. In such systems,
the sound emitted from each driver is focused to a point where the listener
hears the reproduced sound. These systems often include cross-over
circuits designed to match the frequency domain of the various drivers.
Some systems also attempt to include circuitry for maintaining the time
domain of the reproduced sound. These systems can become complicated
and provide varying degrees of success.

[005] Other prior art acoustic systems have utilized special enclosures for
drivers alone or in conjunction with other drivers in an attempt to reproduce
a larger range of higher and lower frequency sounds. For example, some

systems have included back and/or front horns. Traditionally, single driver
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[006]

[007]

1008]

[009]

summary of the Disclosure

systems have had ditficulty producing a full range of sounds without further
augmentation. Accordingly, such systems have been augmented with other
drivers, such as a separate tweeter. Again, these augmented systems will
often include cross-over circuitry with the same limitations noted above.
Other types of augmented systems, such as those utilizing a whizzer cone,
have also existed but still have drawbacks. Thus, there still exists a need for
an improved acoustic system.

Accordingly, it is an object of the present disclosure to provide an
acoustic system for accurately reproducing sound.

It is another object of the present disclosure to provide an acoustic
system which utilizes a single driver in combination with a specific interior
passage.

This and other desired benefits of the preferred embodiments,
Including combinations of features thereof, of the disclosure will become
apparent from the following description. It will be understood, however, that
a process or arrangement could still appropriate the claimed invention
without accomplishing each and every one of these desired benéfits,
Including those gleaned from the following description. The appended
claims, not these desired benefits, define the subject matter of the

invention.

An acoustic system is disclosed which accurately produces a

coherent, naturally synthesized sound over a large range of frequencies,
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[0010]

while providing an enjoyable listening experience over a wide range of
listening positions. The system generally includes a single high efficiency full
range driver and a specifically designed, sized and shaped interior passage
which serves as an amplifier and as a resonator and which when combined
together provide a naturally produced musically satistying frequency range.
More particularly, the high efficiency driver has an actuator and a
diaphragm. The actuator, also sometimes called the driver motor or
characterized by its component parts such as the voice coil, oscillates the
diaphragm to produce a plurality of pressure waves comprising higher
frequency pressure waves having larger amplitudes and lower frequency
pressure waves having smaller amplitudes. The diaphragm is usually
connected to a rigid basket or frame via a flexible suspension such as one
which surrounds the outer periphery of the diaphragm. An enclosure, often
called a head or compression chamber, is provided for supporting the driver.
The enclosure further has an inner opening, often called a throat, such that
at least some of the pressure waves produced by the driver are directed
through the enclosure and out of the inner opening. The enclosure is also
sized such that the pressure of the pressure waves having lower frequencies
IS preserved. A passage extends from the inner opening of the enclosure
and terminates at an outer opening, or mouth, such that the pressure waves
having lower frequencies are directed from the inner opening, through the
passage, and out of the outer opening.

In another embodiment, the system generally comprises a driver

which is supported by an enclosure. The driver includes an actuator and a
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diaphragm having an outer periphery which defines a region having a
diameter of about 5.0cm to about 6.0cm not including the surrounding
flexible suspension. Such drivers are commonly known as 8 cm or 3 inch or
3.3 inch class drivers. The actuator oscillates the diaphragm to produce a
plurality of bidirectional pressure waves having a range of amplitudes and a
range of higher and lower frequencies.

The enclosure has an inner opening such that some of the pressure
waves produced by the driver are directed through the enclosure and out of
the inner opening. The inner opening has a select cross-sectional area of
greater than 0.65 to about 1.3, and more preferably about 1, times the
cross-sectional area of the region defined by the outer periphery of the
diaphragm such that the pressure of the pressure waves having lower
frequencies is preserved.

A passage extends from the inner opening of the enclosure and
terminates at an outer opening such that the pressure waves having lower
frequencies are directed from the inner opening, through the passage, and
out of the outer opening. The outer opening defines a cross-sectional area
of about 8 to 12, and preferably about 10 times the cross-sectional area of
the inner opening such that the amplitudes of the pressure waves
corresponding to the lower frequencies are amplified. Preferably, the

passage also continuously increases in cross-sectional area and has a

length from about 1.5 meters to about 2.8 meters, and more preferably from

about 2.2 to about 2.5 meters.

PCT/US2008/080619
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[0013]

[0014]

[0015]

[0016]

[0017]

In another embodiment, the outer opening defines a cross-sectional
area of about 8 to 12, and preferably about 10 times the cross-sectional
area of the region defined by the outer periphery of the diaphragm.

In yet another embodiment, the cross-sectional area of the passage
Increases in a generally exponential manner or in a generally conical
manner with a terminal flair. The passage may also be folded or include a
plurality of turns.

In another embodiment, the diaphragm is constructed of a rigid
material. For example, the diaphragm can be constructed of a material
selected from the group consisting of a polymer, wood, wood fiber, grass
fiber, metal, aluminum, titanium, paper, metallized paper, and combinations
thereof. Preferably the driver is a low-excursion type driver and allows quick
movement of the diaphragm to provide a good transient response.

Preferably the acoustic system has a base for supporting the
passage and the outer opening is situated generally perpendicular to the
base such that the pressure waves are directed generally perpendicular to
the base or, alternatively, the outer opening is situated at a generally acute
angle relative to the base.

It should be understood that the present disclosure includes a
number of different aspects or features which may have utility alone and/or
In combination with other aspects or features. Accordingly, this summary is
not an exhaustive identification of each such aspect or feature that is now or
may hereafter be claimed, but represents an overview of certain aspects of

the present disclosure to assist in understanding the more detailed
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description that follows. The scope of the invention is not limited to the

specific embodiments described below, but is set forth in the claims now or

hereafter filed.

[0018] Brief Description of the Drawings
[0019] FIG. 1 Is a perspective view of an acoustic system in accordance with

an embodiment of the present disclosure;

[0020] FIG. 2 Is an exploded perspective view of the acoustic system of FIG.

[0021] FIG. 3 is a perspective view of an acoustic system in accordance with
another embodiment of the present disclosure;

10022] FIG. 4 Is an exploded perspective view of the acoustic system of FIG.
3; and,

[0023] F1G. 5 is an exploded perspective view of an acoustic system in

accordance with another embodiment of the present disclosure.

Detailed Description of the lllustrated Embodiments

[0024] Figure 1 shows a perspective view of an acoustic system 2 in
accordance with an embodiment of the present disclosure. The system
generally comprises a driver 4 which is supported by a housing 6. The
driver 4 generally converts electrical signals received via electrical contacts
8 into sound pressure waves.

[0025] More specifically, Figure 2 is an exploded perspective view of the
acoustic system 2 of Figure 1. The driver 4 generally comprises an actuator,

also commonly called a driver motor, 10 and diaphragm 12. In response to
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[0026]

[0027]

electrical signals provided by a source (not shown), the actuator 10
oscillates the diaphragm 12 to produce a plurality of pressure waves having
a range of amplitudes and a range of higher and lower frequencies. The
pressure waves produced by the driver 4 are generally bidirectional, wherein
higher frequency pressure waves are directed away from the housing 6 as
well as into an enclosure 16, also known as a head, in the housing 6.

The diaphragm 12 has an outer periphery which defines a region
having a diameter of about 5.0cm to about 6.0cm, preferably about 5 cm. A
driver having a diaphragm with this size is generally considered a smaller
driver and is often referred to as an 8 cm class or 3 inch or 3.3 inch class
driver. These smaller drivers produce higher frequency pressure waves at
larger amplitudes and lower frequency pressure waves at smaller
amplitudes. Accordingly, the lower frequency pressure waves are amplified
in accordance with further aspects of the present disclosure to acoustically
reproduce lower frequency sound.

An enclosure 16, also referred to as a head or resonant chamber,
and a passage 18 defined by the construction of the housing 6 are provided
to amplify the pressure waves. For example, the lower frequency pressure
waves produced by the driver 4 are directed into an enclosure 16. The
enclosure 16 is sized such that the pressure of the lower frequency pressure
waves Is preserved. Preferably the enclosure 16 is sized to have a volume
less than the Vas specification of driver 4. In general, Vas is one of the
standard parameters that determine the frequency response of a

loudspeaker driver and Vas refers to the volume of air that has the same
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[0028]

[0029]

compliance as the driver’'s suspension. [n the acoustic systems of the
present disclosure, the enclosure 16 is preferably sized to have a volume
between about 0.5 and 0.9 times the Vas specification of the driver, and
more preferably the volume of enclosure 16 is between about 0.65 and
about 0.75 times the Vas specification of the driver. For example, in one
embodiment of the present disclosure, an acoustic system using a 3” class
(i.e. one with about a 5 cm diameter diaphragm) high efficiency (titanium
cone with santoprene surround magnetically shielded) driver having a Vas
specification of 1.22 liters may have an enclosure 16 having a volume of
less than 1 liter, and more preferably have an enclosure 16 having a volume
of between about 0.8 liters and about 0.95 liters.

The enclosure 16 further has an inner opening 20, sometimes
referred to as a throat, sized such that the pressure of the lower frequency
pressure waves is preserved and, preferably, throat 20 also acts as a filter to
limit passage of the higher frequency pressure waves. In one embodiment,
the inner opening 20 has a select cross-sectional area of greater than about
0.65 to about 1.3 times the cross-sectional area of the region defined by the
outer periphery of the diaphragm of the driver. Preferably, the cross
sectional area of inner opening 20 is about 0.85 to about 1.1, and more
preferably about 0.85 to about 1.0, times the cross sectional area defined by
the outer periphery of the diaphragm of the driver.

A passage 18, which acts as a back horn, extends from the inner
opening 20 of the enclosure 16 to an outer opening 22, sometimes referred

to as a mouth or an exit, such that the lower frequency pressure waves are
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[0030]

[0031]

~ airected from the inner opening 20, through the passage 18, and out of the

outer opening 22, that is the waves travel from the throat through the horn
and out the mouth. As such, it will be appreciated that enclosure 16, throat

20 and passage 18 are in fluid communication with each other. It will also

be appreciated that except for being in fluid communication with each other

enclosure 16, throat 20 and passage 18 are otherwise substantially air tight
(at normal ambient pressure conditions) until reaching opening 22.

More specifically, the passage 18 and outer opening 22 are sized and
shaped such that the amplitudes of the lower frequency pressure waves are
amplified. For example, in one embodiment, the cross-sectional area of the
outer opening 22 Is sized at about 8 to about 12, and more preferably about
10, times the cross-sectional area of the inner opening 20. The passage 18
further continuously increases in cross-sectional area from the inner opening
20 to the outer opening 22. Alternatively or in conjunction with the foregoing
relationship between the size of outer opening 22 and inner opening 20, the
outer opening preferably defines a cross-sectional area of about 8 to about
12, and more preferably about 10, times the cross-sectional area of the
region defined by the outer periphery of the diaphragm of the driver.

The passage 18 also serves as a resonator. Each pressure wave has
an associated wavelength (e.g., the distance between repeating units of a
propagating wave for a given frequency). The length of the passage 18 is
dimensioned and shaped such that it acts not only as a horn but also as a
resonator. The passage 18 is further sized and shaped such that sound

emitted from the driver and from the opening 22 are perceived as a unitary

10



CA 02720185 2010-04-21

WO 2009/055373 PCT/US2008/080619

[0032]

[0033]

[0034]

[0035]

sound. In speaker systems of the present invention passage 18
continuously increases In cross-sectional area from the inner opening 20 o
the outer opening 22. Also, the passage 18 spans from about 1.5 meters to
about 2.8 meters, preferably about 2.2 meters to about 2.5 meters in length.
It will be appreciated that the length of passage 18 is measured as the
length of the distance along the center line (not shown) of the path from
throat 20 to opening 22.

Passage 18 can be folded to present a smaller profile for the overall
speaker. As such, as shown herein, the passage 18 includes a plurality of
turns. For example, as shown in Fig. 2, passage 18 turns about 90 degrees
at 18a, about 90 degrees at 18b, about 90 degrees at 18c, and about 90
degrees at 18d.

In another embodiment, the passage 18 may be sized and shaped
such that its cross-sectional area increases in a generally exponential
manner or a generally conical manner with a terminal flair.

Preferably, as shown in Fig. 2, the acoustic system has a base 23 for
supporting the passage and the outer opening 22 is situated generally
perpendicular to the base such that the pressure waves are directed
generally perpendicular to the base or, alternatively (not shown), the outer
opening is situated at a generally acute angle relative to the base.

As shown in Figure 2, the acoustic system 2 is sized such that it may
be fitted and installed between the studs 24a, 24b of a wall 26. The
acoustic system 2 may further be installed behind dry wall 28, wherein after

Installation, only the outer opening 22 and the driver 4 are exposed.

11
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Acoustic systems of the present invention produce relatively little overall
vibration and require relatively low power usage, e.g. acoustic systems of
the present invention typically can be driven by 5 watts or less of power.

[0036] The passage 18 is shown as a single passage with a single outer
opening 22. While not shown passage 18 and or opening 22 can be split
into sections. For example, passage 18 can be bifurcated and lead to a
bifurcated opening. In such an arrangement the surface areas of the
openings would in the aggregate provide the same cross-sectional

relationship to the surface area of inner opening 20 as that of a single
opening. In other words the aggregate cross sectional area of the bifurcated
openings would be about 8 to about 12, and more preferably about 10,
times the cross-sectional area of the inner opening 20.

10037] It is to be noted that the housing 6 may be constructed of any
generally rigid material or otherwise acoustically suitable material. For
example, the housing 6 may be constructed of wood, metal, a polymer, like
materials and combinations thereof. Likewise, the walls defining the
enclosure 16 and the passage 18 may also be constructed of any generally
rigid material or otherwise acoustically suitable material.

[0038] It is also to be noted that the driver 4 may be constructed of a rigid
material. The diaphragm 12 of the driver may be constructed of any
acoustically suitable material (e.g., a polymer, wood, wood fiber, grass fiber,
metal, aluminum, paper, metallized paper, and combinations thereof). While
driver 4 is adapted to produce higher frequency pressure waves at generally

larger amplitudes it is also a full range driver compared to drivers designed

12
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for a specific narrow frequency range. As discussed herein, such drivers
preferably are smaller drivers (e.g., an 8 cm class driver, also sometime
referred to as a 3 inch or 3.3 inch class driver). This class of drivers is
commercially available. For example, suppliers of 8 cm/3 inch class drivers
include Visaton, Aura Sound, Fostex and Tang Band. Preferably driver 4 is
a low-excursion type driver. Drivers providing good transient response, such
as those having a diaphfagm constructed of titanium, are especially
preferred.

[0039] Figure 3 shows a perspective view of an acoustic system 102 in
accordance with another embodiment of the present invention. The system
generally comprises a driver 104 which is supported by a housing 106. The
driver 104 generally converts electrical signals received via electrical
contacts 108 into sound pressure waves.

100407 More specifically, Figure 4 is an exploded perspective view of the
acoustic system 102 of Figure 3. The driver 104 generally comprises an
actuator 110 and diaphragm 112. In response to electrical signals provided
by a source (not shown), the actuator 110 oscillates the diaphragm 112 to
produce a plurality of pressure waves having a range of amplitudes and a
range of higher and lower frequencies like the driver 4 as described with
respect to the embodiments shown in Figures 1 and 2. The driver 104
produces pressure waves which are directed away from the housing 106
and into an enclosure 116 in the housing 106.

E@Mﬂ The diaphragm 112 has an outer periphery which defines a region

having a diameter of about 5.0cm to about 6.0cm, preferably about 5 cm.

13
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[0042]

[0043]

An enclosure 116 and passage 118 defined by the construction of the
housing 106 provide amplification of the lower frequency pressure waves
and enhancement of the resonance associated therewith.

More specifically, the lower frequency pressure waves produced by
the driver 104 are directed into an enclosure 116. The enclosure 116 is
sized such that the pressure of the lower frequency pressure waves is
preserved. Similar to the discussion of the acoustic system shown in Figs 1
and 2. Preferably the enclosure 116 is sized to have a volume less than the
Vas specification of driver 104. The enclosure 116 is preferably sized to
have a volume between about 0.5 and 0.9 time the Vas specification of the
driver, and more preferably the volume of enclosure 116 is between about
0.65 and about 0.75 time the Vas specification of the driver. For example, in
one embodiment of the present disclosure, an acoustic system using a 3”
class high efficiency (titanium cone with santoprene surround magnetically
shielded) driver having a Vas specification of 1.22 liters may have an
enclosure 116 having a volume of less than 1 liter, and more preferably

have an enclosure 116 having a volume of between about 0.8 liters and

about 0.92 liters.

The enclosure 116 further has an inner opening 120 sized such that
the pressure of the lower frequency pressure waves Is preserved and sized
to permit the inner opening to also act as a filter to limit passage of the high
frequency pressure waves. In one embodiment, the inner opening 120 has
a select cross-sectional area of greater than about 0.65 to about 1.3 times

the cross-sectional area of the region defined by the outer periphery of the




CA 02720185 2010-04-21
WO 2009/055373 PCT/US2008/080619

diaphragm of the driver. Preferably, the cross sectional area of inner
opening 120 is about 0.85 to about 1.1, and more preferably about 0.85 to0
about 1.0, times the cross sectional area defined by the outer periphery of
the diaphragm of the driver.

[0044] A passage 118 extends from the inner opening 120 of the enclosure
116 an outer opening 122 such that the lower frequency pressure waves are
directed from the inner opening 120, through the passage 118, and out of
the outer opening 122.

[0045] More specifically, the passage 118 and outer opening 122 are sized
and shaped such that the amplitudes of the lower frequency pressure waves
are amplified. In that regard, passage 118 acts as a back horn. For
example, in one embodiment, the cross-sectional area of the outer opening
122 is sized at about 8-12, and preferably about 10, times the cross-
sectional area of the inner opening 120. Preferably, the cross sectional area
of a substantial length of passage 118 continuously increases from the inner
opening 120 to the outer opening 122. More preterably, the passage 118
continuously increases in cross-sectional area along its entire length from
the inner opening 120 to the outer opening 122.

[0046] The passage 118 also serves as a resonator. Each pressure wave
has an associated wavelength (e.g., the distance between repeating units of
a propagating wave for a given frequency). The length of the passage 118 is
dimensioned and shaped such that it acts not only as a horn but also as a
resonator. The passage 118 is further sized and shaped such that sound

emitted from the driver and from the opening 22 are perceived as a unitary

15
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[0047]

[0048]

sound. In speaker systems of the present invention passage 118

continuously increases in cross-sectional area from the inner opening 120 to
the outer opening 122. Also, the passage 118 spans from about 1.5 meters
to about 2.8 meters, preferably about 2.2 meters to about 2.5 meters

Similar to the forgoing discussion of passage 18, passage 118 can be
folded to present a smaller profile for the overall speaker. As such, as

shown herein, the passage 118 includes a plurality of turns which do not
significantly affect the quality of the pressure wave. Also, similar to the
forgoing discussion, passage 118 is shown as a single passage with a single
outer opening 122. While not shown pa'ssage 118 and or opening 122 can
be split into sections. For example, passage 118 can be bifurcated and lead
to a bifurcated opening. In such an arrangement the surface areas of the
openings would in the aggregate provide the same cross-sectional
relationship to the surface area of inner opening 120 as that of a single
opening. In other words the aggregate cross sectional afea of the bifurcated
openings would be about 8 to about 12, and more preferably about 10,
times the cross-sectional area of the inner opening 120.

In another embodiment, as shown in Figure 5, the passage 118b may

be shortened to affect the amplification of the lower frequency pressure

waves. [t will be appreciated that acoustic systems of the present disclosure
can have various exterior shapes and appearances while maintaining the

disclosed relationships between the driver, head, throat, passage and

opening.

16



CA 02720185 2010-04-21
WO 2009/055373 PCT/US2008/080619

[0049] The single driver systems of the present disclosure may utilize less
than 5 watts and typically, less than 3 watts of power. Accordingly, these
acoustic systems are easily powered by high efficiency Class D amplifiers
and in combination with a source and amplifier acoustic systems as
described in Figs. 1-5 may be powered for long durations by conventional
batteries including rechargeable batteries such as a rechargeable lead acid,
lithium ion, or other type of rechargeable battery. Thus, the speaker
systems of the present invention are particularly suited for a mobile system.

[0050] A wireless sound reproduction system may include a wireless
receiver, one or more of the acoustic systems described in Figures 1-9, a
digital to analog converter, an amplifier and power source such as a
rechargeable battery. More specifically, an independent audio source may
be adapted to transmit a digital signal representative of a sound to a digital
wireless receiver. Coupled to the wireless receiver is a digital to analog
converter which converts the transmitted digital signal to an analog electrical
signal. An amplifier may be provided to amplify the converted analog signal.
The present invention acoustic system as described in Figures 1-5 receives
the electrical signal and accurately reproduces the sound.

[0051] The acoustic systems of the present disclosure can also provide an
enjoyable listening experience over a wide range of listening positions
utilizing a single 3” driver without utilizing a whizzer cone or phase plugs.
For example, some drivers include a whizzer cone for high end dispersion.
Speakers incorporating a driver with a whizzer cone tend to "“beam” meaning

that they will sound good in a center sweet spot but that as you go off center
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[0052]

you will lose the full range of the reproduction. Some drivers also
incorporate phase plugs to reduce the path length differences about the
cone surface in an attempt to smooth and reinforce frequency response but
again there can be other consequences including a preferred listening sweet
spot. The unique construction of the acoustic systems of the present
disclosure provides accurate, life-like transmission of the musical
information without the use of a whizzer cone or phase plugs and across a
broad range of listening positions.

The foregoing description has been presented for purposes of
illustration and description, and is not intended to be exhaustive or to limit
the invention to the precise form disclosed. The description was selected to
best explain the principles of the invention and practical application of these
principles to enable others skilled in the art to best utilize the invention in
various embodiments and various modifications as are suited to the
particular use contemplated. It is intended that the scope of the invention

not be limited by the specification, but be defined by the claims set forth

below.

18
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| claim:
[C1] 1. An acoustic system for accurately reproducing sound, comprising:

a driver including an actuator and a diaphragm wherein the actuator
oscillates the diaphragm to produce a plurality of bidirectional pressure
waves having a range of amplitudes and a range of higher and lower
frequencies, wherein said driver is selected from the group consisting of 8
cm class, 3 inch class and 3.3. inch class drivers;

an enclosure supporting said driver and having an inner opening such
that some of the pressure waves produced by the driver are directed through
the enclosure and out of the inner opening, the inner opening having a
select cross-sectional area of greater than 0.65 to about 1.3 times the cross-
sectional area of the region defined by the oqter periphery of the diaphragm
such that the pressure of the pressure waves having lower frequencies IS
preserved,; and

a passage extending from the inner opening of the enclosure ana
terminating at an outer opening such that the pressure waves having lower
frequencies are directed from the inner opening, through the passage, and
out of the outer opening, the outer opening defining a cross-sectional area
of about 8 to about 12 times the cross-sectional area of the inner opening
such that the amplitudes of the pressure waves corresponding to the lower
frequencies are amplified, said passage continuously increasing in ¢cross-
sectional area and spanning from about 1.5 meters to about 2.8 meters in

length.

19



CA 02720185 2010-04-21

WO 2009/055373 PCT/US2008/080619

[C2]

[C3]

[C4]

[Co]

[C6]

[C7]

A

[CO]

[C10]

2. The acoustic system of claim 1, wherein the outer opening
defines a cross-sectional area of about 8 to about 12 times the cross-
sectional area of the region defined by the outer periphery of the diaphragm.

3. The acoustic system of claim 1, wherein the cross sectional area
of the outer opening is about 10 times the cross-sectional area of the inner
opening '

4. The acoustic system of claim 2, wherein the cross-sectional area
of the outer opening is about 10 times the cross sectional area of the region
defined by the outer periphery of the diaphragm. |

5. The acoustic system of claim 1, wherein the passage spans

about 2.2 meters to about 2.5 meters in length.

6. The acoustic system of claim 1, wherein the driver is a low-

excursion type driver.

7. The acoustic system of claim 1, wherein the diameter of the
region defined by the outer periphery of the diaphragm is about 5 cm to

about 6 cm.

8. The acoustic system of claim 7, wherein said diameter is about 5

Cim.

9. The acoustic system of claim 1, wherein the cross-sectional area

of said passage increases in a generally exponential manner.

10. The acoustic system of claim 1, wherein the cross-sectional area
of said passage increases in a generally conical manner.

20
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[C12]

1C13]

[C14]

[C15]

1C16]

[C17]

11. The acoustic system of claim 1, wherein the passage includes a

plurality of turns.

12. The acoustic system of claim 12, wherein the passage is split into

sections.

13. The acoustic system of claim 1, further comprising a base for
supporting the passage and wherein the outer opening is situated generally

perpendicular to the base, such that the pressure waves are directed

generally perpendicular to the base.

14. The acoustic system of claim 1, wherein a housing defines the

enclosure and passage.

15. The acoustic system of claim 1, wherein the enclosure defines a

volume of less than the Vas specification volume of said driver.

16. The acoustic system of claim 1, where the enclosure defines a

volume of less than 1 liter.

17. An acoustic system for accurately reproducing sound, comprising:

a driver including an actuator and a diaphragm wherein the actuator

oscillates the diaphragm to produce a plurality of pressure waves comprising

21
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higher frequency pressure waves having larger amplitudes and lower
frequency pressure waves having smaller amplitudes;

an enclosure supporting said driver and having an inner opening such
that at least some of the pressure waves produced by the driver are directed
through the enclosure and out of the inner opening, said enclosure being
sized such that the pressure of the pressure waves having lower frequencies
IS preserved; and

a passage extending from the inner opening of the enclosure and
terminating at an outer opening such that the pressure waves having lower
frequencies are directed from the inner opening, through the passage, and
out of the outer opening, the outer opening and passage being sized and
shaped such that the lower frequency pressure waves are amplified and the

resonance associated with the lower frequency pressure waves Is

maintained.

22
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