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SOUND REPRODUCTION WITH IMPROVED
LOW FREQUENCY CHARACTERISTICS

FIELD OF THE INVENTION

[0001] The present invention relates to sound reproduction
systems having one or more drivers coupled to a sound bar-
rier.

DESCRIPTION OF THE RELATED ART

[0002] Originally, the art of horn loading of drivers was
done to increase the electroacoustic efficiency of the drivers.
Various techniques were employed early on to make the most
of limited amplifier power and relatively low power handling
capabilities of available drivers. Early efforts were centered
around obtaining the greatest sound level possible. Horn
loaded speakers, sometimes referred to simply as “horns”, of
this early era were generally designed to have a specific
expansion rate throughout, and typically were made to have a
defined shape such as that of a simple cone as well as curved
wall flares having shapes corresponding to exponential or
hyperbolic curves. Typically, these designs were aimed at
giving the best low-frequency performance.

[0003] Complementary horn/driver systems were devel-
oped for different frequency ranges. The design of relatively
low frequency horns encountered challenging problems
because of the mass and acoustic size required. Once the
desired frequency range is made high enough, it becomes
easier to make a horn for a particular range which is large
enough to meet design criteria. However, difficulties arose in
attempts to make a horn driver having a relatively flat acoustic
power response above 2 or 3 kHz. It was possible to design
drivers early on to have a reasonably flat response “on-axis”
to several octaves above a low range, largely because these
horns typically have a “curved wall” construction which
exhibited a directivity which narrows with increasing fre-
quency. Many popular early designs had favorable response
characteristics because the narrowing ‘“focus” of the horn
pattern closely compensated for the falling acoustic power of
the horn drivers, with increasing frequency. However, situa-
tions arose where listeners could not be positioned “on axis”.
Most notably, severe high frequency roll off was experienced
as a listener moved away from the central axis of the sound
reproduction system.

[0004] Constant directivity horns were developed in an
effort to provide a consistent sound quality to larger audi-
ences, so as to overcome the focusing effect of curved wall
horns. Unfortunately, practical constant directivity horns pro-
duced considerably less low-frequency loading on the drivers
than the popular exponential-shape curved wall horns for
which improvements were sought. Fortunately, power ampli-
fiers having greater output were made available and horn
drivers were being produced with greater power capability.
[0005] Whena given low frequency horn (a system which is
a combination of a horn and at least one driver) is altered to
make the mouth area smaller than “ideal”, what was a “flat
response” begins to show a series of peaks and dips which
become prohibitively large as the mouth becomes smaller
still. The peaks and valleys in the response of a compact or
“too small” bass horn system reflect the increasing differ-
ences in the radiation impedance -vs- frequency that the horn
presents as a load to the driver mounted at the throat. Accord-
ing to accepted horn theory, a horn in “full space” (such as if
flown hanging from a long cable from a helicopter etc) needs
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to have a mouth size (which is relative to the wavelength
being produced) with a circumference of about 1 wavelength.
For a 20 Hz horn, this would suggest an impractical mouth
diameter of 18 feet. Accordingly, sound reproduction systems
of more compact, manageable size are still being sought.

SUMMARY OF THE INVENTION

[0006] The present invention provides a novel and
improved sound reproduction system. In a first embodiment a
sound barrier defines a horn passageway having a first throat
end and a second open end. Atleast one driver having first and
second sound outputs in different directions is provided. A
sound barrier defining a horn passageway having first and
second horn sections, with a throat end and an open end is
located between the first and the second horn sections. The
driver is mounted to the sound barrier so that the first sound
output is carried in the first horn section and the first and a
second sound outputs are carried in the second horn section.
[0007] Preferably, a system for reproducing sound includes
at least two drivers. each having first and second sound out-
puts in different directions. A sound barrier defining a horn
passageway has a pair of first horn sections and a second horn
section, with a pair of throat ends and an open end located
between the first and the second horn sections. The drivers are
mounted to the sound barrier so that their respective first
sound outputs are carried in the respective first horn sections,
and the first and second sound outputs of the drivers are
carried in the second horn section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the drawings,

[0009] FIG. 1 is a schematic cross-sectional view of a
sound reproduction system illustrating the present invention;
[0010] FIG. 2 is a schematic cross-sectional view of a pre-
ferred embodiment of a sound reproduction system illustrat-
ing the present invention;

[0011] FIG. 3 is a graphical representation of the perfor-
mance of the sound reproduction system of FIG. 1;

[0012] FIG. 4 is a schematic cross-sectional view of a prior
art sound reproduction system;

[0013] FIG. 5 is a graphical representation of the perfor-
mance of the sound reproduction system of FIG. 4;

[0014] FIG. 6 is a schematic cross-sectional view of
another sound reproduction system embodying the present
invention;

[0015] FIG. 7 is a schematic cross-sectional view of the
reproduction system of FIG. 6;

[0016] FIG. 8 shows a schematic view of another sound
reproduction system embodying the present invention;
[0017] FIG. 9 shows a cross-sectional view taken along the
line 9-9 of FIG. 8; and

[0018] FIG. 10 is a graphical representation of the perfor-
mance of the sound reproduction system of FIGS. 8 and 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] The invention disclosed herein is, of course, suscep-
tible of embodiment in many different forms. Shown in the
drawings and described herein below in detail are the pre-
ferred embodiments of the invention. It is to be understood,
however, that the present disclosure is an exemplification of
the principles of the invention and does not limit the invention
to the illustrated embodiments.
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[0020] For ease of description, sound reproduction systems
embodying the present invention are described herein below
in their usual assembled position as shown in the accompa-
nying drawings and terms such as front, rear, upper, lower,
horizontal, longitudinal, etc., may be used herein with refer-
ence to this usual position. However, the sound reproduction
systems may be manufactured, transported, sold, or used in
orientations other than that described and shown herein.
[0021] At the outset it is noted that, while many different
types of sound reproduction systems can receive substantial
benefit from the present invention, the present invention has
found immediate acceptance in the field of horn/driver sound
reproduction systems. As will be seen herein, the present
invention, in one aspect, is directed to horn-loaded driver
systems of heretofore unattainable sound quality in a compact
size arrangement, significantly reduced from a theoretical
“ideal” size to a more practical size suitable for use in a
practical working environment. As contemplated herein, a
horn is an air passageway defined by one or more walls that
are acoustically solid, presenting an acoustic boundary which
contains the sound pressure until the sound signals reach the
horn mouth. Accordingly, in an effort to reduce discontinui-
ties in the acoustic boundaries of the horn, and to avoid adding
soft surfaces within the acoustically solid horn wall, drivers
are located, where possible, outside of the horn passageway,
with both parts of a their sound output introduced into the
horn interior passage via rigid connections.

[0022] In one aspect, the present invention is directed to
sound reproduction systems in which one or more drivers are
loaded by a horn having two or more combined horn sections
which cooperate with the driver so as to have the driving
source properties change with frequency. In another aspect,
the present invention is directed to a technique of loading both
sides of a driver with a common horn loading so that the
acoustic impedance the driver presents to the sound repro-
duction system changes beneficially with frequency. The
present invention finds immediate application for use as a
limited bandwidth device, particularly low frequency horn
systems, and especially such systems intended for use below
100 Hz (commonly referred to as a woofer or subwoofer
sound reproduction system).

[0023] As is known in the art, the design of sound repro-
duction systems often involves a balancing of different design
principles, directed to optimizing different aspects of system
performance. The present invention can be combined with a
wide variety of techniques known in the art, to provide sound
reproduction systems which simulate a single acoustic source
in time with a single source radiation pattern, and with here-
tofore unattainable dynamic, frequency dependent phase
shift characteristics. While known techniques have enjoyed
some measure of success, substantially greater performance
is made possible only with the present invention, as can be
seen for example, by comparing the responses shown in
FIGS. 3 and 5, and described below. It has been discovered
that certain aspects of the horn design must be satisfied if a
dynamic frequency dependent phase shift is to be achieved in
a system of heretofore unattainable small size.

[0024] A horn need not be driven at its apex or throat. For
example, as disclosed by the inventor of the present invention
in U.S. Pat. No. 6,411,718, one can actually tap into the horn
anywhere along its length, with the acoustic impedance deter-
mined by the area and expansion properties of the horn pas-
sageway, which typically changes along the length of the
horn. In addition to the usual issues related to driver param-
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eters, there is an additional issue of the frequency limit of the
sound system (compared to a conventionally driven horn),
where a horn is driven forward of the throat due to reflected
sound which travels from the driver to the closed throat being
reflected back so as to interact with the driver.

[0025] A typical response for a horn driven forward of the
apex or throat (by a mid or tapped horn) has a fairly good
response at its low frequency end, but as the frequency rises,
abroad rise occurs, as the reflected radiation is more in phase
and adds to the driver radiation. As the frequency rises further,
the output rolls off and has a deep notch at the frequency
where the acoustic distance from the radiator to the throat and
back is one half wavelength and so represents a signal exactly
out of phase with the driver radiation, which is accordingly
canceled out. As the frequency rises, a series of peaks and
dips, and in general a roll off above the operating range, is
noted in the system response. In some horn systems con-
structed according to U.S. Pat. No. 6,411,718, an acoustic roll
off filter above the cutoff reduces harmonic distortion by
attenuating driver output above the crossover frequency.
[0026] With tapped horn systems according to principles of
the present invention this 180 degree phase shift that one sees
in a one quarter wavelength reflection can be replaced by a
passageway of greater length and driven by a signal already
180 degrees out of phase (i.e. the backside signal of the same
driver), so that when forward and backward signals from the
same driver are combined, they add and do not cancel. The
backward signal component is conceptually like a typical
transmission line or delay line enclosure although the typical
transmission line has no taper or a reverse taper, and is not
intended for acoustic loading. In tapped horns constructed
according to principles of the present invention, the expan-
sion rate of the horn passageway provides acoustic loading
down to the low cutoff. Also, unlike the transmission line, the
horn passageway of a tapped horn constructed according to
principles of the present invention continues past the combin-
ing point of the front and rear radiation (see reference number
20 in FIG. 1). Horn systems constructed according to prin-
ciples of the present invention have greater efficiency than a
transmission line and also provide greater loading on the
driver in order to minimize the needed driver excursion or to
maximize the sound output for a given driver excursion limit.
[0027] Referring now to FIG. 1, a sound reproduction sys-
tem embodying certain aspects of the present invention is
generally indicated at 10. A driver 12 is mounted at the throat
16 of an acoustic boundary, or sound barrier 14, which pref-
erably functions as a horn, loading the driver 12. The sound
barrier or horn 14 can take any of the number of desirable
shapes and forms, as well as different expansion rates and the
cross-sectional areas as may be needed for a particular appli-
cation. The present invention, as will be seen herein, can be
readily adapted to horns of virtually any shape, and is not
limited to the shape shown in FIG. 1. For example, FIG. 6
shows a horn constructed of flat wall panels, throughout.
Further, while a single driver 12 is illustrated in FIG. 1, there
can be any number of drivers as may be required. For
example, FIGS. 6 and 7 show sound reproduction systems
having a pair of drivers arranged to provide a common sound
output.

[0028] Referring again to FIG. 1, sound barrier 14 is com-
prised of first and second horn sections meeting at a vertical
reference plane 19 which extends through reference point 20.
The first or upstream horn section 22 of the sound barrier
extends from mouth 16 to the reference plane, while the
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second or downstream horn section 24 extends from the ref-
erence plane to the mouth 26. As indicated in FIG. 1, substan-
tial portions of driver 12 are disposed in the horn passageway,
adjacent the reference plane or boundary between the horn
sections. This arrangement provides a simpler, more cost-
effective construction. If desired, the driver can be mounted
outside of the horn passageway (in the manner indicated for
example in FIG. 2) so as to avoid introducing soft surfaces in
the path of the pneumatic signals emanating from driver 12.

[0029] As a further possibility, driver 12 can be mounted
directly to throat 16 of sound barrier 14. However, it is gen-
erally preferred that a transition air volume or throat cavity 30
be provided to couple output from driver 12 to the throat 16.
Throat chamber or cavity 30 provides a small air volume for
compliance between the driver and the horn throat. This
throat cavity volume, in addition to the mass reactance of the
air in the throat, forms a low pass filter which can be used to
extend the high frequency-3 dB point, while having a steeper
roll off afterwards. While this small air volume of the throat
cavity affects the high frequency response of the overall sys-
tem, it has essentially no effect on the low frequency response
(i.e. the limited bandwidth range of operation for which the
system is intended). This effectively forms a “low pass” filter
which is desirable since it reduces the ever-present harmonic
distortion components higher than the low pass frequency.
The present invention also contemplates a system employing
multiple stages of the type illustrated in FIG. 1. For example,
the two stages can accommodate adjacent frequency bands,
with one frequency band having a higher range of frequencies
than the other.

[0030] Referring now to FIG. 2, a sound reproduction sys-
tem is generally indicated at 40. The system 40 utilizes many
features of the sound reproduction system 10 schematically
illustrated in FIG. 1. For example, the same horn or sound
barrier 14 is employed, with an upstream or first horn section
22 and a downstream or second horn section 24. A small air
cavity 30 is employed for compliance between the forward
end of driver 12 and throat 16. Output from the reverse or
rearward side of driver 12 is coupled to the downstream
portion of the horn passageway, where it combines with
driver output traveling along the upstream horn section 22.
Thus, system 40 also comprises a tapped horn system. As a
feature unique to the system schematically illustrated in FIG.
2, an additional small air volume enclosed in a chamber 44
couples rearward output from driver 12 to a tap opening 48
formed in sound barrier 14 at a point where the upstream and
downstream horn sections 22, 24 meet. Preferably, chamber
44 provides a rigid mounting for driver 12 to the sound bar-
rier. The air volume defined by chamber 44 cooperates with
one or more hollow cylinders or ports 46 positioned in open-
ing 48, to form an acoustic low pass filter on the “tap” or
rearward side of the driver (i.e., that side of the driver directly
feeding the downstream section 24 of the horn or sound
barrier 14. Preferably, the air volume of chamber 44, and the
diameter and length of port 46 are adjusted to form a low pass
filter at or above the highest frequency of interest. This low
pass filter affects only the high frequency response of sound
reproduction system 40, and has essentially no effect on the
system low frequency response (which is functionally unlike
a conventional ported low frequency alignment, where sys-
tem radiation is primarily above the low pass filter corner).

[0031] Referring to FIG. 3, a response curve for the horn
system schematically illustrated in FIG. 1 is shown. The
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response indicates a notch and roll off in the high frequency
range above passband, but the low frequency response is
constant and well developed.

[0032] Referringto FIGS. 4 and 5 for comparison purposes,
and to illustrate advantages attainable with the present inven-
tion, a prior art horn/driver sound reproduction system gen-
erally indicated at 50 was analyzed. Included in system 50 is
a driver 52 having a rearward enclosure 54, a forward com-
pliance section 56 and a horn 58 having a throat 60 and a
mouth 62. The horn 58 is preferably formed in a conventional
manner.

[0033] Referring to FIG. 5, the system 50 was tested for
frequency response characteristics. The frequency response
curve 60 is shown for the conventional system. The frequency
response curve of FIG. 3 shows substantial improvement over
the performance of the conventional system shown in FIG. 4,
whose response is indicated in FIG. 5. With sound reproduc-
tion systems according to principles of the present invention
curve is smoother than the curve indicated in FIG. 5. Sound
reproduction systems according to principles of the present
invention have much less group delay than conventional sys-
tems, even though the same drivers are used in both systems.

[0034] Exemplary principles of operation of the reproduc-
tion system will now be discussed. At the low frequency limit,
one finds the one-quarter-wavelength resonance for the entire
acoustic length (the rear horn section plus the front section of
the horn) and mainly the rear side of the driver feels the
acoustic load because of the nearly 90 degree phase shift
between the two sides. This “entire acoustic length” is actu-
ally comprised of the path lengths of both the upstream and
downstream sections and the compliance effect of the front or
forward volume between the horn and driver. In practice, the
physical length may actually best be slightly greater than
one-quarter wavelength in the “minimum size” horn.

[0035] Above the low frequency corner, the phase shift
between the rear radiation and front radiation is less than 90
degrees when they combine and so begin to add construc-
tively. Somewhere in the mid frequency band, both sides of
the radiator feel acoustic loading from the horn. In this way
the driver now has acoustic impedance, which varies as a
result of loading of one side at some frequencies and loading
both sides at another. At the same time, what one wants as a
driver when the horn is too small is a driver which can have
one set of properties ideal for operation at or near the quarter
wave resonance, and a different set of properties at higher
frequencies where the horn area is more correct and provides
a more proper conventional loading. Such performance is
provided in sound reproduction systems constructed accord-
ing to principles of the present invention.

[0036] For a given “compromised” or compact size horn
mouth and box size, the tapped horn will have a lower cutoff
and or less response ripple than any conventional horn align-
ment. However in the tapped horn case, the shift is accompa-
nied by a time delay in the acoustic path, not caused by a
Helmholtz resonator inverting the phase.

[0037] In the proximity of the low cutoff, the horn is con-
sidered to be operating at about the quarter wave resonance,
driven by a driver, preferably one which is far from what
would be conventionally recommended for a normal half
wave length long horn. The other (“rearward” or reverse) side
of the driver, which is out of phase and normally in a sealed
box, is also connected to the horn passage but is connected
some distance away than the other input from the driver. It
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should be noted that this path length distance provides a
frequency dependent phase shift between the two pressures as
they add within the horn.

[0038] There areat least two portions to the horn, the down-
stream part from the “tap” to the mouth or outlet and the
upstream, tap or “loop” part which connects one side of the
driver to the other at the “far” end. A variation would be a horn
that had two or more loop paths and multiple drivers (see for
example FIGS. 6 and 7). For simplification, consider that the
frequency is such that at low cutoff, the acoustic length of the
loop (between each side of the driver) is 90 degrees in phase
or one quarter wavelength in acoustic length. Note, this
acoustic length may well be somewhat longer than consider-
ation of the sound velocity in free space and frequency alone
would suggest. With a 90-degree phase shift between the two
pressures, they neither add nor cancel. At that point, only the
side of the driver at the end of the horn (i.e. the forward side
at the throat and feeding the upstream and horn section) feels
the acoustic load produced by the one-quarter-wavelength
resonance. The other side of the driver, at the tap point (i.e. the
rearward side facing the tap and directly feeding the down-
stream horn section), being 90 degrees different in phase,
does not feel the pressure created by the resonance, as it is 90
degrees out of phase. Here, effectively only one side of the
driver (i.e. the forward side at the throat and feeding the
upstream horn section) is coupled to the acoustic load.
[0039] As the frequency rises, the phase shift between two
driver outputs becomes less than 90 degrees. Recall that the
two sides of the driver are, of physical necessity, always 180
degrees out of phase, due to the fact that if the traveling
portion of the driver moves out on one side, it necessarily
moves in on the other. As the frequency is increased; the fixed
physical path length between the two sides represents an
increasing phase shift. This means that as the frequency is
increased above the low cutoff frequency, the phase shift
between the two sides goes from 90 degrees to less than 90
degrees at which point output from the two sides of the
radiator begin to add together. At a frequency where the phase
shift in the upstream or loop path is 180 degrees, both sides of
the radiator are driving the horn “in phase” and as such, the
driver has a significantly larger effective radiator area (with
both sides feeling the radiation pressure) with very different
driver parameters than with operation at the one quarter wave-
length resonance.

[0040] The tapped horn allows the driving source of the
horn to have different acoustic impedance at the low cutoff,
more suited for efficient operation at the quarter wave reso-
nance. As the frequency rises, (through the increasing addi-
tion of both sides of the radiator) the driving impedance
conforms more closely to what is needed. Simply put, at the
quarter wave resonance, only one side of the driver faces the
radiation pressure but as the frequency climbs, both sides of
the driver face the pressure. This makes a driver with param-
eters, which change automatically, depending on frequency.
This allows a single driver to span the requirements for effi-
cient quarter wave operation well into the range where it is
one half wavelength long or more.

[0041] As mentioned above with reference to FIGS. 1 and
2, a “throat cavity” or chamber defining an “air volume” is
employed in the sound reproduction systems according to
principles of the present invention. This throat cavity is a
commonly used, small air volume (compliance) placed
between the driver and horn throat. When sized correctly, this
volume, in addition to the mass reactance of the air in the
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throat, forms a low pass filter, which can be used to extend the
high frequency 3 dB point while having a steeper roll off
afterwards. While the throat cavity affects the high frequency
response, it has essentially no effect on the low frequency
response. This “low pass” filter effect is a desirable feature as
it reduces the ever-present harmonic distortion components
higher than the low pass frequency. On tapped horns accord-
ing to principles of the present invention, the volume of the
throat cavity is usually used also for the same reasons.

[0042] As mentioned herein, in one aspect, the present
invention provides two (or more) sources of drive into the
horn body. A typical response for a horn driven forward of the
apex or throat (i.e. by a mid or tapped horn) has a fairly good
response at its low frequency end but a broad rise occurs as the
frequency rises (and before the notch frequency). This rise in
response from the “tap” driving position allows the front
volume for the “end” connection to be made larger, to a value
which would normally excessively roll off the high frequency
response. This difference in now made up in the present
invention by the increased output on the tapped position. This
larger front volume on the end position driving point is now
large enough to lower the quarter wavelength resonance for a
given length. By a careful choice ofthis larger volume and the
overall system response, one can lower the system’s lower
corner frequency somewhat, with only a modest increase in
overall enclosure size.

[0043] With reference to FIG. 2, as mentioned, a tapped
horn is shown with an additional acoustic low pass filter on
the “tap” or reverse side of the driver. This consists of an air
volume and mass coupled into the horn at the same point. The
air volume, port diameter and length are adjusted to form a
low pass filter at or above the highest frequency of interest. As
before, this only affects the high frequency response, it has
essentially no effect on the low frequency response and is
functionally unlike a ported low frequency alignment (where
system radiation is primarily above the low pass filter corner).

[0044] At this point, certain aspects of the design theory
will now be discussed. Since a specific design includes what
ever size the horn actually is (as opposed to the ideal case) and
whatever fraction of radiation spaceitis in (e.g. on the ground
vs. in the air), practical design’s of a tapped horn are devel-
oped by iteration, modeling the actual physical realizations
with a sophisticated acoustic modeling program such as Ak A-
bak, a software simulation program for electro-mechano-
acoustical networks commercially available from Dipl. Ing.
Uwe Kempe Postanschrift Lagesche Str. 10-12, 32657
Lemgo, Germany. Design is preferably initiated by laying out
ahorn model which has about a one-quarter wavelength total
path length and has the throat connected to one side of the
driver (s), that fits in the package size. Tap in the other side of
the driver (s) at about Y4 to Y4 of the way from the mouth.
Observe the notch in the response related to the high fre-
quency cutoff, which is related to the length of the “wrap
around” path length. Fine tune the lengths and areas of the two
horn paths and front and rear volumes to obtain the smoothest
and greatest driver parameters effect.

[0045] In a horn closer to an ideal size (i.e. the size of a
conventional low-frequency horn of an impractical large
size), it is often the case that in the tapped horn according to
principles of the present invention, the wrap around path (i.e.
upstream path adjacent the throat) is smaller in area than the
front path (i.e. downstream path adjacent the mouth). It is
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theorized that that this result arises because driving area is
being added at the tap point, and thus the system has more
radiation loading.

[0046] Alternately, as the mouth size of a tapped horn
according to principles of the present invention is made
smaller than an “ideal” size mouth, it is often the case that the
wrap around path has little or no expansion in area, making it
somewhat more like a duct, and is often the same size where
it joins the downstream horn section. In this case the wrap
around path provides the same phase shift as before, but with
much less horn gain at the point where both radiations sum to
join into the outlet portion of the horn.

[0047] Ithasbeen observed that the loop path has an expan-
sion rate equal to or less than that needed for the design low
cutoff frequency. It has also been observed that, as the horn is
made much smaller than normal, the loop needs to become
more reactive and so its area often expands more slowly and
is smaller in magnitude than conventional systems. An
example of a tapped horn with a slow expansion is given in
FIGS. 8-10 which show an internal layout and a response
curve, respectively. FIGS. 8 and 9 show a sound reproduction
system 200 having a driver 202 mounted to a “full height”
internal wall 204 having a throat cutout 208 (see FIG. 9). As
can be seen in FIG. 8, (in which outer wall 218 is removed)
internal wall 204 is generally “Y-shaped” so as to split the
forward driver radiation in two paths which lead to an internal
bend 212 and, after reversing direction, exit through outlet
point 214, along divider wall 216. An access cover 220 is
provided, as can be seen in FIG. 9. The driver 202, when
placed in a conventional enclosure, has a normal sensitivity of
88 dB at one watt and one meter, but, when employed accord-
ing to the present invention, has a 5 fold increase in sensitivity,
measured at 95 dB at one watt and one meter.

[0048] The mouth coupler section also needs to have an
expansion rate equal to or less than that required to achieve
the desired low-frequency cut off. As with the upstream or
loop section, the expansion rate, type and area of the down-
stream section determines the acoustic properties for each
section, with each section of sound reproduction systems
according to principles of the present invention being inde-
pendently adjustable. While the total length of the horn air
path is such that it operates at or near the quarter wave length
resonance at the low cutoff frequency, the ratio of the loop or
upstream path to mouth coupler or downstream path length
define the rate at which the driver’s source impedance (i.e.
relative to the horn) changes with frequency. It is noted that
making the loop path shorter requires a driver with a greater
motor strength and moving mass but less displacement (for a
given output). A short mouth coupler or long loop requires a
lower mass, lower motor strength driver with more displace-
ment.

[0049] Whenthe hornis very small in mouth area compared
to an ideal horn, there is a reflection related to the length of the
loop path. Preferably, that operation is limited to frequencies
below the notch in the response caused by such reflection. In
larger tapped horns, such reflection can often be fully damped
by the radiation and so be successfully suppressed. Both
sections of horn have specific reactance and resistance based
on the actual item, the driver is closely coupled and also has
its own mass, stiffness and motor strength coupled at two
places in the equivalent circuit. In a conventional horn, the
rear volume emanating from the back of the driver acts as a
spring or compliance, in parallel with the driver mechanical
suspension. The volume emanating from the rear of the driver
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is adjusted to optimally cancel or annul the increasing reac-
tance present in the horn as a low cutoff frequency is
approached, to thus give an improved low frequency exten-
sion. In a tapped horn according to principles of the present
invention, a specific compliance also yields the best results
and, lacking the sealed chamber, the driver compliance is
made to be less than in conventional systems and so the driver
has a free air resonance which is higher than that of a con-
ventional horn covering the same frequency.

[0050] With sound reproduction systems according to prin-
ciples of the present invention, the cross-sectional area of the
upstream or wrap around section can be altered (while keep-
ing the total length of the horn path fixed) thereby providing
an adjustment to the Q of the low frequency peak. Assuming,
for example, a tapped horn arranged as a capital letter “P”,
moving the intersection up and down changes the effect a
given driver has on the overall sound reproduction system in
the same way as if one were adjusting the driver mass and
motor strength etc. This is a matter of tuning the driver’s
position to optimally couple into the system. The advantage
here is the ability to have the driver use one side or both sides
of'its radiator surface, depending on frequency. The choice of
the two path lengths and areas, and the drivers parameters,
combined with two resonant systems allows one to more
effectively span the changing acoustic loads the compact horn
presents, at least over a limited but well defined frequency
span. Prototypes with a span of two octaves have been built
and satisfactorily tested. Because of this additional “adjust-
ment” capability with sound reproduction systems according
to principles of the present invention, one can make a high
output low frequency horn augmented enclosure that is
smaller than with prior art horn designs, for a given amount of
low cutoff ripple. Heretofore unobtainable adjustments in a
system response made possible by the present invention
allows drive properties in the tapped horn to be adjusted with
changes to independent dimensions of both upstream and
downstream acoustic sections.

[0051] It is believed that one reason that sound reproduc-
tion systems according to principles of the present invention
can be made smaller than prior art designs is that the transition
from driving from both sides of the radiator to driving it only
one side at the low cutoff frequency better accommodates the
changing radiation load imposed on the driver, going from the
motional minimum at one quarter wavelength to the motional
maximum at one half wavelength and so results in less ripple,
or, for a given ripple magnitude, it results in a smaller physical
package. In one example of a sound reproduction system
constructed according to principles of the present invention,
the system exhibited a sensitivity of about 102 dB for 1 Watt
input, for one unit ground plane half space, with a -3 dB
output at 29 Hz.

[0052] Using a vented box (the most common way to make
a sound reproduction system having a low bass response in a
23 cu/ft package) the maximum sensitivity, assuming a “per-
fect driver,” would be 97.9 dB for 1 Watt and -3 dB response
at29 Hz. In practical systems employing practical drivers, the
driver response is typically down from a “perfect driver”
response by 1 to 3 dB. Tapped horn sound reproduction sys-
tems according to principles of the present invention of
approximately the same size (with a practical driver) mea-
sures more than twice this sensitivity. With sound reproduc-
tion systems employing two drivers of the type used conven-
tionally in a vented box, a combined sensitivity of only 90 dB
1 W@ 1M is achieved. Measurements have indicated that the
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loading on radiators incorporated in a tapped horn according
to principles of the present invention have an output raised by
about 12 dB or a factor of 16, compared to the same drivers in
direct radiation. Also, acoustic loads presented in sound
reproduction systems according to principles of the present
invention typically reduce the radiator motion by about a
factor of 4, which then raises the maximum excursion limited
output about 12 dB compared to the same drivers radiating
directly.

[0053] Referring now to FIGS. 6 and 7, sound reproduction
systems according to principles of the present invention hav-
ing multiple drivers with multiple upstream horn sections will
now be described. Referring to FIG. 6, a practical sound
reproduction system is generally indicated at 100. A sound
barrier 102 includes an outer enclosure 104 defining a mouth
106. A pair of upstream structures 110, 112 are provided with
compliance barriers 114, 116 defining respective compliance
inner chambers at the throat of the upstream structures. Driv-
ers 120, 122 are mounted adjacent the throat of each upstream
structure, as indicated in FIG. 6.

[0054] An opening 126, 128 of each upstream structure
communicates with the interior of enclosure 104 adjacent a
front wall 132 of the enclosure which defines mouth 106. In
effect, the interior of enclosure 104 lying outside of the
upstream horn sections 100 10, 112 forms a horn passageway
which extends from the openings 126, 128 of the upstream
structures to the mouth 106 ofthe sound reproduction system.
Note that the backsides of drivers 120, 122 communicate with
the horn passageway and thus two tap points are provided,
adjacent the backside of each driver. At the tap points, outputs
from the front and the rear of the drivers is combined, at the
entrance to a downstream horn section. As with preceding
embodiments, forward output from the drivers 120, 122 is
controlled by an upstream horn section formed by the struc-
tures 110, 112 taken in combination with horn path sections
extending between the openings 126, 128 and the rear of the
drivers 120, 122. Note that the sound reproduction system
100, in its preferred embodiment, is constructed without
curved wall sections.

[0055] Referring now to the dual driver arrangement of
FIG. 7, a sound reproduction system constructed according to
principles of the present invention is generally indicated at
150. Included are a pair of drivers 152 mounted to a sound
barrier 154, and particularly that portion of the sound barrier
forming a downstream horn section opening at a mouth 158.
A pair of upstream horn sections 160, 162 blend with down-
stream horn section 154 at tap points located at the backsides
of drivers 152. The front side of each driver 152 is loaded with
a compliance member 168 which provides a transition to the
upstream horn sections 160, 162. Note that the upstream horn
sections 160, 162 merge at 180 and extend along a relatively
short path portion immediately upstream of the backsides of
drivers 152. If desired, the merge point 180 can be placed
immediately adjacent the backsides of drivers 152 so as to
alter the adjustable response of the sound reproduction sys-
tem.

[0056] The sound reproduction system 150 produces a
smoother amplitude response and lower phase shift response,
as illustrated in FIG. 5, when taken in comparison with the
response of a prior art system illustrated in FIG. 4. For sys-
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tems constructed according to principles of the present inven-
tion, all of the drivers interact or “feel” each other acousti-
cally, due to their close proximity and their loading into a
mutually coupled horn passage.

[0057] The foregoing description and the accompanying
drawings are illustrative of the present invention. Still other
variations in arrangements of parts are possible without
departing from the spirit and scope of this invention.

I claim:

1. A system for reproducing sound, comprising:

at least one driver having first and second sound outputs in
different directions;

a sound barrier defining a horn passageway having first and
second horn sections, with a throat end and an open end
between the first and the second horn sections;

the driver being mounted to the sound barrier so that the
first sound output is carried in the first horn section and
the first and a second sound outputs are carried in the
second horn section.

2. The system of claim 1 wherein the first and the second

sound outputs extend in generally opposite directions.

3. The system of claim 1 wherein the sound barrier defines
acontinuous horn passageway including a first and the second
horn sections.

4. The system of claim 1 wherein the at least one driver is
mounted to a mid portion of the sound barrier, adjacent a
boundary of the first and the second horn sections.

5. The system of claim 4 wherein sound communication to
the horn passageway for the second sound output is provided
by an aperture in the sound barrier.

6. The system of claim 1 wherein the horn passageway is
continuously curved.

7. The system of claim 1 wherein the horn passageway
comprises a series of straight line path portions.

8. A system for reproducing sound, comprising:

at least two drivers, each having first and second sound
outputs in different directions;

a sound barrier defining a horn passageway having a pair of
first horn sections and a second horn section, with a pair
of throat ends and an open end between the first and the
second horn sections; and

the drivers being mounted to the sound barrier so that their
respective first sound outputs are carried in the first horn
sections and the first and a second sound outputs of the
drivers are carried in the second horn section.

9. The system of claim 8 wherein the first and the second

sound outputs extend in generally opposite directions.

10. The system of claim 8 wherein the sound barrier defines
a continuous horn passageway including the first and the
second horn sections.

11. The system of claim 8 wherein the drivers are mounted
to mid portions of the sound barrier, adjacent boundaries
between the first and the second horn sections.

12. The system of claim 11 wherein sound communication
to the horn passageway for the second sound output outputs of
the drivers are provided by apertures in the sound barrier.

13. The system of claim 8 wherein the horn passageway
comprises a series of straight line path portions.
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