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[571 ABSTRACT

A loudspeaker system overcomes disadvantages of
prior art systems. To adjust for undesirable room acous-
tics, high frequency slope compensation is provided
which reaches its plateau well beyond the highest audi-
ble frequency, providing a more accurate audio repro-
duction. Electronic filtering increases the high fre-
quency components beyond the audible range, to drive

a single set of high frequency acoustical drivers to prop-
erly compensate for high frequency attenuation due to
room acoustics. Alternatively, a dedicated high fre-
quency acoustical driver provides the high frequency
emphasis to compensate for room acoustics, with an-
other set of high frequency acoustical drivers accu-
rately reproducing the audio signal. A multi-compound
Isobarik system is also taught, one embodiment utilizing
a single internal baffle within a loudspeaker enclosure to
allow acoustical drivers operating within similar fre-
quency ranges to be physically located anywhere
within the enclosure without limitation due to internal
air pressure variations. Acoustical drivers of similar
frequency ranges may be physically located at opposite
ends of the loudspeaker system enclosure, making the
speaker system less sensitive to room acoustics. Enclo-
sure resonance significantly reduced by the use of cylin-
drical prisms as inexpensive structural elements. In one
embodiment, a loudspeaker enclosure is formed of a
plurality of subenclosures, allowing a loudspeaker sys-
tem to be constructed of a plurality of simple elements.
In one embodiment, each subenclosure has similar char-
acteristics and is suitable as a loudspeaker system. Alter-
natively, various subenclosure types have different
characteristics so various subenclosures of various char-
acteristics are assembled to form a loudspeaker system
of desired acoustical characteristics.

16 Claims, 7 Drawing Sheets
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MULTI-COMPOUND ISOBARIK LOUDSPEAKER
SYSTEM

BACKGROUND OF THE INVENTION

This invention pertains to londspeaker systems which
are particularly well suited for use in very high fidelity
audio systems. More specifically, this invention pertains
to loudspeaker systems which have very low distortion
and which very accurately compensate for deviations in
the acoustics of the room in which the loudspeakers are
placed.

DESCRIPTION OF THE PRIOR ART

Audio loudspeaker systems are widely known, and
range in quality and acoustical performance from ex-
tremely poor to rather excellent. It is the extremely high
performance loudspeaker system to which this inven-
tion is directed. In the prior art, loudspeaker systems
compensated for room acoustics in an attempt to pro-
vide the listener with an accurate reproduction of sound
not only in spite of the physical limitations of the loud-
speaker system itself, but also when considering the
characteristics of the acoustics of the room in which the
loudspeaker system and the listener are located.

One prior art technique used in high quality loud-
speaker systems compensated for upper frequency room
acoustics by merely boosting the output of a high fre-
quency acoustical driver that reached its plateau well
within the upper audible range (for the purposes of this
application, the audible range will be considered to be
within approximately 20 Hz to 20 KHz). This is de-
picted in the graph of FIG. 1, in which the curve la-
beled A is the room acoustical characteristics, curve B
is the acoustical output energy characteristics of a typi-
cal prior art compensated loudspeaker system, and
curve C is the sum of curves A and B, the resultant
audio which is heard by the listener.

This prior art approach has the effect of increasing
the high frequency drive to the loudspeaker system at
higher frequencies, thereby providing some compensa-
tion for the greater attenuation of high frequency audi-
ble signals by the characteristics of the room acoustics.
Of interest, the prior art loudspeaker compensation
systems provided the high frequency acoustical energy
output compensation beginning at a frequency fi (typi-
cally about 3 KHz to 10 KHz) and reaching an approxi-
mately constant maximum value of compensation at a
frequency f well within the audible range. This prior
art compensation boosts the acoustical output of the
high frequency acoustical driver in the manner depicted
by curve B, which reaches its plateau well within the
audible range. The fact that in prior art loudspeaker
systems this compensation plateau is reached well
within the audible range while the attenuation due to
room acoustics continues through the entire audible
range results in an inaccurate reproduction of the over-
all acoustical energy observed by the listener. Thus,
when the prior art compensation curve B in FIG. 1 is
added to the room acoustic response curve A, summa-
tion curve C is irregular and certainly not flat. A major
contributing factor to this is that the high frequency
driver is designed to operate in its “flat” region well
within the audible range. Since the acoustic response of
the room is rolling off at some negative slope at the
point that the high frequency driver is operating in its
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“flat” range, the overall response of such a prior art
system cannot be flat.

Certain prior art loudspeaker systems utilize a plural-
ity of audio drivers within one enclosure. However, in
certain loudspeaker designs, known as Isobarik systems,
one of a pair of matching acoustical drivers must be
internally mounted and sealed inside the enclosure with
no direct access to the outside of the enclosure, with the
other driver of the pair being mounted on an outside
surface of the enclosure and acoustically and electri-
cally coupled to the first.

Isobarik and other types of loudspeaker designs re-
quire drivers to be mounted inside the speaker enclosure
in a method that insures no direct physical contact be-
tween the driver and any outside surface of the enclo-
sure. An example of a prior art Isobarik design is shown
in FIG. 2. Note that in FIG. 2, driver 3 faces inward
toward the inside of enclosure 6 and has no direct physi-
cal contact with any outside surfaces of the enclosure 6.
Driver 3a contacts only an internal baffle 1 which is
connected to hermetically sealed Isobarik chamber 2.
Driver 3b is mounted on an outer surface of enclosure 6,
and is also connected to hermetically sealed Isobarik
chamber 2. FIG. 2 also shows additional acoustical
drivers 4 and 5, which might be tweeter and mid-range
acoustical drivers, respectively, when Isobarik acousti-
cal drivers 3a4,3b are woofers.

In the prior art, acoustical drivers of similar fre-
quency range are placed close to each other in order to,
among other reasons, minimize performance aberra-
tions due to pressure differentials created within the
loudspeaker system enclosure. Thus, in the prior art
example of FIG. 2, if two acoustical Isobarik driver
pairs 3a,3b were to be included within enclosure 6, they
would be, in accordance with prior art thinking, physi-
cally located close together for best performance.

Another factor of importance in designing high qual-
ity audio systems is the prevention of speaker enclo-
sures, and various components thereof, from resonating.
Such resonance undesirably colors final sound ema-
nated from the speaker system, i.e. in other words pro-
vides an output audio acoustical signal which is not as
accurate as desired. Prior art high quality loudspeaker
systems attempt to reduce the possibility of resonance
by utilizing 2 number of techniques, including providing
rather specialized (and thus expensive) loudspeaker
system enclosure shapes, rigid internal enclosure brac-
ing, the use of sound damping materials installed inside
the speaker enclosure, and the use of very heavy materi-
als for construction of the enclosure.

SUMMARY

In accordance with the teachings of this invention, a
novel audio loudspeaker system is provided which
overcomes many of the disadvantages of prior art sys-
tems. In order to adjust for the undesirable effects of
room acoustics, in one embodiment of this invention
room acoustics slope compensation is achieved by pro-
viding high frequency compensation which reaches its
plateau well beyond the highest audible frequency,
thereby providing a more accurate audio reproduction
compensated for the effects of room acoustics. In one
embodiment, electronic filtering is used to properly
increase the high frequency components beyond the
audible range, to drive a single set of one or more high
frequency acoustical drivers properly compensate for
high frequency attenuation due to room acoustics. In an
alternative embodiment, a dedicated high frequency



5,374,124

3

acoustical driver is used to provide the high frequency
emphasis to compensate for the high frequency attenua-
tion of room acoustics, with the remaining set of one or
more high frequency acoustical drivers accurately re-
producing the desired audio signal.

As another feature of this invention, a multi-com-
pound Isobarik system is taught. One embodiment of a
muiti-compound Isobarik system of this invention uti-
lizes a single internal baffle within a loudspeaker system
enclosure to allow acoustical drivers operating within
similar frequency ranges to be physically located any-
where within the loudspeaker enclosure without limita-
tion due to internal air pressure variations. In one em-
bodiment, such acoustical drivers of similar frequency
ranges are physically located at opposite ends of the
loudspeaker system enclosure, thereby making the
speaker system less sensitive to room acoustics.

As another feature of this invention, speaker enclo-
sure resonance is avoided or at least significantly re-
duced by the use of cylindrical prisms as inexpensive
structural elements.

In one embodiment, a loudspeaker enclosure is
formed of a plurality of subenclosures, allowing a loud-
speaker system to be constructed of a plurality of simple
elements and expanded at a later date. In one such em-
bodiment, each subenclosure has similar characteristics
and is suitable as a loudspeaker system in and of itself. In
another embodiment, various subenclosure types have
different characteristics so that various subenclosures of
various characteristics can be assembled together to
form a Ioudspeaker system of desired overall acoustical
characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph depicting typical room acoustical
characteristics, prior art room acoustic compensation,
and the resultant summation characteristic;

FIG. 2 is a cross sectional view of a prior art loud-
speaker system including an Isobarik pair of acoustical
drivers;

FIG. 3 is a graph depicting typical room acoustical
characteristics, room acoustic compensation provided
in accordance with this invention, and the resultant
summation characteristic of this invention;

FIG. 4 is a schematic representation of a high fre-
quency slope compensation network suitable for use in
accordance with this invention when a dedicated acous-
tical driver is used for room acoustic compensation;

FIG. 5 is block diagram depicting an alternative em-
bodiment of this invention in which room acoustic com-
pensation is provided without the use of an acoustical
driver dedicated to this purpose;

FIG. 6 is a cross sectional view of one embodiment of
a multi-compound Isobarik loudspeaker system con-
structed in accordance with this invention;

FIG. 6A is a top view of the embodiment of FIG. 6,
with the top cover removed for internal observation;

FIG. 7 is a cross sectional view of one embodiment of
a multi-compound Isobarik loudspeaker system con-
structed in accordance with an alternative embodiment
of this invention;

FIG. 8 is a plan view of one embodiment of internal
baffle 53 of the embodiment of FIG. 7; and

FIG. 9 is a composite drawing of FIGS. 9A and 9B,
showing an embodiment of this invention in which a
loudspeaker enclosure is formed of a plurality of loud-
speaker subenclosures.
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DETAILED DESCRIPTION

In accordance with the teachings of this invention, a
loudspeaker system is taught which includes a number
of audio drivers, including one or more audio drivers
specifically dedicated for the purpose of compensating
for the effect of the room acoustics. In one embodiment
of this invention, these one or more drivers dedicated
for compensation of high frequency room acoustics are
driven by a dedicated cross-over circuit. In this embodi-
ment, a high-pass filter is used having a cut-off fre-
quency greater than the desired frequency spectrum
within which acoustic correction is desired. This results
in an acoustic correction below this cut-off frequency
fco which has continuous slope, rather than reaching a
plateau, within the audible frequency spectrum.

This is shown in FIG. 3, in which curve A depicts the
room acoustics, which cuts off well within the audible
range. Curve B shows the high frequency correction
provided in accordance with the teachings of this inven-
tion, which increases in gain at approximately the point
(frequency f1) at which room acoustics begin attenua-
tion of high frequency audio components, and continues
to increase in gain beyond the highest audible frequency
f3 and up to cut-off frequency fco, at which point a
plateau is reached. Curve C in FIG. 3 depicts the result-
ing acoustical signal delivered to the listener by the
combined effects of the speaker system of this invention
and room acoustics, which is substantially flat, as de-
sired, across the entire audible range up to at least the
maximum audible frequency f3, in spite of the effects of
the room acoustics depicted by curve A.

Electronic filtering networks suitable for providing
the high frequency emphasis shown by curve B are well
known in the art, but heretofore in speaker systems such
high frequency emphasis has not been used to provide
compensation up to and beyond the highest audible
frequency. The prior art also did not use a dedicated
driver to provide this high frequency compensation.
The use of a dedicated driver for this purpose simplifies
the design of the loudspeaker system and reduces cost
over the next described embodiment in which one or
more high frequency drivers are used for the purpose of
providing high frequency acoustical energy output in-
cluding a substantially constant response slope through-
out and beyond the highest audible frequency for com-
pensating for the inherent high frequency attenuation of
the room acoustics.

Prior art systems attempt to compensate for room
acoustics by merely boosting the entire range within
which high frequency driver operates. Curve C of FIG.
1 demonstrates that the summation that occurs in previ-
ous art methodology does not produce a flat response.
This is due to the fact that when the high frequency
driver reaches its plateau at frequency f2 within the
audible range, the room acoustic response shown in
curve A is still rolling off in a negative direction. There-
fore, when a slope of zero (curve B above frequency f3)
is added to the negative slope of curve A, the summa-
tion shown in curve C is a negative slope. Traditional
thinking in the prior art of loudspeaker filter design is to
merely add together the slopes at the crossover point of
various driver circuits in an attempt to obtain the de-
sired response. In contrast, the present invention adds a
specific positive slope from frequency f] to beyond the
highest audible frequency f3, for the purpose of causing
the acoustical energy emanating from the loudspeaker
system to have a response that is not flat, in order to
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compensate for a room acoustic environment that de-
emphasizes high frequency components at a given
slope. :

The exact nature of the emphasis provided is best
determined once the loudspeaker system enclosure and
acoustical drivers have been selected and assembled in
order to take advantage of their own natural frequency
response and, if the ultimate in performance is desired,
will take into consideration the specific room acoustics
of the actual room in which the loudspeaker system is to
be utilized. However, excellent results are obtained by
assuming that the loudspeaker system will be used in a
“typical room” in which case minor variations may
occur in actual use depending on the actual room acous-
tics. In this event, if desired, the filter network can be
altered for fine tuning the final environment. In one
embodiment of this invention, such adjustment is easily
provided by constructing the filter network with appro-
priate adjustments.

Thus, in contrast to prior art loudspeaker system
designs in which cross-over networks are used to feed
appropriate electrical signals of appropriate frequencies
to the various acoustical drivers in the loudspeaker
system for the purpose of maintaining a flat acoustical
energy magnitude response as measured at 1 meter in an
anechoic chamber, the teachings of this invention result
in the use of a dedicated driver or driver array to pro-
duce an emphasized high frequency response which
appropriately compensates for the apparent de-empha-
sis provided by room acoustic faults. A dedicated driver
or dedicated driver array is used in this embodiment for
high frequency emphasis to compensate for room
acoustics so that a loudspeaker system of this embodi-
ment will produce a flat uncompensated output in a
listening room that does not require high frequency
listening room compensation, and so that the dedicated
driver can be easily adjusted to provide any desired
amount of listening room compensation, in a simple and
cost effective manner. The net result is the listener will
perceive the combination of emphasized high frequency
signals emanated from a loudspeaker system and the
de-emphasis inherently provided by the room acoustics
as a combined flat audio response even at high frequen-
cies, thereby providing the most precise audio signals to
the listener.

FIG. 4 is a simple example of one embodiment of a
high frequency slope compensation system 40 con-
structed in accordance with the teachings of this inven-
tion. Slope compensation system 40 includes dedicated
acoustical driver 41 which may comprise, for example,
an 8 ohm tweeter and in one embodiment is a ribbon
driver such as the model number RBT100 available
from M.G. Electronics of New York. Input port 42
receives an electrical signal of the audio to be repro-
duced by the loudspeaker system of which high fre-
quency compensation system 40 forms a part. The input
signal present at port 42 is an unfiltered signal contain-
ing the full audio bandwidth. An RLC network formed
of L-Pad 44, capacitor 43, and driver 41 serves as a
single-pole filter to provide the desired cut-off fre-
quency fcop at a constant impedance. In one embodi-
ment, capacitor 43 has a capacitance of approximately 1
microfarad and the combination of 1.-Pad 44 and driver
41 have a constant impedance of approximately 8 ohms.
If desired, more sophisticated cross-over networks can
be used, including active networks utilizing operational
amplifiers or the like. The importance is, however, that
the cut-off frequency fco is above the highest audible
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frequency so that the high frequency emphasis does not
plateau within the audible range, as depicted in curve B
in the graph of FIG. 3.

In an alternative embodiment, room compensation is
provided in a loudspeaker system without the use of a
dedicated high frequency acoustical driver for this pur-
pose. In this embodiment, a high frequency acoustical
driver or driver array 105 is used to receive from power
amplifier 106 driven by active equalization circuit 107
an electrical signal including the high frequency empha-
sis needed to compensate for room acoustics. In this
embodiment, the active equalization circuit 107 pro-
vides continuous compensation slope (either positive or
negative, depending on the nature of room acoustics to
be compensated) from a first audible frequency through
a second audible frequency greater than the upper limit
of the audible frequency range. As shown in FIG. 5, the
frequency response of the signal from preamplifier 108
is substantially flat across the entire audible frequency
range (fo through f3), while the frequency response of
the signal provided by equalizer 107, and thus the elec-
trical drive provided by power amplifier 106 to loud-
speaker system 105, is emphasized in the range from f)
through fco, beyond this highest audible frequency f3.

In accordance with another feature of this invention,
a multi-compound Isobarik loudspeaker design is taught
in which more than one of the above described Isobarik
pairs of acoustical drivers are used. In one embodiment,
as shown in FIG. 6, the internally mounted acoustical
drivers Bl and B2 are mounted inside loudspeaker en-
closure 60 each on its own dedicated internal baffle 685
and 68a, respectively, in which each baffle serves the
purpose of providing a secure and rigid mounting struc-
ture.

In one embodiment, the separate internal baffle de-
sign is ported (i.e. by the use of a hole in the loudspeaker
enclosure to allow air flow to the room, or the use of a

-passive radiator), allowing the port to be tuned by de-

signing the diameter and length of the hole serving as
the port, or by adding or subtracting mass from the
passive radiator 63.

Thus, in accordance with the teachings of this inven-
tion, a multi-compound Isobarik loudspeaker is taught
allowing greater acoustical energy output. Further-
more, for a given acoustical energy output, cone excur-
sion of each acoustical driver is reduced with a resultant
decrease in distortion. Also, since less electrical power
is applied to each voice coil within the acoustical driv-
ers for a given acoustical energy output as compared
with a prior art Isobarik loudspeaker system, a lower
resonant frequency results allowing for a more ex-
tended low frequency performance. When an internal
multi-baffle design is used in accordance with the teach-
ings of this invention, each baffle serves as an effective
horizontal brace by inserting each baffle into grooves
cut into one or more of the interior walls of the loud-
speaker enclosure, or by attaching the baffles to one or
more of the interior walls of the loudspeaker enclosure
with appropriate braces. The use of grooves in interior
walls of the loudspeaker enclosure for placement of
interior baffles is depicted in the top view (with top
removed) of FIG. 6A.

As another feature of this invention, a loudspeaker
system is taught including a plurality of Isobarik pairs
and a single internal baffle for internally mounting one
acoustical driver of each Isobarik pair. The use of a
single internal baffle in accordance with the teachings
of this invention allows the speaker designer to take
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advantage of acoustical driver separation for the pur-
pose of making the speaker system less sensitive to room
acoustics. Acoustical drivers of similar frequency range
can be physically separated within the loudspeaker
enclosure without limitation since air pressure tends to
remain constant throughout the various parts of the
loudspeaker enclosure due to the use of only a single
internal baffle as taught by this invention.

When mounting multiple internal drivers inside a
loudspeaker enclosure, the rigid, separate baffle struc-
tures can cause wind noise and resonances to occur. As
can be seen from FIG. 6, the air currents created within
enclosure C can cause wind noises as the air is forced
over the openings of various cavities (such as cavity 41)
created by the multi-baffle approach.

In this alternative embodiment of FIG. 7, the Hem-
holtz effect related to cavity 41 of the embodiment of
FIG. 6 is avoided by using a single internal baffle 53 to
which all internally mounted acoustical drivers are
attached, thus avoiding the creation of various cavities
such as cavity 41 of FIG. 6. Further, the embodiment of
FIG. 7 reduces air pressure differentials within the
loudspeaker system enclosure as compared with the
embodiment of FIG. 6, since in the embodiment of FIG.
6 drivers B1 and B2 are each mounted on their own
dedicated baffle in which restriction F is not equal to
restriction G. This results in the excursion of passive
radiator PR2 being greater than the excursion of passive
radiator PR1, resulting in some distortion in the repro-
duced acoustical signal, especially if the excursion limit
of one of the passive radiators is reached.

The embodiment of FIG. 7, as compared with the
embodiment of FIG. 6, eliminates various chambers
within the loudspeaker enclosure, and thus wind noise is
reduced. The various air passages within loudspeaker
enclosure 51 can easily be made equal or of any desired
effective cross sectional area by adjusting the length
and/or width of internal baffle 53. Also, as shown in
FIG. 7, a single continuous chamber 59 is created. By
altering the cross sectional area of chamber 59, the
system can be tuned to permit passive radiators 53-1 and
53-2 to each contribute more or less acoustical energy
output. This has the effect of altering the compliance of
the passive radiator as well as loading acoustical driver
pairs 52-1a,b; 52-24,b; and 52-3a,b to effectively produce
the desired loudspeaker system alignments. In certain
embodiments, holes such as hole 1 of FIG. 8 are formed
in baffle 53 in order to control the acoustic output en-
ergy of a port, which port may be formed as a hole in
the loudspeaker enclosure or a passive radiator. Fur-
ther, by selecting the appropriate length and cross-sec-
tional area, chamber 59 can be tuned to a desired fre-
quency fs, to be used in conjunction with traditional
tuning methods associated with vented designs includ-
ing mass loading of passive radiators. An additional
benefit of this single internal baffle design taught by this
invention is that internal baffle 53 can be connected to
the two sides of loudspeaker enclosure 51 so that baffle
53 performs the additional function of acting as an inter-
nal brace. This provides an inexpensive and extremely
effective method of internal cabinet bracing.

FIG. 7 shows a cross-sectional view of one embodi-
ment of this invention showing the use of a single inter-
nal baffle 53 and the use of sealed, tuned chambers 52-1
through 52-3 mounted between internal baffle 53 and
speaker enclosure front face 51f. Preferably, sealed,
tuned chambers 52-1 through 52-3 comprise cylindrical
prisms, as will be discussed more fully later. Internal
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baffle 53 is preferably formed so as not to run the entire
width (i.e. in a plane perpendicular to the plane of FIG.
7) of enclosure 51, thereby allowing free airflow around
the sides of internal baffle 53. In operation, loudspeaker
system 50 receives an electrical input signal for electri-
cally powering speakers 52-1a,b, 52-24,6 and 52-3,0,b
located within cylindrical prisms 52-1, 52-2, and 52-3,
respectively. Speakers 53-1 and 53-2 are passive radia-
tors, driven by air pressure produced by the action of
electrically powered drivers 52-1a,6 through 52-34,5. In
accordance with the teachings of this invention, the use
of a single internal baffle 53 allows air pressure to be
more easily and uniformly maintained throughout the
loudspeaker enclosure as compared with the previous
embodiment systems in which a plurality of internal
baffles are used and in which a plurality of additional
undesired chambers are created, each with its own reso-
nant frequency and each capable of acting as a Hem-
holtz resonator adding unwanted sound coloration.
Shown in FIG. 7 are internal baffle braces 54-1
through 54-3 placed between internal baffle 53 and rear
enclosure face 51. However, braces 54-1 through 54-3
preferably do not run the entire width (i.e. in the plane
perpendicular to the plane of FIG. 7) thereby allowing
unrestricted air flow throughout enciosure 51. Simi-
larly, internal baffle 53 does not run the entire width of
loudspeaker enclosure 51 throughout its entire length
(as shown in FIG. 7, permitting excellent air flow and
substantially constant pressure throughout loudspeaker
enclosure 51. In one embodiment of this invention,
holes are provided in one or both of internal baffle 53
and internal baffle braces 54-1 through 54-3 to ensure
unrestricted air flow between the front and rear por-
tions of enclosure 51. Because of the novel design of
enclosure 51, air pressure is maintained substantially
equally throughout. This equal air pressure allows the
various drivers 52-1a,b through 52-3a,5, 53-1, and 53-2,
operating in the same frequency bandwidth to share the
load equally. With all of these drivers sharing the load
equally, the ratio of mechanical acoustical output en-
ergy to electrical input energy of each driver tends to
remain constant among the various drivers. This pro-
vides the following advantages, each of which reduces
distortion, increases efficiency, and increases power
handling capability. First, driver excursion, the physical
distance that the cone of a driver moves is held constant
between identical drivers operating in the same fre-
quency bandwidth. Secondly, the air pressure against
all driver cones tends to be held rather constant among
drivers. Furthermore, the tendency for a cone in a given
driver to break up into the various resonance modes is
reduced as compared with prior art designs. Since the
air pressure against the driver cones tends to be held
rather constant among the drivers, the drivers tend to
share the load more equally. This tends to prevent,
especially in the piston range of the driver, one driver
excursion from being significantly more than that of
another driver. In an operating range, if one driver
reaches its maximum excursion for linear operation
(Xmax) before the other driver operating within this
frequency range do, this one driver will begin to pro-
duce distortion. If this driver reaches its maximum non-
linear excursion before the other drivers, premature
cone breakup will occur in this single driver causing
distortion, or perhaps even physical damage to the

"driver. If air pressure is held constant, all identical driv-

ers operating in the same frequency range tend to share
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the load equally resulting in a more accurate sound
stage and significantly higher power handling capacity.

With respect to passive radiators 53-1 and 53-2, since
equal air pressure is easily maintained throughout foud-
speaker system 50 in accordance with the teachings of
this invention, the various passive radiators such as
radiators 53-1 and 53-2 of the embodiment of FIG. 7 can
be mounted anywhere on loudspeaker enclosure 51,
including the front, rear, side and top surfaces. It can
also be mounted on the bottom surface, if feet or mount-
ing devices (not shown) are used so that the base of
loudspeaker enclosure 51 is not resting on the floor.
Furthermore, the placement of various passive radiators
away from each other, particularly for low frequency
drivers, helps to avoid the undesirable low frequency
cancellation which is otherwise caused when a low
frequency driver is placed too close to a reflecting sur-
face within the room. If a low frequency driver, either
active or passive radiator, is placed at an extreme end of
a speaker system enclosure (i.e. bottom), the sound
energy that reflects off of the closest surface (i.e. floor)
can cause cancellation of the sound energy directly
radiating from the driver. With the single internal baffle
design, since the air pressure throughout the speaker
system enclosure tends to be held more constant, an
addition driver or passive radiator can be placed at
another location within the enclosure, even at the ex-
treme opposite end of the enclosure. Therefore, if the
output of one driver is canceled out at a certain fre-
quency, the output of the driver in the opposite enclo-
sure location is not canceled out. This approach makes
the speaker system significantly less sensitive to listen-
ing room acoustic faults. Thus, in accordance with the
teachings of this invention, in embodiments where low
frequency drivers are widely separated within enclo-
sure 51, low frequency performance is significantly less
sensitive to listening room acoustic faults as compared
with both prior art systems.

While the embodiment of FIG. 7 shows the use of
single internal baffle 53 in conjunction with relatively
low frequency drivers, it can also be applied in accor-
dance with the teachings of this invention to make high
frequency drivers as well. The single internal baffle as
taught by this invention can be used in a wide variety of
applications, without regard to the one or more fre-
quency ranges of the one or more Isobarik pairs of
acoustical drivers.

A multi-compound Isobarik design including the use
of a single internal baffle 53, as taught by this invention,
also significantly reduces cost and simplifies the manu-
facturing process as compared with prior art designs in
which much more complex structures are used in an
attempt to minimize distortion and to place the drivers
at appropriate locations given the limitations of such
prior art designs. Furthermore, in accordance with the
teachings of this invention, the specific geometry of
internal baffle 53 and cut-outs within internal baffle 53
are designed to help load the drivers and tune the enclo-
sure.

Referring again to FIG. 7, in accordance with the
teachings of this invention, sealed, tuned chambers 52-1
through 52-3 used to house electrically driven drivers
52-1a,b through 52-3a,b are preferably formed as cylin-
drical prisms. In accordance with the teachings of this
invention, rather than relying on the sheer strength of
internal braces 52-1 through 52-3, the shape of these
internal braces are of key importance. When cylindrical
prisms are used as internal braces 52-1 through 52-3 in
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accordance with the teachings of this invention, the
effect is to minimize or eliminate the resonances which
might otherwise occur due to the symmetrical shape of
the inside of a rectangular enclosure. When rigid cylin-
drical prisms preferably having a diameter of at least
about 40 percent of the shortest internal dimension of
the prism are used as braces, the constantly varying
geometry of cylinder surface breaks up resonances that
would otherwise occur. Further, it is preferred that the
prism volume is at least 10% of the enclosure volume.
The use of a cylindrical prism as braces 52-1 through
52-3 allows for inexpensive construction in order to
substantially minimize or eliminate resonances, without
the added expense of extremely complex, uniquely
shaped enclosures which have been used in the prior art
as internal braces 52-1 through 52-3.

FIG. 8 is a view of one embodiment of internal baffle
53, showing dimensional indicia. The following table
specifies dimensions of one exemplary embodiment of
internal baffle 53, with dimensions measured from the
internal surface of the loudspeaker enclosure.

TABLE 1

Hole 1 13.875 inches in diameter
Holes 2a-2¢ 11.125 inches in diameter
Dimension 3 6.5 inches

Dimension 4 23 inches

Dimension 5 16.5 inches

Dimension 6 at least 0.1 times Dimension 11, but at least

4 inches (in this embodiment, 28 inches)

Dimension 7 10.25 inches (the lower passive radiator
tuning port)

Dimension 8 25.25 inches (for a 12 inch internal woofer
52-3a of FIG. 7)

Dimension 9 41.75 inches (for a 12 inch internal woofer
52-2a of FIG. 7)

Dimension 10 58.25 inches (for a 12 inch internal woofer
52-1a of FIG. 7)

Dimension 11 66 inches (this height is used for adjusting

the upper passive radiator)

Dimension 6 specifies areas dedicated for the purpose
of providing equal air flow from all three Isobarik com-
pound woofer pairs. Additional air flows over the top of
the internal baffle through area 15 to the top mounted
passive radiator 53-1 (FIG. 7) and through a tuned
cutout 1 (FIG. 8) in the bottom of internal baffle 53 to
a second passive radiator 53-2 (FIG. 7) located at the
opposite end of the speaker enclosure (i.e. bottom).
These passive radiators are located at the opposite ends
of the enclosure to compensate for listening room
acoustic faults as described previously. This prevents
complete cancellation of low frequency energy waves
by reflections from room boundaries close to the pas-
sive radiators.

Referring again to FIG. 7, when an electrical signal is
delivered to electrically powered drivers 52-1a,b; 52-
24,b; and 52-3a,b (12" woofers in one embodiment) they
begin to displace air in an amount and at a frequency
directly proportional to the magnitude and frequency of
the electrical signal. Each sealed, tuned enclosure 51-1
through 51-3 contain a pair of 12” woofers. Each pair
consists of one driver facing the listener and another
facing the opposite direction (i.e. into loudspeaker en-
closure 51). Each of the drivers in the pair is wired 180°
out of phase with respect to its mate. When a positive
going signal is fed into the pairs of drivers, the driver
cones move toward the listener. Conversely, when a
negative going signal is fed into the driver pairs, the
driver cones move back into the loudspeaker enclosure
away from the listener.
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When a positive electrical signal is fed to the loud-
speaker system and the cones of drivers 52-1a,b; 52-2a,b;
and 52-3a,6 move forward to the listener, a pressure
void is created behind vents (passive radiators in this
case) 53-1 and 53-2. The magnitude of vacuum created
is directly proportional to three elements:

1. Magnitude of electrical signal;

2. Air flow restriction created by placing internal
baffle 53 closer to or farther from the rear enclo-
sure wall 51r; and

3. Air flow restriction created by the geometry of the
internal baffle itself.

Since all three internally mounted drivers (52-1a, 52-2¢
and 52-3a) are all mounted on the single internal baffle
53 they become a single loaded driver motor.

As the electrical signal changes polarity and becomes
a negative going signal the driver cone A move back
into the speaker enclosure, away from the listener. As
the driver cones move into the enclosure, a pressure is
built up behind vent (passive radiators 53-1 and 53-2 in
this exemplary embodiment). Therefore, from inspec-
tion, we can see that air is either forced into the listening
room, or removed from it by the various drivers and
ports. The amount of air that is moved at various fre-
quencies is given by the strength of the electrical signal,
the tuning of port B and the tuning of cavity 59 between
internal baffle 53 and rear enclosure wall 51r. In one
embodiment, the frequency at which the port begins to
significantly contribute is controlled by adding or sub-
tracting mass from the passive radiators (53-1 and 53-2).
The amplitude of their contribution with respect to the
powered drivers 53-1a,b; 53-24,b; and 53-3a,b is con-
trolled by the cross-sectional area and length of cavity
59 between the single internal baffle 53 and rear enclo-
sure wall 51r as well as by openings 15 and 1 shown in
FIG. 8.

In this embodiment, the cylindrical prism is conve-
niently and inexpensively constructed of heavy card-
board, hollow tube and provides three important func-
tions. First, the cylindrical prism supports and braces
internal baffle 53 with respect to speaker enclosure
front face 51f. Secondly, as described above, the use of
a cylindrical prism tends to break up resonances in
speaker enclosure 51. Furthermore, the use of hollow
cylinders as cylindrical prisms provides a sealed, con-
stant pressure chamber for connecting associated elec-
trically driven drivers such as drivers 52-1a and 52-15.
In one embodiment of this invention, the cylindrical
braces are 14 inch in diameter and approximately 10.25
inches in length. Preferably, in order to be as effective
as possible, the total volume of the cylindrical prisms
should be greater than 10% of the total enclosure vol-
ume. These cylinders can be semi-cylinders and at-
tached to various surfaces with the enclosure, as shown
by semi-cylinders 150z through 1504 in the embodiment
of FIG. 7. Again, the constantly changing surface of the
semi-cylinder will tend to break up various resonances.

FIG. 9 depicts one embodiment of this invention in
which a loudspeaker enclosure 90 (FIG. 9a) is con-
structed of a plurality of loudspeaker subenclosures 91,
95 (FIG. 9b). In one embodiment, each loudspeaker
subenclosure is constructed to be useful as a loud-
speaker system in and of itself, as well as for convenient
combining with like or different subenclosures in order
to provide a loudspeaker enclosure of any desired size
and performance characteristic. The unique characteris-
tic of this embodiment is that when the various subsec-
tions are combined a single enclosure is formed since
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various parts of the enclosure walls, i.e. top and bottom,
are removable. For example, an extremely low cost yet
high quality loudspeaker system can be used in the
home or in a small room which consists of perhaps only
one of these subsections per channel. For higher quality
and for use in a larger home or in a small commercial
area, for example, a loudspeaker system is constructed
of two or three subsections. For larger commercial
applications, for example, a larger number of subsec-
tions are combined together in order to provide a suit-
able high quality, high power loudspeaker enclosure. In
this embodiment, subsections include means for com-
bining a plurality of subsections and providing a sub-
stantially sealed air cavity within the combined set of
subsections. This is provided, for example, by providing
removable portions of the top and/or bottom of each
subsection, which removable portions are removed
when the subsections are assembled together. Prefera-
bly, some sort of gasketing material is used when com-
bining subsections, in order to provide a high quality air
seal. By providing each subenclosure to function as a
loudspeaker system, a customer can enhance and ex-
pand his loudspeaker system by simply adding addi-
tional subenclosures, without the need to completely
replace his previously used enclosures.

In one embodiment of this invention, various subsec-
tion types have various audio characteristics. For exam-
ple, in accordance with this embodiment, one subsec-
tion type might be for extremely low frequencies, an-
other subsection type for mid range frequencies, and yet
another subsection for high frequencies. Alternatively,
one subsection type includes an active woofer and a
passive radiator, while another subsection type includes
an active acoustic driver that would share the passive
radiator in the first subsection type when a loudspeaker
system is formed of subenclosures of the first and sec-
ond types. The various types of subsections are com-
bined and placed at appropriate locations in 2 room in
order to provide the desired audio effect.

In another embodiment of this invention, a subenclo-
sure includes low frequency, mid range, and high fre-
quency audio drivers so that each subenclosure is com-
plete in of itself and yet which can be combined with
other like subenclosures for greater power require-
ments. The principles of this invention allow easy scal-
ing of loudspeaker systems as desired and provide low
cost manufacturing in that a number of similar units can
be constructed and warehoused for final assembly as
required regardless of whether the end use is to be a
relatively small or a rather large loudspeaker system.

The invention now being fully described, it will be
apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto without
departing from the spirit or scope of the appended
claims.

What is claimed is:

1. A multi-compound Isobarik loudspeaker system
comprising:

a loudspeaker enclosure having a plurality of enclo-

sure walls;

a single baffle mounted internal to said loudspeaker

enclosure;

a first Isobarik hermetically sealed chamber having a

first end and a second end, said first end mounted to
a wall of said loudspeaker enclosure and said sec-
ond end mounted to said single internal baffle in the
interior of said loudspeaker enclosure;
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a second Isobarik hermetically sealed chamber hav-
ing a first end and a second end, said first end
mounted to a wall of said loudspeaker enclosure
and said second end mounted to said single internal
baffle in the interior of said loudspeaker enclosure;

a first acoustical driver mounted at said first end of
said first Isobarik hermetically sealed chamber;

a second acoustical driver mounted at said second
end of said first Isobarik hermetically sealed cham-
ber;

a third acoustical driver mounted at said first end of
said second Isobarik hermetically sealed chamber;
and

a fourth acoustical driver mounted at said second end
of said second Isobarik hermetically sealed cham-
ber.

2. A loudspeaker system as in claim 1 which further
comprises a low frequency port formed at one of said
enclosure walls.

3. A loudspeaker system as in claim 2 wherein said
port comprises a hole formed in said one of said enclo-
sure walls or a passive radiator mounted at said one of
said enclosure walls.

4. A loudspeaker system as in claim 1 wherein said
hermetically sealed Isobarik chambers comprise cylin-
drical prisms.

5. A loudspeaker system as in claim 4 wherein each of
said cylindrical prisms has a diameter of at least approx-
imately 40% of its length.

6. A loudspeaker system as in claim 4 wherein the
total volume of said cylindrical prisms is at least approx-
imately 10% of the volume of said loudspeaker enclo-
sure.

7. A loudspeaker system as in claim 1 which further
comprises one or more cylindrical prisms or portions of
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cylindrical prisms mounted on the interior of one or
more of said enclosure walls.

8. A loudspeaker system as in claim 1 wherein said
first acoustical driver is located distant from said third
acoustical driver. )

9. A loudspeaker system as in claim 8 wherein said
first acoustical driver is mounted on the same one of
said enclosure walls as said third acoustical driver.

10. A Joudspeaker system as in claim 9 wherein said
first and said third acoustical drivers have similar fre-
quency ranges.

11. A loudspeaker system as in claim 8 wherein said
first and said third acoustical drivers have similar fre-
quency ranges.

12. A loudspeaker system as in claim 1 wherein said
single internal baffle has a height less than the internal
height of said loudspeaker enclosure.

13. A loudspeaker system as in claim 12 which further
comprises a port on one of said enclosure walls in prox-
imity to the end of said single internal baffle, wherein
the difference between said internal height of said loud-
speaker enclosure and said height of said single baffle is
selected to provide a desired magnitude of an acoustical
output energy of said port.

14. A loudspeaker system as in claim 13 wherein said
port comprises a hole formed in said one of said enclo-
sure walls or a passive radiator mounted at said one of
said enclosure walls.

15. A loudspeaker system as in claim 14 wherein said
first and said third acoustical drivers have similar fre-
quency ranges.

16. A loudspeaker system as in claim 1 wherein said
single baffle has a width less than the internal width of

said loudspeaker enclosure.
* % %X % %



