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This invention relates to the reproduction of
stereophonic sound, and is more in particular directed to an
improved method and apparatus enabling the stereophonic effect
to more accurately represent the sound of the originating
sound source, as well as increasing the area within which a
listener can experience true stereophonic sound.

BACKGROUND ART

In order to enable a better undgrstanding of the
invention and the differences between the invention and known .
systems, a brief description of various known sound
reproduction techniques will first be given, as follows:

BINAURAL SOUND - In this reproduction technique,
sound is recorded with two microphones positioned to simulate
the positions of ears of a human head, to thereby produce a
plurality of signals. 1In order to preserve the binaural
effect, during sound reproduction, the listener must wear a
set of earphones that are spaced apart the same distance as
the recording microphones. Both the amplitude and phase of
the sound produced by the earphones are identical to the sound
received by the recording microphones. This ;echnique
requires a closed circuit system and has the disadvantage that
the listener must wear earphones.

MONAURAL SOUND - This sound reproduction technique
is also a closed circuit technique, and is similar to the
Binaural technique except that it uses only one recording
channel. This technique is exemplified by conventional
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telephone systems.



t he recording mcrophones. Both the anplitude and phase of the sound
produced by the earphones are identical to the sound received by the
recordi ng m crophones. This technique requires a closed circuit system and
has the di sadvantage that the |istener nust wear earphones. MONAURAL SOUND
- This sound reproduction technique is also a closed circuit techni que, and
Is simlar to the Binaural technique ex%gpt that it uses only one recording

channel . This technique is exenplified BBy conventional tel ephone systens. /
-2- MONOPHONI C SOUND - As in the case of Mnaural sound, only one sound
channel is provided in this technique. The systemis not a closed system
however, and the reproduction device, however, is in the formof one or
nmore | oudspeakers, eaNOrMfoNETi GOUND e girz etiet casai 6f Muathredr sespandi ng
to the only one sound channel is provided in this technique. The
system is not a closed system, however, and the reproduction
device, however, is in the form of one or more loudspeakers,
each of which is energized to emit sound corresponding to the
signals on the single channel.

STEREOPHONIC SOUND - This technique employs two (or
more) channels, corresponding to sound received directly by
microphones at two (or more) spaced apart locations. The
optimal stereo recording arrays are known as "ORTF" miking,
coincidence miking, near coincidence miking, spaced miking,
"SASS" miking and "AMBIPHONIC" miking.

By recording with these techniques, we can "capture"
the sounds being recorded in a fashion that better
approximates how we hear sounds, while keeping enough
differentiating and complementary information.

Another trend of the recording industry, with what
is known as a multi (mono) miking and multi (mono) track
recording process, is to artificially "locate" the sound of
different instruments and sampled sounds by using "panoramic
positioners" on the mixers used to feed a two track recording
unit. The recording industry calls this a stereo technique,
when in effect it should be distinguished as multi track
directed mono recordings.

For optimum reproduction, the signals energize
separate loudspeakers located at spaced geometrical positions
ideally corresponding to the locations of the respective
recording microphones' pickup arrays. In this technique, as
‘well as in monophonic sound techniques, the acoustics of the
recording location and reproducing location both influence the
sound that the user hears, with the result that the sound that
je heard even if it should be ideally the same, is not the
same as the sound originating from the recorded sound source.

Typically about 90% of the sound that is heard in the



'signals on the single channel. STEREOPHONI C SOUND - This techni que enpl oys
two (or nore) channels, corresponding to sound received directly by

m crophones at two (or nore) spaced apart |ocations. The optinmal stereo
recording arrays are known as "ORTF" m king, coincidence m king, near

coi nci dence m ki ng, spaced m ki ng, "SASS' m king and "AMBI PHONI C' m ki ng.
By recording with these techni ques, we can "capture" the sounds bei ng
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-reproduction é e signal s energize
and percussion) wh1 e the reflected sounds (approximately 90%)

give the ambience of the hall, the depth perception of the
soundstage and the richness of the musical experience. The
musical emotional experience that a lisltener, who is in the
environment in which the recording was done, has, is due to a
complex combination of these reflection:s of musical
information. These are what allow the listener to perceive
his environment.

Now remember that the goal of high fidelity is to
recreate the musical experience of being present at a concert
(regardless of the type of music; jazz, classical, blues,
etc.). The only way to accomplish this is to render all the
possible sonic information to the brain by the tools that are
our ears via a sound reproduction system and also, by
consequence, via the most appropriately capable recording
processes and techniques.

Assuming that the recordings to be reproduced are
capable of "capturing" all the information to be reproduced,
and that the more the sound reproduction system is neutral,
realistically dynamic and capable of rendering proper
transience (including the loudspeakers), the better it should
be able to give the basic information that is essential to
determine the spacial localization, i.e. the depth and width
of the sound stage and even its height. (Our ears/brain
combination is indeed capable of indicating if a sound comes
from above or below and also what height it originates from.
However, it would be trivial to continue at this point on this
subject, since it is not relevant to the ability of the
present invention to allow the listeners to perceive the
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$eparat e | oudspeakers | ocated at spaced geonetrical positions ideally
corresponding to the locations of the respective recording m crophones

pi ckup arrays. In this technique, as well as in nmonophonic sound

techni ques, the acoustics of the recording |ocation and reproducing _

| ocation both influence the sound that the user hears, wth the result that
the sound that is heard even if it should™Be ideally the sane, is not the
same as the sound originating fromthe recorded sound source. Typically
about 90% of the sound that is heard in the -3- environnment in which the
recording was made is reflected sound. Due to these reflections, the direct
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per cussi on) ted sounds (apprOX|nater 90% give the
anblence of the hall, Whatdepasthwericeptheorfdbcthproduced by the sum of

this vital information? With his eyes closed, the listener
who is relaxed and attentive should see himself "brought" to
the location of the recording.

The problem is that both loudspeakers send (ideally
with a great neutrality and quality) some complementary
information in a less than complementary fashion.

The information sent by each loudspeaker has to be
interdependent, at least from a listener's point of view, in
order to recreate the spacial coherence and a realistic
musical experience.

. One type of conventional stereophonic system employs
two positioned identical loudspeakers that are energized to
provide sound pressure and phase along the plane of symmetry
between the two speakers that is the same as at the location
of the microphones that were used to record the signal. The
plane of symmetry is the central plane that is perpendicular
to the line joining the two speakers. In such systems, when
the user is not located at the plane of symmetry, the
fundamental information is out of phase since the listener is
not at a position that is equidistant from the two speakers,
and the stereophonic effect is thereby absent.

The fundamental shortcomings of the current trends
are the modification of the sounds and the vital micro-
information (which are in the harmonic domain) because of the
reflection of these on the walls, ceiling, furniture and other
objects before their arrival to the ears of the listener.
Also, these'loudspeakers send the fundamental information out
of phase one relative to the other, because the listener is
practically never equidistant to the speakers and also because
of the reflections of sonic information on all the elements
that are in his or her environment.



soundst age and the richness of the nusical experience. The nusical

enotional experience that a listener, who is in the environnent in which
the recordi ng was done, has, is due to a conplex conbination of these
reflections of musical infornmation. These are what allow the |istener to
perceive his environnent. Now renenber that the goal of high fidelity is to
recreate the nusical experience of being present at a concert (regardl ess
of the type of nusic; jazz, classical, bltes, etc.). The only way to
acconplish this is to render all the possible sonic information to the
brain by the tools that are our ears via a sound reproduction system and

al so, by consequence, via the nost appropriately capable recording
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is therefore not yet achieved.

A good analogy is as follows: the colors are nicely
distorted and over and/or undersaturated (depending on the
observing point of view and the sampled part of a broad color
spectrum) and the image is grossly out of focus and
proportion.

Here, we must understand that the human ear locates
the point of origin of the sounds that it receives, thanks to
the stereophonic perception of our two ears combined together.
A sound generated from point "x" (see Fig. 1A) will be
perceived simultaneously by the two ears of listener “y%. If
the point "x" is located right ahead of him, the brain will
not register a difference in time perception between the right
ear and the left ear because the sound arrives at the saﬁe
time to both ears. Thanks to this the brain knows that the
sound comes from ahead. For sounds coming from the back,
there is a difference of perception that the brain is capable
of noticing. This difference is due mostly to the shape of
the ears that reflect, in a complex manner, the sounds before
sending them in towards the tympanies. If, on the other hand,
the point "x" is situated on a radius of two o'clock relative
to the positioning of "y" (see Fig. 1B) the sound that hits
the left ear arrives with a slight delay compared with the
sound that the right ear perceives. This is due to the fact
that sound travels at about 345 meters per second. The delay
is only a few milliseconds. Yet this is enough for the brain
to notice the difference and after a fast, automatic
subconscious calculation it can determine from where the sound
comes. All this is done and noticed thanks to the relative



determ ne the spacial |ocalization, i.e. the depth and width of the sound
stage and even its height. (Qur ears/brain conbination is indeed capable
of indicating if a sound cones from above or bel ow and al so what height it
originates from However, it would be trivial to continue at this point on
this subject, since it is not relevant to the ability of the present

i nvention to allow the listeners to perceive the -4- information
required to |ocate and hear sounds on the~fgight plane as well.) What
exactly is the effect produced by the sumof this vital information? Wth
his eyes closed, the |listener who is relaxed and attentive should see

hi nsel f "brought” to the location of the recording. The problemis that
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conplenentary jnformation in a less than conpl ementary fashion.
right and left ears.

(There are other factors involved in our sonic
spacial perceptual abilities. They are related to the "pitch"
("Doppler effect" domain) and "timbre" domain as well as the
amplitude domain.)

In conventional stereophonic systems, the left and
right reproducing speakers are energized to produce sound
waves of the relative same phase as the sound waves recorded
by the left and right recording microphones, respectively, in
order for the sound produced at the plane of symmetry to
duplicate the recorded sound. Application of the signals to
the reproducing speakers with phases that are off axis,
relative to the phases of the original signals, will not fully
simulate the original sound, and hence will not result in
faithful reproduction of the recorded sound, even assuming the
absence of reflections at the reproduction site.

An example of a conventional system of this type is
illustrated in Fig. 1, wherein left and right speakers 10, 11
are spaced apart a distance that preferabhly represents the
distance between the microphones employed to originally record
the sound. The speakers 10, 11 are oriented with their major
axes parallel to one another, and are energized by the left
and right output signals of a conventional stereo amplifier
12. The line 13 in this figure is perpendicular to and
centrally intersects a line extending directly between the
tips of the cones of the speakers, the line 13 thereby
simulates the plane of symmetry of the two speakers. Since
every point on the line 13 is equidistant from the two
speakers, the temporal relationship of the direct sounds from
the two speakers at that point simulates the temporal (as well
as the amplitude) relationship of the sound as received by
microphones employed to originally record the sound. This
temporal relationship is lost, however, at points displaced



The i-nformati on sent by each | oudspeaker has to be interdependent, at |east
froma listener's point of view, in order to recreate the spacial coherence
and a realistic nusical experience. One type of conventional stereophonic
system enpl oys two positioned identical |oudspeakers that are energized to
provi de sound pressure and phase along the plane of symetry between the
two speakers that is the sanme as at the | ocation of the m crophones that
were used to record the signal. The plane-6f symetry is the central plane
that is perpendicular to the line joining the two speakers. In such
systens, when the user is not |ocated at the plane of symetry, the
fundanental information is out of phase since the |istener is not at a
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a major shortcoming of currently accepted stereo reproduction/
perception and other compromising notions. In systems of this
type, the axes of the speakers may alternatively be directed
at equal acute angles to the line 13, but such orientation
does not generally affect the temporal relationships between
sound as above discussed.
In the past, speakers have been positioned at
locations that did not simulate the géometry of the recording
microphones. For example, U. S. Patent No. 4,673,057
discloses a system having an assemblage of speakers arranged
on each of the faces of a polyhedron, to emit sound in a
direction perpendicular to the respective faces, with speakers
on one side of an equatorial plane of the polyhedron being
energized with the right stereophonic signals and all of the
speakers on the other side of the equatorial plane being
energized with the left stereophonic signals. The sound
pattern produced by such a large number of speakers is very
complex, and due to the physical size of the polyhedron, the
sound emitted from the opposite sides of the polyhedron
simulates sound from a plurality of spaced apért sources. The
phase and timing of the sound generated by the speakers hence
is quite different than the sound received by the recording
microphones.
In one embodiment of the present invention, a sound
reproduction system is provided that employs a pair of
identical spealkers that are mounted "back-to-back". Such a
physical arrangem:nt of loudspeakers has been disclosed, for
example in U. S. Patent Nos. 4,268,719 and 4,585,090, only for
monophonic systems. U. S. Patent No. 4,016,953 discloses a
system employing a pair of speakers directed toward one



‘Al so, these | oudspeakers send the fundanental information out of phase one
relative to the other, because the listener is practically never

equi distant to the speakers and al so because of the reflections of sonic
information on all the elenents that are in his or her environnent. The
result can be a beautiful sound, yes, but not yet recreating,
unfortunately, in any way the nu3|cal expgrLi ence perceived by this sane
|istener as if he is situated at the recording |ocation. The goal of high
fidelity is therefore not yet achieved. A good analogy is as follows: the
colors are nicely distorted and over and/or undersaturated (depending on

t he observing point of view and the sanpled part of a broad col or spectrum
and the i maganetheyr osaidy emergdzeflowith ahdenfrisEgdr sionalsiee®, opposilst
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DISCLOSURE OF INVENTION

The invention is directed to the provision of a
method and apparatus for the reproduction of stereophonic
sound, wherein:

1. The stereophonic effect is not limited to the
plane of symmetry of a pair of speakers, but is clearly
apparent in a region that is substantially independent of the
location of a listener. _

2. The effects of the acoustics of a sound
reproduction room may be cancelled in a simple manner, so that
the sound heard by a listener can accurately represent the
sound that was recorded.

The invention is thus directed to a method and
apparatus of phase coherent sonic transmission embodied as a
single loudspeaker transmission system. This single
complementary transmission system allows the transmission of
the left and right channel complementary musical information
in a phase coherent and time aligned fashion in order to allow
the listeners, regardless of their positions in a listening
room, to perceive the music in 4D lifelike fashion.

With the present invention, the right and left
complementary sonic information (that is required to be
perceived in a time aligned fashion by the listener in order
to reconstruct a proper sound stage) is transmitted from the
same point source, from a one and only loudspeaker assembly
needed to do so. This means that the right and left music
signals travel to the listener in a practically parallel and
time aligned pattern. This allows the listener to sit or



t he st.ereophoni c perception of our two ears conbi ned together. A sound
generated frompoint "x" (see Fig. 1A) will be perceived-sinmltaneously by
the two ears of listener "y". If the point "x" is |ocated right ahead of
him the brain will not register a difference in tine perception between
the right ear and the left ear because the sound arrives at the sane tine
to both ears. Thanks to this the brain kno that the sound cones from
ahead. For sounds coming fromthe back, thefe is a difference of perception
that the brain is capable of noticing. This difference is due nostly to the
shape of the ears that reflect, in a conplex manner, the sounds before
sending themin towards the tynpanies. If, on the other hand, the point
i s situated orstandadihesevbrthe or csivekwardisattiovént bhé Heiquesiingoniods ofity"
(see Fig. 1B) e .that hj e lef [ ackriyes w.th slight del ay
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fact that sourtdea wagdessgundbsteagssmuchingre perusetelit thite wddhag hermmly a
few m || i secondudsyeiakeli srirgyenough for the brain to notice the difference
and after a fast, automghLc,gUbSABSH AN HRYL L) S s S IRaLOLRETERE From
loudspeaker then needed will seem to disappear to the listener
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while leaving the musical experience of being right where the
music was originally recorded. The music will appear and be
felt as "live", a definitively more natural experience when
listening to music.

Briefly stated, in accordance with the invention, a
sound system includes a point source transmission systemn.
First and second complementary monophonic signals, such as
left and right complementary monophonic signals, are applied
to the transducers in a- complementary manner, to result in the
temporal alignment and phase coherence of the sound generated
by the two complementary signals. The emitted sound produces
an interference pattern. It has been found that the brain of
the listener is responsive to such a sound pattern in a manner
that the listener experiences stefeophonic hearing in a region
that surrounds the transducer, i.e. not just a region in the
vicinity of a plane of symmetry as in known systemns.

The transducer may be formed of a pair of speakers
mounted back to back, to separately receive the two different
mono signals in a complementary manner. When the transmission
system is formed of more than one electromagnetic transducer,
as in this case, the spacing between the effective points of
emission of the two complementary interacting transducers,
must be no greater than a critical value. When the
transducers are of the cone type, the effective points of
emission are considered to be the apices of the transducers'
cones (usually near the "spider" suspension).

The invention is also directed to the provision of

an improved'microphone system for the production of



conmes. All this is done and noticed thanks to the relative - 6-
difference in arrival tinmes of the sounds perceived by the right and | eft
ears. (There are other factors involved in our sonic spacial perceptual
abilities. They are related to the "pitch" ("Doppler effect” domain) and -
"tinbre" domain as well as the anplitude domain.) In conventiona

st ereophonic systens, the |left and right_jquoducing speakers are energi zed
to produce sound waves of the relative sane phase as the sound waves
recorded by the left and right recording m crophones, respectively, in
order for the sound produced at the plane of symetry to duplicate the
recorded sound. Application of the signals to the reproduci ng speakers with
phases that a&terebbhaxia, sighalsyve e tiiprhasenicfogHtheokgtonl iRt YOGS,
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of the respective field of polar response patterns
substantially face at 180° to one another. The microphones
together are effectively located at a single point, i.e. they
are spaced, either physically or by simulation, so that their
spacing is (ideally) not greater than the equivalent to the
wavelengths of the frequency range of the transducers.

In further embodiments of the invention, since the
sound emitting transducers are effectively point source
emitters, it is feasible to provide a sound cancellation
system to cancel the acoustic trace signature of the room in
which the emitters are located. 1In addition, the phase,
amplitude and/or timing of the signals applied to the
complementary transducer may be varied in order to "move" the
apparent source of the sound.

BRIEF DESCRIPTION OF DRAWINGS

In order that the invention may be more clearly
understood, it will now be disclosed in greater detail with
reference to the accompanying drawings, wherein:

Fig. 1 is a simplified sketch illustrating a
conventional stereophonic reproduction system;

Figs. 1A and 1B illustrate the reception of sound by
a listener at two different positions, in a conventional
stereophonic reproduction system;

Fig. 2 is a simplified sketch of an ideal system in
accordance with the invention;

Fig. 3 is a sketch illustrating the independence of
the location of the listener, in a 4D system in accordance
with the invention;

Fig. 4 is an illustration of a two complementary

transducer system in accordance with the invention;



faithful reproduction of the recorded sound, even assum ng the absence of
reflections at the reproduction site. An exanple of a conventional system
of this type is illustrated in Fig. 1, wherein left and right speakers 10,
11 are spaced apart a distance that preferably represents the distance
bet ween the m crophones enployed to originally record the sound. The
speakers 10, 11 are oriented with their major axes parallel to one another,
and are energized by the left and right eatput signals of a conventional
stereo anplifier 12. The line 13 in this figure is perpendicular to and
centrally intersects a |line extending directly between the tips of the
cones of the speakers, the line 13 thereby sinulates the plane of symetry
of the two speakers. Sipce every point op the, line,13 is equidistant from
the two speakers, the }!t"e?rposra‘t ]1"’§I|%éf_tait8ﬁs£hf) bing t?gll&F’F‘SBF ‘g’gﬁag”‘? romthe
t wo speaker scatpléaménipmrnttrsimduatess sybteneipaaiorfanceewitlastiide
anpl i tude) rghggéggﬁg;p of the sound as received by m crophones enpl oyed to
t

originally recor e sound. This tenporal relationship is |ost, however,
at points displaced Fig. 6 illustrates a critical dimension of a two

complementary transducer system in accordance with the
invention;

Fig. 7 illustrates a critical dimension of multiple
complementary transduceirs in accordance with the invention,
employing a pair of tweeters;

Figs. 8 and 9 are front and side views,
respectively, of one complementary transducer arrangement in
accordance with the invention;

Figs. 10 and 11 are front and side views,
respectively, of another complementary transducer arrangement
in accordance with the invention;

Figs. 12 and 13 are front and side views,
respectively, of still another complementary transducer
arrangement in accordance with the invention;

Fig. 14 is a perspective view cof a further
arrangement of complementary transducers in accordance with
the invention;

Figs. 15 and 16 are front and side views,
respectively, of one embodiment of a complementary microphone
transducer in accordance with the invention;

Figs. 17 and 18 are front and side views,
respectively, of anothe: embodiment of a complementary
microphone transducer in accordance with the invention;

Figs. 19 and 20 are front and side views,
respectively, of still enother embodiment of a complementary
microphone transducer in accordance with the invention; and

Fig. 21 is a l:lock diagram of a sound cancellation

system in accordance with the invention.



*-7- fromthe |line 13, the divergence fromthe relationship increasing as
the distance fromthe line 13 increases. It should also be reiterated that
in ternms of mcro-information, there are practically no "sweet spots". This
translates into a major shortcomng of currently accepted stereo :
reproduction/ perception and other conprom sing notions. In systens of this
type, the axes of the speakers may alter+pi+vely be directed at equal acute
angles to the line 13, but such orientation does not generally affect the
tenporal relationships between sound as above discussed. In the past,
speakers have been positioned at |ocations that did not sinulate the

geonetry of the recordin§¥p1cr06hones For exa e U S. Patent No.
4,673,057 discloses a sy DFEhEGRN A%BYH¥§éﬁﬂlg§@ SN rs arranged on
each of the faces of a polyhedron, to emt sound in a direction
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equat or-i al pl ane of_the polyhedron
employed with reference to the present invention since the

invention is based upon the principle of maintaining absolute
integrity of reproduction of sound in the four domains of
width, height, depth and time, to achieve operation in a
controlled fourth dimensional audio temporal and spacial
aligned domain.

In accordance with one aspect of the present
invention, a stereophonic reproduction system is provided
wherein conventional "left" and "right" stereophonic signals
are employed to produce sound in a manner that simulates
generation of the sound at a "point source transducer", in
such a manner that the sound generation resulting from the
left and right signals is complementary. The term
Ycomplementary", as used herein, refers to the condition in
which the two signals energize the complementary transducers
to reinforce any common components of sound in the two
signals, in substantially every direction of transmission from
the transducer, whereby the different phase components of the
sound resulting from the two signals is synchronized.

Fig. 2 is a simplified illustration of an ideal
system in accordance with the invention. 1In this arrangement,
a "point source transducer" 20 is energized in a complementary
manner with the left and right stereo signals from the
amplifier 12. It is apparent that every point in the space
surrounding the transducer 20 is equidistant from the points
at which each of the left and right sound signals is
generated.

In a system of the type illustrated in Fig. 2, it
has been found that the sound generated by the two signals
results in the production of an interference pattern, creating
a sound hologram, which results from the time coherence of the



~enersgi zed wth the right stereophonic signals and all of the speakers on
the other side of the equatorial plane being energized with the |eft

st ereophoni c signals. The sound pattern produced by such a | arge nunber of
speakers is very conplex, and due to the physical size of the polyhedron;
the sound emtted fromthe opposite sides of the polyhedron sinulates sound
froma plurality of spaced apart sources._ The phase and tim ng of the sound
generated by the speakers hence is quite’ﬁ?Tferent than the sound received
by the recordi ng m crophones. In one enbodi nent of the present invention, a
sound reproduction systemis provided that enploys a pair of identical
speakers that are nounted "back-to-back"”. Such a physical arrangenent of
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. that this information of the two signals is transmitted

effectively in parallel with time alignment to each position
surrounding the source 20, such as to the listeners 24, in
Fig. 3, at various distances and directions from the
transducer 20, such that 1 :e listeners mental processes derive
the time and phase information to fully experience the
stereophonic effect of the signals. Disregarding the effect
of acoustics of the reproduction space, the system of the
invention thereby aurally simulates binaural sound without the
disadvantage of requiring the use of earphones by the
listener, since the 4D recreated sound stage coherence effect
that is produced is independent of the position of the
listener in the sound field of the transducer.

As above discussed, the .two most important criteria
of a system and method in accordance with the invention, are
that the transducer arrangement simulates, as closely as
possible, a point source from which sound corresponding to
both of the signals is emitted, and that the complementary
transducers are energized by the two complementary channels!
signals in a complementary manner. The stereophonic
amplifier, as well as the stereophonic signals, may themselves
be conventional. '

In accordance with one embodiment of the invention,
the point source transmission system may be comprised of a
pair of identical speakers 30, 31, mounted back to back, as
closely as possible, as illustrated in Fig. 4. As above
discussed, the speakers are energized from the stereo
amplifier 12 in a complementary manner, i.e., such that common
components of the sound, from the two signals, reinforce one
another in the combined sound pattern. The effective sound
patterns from the speakers is illustrated in Fig. 5, wherein
equal diameter circles 30', 31' are illustrated centered at



-8a stereo channels while the housing containing the pair of speakers
receives a signal representing a difference signal of the l'eft and right
stereo channels. The difference signal is applied to one speaker of the
pair 180[err] out of phase with relation to the application of the
difference signal applied to the other speaker of the pair. Thus, the
housi ng containing the pair of speakers does not produce |eft and right
channel acoustic waves. A m crophone systemused to effect noise
cancellation is disclosed in U S. Patent No. 3,995,124. The m crophone
system has two m crophone transducers nounted in a "back-to-back"
orientation which are wired together in an out of phase relationship.
crophone transducers
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accordance with a fjrst aﬁpeqt of the Rresent )
: respective locations. A small arcuate region 34 adjacent the

1'lane of symmetry of the speakers represents a cross talk zone
that can be minimized by mounting the speakers as close
together as possible.

Fig. 6 illustrates a two speaker system of the above
described type, wherein the dimension A represents the
distance between the apexes of the cones of the two speakers,
i.e. the effective distance between the point sources of sound
of the two speakers. In this speaker system the speakers are
each connected to reproduce the full range of frequencies of
the signals output by the amplifier. It has been found that,
for effective stereophonic reproduction of sound in accordance
with the invention, the distance A must be no greater than the
equivalent wavelength of the highest frequency to be
reproduced by lhe respective speakers. The speaker assembly
thus comprises a point source of sound. Greater distances
than this result in noticeable degradation of the 4D recreated
sound stage coherence effect experienced by the listener.

This frequency limitation can be expected to be about 9.5 Khz
in conventional. speakers.

While, in the above discussed arrangement of two
speakers, the speakers have a common axis and emit sound in
directions away from one another along the same axis, if the
above frequenc; limitation is maintained they may be arranged
to emit sound '.oward one another. In addition, the axes of
the two speakeis may be at an angle to one another, for
example at 45° again if the above frequency limitation is
maintained. An angular relationship between the axes of the
speakers facil:tates the cancellation of the acoustic trace
signature of the listening room, as will be discussed.



“invention a nethod for reproduci ng sound wherein first and second acoustic
transducers are di sposed proxi mate each other and radiate in opposite
directions, the nethod characterized by: energizing said first transducer
with a first stereophonic signal to produce a first acoustic wave patterh;
energi zi ng said second transducer with a second stereophonic signal to
produce a second acoustic wave pattern; @t di sposing said first and second
transducers back to back within a di stance not greater than a wavel ength at
about 9.5kHz. In accordance with a second aspect of the present invention a
sound system wherein at |east said first and second transducers are

di sposed proxi mate eagg QBHSrsﬁé‘Qkézacgﬁtt%m'sn QRPRSI{E H HeCb@Bange

characteri zed b&
speakers 30, 31, tweeters 36, 37 are also provided, as

illustrated in Fig. 7. In this type of system, since the
distance B between the effective sound source of the tweeters
is less than the distance A c¢f the low range speakers, the
distance B must be no greater than the equivalent wavelength
of the highest frequency to be reproduced. The frequency
limitations (in the 4D domain}, which are imposed by the
traditional design of conventional tweeters, is (depending
upon the actual tweeter transducers utilized) about (give or
take a few Khz) 12 kHz. The narrower the gap between the
point source of both complementary tweeter transducers, in
order to achieve the benefits of the present invention, the
better the results. This also will translate in a reduction
of upper frequency limitations of the invention.

"When two speakers are employed to simulate a single
point source transducer, the further condition is present, in
accordance with the invention, that the Ypoint sources" of the
two speakers must be matched to be within the physical
distance equivalent wavelengtlis of the frequency range of the
speakers. Thus, if the speakers designed to produce sound up
to abcut 10 KHz, with a wavelength of about 1.3 inches, the
distance between the apexes of the cones of the speakers must
be no greater than abkout 1.3 inches.

The invention is not limited to the use of two or
more complementary transducers, as discussed above, in the
provision of a point source transmission system, and other
devices and arrangements may be alternatively employed for
this purpose. It is necessary, however, that the transmission
system simulate a complementary point source transmission
within the above discussed constraints, in order to generate a
complementary interference pattern for the listener that his
or her brain can interpret to enable the listener to
experience the 4D recreated sound stage coherence effect



transducer neans for producing first and second acoustic wave patterns
characterizable at a listening distance as having first and second
ef fective point sources respectively; said transducer neans including said
first and second transducers for producing said first and second acoustic
wave patterns respectively; neans for applying first and second
st ereophonic signals to said first and seréend transducers respectively;
means for disposing said first and second transducers back to back and
within a distance of each other not greater than a limting distance equal
to or less than a wavel ength an operating frequency of said transducer
means of abo N to Mirtu&FI a%i?n sai d first ,and,second effective
Hg* aF et o5
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net hod at a greater distance than as above discussed.

The complexity of the pattern emitted from a 4D
transnmission system in accordance with the invention is not
sufficiently great that effects of reflection of the sound
thal. is produced cannot be electronically cancelled without
great difficulty.

When a plurality of complementary transducers are
employed, to cover different frequency ranges, they may be
mounted in various arrangements. For example, Figs. 8 and 9
depict the side and front view of a "Dappolito" arrangement
having a high frequency complementary transducer 50 mounted on
top of a lower frequency complementary transducer 51, and
another low complementary transducer 52 mounted on top of the
high frequency unit 50. Figs. 10 and 11 illustrate the side
and front view of a “three voice" arrangement wherein a high
frequency complementary transducer 60 is mounted on a mid
frequency complementary transducer 61, which is in turn
mounted on top of a low frequency unit 62.

In a still further arrangement, Figs. 12 and 13
illustrate the side and front views of a two voice arrangement
wherein a high frequency complementary transducer 65 is
mounted on top of a low frequency complementary transducer 66.
In a still further arrangement, as illustrated in Fig. 14, a
high freguency complementary transducer 70 is mounted on a
separate stand 71, adjacent a low frequency complementary
transducer 72. This latter embodiment illustrates that, when
the different complementary transducers primarily emit sound
in different frequency ranges, some tolerance may be permitted
in the spacing of the complementary transducers without
interfering with the quality of the sound.



*and -apparatus for the reproduction of stereophonic sound, wherein: 1. The
st ereophonic effect is not limted to the plane of symetry of a pair of
speakers, but is clearly apparent in a region that is substantially

i ndependent of the |ocation of listener. 2. The effects of the acoustics
of a sound reproduction roommay be cancelled in a sinple manner, so that
the sound heard by a listener can accurately represent the sound that was
recorded. The invention-is thus directedlo a nethod and apparatus of phase
coherent sonic transm ssion enbodi ed as a single | oudspeaker transm ssion
system - 8c - This single conplenentary transm ssion system all ows the
transm ssion of the |eft and right channel conplenentary nusical

information in a phasﬁhff@?r§g“aﬁyyé hhgguggégfm¥he complementary
transducer reproduction system provides greatly improved high
fidelity 4D characteristics independent of the location of the
user, even with conventional stq;eophonic signals, the results
can be still further improved by recording the original
signals in accordance with a further embodiment of the
invention. In the 4D domain, all the aural information must
be recorded and codified in a temporal and spacial
complementary configuvation. In order to "capture" all of the
vital complementary information relating to the 4D domain, it
has been found desirable to put together, as close as
possible, an axially aligned pair of complementary microphone
transducers. These transducers should have the apogee of
their respective fields of polar (plot) response patterns
facing precisely at 180° to one another.

'"here are, however, alternate transducer
configurations that are acceptable, including some where the
transducers are not positioned in such a way as to have the
apogee of their 1espective fields of polar (plot) responsc
patterns precisely at 180° to one another, provided that it is
ensured that the transducers are within the confines of the
critical 4D boundaries, in accordance with the following two
requirements: '

1. Whatever type of microphone transducer is being
used, they must be arranged in such a manner that their left
and right channel "point sources" are matched within the
physical distance equivalent to the wavelengths of the
frequency range of the transducers that are used.

2. Alternatively, if a "phase and/or time"
corrector circuit, precessor or unit is provided that can
permit the simulation of a point source of the left and right
channel information in a 4D fashion, even if the transducers

for the two channels are spaced apart a distance greater than



fashion in order to allow the |isteners, regardless of their positions in a
listening room to perceive the nmusic in 4D lifelike fashion. Wth the
present invention, the right and | eft conplenmentary sonic information (that
is required to be perceived in a tine aligned fashion by the listener in
order to reconstruction a proper sound stage) is transmtted fromthe sane
poi nt source, froma one and only | oudspeakg. assenbly needed to do so.
This means that the right and left nmusic signals travel to the listener in
a practically parallel and time aligned pattern. This allows the |istener
to sit or - 8a - stereo channels while the housing containing the pair

of speakers receives a signal representing a difference 5 signal of the
left and rightSPacdfdedcRankbestimHe aandidioncethe gnitulatigupiust meebnthe
speaker of the&iR@¥tl requirement as above discussed.

Figs. 15 and 16 are front and side views,
respectively of one embodiment of a complementary microphone
transducer system of the invention, wherein a pair of
microphone capcsules 80 are mounted at the centers of opposite
sides of a separation/boundary disk 81. The separation
boundary disk 81 has a size and shape determined by the
required optimization of the system, using the specific
microphone capsules. This disk is thus of a size and shape to
prevent each microphone from receiving sound originating at
the opposite side of the disk, insofar as possible. The disk
is preferably of a material that has a minimum sound
reflection.

In addition, a "distinction padder" 82 is affixed to
each side of the disk 81. These padders are selected to have
a size and shape, and reflectivity characteristic, to optimize
the recorded sound fidelity. For example, these padders may
be of a conventional sound absorbing material, and of a size
and shape to minimize reception of sound from undesired
directions.

In the modified complementary microphone transducer
arrangement of Figs. 17 and 18, a PZM microphone 85 is
provided on each side of the disk 81, and in the modified
microphone transducer arrangement of Figs. 19 and 20, a ribbon
microphone 86 is provided on each side of the disk 81.

Since, as above discussed, the complementary
reproduction sound transducers are essentially point sources,
the present invention permits the cancellation of sound
reflections in a listening room, in order to enable the higher
fidelity reproduction of the sound that was actually heard
when the sound was recorded. For example, as illustrated in
Fig. 21, a complementary transducer 90 is positioned in a
listening room and energized with the left and right output



-180[.err] out of phase with relation to the application of the difference
signal applied to the other speaker of the pair. Thus, the housing

contai ning the pair of 10 speakers does not produce left and right channel
acoustic waves. A microphone systemused to effect noise cancellation is.
disclosed in U S. Patent No. 3,995,124. The m crophone system has two

m crophone transducers 15 nounted in a "2 ck-to-back"™ orientation which are
wired together in an out of phase rel at i onshi p. Uni f orm background noi se
reachi ng both m crophone transducers simultaneously is cancelled in the
final output because the hard-wiring of the systemtakes essentially the 20
di fference output of the two m crophone transducers to produce a single
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complementary transducer 90, to receive sound from the entire
listening room. This received sound is applied to a signal
processor 94, which subtracts therefrom signals corresponding
to the left and right signals originating at the stereo
amplifier, in order to avoid interference of the cancellation
signal with the desired interference signal. The resultant
signal is inverted in the processor and output to the stereo
amplifier for application to both the left and right sides of
the complementary transducer 90. As a result, the effect of
reflections, etc., of the listening room are cancelled. It is
of course apparent that more sophisticated arrangements may be
alternatively employed in order to improve the sound
cancellation effect, i.e. to remove the acoustic trace
signature of the listening room.

In a still further embodiment of the invention, it
is apparent that the relative phase, amplitude and delay of
the stereophonic signals may be controlled in order to "move"
sound around listeners, regardless of their listening
position. Thus, the source of complementary stereophonic
signals may include a processing arrangement to control the
phase, amplitude and delay of the respective signals for this
purpose.

While the invention has been disclosed and described
with reference to a limited number of embodiments, it will be
apparent that variations and modifications may be made
therein, and it is therefor the aim of the present invention
to cover each such variation and modification as falls within

the true spirit and scope of the invention.
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‘the.pl ane-of symetry._of a pair of speakers, but i s clearly apparent in a
region that is substantially independent of the |ocation of |istener. 30

2. The e” mu llmu”muamustlcs of a sound reproduction room may be
cancel | ed so that the sound heard by a |listener can

accurately represent fhe”sound that was recorded. The invention is thus
directed to a nethod 35 and apparatus of phase coherent sonic transm ssion
enbodi ed as a single |oudspeaker transm_sgi_on system - 8b - This single
conpl ementary transm ssion systemallows the transm ssion of the left and
ri ght channel 5 conplenentary nusical information in a phase coherent and
time aligned fashion in order to allow the listeners, regardless of their

positions in a listening room to perceive the nusic in 4D lifelike
f ashi on. WHAT IS CLAIMED IS:

1. A sound system comprising point source
transducer means, a source of first and second different
stereophonic signals, means applying said first and second
stereophonic signals to said transducer means to actuate said
transducer means to emit sound corresponding to said first and
second signals, said means for épplying signals to said trans-
ducer means comprising means for energizing said transducer
means with complementary left and right stereophonic signals.

2. The sound system of claim 1 wherein said point
source transducer means comprises first and second transducers
mounted back to !:ack, said means for applying signals to said
transducer means comprising means for applying said first
signals to said first transducer and means for applying said
second signals to said second transducer.

3. The sound system of claim 2 wherein said first
and second transducers are mounted with their effective point
sources of sound spaced a distance less than the effective
wavelength of the maximum frequency of said signals.

4. The scuand system of claim 3 wherein said
transducers have cones, and said effective point sources are

the apices of said cones.

5. The sound system of claim 1 wherein said
transducer means is arranged to transmit sound along a single

axis.

6. A sound system comprising point source
transducer means, means for energizing said transducer with

first and second stereophonic signals to actuate said
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Wth the present |nvent|on the right and 10 |l eft conpl enentary sonic

I nformati on WU l"jmﬁml to be perceived in a tine aligned fashion by
the |istener nstruction a proper sound stage) is
transmtted from the &and pblnt source, froma one and only | oudspeaker
assenbly needed to do so. 15 this neans that the right and left nusic
signals travel to the listener in a practically parallel and tine aligned
pattern. This allows the listener to sit ar,;. -9- stand wherever he or she
wants to in the listening room(with the exception of the 4D generating
field zone) and perceive the whol e sound stage nuch nore accurately than
with a normal | oudspeaker array. The basic benefit of this systemis that
t he one | oudspeaker then needed will seemto di sappear to the |istener
whi | e | eavi ng e sdysieramearpett eemet dfennsinad 1yi ghigndtbrand fphase coherent

sound corresponding to said first and second signals.

7. The sound system of claim 6 wherein said point
source transducer means comprises first and second transducers
mounted back to back on a common axis, and means for
separately applying said first and second signals to said
first and second transducers, said transducers having
effective sound emission points, the effective sound emission
points of said transducers being spaced a distance that is no
greater than the effective wavelength of the highest frequency
of said first and second signals.

8. The sound system of claim 1 wherein said point
source transducer means comprises first and second spaced
reproduction transducer means for emitting sound at different
frequencies, and said means for applying signals comprises

‘'means for energizing each of said first and second
reproduction transducer means with said complementary left and

right stereophonic signals.

9. A method for reproducing stereophonic sound
corresponding to first and second stereophonic signals
comprising energizing a point source electromechanical trans-
ducer with said first stereophonic signals, and energizing
said transducer with said second stereophonic signal in a
manner complementary to said first stereophonic signal.

10. The method of claim 9 wherein said step of
energizing a transducer with a first signal comprises
energizing a first transducer with said first signal, and said
means for energizing a transducer with a second signal
comprises means for energizing a second transducer mounted
back to back with said first transducer.
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nmusi ¢ *‘was ori-gi nalty recorded. The nusic will appear and be felt as "live",

a definiti experience when listening to nusic. Briefly
stated, i n”MHﬂﬁmHBDwﬂa the invention, a sound systemincludes a point
source transmasSIiwny First and second conpl enmentary nonophonic
signals, such as left and right conplenentary nonophonic signals, are
applied to the transducers in a conplenentary nmanner, to result in the
tenporal alignment and phase coherence of -i22e sound generated by the two
conpl ementary signals. The emtted sound produces an interference pattern.
It has been found that the brain of the listener is responsive to such a
sound pattern in a manner that the |istener experiences stereophonic

hearing in a region tha&lsur Qgﬂgs t.he tranﬁducgr i.e. not just a region
in the vicinity of a plane of SYERIPLRSYERRn o YS9 PhETEPansducer
may be formedS3dgnalgarempfispeakeissthand secbndkaximliacleliyoedepacrbphyne

recei ve the tweadshlieeest no@Red ] THe apo§o8P! SITRMALY YEBBREE ;v Yhen the
transm ssi on S¥$S of nore n one_el ectronmagnetfc transducer

f d th
as in this cas ?&?%ngpsgiag PRIREe ﬁﬁé%EFPﬁcf?%k?%x§W9? apkially at 180°

to one another.

12. The microphone system of claim 11 wherein said
microphones are spaced apart a distance no greater than the
physical distance equivalent to the wavelengths of the
frequency range of s:iid microphone transducers.

13. The microphone system of claim 12 further
comprising a separation/boundary disk between said microphone
transducers for separating sound directed to said first and
second microphone transducers.

14. The rmicrophone system of claim 13 further
comprising distinction padder means on both sides of said disk
for modifying the pattern of sound applied to said microphone
transducers.

15. The microphone system of claim 11 wherein said
first and second transducers are microphone capsules.

16. The microphone system of claim 11 wherein said
first and second transducers are PZM microphones.

17. The microphone system of claim 11 wherein said
first and second transducers are ribbon microphones.

18. A sound system for reproducing sound signals,
comprising a point source sound emitter, means applying sound
signals to said point source sound emitter, means for
re2ceiving sound from a region surrounding said sound emitter,
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'enission of.the two conplenentary I nteracting transducers, nust be no

eater than a crltlcal val ue. When the transducers are of the cone type,
the ef Umﬂm 5 :H' iﬂLem ssion are considered to be the apices of the
transd |1y near the "spider"” suspension). The invention is
al so directed to the provi sion of an inproved m crophone systemfor the '
producti on of -10- stereophonic signals. The inproved m crophone system
i ncludes a pair of mcrophone transducerg3nounted so that the apogees of
the respective field of polar response patterns substantially face at
180[err] to one another. The m crophones together are effectively |ocated
at a single point, i.e. they are spaced, either physically or by
si mul ati on, h t S CI d a 0 eat e than.th
equi val ent Fog?%egéﬁvg :Pﬁg Fﬁza%?eﬁu% Raf; 56%%0F {HeTerahy
further enbédunénten@fm%ms |ﬁﬂrer¢ppémmgumsitqwcellatlon signals to

said sound emitter for cancelling the acoustic trace signature

cers. In

of said region.

19. The sound system of claim 18 wherein said point
source sound emitter comprises a complementary transducer, and
said means applying signals to said complementary transducer
comprises means applying left and right stereophonic signals
to said transducer. '

20. A sound system comprising a source of first and
second different stereophonic signals, transducer means, and
means for applying said first and second stereophonic signals
to said transducer means to actuate said transducer means to
enit sound effectively originating at a point source.

21. The sound system of claim 20 wherein said
source of first and second stereophonic signals comprises a
source of complementary left and right stereophonic signals.

22. The sound system of claim 21 wherein said

transducer means comprises a point source transducer means.

23. The sound system of claim 20 wherein said means
for applying said first and second stereophonic signals to
said transducer means comprises means for modifying said
signals to shift the effective location of emanation of sound

corresponding thereto.

24. The sound system of claim 23 wherein said means
for modifying said signals comprises means for shifting the

effective location of emanation of sound corresponding thereto

to said point source.
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sound em.tting transducers are effectively point source emtters, it is
feasible to prOV|de ‘a sound cancell ation systemto cance] the acoustic
trace SI roomin which the emtters are |located. In addition,
t he phas j@ﬁﬂ r tlnlng of the signals applied to the

conpl enent’ary t Fans be varied in order to "nove" the apparent
source of the sound. BRIEF DESCRIPTICN OF W NGS In order that the

invention may be nore clearly understood, it will now be disclosed in
greater detail with reference to the acconpanying drawi ngs, wherein: Fig. 1
is asinplified sketch illustrating a conventional stereophonic
reproduction system Figs. 1A and 1B illustrate the reception of sound by a

listener at two differest phsnétlond,fom reccadiegt somat 4 grredpleenifirst

reproduct on b !Blllonfll Grefobdndh Bl Widdd 1) %%ﬁ%ﬁbsfé%aa}fa%%gs%ﬂs@in

accordance wth the invention;, Fig
|ndependenceeQHdtﬁﬁ§°P8c§ﬂF6ﬂPQW“?rﬁ?%q%ﬂqﬁﬁﬁs withh gt aRRgesH Pﬁ sBedFdance

respective fields of polar response patterns of the first and
second transducers facing substantially at 180° to one
another, and recording sound with said transducers so

positioned.

ect Has Been Reilaced

T



Withthe invention; Fig. 4 is an illustration of a two conpl enentary

transducer systemin accordance with the invention; Fig. 5 illustrates
the tinme alignment of a two conplenentary transducer systemin accordance
with the invention; Fig. 6 illustrates a critical dinension of a two

conpl enentary transducer systemin accorgaace with the invention; Fig. 7
illustrates a critical dinmension of nultiple conplenentary transducers in
accordance with the invention, enploying a pair of tweeters; Figs. 8 and 9
are front and side views, respectively, of one conplenentary transducer
arrangenent in accordance with t he invention; Figs. 10 and 11 are front and
side views, respectively, of another conplenentary t ransducer arrangenent

' ABSTRACT OF THE DISCLOSURE

A method and apparatus for stereophonic reproduction
uses conventional left and right stereophonic signals to
‘energize a point source transducer in a complementary manner.
The resultant interference sound pattern is interpreted by the
brain of a listener to enakle the listener to experience
stereophonic hearing in a wide region surrounding the
transducer, not just in the region of the plane of symmetry.

A point source transducer may be simulated by a plurality of
transducers positioned with the spacing therebetween less than
a determinable maximum distance. While conventional stereo-
phonic signals may be employed in the reproduction of sound,
-improved reproduction is :obtained by producing the signals by
recording sound with a pair of microphones arranged with the
apogees of their respective field of polar response patterns
facing substantially at 180° to one another.
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i‘n aceordance with the invention; Figs. 12 and 13 are front and side views,
respectively, of still another conplenentary transducer arrangenent in
accordance with the invention; Fig. 14 is a perspective view of a further
arrangenment of conplenentary transducers in accordance with the invention;
Figs. 15 and 16 are front and side views, respectively, of one enbodi nent
of a conplenmgntary m crophone transducer in accordance with the invention;
Figs. 17 and 18 are front. and side viléWs, respectively, of another
enbodi ment of a conpl enmentary m crophone transducer in accordance with the
invention; Figs. 19 and 20 are front and side views, respectively, of still
anot her enbodi ment of a c STRREQAMBLYFIERCT ophone transducer in accordance
with the invention; ang Frg—2%Ts=abtock—diagramof a sound cancellation
systemin afTor gdanceWThLERE i nvent i oRIGHT
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» -12; MODES FOR CARRYI NG QUT THE I NVENTION In the foll ow ng disclosure, the
term"4D" wll be enployed with reference to the present invention since
the invention is based upon the principle of nmaintaining absolute integrity
of reproduction of sound in the four domains of w dth, height, depth and
time, to achieve operation in a controlled fourth di nensi onal audio
tenporal and spacial aligned domain. In accordance with one aspect of the
present invention, a stereophonic reproduction systemis provided wherein

conventional "left" and "right" ste@é&phonic signals are enployed to
produce sound in a manner that sinulates generation of the sound at a
"poi nt source transducer"”, in such a manner that the sound generation

resulting fromthe left and right signals is conplenentary. The term
"conpl ementary”, as used herein, refers to the condition in which the two
si gnal s energize the conplenentary transducers to reinforce any common
conponents of sound in the two




st gnal-s, in substantially every direction of transm ssion fromthe
transducer, whereby the different phase conponents of the sound resulting
fromthe two signals is synchronized. Fig. 2 is a sinplified illustration
of an ideal systemin accordance with the invention. In this arrangenent, a
"point source transducer"” 20 is energized in a conplenentary manner with
the left and right stereo signals fro%)}he anplifier 12. It is apparent
that every point in the space surroundi hg the transducer 20 is equidi stant
fromthe points at which each of the left and right sound signals is
generated. In a systemof the type illustrated in Fig. 2, it has been found
that the sound generated by the tﬁﬁ sifg esults in the production of an
interference pattern, creating a Umg hol og which results fromthe
ti me coherence of the -13- conplemgntary | tion of both channels

and the coherence 4§§§§§§§;§;§;/
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-of the two signals. It has further been surprisingly found that this
information of the two signals is transmtted effectively in parallel with
time alignnent to each position surrounding the source 20, such as to the
listeners 24, in Fig. 3, at various distances and directions fromthe
transducer 20, such that the listeners nental processes derive the time and
phase information to fully experience'%ze st ereophonic effect of the '
signals. Disregarding the effect of a% stics of the reproduction space,
the system of the invention thereby aurally sinulates binaural sound

wi t hout the di sadvantage of requiring the use of earphones by the |istener,
since the 4D recreated sound stage coherence effect that is produced is

i ndependent of the position of the |listeger~34 the sound field of the
transducer. As above discussed, the t ‘ inportant criteria of a system
and nethod in accordance with the inug A are that the transducer
arrangenent sinul ates, as cl gs i a~0i nt source from which

/30) (31. N /30\ BD N

FIG. 6 FIG. 7



si'gnal's in a conpl enentary manner. The stereophonic anplifier, as well as
t he stereophonic signals, nay thensel ves be conventional. |In accordance _
wi th one enbodi nent of the invention, the point source transm ssion system
may be conprised of a pair of identical speakers 30, 31, nounted back to

back, as closely as possible, as illustrated in Fig. 4. As above di scussed,
t he speakers are energized fromthe stsgh7eo anplifier 12 in a conplenentary
manner, i.e., such that conmon conponents of the sound, fromthe two
signals, reinforce one another in the conbi ned sound pattern. The effective
sound patterns fromthe speakers is illustrated in Fig. 5 wherein equal
dianeter circles 30", 31' are illustrated centered at -14- the apexes of

t he cones of these two speakqps. The small distance between the two circles
depicts the tine ditberence BOtween the arrival of sound fromthe txm

speakers, at the ___é_, o .
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-respective locations. A small arcuate region 34 adjacent the plane of
symmetry of the speakers represents a cross talk zone that can be m nim zed
by nounting the speakers as close together as possible. Fig. 6 illustrates
a two speaker system of the above described type, wherein the dinension A
represents the distance between the apexes of the cones of the two
speakers, i.e. the effective distance between the point sources of sound of
the two speakers. In this speaker syst/emthe speakers are each connected to
reproduce the full range of frequgﬁcies of the signals output by the
amplifier. It has g¢eg- ound that, ective stereophonic reproduction
of sound in accordanc i P i 8, di stance A nust be no
greater than the equ \ghest frequency to be
reproduced by t hgovesp assenbly thus conprises
a point source of s hi's result in noticeable
degradation of the

the listener. Thigoife
in conventional sped@ke

FIG.17 FIG. 18
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Whil e in the above discussed arrangenent of two speakers, the speakers
have a conmpn axis and emt sound in directions away from one anot her al ong
the same axis, if the above frequency limtation is maintained they may be
arranged to emt sound toward one another. In addition, the axes of the two
speakers may be at an angle to one another, for exanple at 450 again if the
above frequency limtation is maintained. An angul ar relationship between
the axes of the speakers facilitates the cancellation of the acoustic trace

signature of the listening room as w}4 be discussed. -15- I n sone
speaker systens, in addition to | ow range speakers 30, 31, tweeters 36, 37
are also provided, as illustrated in Fig. 7. In this type of system since

the di stance B between the effective sound source of the tweeters is |ess
than the distance A of the | ow range speakers, the distance B nust be no
greater than the equival ent wavel ength
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of the highest ‘frequency to be reproduced. The frequency |in

the 4D domain), which are inposed by the traditional design
tweeters, is (dependi.ng upon the actual tweeter transducers

(give or take a few Khz) 12 kHz. The narroder the gap betweg

source of both conplenentary tweeter transducers, in order
benefits of the present invention, the better the results.

.

bt [ convent i onal

Ut § | 1122 dUNafaout
n it he point -
o_achieve T he

wi ||

translate in a reducti-on of upper frequency limtations of the invention.

tron 1's presen I'n accor

Vhen two speakgris-dif m‘hogﬁqchotﬁér%éééﬁd% o8l fal0' L S0

transducer, the further con

S ethe

i nvention, ti#R%%e "point sources” of the two speakers nust be matched to
be within the physical DdiestantheequroglaitiionayetRocdiSe® Hilts JaeYueREY
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1, the depth perception of the

soundstegewand_the richness of the musical experience. The
musical embtional experience that a listener, who is in the
environment. in which the recording was done, has, is due to a
complex"cqmbination of these reflections of musical
information. ‘These are what allow the listener to perceive

his environment.

'Now remember that the goal of high fidelity is to
recreate the musical experience of being present at.a concert
(regardless of the type of music; jazz, classical, blues,
etc.). The only way to accomplish this is to render all the

possible sonic’ information to the brain by the tools that are

~our ears via a sound reproduction system and also, by
consequence, via the most appropriately capable recording

processes and techniques.

Assuming that the recordings to be reproduced are
capable of "capturing" all the information to be reproduced,
and that the more the sound reproductien system is neutral,
realistically dynamic and capable of rendering proper
transience ‘(including the loudspeakers), the better it should
be able to give the basic information that is essential to
determine the spacial localization, i.e. the depth and width
of the seuﬁd-stage and even its height; (Our ears/brain
combination is indeed capable of indicating if ‘a sound comes
from above or below and also what height it originates from.
However, it would be trivial to continue at this point on this’
subject, since it is not relevant to the ability of the
present invention to allow the listeners to perceive the
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prov45|on of a‘point source transm ssion system and other ¢g
arrangenments may he alternatively enployed for this purpose

PERCENT QHEFT"

necessary, however, that the transm ssion systemsinulate ajc nplenentary
poi nt source transnission within the above di scussed constrhih E@fﬁ&
to generate a conplenentary interference pattern for the |i tener #

or her brain can interpret to enable the Ilstener to experijgencethe—4b
recreat ed sound stage coherence effect 147%- during listgning. Thus, for
exanpl e, a signal processor can be programred to provide a phase andror '

time corrector circuit that sinulates a point source of left and right

channel

information, even if the conplenmentary transducers are spaced at a

greater di staumeabb&asasfahmecdnssLsﬁaduesﬂwewso@péae&xts/ ofrniehemaatit ern

en tted froma 40 L ARSHl 38h0P,SYRY ST 1N, ACCALARIES d It ile dunyention is

not sufficiently grea

on 0 e 'S0
between the arrival of sound from the two speakers, at the

respective locations. A small arcuate region 34 adjacent the
plane of symmetry'of the speakers represents a cross talk zone
that can be minimized.by'mounting the speakers as close
together as possible. '

- Fig. 6 illustrates a two speaker system of the above
described type, wherein the dimension A represents the
distance between the apexes of the cones of the two speakers,
i.e. the effective distance between the point sources of sound
of the two speakers. In this speaker system the speakers are
each connected to reproduce the full range of frequencies of
the signals output by the amplifier. It has been found that,
for effective stereophonic reproduction of sound in accordance
with the invention, the distance A must be no greater than the
equivalent wavelength of the highest frequency to be
reproduced by the respective speakers. The speaker assembly
thus comprises a point source of sound. Greater distances
than this result in noticeable degradation of the 4D recreated
sound stage coherence effect experienced by the listener.

This frequency limitation .can be expected to be about 9.5 Khz
in conventional speakers.

While, in the "above discussed arrangement of two
speakers, the speakers have a common axis and emit sound in
directions away from one another along the same axis, if the
above frequency limitation is maintéined they ma& be arranged
to emit sound toward one another. 1In addition, the axes of
the two speakers may be at an angle to one another, for
example at 45° again if the above frequency limitation is
maintained. An angular relationship between the axes of the
speakers facilitates the cancellatioh of the acoustic trace
signature of the listening room, as will be discussed.
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fhat_._ i's produced cannot be electronically cancelled wt hout]

_ CEMENT ¢
difficulty. Wien .a plurality of conplenentary transducers & @;@&ﬁ@m
cover different frequency ranges, they may be nounted in v@rijous

arrangenents. For exanple, Figs. 8 and 9 depict the side anpd|frbdtJuil dsgsof
a "Dappolito" arrangenent having a .hi gh~#?=quency conpl enegt ary transducer
50 mounted on top of a | ower frequency conpl enentary transdlucer 51, and
anot her | ow conpl enmentary transducer 52 nmounted on top of the-high

frequency unit 50. Fimmeodnaedripkobbdriohififod MpSAsiargRss T ont view of a

"three voice" arrangement Whereln-a nign frequency conptementary transducer

60 is mounted on a md freque %éé conpl enentary transducer 61, which is in
turn nounted on top- of a | owABSEGAERCYT UFHE DISCLPRUBESti || furt her

arrangenment, Figs. 12 and 13 illustrate the side and front views of a two

volce arrangerert gt oty edl LSRN (SoTBLETROLNL AAGEL g5 1

nmounted on top of a requenc nta
further ar r%ﬁje@@ﬁwe“&éqnlalluéﬂfét éﬂdlﬁ‘ﬂtg stsneoaﬂwrgh siznpdendp
conpl ement arkriygiaRs @UeRint0 soarfBUPt&tsdiite? in a complementary manner.

The resultant interference sound pattern is interpreted by the
brain of a listener to enakle the listener to experience
stereophonic hearing in a wide region surrounding the
transducer, not just in the region of the plane of symmetry.
A point source transducer may be simulated by a plurality of
transducers positioned with the spacing therebetween less than
a determinable maximum distance. While conventional stereo-
phonic signals may be employed in the feproduction of sound,
improved reproduction is obtained by producing the signals by
'recording sound with a pair of microphones arranged with the
apogees of their respective field of polar response patterns
facing substantially at 180° to one another.

Figure 4 -
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separate stand 71, adjacent a |ow frequency conpl enentary t rgpseducer.’2

This latter enbodlnent i|lustrates-that, when the different RﬁRﬁA@ﬁﬁﬂﬁﬁrgﬂEET

t ransdugess qgéthSﬁm@TSsounﬁﬁln i fferent frequency rangeg,some

tol eran rr&?é e_pe 55@ ht®d. dofpagdie’ ¥8palci ng of the conpl ement &ry 1'?r}§,q?cers
wi t hout %P@ ?ng b jah@ papal i.ty- pf the sound. -19- $i ¢na aos7
stereo g : asmq%gaussed above. In addition, afp&-ht—source

ﬁ‘ un
i crophc D~'-5?“”I“§(ufOf‘f)a"f d"ad| Acesd ..t.he| conpl gnentary transdufer 90, to
receive ibdﬁﬂ“??onlﬁﬁ% éﬁfTre |IStQQL g room This received soumtis
appl i ed toasE VHRECHFdcessgr 04— h subtracts therefrom signals
cor r espomnding toahhﬁhéettaaddenegbuzedgwath mdegtdehunglgmaﬂheoﬁtereo

anplifier, in orgﬁ oé]o.tgv Qai—ﬁft‘irf%eﬂg %hg %I I aﬁi‘%@r %hg_ W th

t he deS|red inte rence gna Theé'res n the
processor and ouepﬁectofonemgnepbonanpsngnelstor appllcatlon to both the

left and right sides of A radially broadcasting speaker system is
disclosed in U.S. Patent 3,350,514. The systen
provides two transducers with conical membranes for

radiating sound waves from convex sides of the conical

10 membranes. The convex wave generating sides of the
conical membranes are oriented facing each other so
that sound waves produced by either conical membrane
are directed at the opposing conical membrane and
reflect off the opposing conical membrane in a radial

15 pattern. Accordingly, the two transducers are mounted
in a "front-to-front" orientation.

Another stereophonic speaker system described
in German Patent No. 27 09 952 has two speakers mounted
in a housing in a "back-to-back" orientation with an

20 undisclosed spacing therebetween. Each housing appears
to be responsible for reproducing one stereo channel
wherein one of the two speakers of the housing has the
signal for a stereo channel signal applied in an
opposite phase relationship compared to a stereo

25 channel signal applied to the other speaker in the
housing. Essentially, both speakers receive the sanme
signal except one of the signals is inverted with
respect to the other.

A stereophonic speaker system is disclosed in

30 U.S. Patent No. 5,109,416 wherein a paif of speakers
are mounted apart an undisclosed distance in a housing
and each speaker of the pair faces in a direction
opposite that of the other. The housing containing the
pair of speakers is used in conjunction with other

35 housings containing single speakers. The hoﬁsings
containing single speakers receive either left or right



the 8onplenentary transducer 90. As a result, the effect of reflections,

etc., of the listening roomare cancelled. It is of course

nore sophisticated arrangenents may be alternatively enpl oy
coustic trace

i mprove the sound cancellation effect, i.e. to renove the a

EN

signature of the listening room In a still further enbodin
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nd del ay of

t he stereophonic signals may be controlled in order to "nove"

I nvention, it is apparent that the relative phase, anplitu:E

listeners, regardless of their |istening pogition. Thus, t

sound ar ound
saurce of

conpl ementary stereophonic signals may include a processing arrangenent to
control the phase, anplitude and delay of the respective signals for this

pur pose. 1 6 dtkré898hanrdls @RENG Thaghsakdnk evhthiaingduene p3Qk Wi th

a

S signal of the left and right stereo channel

of speakers receives a signal representing a difference

The

difference signal is applied to one speaker of the pair
180° out of phase with relation to the application of
the difference signal applied to the other speaker of
the pair. Thus, the housing containing the pair of

10 speakers does not produce left and right channel

acoustic waves.

A microphone system used to effect noise

cancellation is disclosed in U.S. Patent No

3,995,124.

The microphone system has two microphone transducers

15 mounted in a “back-to-back" orientation which are wired

together in an out of phase relationship.

Uniform

background noise reaching both microphone transducers

simultaneously is cancelled in the final output because

the hard-wiring of the system takes essentially the
20 difference output of the two microphone transducers to

produce a.single signal.
DISCLOSURE OF INVENTION

The invention is directed to the provision of
a method and apparatus for the reproduction of

25 stereophonic sound, wherein:

1. The stereophonic effect is not limited to

the plane of symmetry of a pair of speakers, but is
clearly apparent in a region that is substantially

independent of the location of listener.

30 2. The effects of the acoustics of a sound

reproduction room may be cancelled in a simple manner,

so that the sound heard by a listener can accurately

represent the sound that was recorded.

The invention is thus directed to a method
35 and apparatus of phase coherent sonic transmission

embodied as a single loudspeaker transmission system.

_'\.
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first‘stereophonic signal to produce a first acoustic wave pattern

energi zing said second transducer (31) with a 5 second stergf ‘;,j,. 5RT
1l ¢

to produce a second acoustic wave pattern; and di sposing s.*! \

second transducers (30, 31) back to back within a distance |n greater t har
a wavel ength at about 9.5kHz. 10 5. A m crophone system wherlei n 1 Npytiggnd
15 second m crophone axially aligned transducers are nountgd|in opposite
directions and spaced apart a distance no greater than a phHysical dirstanc
equi val ent to shortest wavel engths of the-fgpguency range af _said

m crophone transducers (80, 85, 86) characterized by: 20 sai d
first and second axially aligned m crophone transducers (80, 85, 86) being
nount ed with t he Eipisjesingife tdmnpl anespeaty v afriset itkss dn pay siteni esowe

patterns back to fiack ALIAC{Gh SO o] AANE Uladfepne another:

and -
S complementary musical information in a phase coherent

and time aligned fashion in order to allow the
listeners, regardless of their positions in a listening
room, to perceive the music in 4D lifelike fashion.
With the present invention, the right and

10 left complementary sonic information (that is required
to be perceived in a time aligned fashion by the
listener in order to reconstruction a proper sound
stage) is transmitted from the same point source, from
a one and only loudspeaker assembly needed to do so.

15 this means that .the right and left music signals travel
to the listener in a practically parallel and time
aligned pattern. This allows the listener to sit or

-
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#25 said first and second axially aligned m crophg

pres—hawvlng _
outputs for delivering first and second stereophonic signaISREBLACEﬁﬁmﬁ‘SHEET
m crophone system of claim5 30 further characterized by a
separation/boundary di sk between said n crophone transducerp 8q,1%En/86
for separating sound directed to said first and second m crpphone 19
transducers. 35 7. The m-<l1®phone system of clpaiwm-6-further
characterized by distinction:padder nmeans on - 21 - said conical
transducer menbranes have apex areas disposed apart from each orher—a
di stance up to and not greater than a wavel ength at substantially a highest
operational frequency of said first and second 5 acoustic transducers. 3.

A sound SygnedSwedr & FY¥eraq signaksanrce 91, as discussed above. In

addition, a point source microphone 92 is located adjacent the

complementary transducer 90, to receive sound from the entire
listening room. This received sound is applied to a signal
processor 94, which subtracts therefrom signals corresponding
to the left and right signals originating at the stereo
amplifier, in order to avoid interference of the cancellation
signal with the desired interference signal. The resultant
signal is inverted in the processor and output to the stereo
amplifier for application to both the left and right sides of
the complementary transducer 90. As a result, the effect of
reflections, etc., of the listening room are cancelled. It is
of course apparent that more sophisticated arrangements may be
alternatively employed in order to improve the sound
cancellation effect, i.e. to remove the acoustic trace
signature of the listening room.

In a still further embodiment of the invention, it
is apparent that the relative phase, amplitude and delay of
the stereophonic signals may be controlled in order to "move"
sound around listeners, regardless of their listening
position. Thus, the source of complementary stereophonic
signals may include a processing arrangement to control the
phase, amplitude and delay of the respective signals for this
purpose.



transducer means (30, 31) are disposed proxi mate each other and radiate in

opposite directions, characterized 10 by: at |east said f'rﬂﬂﬁi
transducer neans (30 31) for producing independent acousti
means for disposing said at |east first and 15 second tranlsJ;cer means

Q)

(30, 31) back to back within a distance of each other of not jgr dat BOVt 198%
wavel engt h of an upper frequency of tenpor@lly aligned and jphase coherent
operation of said first and second transducer neans (30, 3 such that sal 0
acoustic wave patterns 20 have virtual effective point so ed

apart a distance not great®AThEH SEAIMERVEPength as perceived at an
average |istening distance; said first and second transducer neans (30, 31)

each radi ating said acoustic mave terné Bp35|t§ directions amay
from each other; and neanstfor®e$ @éz?%ﬁ % ?F?% AES&e B850 SECSucer

means (30, 31) W&ébuétiéttfﬁmbaﬁc@nd (30, 31) are disposed prox;mate

s each other and radiate in opposite directions
characterized by:

a transducer means for producing first and
second acoustic waves, in accordance with first and
second stereophonic signals applied thereto, to effect

10 a virtual point source acoustic pattern as perceived at
a listening distance;

said transducer means having said first and
‘second acoustic transducers (30, 31) for producing said
first and second acoustic waves respectively;

15 means for fixing said first and second
acoustic transducers (30, 31) apart from each other a
distance up to and not greater than a wavelength at
substantially a highest operational frequency of said
transducer means;

20 said means for fixing disposing said first
and second acoustic transducers (30, 31) along a
substantially common axis and with said first and
second transducers (30, 31) each having rgspective
backsides facing each other and radiating in opposite

25 directions away from each other; and

means for applying first and second different
stereophonic signals to first and second acoustic
transducers (30, 31) to emit said first and second
.acoustic waves in correspondence with said first and

30 second different stereophonic signals respectively.

2. The sound system of claim 1 further
characterized in that:

said first and second acoustic transducers
35 (30, 31) each have substantially conical transducer

e

membranes; and



sterebphonic signal to actuate said first and second transdu 2 ”ﬁ;{ Ot
. . . . ,5"" “ TET
31) to emt said acoustic wave 30 patterns in correspondence g

first and second stereophonic signals. 4. A nethod for reprogufing sound
wherein first and second acoustic transducers (30, 31) are 3p {i SpPNEY 1997
proxi mate each other and radiate in opposite directions, the t hod _
characterized by: s 1'111121111' 21112112112112111 -24 - 15 Thée soumnd
system according to claim1 characterized 2h~t hat said upperLfrequency

ranges up to 12 kHz and defln S_an,uppe imt of wd hel ht, depth and
ti me coherent operation. h8°§6558 §§§P§ﬂ?§8€opﬁﬁh§ Vi BPe%r t her

characteri zed byaneassdispopeddapang sremeeabhnochaﬁoasaysu&ﬂdasmﬁ to
frequencies abovfhéaﬁgt greater than a wavelength at substantially a
highest operational frequency of said first and second

#:-

5 acoustic transducers.

. 3. A sound system wherein first and second
transducer means (30; 31) are disposed proximate each
other and radiate in opposite directions, characterized

10 Dby:
at least said first and second transducer
means (30, 31) for producing independent acoustic wave
patterns;
-means for disposing said at least first and
15 'second transducer means (30, 31) back to back within a
distance of each other of not greater than a wavelength
of an upper frequency of temporally aligned and phase
coherent operation of said first and second transducer
means (30, 31) such that said acoustic wave patterns
20 have virtual effective point sources spaced apart a
distance not greater than said wavelength as perceived
at an average listening distance;
said first and second transducer means (30,
31) each radiating said acoustic wave patterns in
25 opposite directions away from each other; and
means for energizing said first and second
transducer means (30, 31) with first and second
stereophonic signal to actuate said first and second
transducer means (30, 31) to emit said acoustic wave
30 patterns in correspondence with said first and second
stereophonic signals.

4. A method for reproducing sound wherein
first and second acoustic transducers (30, 31) are
35 disposed proximate each other and radiate in opposite
directions, the method characterized by:

Hlllll! !Illﬂ ] Nlll H !




\'-upﬁer’ﬁ?éﬁﬁ@ﬁéy—‘i6“17 A sound system wherein at |east sajRERLAGHMEND SHEET
ﬁt&d(30 31) are disposed proxi mate each othey and radi ate

tions, characterized by: 15 tr nsdqopﬁgvegg§
(30 nﬁmﬂ u0|ng first and second acoustic wave patterins
cha Ie at a listening distance as having first and Setomt
ef fective p0| nt sources respectively; sai2® transducer neans_ (30, 31)
including said 20 first a rs o] Q sarad .
first and second acousti g%@?‘ﬁg& aﬁ'r&s&égsetct |€q15é3‘}érr%é £3ﬁ) 'SIU&E %I ng
first and secoﬁdrsteséepbopmonamgmmgnal)tnamwddusn authsﬁtommbuﬁtlc
transducers (30, glégggggﬁstlvely; means for disposing said first and

S

second transducer back to back and within a di stance of each
other not greater than aenexdiizidddisadgneecond transducer (31) with a

5 second stereophonic signal to produce a second acoustic

wave pattern; and
disposing said first and second transducers
(30, 31) back to back within a distance not greater
than a wavelength at an upper frequency of operation to
10 radiate said first and second acoustic wave patterns in
opposite directions, respectively, and away from said
second and first transducers, respectively.

5. A microphoné system wherein first and

15 second microphone axially aligned transducers are
mounted in opposite directions and spaced apart a
distance no greater than a physical distance equivalent
to shortest wavelengths of the frequency range of said
microphone transducers (80, 85, 86) characterized by:

20 said first and second axially aligned
microphone transducers (80, 85, 86) being mounted with
the apogees of their respective fields of polar
responsé patterns back to back and facing substantially
‘at 180° to one another; and

25 said first and second axially aligned
microphones having outputs for delivering first and
second stereophonic signals.

6. The microphone system of claim 5
30 further characterized by a separation/boundary disk
between said microphone transducers (80, 85, 86) for
separating sound directed to said first and second
microphone transducers.

35 7. The microphone system of claim 6
further characterized by distinction padder means on
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equal to or less than a wavel ength an 30 operating frequen FACRWENT S
transducer neans (30, 31) of about 9.5kHz to virtually align ' T‘SiEET
second effective point sources within said limting distance pf{ each, ot her
as perceivable at said |istening distance: and said first and| secdnbiNGV 1997
transducers (30, 31) 35 being disposed back to back to radiatje said first
and second acoustic wave patterns in opposite directions -| 23 - both
sides of said disk.for nodifying the pattéfrns of sound appli ed—to—seatd
m'hcr ophogef tr ansdutge@ide&d oﬁ&aﬁ?m@mlfgagofméﬁjaﬂyéiﬁg ctiree qﬁﬂtiﬁmﬁl Sfin I
t hat sai I rst _and .seco tyansducey s . 5 are m crophone capsul es
(80). 9. The ni 8P8&ﬁ‘oﬁ‘89rslﬂﬁdé & P2 d%%%ﬁ‘e‘%?%‘ﬁ"?‘?ﬁhat said first
and second transducers 10 (80, 85, 86) are PZM m crophones (85).

8. The microphone of claim 5 characterized

5 in that said first and second transducers (80, 85, 86)

U7
q
U
g
q
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are microphone capsules (80).

9. The microphone system of claim 5
characterized in that said first and second transducers
10 (80, 85, 86) are PZM microphones (85).

10. The microphone system of claim 5.
characterized in that said first and second transducers
(80, 85, 86) are ribbon microphones (86).

15

11. The sound system according to claim 1
characterized in that said upper frequency ranges up to
9.5 kHz and defines an upper limit of width, height,
depth and time coherent operation.

20 '

12. The sound system according to claim 11-
further characterized by means for producing
stereophonic acoustic waves at frequencies above said
upper frequency.

13. The sound system according to claim 1
characterized in that said upper frequency ranges up to
10 XHz and defines an upper limit of width, height,
depth and time coherent operation.
30
14. The sound system according to claim 13
further characterized by means for producing
stereophonic acoustic waves at'frequencies above said
upper fregquency.
35

L




10.” The mi crophone systemof claim5 characterized in thJREBhAﬂbkﬁ%@ﬁSHEET

SecormhistSh

sound
freque
depth an

time coherent operation. 20 12. The sound syst¢

E\ , 85, 86) are ribbon m crophones (86— I5 TI—ThE
n

g to claiml characterized in that gaid
0 9.5 kHz and defines an upper lim{g of ﬁﬁﬁﬁﬁ(vﬁgig

claim 11l further characterized by neans_Eﬂr_producing st ¢reophoni ¢ acousti
waves at frequenci es above said upper fréduency. 25 13. The sound System

according to claim1l chaject e'rhéegohﬂdt B9kt énl QcéBEﬁrinf;r eauemamr anges up

to 10 kHz and defines ap upper limt of wdth, hei

()

and tine

coherent oper afh@RackerigedTin §Bﬁﬁd5§}§tBHPSECSF&HHQ“FM gPQFﬁFlBP to

10

15

20

25

30

35

12 kHz and defines an upper limit of width, height,
depth and time coherent operation.

16. The sound system according to claim 15
further characterized by means for producing
stereophonic acoustic waves at frequencies above said

upper frequency.

17. A sound system wherein at least said
first and second transducers (30, 31) are disposed
proximate each other and radiate in opposite

‘directions, characterized by:

transducer means (30, 31) for producing first
and second acoustic wave patterns characterizable at a
listening distance as having first and second effective
point sources respectively; and

said transducer means (30, 31) including said
first and second transducers (30, 31) for producing
said first and second acoustic wave patterns
respectively;

means for applying first and second
stereophonic signals to said first and second
transducers (30, 31) respectively;

means for disposing said first and second
transducers (30, 31) back to back and within a distance
of each other not greater than a limiting distance
equal to or less than a wavelength of an upper
operating frequency of said transducer means (30, 31)
to virtually align said first and second effective
point sources within said limiting distance of each
other as perceivable at a listening distance; and

said first and second transducers (30, 31)
being disposed back to back to radiate said first and

second acoustic wave patterns in opposite directions
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further characterized by means for produci ng stereophonic a

frequenci es above said upper frequency. 35 Thi s Sheet Ha<§EBLAhE§g%H?S ET

- 15. The sound system according to claim1l characterized i

upper frequency ranges up to 12 kHz and defines an. upper Iirnt of 1wl

nft hat sald

hei ght, depth and tine coherent operation. 5 16. The sound syctem accord?7ng

to claim15 further characterized by nean

for produci ng st é¢recophome

acoustic waves at frequenci es above said'giﬁér frequency. 1¢ 17. A sound

system wherei n at Aeast
an

10

15

20

30

sai d . .
awvay f}om said second and first transducers

respectively.

18. The sound system of claim 17 further
characterized in that:

said first and second transducers are
substantially conical transducers (30, 31);

said first and second effective point sources
are virtually located substantially at apex areas of
said first and second substantially conical transducers
(30, 31); and

said means for disposing said apex areas
within a distance of each other not greater than said
limiting distance.

19.. The sound system of claim 17 further
characterized in that said upper frequency ranges up to
9.5 XHz and defines an upper limit of width, height,
depth and time coherent operation.

) 20. The sound system according to claim 17
further characterized in that said upper frequency
ranges up to 10 kHz and defines an upper limit of
width, height, depth and time coherent operation.

21. The sound system according to claim 17
further characterized in that said upper frequency
ranges up to 12 kHz and defines an upper limit of
width, height, depth and time coherent operation.

22. A sound reproduction apparatus wherein
at least first and second transducers (30, 31) are
disposed proximate each other and radiate in opposite
directions, characterized by:

-
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-first and second transducers (30, 31) are disposed proxi nmat
radiate in opposite directions, characterized by: 15
means (30, 31) for producing first and second acoustic wav
characterizable at a listening distance as having first an
effective point sources respectively; and said transducer .
I ncl uding said 20 first and second transducers (30, 31) for} producing sai

4

dat t er ns

secandnNGV 1997
gns (30, 31)

first and second acoustic wave patterns regpectively, neand_for applying

first and second stereophonic signals to said first and second 25
transducers (30, 31) respasfigetyanasieersor(3d,si3ddi fprsaiepriddustirand

second 1 ransducgssndRaved) rhafk a0 1eAEe AW L) Rl BRE oAt

other not greater than,a |limting distance equal to or |ess
wavel engt h of 4P PeFiBD248Férating frequency of said transducer means (30,

31) to virtually align sasdifii aatiiandreeeduted’sl 9¥0,Y81) including at
5 least said first and second transducers (30, 31)
accepting said first and second stereophonic audio
signals respectively;
means for mounting said first and second
transducers (30, 31) in substantially opposing
10 directions with backs thereof facing each other and
such that said first and second transducers (30, 31)
radiate substantially away from said second and first
transducers (30, 31) respectively; and
said means for mounting disposing said first
15 and second transducers (30, 31) a distance apart not
greater than a wavelength at an upper operational
frequency limit of said first and second transducer
means (30, 31) to produce corresponding audio wave
fronts in substantial synchronization.
20
23. The apparatus according to claim 22
characterized by:
said first and second transducer means (30,
31) including at least first and second substantially
25 conical transducers (30, 31), respectively, each having
an apex area; and
said means for mounting including means for
fixing said apex areas within a distance of each other
not greater than a wavelength at an upper operational
30 frequency limit of said first and second transducer
means (30, 31).

_ 24. The sound system according to claim 22
further characterized by said upper operational
35 frequency limit ranging up to 9.5 kHz.

-
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"point sources within said limting distance of each other St Seivar

a listening distance; and said first and second transducersj ({30, 31) 35
bei ng di sposed back to back to radiate said first and second jacqusNOy 99y e
patterns in opposite directions - 25 - and away from saild jsecond and
first transducers respectively. 18. The sgiynd systemof clgi mI7 Turtner
characterized in that: said first and second transducers arie_substantially

coni cal transducers (30, 31); séid_first.and second effective point sources
are virtually | ocated subst amtheldoursd syebemraesopfih@ sai dlhims®2and

second substangial,ly_ cqnical. tran r ; I ans for
di sposi ng sai "%przdr act:erlazgéj Lbcf Safdc" Oupéé} osgga%ﬂﬂaﬁe
frequency limit ranging up to 10 kHz.

5 - 26. The sound system according to claim 22
further characterized by said upper operational
frequency limit ranging up to 12 kHz.

[
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wi thin a distance of ‘each other not greater than said |imtijfg "”mh SHEET
19. The sound system of claim 17 further characterized in tthat said upper
frequency ranges up to 9.5 kHz and defines an upper limt off M dt5,JUlenenst ,
depth and tine coherent operation. 20 20. The sound system &cg¢ording to
claim 17 further characterized in that-s8 d upper frequency|ranges up to 10
kHz and defines an upper limt of width, height, depth and tiue_coherent
operation. 25 21. The sound system according to claim 17 further
char act er i geeréen @hamn%h$dwhpggrtheeHGQﬁéygrQﬂgééinpngothg R#Eraff defines
an upper |é§é%k@£s%9égiv@§'9hé%\%ﬁgﬂt Peﬁfgséhe?ngoaeafﬂfeﬁaﬁéatg@gnaﬁo 22.

A sound reproduct] on apparat us erein at least Tirst and_second
transducer@f(gb? gqgta§@d right stereo channels. The difference signal

is applied to one speaker of the pair 180" out of phase with

i

relation to the application of the difference signal applied
to the other speaker of the pair. Thus, the housing
containing the pair of speakers does not produce left and

right channel acoustic waves.

A microphone system used to effect noise cancellation is
disclosed in U.S. Patent No. 3,995,124, The microphone
system has two microphone transducers mounted in a
"back-to-back" orientation which are wired together in an out
of phase relationship. Uniform background noise reaching
both microphone transducers simultaneously is cancelled in
the final output because the hard-wiring of the system takes
essentially the difference output of the two microphone
transducers to produce a single signal.

DISCLOSURE OF THE INVENTON

In accordance with a first aspect of the present
invention a method for reproducing sound wherein first and
second acoustic transducers are disposed proximate each other
and radiate in opposite directions, the method characterized
by:

energizing said first transducer with a first
stereophonic signal to produce a first acoustic wave pattern;

energizing said second transducer with a second
stereophonic signal to produce a second acoustic wave
pattern; and

disposing said first and second transducers back to back
within a distance not greater than a wavelength at about
9.5kHz.

In accordance with a second aspect of the present
invention a sound system wherein at least said first and
second transducers are disposed proximate each other and
radiate in opposite directions, characterized by:




«di 'sposed proxi mate each other and radiate in opposite direcJﬁﬂﬁéﬁﬂﬂﬂENT’SﬂEET
characterized by: - 26 - audio transducers (30, 31) for prodUC|ng
sound waves fromat |east first and second stereophonic aud SheN; 9§?|(
audi o transducers (30, 31) including at 5 |east said firstf gnd secon&
transducers (30, 31) accepting said fits8band second steredphontaudto
signal s respectively; means for nmounting said first and seqond transducers
(30, 31) in substantially opposing 10 directions with backs thereof tacrng
each other and tuansdugersmeansi for nnadueivgdiiransandesecerd, agoystadi at e

substant | ok e Y. LEAR SRLdaseeendaBld L' s 14EABATHG Ca ot ficed)

respectiv sal d nmeans mount i ng disposing s I'rst
hav1ng first and second effective point sources respectively;

said transducer means including said first and second
transducers for producing said first and second acoustic wave
patterns respectively;

means for applying first and second stereophonic signals
to said first and second transducers respectively;

means for disposing said first and second transducers
back to back and within a distance of each other not greater
than a limiting distance equal to or less than a wavelength
an operating frequency of said transducer means of about
9.5kHz to virtually align said first and second effective
point sources within said limiting distance of each other as
perceivable at said listening aistance; and

said first and second transducers being disposed back to
back to radiate said first and second acoustic wave patterns
in opposite directions and away from said second and first
transducers respectively.

The invention is directed to the provision of a method
and apparatus for the reproduction of stereophonic sound,
wherein:

‘1. The stereophonic effect is not limited to the plane
of symmetry of a pair of speakers, but is clearly apparent in
a region that is substantially independent of the location of
listener.

2. The effects of the acoustics of a sound
reproduction room may be cancelled in a simple manner, so
that the sound heard by a listener can accurately represent
the sound that was recorded.

The invention is thus directed to a method and apparatus
of phase cocherent sonic transmission embodied as a single

loudspeaker transmission system.
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%5  and second transducers (30, 31) a distance apart not gr4
wavel ength at an upper operational frequency limt of said f _giA@E@i§QESHEET
transducer nmeans (30, 31) to produce correspondi ng audi o waye|{fronts in
substanti al synchronization. 20 23. The apparatus accordi ngj{t¢ CIQKHJZﬂﬁm
characterized by: said first and second transducer neans (39, {31) including
at least first and second substantially 25 conical transdugers (30, 31);
respectively, each having an apex area; and said neans for unting
i ncludi ng neans for fixing said apex are8§ within a distance of each ot her
not greater than a wavel ength at an upper operational frequency limt
of said fi and second transdycer neans (.30,, 31). 24 T soun systen1
accordi ng &glEIEF gf F&ﬂﬂ%ﬁmQﬁiﬂﬁﬁnQ§3Qﬁﬁ} Iy sy S5 qﬁﬁ@?ﬁ qﬁh
frequency krensmiasdiongofp the 3eftkldnd rlght channel complementary

musical information in a phase coherent and time aligned

fashion in order to allow the listeners, regardless of their
positions in a listening room, to perceive the music in 4D
lifelike fashion.

With the present invention, the right and left
complementary sonic information (that is required to be
perceived in a time aligned fashion by the listener in order
to reconstruction a proper sound stage) is transmitted from
the same point source, from a one and only loudspeaker
assembly needed to do so. This means that the right and left
music signals travel to the listener in a practically
parallel and time aligned pattern. This allows the listener

to sit or




Ty 1
und system according to claim 22 further cﬁffgéﬂgﬁﬁ@BaSHEET
sald * U' u ﬂ" t& frequency limt ranging up to 10 kH4. {5

according to claim22 further charactleri z¢d Iyl 3905

upper operatlonal frequency limt ranging up to 12 kHz.
- 22 -

energizing said first trahsducer (30) with a

first stereophonic signal to produce a first acoustic
wave pattern;
energizing said second transducer (31) with a
§ second stereophonic signal to produce a second acoustic
wave pattern; and _ '
disposing said first and second transducers
(30, 31) back to back within a distance not greater
than a wavelength at about 9.5RHz.
10

5. A nicrophone system wherein first and

15 second microphone axially aligned transducers are
mounted in opposite directions and spaced apart a
distance no greater than a physical distance equivalent
to shortest wavelengths of the frequency range of said
microphone transducers (80, 85, 86) characterized by:

20 said first and second axially aligned
microphone transducers (80, 85, 86) being mounted with
the apogees of their respective fields of polar
response patterns back to back and facing substantially
at 180° to one another; -and

25 said first and second axially aligned
microphones having outputs for delivering first and
second stereophonic signals. '

6. The microphone system of claim 5
30 further characterized by a separation/boundary disk
between said microphone transducers (80, 85, 86) for
separating sound directed to said first and second
microphone transducers.

35 7. The microphone system of claim 6
further characterized by distinction padder means on
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15. The sound system according to claim 1
characterized in that said upper fregqguency ranges up to
12 kHz and defines an upper limit of width, height,
depth and time coherent operation.

5
16. The sound system according to claim 15
further characterized by means for producing
stereophonic acoustic waves at frequencies above said
upper frequency.
10

17. A sound system wherein at least said
first and second transducers (30, 31} are disposed
proximate each other and radiate in opposite
directions, characterized by:

15 transducer means (30, 31) for producing first
and second acoustic wave patterns characterizable at a
listening distance as having first and second effective
point sources respectively;

said transducer means (30, 31) including said

20 first and second transducers (30, 31) for producing
said first and second acoustic wave patterns
respectively;

means for applying first and second
stereophonic signals to said first and second

25 transducers (30, 31) respectively;

means for disposing said first and second
transducers (30, 31) back to back and within a distance
of each other not greater than a limiting distance
equal to or less than a wavelength an

30 operating frequency of said transducer means (30, 31) of about 9.5RHz
to virtually align said first and second effective
point sources within said limiting distance of each
other as perceivable at said listening distance; and

said first and. second transducers (30, 31)

35 Dbeing disposed back to back to radiate said first and

seconid acoustic wave patterns in opposite directions



