
3,393,766 L. H. MITCHELL July 23, 1968 
SPEAKER SYSTEM 

3. Sheets-Sheet l 

----------— - — - — — 

- - - - - - - - 

Filled May 18, 1966 

  



3,393,766 L. H. MTCHELL 

SPEAKER SYSTEM 

July 23, 1968 

3. Sheets-Sheet 2 

AMPFER 

Filed May 18, 1966 

4. I 

TRANSDUCER 
RECORDED 
SOUND 
SOURCE 

  

  



July 23, 1968 L. H. MITCHELL 3,393,766 
SPEAKER SYSTEM 

Filed May 18, 1966 3. Sheets-Sheet 3 

3 
a. 

Z. 

X 
Na 

en 
a 
Z 
la 

X 
N 
N/ 

C 

8 

  



United States Patent Office 3,393,766 
Patented July 23, 1968 

3,393,766 
SPEAKER SYSTEM 
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corporation of New Jersey 

Filed May 18, 1966, Ser. No. 551,028 
10 Claims. (C. 181-31) 

ABSTRACT OF THE DISCLOSURE 
Sound reproduction apparatus in which two sets of 

sound patterns are reproduced from a single sound source, 
by positioning a single electroacoustic transducer within 
a hollow tube, open at each end, to divide the interior of 
the tube into two air columns, one of the air columns on 
one side of the transducer being substantially twice the 
length of the air column on the other side of the trans 
ducer, and the overall length of the tube being at least 
on the order of three feet. 

This invention relates to Sound reproduction systems, 
and in particular to sound reproduction systems in which 
a suffuse or diffuse field of sound is produced over a 
relatively large area and in which a stereophonic effect is 
produced from a monophonic source. 

In the design of sound reproduction Systems, one of 
the most challenging problems is to deliver a substantial 
amount of sound power in a manner that will produce 
for a listener an acoustic sensation that resembles as close 
ly as possible the acoustic sensation that the original 
sound would have produced. As pointed out by E. E. 
David, Jr., in “The Reproduction of Sound,' vol. 204, 
Scientific American, page 72 (1961), live sound is char 
acterized by both auditory perspective and ambience, 
auditory perspective referring to the ability of the human 
hearing mechanism to locate a particular sound source, 
and ambience referring to the arrival at the listener's ears 
of many successive echoes of a sound from a number of 
different directions. Sound reproduction systems that at 
tempt to provide one or both of these qualities in the re 
production of sound are generally referred to as stereo 
phonic systems, and several of these systems are described 
in the above-mentioned E. E. David, Jr., article. 

In stereophonic systems that provide both auditory per 
spective and ambience in the reproduced sound, two sepa 
rate sound channels are typically provided, each having 
its own microphone and loud-speaker. Two microphones 
are spatially separated to detect the original sound at two 
different points in the original sound field, and the two 
loud-speakers are also spatially separated to reproduce 
the original sound at two different points in the listener's 
environment. 
Where the two microphones are placed close to the 

source of original sound, for example near the orchestra 
in a concert hall, the reproduced sound in the listener's 
environment may have excessive auditory perspective in 
that the reproduced sound impression is that which the 
listener would hear if he were located on the stage rather 
than in the audience. Since musical performances are 
generally directed at and for the benefit of an audience 
not necessarily located on the stage and further to take 
advantage of the acoustical characteristics of the con 
cert hall, the degree of auditory perspective in many ster 
eophonic recordings is found objectionable by Some lis 
tenes. 

In so-called “quasi stereo' systems, the illusion of ster 
eophonic Sound is created by producing only the quality 
of ambience in the reproduced sound, which is found 
by many listeners to be preferable to the stereophonic 

O 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

2 
reproduction previously mentioned. This preference may 
be attributable to the close approximation of the quasi 
Stereo sound to the sound that is heard by the audience in 
a concert hall, where reverberations and multiple propaga 
tion paths for Sound waves provide a full and live sound 
without distinct auditory perspective, that is, without lo 
cation of a particular instrument's sound with respect to its 
position on the stage. 
Ambience alone can be obtained in a quasi stereo sys 

tem from a single or monophonic source, for example, a 
single microphone or recording channel, by supplying 
each of two or more spatially separated loud-speakers 
with a different version of the same sound, for example, 
different artificial echo patterns of the same sound. By 
this arrangement, there is created for the listener a sound 
field in which different components of the sound arrive 
at the listener's ears from different directions or at dif 
ferent times or both, thereby affording an ambient quality 
that is characteristic of live sound. However, the produc 
tion of different Sound patterns from a monophonic source 
typically requires complex, expensive equipment. 

In the present invention there is provided a sound 
reproduction system in which two sets of sound patterns 
are reproduced from a single sound source by an inex 
pensive speaker system of unique but relatively simple 
structure, thereby to create a diffuse sound field which 
provides the illusion of stereophonic sound. In the speaker 
system of this invention, a single electroacoustic trans 
ducer is positioned within a hollow tube or duct open at 
each end so that the interior of the tube is divided into 
two separate air columns, one column on one side of the 
transducer and the other column on the other side of the 
transducer. By positioning the transducer so that the col 
umn of air on one side of the transducer is approximately 
twice the length of the air column on the other side of 
the transducer, and so that each motion of the transducer 
simultaneously produces a compression wave or pulse of 
air in one column and a rarefaction wave or pulse of air 
in the other column, a two-to-one relationship is estab 
lished between the fundamental resonant frequencies of 
the two sections of the tube, with the fundamental resonant 
frequency of the longer section being half the fundamental 
resonant frequency of the shorter section. It was dis 
covered that a pronounced stereophonic effect is obtained 
with this arrangement, because when the two air columns 
are excited by vibration of the transducer, the two air 
columns resonate individually and in combination at fun 
damental and harmonic frequencies. As a result, in the 
sounds emanating from the open ends of the tube, differ 
ent frequencies predominate at each end of the tube. 
An important feature of the speaker system of the 

present invention is its smooth and extended low fre 
quency response, since the relatively long coupling path 
of air between opposite sides of the transducer minimizes 
cancellation of sound waves produced on one side of the 
transducer by simultaneously produced sound waves on 
the other side of the transducer. 

Further, it has been found that the efficiency of the 
transducer in the speaker System of this invention, in 
terms of converting electrical energy into sound energy, 
is substantially greater than that which is obtainable with 
the same transducer mounted in a conventional enclosure, 
since smooth frequency response is obtained in the pres 
ent invention without resorting to back-loading or other 
wise damping the excursions of the transducer as in con 
ventional enclosures. 
Those skilled in the art will immediately recognize from 

the following description and appended drawings that the 
principles of the present invention may be applied with 
advantage to various types of Sound reproduction and 
transmission systems, it being understood that the descrip 



3 
tion is intended for illustrative purposes only and in no 
manner to limit the invention. 
The invention will now be described in greater detail 

with reference to the appended drawings, in which, 
FIG. 1 is an elevation view, partially in Section, of 

the speaker system of the present invention; 
F.G. 2 is an elevation view of the speaker System of 

the present invention illustrating one mode of flush 
mounting the speaker; 

FloS. 3A, 3B, 3C and 3D are perspective views of 
speakers of various cross sections embodying the princi 
ples of the present invention; 

FIG. 4 is a block diagram of a complete Sound repro 
duction system embodying the principles of this inven 
tion; and 

FIG. 5 is a graph of assistance in explaining the pres 
ent invention. 

Referring now to the drawings wherein like reference 
characters designate like parts throughout the several 
views, there is shown in FIG. 1 a speaker embodying 
the principles of this invention, in which an electro 
acoustic transducer 10 is positioned within a hollow tube 
11 by means of annular mounting sections 12a and 12b 
to divide the interior of tube 11 into two separate air 
columns, respectively denoted A and B. Transducer 10 
may be of the electro-dynamic, direct radiator type hav 
ing a paper diaphragm or cone 100 and a moving coil 
driving mechanism 01 to which a single or monophonic 
incoming electrical signal from a sound source is applied 
by way of input lead 182 and terminal 103. However, 
it will be understood by those skilled in the art that other 
types of transducers may be employed in accordance with 
the principles of this invention to provide the stereo 
phonic effect described herein. 

In order to obtain the desired stereophonic effect, trans 
ducer 10 must be positioned within tube 1 so that the 
length of the air column A on one side of transducer 10 
is approximately twice as long as the air column B on 
the other side of transducer 10. This two-to-one relation 
ship is indicated in the several views by denoting the 
length of the longer air column by the symbol X, and 
by denoting the length of the shorter air column by the 
corresponding symbol X/2. Although tube 11 is shown 
as a unitary hollow member whose interior is divided 
by transducer 10 into two separate air columns, it is to 
be understood that the same result may be achieved by 
coupling together two separate hollow members, one on 
each side of transducer 10, where one of the hollow 
members is twice as long as the other. For example, tube 
11 may comprise two separate tubes joined together along 
line 18, in which case the tube containing air column 
A on one side of transducer 10 is substantially twice as 
long as the tube containing air column B on the other 
side of transducer 10. 

Because of the two-to-one relationship between the 
lengths of the air columns A and B, the fundamental res 
onant frequency of the longer air column, A, is one 
half the fundamental resonant frequency of the shorter 
air column, B. Since the transducer 10 separating the two 
air columns is not an immovable barrier but is instead 
an active driving element producing simultaneous com 
pressional pulses and rarefactional pulses in the air col 
umns on opposite sides of the transducer, pressure nodes 
and pressure peaks shift position within the two air 
columns resonating individually and in combination as 
the frequency of energy driving the transducer is changed. 
As a result, Sound of a particular frequency is predom 
inantly radiated from one end of tube 1. The frequency 
selective characteristic of the speaker system of this in 
vention may be demonstrated by connecting a variable 
frequency tone generator to the speaker, in which case 
Sound will predominantly emanate first from one end, 
then from both ends, and then from the other end as 
the audio spectrum is swept. This frequency selective 
characteristic is most apparent at lower frequencies where 
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4 
the harmonic mode of resonance is of low order. FIG. 5 
illustrates graphically the frequency selective character 
istic of the speaker system of this invention. The graphs 
shown in FIG. 5 were obtained from measurements made 
by placing a microphone at each open end of a tubular 
speaker of the type shown in FIG. 1, the speaker hav 
ing a length of four feet and an inside diameter of two 
and one-half inches. Each microphone was spaced ap 
proximately one-quarter of an inch from the correspond 
ing open end of the tube, and to each of the two micro 
phones there was connected an amplifier and an alter 
nating current voltmeter. To the transducer 10 inside 
the speaker, there was connected an adjustable frequency 
oscillator and the transducer was excited at each of a 
number of frequencies. The corresponding sound pres 
sure level at each frequency, represented by the voltage 
of the output signal of each microphone at the open end 
of the tube, is tabulated in Table I below. 

TABLE I 

A(2X End of Speaker) B (X End of Speaker) 
(Volts) (Volts) 

Frequency (c.p.s.): 
88 

1. Not plotted in FIG. 5. 

The graphs shown in FIG. 5 represent the sound pres 
sure levels in Table I plotted as a function of frequency. 
FIG. 5 makes graphically evident the manner in which 
the frequency selective characteristic of the speaker of 
this invention produces a stereophonic effect through am 
bience. Thus, there are large numbers of frequencies at 
which a pressure peak or maximum at one end of the 
speaker coincides with a pressure null or minimum at 
the other end of the speaker; pressure maxima or minima 
are not limited to one end of the speaker or the other, 
but appear at both ends of the speaker; and maxima 
and minima tend to alternate with one another along 
the frequency scale at each end of the speaker. It is to 
be noted in FIG. 5 that peaks and nulls do not always 
coincide exactly, which is believed to be attributable to 
both slight mispositioning of the transducer within 
the tube, and a finite but indeterminate acoustical width 
of the transducer, especially during excursions of the 
diaphragm in response to external excitation, both of 
which indicate that an appreciable deviation from the 
desired two-to-one ratio will degrade the stereophonic 
effect. 

Since both human speech sounds and musical sounds 
are complex combinations of large numbers of frequen 
cies, the frequency selective characteristic of the speaker 
of this invention causes certain portions of such sounds 
to be radiated predominantly from one end of the speaker 
or the other, so that different components of a sound 
arrive at a listener's ears from different directions over 
different propagation paths. As a result, sound from a 
monophonic source is reproduced by the speaker of this 
invention with the ambient quality characteristic of stereo 
phonic sound reproduction systems. 

In order for reproduced sound to be a faithful replica 
of the original Sound, each component must be repro 
duced without significant alteration in intensity, and 
Without the introduction of any degrading, spurious com 
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ponents in the reproduced sound. While the use of res 
onant air columns in this invention might lead to the 
immediate assumption that its frequency response would 
lack uniformity, it has been found that the frequency 
response is smooth and distortion-free when the trans 
ducer is positioned in the manner shown in FIG. 1 and 
described above, to divide the interior of the tube into 
two separate air columns whose lengths are in two-to 
one relationship. At the same time, it has been observed 
that a substantially greater amount of Sound energy is 
obtained from the same amount of input signal energy 
than is obtainable with the same transducer 10 mounted 
in a conventional enclosure such as an infinite baffle en 
closure. Although this phenomenon is not fully under 
stood, it is believed that the increased sound energy is 
at least partly attributable to use of output energy from 
both sides of the diaphragm of transducer 10 in this in 
vention; whereas in an infinite baffle the energy from 
one side of the transducer is deliberately trapped and 
prevented from entering the sound field, thereby to pre 
clude cancellation of the front wave of the transducer 
by the back wave of the transducer at lower frequencies, 
and also to load the diaphragm of the transducer to 
reduce unwanted resonance of the diaphragm, which re 
sults in compression of the excursions of the diaphragm. 
At the ends of tube 11 there are provided screens 13a, 

13b to protect transducer 10 from unwanted foreign ob 
jects. Screens 13a, 3b may be fitted over corresponding 
telescoping sections 14a, i4b and then secured, for ex 
ample, with cement, to the interior of tube 1. 
The parameters of tube inner diameter, tube length, 

tube material, and speaker size may be varied within 
rather broad ranges, while retaining the two-to-one rela 
tionship between the air columns within the tube to achieve 
the desired stereophonic effect, increased transducer effi- : 
ciency, and uniform response over a relatively broad fre 
quency range. For tube inner diameter, using a tube of 
circular cross-section as shown in FIG. 3A, it has been 
found that both 234' and 8' diameters, together with 
transducers of corresponding diameters, are Satisfactory. 
With an inner diameter of 2%', together with a trans 
ducer having a cone 2%' in diameter mounted in a bas 
ket (not shown) which is 234' in diameter, it has been 
observed that this combination, when secured to a ceiling 
ten feet above floor level with the tube axis 2 parallel 
to the floor provides on the order of four times as much 
sound coverage for a given gradient of Sound level as an 
8' diameter speaker mounted in a cotnventional enclosure 
at the same height, in addition to providing a stereophonic 
effect unobtainable from a single speaker mounted in a 
conventional enclosure. This increased coverage is par 
tially due to excitation of a large volume of air at a rela 
tively low sound pressure level rather than the Smaller, 
directly radiated cone of air typically excited at a higher 
sound pressure level by a transducer of the same size 
mounted in a conventional enclosure. Of course, it is to 
be understood that other tube inner diameters, in combi 
nation with corresponding transducer diameters, may be 
employed as desired. 

Frequency response is a function of tube length, for a 
given transducer, with the upper limit of tube length be 
ing determined primarily by the reproduction of high 
frequencies, and the lower limit being determined pri 
marily by the reproduction of low frequencies. At the 
high frequency end of the audible spectrum, frequency 
response falls off quite rapidly with overall tube lengths 
greater than about six feet. For reproduction of low fre 
quencies, it has been found that frequencies lower than 
one-half the unloaded resonant frequency of the trans 
ducer cone are uniformly reproduced by using an overall 
tube length on the order of four feet. It is to be under 
stood, however, that this lower limit on tube length is 
not critical, since uniform low frequency response has 
been obtained with an overall tube length as Small as four 
feet for both 2%' and 8' diameter transducer cones, 
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6 
even though a shorter overall tube length on the order of 
three feet is also satisfactory for an 8' transducer cone. 
The tube may be constructed of any one of a number 

of materials, the choice of material depending upon the 
particular color or timbre, if any, that it is desired to im 
part to the reproduced sound. The relationship of ma 
terial to timbre is much the same as that found in the 
construction of organ pipes. For sound Systems where 
it is desirable to reproduce sound without introducing 
any additional or modified tonal qualities, it has been 
found that a combination of chipboard and kraftpaper is 
a preferred tube material since it is relatively inexpensive 
and produces no distinct tonal qualities in and of itself. 

Turning now to FIG. 2, this drawing illustrates an ar 
rangement for flush-mounting the speaker of this inven 
tion. Within a concealed space 27 adjacent to the space 
28 where the reproduced sound is to be introduced, there 
is mounted tube il, which is provided with a transducer 
0 positioned to divide the interior of tube into two sepa 

rate air columns whose lengths are in the two-to-one re 
lationship described above. In order to introduce repro 
duced sound into the space 28, hollow ducts 2a and 21b 
extend tube 1 to screened ports 22a and 22b in the wall 
of the concealed space 27. Although FIG. 2 shows curved 
ducts which direct the reproduced sound through the 
same side of concealed space 27, it is to be understood 
that the reproduced sound may be directed through ports 
located in any desired portion of concealed space 27. It is 
important to note that the lengths of ducts 21a and 21b 
must be taken into account in positioning the transducer 
10 within tube 11 to obtain the desired two-to-one rela 
tionship between the air columns on either side of trans 
ducer 10. 

Referring next to FIGS. 3A through 3D, these draw 
ings illustrate that tubes of either circular or non-circular 
cross-sections may be employed in practicing this inven 
tion. FIG. 3A shows a tube of circular cross-section, 
FIG. 3B shows a tube 300 of rectangular cross-section, 
FIG. 3C shows a tube 301 of trapezoidal cross-section 
with one pair of opposite sides parallel to one another, 
and FIG. 3D shows a tube 302 of square cross-section. In 
order to avoid a short coupling path for sound energy be 
tween opposite sides of the transducer, the two air col 
umns in each tube must be isolated from each other at 
the point where the transducer is positioned within the 
tube. In the case of a tube of circular cross-section, isola 
tion is easily accomplished by employing a transducer 
with a circular diaphragm, whereas in the case of a tube 
with a non-circular cross-section such as the trapezium 
or square cross-section shown in FIGS. 3C and 3D, iso 
lation requires a baffle 32 or 33 in order to adapt a cir 
cular diaphragm transducer to the non-circular tube cross 
Section. For a rectangular cross-section tube, as illus 
trated by element 300 in FIG. 3B, it is preferred to em 
ploy a transducer 30 with an oval or elliptical diaphragm 
which more closely matches the rectangular cross-section 
of the tube than a circular diaphragm, thereby to obtain 
better efficiency in driving the two air columns. Of course, 
even with an oval diaphragm it is still necessary to employ 
a baffle 31 in order to isolate the two air columns at the 
point where the transducer is positioned within the tube. 

In FIG. 4 there is illustrated a complete system for 
reproducing sound from a single sound source, which may 
be a source of either live or recorded sound. In the case 
of a live Sound source, a transducer 40, for example, a 
conventional microphone, detects the live sound and con 
verts it into a corresponding single electrical wave. This 
single electrical wave is delivered by way of adjustable 
Switch S to a suitable amplifier 42 and thence to one or 
more speakers 44-1 through 44-n. Each of the speakers 
44-1 through 44-n is constructed in accordance with the 
principles described above, as indicated by the two-to-one 
relationship between the lengths of the air columns on 
either side of the corresponding transducers 0-1 through 
10-in. 
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Alternatively, the sound to be reproduced may be re 
corded, in which case a recorded sound source 41, which 
may be any one of a number of well known devices such 
as disc records, magnetic tapes, magnetic wires and the 
like, is connected to the system. The recorded sound from 
Source 4; is converted into a corresponding single elec 
trical wave by transducer 43, for example, a conven 
tional cartridge or other device designed to convert the 
recorded sound into corresponding electrical variations. 
By appropriate setting of switch S the single electrical 
wave from transducer 43 is supplied to amplifier 42 and 
thence to one or more speakers 44. 
As indicated by the broken line between amplifier 42 

and the speakers 44, speakers 44 may be located at points 
that are remote from the other elements of the system 
shown in FIG. 4. For example, each speaker 44-l through 
44-n may be located in a different room of a hotel or 
other place of public accommodation while the other 
elements of the system may be located at a central con 
trol station on the premises. 
While the invention has been described in connection 

with specific embodiments thereof and in specific uses, 
various modifications thereof will occur to those skilled 
in the art without departing from the spirit and scope of 
the invention as set forth in the appended claims. 
What is claimed is: 
1. Apparatus for reproducing sound which comprises 
a hollow duct of selected length open at each end, 

said length being selected to reproduce the audible 
sound spectrum between predetermined high and low 
frequencies and being at least on the order of three 
feet, 

a transducer for converting a single electrical signal 
into sound energy, and 

means for positioning said transducer within said duct 
to divide the interior of said duct into two separate 
air columns each having its own selected length, one 
air column on either side of said transducer, so that 
each motion of said transducer simultaneously pro 
duces a compressional pulse in one of said air col 
umns and a rarefactional pulse in the other of said 
air columns, 

wherein the selected length of one of said air columns 
is substantially twice the selected length of the other 
of said air columns in order to obtain substantial 
coincidence between pressure peaks in the sound 
energy radiated from one end of said duct and pres 
Sure nulls in the sound energy radiated from the 
other end of said duct, and wherein the combined 
Selected lengths of said two air columns are approxi 
mately equal to said selected length of said hollow 
duct. 

2. Sound reproduction apparatus which comprises 
a hollow tube of selected length open at each end, said 

length being selected to reproduce the audible sound 
Spectrum between predetermined high and low fre 
quencies and being at least on the order of three 
feet, 

an electro-dynamic, direct radiator transducer for 
converting a monophonic electrical wave analogue 
of an acoustical wave into sound energy, said trans 
ducer being provided with a diaphragm which is 
moved in response to variations in said electrical 
Wave analogue to produce compressional and rare 
factional air pulses, and 

means for positioning said transducer within said tube 
to divide the interior of said tube into two separate 
air columns each having its own selected length, one 
air column on either side of said diaphragm, so that 
the selected length of the air column on one side of 
said diaphragm is substantially twice the selected 
length of the air column on the other side of said 
diaphragm in order to obtain substantial coincidence 
between pressure peaks in the sound energy radiated 
from one end of said tube and pressure nulls in the 
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8 
sound energy radiated from the other end of said 
tube, wherein each motion of said diaphragm simul 
taneously produces a compressional pulse in one of 
said air columns and a rarefactional pulse in the 
other of said air columns and wherein the combined 
Selected lengths of said two air columns are approxi 
mately equal to said selected length of said hollow 
tube. 

3. Sound reproducing apparatus which comprises 
a hollow tube open at each end and having a selected 

length and a uniform circular cross-section of se 
lected inner diameter, said length being selected to 
reproduce the audible sound spectrum between pre 
determined high and low frequencies and being at 
least on the order of three feet, . . 

an electro-dynamic, direct radiatior transducer for con 
verting a single electrical wave analogue of an 
acoustical wave into Sound energy, said transducer 
being provided with a diaphragm which is moved in 
response to variations in said electrical wave anal 
ogue to produce compressional and rarefactional air 
pulses, wherein said diaphragm is circular and has 
a diameter not greater than the inner diameter of 
said tube, and 

means for positioning said transducer within said tube 
to divide the interior of said tube into two separate 
air columns each having its own selected length, one 
air column on either side of said diaphragm, so that 
the selected length of the air column on one side 
of said diaphragm is substantially twice the selected 
length of the air column on the other side of said 
diaphragm in order to obtain substantial coincidence 
between pressure peaks in the sound energy radiated 
from one end of said tube and pressure nulls in the 
Sound energy radiated from the other end of said 
tube, wherein each motion of said diaphragm simul 
taneously produces a compressional pulse in one of 
said air columns and a rarefactional pulse in the 
other of said air columns and wherein the combined 
Selected lengths of said two air columns are approxi 
mately equal to said selected length of said hollow 
tube. 

4. Apparatus as defined in claim 3 wherein said se 
lected length of said hollow tube is a maximum of about 
six feet. 

5. Apparatus for reproducing sound which comprises 
a first hollow member open at each end and enclosing 

a first air column having a first selected length, 
a second hollow member open at each end and enclos 

ing a second air column having a second selected 
length, wherein said second selected length of said 
Second air column is substantially twice the first 
Selected length of said first air column, and wherein 
the combined selected lengths of said first and second 
hollow members is selected to reproduce the audible 
Sound Spectrum between predetermined high and low 
frequencies and is at least on the order of three feet, 
and 

transducer means for coupling said first hollow mem. 
ber at one of its open ends to one of the Open ends 
of Said Second hollow member so that each motion 
of Said transducer simultaneously produces a com 
pressional pulse in one of said air cloumns and a 
rarefactional pulse in the other of said air columns, 
and So that pressure peaks in the second energy 
radiated from the other open end of one of said 
hollow members substantially coincide with pressure 
nulls in the Sound energy radiated from the other 
open end of the other of said hollow members. 

6. Sound reproducing apparatus which comprises 
a hollow tube open at each end and having a selected 

length and a cross-section other than circular, said 
length being Selected to reproduce the audible sound 
Spectrum between predetermined high and low fre 
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quencies and being at least on the order of three 
feet, 

an electro-dynamic transducer for converting a single 
electrical wave analogue of an acoustical wave into 
sound energy, said transducer being provided with a 
diaphragm which is moved in response to variations 
in said electrical wave analogue to produce compres 
sional and rarefactional air pulses, wherein said dia 
phragm is shaped to approximate the cross-section 
of said tube, and 

means for positioning said transducer within said tube 
to divide the interior of said tube into two separate 
air columns each having its own selected length, one 
air column on either side of said diaphragm, so that 
the selected length of the air column on one side 
of said diaphragm is substantially twice the selected 
length of the air column on the other side of said 
diaphragm in order to obtain substantial coincidence 
between pressure peaks in the sound energy radiated 
from one end of said tube and pressure nulls in 
the sound energy radiated from the other end of 
said tube, wherein each motion of said diaphragm 
is simultaneously produces a compressional pulse in 
one of said air columns and a rarefactional pulse 
in the other of said air columns, and wherein the 
combined selected lengths of said two air columns 
are approximately equal to said selected length of 
said hollow tube. 

7. Apparatus as defined in claim 6 wherein said tube 
cross-section is rectangular, the shape of said diaphragm 
is oval, and said positioning means includes a baffle to iso 
late said two air columns from one another. 

8. Apparatus as defined in claim 6 wherein said tube 
cross-section is square, the shape of said diaphragm is 
circular, and said positioning means includes a baffle to 
isolate said two air columns from one another. 

9. Apparatus as defined in claim 6 wherein said tube 
cross-section is trapezoidal with at least one pair of oppo 
site sides parallel to one another, the shape of said dia 
phragm is circular, and said positioning means includes a 
baffle to isolate said two air columns from one another. 

10. A stereophonic sound reproduction system which 
comprises 
a source of sound, 
first transducer means responsive to said source of 
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sound for deriving from said source of sound a single 
electrical wave representative of said sound, 

amplifier means connected to said first transducer 
means, and 

in speaker means in circuit relation with said amplifier 
means for converting said electrical wave into Sound 
energy, where n is a selected positive integer equal 
to or greater than one, each of said speaker means 
including 

a corresponding one of n second transducer means 
positioned within a hollow tube of selected length, 
said selected length being at least on the order of 
three feet, and said tube being open at both ends 
to divide the interior of said tube into two separate 
air columns each having its own selected length, one 
air column on either side of said second transducer, 
so that each motion of said second transducer simul 
taneously produces a compressional pulse in one of 
said air columns and a rarefactional pulse in the 
other of said air columns, and so that pressure peaks 
in the sound energy radiated from one end of said 
tube substantially coincide with pressure nulls in the 
sound energy radiated from the other end of said 
tube, wherein the length of said hollow tube is 
selected to reproduce the audible sound spectrum 
between predetermined high and low frequencies, 
wherein the selected length of one of said air columns 
is substantially twice the selected length of the other 
of said air columns, and wherein the combined 
selected lengths of said two air columns are approxi 
mately equal to said selected length of said hollow 
tube. 
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