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57 ABSTRACT 
Loudspeaker and stereophonic system employing 
hemicylindrical wave form generators, in which the 
vertical extent of the speaker includes and spans the 
levels of seated and erect standing listeners, approxi 
mating a floor to ceiling height. Two such speakers are 
placed in a room, directed toward each other and 
spaced from an end wall, with arc of sound emission 
of each such that the listener region receives direct 
sound and two first order reflections, from side and 
end walls, from each of the two speakers. The path 
lengths are shown different in length greater than the 
minimum separate-source discrimination time. 

6 Claims, 11 Drawing Figures 
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WIDE ANGLE CYLINDRICAL WAVE 
LOUDSPEAKER EXTENDING APPROXIMATELY 
FROM FLOOR TO CELLING HEIGHT WITH A 

LENS . . 

This invention relates to high fidelity loudspeaker 
systems useful in the home. 
The principal object of the invention is to provide 

means for achieving a high fidelity, transparent sound 
sensation in rooms of a home, including small rooms 
and rooms having low ceilings. 
According to one aspect of the invention, a loud 

speaker is provided which includes a loudspeaker of 
the cylindrical wave generator type having a vertical 
axis, a generally hemicylindrical sound emitting arc, 
preferably at least of about 150 extent, and a vertically 
elongated sound-emitting extent approximating in ef 
fect a floor to ceiling height, including and spanning the 
elevations of normal seated and standing listener posi 
tions, the positions of 43 and 1 % meters above the 
floor. Preferably the loudspeaker includes a lens having 
a series of channels leading from the sound source to 
the speaker outlet, the channels including substantially 
straight mid-channels and gradually curving and di 
verging outer channels and preferably the sound source 
is a full-range electrostatic speaker. 
According to another aspect of the invention, the 

above loudspeaker is incorporated into a speaker sys 
tem including two vertical sound-reflective surfaces 
spaced from the speaker and from the listener region, 
the speaker being constructed and positioned to emit 
sound directly along a first path toward the listener 
region and toward each of the reflective surfaces; the 
reflective surfaces are positioned and adapted to reflect 
a full-height sound image of the speaker to the listener 
region along respective second and third paths, with 
the first, second and third paths preferably differing in 
length from each other at least by the distance equiva 
lent to the minimum separate-source discrimination 
time, preferably the paths varying from each other by 
at least about a meter. Preferably the above system is 
constructed for stereophonic sound, with two speakers 
each mated with a pair of the reflective surfaces and 
preferably, in a home, the reflective surfaces are 
formed by a room having an end wall and left and right 
side walls, left and right loudspeakers positioned along 
respective side walls, each spaced from the end wall 
and the loudspeakers directed toward each other, the 
arc of radiation of each of the speakers including the 
listener region, the opposite side wall and the end wall, 
the second path for each speaker extending to the op 
posite side wall thence to the listener and the third path 
for each speaker extending to the end wall thence to 
the listener region, preferably the loudspeakers being 
spaced at least about a meter from the end wall. 
These and other features and advantages of the in 

vention will be understood from the following descrip 
tion of a preferred embodiment, in conjunction with 
the drawings wherein: 
FIG. 1 is a diagrammatic side view illustrating one 

feature of the invention while FIG. 2 is a similar view of 
an arrangement omitting the feature of FIG. 1 and FIG. 
2a graphs interferences experienced with the construc 
tion of FIG. 2; 
FIG. 3 is a diagrammatic plan view and FIG. 3a a 

perspective view of a stereophonic loudspeaker ar 
rangement according to the invention; 
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2 
FIG. 4 is a horizontal cross-sectional view of a full 

audio range electrostatic speaker according to the in 
vention, including schematically an amplifier system; 
FIG. 4a shows in greater detail the configuration of 

the lens walls for the loudspeaker of FIG. 4; 
FIG. 5 is a prespective view of the front portion of the 

lens system of FIGS. 4 and 4a, showing the outlet; 
FIG. 6 is a perspective view similar to FIG. 5 viewed 

from the back to reveal the inlet of the lens system; and 
FIG. 7 is a side view and FIG. 8 is a plan view of an 

alternative embodiment of a speaker for use according 
to certain aspects of the invention. 

Referring to FIGS. 1 and 3a, a vertical axis, cylindri 
cal wave generator-type loudspeaker 18 generates a 
hemi-cylindrical wave 19 of all frequencies of interest, 
base and treble, which uniformly illuminates the lis 
tener region L with all frequencies. In this drawing the 
speaker is shown to extend entirely from floor to ceil 
ing, thus having an extent which spans and extends 
beyond the normal listener sitting position S and erect 
position E. As denoted by the arrows, the direct sound 
pressure field at all frequencies is uniform throughout 
the height of the speaker, hence the listener will ob 
serve the same sound sensation regardless of a change 
in his elevation. Also, due to this arrangement, the 
ceiling and floor form boundaries of the cylindrical 
wave and no pattern of ceiling or floor reflections is 
produced which can create destructive interference 
patterns of the sound reaching the listener. 
For contrast, a different arrangement is shown in 

FIG. 2. Speaker 18' is a cylindrical wave generator but 
has only a height of about a meter from the floor. Two 
serious problems arise. The direct high frequency 
sound, very directional, as well as the direct lower 
frequency sound, illuminate the seated listener S as in 
FIG. 1. But, since the height of the erect standing lis 
tener E is above the level M of the speaker 18", the 
same intensity of high frequency (and highly direc 
tional) sound does not reach position E; the sound field 
is distorted. 
Furthermore, as the top of the speaker 18' is well 

below the ceiling, the speaker behaves much like a 
point source in respect of low frequency sound, and a 
significant ceiling reflection results. This ceiling reflec 
tion also represents a distorted field, omitting the im 
portant higher frequencies. Furthermore, the room 
depicted may have a low ceiling height as is common in 
homes, e.g. 2% meters or considerably less. Accord 
ingly, the path length of the reflection may be quite 
close in length to the direct path length, resulting in 
interference with the direct radiation at the lower fre 
quencies, as represented in FIG. 2a. 
The over-all result is that the listener in the erect 

position hears a dull, uninteresting sound, lacking in 
the quality known as transparency and the listener 
encounters annoying variation in the sound as he 
moves between the two elevations, 
Desirable effects of the invention described in con 

nection with FIG. 1 are obtained even when the 
speaker does not entirely reach the floor or ceiling, 
albeit with some loss as the variation from the ideal 
floor-to-ceiling relationship occurs. However, the 
height should approximate the floor-to-ceiling relation 
ship, spanning between and extending beyond the nor 
mal seated and standing positions, generally including 
points /2 meters and 1 % meters above the floor (and, 
preferably, 2 m. point). 
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Referring to FIGS. 3 and 3a, the speaker 18 of FIG. 
1 is disposed in the special relationship whereby the 
cylindrical sound wave from speaker 18 directly 
reaches the listener region L along path Pi, and also 
reaches that region along paths P and Pi, each com 
prising a first order reflection off of a vertical sound 
reflective wall, and the geometry being such that the 
differences between the lengths of these various paths 
is greater than the separate source discrimination time. 
(This time refers to the psycho-acoustic observation 
that humans treat similar pairs of sounds differently 
dependent upon length of time between the sounds. 
For short time intervals two sounds are merged into 
one sound sensation. This phenomenon may be related 
to the way humans are able to deal with a single sound 
despite the difference in time at which it reaches the 
different ears. When the time between the sounds is 
considerably longer, e.g. greater than 2 milliseconds, 
the listener can detect two different sources and direc 
tions, with increasing precision as the length of time 
increases. Preferably therefore the differences between 
the various paths is at least/3 meter and preferably at 
least 1 meter. Such distances assure the detection of 
virtual sound images II and III from the two reflective 
surfaces.) ". 
With further reference to FIGS. 3 and 3a, these re 

flective surfaces are formed by the walls of a room in 
which two speakers are arranged to produce stereo 
phonic sound. 
The room comprises end wall Wr and left and right 

side walls W and W. The speaker 18 referred to 
above is the left speaker, S, disposed along the left wall 
and the right speaker, SR, is disposed along the right 
wall. 
The paths of the left speaker, P, Pit, and Put are 

direct, 1st reflection from right wall Wr and 1st reflec 
tion from the end wall W. Similarly the paths of the 
right speaker, P', P, and Pitt' are respectively direct, 
1st reflection from left wall W. and 1st reflection from 
the end wall W. 

It will be noted that the arc of the cylindrical wave 
front emitted by each of the speakers is sufficiently 
wide to direct sound directly to the listener and against 
the end wall at an angle to reach the listener by 1st 
reflection and suitably delayed as noted above. 

In the preferred form for accomplishing this, shown 
in FIG. 3, the speakers have arcs of radiation greater 
than 150 included angle A between paths P, and Pitt, 
and the speakers are spaced away from the end walls 
distance d, preferably a distance of at least about a 
meter, 
The effect of this arrangement is to present to the 

listener six different sound waves, all covering the en 
tire frequency range, and coming apparently from six 
different sources, the two actual speakers and the first 
reflection virtual images II, II", III and III". 
At the same time, the listener is not confronted with 

distorted fields due to interference or part but not all of 
the frequencies reaching the listener in a given image. 
The net result is a distinct impression of a highly 

transparent and broad sound source. By virtue of the 
floor to ceiling hemi-cylindrical form of the wave 
fronts, attenuation occurs more nearly on the basis of 
1/R where R is the path length, rather than 1/R', giving 
a more uniform field intensity in the listener region. 

In this preferred embodiment the speakers are con 
structed in accordance with my U.S. Pat. No. 
3,668,335 to which reference is made. 
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4 
Referring to FIGS. 4, 4a, 5 and 6, there is shown an 

embodiment of a full range electrostatic loudspeaker in 
accordance with the invention. The basic components 
comprise an electrostatic transducer: 10 (including a 
large flexible diaphragm 12 e.g. of metal coated mylar, 
and a pair of rigid planar high K electrodes 14, 16), a 
rigid-walled enclosure surrounding the transducer 10, 
an outlet passage, here in the form of a lens 20 and an 
amplifier 22. 
The electrostatic transducer 10 extends across one 

third of the full width of the enclosure. The electrode 
assembly of the transducer has a height of 2 meter and 
a number of these are mounted above each other to 
achieve the required height. 
The electrostatic transducer of this embodiment is of 

the balanced type in which the flexible diaphragm 12 is 
held in taut condition between two apertured elec 
trodes 14, 16. The sound absorbent material. 19 (effec 
tive down to about 300 Hz) and the rigid-walled enclo 
sure prevent backward moving radiation emitted by 
diaphragm 12 back through electrode 14 from escaping 
and causing cancellation of the forward radiation. 
The forward electrode 16 is disposed immediately 

adjacent the inlet 20i of the lens structure 20 (see FIG. 
6). The lens is composed of a series of walls 20, 
202.2019 which are straight in the vertical direction 
(see FIG. 6) but are spaced apart and curved in accor 
dance with a special pattern in the horizontal direction 
to define a series of channels, see FIG. 4a. Thus outer 
wall 20, and the next adjacent wall 20 define a channel 
(channel 1) having an inlet of width W, exposed to a 
corresponding outer portion of diaphragm 12 (through 
the apertures of the outer electrode 16). The walls 20 
and 20, converge together and simultaneously curve 
toward the centerline of the lens, to the lens throat 
region 20. M 
Near this region the channels begin a re-entrant 

curve so that at the throat 20, the channel is again 
substantially perpendicular to the diaphragm, although 
displaced significantly toward the centerline. Beyond 
this region the walls 20 and 20, curve outwardly from 
the centerline and diverge from each other, terminating 
in ends 20e which, in this example, are disposed outside 
of the front wall of the enclosure. The axis A of the 
outlet of channel 1 is thus directed outwardly at a sub 
stantial angle from its direction of the channel axis at 
the inlet. In like manner the other side of wall 20 and 
wall 20a define channel II. It is disposed to receive the 
sonic output of the next adjacent portion of the dia 
phragm. It curves and converges and diverges similarly 
to channel I while its output axis A is disposed at a 
lesser angle to the normal to the diaphragm. Channel II 
provides the next adjacent segment of the solid angle A 
achieved by the lens. Channel III is likewise defined by 
the walls 20s and 20, and so on to Channel IX, along 
which extends the centerline. The lens structure is 
symmetrical about the centerline, and thus the right 
hand outer channel XVIII curves in like manner, but in 
opposite direction, to Channel I. 
The outer portion of the walls 20-20s are shaped to 

establish the series of outlet axes A-Aus, such that 
projections of these axes intersect at a common inward 
point C spaced substantially (e.g.,3 meter) from the 
diaphragm. Since a dispersal angle A of about one half 
a circle is desired, center C lies on the plane projected 
through the front surface of the enclosure. Preferably, 
as shown, the curvatures of the walls are arranged so 
that the sound path P along each of the channels and 
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outwardly to a circle projected from the common cen 
ter C of the outlets is the same length for all channels. 
Thus P=P=P=...P=P. 
The effect of these features is to emit a circular wave 

front even though the sound emitting diaphragm is both 
planar and extremely directional for the high frequen 
cies. The speaker retains the same circular horizontal 
cross-section throughout its height, hence the output 
sound wave is of cylindrical form, which can spread to 
fill a room with high frequency sound. The walls may 
be made of various conventional speaker material, e.g. 
paper stock of appropriate grade. The outer channels 
may be of lesser width than the inner channels (e.g. W 
< Ws) taking advantage of the fact that the smaller the 
filament of sound, the more it can be bent without 
distortion. For outer channels especially, the channel 
width should be based upon the shortest audio wave 
length of interest and in general should be less than 3 
centimeters. Practical limits exist, however, because 
too narrow a channel introduces too much resistance to 
the travel of the sound. Thus it is found that channel 
width on the order of 1.5 centimeters for the channels 
is suitable. A practical rule, for channels which turn 
significantly, is that the inlet width of the channel 
should approximate the wavelength of the highest fre 
quency of interest. 

In certain instances an alternative to the electrostatic 
speaker of FIGS. 4-6 can be employed according to the 
invention. As an example, referring to FIGS. 7 and 8, a 
large number of small electromagnet speakers 50, e.g. 
speakers having cone outlets of 5 centimeters width 
and height are stacked in vertical series to achieve an 
approximate floor-to-ceiling height. A lens 52 at all 
levels defines, in horizontal cross-sction, generally 
straight mid channels X and gradually curving outer 
channels Y diverging from the mid channels, for dis 
tributing the high frequency sound into the hemi-cylin 
drical wave form. Known techniques may be employed 
for assuring adequate low frequency emission of this 
speaker, as by increasing the driving power at the low 
frequencies by use of a filter having the inverse func 
tion to that of the response of the speaker and by suit 
able cabinet and suspension arrangements for effec 
tively lowering the resonant frequency of the speaker 
system. 
Such a speaker, too, can generate a hemi-cylindrical 

wave form, to produce uniform sound illumination at 
all frequencies from floor to ceiling and wall to wall to 
produce a high quality reproduction even in small 
OOS. 

What is claimed is: 
1. A stereophonic loudspeaker system for a room 

having an end wall and left and right side walls as 
viewed from a listener region, said system including left 
and right loudspeakers each comprising a cylindrical 
Wave generator comprising an elongated sound trans 
ducer means emitting through a lens structure, said lens 
structure formed by a series of walls which are parallel 
to the axis of said generator and form a series of chan 
nels, said channels, in cross-section perpendicular to 
said axis, including substantially straight central chan 
nels and relatively curved outer channels which first 
converge toward each other to a constricted throat 
region and thereafter diverge to an outlet aperture, said 
generator capable of generating a uniform cylindrical 
sound wave that includes the entire audible frequency 
range, said cylindrical wave generator having an emit 
ting arc for said uniform wave of at least 150, said 
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6 
wave generator having a vertical axis and a sound emit 
ting extent for said uniform wave approximating the 
floor to ceiling height of said room and said loud 
speaker adapted for placement against a wall of said 
room in the manner that said wave is emitted away 
from said wall, to illuminate the room with said fre 
quencies, said loudspeakers positioned along respec 
tive side walls, each spaced from the end wall, and said 
loudspeakers directed toward each other, the arc of 
radiation of each of said speakers including the listener 
region, the opposite side wall and the end wall, each of 
said speakers constructed and positioned to emit sound 
directly along a first path toward said listener region 
and along respective second. and third paths; for said 
left speaker: said second path extending from said 
speaker to said end wall thence to the listener region 
and said third path extending from said speaker to said 
right side wall thence to the listener region; and for the 
said right speaker: said second path extending from 
said speaker to said end wall thence to said listener 
region and said third path extending from said speaker 
to said left wall thence to the listener region, said first, 
second and third paths differing in length from each 
other at least by the distance equivalent to the sepa 
rate-source discrimination time. 

2. The loudspeaker system of claim 1 wherein said 
loudspeakers are spaced at least about a meter from 
said end wall. 

3. The loudspeaker system of claim 1 wherein said 
sound paths vary from each other in length by at least 
about 1 meter. 

4. A primary production loudspeaker for use in a 
room of limited size such as a room of a home compris 
ing a cylindrical wave generator comprising an elon 
gated sound transducer means emitting through a lens 
structure, said lens structure formed by a series of walls 
which are parallel to the axis of said generator and form 
a series of channels, said channels, in cross-section 
perpendicular to said axis, including substantially 
straight central channels and relatively curved outer 
channels which first converge toward each other to a 
constricted throat region and thereafter diverge to an 
outlet aperture, said generator characterized by the 
capability of generating at its output aperture a cylin 
drical sound wave that includes essentially the entire 
audible frequency range and that has essentially uni 
form intensity for the length of the generator axis in 
planes through said axis, said wave generator being 
arranged vertically and having a sound emitting extent 
approximating the floor to ceiling height of said room, 
and said cylindrical wave generator having an emitting 
arc over the horizontal plane of at least 150, the 
boundaries of said room cooperative with said wave 
generator to enable said cylindrical wave form to per 
sist throughout the listener area with attenutation oc 
curring in said area over said frequency range substan 
tially on the basis of 1/R where R is the distance from 
the wave generator. 

5. The loudspeaker of claim 4, having a back con 
structed for placement against a wall of said room and 
having said emitting aperture so directed into said 
room that said emitting arc of cylindrical wave ema 
nates in substantially opposite directions horizontally 
along said wall. 

6. The loudspeaker of claim 4 wherein said speaker 
extent includes the positions of /2 and 1 % meters 
above the floor. 
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