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[57} ABSTRACT 

A loudspeaker system having a cabinet with two com 
partments, a ?rst of which contains a low-frequency 
loudspeaker for producing an omnidirectional radia 
tion pattern, and the second compartment, above the 
?rst, containing a rotationally adjustable vertically ori 
ented baffle on which are supported additional loud 
speaker motors designed to cover the mid- and high 
frequency bands of the audio frequency spectrum. 
The baf?e is so shaped and the additional loudspeaker 
motors located in positions thereon that they operate 
as high-e?iciency gradient or dipole loudspeakers over 
a significant portion of their respective frequency 
ranges, whereby the directivity of the loudspeaker sys 
tem can be controlled by adjustment of the position of 
the baffle relative to the cabinet. 

12 Claims, 11 Drawing Figures 
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DIRECTIONAL LOUDSPEAKER 

BACKGROUND OF THE INVENTION 

This invention relates to loudspeaker systems, and 
more particularly to a new and improved loudspeaker 
arrangement having improved directional characteris 
tics. 

It is conventional in loudspeaker systems to divide 
the audio frequency range of interest between a plural 
ity of individual loudspeaker drivers mounted in a com 
mon enclosure, the higher quality systems utilizing a 
low frequency driver, or “woofer" for the very low fre 
quencies, a smaller driver for the lower mid-range of 
frequencies, a still smaller driver for upper mid-range 
frequencies, and one or more “tweeters" for the high 
frequency range. Because the wavelengths of the mid 
and high-frequency signals are shorter than those of the 
low frequency signals, the directivity of the mid- and 
high-frequency signals of any particular drive is sharper 
than that of the low frequency signals. Accordingly, the 
sound field produced by an output signal from a given 
loudspeaker driver is increasingly narrower with in 
crease in the signal frequency, with the consequence 
that the mid- and high-frequency signals are severely 
attenuated in directions o?set greater than about 30° to 
60° from the central axis of the loudspeaker array, de 
pending on the dimensions of the driver and the fre~ 
quency of the signal. The nature of this problem is de 
scribed in detail in a paper by applicant entitled 
“Broadening the Area of Stereophonic Perception" 
which appeared in the Journal of the Audio Engineering 
Society, Vol. 8, No. 2, pp. 9l—94 (I960), and a loud 
speaker arrangement representing a solution to the 
problem is described and claimed in applicant’s Pat. 
No. 3,080,012 assigned to the assignee of the present 
application. The problem as it applies to quadraphonic 
reproduction is described in a paper by applicant enti 
tled “Quadrophony Needs Directional Loudspeakers" 
which appeared in the March I973 issue ofAudio Mag 
azine, pages 22, 24, 26 and 30. The present invention 
being an improvement on the system covered by the 
aforesaid patent and utilizing the principles described 
in the articles and patent, portions thereof will here be 
brie?y reviewed as background for a better under 
standing of the present invention. 
FIG. 1 of the drawings shows a listening area 98 in 

which are placed two loudspeakers 100 and 102 carry 
ing a sterophonic program consisting of left and right 
channel signals, L and R, applied to the respective 
loudspeakers, together with a center channel signal, C, 
which is applied equally to both loudspeakers. As has 
been indicated above, over an important band of mid 
dle and high frequencies, where the ear is sensitive to 
direction, conventional loudspeakers become direc 
tional as portrayed by the graphical plots 104 and 106. 
The signi?cance of these graphs is that the length of the 
radius vector from the center of the front of the loud 
speaker to the boundary of the graph indicates the 
strength of the signal being radiated by the loudspeaker 
in the direction of the radius vector. When a center sig 
nal, C, is applied to both loudspeakers, a listener lo~ 
cated at position 108, in front of the loudspeakers and 
on a line midway between the loudspeakers, is sub 
jected to equal sound pressures from the respective 
loudspeakers represented by the vectors 110 and 112. 
Therefore, the signal C appears to originate from a 
point midway between the loudspeakers, as indicated 
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by the dashed line circle 114. However, if the listener 
moves in the direction of the arrow 116 to a new posi 
tion 118, he now receives a lower level signal from 
loudspeaker 100 than from loudspeaker 102 because of 
two factors: (I) the radiation in the direction of posi 
tion 118 from loudspeaker 100 is now represented by 
the shortened arrow 120, while the radiation in the di 
rection of position 118 from loudspeaker 102 is as indi 
cated by the longer arrow 122, and (2) the distance 
from the loudspeaker 100 to position 118 is greater 
than the distance from loudspeaker 102, thus further 
increasing the relative di?'erence in sound intensity 
from the two loudspeakers. In short, to a listener at po 
sition 118, the majority of the sounds from the system 
will appear to arrive from loudspeaker 102; this de 
stroys the stereophonic sound stage in between the 
loudspeakers. ' 

It is demonstrated in the aforementioned references 
that a signi?cant improvement in the positional free 
dom of the listener can be achieved by providing the 
loudspeakers with a circular or similar directional char 
acteristic and by positioning the loudspeakers at an 
angle of approximately 120° with respect to each other 
as shown in FIG. 2. Such a circular characteristic can 
be provided, over a wide range of frequencies by utiliz 
ing a dipole action. A dipole directional action is ob 
tained by mounting a loudspeaker driver in a small baf 
?e so as to enable it to radiate equally backwardly and 
forwardly of the baffle. Since the motions of the sides 
of the speaker diaphragm are “out—of-phase" with each 
other there is a directional component axially of the 
baffle and sound cancellation sidewise of the baffle, re 
sulting in a “c0sine" or “?gure-8" radiation pattern. It 
is seen from FIG. 2 that when two dipole loudspeakers 
200 and 202 are used for the left and right signals, re 
spectively, when a listener moves away from the center 
axis position 208 to the off-axis position 218 the radius 
vector arrow 220 from the loudspeaker 200 is length 
ened somewhat, while the vector arrow 222 represent 
ing the signal from loudspeaker 202 is shortened, as 
compared with the lengths of the respective vector ar 
rows 210 and 212 which apply to the on-axis position 
208. Because of the resulting compensatory effect, the 
listener hears both loudspeakers at approximately the 
same loudness, and, moreover, the center signal, C, is 
heard at equal loudness from both loudspeakers and 
continues to appear to be in the space between the 
loudspeakers. 

It is seen that the above-outlined solution to the diffi 
culty, unless loudspeaker arrangements of the type 
shown in FIG. 2 of Bauer Pat. No. 3,080,012 are used, 
requires that the loudspeaker enclosure be placed at an 
angle with respect to the walls of the room, which re 
duces the utility of the room space and deleteriously 
affects the esthetics of the room, particularly when rel 
atively large speaker enclosures are employed; further 
more, the enclosure is apt to be accidentally moved 
into incorrect placement during household cleaning. It 
is therefore a primary object of the present invention 
to provide a loudspeaker system capable of being har 
moniously arranged within the listening room while 
being adapted for adjustment of radiation directivity, 
thereby to allow the listener to hear the highest quality 
of sound regardless of the sharp directivity characteris 
tics of the tweeter and mid-range loudspeakers. 
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SUMMARY OF THE INVENTION 

This and other objects of the present invention are 
achieved by combining in a single enclosure an omnidi 
rectional high-efficiency low-frequency loudspeaker 
with one or more high-efficiency gradient or dipole 
loudspeakers which preserve their gradient characteris 
tics over a signi?cant portion of their respective fre 
quency range. The low-frequency loudspeaker is 
mounted, for example, in the front wall of a substan 
tially sealed compartment and a plurality of additional 
loudspeakers, designed to cover other portions of the 
frequency range of interest, are mounted on a baf?e 
vertically supported in a second generally open-sided 
compartment, the baffle being mounted for rotational 
adjustment about a vertical axis relative to the cabinet. 
The baffle is specially shaped and the mid-and upper 
frequency range loudspeakers are mounted in positions 
thereon such that the baffle complements the fre 
quency range of the respective loudspeakers to thereby 
produce high-efficiency operation of the additional 
loudspeakers and desirable directional characteristics 
for the individual additional loudspeakers. Adjustment 
of the movable baffle supporting the directional loud 
speakers permits the loudspeaker cabinet to be placed 
in the most appropriate place to suit the room decor 
while orienting the sound field of the gradient loud 
speakers in a direction to achieve optimum acoustical 
performance. The rotationally adjustable baffle to 
gether with the gradient loudspeakers supported 
thereon are con?ned between parallel planes to further 
improve the performance and efficiency of the gradient 
transducer. The baffle may be pivotally supported on 
the parallel planes, or may be supported in a frame 
which, in turn, is mounted on trunnions supported on 
one of the parallel planes, so that the plane of the baffle 
may be varied universally. The disclosed loudspeaker 
system can be used alone, and it is particularly useful 
in pairs in a stereophonic array for achieving the above 
outlined objectives, or in a quadraphonic array. 

DESCRIPTION OF THE DRAWINGS 

The construction and principle of operation of the 
invention will be better understood from the following 
description, taken in conjunction with the accompany 
ing drawings, in which: 
FIGS. 1 and 2, to which reference has already been 

made, are schematic plan views of prior art loud 
speaker system arrangements; 
FIG. 3 is a perspective view of a loudspeaker system 

embodying the present invention; 
FIG. 4 is a fragmentary front elevation view of the ad 

justable baffle of the loudspeaker system of FIG. 3; 
FIG. 4A is a cross-sectional view taken along line 

4A—4A of FIG. 4; 
FIG. 4B is a cross-sectional view taken along line 

4B-—4B of FIG. 4; 
FIG. 4C is a cross-sectional view taken along line 

4C-4C of FIG. 4; 
FIG. 5 is a schematic diagram depicting typical 

ranges of frequencies covered by the various loud 
speakers of the system; 
FIG. 6 is a polar plot illustrating the polar patterns of 

the individual loudspeakers utilized in the system; 
FIG. 7 is a fragmentary perspective view of the loud 

speaker system illustrating a modi?cation of the system 
of FIG. 3; and 
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4 
FIG. 8 is a fragmentary front elevation view of the ad 

justable baffle of the system of FIG. 3, showing an alter 
native mounting thereof. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

A preferred form of a loudspeaker system embodying 
the invention, shown in FIG. 3, consists of a generally 
cubical cabinet having two compartments: a lower 
compartment 302 which is essentially a rectangular 
shaped box closed on all six sides, constructed of wood 
or other suitable material, and an upper compartment 
de?ned by the plate 326 forming the upper surface of 
the lower compartment and by a cover plate 322, also 
preferably formed or wood, supported at its corners by 
posts 324. Thus, the upper compartment is closed at 
the top and bottom but has generally open sides; acous 
tically transparent grilles or panels (not shown) may be 
a?‘ixed to the walls of the cabinet for ornamental pur 
poses, and felt or similar sound absorbent material may 
be applied to the upper surface of the plate 326 and to 
the lower surface of plate 322, to minimize sound re 
?ections therefrom. 
A conventional woofer or low-frequency loud 

speaker driver 306 is supported in a hole 304 in the 
front wall of the lower compartment 302 so as to con 
stitute, when the lower compartment is completely 
sealed, an “infinite baffle". Alternatively, and as is 
shown in the drawing, the lower compartment may be 
provided with an opening or tube 308 communicating 
with the upper compartment and proportioned relative 
to the volume of the lower compartment and the acous 
tical properties of the loudspeaker 306 to provide the 
desired low-frequency response. It having been experi 
mentally determined that low frequency sounds up to 
approximately 200 Hz. do not significantly contribute 
to the sense of direction, the low-frequency portion of 
the loudspeaker system is designed to be omnidirec 
tional and to perform most efficiently up to a frequency 
of about 2001-12. It will be understood that this fre 
quency is not exact and may be selected to have differ 
ent values, depending upon the application. 
The upper compartment encloses the gradient por 

tion of the loudspeaker system, which consists of a spe 
cially shaped planar baffle 310 supported in a vertical 
position between the upper plate 326 of the lower com 
partment and the lower surface of the cover plate 322 
and mounted on suitable pivots 318 and 320 respec 
tively secured to the top surface of the lower compart 
ment and the under surface of cover plate 322 for rota 
tional adjustment about a vertical axis Y-Y, and upon 
which are mounted, for movement with the baffle, a de 
sired number of loudspeaker drivers, in this example, 
four. The baffle 310 has parallel upper and lower 
edges, the lower edge 310a being appreciably shorter 
than the upper 3I0b for reasons which will become ap 
parent, and the upper and lower edges are joined by 
curved side edges 310C and 310d located symmetrically 
on opposite sides of the axis Y—Y. The illustrated cur< 
vature of the side edges 3I0c and 310d in effect divides 
the area of the baffle into two generally rectangular 
zones of different sizes: a smaller zone defined by the 
lower edge 310a and the generally perpendicular por 
tion of the side edges 3l0c~ and 310d extending approxi 
mately one-third the vertical height of the baffle, and 
a second, larger zone de?ned by the upper edge 3l0b 
and the remaining portion of the side edges 310C and 
310d. 
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A loudspeaker driver 312, designed to cover the 
lower mid-frequency range of about 2004000112., is 
mounted in a hole located symmetrically about the axis 
Y—Y and near the longer upper edge of the baffle. An 
upper mid-range loudspeaker driver 314, designed to 
cover the frequency range of about 1000-5000111, is 
mounted on the baffle directly below loudspeaker 312 
so as to be centrally located on the just-discussed 
smaller zone of the baffle. Two small loudspeakers 316, 
tweeters designed to cover the frequency range above 
about 5000Hz., are symmetrically mounted in the 
upper larger rectangular zone of the baf?e, on opposite 
sides of the lower mid-range loudspeaker 312. It is to 
be understood that these frequency ranges are by way 
of example and not limitation, and that the specific 
shape of the baffle and/or the number and location of 
the loudspeakers upon the baffle need not be symmetri 
cal or as illustrated, but may vary as appropriate for a 
particular purpose without departing from the spirit of 
the invention. 
Considering the design parameters of the baffle 310 

in more detail, the aforementioned Bauer patent 
teaches that a loudspeaker provided with a small baffle 
constitutes a suitable dipole radiator for sound energy. 
It is important to keep in mind, however, that when a 
loudspeaker is installed in an open baffle, the sounds 
radiated from the back part of the cone tend to cancel 
those radiated from the front, making it important that 
the front-to-back distance de?ned by the baffle be 
properly related to the wavelength of the sound being 
considered so as to avoid undue cancellation. In gen 
eral, the front-to-back path should be no less than one 
sixth wavelength, and no more than three-fourths 
wavelength; this, in effect, de?nes that the frequency 
range handled by a gradient loudspeaker in general 
should cover a frequency range of approximately 4 to 
5: i. It follows that if several loudspeakers, designed to 
cover different frequency ranges, and to be operated in 
a gradient manner, are to be mounted on a single baffle, 
the baf?e must be so shaped, and the loudspeakers ap 
propriately placed thereon, that the baffle provides for 
each loudspeaker the appropriate front-to-back acousti 
cal distance. Applying these considerations to a baf?e 
which will suitably accommodate lower and upper mid 
range frequency bands suggested earlier, it is seen that 
the width of the baffle for the loudspeaker 312, based on 
the lowest frequency of 200Hz. (for which the wave 
length is l72cm.), should be l72cm./6 = 29cm, or ap 
proximately lft. On the other hand, for the upper mid 
range loudspeaker 314, for which the lowest frequency 
is l000l-lz., the width of the baf?e should be approxi 
mately 2% inches. It will be understood that these cal 
culations are based on the velocity of sound in air of 
34,400cm. per second. Thus, in the illustrative example 
of FIG. 3, the upper and lower edges of the baffle are 
12 inches and 2% inches long, respectively, and are 
joined by side edges that are curved so as to provide the 
appropriate front-to-back distances for the loudspeak 
ers 312 and 314. It is, of course, to be understood that 
these dimensions are appropriate for the frequency 
ranges assumed for loudspeakers 312 and 314 and 
would be suitably adjusted for loudspeakers designed 
to cover different frequency ranges. 
The manner in which the loudspeakers 312 and 314 

are mounted on the baffle 310 is more clearly seen in 
the elevation view of FIG. 4 and the cross-sectional 
views of FIGS. 4A-4C. It is seen that the loudspeakers 
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6 
are able to radiate freely in both directions of the baf 
?e, thus resulting in approximately equal radiation in 
both directions to produce the dipole described above. 
As shown in FIG. 4B, which is a cross-section taken 
along line 4B—4B of FIG. 4, by mounting the mid 
range loudspeaker 312 in the wider portion of the baf 
fle, the desired front-to-back path length DD for this 
loudspeaker is obtained, and as seen in F 16. 4C, which 
is a cross-sectional view taken along line 4C-4C of 
P10. 4, the location of the upper mid-range loud 
speaker 314 in the narrower portion of the baffle pro 
vides the desired front-to-back path length DC for its 
freuqncy range. 
As regards the tweeter or high-frequency loudspeak 

ers 316, designs are commercially available which will 
normally provide the desired directional pattern, ap 
proximating a circle of revolution, and which therefore 
may be used in conventional manner by mounting them 
in openings in the baffle 310. That is, the shape of the 
baffle is not critical to their operation, and therefore 
they can be mounted at any convenient location on the 
baffle, in the illustrated example at either side of the 
lower mid-range loudspeaker 312. 
Another advantageous feature of the structure illus 

trated in FIG. 3 is that containment of the baffle 310 
between the upper surface 326 of compartment 302 
and the under surface of cover plate 322 causes the ra 
diation from the gradient or dipole loudspeakers to be 
guided around the side edges of the baf?e board as de 
picted in FIGS. 43 and 4C rather than travelling over 
the upper edge or under the lower edge of the baffle 
board, this contributing to the overall efficiency of the 
loudspeaker system. 
As has been suggested hereinabove, to provide sub 

stantially uniform radiation of sound over essentially 
the full audio frequency range, the incoming signal is 
preferably divided between the four types of loud 
speaker motors by coupling it through suitable dividing 
and frequency compensating networks, as schemati 
cally shown in FIG. 5. 
The effectiveness of the described loudspeaker sys 

tem is graphically illustrated in FIG. 6, which shows the 
polar patterns of the individual loudspeakers with the 
baffle 310 positioned to radiate from the front of the 
cabinet. The omnidirectional pattern of the woofer or 
low-frequency loudspeaker 306 is depicted by the cir 
cle 600, the polar patterns of the low mid-range and 
high mid-range loudspeakers 312 and 314 (which over 
lap) are in the form of cosine or ?gure-8 patterns as de 
picted at 602, and the polar pattern of the tweeters 316 
over their operating range is illustrated as the some 
what narrowed circle 604. It will be apparent from the 
foregoing description that by rotational adjustment of 
the ba?le the directionality of the polar patterns 602 
and 604 can be rotated relative to the polar pattern 
600, making the loudspeaker system eminently suitable 
for use in stereophonic and quadraphonic loudspeaker 
arrays. 
Although the baffle 310 in the preferred embodiment 

is mounted with its longer edge 3l0b adjacent the cover 
plate 322, it is possible to invert it as shown in FIG. 8 
so that its wider portion will be down and the narrower 
portion adjacent the cover plate. This alternative posi 
tion of the ba?le gives somewhat less satisfactory oper 
ation, however, because the upper mid—range loud 
speaker 314 would tend to be shielded from the listener 
whose cars would normally be at a level higher than the 
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level of the cover plate 322. It is also within the con 
templation of the invention to mount the loudspeaker 
driver in planes other than the planes of the baffle 310 
and to construct the baf?e itself so as to be non-planar; 
however, in the interest of simplicity and ease of manu 
facture, the illustrated construction is to be preferred. 

It will now be obvious to ones skilled in the art that 
the loudspeaker system illustrated in FIG. 3 is subject 
to signi?cant modi?cation without departing from the 
spirit of the invention. For example, the cabinet may be 
only as long as it is deep. Another modi?cation, illus 
trated in F K]. 7 and especially applicable to this modi 
fled cabinet construction is to pivotally mount the baf 
fle 310 in an open rectangular frame 701 having a 
height corresponding generally to the spacing between 
the plates 322 and 326, which, in turn, is pivotally sup 
ported by trunnions 703 joumalled in a pair of supports 
702 which are affixed to the top plate 326 of the lower 
enclosure. This alternative form of mounting the baffle 
permits the plane of the baffle and, accordingly, the die 
rectivity of the radiation pattern produced by the loud‘ 
speaker drivers mounted thereon, to be varied univer 
sally, including the possibility of laying the cabinet over 
on one of its sides. In the latter situation, the frame 701 
would be rotationally adjusted to lie in a plane parallel 
to the floor so as to maintain a substantially vertical ori 

entation of the baffle 310. 
While in the system as described and illustrated dy 

namic or moving coil drivers are used, the advantages 
of the invention can also be realized with other types 
of drivers, for example, of the capacitor or electret 
type, especially for the dipole element. 

1 claim: 
1. A directional loudspeaker system comprising: 
a cabinet having a substantially closed lower com 
partment having a baffle board at the front thereof 
and a separate generally open-sided upper com 
partment, 

a ?rst loudspeaker driver for the low frequency range 
mounted on the front baffle board of said lower 
compartment to cause sound emanating therefrom 
to be essentially omnidirectional, 

a generally planar baffle having substantially parallel 
upper and lower edges of unequal length joined by 
side edges supported vertically within said upper 
compartment and mounted for rotational adjust 
ment relative to the cabinet about a generally verti 
cal axis, and 

at least a second loudspeaker driver for a frequency 
range above the frequency range of said ?rst loud 
speaker driver mounted on said baffle at a location 
as to constitute with a portion of the baffle a dipole 
radiator having an angle of directivity generally 
perpendicular to the plane of said baffle, 

20 

25 

35 

45 

50 

55 

65 

8 
whereby the angle of directivity of said second loud 
speaker driver can be varied relative to the cabinet 
as desired. ' 

2. The system of claim 1 wherein 
the side edges of said baffle are symmetrically spaced 
from said vertical axis, and wherein 

said second loudspeaker driver is for the lower mid 
range of frequencies and is mounted on said baf?e 
centrally between the side edges and generally ad 
jacent the longer of the other two edges, and 

a third loudspeaker driver for the upper midrange of 
frequencies is mounted on said baf?e between the 
side edges and generally adjacent the shorter of the 
other two edges. 

3. The system of claim 2 further including fourth and 
?fth loudspeaker drivers for the high range of frequen 
cies mounted on said baffle one on each side of said 
second loudspeaker and generally adjacent the longer 
of said other two edges. 

4. The system of claim 2 wherein the upper edge of 
said baffle is longer than the lower edge. 

5. The system of claim 3 wherein the upper edge of 
said baffle is longer than the lower edge. 

6. The system of claim 2 wherein the lower edge of 
said baffle is longer than the upper edge. 

7. The system of claim 3 wherein the lower edge of 
said baffle is longer than the upper edge. 

8. The system of claim 2 wherein the side edges of the 
baf?e joining the upper and lower edges are curved so 
as to de?ne with the shorter edge a ?rst generally rect 
angular zone having dimensions such that said third 
loudspeaker driver together with said ?rst zone of the 
baffle functions as a dipole radiator at the upper mid 
range of frequencies, and to de?ne with the longer edge 
a second generally rectangular zone having dimensions 
such that said second loudspeaker driver together with 
said second zone of the baffle functions as a dipole ra 

diator at the lower mid-range of frequencies. 
9. The system of claim 8 further including fourth and 

?fth loudspeaker drivers for the high range of frequen 
cies mounted on said baf?e in said second zone one on 
each side of said second loudspeaker driver. 

10. The system of claim 8 wherein the upper edge of 
said baffle is longer than the lower edge. 

11. The system of claim 8 wherein the lower edge of 
said baffle is longer than the upper edge. 

12. The system of claim 1 wherein the means for sup 
porting said baffle comprises an open frame mounted 
for rotational adjustment about a generally horizontal 
axis, and means for pivotally supporting said baffle on 
said frame for rotational adjustment about a generally 
vertical axis. 
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