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1. 
The invention, relates to horns for loudspeakers, 

particularly to: those intended for the middle and 
high audio frequencies and for the achievement 
of specified wide angles of radiation. 
One object of the invention is to provide a 

horn, for the high frequencies to. complement, the 
low frequency horn, or “Woofer' disclosed in 
U. S. Patent.No. 2,310,243 issued February 9, 1943, 
and Patent. No. 2,373,692 issued April 17, 1945, 
the required complementary performance being 
that of transmitting the frequency range from 
about 400 cycles, per second and higher and radi 
atting, into, an angle about 90° wide and a Solid 
angle of tr/2. Steradians. 

Broadly, an object of the invention is, to pro 
wide a holl of desired angular radiation in the 
Smallest possible length and space: commensurate 
with the requirements of mouth size, throat size 
and taper rate, at the same time. maintaining 
such, bends as are necessary to. minimum angles 
and to place, them at regions in the conduit where 
the radii. of the bends can be kept. Small and the 
bend curvature: smooth. - 
A specific object, is to provide a horn in which 

expansion! takes place: in a single plane for a 
portion of the horn length, to bring the radiation 
angle up to the desired limits in this plane, then 
expansion takes place at right. angles to said 
first plane while continuing to expand in the 
Wedge angle reached in the first expansion, Ex- 30. 
pansion continues until the desired mouth area. is accomplished. 
Another object is to provide a horn having 

Cooperating Side walls and baffles so constructed 
and arranged that the radiation angle of the horn: 35, 
is determined by the outer Surface boundaries or 
walls of the horn nearest the mouth. 

It is also an object to provide a horn of the 
class. described including at least one. Set of cell. 
baffles, which terminate short of the mouth of the 40 
horn. Whereby the individual cell mouths are small 
compared to the shorter wave lengths to be radi 
ated. 
The foregoing are primary objects which, to-- 

gether with other objects and advantages will be 45 
more fully apparent from the following descrip 
tion taken in connection with the accompanying 
drawings in which 

Fig. 1 shows an oblique perspective view of one: 
embodiment of the invention; 

Figs. 2 and 3 show respectively, top and side 
exterior views of the horn shown in Fig. 1; 

Fig. 4 is a horizontal sectional view of the horn 
taken on line 4-4 in Fig. 5, the driving motor 
being shown attached thereto; 
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Fig. 5, is a vertical sectional view of the horn 
taken. Online. 5-5 in. Fig. 4, 

Fig. 6 is an enlarged. Sectional View of the pol 
tion proximate the throat and illustrates how 
the taper progresses from circular to rectangular 
Section in a short length; 

Fig. 7 shows: One possible alternative of baffle 
airangerneat, at the mouth; and 

ig. 3 shows two unitS with motors attached, 
SO airanged as to give: 180° radiation angle. 

It should be: understood. that the terms. "top' 
and 'side are used to simplify terminology and 
ilot to imply any limitation in the positions in 
which the horniol'hons may be used. 
Generally speaking, and subject to several limi 

tations, the ladiation. angle of a horn. is deter 
mined by the angle: formed between the Outer 
Suiface boundaries O. Walls of the horn nearest 
the mouth. Roughly, extrapolation of the walls 
of the hCrin outward into Space will define the 
l'adiation angle. Howevei, this general idea holds 
Only if Suitable deflectors within the horn force 
the Sound to. follow the curves of the oute horn 
Guindaries and is further subject to limitations 

relative to-mouthsize. In the prior art.the multi 
Celluliar horn consists of a cluster of Small horns, 
all identical, and grouped to direct the sound 
throughout a given, Solid. angle; such a horn is 
Sinown and discussed by Wente and Thuras “Audi 
t0ry Perspective-Loudspeakers, and Micro 
phones,' Electrical Engineering, January 1934, 
pages 17-24. An example of an a Syminetiical 
ralalticell is that, taught by the Wente: Patent. No. 
2,135,610, in which expansion takes place: simul 
taneously at different rates in two planes, and the 
directive properties in one plane as well as ex 
pansion late are controlled by inserted deflectors: 
The limitations of directivity arise from the 

1'elation of mouth. Size to the: transmitted wave 
length, and many other factor's. H. F. Olson, in 
his book, “Elements of Acoustical Engineering,' 
MicGraw-Hill, 1940, discusses, directional challac 
teristics and gives: an excellent: bibliography of 
the whole. Subject. Froin. this and other sources, 
it becomes evident that ideal directional char'- 
acteristics, can only be: approached. From the 
published, discussions of multicell horns the limi 
tations of total mouth size, individual cell size, 
angle between cells and the taper rate will be 
realized. In the various attempted designs to 
achieve Specifically a high firequency, speaker to: 
Supplement: the aforementioned woofer's, the ap 
plicant Soon found that the conventional multi 
cell, does not lend itself to the shapes necessary 
for the desired angular characteristics; The pres 
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ent invention comprises a pronounced improve 
ment thereover and more closely approaches the 
desired ideal. 
The present invention contemplates a multi 

cellular arrangement in which at least one set 
of cell baffles terminates considerably short of 
the mouth, whereby the individual cell mouths 
are small compared to the shorter Wave lengths 
to be radiated so that a Small number of Such 
baffles can suffice and still function as true de 
flectors. In the conventional Symmetrical multi 
cell, the separate cells tend to act as separate 
horns at the higher frequencies with resultant 
formation of sharp beams. By continued Subdi 
vision this could be avoided but is deemed in 
practical by Wente and Thuras in their paper 
already referred to on “Auditory Perspective'; 
their remarks on “The High Frequency Horn,' 
pages 21-22, apply. This impracticality can be 
avoided by the present invention. It should be 
pointed out that, once the Wave front has been 
formed to the desired radius of curvature, the 
wave acts as its own guide, needing no further 
deflectOrS. 
... The aforementioned low frequency Speaker, 
designed to operate in a room corner, radiates 
into substantially it/2 solid angle. Ideally, the 
Supplementary high frequency Speaker should 
radiate into the same angle for Several reasons, 
two or which are: first, to get adequate COverage 
over the normal listening region; and Second, to 
give the same intensity level as the woofer. By 
Way of explanation of the Second point, it is 
pointed out that well designed horns will dis 
play 25% to 50% efficiency. Hence, aSSuming 
the low frequency horn and the high frequency 
horn to deliver about the same efficiency, they 
should radiate into the Same Solid angle to give 
the Same intensity, that is to Say, to prevent con 
centration of Sound by one Speaker into a Smaller 
angle than that into which the other speaker 
radiates. . . . . . 

Ideally both Speakers Will have the same di 
rectivity characteristics throughout the fre 
quency range of each. Generally speaking this 
is impossible except in prohibitively large struc 
tures. But, if the directivity and frequency re 
Sponse characteristics approach reasonably close 
to the ideal, there should be no necessity to 
equalize either channel nor the system as a whole 
except perhaps at the extreme low and high ends 
of the spectrum. - 
The present invention as shown in the embodi 

ment of Figs. 1 to 6 comprises the horn structure 
having two regions of expansion generally in 

dicated at 2 and 3, of which the former extends 
from point B to point D while the latter extends 
OutWardly from point D. The region 2 comprises 
a pair of parallel top and bottom walls 4 and 5 
and Side Walls 6 and perpendicular thereto and 
extending divergingly outwardly so that expan 
Sion in this region takes place in a single plane 
and brings the radiation angle up to the desired 
limits in this plane. In the region 3, beyond D, 
the divergence of the side walls 6 and T is con 
stant but the walls 4 and 5 merge into converging 
top and bottom walls 8 and 9 which determine 
the radiation angle in a vertical direction. 

It seems apparent from reference to Fig. 4 
that the expansion in the region 2 extending 
from C to D takes place all in one plane, with 
out expansion at right angles to such plane. At 
tention is also directed to the fact that the ter 
minal portion of this region includes the cell 
baffles to which reference is above made, 

0 

50 

3. 

0 

g 

4. 
These comprise a central baffle 2 of which 

the rearward portion 2' provides an initial bi 
furcation and gentle lines of curvature forwardly 
from the throat. Proximate the forward end of 
the baffle portion 2' each air column is again 
bifurcated by means of contour surfaces iO on 
the sidewalls A and 5 and Similar Surfaces On 
the central baffle 2 cooperating with deflectors 
3. This construction provides desired deflec 

tors for the sound waves and also desirably con 
trols the flare rate. 
From the region D to the mouth 4, expansion 

continues at the angle established in region C-D 
in the plane shown, and expansion commences 
in the plane at right angles thereto. Fig. 5, the 
view taken at right angles to that of Fig. 4, ShoWS 
one way of treating the mouth Section to obtain 
a desired angle, namely 60° in a given length, and 
shows also the non-expansion in the C-D re 
gions in this plane. It is to be noted that the 
structure as shown in this figure includes a single 
horizontal baffle whereas the structure shown 
in the alternate structure of Fig. 7 comprises 
curved baffles 8 cooperating with surfaces 8' and 
9' which are curved complementarily. 
The expansion from the throat Section at A, 

to section B, may take place in any convenient 
manner, for example, for a driving motor 5 
With circular throat, the expansion should be 
from the circular throat to a Square cross Sec 
tion by providing an inner filler member 6 se 
cured to the inner walls and having the con 
figuration as ShoWn in Fig. 6, and then to what 
ever Size rectangular Section may be chosen at 
Section C. 

In the particular design shown, the cross sec 
tion at C is one inch Square which results in a 
very Small difference between minimum and max 
imum path lengths through the first “bend' or 
rather, gentle curve. This design provides a 
minimum of interference at the point where the 
divided cellular air columns rejoin. Theoreti 
cally the horn shown should operate effectively 
throughout the upper portion of the audible 
register. Listening tests and microphone meas 
urements indicated uniform field within the con 
templated angles. 

It is not to be expected that the horn of the 
present invention would improve upon the 
angular radiation characteristics of an ideal 
multicell horn of equivalent mouth and outer 
Wall conformation; rather, the present invention 
aims (1) to make possible a nearer approach to 
ideal mouth and wall conformation for wide 
angle radiation with limited horn lengths and (2) 
to hold the phase of radiation over different parts 
of the mouth area such that the wave front is a 
Spherical Surface with the location of its center 
as invariant as possible with respect, to frequency. 
That is to Say, the present invention recognizes 
the impossibility in a symmetrical multicell of 
attaining uniform wave phase at the surface 
Where the cell joins the non-cellular parts of the 
horn except when the total angie of radiation is 

; limited, and hence the waves do not emit from 
the mouths in phase. The greater the angle 
of radiation, the larger the phase difference, on 
the one hand, and on the other hand, the shorter 
the available length of horn, the larger the phase 
difference. In the present invention, the ideal 
emitted wave surface and desired outer wall angle 
is attainable to a practical degree, in a con 
Siderably shorter length of horn. An attempt to 
design a conventional multicell of the same length 
and cut-off as the horn illustrated herewith re 



5 
Sulted in either poor phasing of the Wave fronts; 
in the individual cells or else a smaller angle of 
radiation than desired. 
The terms “multicell,' 'conventional multi 

cell,' 'multicellular horn, etc., are used herein 
to: mean the type of horn depicted in Fig. 2.11 of 
the he eithbefore referred to “Elements of Acous 
tical Engineering, by Olson. The term "asyn 
metrical multicelli' is used to designate the type 
of hon described here with, or such a horn as 
described in the aforementired. Wente Patent, 
No. 2,135,610 wherein th2 cell mouths are not 
Square, and the cell axes are not necessarily Straight. 
This Speaker was Specifically designsed to op 

erate with the aforementioned “Woofer.' The 
Woofer dimensions. (Sea Journal of the Acoustical 
SQciety of America, vol. 13, No. 2, pp. 137-144, 
October 1941, also vol. 14, No. 3, pp. 179-182, 
January 1943, as well as Patent. No. 2,373,692) 
are approximately, length, diagonal from corner, 
28'; With a Cress: Wings, 39'; and heighth 39'. 
The frequency response is roughly from 40 to 
400 cycles. The cross-over network crosses at 
400 cycles. 
Solid angle as the woofer, and also to obtain the 
desired angular coverage, the horizontal and ver 
tical angles for the H. F. horn were selected as re 
spectively 90° and 60°. The Space limited the 
cut-off frequency to 330 cycles when using a 
Westein. Electric 555 W driving motor with ap 
proximately 0:40 square ingh throat area. With 
this throat size, available length, and given 
flare-cut-off, tile inguth size available is about 
240 Square inches, more than adequate to pre 
Went. Severe reflections at 400 cycles, and sufficient, 
to give the desired directional properties. The 
drawings are roughly to Scale, the length of horn 
from throat fitting to mouth being approximately 
21 inches. For the pilot model most of the 
Walls are of plywood. The defiectors are of soft, 
pine. The nolith arrangement of Fig. 5 was 
chosen as the easiast to construct as Well as giving 
the desired vertical spread. The application of 
a coat of warnish serves to harden the soft wood 
Surfaces and prevent surface absorption of the higher frequencies. 
In the experimental model the sectional Wall 

thickness was built up by gluing 2 sheets of 
% inch plywood together and then rasping to 
the desired contour to give th desired vertical ex 
pansion through the E)-E region, and from E 
to the mouth, 4 inch ply material known in 
the building trade as “Tekwood' was used to 
generate the two conical surfaces which are best 
delineated in Fig. 1. As a manufactured product 
the entire top and bottom surfaces would better 
be molded, say, from a post-forming plastic sheet, 
or perhaps from wood plies laid in a suitable 
mold and bonded in the desired contour by the 
fluid pressure method and high-frequency heat 
ling. 

The foregoing details are intended to disclose 
the invention in a manner to enable the skilled 
artisan to construct a horn embodying the in 
vention, but are not to be implied as limitations 
On the claims. Obviously, almost any angular 
limits can be met, and the wider the angle, the 
greater Will be the advantage of the present in 
vention over the existing art. Any feasible con 
Struction method may be employed, and any 
rigid materials may be used, such as wood, metal 
or plastic. 
I prefer to place the horn cut-off as far as 

pOSSible below the CroSSover frequency, and to 

In Order to Cover the same radiation ; 
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place about 18 decibels to 30 decibels per octave 
loss in the attenuation region of the high pass 
filter to keep the electrical pawer fed to the 
Speaker below its cut-off frequency as low as 
possible, as Suggested in “Woofe-Tweeter Cross 
over Network,' Electronics-Nov. 1945, pp. 144 
145. This prevents driving the diaphragm 
through large excursions in the frequency range. 
Where little. Oji no acoustic loading exists. If 
large diaphragin excursions in a 336, cycle horn 
should of:Cur, Say, a 208 cycles, harmonics of 
this frequency would be generated and the har 
monicS. Would propagate through the horn re 
Suiting in rough performance. The low pass 
part of the crossover network ineeds only, say, 6 
decibles ger octave attenuation above crossover. 
In a horn of the length, cut-Gif frequency, and 
mouth size described, the cut-off of 330 cycles 
permits adequate loading to, Q45 ct; at and about 
the croSSover frequency (409 cycles) so that very 
little distortion occurs. The questions of har. 
monic generation by allowing appreciable power 
below the horn cut-off frequency to reach the 
voice coil are discussed in ?operading application. 
586,786 filed April 5, 1945, now aibandoned, and 
also in a paper “A. Note cin. Acoustic. Fions, 
by Paul W. Klipsch, Proc. I. R. E., July 1945. 
The bends, or rather gentle curves, in the 

horn are located such that the bending of the 
aii Column occurs where the length of the wave 
front transverse the bend is less than A wave. 
length at 1:0,000 cycles. The design relative: to 
Such bends is in keeping with best practice so 
that performance up to 10,003 cycles is limited 
only by the driving unit employed. 
The taper law employed in the particular 

design shown is exponential, chosen as being the 
most ecolonical of the total and critical space 
available. Obviously, however, the novel fea 
tures of the present invention may be applied to 
a horn employing any taper law or combination 
of taper laws such, for example, as the hyperbolic, 
law taught by the Saimon Patent No. 2,338,262, 
or the multiple taper scheme described by Oison, 
"A Horn Consisting of Manifold Exponential 
Sections,’ Journal of Society Motion Picture 
Engineers, vol. 30, pp. 551, (1938). 
Expansion first in a single plane and then in 

both planes results in a considerably greater 
latitude in design, permitting the choice of hori 
Zontal and vertical radiation angles independent 
ly of each other. Angles other than those de 
Scribed and illustrated herein are readily at 
tainable by this novel arrangement of expansion. 
The resultant "astigimatism,' or fact that the 
Wave front radius of curvature in the vertical 
plane differs from that in the horizontal plane, 
does not appear to be a defect from either a 
theoretical nor practical standpoint. 

Broadly the invention comprehends a loud 
Speaker horn of Which the component parts are 
So constructed and arranged that desired angular 
radiation is provided in the Smallest possible 
length and Space commensurate with the require 
ments of mouth size, throat size and taper rate. 
What is claimed is: 
1. In a ioudspeaker horn, an enclosure forming 

an air column shape characterized by means 
forming Successive bifurcations whereby the air 
column is first diverted in a region of small area 
and With Smooth gradual curves into two air 
columns Symmetrically spaced from the original 
axis by a given angle, and outwardly therefrom 
each of Said air columns is again bifurcated in 
the same plane as the first bifurcation to give a 
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further angular spread to the emitted wave, and 
means outwardly from said first means and ex 
tending transversely thereof forming additional 
bifurcations whereby the radiation angle of the 
horn is determined by the surface boundaries or 
walls of the horn nearest the mouth thereof. 

2. A horn for middle and upper audio fre 
quencies comprising means forming a first length 
of air column which expands substantially in a 
first single plane, said means including deflectors 
to diffuse the Sound to the desired angular spread 
in said plane, said deflectors terminating at an 
arc where the wave front has been caused to 
acquire the desired angular spread, means form 
ing a further length of air column having its 
longitudinal axis in alignment with the longi 
tudinal axis of said first length of air column and 
in which expansion continues at the Same angle 
in the first plane as established in said first 
length of air column and also expands in a plane 
perpendicular to Said first plane, and means 
comprising at least one additional deflector in 
said further length of air column for diffusing 
the Sound in said Second plane. 

3. A horn for middle and upper audio fre 
quencies comprising means forming a first length 
of air column which expands substantially in a 
first single plane, said means including deflectors 
to diffuse the sound to the desired angular spread 
in Said plane, said deflectors terminating at an 
arc where the wave front has been caused to 
acquire the desired angular spread, means form 
ing a further length of air column in which 
eXpansion continues at the Same angle in the 
first plane as established in said first length of 
air Column and also expands in a plane 
perpendicular to said first plane, and means com 
prising at least one additional deflector in said 
further length of air column for diffusing the 
Sound in Said Second plane. 

4. In a loudspeaker horn, Solid means forming 
two opposite boundaries which are flat and sub 
stantially parallel in a first region near the 
throat whereby Substantially no expansion occurs 
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8 
to flare of said boundaries in such first region 
and which are curved outwards from each other 
and flaring in a second region farther from the 
throat, Solid means forming two other opposite 
boundaries forming with said first boundaries a 
Conduit, Said Second means comprising an as 
Sembly of curved and flat members forming flare 
in the region near the throat at a predetermined 
rate and at a fixed included angle, and contoured 
pieces fixed to said flat parts to form a smooth 
curve and expansion with the initial curve. 

5. Aloudspeaker horn in accordance with claim 
4 in which the contoured pieces fixed to said flat 
Surfaces are terminated Within Said horn and 
Short of the horn mouth. So that the individual 
cell mouths formed by said contoured pieces and 
the outer walls of the horn are small in size, pref 
erably small compared to the shortest wave 
length to be transmitted by said horn. 

6. A loudspeaker horn in accordance with 
claim 4 in which the axis of the conduit formed 
by Said boundaries constitutes a single straight 
line. 
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