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6 Cizims.

The invention relstes to horns for loudspeakers,
particularly to those intended for the middle and
highi audio frequencies and for the achievement
of specified: wide: angles of radiation..

One object: of the invention is to. provide a
herm fox the high frequencies to: complement. the
low frequeney horn ar “Woofer” disclosed: in
. 8. Patent:No.. 2,310,243 issued February 9. 1643,
and Patent No. 2;373,692 issued April 17, 1945,
the: required. complementary performance. being
that. of transmitting the: Irequency range from
about 400 cycles. per second and: higher and radi-
ating: into; an. angle about. 90° wide and a- selid
angle of #/2: steradians:

Broadly, an object of the invention is. o pro-
vide: & larm 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
sucle bends ay are necessary to. minimum arigles
and o place: thent at regions in the: conduit where
the: radif of the bends can. be kept. small and. the
bend curvature smooth.. :

A specific: object: is to provide & horn in: which

expansion: takes place in a single. plane for & .

portiom of the horm: length. to bring the radistion
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. HEx-
pansion: continues until. the desired mouth: ares
is. accomplished,

Another object is to provide a. horn having

cooperating side walls ang baffies so constructed:

and arranged.that the radiation angle of the horn:

is determined. by the outer surface boundaries or

walls. of the horn nearest the mouth.

It is also an object to provide g horn of the

class. described including at least one set of cell
bafles. which terminate short. of the mouth of the
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
more fully apparent from the following deserip-
tion taken in. connection with the accompanying
drawings in which—

Fig. I 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
beinig shown. attached thereto:
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Fig. 5 isi & vertical sectional view of the horn
talken: om: line 5—5 in. Fig. 4:

Fig. § iy an enlarged sectional view of the por-
tion proximate the throat and illustrates how
the taper progresses from cireular to rectangular
section: in & short length;

Fig. 7 shows one pessible alternative of bafile
arrangement: at the mouth; and

Fig. & shows twoe units with: motory attached,
5o arranged. as torgive 180° radiation angle.

It should be: understood. that. the terms. “top”
and “side” are used to simplify terminology and
1Ot to. imply any limitation in the: positions in
which the hornior horns may be used.

Generally speaking, and. subject to several limi-
tations; the radiation. angle of a. horn is deter-
mined by the angle: formed between: the: ocuter
surfece boundaries or walls of the horn nearest
the mouth. Roughly, extrapolation: of the: walls
of the horn. outward: into space will: define the
redietion angle.. However; this:general.idea holds
only if suitable defiectors within the horn. force
the sound to follow the curves of. the outer horn
heundaries and is further subject to: limitations
relative to-moutiisize, In the prior art-the multi~
celluiar horn consists of. a cluster of sméll horns;
all identical, and: grouped: to divect the sound
throughoeut: a. given. solid. anigle; sueh. & hory. is
showmrand diseussed by Wente and’ Thuras “Audi-
tory’ Perspective—Loudspeakers ang Miecrg=
phones,” Electrical: Engineering, January 1934,
pages 17-24. An example of an. azymuietrical
multicel is that: taught by the Wente: Patent-No.
2,1354610,. in: whick expansion takes place: simul-
, tameously at.different. rates in two: planes, and the

directive properties irm one plane as well ag ex~
pansion:rate are:controlled by inserted deflectors:

The limitations: of directivity arise frowi the
relation: of mouth: size to the: transmitted wave
length and: many: other factors. I F. Olson, in:
his. book,. “Elements: of Acoustical Engineering;”
MeGraw-Hiil, 1840; discusses directiongl charac—
teristics and: gives: ay: exceilent: bibliograpny of
tlte wholersubject: From. this and: other sources,.
it hecomes: evident. that ideal directional char-
acteristics: camr only: be: approached. Flrom: the
Rublished. discussions ¢f multicell homns: the limi-
tations: of total meuth size, individual cell' size;
angle between cells: and: the taper rate wilt be
realized: Im the: various attempted. designs to
achieve specifically: a: high: fiequency speaker to
supplement: the aforementioned: woofars; the ap-
plicant soon: found that: the conventional muli-
cell dogs not lend itself: tos the shapes necessary

5 for the desized 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 bafies terminates considerably short of
the mouth, whereby the individual cell mouths
are small compared to the shorter wave lengths
to be radiated so that & small number of such
pafles 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 im-
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 =/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 7 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 7 is con-
stant but the walls 4 and 5 merge into converging
top and bottom walls § 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
bafiles to which reference is above made.
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These comprise a central bafile 12 of which
the rearward portion 12’ provides an initial bi-
furcation and gentle lines of curvature forwardly
from the throat. Proximate the forward end of
the bafile portion §2’ each air column is again
bifurcated by means of contour surfaces §0 on
the sidewalls 4 and 5 and similar surfaces 11 on
the central baffle 12 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 bafile {7 whereas the structure shown
in the alternate structure of Fig. 7 comprises
curved bafiles 18 cooperating with surfaces 8’ and

5 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 ecircular 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 radistion 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 uriform wave phase at the surface
where the cell joins the non-cellular parts of the
horn excent 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
emitied 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-
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sulted in either poer phasing of the wave. fronts
in the individual cells or elss o smaller angle. of
radiation than desired.

The: terms “multicell,” “conventional multi-
cell,” “multicelular horn,™ ete., are used herein
to-mean the type of horn depicted in Fig. 2:11 of
the hereinbefore referred to “Elements of Acous-
tical Engineering,” by Qlson. The term “asym-
metrieal mylticeli” is vsed to designate the type
of horn deseribed herew h, or sueh a horn as
described in the aforement: ned Wente Patent
No. 2,185,610 whersin the cell mouths are not
Square, and the cell axes are not necessarily
straight.

This speaker was specifically designed to op-
erate with the aforementioned “Vioofer.” The:
woofer dimensions (see Journal of the. Acoustical
Secicty of &meriea, vol. 13, No. 2, pp. 137-144,
October 1841, slso vel. 14, Wo. 3, pp. 179-182,
January 1943 as well as Patent No. 2,373,692
are approximately, length, diagonal from eorner,
28" with acvesy wings, 39//;
The frequency response is roughly from 40 io
400 cyeles. 'The eross-over network crosses at
400 cycles.
solid angle as the woofar, and also 10 obtain the
desired angular soverage, the horizonial and. ver-
tical angles for the H. F. horn wers selected as.re-
spectively 80° and 60°. The space limited the
cut-off freqguency to 330 cycles when using s
Western: Electric 555 W driving motor with ap-
broximately 0:40 square inch throat area. With
this throat size, avajlable Iength, and given
flare-cut-off, the mouth sive availahle is about
240 square imches, more than adequate to pre-
vent severe reflections at 400 cyeles, and sufficient
to. give the desired directional properties. The
drawings are roughly fo scale, the length of horn
from throat fitting to mouth teing aporoximately
2t inches. For the pilot mocdal most. of the
walls are of plyweood. The defiectors are of soft
pine. The mouth arrangement of Fig. 5 was
chosen as.the easiest to construct ag well as giving
the desired vertical spreag The applieation of
a coat of varnish gerves 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 D—E region, and from &
to the mouth, % inch ply material known in
the building trade ag “Tekwood” was used to
generate the two conical surfaces which are best
delineated in Fig. 1. Aga manufactured product
the entire top and bottom surfaces would betier
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-
ing.

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, metgl
or plastic. :

I prefer to place the horn cut-off as far as
possible below the crossover irequency, and to

and heighth 39",

In order to cover the same radiation ¢
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plage about: 18 decibels to 30 decibels per octave
loss in the attenuation region of the high pass
filter to keep the electrical power fed to the
speaker helow its cut-off frequency as low as
possible, as suggested in “Woofsr-Tweeher Cross—
over Network,” Electronics—>Nev. 1245, pp. 144~
145. This prevents driving the diaphragm
threugh large excursions in the frequency range
where little: or no acoustic loading exists. If
large diaphragm excursions in g 325 cycle horn
should orcur, say, at 200 cycles, harmonics of
this frequency would be zenerated and: the har-
monies would prepagate through the horn re-
sulting in rough performance. The low pass
part of the crossover network needs only, say, 6
decibles per octave attenuation above Crossaver.
In a horn of the lengtih, cui-off fregueney, and.
mouth size described, the cut-sf of 330 cycles
bermits adequate loading to. oscur ai and about
the erossover frequenscy ¢400 cycles) so thab very
little distortion occurs. The auestions of hap-
monic generation by aliowing appraciable power
below the horn cut-off frequency o reach the
voice coil are discussed in copending application
586,786 filed April 5, 1945, now abandoned, and
also In a paper “4 Note on Acoustie Horns,”
by Paul W-. Klipsch, Proc. I. R. E., July 1945,

The bends, or rather gentle curves, in the
horn: are located such thet the bending of the
air column eccurs where the length of the wave
front transverse the bend is iess than % wave:
length at 10,000 cycles. The design relative: to
such bends is in keeping with Lest practice so
that performance up to 10,609 cycles is limited
only by the driving unit employed.

The taper law employed in the particular
design shown ig exponeuntial, chosen as being the
maost economical 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 hyperholic.
law- taught by the Saimon Patent No. 2,338,262,
or the multiple taper scheme describad 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 congiderably 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 “astigmatism,” 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 wita the require-
ments of mouth size, throat size and taper rate,

What is claimed is:

1. In a joudspeaker horn, an enclosure forming
an air column shape characterized by means
forming successive hifurcations whereby the air
column is first diverted in a region of small area
and with smooth gradual curves info 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 g
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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 fo
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 defiector in said
further length of air column for diffusing the
sound in said second plane.
. 4. Tn g loudspeaker horn, soclid 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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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. A loudspeaker 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.

§. A loudspeaker horn in accordance with
claim 4 in which the axis of the conduit formed
by said boundaries constitutes a single straight
line,. )

PAUL W. KLIPSCH.
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