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WHA,T,SSO SACREDABOUT,,EXPONENTIALHORNS?

D. B. Keele_ Jr,
Electro-Voice_ Inc.

Buchanant Michigan _g107

The malntenance of constant directlvity with
frequency In hlgh-frequency exponential horns
is quite dlfflcult. Two main sound industry
solutions are the multtcell and radlal/sectoral
horns. While the multicell exhibits fairly con-
stant directlvlty_ both designs suffer from mid/
high-frequency polar Ioblng and mldrange narrow-
lng t and the radial shows continually decreas-
ing vertical be&mwidth as frequency Increases.
A new series of horns which optimally jolns a
modlfled conical horn with an exponentlal throat
section corrects these problems_ whlle offering
very well behaved polar patterns and constant
dlrectlvlty up to 16 kHz.

INTRODUCTION:

Horns are used in sound systems primarily for two reasons: (I) high
efficiency (and the resultant hlgh acoustic output with low distortion) end
(2) pattern/coverage control. The Ideal horn should have constant dlrectivlty

and coverage angle and provide a constant acoustic load to the driver at all
frequencies In the designed operating range of the horn. Up to nOw_ these
goals were for the most part met by designs based on exponential horn theory.
The exponential horn was found to be particularly effective In providing good
response right down to horn cutoff_ especially for the hyperbolic-exponential
designs [I,7.

Unfortunately the exponential horn in its purist form Is not conducive
to control of beamwldth and directlvlty. The dlrectione) character)stics of
the exponentlal horn are found to be highly dependent on the flare rate _2_
p. _. To get around this problem two main horn designs have surfaced:
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(1) the multlcellular horn and (2) the radlal/sectoral horn. Both these
deslgns in one way or the other attempt to simulate an acoustic source
whlch Is the analog of a portion of a pulsating sphere. This is a result
of acoustic theory which states /_ p. 5Q7:

'_ portion of a spherical surface large compared to
wavelength and vibrating radlally_ emits uniform sound
radiation over a solid angle subtended by the surface
at the center of curvature. To obtain uniform sound
distribution over · certaln solid angle_ the radial
air motion must have the same phase and amplitude over
the spherical surface Intercepted by the angle having
its center of curvature et the vertex and the dimensions

of the surface must be large compared to wavelength.
When these conditions are satisfied for all frequencles_
the response will be independent of the position within
the solid angle. _

The perfect pulsating sphere segment provides quite good constant beam-
width high frequency (dimensions much larger than wavelength) polers but Is
found to suffer from a couple of defects of its own. in the frequency range
where the wavelength ls comparable to segment slze_ the polar pattern gets
quite narrow and sometimes collapses to some qO to 50%of the high frequency
beamwldth Z_r_ p. 40-b,2, p. 5_7. In addition, above this frequency_ the
sphere segment radiation exhibits moderate loblng and fingering in the polar
response.

The multlcell end radial horn designs are only moderately successful in
simulating the radially vibrating sphere surface. As a result_ their dlrec-
tlonal characteristics exhibit some of the defects of the sphere radiation
along wlth some defects of their Own.

On first examination the conical horn appears to have excellent potential
in simulating the sphere segment because of Its Inherent constant solid angle
conflguration_ but unfortunately its poor low frequency performance has kept
designers from using It. This paper describes the design of a new class of
loudspeaker horns based on an optimal joining of modified conical and expon-

ential flares. This horn design exhibits the excellent pattern control of
the conical_ but without the mldrange narrowing and HF Iobing_ and the good
low frequency response of the exponential.

THE IDEAL HORN:

As stated In the introductio% the Ideal horn should have constant dl-
rectlvity and beamwldth as a function of frequency and provide a constant
acoustic load to the driver. A real world horn, being of finite size_ offers
dlrectivlty control only down to that frequenCy where the wavelength is com-
parable to horn mouth size. Below this frequency_ the beamwidth increases
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monotonically (roughly doubling for each halfing of frequency up to 360 °
where the horn then becomes an omnldirectional source_ 8ean_vidth is de-
fined )n thls paper as the total included angle between the directions at
which the sound pressure level (SPL) Is down 6 dB from the on axls refer-
ence direction.

Fig. 1 illustrates the beamwldth vs. frequency (in one plane only) for
a hypothetical ideal horn providing a pie slice polar response with coverage

angle-_l.l Note that the beamwldth ls constant down to fl- and then roughly
doubles for each octave decrease In frequency. The interEept frequency fi
is the point where the asymtote to the beamwidth curve for Iow frequencies

(f_fT) crosses the rated beamwldth angle, fi is roughly that frequency
where Eom slze is comparable to wavelength. Fig, 2 likewise shows the beam-
width for a hypothetical ideal rectangular coverage horn radiating into a

solid cone of space with angles_ H by-e v _ p. 112_'. Physical size con-
straintss discussed later in thls paper, govern the ordering of the inter-

cept frequencies l,e. if-(_t_-t _ then fA-V_ fiH.

Fig. 3 shows the dlrectivity index D I _ p. I0__7 vs. frequency for the
same hypothetical rectangular coverage horn. Above the upper intercept fre-

quency flv the dtrectivtty is constant, For Iow frequencies (f _fTX) the
directlvlty increases at a rate of up to 6 db per octave. Between _-l_H and
fir the dlrectlvtty rises at 3 db per octave.

EXISTING DESIGN PROBLEHS:
Radial Horn:

A conventional radial/sectoral horn design is shown pictorially in Fig.
4. The exponential flare is created by straight sides on two boundaries and
curved sides on the other two boundaries _ p. 5__. Typical polar patterns
for this horn are shown in Fig. 5. Typlcal beamwldth and dlrectivlty curves
are shown respectively In Figs. 6 and 7.

An examination of Figs. 5_ 6 and 7 reveals several performance problems
with the radlal design. Note the mldrange horizontal beamwidth narrowing a-
round 1.25 kHz. Observe the continual decrease In vertical beamwidth with

increasing frequency. The effects of polar loblng on beamwidth are indicated
in Fig. 6 by the non constant horizontal bean_vldth between 2 kHz and 10 kHz.
The relatively large throat dimension (X-X In Fig. 4) makes itself evident in
the eventual decrease of horizontal high frequency beamwidth and the continually

rising dtrectivlty (Figs. 6 and 7).

IThe pie slice or wedge shape certainly is not the ideal polar pattern
for ali applications. For a source elevated above a flat plane, a
source whose vertlcal strength varies Inversely as the sin of the off-
axis angle would compensate precisely for the inverse level with dis-
tance law.
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Fig. I. Bearnwldth versus frequency for a hypothetical ideal horn. The beam-

width is constant at e, above f_ and roughly doubles for each octave decrease In
frequency below f_T:' For very Iow frequencies_ the beamwldth attains 360° where the
horn radiates omn_[directlonally.
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Fig. 2. Bearnwidth versus frequency for an ideal rectangular coverage horn that

provldes a _H (hor.) by 1_/ (reft.) radiation pattern.
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Fig. 3. Dlrectlvity index oD_ (= I0 log RO) as a function of frequency for theideal rectangular coverage horn Fig. 2.
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Fig. q. Sketch of a typical 60° horizontal coverage angle exponential radial/
se_toral horn. The horlzontal sectlon expands with strelght sidewalls angled at
60 _ while the exponential taper is provided by the curved vertical boundaries.
The following experimental measurements shown In Figs. 5 to 7 were mede on a 60°
redlal horn with overall dimensions of 20.3 cm(8 In.) mouth height, 61.3 cm(24.1 in.)
mouth width and 50.8 cm(20 In.) length.
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SCALE IS 5 DECIBELS PER DIVISION

Fig. 5. Some se]ected one-third octave bandwidth polar responses (3 meters

from mouth) measured on the 60 ° radial horn discribed in Fig. 4. Note the narrow /+2 °
horizontal beamwldth at 1 kHz and the horizontal Ioblng at 5 kHz.
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Fig. 6. Beamwldth (-6 dB) plotted agalnst frequency for the 60° radial horn
discribed in Fig, 4. The angular coverage of this horn is rated at 60° x 40° by
the manufacturer. These measurements were taken from a complete set of one-thlrd
octave polar curves measured in EV's anechoic chamber, Observe the horizontal nar-
rowing around 1.25 kHz and the steadily falling vertical beamwldth with frequency.
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Fig. 7. Oirectlvlty index DT vs. frequency for the 60° radlal horn of Fi . 4.
Notice the steady rise as frequency increases. The Ideal rectangular 60 x 408
coverage angle horn, with wedge shaped polar patterns_ would have a DI of +12.6 dB.
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Hultlcellular Horn:

The multicell is depicted in Fig. 8 _ p. 5_[7. This horn consists of
a large number of small exponential horns with axls passing through a com-
mon point. This assemblage In the low and mid frequencies effectively simu-
lates a spherical surface of uniform phase and amplitude at the mouths of
the horns. At higher frequencies above 6 kHzj however_ each horn Indepen-
dently radiates a narrower beam. This gives rise to severe ripples In the
HF polar response as one goes on and off axis of each individual horn.
FIg.s 9 to 11 illustrate some typical measurements on this type of horn
(an Electro-Voice H253 2 x 5 cell). Note that the multicell exhibits the

mtdrange narrowing effect in both horizontal and vertical planes. Beranek
p. 10_87 dlsplays some beamwldth versus frequency curves for the multi-

cell which show the midband narrowing effect In more detail.

WHAT TO DO?

Assuming the designer wants to simulate the pulsating sphere section
more closely_ is there another type of horn flare other than exponential
which would work better? The answer is yes and that flare turns out to be
the conical (Fig. 12). Unfortunatel% the Iow frequency response of the
conical horn is quite poor. In comparison to an exponential horn of the
same overall dimensions_ the conical horn has much less output In the first
two octaves of operation. Fig. 13 compares the efficiency of the two horn
types when each is driven by a matched acoustic source (see appendix I).

Disregarding the low frequency efficiency problem_ the conical horn
is found to be very conducive to designs that require uniform coverage
in a speclflc solld angle. The constant solid angle configuration of the
conical horn precisely flts the requirements noted in the paragraph quoted
in the Introduction of this paper. In additlon_ the conical horn can be
made large without limit and not incur destructive mouth reflections back

into the horn as is exhibited by the exponential horn _. This latter
characteristic of the conical horn allows the designer to optlmise cover-

age versus frequency by increasing the hornJs length and size_ without
fear of degrading response.

A SOLUTION:

Research done for a previous paper ff-_7, which dealt with selection of
an optimum exponential horn mouth size for radiation into fractional solid
angle spaces (q_21_ suggested to the author an optimum way to join an
exponential flare and conical flare together in the same horn (see appendix
2) .2

2The author is indebted to his former boss at Electro-Voice_ John
Gilllom_ for first recognizing that this combination would be useful
and for construction of a working model.
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2 x 5 MULTICE LL

Flg, 8. Sketch of · typical multicellular
exponential horn. This unit Is the 2 x 5 cell
Electro-Voice model 14253with overall dimen-
sions of b_.5 cm(17.5 in.) mouth helght, 92.7
cm(36.5 In.) mouth width and 53.8 cm(21.2 in.)
length.
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Fig. 9. Selected one-third octave polar measurements on the 2 x 5 multi-
cell of Fig. 8. Note the Iobing end fingering in all the polars and the nar-
row vertical curve at 2 kHz,
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Flg. 10. Bean_idth versus frequency for the 2 x 5 multicell discribed in Fig.
8. The manufacturer rates this horn as covering 120 ° x 60 °. Observe the decrease
in beamwidth at 630 Hz (hot.) and 2 kHz (vert.)
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Fig. 11. Dlrectivlty Index OI against frequency for the 2 x 5 multicell of
Fig. 8. The typically uniform directivlty above 800 Hz explains why the multi-
cell has seen such wide usage in sound systems over the years.
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