THE SHOW HORN

BY BRUCE EDGAR
Contributing Editor

very speaker project has a stimulus.

In this case, Speaker Builder and
Madisound sponsored a room at the 1988
Stereophile Show in Los Angeles. I saw
this as an opportunity to display audio-
phile horn technology to the public and
the audio industry. However, one prob-
lem existed: Although I had midrange and
tweeter horns ready to use, I didn't have
a suitable bass horn. Luckily, I had a
paper design for a one-eighth-size 50Hz
bass horn. Since the show was two
months away, I was forced into a fast
paced building program. Several friends
helped build and finance the project, and
we were able make the show deadline
with some cushion. Thus, the Show Horn
(Photo 1) was built.

Reactions to my system varied. I saw
many jaws drop as people came into the
room. A sample comment was, ''I can't
believe you would display a horn at the
show."' But it was gratifying to talk with
many audiophiles/speaker builders who,
after getting over their initial surprise, be-
gan to show interest in the possibility of
horns for their own systems. Some peo-
ple were enthralled by the sound and
kept returning. After three days, I was
exhausted, but all the feedback from lis-
teners stimulated me to do further re-
search and design work. So for all those
enthusiastic builders I met at the 1988
Stereophile Show, I now give you the
theory of how the Show Horn was de-
signed and construction details so you
can build it.

INTRODUCTION. For a very old de-
sign, the horn Joudspeaker literature does
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PHOTO 1: The Show Horn.

not give the amateur any clear step-by-
step method of how to design a bass horn.
In contrast, there have been a good many
expositions on designing vented- and
closed-box loudspeakers. Keele probably
presented the first comprehensive and
simplified design methodolgy for bass
horns.! He showed most horn design
parameters could be calculated from the
Thiele/Small parameters for the driver.
Leach extended Keele's work by intro-
ducing losses into the model.2 However,
Leach’s math formalism makes the paper
very hard to follow.

The principal problem in bass horn de-
sign is maximizing the bandwidth re-
sponse. Most ad-hoc horn designs yield
efficiency but not always a smooth re-
sponse over several octaves. For exam-
ple, I designed a tractrix corner horn (SB
2/83) which, while sounding good, did
not achieve the design objective of a
good response down to the flare fre-
quency, 70Hz. Instead, the response died
below 100Hz. After some thought and
experimentation, I have concluded that
the prime limitation on bass response is
what acoustical designers call throat
reactance.

You can think of a horn as a trans-
former which transforms the low imped-
ance air load into a high impedance that
a driver likes to see at the throat. At the
flare frequency, the throat reactance
peaks, whereas the throat resistance is
zero and rises to its maximum value
above the flare frequency (Fig. 1). Theo-
retically, a bass horn should give re-
sponse down to the flare frequency, but
the throat reactance will choke off any
response near the flare frequency.
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FIGURE 1: Normalized acoustical throat im-
pedance of an exponential horn.

Over the years, Wente and Thuras at
Bell Labs and Klipsch® independently
found you could cancel out the throat re-
actance by using a sealed back chamber.
This technique, which Plach* termed
"reactance annulling,' allows for bass
response right down to the flare fre-
quency. Leach showed that, for a num-
ber of exponential horn examples, reac-
tance annulling does not occur at the
flare but at a higher frequency.? In a
follow-up letter,5 Leach concluded that
reactance annulling works best with the
hyperbolic-exponential horn as discov-
ered by Salmon (US Patent #2,338,262).6
And it is the difference between a horn
with reactance annulling at the flare rate
frequency and one without that spells
the difference between superb and mar-
ginal bass response.



Here, I present a simple comprehen-
sive method of designing a hyperbolic-
exponential bass horn, combining the
best of the Keele and Leach approaches.
I have successfully applied it to a num-
ber of driver and horn combinations.
This approach, using the hyperbolic-ex-
ponential horn contour, supersedes my
earlier efforts using exponential and trac-
trix horn contours. The latter make good
midrange and tweeter horns but in my
experience suffer near the flare cutoff
due to throat reactance problems.

DESIGN. The Edgar design method can
be outlined as follows:

1. Select a suitable driver.

2. Measure driver F5, Qg and V..

3. Calculate the throat area (S;) and
mass cutoff frequency (Fy).

4. Calculate a (V,5/Vg, Vy = back
volume).

5. Determine M (hyperbolic-exponen-
tial horn parameter) and flare rate.

6. Decide on wall or corner placement
and specify mouth area.

7. Calculate area expansion of the
horn with linear distance.

8. Work out folding geometry.

9. Experimentally determine the back
volume.

10. Integrate bass horn response and
SPL sensitivity with the rest of the loud-
speaker system.

SUITABLE DRIVERS. Actually, driver
selection is predicated on the lowest
desired frequency. With the hyperbolic-
expcnential horn, the flare rate is usu-
ally set close to the driver resonant fre-
quency, Fs, so driver selection and flare
rate are somewhat tied together. The old
myth that you can take any bass horn
design for a 12” speaker, stick in any
good looking 12 driver, and expect good
results is simply not true. I don't mean
you shouldn't try other drivers; some-
times through serendipity you find com-
binations that work unexpectedly well.

For bass horns, we require drivers
with relatively high Fs (40-80Hz) and a
low Qpgs (0.2-0.3). The bandwidth can
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FIGURE 2: Throat resistance for hyperbolic-exponential horns.

be specified as being between the flare
rate for Fg) and the mass rolloff fre-
quency, Fyy. As derived by Keele,! Fyy
= 2Fs/Qps. For proper mating to a mid-
range horn, Fy,, must be above 300Hz,
preferably near 500Hz for best results.
Sr, the optimum throat area,! is defined
as:

Sr = 27FsQgsVas/c,
where ¢ = velocity of sound, or

Sr = 0.8PsQpsVys,

where S; is in square inches and Vg is |

in cubic feet.
In Table I, 1 have listed several 12”
drivers with their given Thiele/Small pa-

TABLE |

PARAMETERS OF CANDIDATE 12" DRIVERS

DRIVER Fg Vs (ou. ft.)
Audax HD30P 17 25.0
Audax PR30ST100 40 5.0
EVM12L 55 3.3
FORCE 12 55 3.0
JBL 2202H 50 3.0
JBL 2204H 45 3.0
JBL E-120 60 2.8

05 EFF (dB) Sy (sq. In.) e
0.27 95 91 126
0.69 95 110 116
0.25 98 36 440
0.44 99 58 250
0.17 99 20 588
0.44 95 48 204
0.19 103 26 632

rameters, SPL sensitivities, throat sizes,
and mass rolloff frequencies. The first
two Audax [Polydax in the USA—Ed.]
drivers yield almost the same throat sizes
and rolloff frequencies even though their
Fsand Qg vary widely. The throat sizes
are comparable to the area of a 12”
driver, but the rolloffs of the Audax
drivers are too low to mate to a typical
midrange horn. However, you could use
them in a subwoofer horn with 1:1
coupling up to 100Hz.

The EVM12L has a throat size a third
of that for the Audax drivers, and the
rolloff is up in the 400Hz region. The
FORCE 12 is a cousin of the EVMI12L,
but it has a heavier cone and voice coil
giving a higher Qs and consequently a
lower rolloff of 250Hz even though both
drivers have comparable SPL ratings.
The FORCE 12 is marginal for this ap-
plication.

We can do the same comparison for
the JBL 2202H and 2204H drivers. The
2202H has very high rolloff frequency
but a very small throat size. The 2204
has a low rolloff but a good throat size.
The last driver, the JBL E-120, is similar
to the 2202H, with a high rolloff and a
small throat. Thus you can observe from
these examples, as the mass rolloff fre-
quency goes higher, the throat size be-
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comes smaller. The EVM12L seems to
be the best compromise between a rea-
sonable throat size and a sufficiently high
mass rolloff freqency.

The EV and JBLs in this comparison are
professional musical instrument drivers,
characterized by very heavy magnets,
high (greater than 100dB SPL ratings) sen-
sitivities, moderate resonant frequencies
and low Qs. They will produce very high
sound levels when mounted in small
boxes. However, there will be no re-
sponse below 100Hz. But when mounted
in a properly designed bass horn, you
regain the bass response below 100Hz
with about 10dB additional sensitivity.
Beware of any surplus or other driver
advertised as a "'musical instrument"
driver. While it may be suitable as a
direct radiator, using it in a horn may
give unsatifactory results. You must still
go through the comparison as given in
Table I

ALPHA CALCULATION. In Leach's
formulation the « parameter (ratio of
Vis to the back volume] is calculated
from the bandwidth.2 The bandwidth
frequencies are essentially the flare cut-
off at the low end and the mass rolloff
frequency at the upper end. Leach calls
these two frequencies F; and Fy, re-
spectively. Then alpha is calculated by
the formula:

a+ 1= FLFH!FSZ

Taking the EVMI12L parameters from
Table I, assuming a 50Hz flare frequency,
and substituting them into the above for-
mula, we come up with an alpha of 6.2.

FIGURE 3: University Classic horn folding
configuration.
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TABLE Il

MEASURED EVM12L DRIVER PARAMETERS

DRIVER Fg Qg5
1 56.4 0.20
2 563.2 0.19
3 55.2 0.21
4 54.6 0.20
5 55.0 0.22
6 52.2 0.23

Vs (cu. ft.) Fum Sy (sq. In.)
3.30 564 29.9
3.98 560 26.7
3.7 625 34.4
3.76 546 32.9
3.88 vt 500 37.6
433101 453 41.6

M CALCULATION. The hyperbolic-ex-
ponential horn formula has a free param-
eter M that allows reactance annulling
at the flare frequency. Leach* gives the
formula for M as:

i ZTF()VAS
C e+ 1) 5

where Fy is the flare frequency. This
formula makes two assumptions. First,
the horn is an infinite hyperbolic-expo-
nential horn. If you don't use this as-
sumption, the mathematics become very
messy, and besides, if you take the horn
expansion out to the proper mouth size
and don't try to foreshorten it, the as-
sumption is fairly good. Second, the for-
mula assumes that the capacitive reac-
tance of the back chamber is exactly
cancelled by the inductive throat reac-
tance at the flare frequency, F,.

Again substituting the EVMI12L pa-
rameters into the above formula, we ob-
tain a value for M of 0.51. In fact, if you
place the flare rate anywhere near the
driver resonant frequency, you will al-
ways obtain an M of 0.5 with Leach's
formulation.

The real part of the throat impedance
tells us how the horn should load, given
a proper mouth size. Ry, the throat re-
sistance for the infinite horn case, is
given by:

F, &
Ruyl1 - f?'
RT

1-(1- MY ‘fl;

2

where R,;, =pc/Sy, F = frequency, and
P = density of air. The throat resistance
is plotted out in Fig. 2 for several values
of M. M = 1 corresponds to an exponen-
tial horn, and M = 0 corresponds to the
cantenoid horn. For values of M be-
tween 0 and 1, you have a hyperbolic-
exponential horn. Notice that for M be-
tween 0.5 and 1.0 in Fig. 2, you have
fairly uniform throat resistance behavior.
But for M below 0.5, the throat resist-
ance peaks severely; so avoid values of
M below 0.5. For M between 0.5 and
0.6, you can obtain response very close

to the flare rate and uniform loading
above the flare frequency.

After examining Fig. 2, I decided an M
of 0.5 might have a slightly peaky bass
character and 0.6 would sound better.
However, such a change in M would
violate the alpha calculation in Step 4.
But after reviewing Leach's assumptions
for his alpha formula, I'm not sure it ex-
actly applies to a horn design. In any
case, you may also regard alpha as an
independent variable. I will clarify the
matter in Step 9.

HORN PLACEMENT. When most
builders think about a bass horn, they
almost immediately think of a corner
horn, a la Klipsch. The corner horn of-
fers distinct advantages over other place-
ments. For example, it allows a mouth
size one eighth of what it would be in
free space. The smaller mouth means a
shorter horn length and overall smaller
size. The one disadvantage of a corner
horn is that few people have free corners
for horn placement, and usually those
corners are too widely spaced. (See the
Klipsch interview, SB 3/89, for Paul's

solution to this problem.)
Thus, for reasons of simplicity, I chose
Continued on page 14

TABLE 1lI

AREA EXPANSION FOR THE 50Hz M = 0.6 HORN

X (in.) A (sg. in.)
0 40.0
4 45.0
8 51.0

12 58.4
16 67.3
20 78.2
24 91.2
28 107.1
32 126.2
36 149.2
40 176.8
44 210.0
48 250.0
52 298.9
56 357.0
60 427.1
64 511.7
68 610.3
72 735.9




Continued from page 12

for this initial work a one-eighth-size cor-
ner horn design. For a free space horn
with a circular mouth, the proper mouth
size is one whose circumference is equal
to a wavelength (c/Fp) at the flare fre-
quency, Fo. Thus, if r is the radius, this
condition may be expressed as:

mr = C.‘rFO‘
The area for the free space horn is:

A = w12 or

The mouth area, S,;, for a one-eighth-
size horn is:

For a one-eighth-size 50Hz horn, Sy is
725 square inches, assuming a speed of
sound (c) of 13,500 inches per second.

DRIVER VARIATIONS. When you try
to generate a speaker design, it pays to
look at a number of drivers to check the
production tolerances. Table II lists the
measured Thiele/Small parameters and
calculated mass rolloff frequencies and
throat sizes of six EVM12L drivers. As
you can see, the resonant frequencies are
fairly close to the spec of 55Hz, but the
Qs are much lower, which gives mass
rolloff frequencies which are mostly
higher than 500Hz. A large variation in
the Vs between drivers gives a corre-
sponding wide variation in the calculated
throat sizes. I decided to use drivers 5
and 6 and to use a common throat size
(Sz) of 40 square inches.

HORN EXPANSION CURVE. The hy-
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FIGURE 6: Side view of the 50Hz horn.
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FIGURE 4: Radius corner reflector.
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FIGURE 5: Diagonal corner reflector.

perbolic-exponential horn curve is given
by the following equation:

§= S COSH%%-MSHQHLZ

Xo

where:

Xo = ¢f27Fq

S = cross-sectional area

X = linear distance along the

horn

COSH = hyperbolic cosine function
"SINH = hyperbolic sine function

A simpler alternative form is:

2

S = 2L+ M 4 (1 - M

which is easily programmed on a com-
puter or a hand calculator. The horn ex-
pansion is listed in Table III for the case
of Fs = 50Hz, M = 0.6, S; = 40 square
inches, and Sy, = 725 square inches.
These parameters give alphas of 5.5 and
6.25 and calculated back volumes of
1,227 and 1,197 cubic inches for drivers
5 and 6, respectively.

FOLDING GEOMETRY. George Augs-
purger once remarked in one of his pat-
ent reviews, ''Of a thousand ways of
folding a horn, this is one of them." He
was implying there are a great many
ways to fold a bass horn, and unfor-
tunately, most are wrong from a wide
bandwidth viewpoint. Most designers in
the past were forced by economics and
marketing to engineer the most compact
volume for a given horn. But this design
philosophy will give you many 180°
turns which tend to roll off the response
above 300Hz. If you have a driver with
a mass rolloff of 300Hz, 180° bends in
the horn are not a bad choice. However,
if the mass rolloff frequency is above

Continued on page 16



Continued from page 14

500Hz, as in the EVMI2L driver, it
would be wise to keep the number of
180° folds to a bare minimum.

Is there a right way to fold a horn for
wide bandwidth? Yes, if you use only
90° folds. The best example of this
design criterion is Abraham Cohen's old
University Classic horn design intro-
duced in 19567 (Fig. 3). Unfortunately,
Cohen had to use a 15” driver with a
mass rolloff below 300Hz, so his
beautiful folding geometry went for
naught.

Another consideration is the design of
the corner reflector in a 90° bend. In
previous horn designs, I had approxi-
mated the corner reflector position to be
tangent to the arc of the radius (Fig. 4}.
But subsequent wave front calculations
showed that the corner reflector should
be aligned along the diagonal (Fig. 5). For
reasons 1 will not discuss here, a wave
front will remain intact going through a
90° bend if the corner reflector is align-
ed along the diagonal, but it will be
distorted if the reflector is smaller.

50Hz HORN DESIGN. Figures 6 and 7,
are the sectional views of the bass horn.
As you can see, I tried to use the Univer-
sity Classic folding geometry as much as
I could in Fig. 4. But because a hyper-
bolic-exponential horn is quite long, I
had to compromise with a quasi-180°
bend to fit all the throat manifold in the
enclosure. Another compromise was the
shortening of the horn from 72 to 70
inches because the folding worked out
better. But I'm not sure how and where
these compromises affect the overall re-
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FIGURE 7: Top view of the throat manifold.

sponse. The parts are shown in Fig. 8
with a gross dimensions list in Table IV.
You can cut out one bass horn from two
4 by 8’ sheets of %" plywood. I used a
good grade birch that was fairly void
free. At the lumberyard where I buy my

plywood, I paid a mill charge to have
them make the coarse width cuts of 29
and 24”. I made the rest of the cuts on
my table saw. Figure 9 is a cutout dia-
gram. You can make the horn out of

- Continued on page 18

PHOTO 2: Attaching the pattern to part M.
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PHOTO 3: Using a feeler gauge for pattern sawing.
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PHOTO 6: Fitting in piece I.
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Continued from page 16

heavier particle board, but I chose the
lighter plywood to make it easier to bring
to the Stereophile Show.

As you can see from Figs. 6 and 7,
most of the joints are butt type. I used
hardened furniture screws and a cordless
power screwdriver (SB 1/89) to join most
of the pieces. Glue and nails will work
just as well, but screws allow you to dis-
assemble a part to change a partition. For
exposed plywood edges, I glued a strip
of solid birch to the edge and recut the
board to the original size.

To aid in assembly and lining up the
parts, I plotted Figs. 6 and 7 to full scale
on inch-scale transparent engineering
graph paper. This procedure allows
checking of parts dimensions and angles.
I traced the critical angles, glued the trac-
ings to poster board and cut the angles
out with a sharp knife. These templates
became my angle guides for setting up
the saw.

BOTTOM

SIDE
FIGURE 10: Attaching the back to the top and
bottom, and attaching the sides to complete
the box.

For parts such as pieces M and N, I
also made templates for pattern sawing.
I screwed these templates to boards cut
just larger than the exact dimensions
(Photo 2). I mounted a feeler gauge board
to the saw fence and set it up so its ver-
tical edge lined up exactly with the saw
blade edge on the left side. I aligned the
lower edge of the feeler gauge so it
would index against the template but just
clear the top of the board (Photo 3). To
cut out the piece, I ran the template/
board through the saw on one side,
rotated the piece to the next cut, re-
peated the process, and so on. If you
have the feeler gauge set up well, you
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FIGURE 11: Fitting in the corner reflectors.

can reproduce the same part as many
times as required.

HORN ASSEMBLY. Using a template
based on Fig. 7, draw off the alignment
lines for parts A, B, C and D on the top
piece. Then attach parts A, B, C and D
to the underside of the top piece (Photos
5 and 6). For this procedure, it helps to
have a variety of clamps. Attach the top,
bottom, back and side pieces together
(Figs. 10). Using clamps as demonstrated
in Photo 6, fit part I in the front.
Avoid gaps between the top piece and
part I.

Now you do some cut-to-fit operations.
As shown in Fig. 11, the throat reflector
and part J each require cutting a com-
pound angle on one side. Because accu-
racy in parts cutting and assembly vary
from builder to builder, I did not specify
the exact dimensions of the two corner
reflectors. Take some scrap stock and cut
a length with the same cross section as
part ] and the throat reflector. Then try
some approximate cuts on short sections
of the scrap stock and check the fit as
shown in Photo 7. If you get the fit
somewhat close but there are still gaps,
use Mortite or other caulking material to
fill in the gaps.

Use the top template to transfer the
throat opening position and placement
of parts A, B, C and D onto part E. Cut
out the throat opening with a saber saw.
Fit part E into position and attach to
parts A, B, C and D and to the sides and
the back. After this step, the box should
look like Fig. 12.

Next comes the back chamber assem-
bly. First, attach parts F and H to the
three M pieces with glue and screws/
nails because the back chamber has to

PHOTO 7: Trying a trial compound angle for the corner reflector J. Note: The throat opening,
shown cut on a temporary top piece, is for experimentation purposes.

PHOTO 8: Back chamber assembly on a jig.

Ty f&,

PHOTO 9: Auxiliary fence for table saw to aid cutting part G.
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FIGURE 12: Part E in place.

be sealed. Then attach the beveled 2 by
4 to the top of the M pieces and to part
F. It helps to build a jig (Photo 8) to keep
all the parts properly aligned. It is espe-
cially hard to cut the 40° angles on part
G because you must keep the board ver-
tical on the table saw. To solve the prob-
lem, I made an auxiliary fence (Photo 9)
clamped to the regular fence with hold-
down clamps made by Pony. I clamped
a straight 1 by 1 piece to part G, allow-
ing it to ride on top of the auxiliary fence
in a level fashion. Check to see if part
G fits properly but don't mount it. At-
tach divider piece L to F with screws.

You are now ready to install the back

PHOTO 10: Finished back chamber with
speaker mounting board.

chamber assembly. Slide in the assembly
to check on fit as shown in Fig 13. Draw
lines on part E where it contacts the back
chamber. Lift up the assembly so you
can spread glue on those contact areas.
Slide the assembly back in and attach it
to E with corner L brackets. Make sure
the divider (part L) is flush against the
back. Attach the divider to the back with
screws. Screw parts M1 and M3 to the
side pieces.

Next take some scrap 1 by 1 stock and
frame the inside of the back chamber,
making a slight inset while mounting the
pieces for a foam tape gasket. I recom-
mend drilling a 2” diameter hole through

ADD MOULDING
TO THE MOUTH >
TO STIFFEN WALLS ]

FIGURE 14: Installing the K corner refiector.

the side piece and M1 for a banana con-
nector cup. As an optional procedure I
also made a board with an 11" diameter
cutout to mount the driver (Photo 10).
Also fill the extra cavity with fiberglass
to prevent any extra resonance prob-
lems. Part G is now ready for mounting
with screws. Make sure you have a suf-
ficient number of screws around the
foam gasket.

Turn the box over and install the K cor-
ner reflector (Fig. 14). I used the triang-
ular pieces N to help the proper align-
ment and stiffen the reflector. As you can
see in Photo 1, I framed the mouth with

Continued on page 22

FIGURE 13: Installing the back chamber assembly.

SEALED
BACK CHAMBER
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FIGURE 15: Response of the 50Hz horn
against a wall.

Continued from page 20
some 1 by 2 birch stock, leaving a gap
at the top to slide part G in and out.

STEP 9. You might wonder how I deter-
mined the back chamber volume. When
I constructed the first prototype, I made
an identical top piece from particle board
and cut the throat opening in it (Photo
9). Ididn't cut the throat in part E until
later. Then I mounted the EVMI12L
driver on top and fitted several trial back
volume boxes until I found one that res-
onated at 50Hz. Photo 11 shows the test
setup. I determined the test volume to be
2,644 cubic inches including driver vol-
ume, about twice the calculated volume.
The reason for the discrepancy is our for-
mula was derived for an infinite horn and
this model is a one-eighth size. For quar-
ter-size horns that I have built, the ex-
perimental back volume approaches the
theoretical value.

Photo 12 shows the EVM12L driver in-
stalled in the back chamber. After instal-
lation attach part G to the back chamber
with screws and measure the system res-
onance. It should be about 50Hz. If it is
higher by a few Hz, put more stuffing
in. But the stuffing will lower the reso-
nance by only a few Hz. Normally I tack
a layer of fiberglass to the back of part
G just to damp the panel and cut down
any back radiation. If the resonance is
too low by a few Hz, the volume is too
large. Reduce the volume experimentally
by putting polyethylene bottles filled
with water in the back chamber. When
the system resonance is raised enough,
approximate the volume of the bottles
with blocks of wood attached to the sides
of the back chamber. If the system res-
onance is very low, say 35Hz, you have
a serious air leak in the back chamber.
Go back and recaulk any suspicious voids
along the joints.

STEP 10. Many builders have arrived at
the system integration step and faltered
because many of the normal speaker
building rules of thumb don't apply to
horn systems due to their high efficien-
cies and bandpass characteristics. De-

relation to corners and walls, you can ob-
tain a 3 or more dB variation in apparent
sensitivity. Normally, in a corner you will
measure almost 110dB SPL sensitivity.

Pull the horn away from the corner
but still against a wall, and the sensitivity
will go down 3dB. You can get good bass
response with a wall position (Fig. 15),
and in many situations a wall position
may be the only solution. But the bass
will sound deeper with a corner position.
Try another variation: turn the horn on
its side to see whether the response
sounds better. A hand-held pink noise
analyzer, such as the Audiosource RTA
(SB 4/86), will help sort out the sensitiv-
ity levels.

Most midrange horns I build (SB 1/86)
have sensitiviies between 100 and
105dB, so to integrate the bass horn with
these midranges you must either atten-
uate or biamp. I have had reasonable
success with L-pads made from high
power sand-filled fixed resistors. My
limited attempts to biamp have resulted
in degraded sound quality. However,
readers are invited to experiment with
biamping and report their results to SB.

Because horns have steep mechanical
rolloffs in their responses, they are band-
pass loudspeakers. Horns trade off wide
band response and lower efficiency for
narrow band response and high effi-
ciency. The steep mechanical rolloffs
also produce many 360° phase rotations
that make it almost impossible for higher
order passive crossovers to function prop-
erly. But the simple 6dB crossover at
400Hz works nicely between a bass and

PHOTO 11: Experimentally determining the
back chamber volume.

midrange horn as found by Klipsch many
years ago (Klipsch interview, SB 4/89).

RESULTS. As shown in Fig. 15, the re-
sponse as measured against a wall is quite
flat between 60 and 400Hz within + 3dB.
Unfortunately I was not able to move
our furniture away from the corners to
make a corner measurement. But take
my word, the response goes deeper in
a corner. | measured the reponse with
a Spectrum Dynamics FFT analyzer oper-
ating in an averaging mode with white
noise input to the speaker. The absence

pending on the location of the horn in PHOTO 12: Back chamber with EVM12L driver installed.
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of any major spectrum anomaly indi-
cates that the horn folding design was
done properly.

The bass response sounds tight and
smooth. The large bass drum on the Tel-
arc recordings (Holst: Suites for Winds
CD-80038 and Prokofiev: Alexander Nev-
sky CD-80143) has real impact and
character. The Sheffield recording of the
Firebird Suite by Stravinsky (CD-24) also
has physical impact. However, depend-
ing on how the recording was miked, on
other recordings the bass may sound
hollow since most of the frequency com-
ponents are below the sharp lower horn
cutoff of 50Hz.

The bass is only half the story. Most
of an orchestra’s large brass, woodwind,
and string instruments have fundamen-

tals in the 100-400Hz region. This bass
horn makes those instruments sound
real, as one friend told me. All you need
do is put on a good recording of Dvorak's
Serenade for Winds to be convinced.

CONCLUSIONS. As you can see, I've
come a long way from my initial horn
articles in SB (3/80 and 2/83). This proj-
ect is a culmination of a number of ex-
perimental horns where I made mistakes
in design and found out how to correct
them. In this article I have given the
reader a road map that can be applied
to any bass horn loudspeaker. The 50Hz
horn project is complicated but well
within reach of any competent wood-
worker with a table saw. Those who at-
tempt and finish the project will be

rewarded with a unique loudspeaker
presently unobtainable on the commer-
cial market.
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horn building and for most of the photos,
Manfred Buechler for Photo 1, Effrain
Gonzales for financing the project, Vin-
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Larry Hitch of Madisound and Ed Dell
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FAST CAPACITORS

Metallized Polypropylene (Non-Polarized)
Values from 1.0 mfd to 200 mfd.

Voltage Rating: 250 VDC / 150 VAC

SOLEN INDUCTORS

Perfect Lay Hexagonal Winding Air Cored
.10 mH to 30 mH,

Wire Sizes from #20 AWG to #10 AWG

HEPTA-LITZ INDUCTORS

Seven Strands Litz-Wire Constructions
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SOLEN CROSSOVERS

Custom Computer Design

Passive Crossover for Professional, Hi-Fi and
Car Hi-Fi, Power up to 1000 Watt.

CROSSOVER, SPEAKER PARTS
Gold Speaker Terminals, Gold Banana Plugs

&

Peerless

L- sCcan-speax

SOLEN INC.

4470 Thibault Ave.
St-Hubert, QC J3Y 779
Canada

Tel.: (514) 656-2759
Fax: (514) 443-4949

Gold Binding Posts, Crossover Terminals,
Power Resistors, Mylar Capacitors,

Plastic Grill Fasteners, Nylon Ty-Wraps
Grill Cloth, Car Speaker Grills, Misc. Parts.

COMPUTER AIDED DESIGN FOR
ENCLOSURE AND CROSSOVER
AVAILABLE TO CUSTOMER

Product specifications and prices
available upon request,
Fast Reply #FE1063

Speaker Builder / 2/90 23



To my knowledge, the only company that pub-
lishes horn designs for its drivers is Electro-Voice
in Buchanan, Michigan 49107. They sell plans
(TL-4050 and TL-5050) for their EMMI2L and
EVMISL drivers.

If you have specific design requests, write your
desires in another letter to SB, and maybe other
readers or I can point you to the appropriate design.
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The front and rear I painted flat black.
For input terminals, I used gold-plated
binding posts, two sets for each speaker.
The grille assemblies are black polyester
fabric stretched over a frame constructed
of % round moulding. For the final touch,
I placed some black felt around the
tweeters to reduce nasty diffraction ef-
fects. For better imaging, all serious lis-
tening would be done with the grille
assemblies removed.

SOUND QUALITY. When using these
speakers without the subwoofer, they
sound very smooth and well balanced
with quite pleasing bass output for their
size. They present a wide and deep
soundstage with superb focus. The sound
is clear, allowing me to hear details I had
not previously heard in familiar record-
ings. They also do an excellent job of
reproducing voice and string instruments
—both sound natural and uncolored.
Overall I am very pleased with their per-
formance and feel these speakers com-
pare favorably with some well known
more expensive systems.

Continued on page 76

XOPT V3.0 : LOUDSPEAKER CROSSOVER DESIGN
AND OPTIMIZATION PROGRAM

* Easy to use pop-up menu driven program with graphics

* Design optimized low, high or band pass crossover networks

* Optimize the frequency response of a speaker system with up to 5
drivers and 33 interconnected crossover components on any axis or
combination of up to 5 axes

* Requires user input of magnitudes of driver frequency response in dB
and impedance in Ohms at user specified frequencies

* Calculates driver impedance phase from a model fit and frequency
response phase using a Hilbert Transform

* |Uses relative locations of driver acoustic centers on the speaker front
baffle for system crossover optimization

* Used by many of todays top loudspeaker designers

Why settle for anything less than optimum crossover designs ?

Send check or money order for $199.00 (US) to:
Peter Schuck
Peter L. Schuck Consulting

1705 Rodin Way, Orleans, Ontario, Canada K1C4Y9
(613) 824-3822

For IBM PC, AT, PS/2 and compatibles including 80386's with 640K, Hercules, CGA,
EGA or VGA graphics with or without a 80x87 math chip running DOS 2.0 or higher
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ALUMINUM RACK ano CHASSIS
BOXES FOR CONSTRUCTORS

ABOVE BOXES MADE OF .063 ALUMINUM: TOPS, BOTTOMS AND SIDES BLACK
ANODIZED, FRONT AND REARS .063 ALUMINUM CLEAR ANODIZED.

RACK BOXES CHASSIS BOXES
MODEL 1-9 SIZE
1RUS 28.00 MODEL (inches) 1-9
1RU7 30.00 MC-1A 4x3x2 15.00
1RU10 32.00 MC-2A 6x3x2 17.00
2RUS 30.00 MC-3A 8x3x2 19.00
2RU7 32.00 MC-4A 4x5x3 17.00
2RU10 34.00 MC-5A 6x5x3 19.00
3RUS 38.00 MC-6A 8x5x3 21.00
3RU7 40.00 MC-7A 4x7x4 19.00
3RU10 42.00 MC-8A 6x7x4 21.00
WITH RACK EARS MC-9A Bx7x4 23.00
WITH FEET
10-99 — 10% 100-UP — 20%

COMPLETE CATALOG AVAILABLE SHIPPED UNASSEMBLED

SESCOM, INC.

——+11| 2100 WARD DR.
—L_1L1]] HENDERSON, NV 89015 USA

702-565-3400 — 800-634-3457 — FAX: 702-565-4828

UPS SURFACE FREE
UPS BLUE $10.00
UPS RED $20.00

VISA/MC ACCEPTED
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