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Good News 

The IQS Series 401 FFT Spectrum 
Analyzer is an Apple Il-based system that 
allows complete analysis using the Fast 
Fourier Transform method. This 
laboratory-grade instrumentation sys¬ 
tem provides the hardware and software 
to perform inpulse analysis of physical 
systems or analyze arbitrary signals for 
power spectrum, phase or group delay 
characteristics. System facilities allow 
test signal generation and the acquisi¬ 
tion, analysis, storage and plotting of 
real-time waveforms and spectra. Sys¬ 
tem software features versatility and 
ease-of-use, while high-resolution 
graphics provide clear presentation of 
data. Contact IQS INC., 5719 Corso di 
Napoli, Long Beach, CA 90803. 

At the top of ACOUSTIC RESEARCH’S new 
three-way bookshelf speaker system line 
is the AR78LS, which uses AR's Dual¬ 
Dome mid-highrange drive unit. The 
Dual-Dome's design enables the tweeter 
and midrange to be physically less than a 
wavelength apart at crossover frequen¬ 
cies. The unit is housed in a compact 
monitor-sized walnut veneer cabinet and 
costs $399.99. 
AR's other offerings—the AR58B, 

AR48B and AR38B—are more conven¬ 
tional in design, but feature the new 
Twin Drive Unit, which allows for more 
precise driver alignment. Prices for these 
systems range from $199.99 to $349.99. 
For additional information, contact 
Acoustic Research, 10 American Dr., 
Norwood, MA 02026. 

PYLE INDUSTRIES INC. has added an 
8-inch, high-compliance woofer (model 
number W8C200-F4S) to its automotive 
speaker separates. The woofer has a 
chemically treated polyurethane foam 
surround for longer life and smoother 
response. It also features a high-
temperature, P/z-inch, four-layer voice 
coil and is designed for sealed enclosures 
as small as .25 ft? when used with an 
electronic crossover and .50 ft? when 
driven with a moderate power amplifier 
and used with a passive crossover. The 
rated power is 100W RMS with a fre¬ 
quency response of 20Hz to 3kHz. The 
suggested retail price is $39.95. Write to 
Pyle Industries at 501 Center St., Hunt¬ 
ington, IN 46750. 

The new KEF KM-1 Monitor Loud¬ 
speaker features an integral power 
amplifier with a maximum output ex¬ 
ceeding l,200W. The amplifier is com¬ 
prised of two power supplies and eight 
separate output sections to feed seven 
drive units. Other features include an ac¬ 
tive three-way dividing/equalizing net¬ 
work, a hybrid floating input circuit and 
an S-type soft-clipping limiter that is 

automatically activated under near-
continuous peak-overloading conditions. 
Its sound pressure level is 120dB on 

program peaks under typical listening 
conditions, while its frequency response 
measures 30Hz to 20kHz, +2dB. It has a 
signal-to-noise ratio of more than lOOdB. 
Write to KEF, 425 Sherman Ave., Palo 

Alto, CA 94306. 
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The NAKAMICHI SP-400 Mobile Speaker 
System is the last link in the company's 
complete Mobile Sound System. The 
three-way speaker's most impressive 
feature is a separate housing for the 
crossover networks, which minimizes 
distortion due to magnetic leakage. The 
speaker spans a broad frequency range— 
50Hz to 22kHz—and has a maximum 
power rating of 80W (40W nominal). 
Crossovers occur at 2.5kHz and 8.5kHz. 
Contact Nakamichi USA, 1101 Colorado 
Ave., Santa Monica, CA 90401. 

ACOUSTICAL PHYSICS LABORATORIES has 
announced the Acoustic Image Model III 
loudspeaker system. This floor-standing, 
three-way system incorporates a long-
excursion, rubber-suspended, 10-inch 
woofer and features a gradual deep bass 
roll-off from 35 to 21 Hz. A separate, time 
domain corrected, 5-inch driver handles 
the 200Hz to 3.5kHz midrange section, 
while a 1-inch soft dome tweeter pro¬ 
duces the treble response from 3.5 to 
20.1kHz. Its frequency response range is 
+ ldB. The Model III handles a max¬ 
imum of 200W/channel into 8 ohms. Its 
nonresonant, high-density enclosure is 
finished in walnut veneer. The price is 
$850 a pair. 
Acoustical Physics has also introduced 

its Acoustic Image Model I, a two-way 
loudspeaker system that has a frequency 
response from 36Hz to 22kHz + 3dB and 
can handle 125W into 8 ohms. The 
Model I costs $450 a pair. The Acoustic 
Image subwoofer is also available for fre¬ 
quency response of 21 to 500Hz. 

For more information about these prod¬ 
ucts, contact Acoustical Physics at 151 
6th St. NW, Atlanta, GA 30313. 

BOSTON ACOUSTICS has released two 
new speaker systems—the A150 Series II 
three-way system and the C700 two-way 
automotive system. The A150 Series II 
combines a 10-inch acoustic suspension 
woofer, a 1-inch CFT/1 dome tweeter— 
both newly designed—and a 3‘/2-inch 
midrange. It requires no stand and is sup¬ 
plied with a built-in pedestal base. Its 
enclosure, which is taller, wider and 
thinner than its predecessors, is made of 

%-inch particle board and is heavily 
braced to resist vibration. Frequency 
response is 38Hz to 25kHz +3dB. Cross¬ 
over frequencies are at 650Hz and 3kHz. 
Prices range from $250 to $295. 
The C700 system combines a 5‘A-inch, 

high-compliance, long-throw woofer and 
the new CFT/1 dome tweeter. The 
woofer and tweeter diaphragms are 
equipped with weather-resistant organic 
foil for long service, and the speaker's 
thinline housing requires only one cir¬ 
cular cutout for mounting. Frequency 
response is 58Hz to 20kHz ± 3dB, with 
the crossover at 3kHz. The C700 costs 
$198 a pair. 
For additional information, contact 

Boston Acoustics, 130 Condor St., 
Boston, MA 02128. 

PYLE INDUSTRIES INC. has introduced a 
new speaker system to its Horizon 
Series, the Horizon HP43A. This flush¬ 
mount midrange/tweeter system is 
equipped with a 4-inch midrange, a 
1-inch compression-loaded dome and a 
12dB high-resolution crossover network. 
The midrange has a chemically treated 
polyurethane foam surround, while the 
Power-Proof® voice coil features special 
heat-dissipation and power-handling 
capabilities. 
The Horizon HP43A is rated at 55W 

RMS maximum and has a frequency 
response of 100Hz to 20kHz, with a 
sound pressure level of lOldB. Suggested 
retail price is $155.95 a pair. 
For information, contact Pyle In¬ 

dustries Inc., PO Box 620, Huntington, 
IN 46750. 

DIRECT-TO-TAPE RECORDINGS 

•Natural Sound 
•Talented Performers 
•No compression, equalization or 
limiting 

•Available on reels, (2/4 track, op¬ 
tional Dolby or TypeX), cassettes 
(Dolby B, C, or TypeX); and digital 
cassette (Beta &. VHS| 

•Duplicated at playing speed 

BLANK RECORDING TAPES 

•asp and direct il cassettes in 
special longer lengths (C-66/C-68 
& C-96) 

•Agfa and AMPEX open reel tapes— 
the best open reel tapes 

•Blank VHS & Beta video cassettes 

CUSTOM DUPLICATING 

Write for free newsletter current 
special offers. 

Direct-To-Tape 
Recording Co. 
Dept. SB, 14 Station Ave., 
Haddon Heights, NJ 08035 

COMPUTER SOFTWARE & SUPPLIES 

SOUNubox 
SPEAKER KITS & PARTS 

U.S. DISTRIBUTOR 
JORDAN 
50mm 
MODULE 

MUCH MORE 
Catalog $2.00 

SOUNdboX 
841A S. American st., Dept. SB 

Philadelphia, PA 19147 
(609)662-4530 (215)389-3658 

Speaker Builder / 2/83 3 



POLYDAX - SEAS - PHILIPS 
PEERLESS - AUDAX 

AMPEREX - EV - MOTOROLA 
• COMPLETE LINES IN STOCK 
• DOME & RIBBON TWEETERS, 
DOME MIDRANGES, AND BEX-
TRENE & POLYPROPYLENE 
DRIVERS 

• KITS AVAILABLE 
• EXTENSIVE LIBRARY OF PLANS 
• FREE TECHNICAL AND DESIGN 
ASSISTANCE 

Speaker Supply Co. 
Post Office Box 48362 
Atlanta, Georgia 30362 
404/455-0572 

STATE OF THE ART 

RIBBON MID RANGE 
As Manufactured by Strathearn 

ABSOLUTE SOUND'S 

REFERENCE MIDRANGE 

UNSURPASSED CLARITY 

SPACIOUS STEREO IMAGING 

System Power Rating 1OO Watt Max. 
Sensitivity 86 dB / Watt Mean at 1 meter 

Dim. 25 1/8 X 5 1/8 inches 

Also available with: 

Advanced flat honeycomb bass drivers, fast leaf tweeters 

Recommendation for true State of the Art system, 
offering savings with no quality sacrificed 

EXCLUSIVE NORTH AMERICAN IMPORTER 

VARIS AUDIO 
CALL (201) 671-3074 

About This Issue 
Contributing Editor G.R. Koonce 
begins our issue with some opin¬ 
ions on article philosophy, which I 
trust will generate some discussion. 
By the way, I'm glad to announce 
that author Koonce's six-part con¬ 
struction series on a speaker 
builder's instruments will begin in 
our next issue. The prolific Bruce 
Edgar gives us another of his nifty 
horn designs starting on page 7. 
This small version draws on some 
older classics for its design and 
benefits from Edgar's unusual 
capacity to simplify the construc¬ 
tion techniques. For those who 
want to time-align drivers, Ernest 
Wittenbreder has an excellent 
pulse generator beginning on page 
14. Add a mike and a triggered 
scope, and your drivers are easily 
time-aligned either by positioning 
or delays in electronic crossovers. 
If matching your driver outputs is a 
problem, Glenn Phillips tells you 
all you need to know (p. 20) about 
devising fixed pads or using ad¬ 
justable ones. 

Bob Carlberg's fourth speaker 
building adventure starts on page 
24. Tom Nousaine, Doug Caban-
iss and Ken Rauen each spell out 
some valuable tips for your system 
on pages 26-27. For information on 
bass box construction, don't miss 
Steve Ball's guidance on pages 
28-29. Neat drawings, Steve. A 
new stuffing guide for Bob 
Ballard's active crossover board 
(SR 4/82, p. 26) appears on page 34. 
While we are still a bit behind 

schedule, we thank you all for your 
patience and expect to be back on 
track before year's end. 
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Editorial 

A Case for Custom 
by G. R. Koonce 

Several SB letter writers have said, in effect, that they want "more plans 
of great speaker systems and less of that math stuff." I have always been 
troubled by people who want cookbook instructions to follow rather than 
learning to think for themselves. 
I have had some bad experiences with duplication of designs. The 

closest to a real disaster was a small one-way system using a 5-inch driver 
with diffuser port. Several friends built successful copies over a two-year 
period, then one decided to produce the box, even planning to mold the 
small cabinet. He purchased a couple dozen pairs of drivers, but four of 
the hand-built units did not work properly. I checked several of the new 
drivers, and on the average, total Q (QTS) was up 70%, while efficiency 
(r^) was down 3dB, indicating magnet or air gap changes. 
My friend told the vendor that the units were defective, and the vendor 

directed him to the manufacturer. The manufacturer said the seller re¬ 
quested numerous changes, but if my friend returned the "good" and 
"bad" units, the manufacturer could build what he needed. The 
manufacturer's efforts resulted in repaired units with resonance (fs) that 
was 20Hz too high. You can't give up 20Hz on a 5-inch driver. My friend 
decided not to invest in the dies needed for molding, which turned out to 
be a smart decision because we never did get more of the proper drivers. 
Anyone with the knowledge and equipment to identify such curveballs 

from manufacturers (in this case, all the drivers looked the same and had 
the same model number) could handle the initial box design. Sticking 
some novice builder with a mess like this, however, prevents me from 
publishing past designs. What is SB's or the author's responsibility in such 
a case? 
Klipsch literature indicates that after the introduction of the Klipschorn 

they intended to provide copies of the plans. Home constructors did such 
a poor job that the unit was getting a bad reputation, so they stopped sup¬ 
plying plans. I believe SB should stick to articles helping readers learn to 
do it themselves even if cookbook projects are more popular. 
Sorry for the tirade, but only a handful of driver manufacturers hold 

their production tolerances tight enough that published box and cross¬ 
over designs will work exactly as expected. Cookbook articles too often 
fail to warn of any potential problem. It would be too bad if a novice lost 
interest in construction because of a bad first experience. □ 

Telephonitis 
We occasionally receive a phone call or letter full of distress, frustration 
and sometimes anger because an advertiser or some special supplier has 
no telephone, or if they do, they don't answer it. 
We usually check things out and almost always discover that the owner 

is alive and well, often working at a full-time, daytime job and running 
the special, part-time business out of his or her home. 
The problem is usually the telephone. Some of us do all our com-

Continued on page 32 
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A 70Hz MINI HORN 
BY BRUCE EDGAR 
Contributing Editor 

When most constructors think of 
horns, they envision large struc¬ 

tures such as the Klipsch designs or the 
concrete monsters that decorated the 
audio magazines in the Fifties. However, 
if you do not need the very low bass 
response (i.e., below 50Hz) that the large 
bass horns give, you can achieve satisfac¬ 
tory results with a small horn having a 
cutoff between 60 and 100Hz. A horn 
with a cutoff of 70Hz would be about half 
the size of a 40Hz horn and fit into most 
people's living rooms. 
With this philosophy in mind, 1 de¬ 

signed and constructed the corner horn 
shown in Fig. 1. Approximately a cube 
20" on a side, the 6" driver fits onto the 
back ¡Fig. 2). If made of particle board, 
the entire unit, including driver, will cost 
less than $40. Although this may look 
like a complicated project at first, it is 
well within the capabilities of the 
average woodworker. When you are 
finished, you will be rewarded with a 
speaker that optimizes cost, efficiency, 
performance, and size. 

PROPER DRIVER. Horn enclosures 
are like any other enclosures: they need 
to be designed for a specific driver to ob¬ 
tain the best results. The usual figure of 
merit for bass horn drivers is the moving 
mass rolloff frequency, i„m, as given 
by Keele:1

U = 2f,/Q„ 

where f, is the free air resonant frequen¬ 
cy, and Q„ is the familiar Thiele/Small 
electrical resonance parameter. 
If you assume a 50Hz resonance and a 

Q„ of 0.5 for a particular woofer, you get 
a 200Hz mass rolloff frequency, which is 
not satisfactory. A Q,, of 0.2 will bring the 

up to 500Hz, but woofers with those 
characteristics are not available on to¬ 
day's market. A few musical instrument 
speakers meet the low Q criterion for 

horn drivers, but their price ($150 and 
up) puts them out of consideration for a 
low cost system. Some other low Q 
drivers exist, but their resonance fre¬ 

quencies are close to 20Hz, which yields 
an f*„ of 200Hz again. 

The following formula gives the defini¬ 
tion of Q„: 

Q„ = — X/^ 
(Bl’)2 V CTO

FIGURE I : The completely assembled corner horn oc¬ 
cupies a relatively small amount of room space. The 
rabbit is optional, but shows the scale. 

FIGURE 2: This view with the back chamber removed, 
shows the 6" Pyle woofer in place at the rear of the 
horn. 

where R,= voice coil DC resistance, 
Bf = magnetic flux density-voice coil 
length product, M^ = driver compliance. 
According to this formula, a low Qdriver 
must have a big, efficient magnet, a low 
voice coil resistance, low cone mass, and 
a high compliance. 
Of the many drivers for which I have 

measured the Thiele/Small Q param¬ 
eters, 1 have found one that will work 
well in a horn. The Pyle W6C200F is a 6" 
driver with advertised parameters of 
f, = 49Hz, Q,, = 0.29, and V„ = 0.5ft? They 
cost under $30 apiece from dealers such 
as Universal Sound (2253 Ringling Blvd., 
Sarasota, FL 33577), and Circle Sound 
(2772 W. Olympic Blvd., Los Angeles, 
CA 90006). Although the calculated L™ is 
330Hz, its slow rolloff gives useful 
response up to 500Hz. 

After I had selected the 6" Pyle driver, I 
realized I was following the lead of 
PGAH Voigt? who used a 6"driver in his 
successful horn speakers. However, 
since Voigt was attempting to reproduce 
the entire audio spectrum with one 
driver in one horn, he developed a 6" 
twin cone driver with an unbelievably 
large magnet, a low mass cone and voice 
coil, and a high compliance suspension. 
From his notebooksand spectrum tests, I 
have estimated that the Q„ was 0.05 or 
lower. Today, we can use tweeter and 
midrange horns with crossovers to 
reproduce the upper ranges and can 
achieve good results with driver Q's of 
0.2-0.3. 

HORN DESIGN. We start our design by 
specifying the throat area. Keele gives 
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FIGURE 3: RCA's Orthophonie phonograph of 1926 
used a folded horn and inspired Edgar's design. 

z 68“, 

N l2) 18X3 3/16 

FIGURE 4: The air passages in the 70Hz folded corner 
horn are similar to the 1926 Orthophonie design. 

FIGURE 5: The dimensions for all of the particle board parts are as shown. The number needed for one complete 
horn is circled inside each part. 

the following throat area formula, which 
maximizes efficiency: 

c 27rf,Q,X 
- c 

where V„ is the volume of air with the 
same acoustic compliance as the woofer, 
and c is the speed of sound 
(13,500in/sec). From three samples 1 
have measured parameters for the Pyle 
(see Table If. 
As you can see, the parameter values 

can vary considerably, but the throat 
area changes within only a small range. 
Samples One and Three were close to the 
manufacturer's specifications, but Sam¬ 

ple Two's compliance is higher, resulting 
in a lower f,. The three factors balance 
out, allowing us to specify a throat area 
without too much regard for differences 
from sample to sample. 
The optimum throat size is a goal, but 

not an absolutely fixed figure. The op¬ 
timum S„ in this case is about 25-30% of 
the driver area. However, the horn's 
folding geometry sometimes forces you 
to use a slightly larger throat to shorten 
the length. Some penalties occur, and I 
will discuss them later. 
This design is based on the tractrix 

horn contour? I made the low frequency 
cutoff 70Hz. The mouth size is deter¬ 

mined by the equation: 

a = c/2ttíc

where fc is the cutoff frequency and a is 
the mouth radius for a round horn. For 

TABLE 1 

(V,) S„ 
Sample F,(Hz) Q,, (cu.in) (sq.in.) 

# 1 49.6 0.29 956 6.4 
#2 45.1 0.27 1300 7.4 
#3 49.5 0.31 864 6.2 
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where S„ is the optimum and S, the ac¬ 
tual throat area. In our case, the back 
volume for an optimum throat is 250in? 
and for the larger throat, 350in? Thus the 
penalty for a larger throat is a larger back 
volume. To permit adjustment of the 
back volume, I decided the design should 
allow easy access to the back chamber 
and driver. 

If these equations can give you only ap¬ 
proximations, then how do you deter¬ 
mine the back chamber volume ex¬ 
perimentally? Plach and Williams5 and 
Feeser4 suggest that you start by measur¬ 
ing the system resonance with a trial 
back chamber. If the resonance is above 
the cutoff frequency, decrease the 
chamber's size; if the resonance is below 
the f„ increase its size. Continue this pro¬ 
cess until the back chamber's volume 
correctly loads the speaker to annul the 
throat reactance. 

FOLDING GEOMETRY. 1 have ex¬ 
amined practically every horn design 
published in this century to discover 
how previous horn builders practiced 
their art. One successful design was the 
acoustic phonograph developed by Max¬ 
field and Harrison6 using wave im¬ 
pedance matching techniques. The Or¬ 
thophonie Phonograph, as Victor dubbed 
it, is shown in Fig. 3. I thought if the horn 
were laid on its side, it could fit into a 
corner. If the throat tube were ter¬ 
minated at the back instead of continu¬ 
ing up to the tonearm, I could mount the 
driver on the back, where space is 
wasted on most corner horns. This loca¬ 
tion also provides easy access to the 
driver's back chamber to alter the 
loading. 

FIGURE 6: For efficient use of the W plywood or particle board, cut the parts with this pattern. 

70Hz, the mouth area is 2960in? or 
20.5ft? Obviously a full size horn won t 
fit in most living rooms, but by placing 
the horn in a corner, you can reduce the 
mouth area by one-eighth, to 370in? With 
a throat of 6.2in? this tractrix horn will 
have a 53" length. Increasing the throat 
area to 8.3in2 shortens the length to 49'.' 
For my particular folding geometry, an 
8.3in2 throat was more convenient. Table 
2 shows the tractrix expansion. 

Near the cutoff frequency, the reac¬ 
tance of the air mass will reduce the 
acoustic output, and the horn will not 
achieve its intended low frequency 
response. The technique of reactance 

nulling cancels out this factor by means 
of a sealed chamber behind the speaker, 
which stiffens the system compliance to 
counteract the throat reactance. Keele 
gives a formula1 for the back chamber 
volume in an infinite exponential horn: 

V 
V„ = —-

A--1 
Q,X 

1 realize we actually are designing a finite 
tractrix horn, but this formula gives an 
approximate idea of the size required. 
Since the formula assumes an optimum 
throat area, a better formula is: 

HORN CONSTRUCTION. The horn 
geometry, although seemingly com¬ 
plicated, permits modular construction. 
I don't like to cut compound angles, so I 
designed the joints as simple angle or 
butt joints. The project uses V2" particle 
board throughout, although plywood 
could be used also. Figure 5 shows the 
part sizes and their angles. You can cut 
all the panels for one horn from one 
4'x8' sheet or two 4'x4' sheets (which 
may be easier to bring home from the 
lumber yard|. In the cutting diagram 
¡Fig. 6) cut the large top and bottom 
pieces last. Small errors usually occur in 
construction, and cutting these two 
pieces to the exact size required makes 
the job's final stages easier. 
Cutting the acute angles is a problem 

for most builders, but I have found a 
good solution /Fig. 7). A cabinet maker's 
tenon jig (Sears #9GT3235) holds the 
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FIGURE 7: Use a table saw with a tenon jig to cut the 
angles easily and safely. 

piece upright as you push the piece past 
the saw blade. The jig also makes the task 
safer since the saw blade is highly 
exposed. 

Begin with the manifold section of the 
throat. Set Part A on Part A' to form a 
wedge shape (Fig. 8a). You will need two 
of these wedges for each horn. A is just 
an aid to keep A at the correct angle. 

Check to see that the two assembled 
pieces lie flat on a table, as shown in Fig. 
8a. If not, check your saw blade angle. 
An error of Io will be noticeable. Glue 
and nail the two pairs of parts, making 
sure the sides of A and A' join smoothly. 
Take one of the B pieces and set the 

two flare assemblies on it (Fig. 8b). Draw 
a pencil line on B along each A piece. 
Repeat for the other B piece. The line 
allows you to blind nail part B to the flare 
pieces. After checking the positioning 
(slippage leads to a trapezoidal shape, 
which causes difficulties later], glue and 
nail the B pieces to each side of the flares 
(Fig- Sc). 

Set flare pieces C and D on B and check 
your angles. Glue and clamp one of the 
8 X 1" scrap pieces to part C to provide a 
support for part D. After the glue has set, 
spread glue along pieces C and D where 
they join each other and part B. I use W 
brads to tack down the acute angle end 
where B and D join. A strap clamp holds 
C and D together while the glue sets (Fig. 
9). When the glue begins to set, you can 
toenail C, D and B together with brads. 
After the glue is completely set, repeat 
the same operation for the C and D 
pieces on the other side. Now your throat 
manifold should resemble Fig. 10. 

THE BOX MODULE. The next step is to 
construct the box that encloses the throat 

FIGURE t: Begin construction with the throat manifold. The three steps in its assembly are illustrated above. 

FIGURE 9: Attach the outer flare parts to the throat 
manifold assembly and use a strap clamp to hold them 
together while the glue sets. 

FIGURE 10: The folded structure becomes clear at this 
stage. The throat opening is at the rear. 

manifold. Join E and G and a side piece 
with glue and 1" brads to form a 
U-shaped box (Fig. 11). Glue and clamp 
into place the divider pieces (I) and the 
corner pieces (H). Set the throat 
assembly into the box and align it accord¬ 
ing to Fig. 12. Draw lines along the throat 
assembly so that when you glue it later, 
you will have an alignment guide. Take 
the speaker mounting board (F), match it 
up with the throat assembly while it is 
still in the box, and draw a line along F 
where it joins the throat assembly. Now 
push all this out, maintaining the align¬ 
ment lines on F. Reach in on the opposite 
end with a long pencil (or a pencil attach¬ 
ed to a long dowel) and make an outline 
of the throat opening on F. Those with 
large hands might ask a wife, child or 
friend with smaller hands to help with 
this. Cut the throat opening out by drill¬ 
ing a *4" hole in each corner and cutting 
the waste out with a saber saw. 
Spread a liberal amount of glue along 

the edges of the throat assembly where it 
contacts the box side. Place it back in the 
box and align it with the pencil marks. I 
used several long reach clamps and 
weights to fix the throat assembly while 
the glue sets. Use a Q-tip to remove the 
excess glue from the joints and caulk 
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TABLE 2 

Tractrix expansion for a one-eighth 

size comer horn, 70Hz cutoff 

L (inches) Area (sq. in) 

0 8.3 

4 10.8 

8 14.1 

12 18.4 

16 24.1 

20 31.6 

24 42.0 

28 55.0 

32 73.0 

36 99.0 

40 135.0 

44 192.0 

48 297.0 

49 370.0 

them with it to minimize any gaps or air 
leaks. 
After this assembly sets, draw out the 

exit ports on the inside of the side piece 
for the box. As before, drill holes in the 
corners, flip the board over and cut out 
the opening with a saber saw. Now 
spread glue on the exposed edges of the 
throat assembly and the box. Fit the 
other side piece on and nail along the out¬ 
side of the box. Use clamps and weights 
to hold it all in place. After the glue sets, 
draw out the other exit ports and cut out 
with a saber saw. You can do this from 
the inside by using the previously cut set 
of exit ports and drilled holes in the cor¬ 
ners. The holes provide guide points so 
you can cut from the blind side. 
Now fit the speaker board F on with 

nails and glue. I used a wood rasp to 
smooth out the throat opening and the 
exit ports. Fit the divider parts J to the 
speaker board with glue and small brads 
¡Fig. 14). The box should resemble Fig. 
15. Now is the time to caulk any voids 
that appear along the exposed joints. As 
you can see, some joints had small gaps, 
which I filled with cheap butyl caulk. I 

FIGURE II: While the glue sets on the manifold 
assembly, make the outer box module. Note the cor¬ 
ner reflectors. 

FIGURE 12: This side view shows the placement of parts and the critical dimensions. 

am not sure if this did any good since I 
used plenty of glue on the inside joints, 
but it gave me peace of mind. 

FINAL STEPS. Once the box module is 
complete, you can attach the outer flare 
pieces. First nail and glue the "legs" 
(part L) to part K. After the glue has set, 
place the K/L assembly and the beveled 
parts M and N on the side of the box 
module ¡Fig. 14). Once the outer flare is 
properly aligned and you have checked 
the angles, remove M and N and draw 
lines along the legs of the K/L assembly 
on the box module's side. Take K/L off 
and spread glue along the legs where 
they contact the box module. Place K/L 
back on the box, aligning it along the 
previously drawn lines. Use a strap or a 
frame clamp. After the glue has dried, 
glue and toenail the beveled pieces M 
and N into place. Repeat the sequence 
for the flare assembly on the opposite 
side. 

If you do not have a spare corner, build 
yourself a corner jig {Fig. 16) to do the 
alignment of the top and bottom pieces. 1 
built mine out of scrap pieces of %" 
plywood about 2ft.2 Place the box 
module and the top and bottom pieces in¬ 
to the corner jig and adjust for the best 
alignment. Draw lines along the box 
module on the top and bottom pieces for 
future reference and for the trim line in 
front. Cut off the excess piece in the front 
of the top and bottom pieces, and glue 
and nail the top and bottom pieces to the 
box using the previously drawn lines as 
reference. 

Now glue and nail the outside flare 
pieces to the top and bottom. As a final 
step set your saw at 45° and ripcut a cor¬ 
ner off a 14" thick pine board. Cut the 
triangular strips into two 18" sections 
and glue them into the crevice between 
the outside flare pieces you just finished 
attaching and the box module. Do not 
nail these filler pieces, except from the 
outside; the outer flare piece might bow 
out. This happened to me, and I had to 
disassemble the side to shave down the 
filler piece and reassemble the part—all 
very unnecessary. 

Originally I thought I could extend the 
side pieces to provide a back volume for 
the driver, but the magnet stuck out so 
far as to make such extensions imprac¬ 
tical. I devised a 90° angle section of two 
boards to clamp on the back, but I could 
not get a good air seal with this. Finally I 

FIGURE 13: Position the manifold assembly in the box 
module and check all the angles before gluing in place. 
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FIGURE 14: This top view of one half of the box module shows the location of the outer flare pieces. 

constructed a series of boxes to clamp on 
for resonance tests before selecting the 
final back chamber volume. 

TESTING THE HORN. With each of 
the various back chambers strapped on 
and sealed with foam tape ¡Fig. 17), I 
measured the impedance, the Q param¬ 
eters, and the frequency response, as 
summarized in Table 3. If you make the 
system resonance near the flare cutoff of 
70Hz, the mid-size box is the logical 
choice for a back volume. It also pro-

TABLE J 

Volume 

(cu. in.) f, Q, Q, 

Small Box 196 80 Hz 1.07 0.87 

Mid Box 304 67 0.93 0.79 

Large Box 439 56 0.71 0.62 

FIGURE 15: The completed box module should have 
this appearance before you attach the outer flare 
pieces. Note the throat opening and the exit ports. 

duces an acceptable value for the 
system's total Q (Qr). From Table 3, you 
can see that the back volume controls the 
system Q. 
For the frequency response curves, I 

used a Sennheiser MD421 poked into the 
horn's mouth as advocated by Keele7 for 
a near field test. I excited the speaker 
with white noise (FM interstation hiss). 
The mike's output went to a Shure mike 
preamp and then to a Fast Fourier Trans¬ 
form spectrum analyzer. The FFT 
averaged the signal for 20 seconds to 
minimize transient glitches. This method 
produces repeatable results with little 
variation using different noise sources. 
Figure 19 shows the frequency response 
using the mid-size box. 

FIGURE IE: Use a temporary corner jig of plywood to 
align the top and bottom pieces. 

I had believed that reactance nulling 
with a back volume would boost bass 
response near the flare's cutoff frequen¬ 
cy. The measured response turned out to 
be the same for all three back chambers. 
Above 100Hz, the mid-size box created 
the smoothest response, indicating that 
some nulling occurs in the midband also. 
Rereading Plach and Williams5 revealed 
that the improved bass response I ex¬ 
pected from reactance annulling occurs 
only when the horn shape is a special 
hyperbolic contour, and the driver 
resonance is above the cutoff frequency. 
Leach found in some horn simulations8 

that the concept did not apply to ex¬ 
ponential horns. To acquire nulling in 
our speaker would require a hyperbolic 
horn (T = 0.5) with a length of 120)' rather 
excessive for the side benefit of the 
added bass response. 
To make the back chamber, use scraps 

from the horn to make an open face box 
with internal dimensions of 7"W x4"Dx 
12"H. Set your saw blade at 45° and cut 
the corners off the box on the long side so 
the corners do not stick out beyond the 
outer flare pieces. I used V8" masonite to 
cover the corners. Caulk the joints well 
from the outside and put foam strips 
along the edges where it meets the back 
of the horn. After you have found the 
enclosure volume you want to use, at¬ 
tach it with corner brackets and screws. 
The response plotted in Fig. 19 gives a 

6dB bandwidth from 90 to 330Hz. At first 
I was somewhat disappointed with the 
bass response, but the tractrix horn is 
basically an exponential shape near the 
throat, and the exponential horn starts to 
achieve full acoustical loading only at 1.2 
to 1.3 times the fc. You could improve the 
bass response with an equalizer. The 
calculated mass rolloff frequency of 

FIGURE 17: Clamp on one of the back chambers to 
test for system response. 
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330Hz agrees well with the observed 
response. I have found that a single pole 
6dB/octave crossover at 400Hz works 
well, giving^a higher system rolloff rate. 

Note the difference between the calcu¬ 
lated and the experimentally derived 
back volume. The calculated value, 
350in? was based on the assumption of 
an infinite exponential horn because the 
throat impedance terms are simpler. The 
tractrix horn in this speaker is a one¬ 
eighth scale horn and the tractrix con¬ 
tour is shorter than the equivalent ex¬ 
ponential? so the resultant air column 
load on the throat is less than for an in¬ 
finite horn. Thus the actual volume of 
300in3 (with the driver displacement 
thrown in) is an expected result. The 
back volume formula is useful because it 
shows the upper limit on the chamber's 
size. 

LOOKING BACK. How does my horn 
compare with Dinsdale’s9? First, his is 
front and back horn loaded, which may 
or may not be successful depending on 
the driver used. However, he does not 
present any supporting data such as Q 
measurements or response curves to 
justify his design. Second, although his is 
a tractrix horn, he introduces a 20% safe¬ 
ty factor into the flare rate computation. 
The result is a 58Hz flare rate, but with a 
mouth cutoff of 70Hz, which gives better 
bass response at the cost of greater length 
(63"). I found that longer horns became 
unwieldy with my folding configuration. 

Could you use a different driver in this 
speaker? The answer is probably no. The 
design is optimized specifically for the 6" 
Pyle driver. A larger driver won't fit in 
the back, and almost all of the small 
(5-6") drivers I have tested have Q's in 
the 0.4 to 0.6 range. This gives them a 
lower mass rolloff frequency when used 
in a horn. The thing to look for is a driver 
with an abnormally large magnet struc¬ 
ture for its frame. Push in the cone; if you 
experience little resistance, you have a 
likely candidate. If you find moderate 
resistance to your push, the driver prob¬ 
ably is damped mechanically in the sus¬ 
pension and spider. After these pre-

oi-1- 1— 
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FIGURE 18: With the mid-size box, the resonance is at 
the right place for smoothest overall response. 

FIGURE 19: System response with the mid-size box extends down to 70Hz. 

FIGURE 20: Is the rabbit still inside the speaker? The author’s sons wait patiently for her reappearance. 

liminary eliminations, test them for Q 
parameters. 
I thought 1 had developed an original 

design, but as the saying goes, "there is 
nothing new under the sun." As 1 was 
searching through some old issues of 
Wireless World, I found a 1927 article by 
an A. Dinsdale 10 (an interesting coinci¬ 
dence) that borrowed the same folding 
configuration from Maxfield and Harri¬ 
son (1926) and that I used in Fig. 3. How¬ 
ever, his horn used a %" diameter com¬ 
pression driver to drive a 5' full size ex¬ 
ponential horn with a 128Hz cutoff. Of 
course, in 1927 only one horn was used 
in sound reproduction crossovers and 
multiple drivers were not used generally 
for home equipment. Unfortunately, in 
this same period, Rice and Kellogg intro¬ 
duced the dynamic driver, which dis¬ 
placed horns in the domestic market un¬ 
til Voigt and Klipsch brought out their 
designs in the Thirties and Forties. 
How does it sound in the listening 

room? I quickly noticed its ability to 
create high sound pressure levels in the 
room without distortion. Loud brass 
selections sound very realistic; even 
organ recordings have that convincing 
reality that makes me want to believe an 
organ is in the next room. I use a 15W 

receiver in my system and rarely turn 
the volume control beyond the first 
notch. With this efficiency, even digital 
and direct to disk recordings display 
their sonic virtues to the fullest. 
The missing element in this discussion 

is what to do about reproducing the rest 
of the audio spectrum. A bass horn re¬ 
quires a midrange and a tweeter horn to 
complement it. Direct radiator mid¬ 
ranges are usually dominated by the bass 
horn, and I don 't recommend them. In a 
future article, 1 will show how to build 
the midrange horn with cone driver that 
complements this bass horn. 
Most of us speaker enthusiasts do not 

design and build our equipment in a 
vacuum. We also have job and family 
responsibilities that influence our proj¬ 
ects in unexpected ways. While 1 was 
building the corner horns, my sons, eight 
and nine years old, received a rabbit for 
Easter. She turned out to be pregnant, 
and 1 had to drop my corner horn project 
to build larger and larger cages to keep 
up with the exponentially growing rabbit 
population. Figure 20 shows the size of 
the horns from the human perspective, 
and Fig. 1 shows them on the rabbit 
scale. □ 

Continued on page 36 
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AN AUDIO PULSE GENERATOR 
BY ERNEST H. WITTENBREDER JR. 

At the Audio Engineering Society 
meeting in New York in the Fall of 

1980 a paper was presented on a pulse 
generator useful for speaker design and 
testing and for sound reinforcement. I 
was impressed by the paper and demon¬ 
stration, but when I found the price was 
$295 (read unaffordable), I decided to 
design and build my own pulse genera¬ 
tor. In this article 1 will describe it, how it 
can be used, and how to construct it. 
In a two-way speaker system, the 

tweeter diaphragm is usually closer to 
the listener than the woofer cone. Sup¬ 
pose that a transient with a large fre¬ 
quency content in the crossover region is 
applied to the speaker system. Because 
of the tweeter's proximity, the listener 
will hear the tweeter transient slightly 
earlier. Other factors such as the larger 
mass and inductance of the woofer and 
crossover network tend to increase this 
delay. All these factors move the acoustic 
position of the woofer further behind the 

tweeter, confusing imaging and distort¬ 
ing transients in the crossover region. 

PULSE MAKER. The audio pulse gen¬ 
erator described in this article generates 
pulses of a single polarity (either entirely 
positive or entirely negative with respect 
to ground). The repetition rate of the 
pulses is variable, polarity is switchable, 
and the frequency content of the pulse is 
also variable. A block diagram of the 
system is shown in Fig. 1. Positive polari¬ 
ty pulses are shown in Fig. 2. Note that 
the shape of the high frequency pulse is 
the same as the shape of the low frequen¬ 
cy pulse. Note also the time scale for 
each pulse. 
In the test setup shown in Fig. 3., 

pulses from the generator go to the 
crossover and to the amplifiers, which 
drive a two-way powered speaker sys¬ 
tem. The acoustic pulses received by the 
microphone are fed to an oscilloscope. 
The clock of the pulse generator triggers 

TRIGGER 

FIGURE I: The clock generates a simple square wave, which is the trigger for the scope. At the same time, the 
square wave is shaped by the filter and rectifier into a series of positive-only pulses. At the inverter, a switch 
enables you to select positive or negative pulse trains. 

FIGURE 2: Both the HF and LF pulses have the same 
shape and polarity (positive shown above). 

the scope's trace and the pulse to the 
speaker at the same time. 
After traveling through the crossover 

and drivers, the pulses from the woofer 
and tweeter arrive at the microphone at 
different times and with different polari¬ 
ties, as shown in Fig. 4. The pulse fre¬ 
quency should be adjusted so the two 
pulses have the same amplitude. Fre¬ 
quently, speaker manufacturers wire the 
woofer and tweeter out of phase to ap¬ 
proximate proper time alignment, which 
sounds better than doing nothing at all. 
Usually the leads on the tweeter should 
be reversed so the pulses from each 
driver have the same polarity, as shown 
in Fig. 5. 
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the tweeter's output relative to the 
woofer.) Time alignment off axis is also 
better with electronic time delays. 

FIGURE 3: After passing through the crossover and the drivers, the pulse as picked up by the mike has two time 
components. The pulse from the woofer is behind the one from the tweeter. 

FIGURE 4: If the manufacturer has reversed the polari¬ 
ty between the two drivers, the pattern on the scope 
looks like this. 

FIGURE 5: After rewiring the drivers for the same 
polarity, adjust the pulse frequency so the amplitudes 
are equal. 

To time align the two drivers move the 
tweeter away from the microphone with¬ 
out moving the woofer or add a time 
delay network at the input of the tweeter 
amplifier. When the pulses overlap and 
the composite peak is at a maximum, the 
drivers are properly time aligned and 
polarized (Fig. 6). I time aligned my Fried 
H satellites (similar to LS3/5A's) by 
building a special pair of speaker stands 
to tilt the speakers, moving the woofers 
forward and the tweeters back. Proper 
placement of the stands ensures time 
alignment between woofers and satel¬ 
lites. 
In commercial speaker systems time 

alignment is accomplished by stepped 
driver placement, tilting the enclosure, 
or with delay lines in the crossover net¬ 
works. For powered speakers electronic 
delay networks are preferable because 
they yield better amplitude response on 
axis. (Moving the tweeter back reduces 

PULSER CIRCUIT. The clock is a 
variable frequency CMOS oscillator 
made from three inverting buffers (one 
half of a 74CO4). Its square-wave output 
serves as a trigger signal and the input 
pulse to the bandpass filter. The clock 
schematic is shown in Fig. 7. The band¬ 
pass filter (Fig. 8) is a state variable filter. 
The LM13600N is a dual operational 
transconductance amplifier (OTA), 
which has a current controlled output 
impedance, or current controlled trans¬ 
conductance. If this were a state variable 
filter, with fixed center frequency, the 
OTA's would be replaced by resistors. 
The output of the summing inverting am¬ 
plifier, OA1, is the highpass output. 
Together, OTA1 and OA2 form an in¬ 
tegrator with the desired bandpass out¬ 
put. OA4 is a damping amplifier. The 
gain of this amplifier determines the Q 
and gain of the bandpass filter. Formed 
by OTA2 and OA3, the second integrator 
is the lowpass output, and the setting of 
the 50Q pot determines the center fre¬ 
quency of the bandpass filter. 

The rectifier ¡Fig. 9) is a precision half 
wave rectifier (OA5), which inverts and 
passes only positive pulses so the output 
is always positive pulses. It is the input to 
the level amplifier (Fig. 10), OA6, which 
is an inverting amplifier with variable 
gain. OA6's output feeds a unity gain in¬ 
verting amplifier, which always outputs 
negative pulses (the output of the invert¬ 
ing amplifier is always positive pulses). 
The output buffer OA8 is switchable to 
either the negative pulses of the level 
amplifier or the positive pulses of the in¬ 
verting amplifier. The output buffer has 
a 62OÍ2 resistor in series with its output 
for short circuit protection. 
The power supply circuit is shown in 

Fig. 11. The circuit employs a full wave 
bridge rectifier and three-terminal IC 
voltage regulators to obtain + 15V DC. 
Additional filtering is employed near 

FIGURE 4: When the driven' outputs are in phase 
acoustically, the pulses in the scope overlap and have 
maximum amplitude. FIGURE 7: The schematic for the clock is a square-wave oscillator built from three inverting buffers. 
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each IC using IgF tantalum capacitors 
for decoupling. 

CONSTRUCTION. I mounted the 
switches, the pots, and the lamp on the 
front panel of my enclosure and the jacks 
and linecord on the rear panel. See 
Photos 1 and 2. The circuit pattern and 
parts placement diagrams are shown in 
Figs. 12 and 13, respectively. When stuff¬ 
ing the board, be careful to orient the 
diodes, integrated circuits, transformer, 
and electrolytic capacitors properly, as 
indicated on the parts placement dia¬ 
gram. Mount the circuit to the chassis us¬ 
ing standoffs attached near the four cor¬ 
ners of the circuit board. Connect the 
pots so that CW represents maximum 
frequency, maximum clock rate, and 
maximum level, to avoid confusion. Part 
values generally are not critical. I used 
5% carbon film resistors. To save money 
you could substitute .IgF ceramic 
capacitors for the IgF tantalums for 
decoupling. I recommend ceramic, sil¬ 
vered mica, or low dissipation film 
capacitors for the bandpass filter, and a 
mylar (polyester) capacitor in the clock. 

ALIGNING SPEAKERS. You will need 
the following equipment: oscilloscope, 
microphone, and microphone preampli¬ 
fier. Connect the trigger output of the 
pulse generator to the external trigger in¬ 
put of the oscilloscope. Connect the 
pulse output to the vertical amplifier. 
Turn the clock rate pot so the rate is low. 
You can look at the clock independently 
if you look at the trigger output of the 
pulse generator. 
Now set the clock rate at maximum. 

After setting the bandpass filter at the 
highest frequency, observe the pulse out¬ 
put and gradually lower the bandpass 
frequency. The pulses will get longer and 
finally disappear as the bandpass fre¬ 
quency approaches and then goes below 
the clock rate. If you lower the clock 
rate, the pulses will reappear, but they 
will be longer than before. Keep this 

FIGURE 8: The schematic for the bandpass filter shows how OTA's instead of resistors provide variable center 
frequency. 

FROM BANDPASS FILTER 

FIGURE 9: The rectifier passes only positive pulses. 

PARTS LIST 

Cl l.5gF 100V Met. Polyester 

C2 . IgF 50V Cer. Disk 

C3, 4 lOOOpF Silver Mica 

C5, 6 .IgF 50V Cer. Disk 

C7, 8 . IgF 50V Cer. Disk 

C9, 10 lOOOgF 25V Elect. 

Cll, 12 25gF 25V Elect. 

Cl3 . 1 gF 50V Cer. Disk 

ICI 74C04 

IC2 LF4I2N 

IC3 13 60ON 

IC4, 5, 6 LF4I2N 

IC7 7815UC/LM34OT-15 

IC8 7915UC/LM34OT -15 

BRI W02M I.5A 200V Bridge Rect., or 4 

IN400I Diodes 

LI Neon Ind. 

DI, 2, 3, 4 IN4I48 

Tl Signal PC34-125 (34V CT, 125gA) 

SI SPDT Toggle 

S2 SPST Toggle 

RI I.5M AW 5% CF 

R2 2.74k AW 1% MF 

R3, 4, 5, 6, 7 10k AW 1% MF 

R8, 9 Ik AW 1% MF 

RIO 15k AW 1% MF 

RII 10k AW 1% MF 

RI2, 13 Ik AW 1% MF 

RI4 15k AW 1% MF 

RI5, 16 10k AW 1% MF 

RI7 15k AW 1% MF 

RI8 Ik AW 1% MF 

RI9, 20 10k AW 1% MF 

R2I. 22, 23 10k AW 1% MF 

R24 6I9E AW l%MF 

PI 1 Meg Pot 

P2 50k 10 Turn 

P3 10k Log Pot 
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WHY WE'RE OFFERING YOU A $299 EQUALIZER FOR $129. 

Our neighbors here in Lynnwood make some 
of the finest equalizers and analyzers in the 
world: Audio Control Corporation. 

But once in a while the engineering depart¬ 
ment gets the best of the marketing depart¬ 
ment and a product emerges that's too esot¬ 
eric for the rank and file consumer. 

THE SUPER-SPEC C-25 WITH 
PINK NOISE GENERATOR. 

A few years ago, when Audio Control's C-22 
Octave Equalizer was beginning to really 
take off, the engineering department said, 
"Why don't we make a version with even 
better specs and add a laboratory-grade pink 
noise generator for the experimenter?" 
Sounded ike a great idea: .009% THD, 102dB 
signal-to noise, pink noise generator ± ,5dB 
20-20kHz. So they did it 

C-25 Specifications: 

DISTORTION (at I volt from 20Hz to 20kHz): less then 
009%. FREQUENCY RESPONSE: From 3Hz to 
100kHz. plus or minus I dB. HUM AND NOISE: ( 10kHz 
band-width): minus 96dB re I volt minus 102dB re 2 volts. 
MAXIMUM INPUT: 7 volts MAXIMUM OUTPUT: 7 
volts. INPUT IMPEDANCE : > 00K ohms OUTPUT IM 
PEDANCE: 680 ohms. CONTROL CENTERS: 32.60, 
120. 480. 960, 1920. 3840. 7680. 15.5kHz. CONTROL 
BANDWITH: Q 2 5 CONTROL RANGE: ñus or 
minus ISdB. SUBSONIC FILTER: IBdB per octave 
Tchebychev alignment SUBSONIC ROLLOFF: Minus 
I dB at 25Hz. minus 3dB at 20Hz, minus 21 dB at 10Hz. 
SIZE: 19" (48.2cm) W. 3.5" (8.9cm) H. 6.5" (16.5cm) D. 
(standard EIA rack mount) WEIGHT: 6.75 pounds 
(3 2kg) PINK NOISE GENERATORS: ± I dB 
20-20kHz BACK ELECTRET MICROPHONE: + I 5 
dB20-20kHz WARRANTY: 2 years 

Unfortunately, the vast majority of dealers 
just didn't understand the whole point and 
Audio Control ended up with a pile of superb 
equalizers. They languished until we noticed 
them on the back shelf and made Audio Con¬ 
trol a deal they couldn't refuse. 

THEIR LOSS IS YOUR GAIN. 

We're not talking about a cheapo imported 
knock-off here. Audio Control lavished the 
best components and design into the C-25. 

Fiberglass boards. Precision resistors and 
capacitors. Silky-smooth pots and superb 
specs. Frankly, there's probably S129 worth 
of materials in each C-25. 

opens up a whole world of interactive EQ 
testing. 

When we got the shipment of C-25's from 
Audio Control, Accessoterica benchtested 
it's pink noise generator against a B & K 
Model 1405 Noise Generator. The Audio 
Control C-25 was more accurate. 

So even if you just use the C-25 as a pink 
noise generator, it's a great buy. 

TWO SPECIAL CIRCUITS FOR 
HOME HI-FI. 

Audio Control is a great believer in solving 
real-world audio problems. So they added an 
18dB/octave Tchebychev subsonic filter 
circuit and a Rumble Reduction circuit to the 
C-25. 

Subsonic filter is down 1 dB at 25 Hz, down 
3dB at 20 Hz and down 21 dB at 10 Hz. If you 
bought or built vented or transmission line 
speakers, you know how important a circuit 
like this is, especially if you like a healthy 
40Hz boost in your program material the 
way we do. 

The Rumble Reduction circuit mono's bass 
below 200Hz to combat rumble, mechanical 

THE S549C-101 FOR $2991 

We also grabbed up a few packaged C-101 
Octave Equalizers with 101-LED Realtime 
Spectrum Analyzer, measurement micro¬ 
phone pink noise generator. Al units are 
100% guaranteed, electronically and 
cosmetically. They're not repairs, but demo 
units returned by dealers. Some man¬ 
ufacturer's would just sell them back as 
new, but Audio Control made a deal with 
Accessoterica to clear them out at cost You 
couldn't do better if you bought a brand 
new C-101 at retail. Same features and 
specs as the C-25 with 10-band Spectrum 
Analyzer with 2 & 4dB range, slow and fast 
decay, SPL mode and microphone on 20-ft 
cord with ± . 1,5dB 20-20K specs. A steal, 
while they last at S299. Full 2-year war¬ 
ranty from the factory. 

feedback, warped records and resonances. 
Vertical groove components are effectively 
cancelled without losing stereo spearation. If 
you don’t agree with this approach, the 
circuit comes out with the touch of a button. 

PAIRED SLIDERS FOR EASY ADJUSTMENT. 

Audio Control is the only company that puts 
left and right channels next to each other. 
Doesn't seem like much until you start adjust¬ 
ing an equalizer frequently. As you probably 
know, a difference of as little as 3dB in the 
midrange bands can smear sound imaging. (A 
lot of bias against equalizers stems from this 
adjustment problem which is solved simply 
by putting left and right controls near each 
other so you don't have to build two curves.) 

THE RIGHT STUFF. 

Of course, the C-25 has an extra tape 
monitor loop, a program switch for compari¬ 
son (especially useful in conjuction with the 
pink noise generator and your trusty ear for 
quick speakers EQ's), and an EQ-tape circuit 
which lets you equalize tapes without 
repatching C-25. It's packaged in a standard 
19" rackmount chassis with RCA-type inputs 
and outputs on the back-including two for 
the pink noise generator. We even talked a 
pile of C-22 manuals out of Audio Control, 
although you're on your own concerning the 
pink noise generator. But then you wouldn't 
be reading this page if we didn't think you'll 
know what to do with pink noise. 

VERY LIMITED SUPPLY. 

Order your C-25 right now since we have a 
very finite supply. Order it toll-free with a 
bankcard and get it within seven days. Mail 
us a money order for two-week service or a 
personal check (which we have to let clear) 
for three to four week delivery. WE PAY 
FREIGHT via U.P.S. on all orders! Whether 
you need a pink noise generator, a great 
octave EQ or just a sharp subsonic filter, 
$ 129 is a superb deal on a great unit 

LAB-GRADE PINK NOISE GENERATOR. 

Anybody who reads this publication knows 
how useful pink noise is in evaluating and 
adjusting speakers. Even if you don't have a 
measurement instrument, pink noise lets you 
do considerable adjustment by ear. In conjuc¬ 
tion with a handheld spectrum analyzer it 

1-800-328-5727 EXT 175 
TOLL-FREE ON ALL BANKCARD ORDERS 

12902 Jtuuf 99 iueAeU, M 98204 (206) 625-9041 loll-fae 1-800-328-5157 175 



observation in mind. You must operate 
at a lower clock rate for lower frequency 
pulses. In other words, the clock rate must 
be lower than the bandpass frequency. 
Attach the output of the pulse gen¬ 

erator to an auxiliary input on your 
preamplifier. Compare one pair of 
drivers in a cabinet at a time. Place the 
microphone about a meter or so from the 
speakers on axis, and look at the pulse 
output of each driver. If the bandpass 
frequency is set too low, the output of the 
upper frequency driver will be at¬ 
tenuated and will not look much like a 
pulse. Adjust the bandpass frequency so 
the pulses have the same maximum am¬ 
plitudes. If they do not have the same 
polarity, reverse the leads to one of the 
drivers. (This may cause frequency 
response problems, and you may have to 
choose between time alignment and 
amplitude response.) After reversing the 
leads connect both drivers and change 
their relative positions as you watch the 
microphone output on the oscilloscope. 
When the two drivers are time aligned, 
their pulse peaks will overlap, the op¬ 
timum position appearing as the largest 
peak on the oscilloscope display. 

BETTER SOUND. The difference 1 
noticed between aligned and nonaligned 
was subtle but unmistakable. Voice ar¬ 
ticulation showed the greatest improve¬ 
ments, and the words of singers became 
easier to understand, perhaps due to the 
3kHz crossover in the Fried H satellite. 
Imaging seemed a little better with the 
system time aligned, but not remarkably 
so. How much improvement you will get 
depends on how badly your speakers are 
aligned to begin with and the amount of 
phase information presented in the pro¬ 
gram material. □ 

FIGURE 10: The level amplifier uses an inverting op amp (OA6) with variable gain. OA7 is another inverter, and 
the switch selects positive or negative pulses. 

FIGURE II: The power supply is a full wave bridge rectifier. 

PHOTO I: The front panel has few controls. The frequency pot is a 10 turn type. PHOTO 2: Rear panel view of the prototype generator. 
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FIGURE 12: Circuit board pattern for the pulse generator. 
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FIGURE 13: This is the stuffing guide for the SB-D2 circuit board. Note that the transformer Tl has a spare set of 
holes near the board's edge for a slightly larger board mounted transformer. The author’s Signal PC 34-125 fits the 
closer holes. Signal's PC 34-300 fits the wider ones. BR-I is a standard full wave bridge, which fits the inner four 
holes. Extra holes are provided if you prefer to use less expensive IN400I diodes. 
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is what replacing a lost magazine costs us. It will cost you 

I r $2.00 if you don’t notify us of your change of address in time. 

If we update our files early, it saves us the bother of having to re-mail the 

magazine, charge you the $2.00 fee and lose money on the deal. We’ll all be 

much happier if you tell us promptly when you're moving and where you’re 

moving to and from. Thanks for your cooperation. 

Important facts 
about 

INDUCTORS 
The most important parts of your 
crossover are the inductors. Their quali¬ 
ty can mean the difference between 
strong, clean bass and weak, distorted 
bass. A quality inductor means: low DC 
resistance, no saturation (a cause of 
distortion) and exact tolerances. Unfor¬ 
tunately, this usually means outrageous 
prices and inductors the size of Volks¬ 
wagens. Sherman Research induc¬ 
tors offer a low cost/no compromise 
solution to the inductor dilemma. For 
high inductance values use steel lami¬ 
nation core inductors with ultra-low 
DCR, low hysteresis, and no saturation 
up to 1000+ watts. For lower values, 
use Sherman Research air core induct¬ 
ors that feature nylon bobbins and high 
temperature SNSR wire. 
For more information, contact: Sherman 
Research. 14105 Inwood Rd., Dallas, 
TX 75234, or these distributors: 

Soundbox 
7057 Rt. 38 

Pensauken, NJ 08110 
(609) 662-4530 
SRC Audio 

3238 Towerwood Dr. 
Dallas, TX 75234 
(800) 221-0251 

SPEAKER 
BUILDER 
BINDERS 

Rich blue, heavy vinyl binders im¬ 
printed in white with Speaker 
Builder's logo. Spaces for twelve issues 
on loose wires will store your valuable 
SB data in a readily accessible format. 

Each 57.00 
Two binders, ea. 6.50 
Three or more, ea. 6.00 

Ppd. la USA. Oatside USA please add S2 per blader for shipping 
Caaada mast add SA for oae aad S2 for eaca addltloaal blader 

ORDER BLANK 
Speaker Builder 
PO box 494, Peterborough NH 05458 
Send_ binderlsl @S_ ea. 

rotai S acheck; dm o , ûMCard; avisa 

Charge card no_ 

Charge cardexpiration date_ 

Signature_ 

Name_ 

Street & no_ 
Town _ St_ Zip_ 
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LEVEL CONTROLS 
AND BALANCING PADS 

BY GLENN PHILLIPS 

F/adding devices are resistive net¬ work circuits, fixed or adjustable, 
which convert usually more efficient 
tweeters and midranges to a level rela¬ 
tive to a woofer. The devices are inserted 
between crossover and driver and are 
usually considered to be a driver sub¬ 
system. For this article's purposes, we'll 
assume the crossover is of the passive 
type. 
Some beginners think padding net¬ 

works are frequency-discriminating, 
akin to equalizers. They aren't; they af¬ 
fect the entire pass-band section of the 
associated driver and adjust the relative 
acoustical balance between drivers. 
They also, within certain limits, can ad¬ 
just balances in the acoustical environ¬ 
ment. 
Many loudspeaker system designers 

try to avoid padding devices by using 
drivers with equal acoustical outputs. 
This subject has been much debated. 

ADJUSTABLE CONTROLS. Loud 
speaker systems can have two main 
types of adjustable level controls: the 
"T" type and the "L.” The latter is the 
most commonly available and is there¬ 
fore the one I'll discuss here. 
An L-pad is like a volume control, but 

has the extra duty of maintaining a prop¬ 
er impedance load on the crossover 
whenever the control setting is changed. 
It is not the same as a potentiometer, 
whose impedance varies as the control 
setting changes and which therefore will 
interact with and vary the driver's cross¬ 
over frequency. Figure 1 shows an ad¬ 
justable L-pad schematic. 
The adjustable L-pad is a convenient 

device and easy to operate: just turn the 
knob as desired. But it has some subdued 
gremlins. If it can be adjusted, it can be 
maladjusted. This is okay if a little 
response imbalance is to your taste. 
But when the fool at the party decides 

your sound system needs some expert 
adjustment via his (or her) calibrated 
senses—and you just spent all that after¬ 
noon going nuts, listening to pink noise 
and test tones for the perfect system 

balance.... In seven years you'll be pa¬ 
roled and can try again, unless your 
lawyer can convince the court it was 
justifiable homicide. 
The adjustable control's inherent 

minor problems are that poor internal 
wiper tracking on the two wire-wound 
resistors can produce slight impedance 
upset and small frequency shifts in the 
related crossover network. These wipers 
and resistors also oxidize with time and 
ibegin to sound scratchy. 

Adjustable L-pads are customarily 
placed so the control knobs are accessi¬ 
ble from the rear of the enclosure or from 
the baffle board, behind the speaker 
grille. Just put yours any place that 
seems suitable. 

FIGURE I: Schematic for adjustable L-pad. 

A = The amount of loss needed in dB. 

Z = The driver's DC resistance. R,. 

Use the nearest value of standard resiston that is approximate 

in value to the one needed. 

FIGURE 2: Schematic for fixed L-pad. 

Before you buy one, ask about its 
power handling capability. Midrange 
drivers require a beefier control than a 
tweeter. You'll also need to consider the 
crossover point and whether the loud¬ 
speaker system will be two- or three-
way. (Midrange units are considered 
from the lower crossover frequency.) 
Keep in mind how much power you in¬ 
tend to subject it to. These devices are 
usually rated as low, medium or high 
power, and are also described as having 
4, 8 or 160 nominal impedances. 

FIXED PADS. These devices serve the 
same function, but are permanently set: 
they have no controls to twiddle. Fixed 
L-pads are usually mounted on the cross¬ 
over board inside the system. 
Some users like loudspeaker systems 

without externally adjustable controls: 
they tend to rationalize that the entire 
speaker unit is pre-balanced for accu¬ 
racy. The manufacturer would like you, 
too, to believe this age-old myth. These 
systems were balanced in various types 
of chambers, outdoors in free-air, on 
graph machines and by computer; the 
only missing factors were those the 
manufacturer cannot control—your 
listening environment and related sys¬ 
tem components. This is not to say that 
some manufacturers are better guessers 
than others. Some get lucky. 
L-pad components can be determined 

from formulas when you know the 
working impedances and amount of loss 
needed, in decibels. Most writers suggest 
you use the driver's nominal impedance, 
whatever that is, to compute the L-pads. 
I prefer to use the driver's DC resistance, 
R„ as this value is realistic rather than 
arbitrary. 
Tweeter unit resistors should have 

power ratings of 5- 10W depending on the 
crossover frequency and the amount of 
power to which the unit will be sub¬ 
jected. Midrange units need 10-20W 
power capability in the resistors. 1 give 
the calculations in Fig. 2. See the sidebar 
for a BASIC program that determines 
these values. 



Old Colony Presents 
FALL SPECIALS 
SBK-C1A JUNG ELECTRONIC CROSSOVER Only $24.75 per card! 

This versatile circuit began as a two channel 30Hz, 18dB/octave infrasonic filter. But you can adapt 
two of them for use as a single channel two-way electronic crossover simply by changing the values of 
a few resistors and capacitors. For three-way operation, add another pair of cards and change the 
parts values to move the crossover points to the appropriate frequencies. For further information on 
sub-woofer and 3-way crossovers, see SB 3/82, or 771/1 4/75. Please specify one crossover point for 
each two-way crossover from the following frequencies: 60, 120, 250, 500, Ik, 2k, 5k or 10k. 

Based on a simple op amp design, the crossovers typically have a frequency response of ± 0.2dB 
30Hz-160kHz. Output impedance is 1 0Í2 non-inverted, input impedance is 50kQ. Power supply 
needed should provide + 15V DC @ 10mA per card. 

NEGLEX 2477 SPEAKER CABLE Only $2.00 per foot! 

Actual size 

If you have a personal stereo tape player or FM tuner, you will 
appreciate the sound quality and comfort of these earphones. So 
small and light they fit into the outer ear without a bulky head-
band, they sound considerably better than the headphones 
usually supplied with personal stereos. The bass is deep and 
strong, highs clear, and midrange smooth, with crisp, clean 
detail. Samarium cobalt magnets provide light weight—just 18 
grams—and high efficiency. An extra pair of foam earpads is in¬ 
cluded. Because of their good sound and extreme comfort (they 

tance, and eddy current effects. In the audio frequency range, 
impedance is virtually flat (see Nelson Pass’ article on speaker 
cables in SB 2/80 for a discussion of these effects). Small im¬ 
provements in low bass, extreme highs, imaging, depth, distor¬ 
tion, and amplifier damping all add up to audibly better sound 
and greater listening enjoyment—just one more way to remove 
some of the haze which prevents your system from sounding as 
clear as it should. -

seem to melt away after a few seconds, leaving just the music), 
many people like to use them with their home systems as well 
(you’ll need a mini to standard phone plug adaptor). 

For less than the price differential between standard and fancy 
finishes on a pair of speakers, you can make a significant im¬ 
provement in the actual sound of your system. This high defini¬ 
tion Neglex cable is a coaxial configuration using Mogami 
OFHC wire and copolymer insulation. Termination kits pro¬ 
vide two short lengths of OFHC wire, two spade lugs and an in¬ 
sulating sleeve (one kit required for each end of cable). 

The cable has extremely low capacitance, impedance, induc-

ULTRAMINIATURE EARPHONES Only $19.50! 

KM-9 WILLIAMSON RECORD CLEANING SYSTEM Only $8.50! 

Developed by Reg Williamson, this two step system removes static charges 
from records virtually forever, and removes deep-down dirt thoroughly and 
safely. Static charges (as high as several kilovolts) lock dirt on the record and 
create annoying pops as the stylus traces over charged areas. The surfactant 
neutralizes those charges by supplying molecules with cationic ends to cap¬ 
ture the negative ions. 

The cleaning solution dissolves the dirt and holds it in a clear film when it 
dries. Simply peel the film away and the record is cleaner than when it left the 
pressing plant. 

You supply distilled water, glycerin, isopropyl alcohol, an applicator and 
buffer pad. We supply % oz of de-static liquid (1000 treatments), and 4 oz of 
deep cleaner (80 disks). Regrettably, due to Postal Regulations, this cannot 
be shipped outside the US. 

ORDER FORM Old Colony Sound Lab, PO Box 243, Peterborough, NH 03458 USA 
Qty. Price 
_Jung Crossover Cards $24.75 each.. 
_Ft. Neglex Speaker Cable $2.00/ft.. 
_Termination Kits $.75 each (Available August, 1983).. 
_Ultramicro Earphones $19.50 each.. 
_Williamson Record Care Kit $8.50 each.. 
_Destatic Refill (ft oz) $4.50 each.. 
_Deep Cleaner Refill (4 oz) $4.00 each.. 

Total amount enclosed:_ 

Form of Payment: □ Check □ Money Order □ MC or Visa 

Card #_ Exp. Date_ 

Name _ 

Address _ 

City _ State _ Zip _ 

Phone Orders: (603) 924-6371 (MC or Visa only) 9-4 EST M-F 
For full kit listing, send stamped, self-addressed envelope to: Old Colony Sound, PO Box 243, Peterborough, NH 03458. 



CIRCUIT 
BOARDS 

OM Colony Circuit Boards are made of top 

duality epoxy glass, 2 oi. copper, re-
flowed solder coated material for ease of 
constructing protects which haue ap¬ 

peared In Audio Amateur and Speaker 
Builder magazines, rhe builder needs the 
original article (Indicated by the date In 
brackets, I. e. 3:rg for articles In ma and 
SB a:BO for those In Speaker Builder) to 

construct the projects. 

C-4: ELECTRONIC CROSSOVER (DG-13RI New 2x316" board 

takes 8 pin dips. Ten eyelets for variable components. I2:72l 
Each 4.50 

C-5: CLOECKLER VOLUME CONTROL (FC-1123 pos. wafer. 3x3" 

(2:721 Each $4.50 

0-1: HERMEYER ELECTROSTATIC AMPLIFIER II. (3:73) Two Sided 
with shields and gold plated fingers. Closeout. Each $5.00 

Pair $9.00 

F-1: BILATERAL CLIPPING INDICATOR. (CB-1) 2x216" (3:751 
Single channel. Each $5.00 Pair $5.00 

F-6: JUNG 30Hz FILTER/CROSSOVER (WJ-51 3x3" (4:751 High 
pass or universal filter or crossover. Each $5.50 

G-2: PETZOLD WHITE NOISE GENERATOR 8 PINK FILTER. (JP-1) 

216 x 3’6" (3:761 Each $5.00 

H-2: JUNG SPEAKER SAVER. (WJ-4) 3% X 5%" (3:771 
Each $7.00 

H-3: HERMEYER ELECTROSTATIC AMP BOARDS. (ESA-3) Set Of 
three boards with plug-in edges for one channel. (3:771 

set $19.00 

J-6: SCHROEDER CAPACITOR CHECKER. (CT-10) (4:781 31/.x6" 
Each $7.25 

J-7: CARLSTROM/MULLER VTVM ADAPTER. (CM-11 (4:781 

114x216" Each $4.25 

K-3: CRAWFORD WARBLER 3% X 3% (1:791 Each $6.00 

K-6: TUBE CROSSOVER. 2 x 416" (3:791 Two needed per 2-way 
channel. Each $4.25 Four $13.00 

K-7: TUBE X-OVER POWER SUPPLY. 5x5%" (3:791 Each $7.00 

K-12: MacARTHUR LED POWER METER. SttxB1/«" [4:791 TWO 

sided, two channel. Each $16.00 

L-2: WHITE LED OVERLOAD & PEAK METER. 3x6" (1:801 One 
channel. Each $10.50 

L-5: WILLIAMSON BANDPASS FILTER. 3%x4" (2:801 
(RWAW479I Two channel 24dB/octave Sallen & Key circuit. 

Each $6.50 

L-6: MASTEL TONE BURST GENERATOR. 3% x 6%" (2:801. 
Each $8.50 

L-9: MASTEL PHASE METER 6% x2%" ¡4/801 $8.00 

5B-A1: LINKWITZ CROSSOVER BOARD ± 4:80 5% X 8%" 
Each $14.00 

SB-02: BALLARD CROSSOVER BOARD 516x10" (3:82 8 
4:821 Each $14.00 

SB-D1: NEWCOMB PEAK POWER INDICATOR ’4x2" (SB 1:831 
Each $2.50 

ORDER BLANK: 
Old Colony Sound Lob 

P0 BOX 243, Dept. SB, Peterborough NH 03458 

To order from Old Colony Sound, please write each board's 
number below with quantity of each and price. Total the 
amounts and remit by check, money order, or Mastercard, or 

Visa/BankAmericard. All prices are postpaid in the 50 states. 
$10 minimum order on credit cards. Canadians please add 
10%, other countries 15% for postage. All overseas remit¬ 
tances must be in U.S. funds Please use clear block capitals. 

Name _ 

Street & No_ 

Town _ 

State _ ZIP_ 
No. Bds. Price 
Board No. $. 
Board No. S. 

Totals. 
Please add $1 service ckarge to all ckarge card orders under $10. 

10 REM THIS PROGRAM COMPUTES THE VALUE OF 
20 REM THE TOO RESISTANCES REQUIRED FOR A 
30 REM FIXED L-PAD WHEN A DB LOSS IS NEEDED 
40 REM THE SPEAKER CLINIC/GLENN PHILLIPS 1980 
50 CLS 
60 PRINT "WHAT IS THE DRIVERS DC RESISTANCE ?" 
70 INPUT Z 
80 PRINT "WHAT IS THE DB LOSS NEEDED ?" 
90 INPUT A 
100 LET L = . 05*A 
110 LET K = 10TL 
120 LET RI = Z*((K-1)/K) 
13Ó LET R2 = Z*(1/(K-1)) 
140 PRINT "THE VALUE OF RI SERIES RESISTOR =";R1;"OHMS" 
150 PRINT "THE VALUE OF R2 PARALLEL RESISTOR =";R2;"OHMS" 
160 PRINT 
170 PRINT "WOULD YOU LIKE ANOTHER ? TYPE 1" 
180 INPUT X 
190 IF X = 1 THEN 210 
200 STOP 
210 GOTO 50 
220 END 

This simple BASIC program written on the TRS-80 Model II computes the value of the two resistances required 
for a fixed L-pad when you need a dB loss. 

FIGURE 3: Simple switchable L-pad. 

SWITCHED PADS. We can take the 
fixed pad one step further into a form 
known as the "switched" type. This uses 
equations identical to the fixed pad, but 
with sections ganged together on a single 
DPDT switch or similar type of rotary 
switch. This device can be as flexible as 
the variable type and can effectively 
satisfy most requirements; you can also 
add attenuation steps as desired. 
You can always readjust a switchable 

pad if someone tampers with it, and it 
can become as elaborate as you need. If it 
resembles a stepped volume control, 
you'll always have a beautifully tracking 
device with almost unlimited adjustment 
possibilities. But don't get carried away. 
In designating a complex pad you'll do 
best for fine-tuning if you remove small 
decibel chunks rather than large ones. A 

simple diagram appears in Fig. 3. 
I hope these notes have stimulated 

some thoughts and questions. Consider 
the type of balance control you would 
like for your particular system. No one 
type is actually the best: some better suit 
certain applications. When designing, 
it's your decision. □ 

REFERENCES 
1. P.J. Snyder, "A Guide to Crossover 

Design," Speakerlab Technical Report No. 1, 
Speakerlab, Inc., Sept. 1972. 
2. H.M. Tremaine, Audio Cyclopedia, Sams 

Books Co., Inc., Indianapolis, Indiana, 1978. 
3. M. Clifford, Modern Electronics Math, Tab 

Books, Blue Ridge Summit, PA., 1978. 
4. AARL, Electronics Data Book, The 

American Radio Relay League, Newington, 
CT., 1976. 
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OLD COLONY’S 

Book Service 
Box 245 Peterborough NH 03458 

HOWARD W. SAMS DOVER BOOKS PENGUINS 

S-5 AUDIO CYCLOPEDIA, [2nd 
Ed.) by Dr. Howard M. Tremaine. 
Twenty-five sections covering 
everything from basic theory to sol¬ 
id state. A complete audio reference 
library in itself, the most compre¬ 
hensive and authoritative work on 
audio available. Covers every 
aspect of the audio art—from the 
basic principles of sound to the lat¬ 
est in solid-state equipment. 3,650 
entries, 1,760pp., hardbound. 

Each $44.95 

S-ll HOW TO BUILD SPEAK 
ER ENCLOSURES, by Alexis Bad-
maieff and Don Davis. The "whys" 
and "hows' of speaker enclosures. 
Drawings and instructions cover in¬ 
finite baffle, bass reflex, and horn 
types plus combinations. 144pp., 
softbound. Each $5.95 

S-19 SOUND SYSTEM ENGIN¬ 
EERING by Don and Carolyn Davis. 
A thorough introduction to sound 
systems for halls, studios, outdoor 
locations and much else. 245pp. 
Hardbound, 8‘/2Xl 1. Each $21.95 

SCELBI 
★ ★★★ CLOSEOUT ★★★★ 
SC-2 UNDERSTANDING MI¬ 
CROCOMPUTERS AND SMALL 
COMPUTER SYSTEMS by Nat 
Wadsworth. A clear, comprehen¬ 
sive introduction to microcomput¬ 
ers with excellent images for visual¬ 
izing what a computer does and 
how it does it. Includes a compre¬ 
hensive glossary and a good chapter 
on how to choose a system. 306 pp., 
5%x8l/z, paperbound. Each $6.50 

TAB BOOKS 

T-4 DESIGNING, TESTING 
AND BUILDING YOUR OWN 
SPEAKER SYSTEM by David 
Weems. A cookbook approach to 
speaker design with some 10 tests 
for performance. Individual drivers 
are specified for actual building 
projects. Weems likes closed box 
and reflex enclosures but is skep 
tical of transmission lines. Includes 
a BASIC program for Thiele/Small 
parameters. 192pp. Softbound. 

Each $8.95 

D I REPRODUCTION OF 
SOUND by Edgar Villchur. An 
elegantly simple 92-page paper¬ 
bound primer on the subject by 
the man who invented the book¬ 
shelf speaker. Loan or give it to 
friends who want to build a 
system as good as yours. 

Each $2.50 

D-3 MUSIC, PHYSICS AND 
ENGINEERING by Harry F. Ol¬ 
son. A thorough introduction to 
the physical characteristics of 
sound and the relationship of 
sound to musical instruments by 
the former head of staff at RCAs 
lab for acoustical and electro¬ 
mechanical research at Prince¬ 
ton, NJ. A classic by one of the 
giants in the audio field. Good, 
easy to read chapters on 
acoustics, mikes and recording, 
recording and playback systems, 
as well as an electronic music 
chapter. 2nd. Ed. (1967) 460pp., 
softbound. Each $6.50 

WILEY BOOKS 

W 1 HIGH PERFORMANCE 
LOUDSPEAKERS (2nd ed.|, by 
Martin Colloms. Highly praised 
sourcebook on loudspeaker theory 
and construction by a top-notch 
English authority. 245pp. Hard¬ 
bound. Each $29.95 

HAYDEN BOOKS 

H-10 HI-FI LOUDSPEAKERS 
AND ENCLOSURES by Abraham 
Cohen. |2nd Edition], Speaker 
theory covers how and why of dri¬ 
vers, enclosures and rooms. Brief 
liscussions of measuring and build¬ 
ing are included along with advice 
>n placement of stereo speakers. 
138pp. Softbound. Each $12.75 

P 2 A NEW DICTIONARY OF 
ELECTRONICS by E.C. Young. 
This remarkably compact reference 
covers electronics from A-Battery 
to Z-parameters with succinct, con¬ 
cise definitions and illustrations. A 
quick reference completely revised 
and updated with lots of added 
charts and reference data. 618pp., 
softbound. Each $5.95 

P-3 A NEW DICTIONARY OF 
MUSIC (Third Ed., 1973; first 
pub. 1958) by Arthur Jacobs Alpha¬ 
betically arranged entries covering 
composers, individual musical 
works, orchestras, performers, con¬ 
ductors, musical instruments, and 
technical terms. 458pp., softbound. 

Each $5.95 

P 8 INTRODUCING MUSIC by 
Otto Karolyi. Even if you've listened 
to music for years, you may be sur¬ 
prised at how little you know about 
its fundamentals. A beautifully 
basic and spare introduction to the 
grammar and vocabulary of mu¬ 
sic-enough to understand the lan¬ 
guage without speaking it. It will 
deepen almost any non-musician 
music lover's pleasure in listening. 
174pp., softbound. Each $3.95 

McGRAW-HILL 
MH-l HANDBOOK FOR ELEC¬ 
TRONICS ENGINEERING TECH¬ 
NICIANS by M. Kaufman and A H. 
Seidman. A comprehensive com¬ 
pendium of electronic facts. Com¬ 
ponent selection, circuit analysis, 
power supplies, IC uses and char¬ 
acteristics, op amps, transistors, 
batteries and tubes. A one-volume 
encyclopedia on how components 
work and how to choose the best of 
them for your application intelli¬ 
gently. 740pp., softbound. 

Each $32.90 

MH-2 HOW TO MAKE 
PRINTED CIRCUIT BOARDS by 
Joel Goldberg. All the topics on mak¬ 
ing your own circuit boards are 
covered both in theory and in prac¬ 
tical advice: design and layout, art¬ 
work preparation, photo layout, 
silk screening, and etching. 

Each $6.50 

ORDER BLANK: 
Old Colony Sound Lab 
PO Box 243 
Peterborough NH 
03458 
To order from Old Col¬ 
ony Sound, please write 
each book's number be¬ 
low with quantity of each 
and price. Total the 
amounts and remit by 
check, money order, or 
MasterCard, or Visa/ 
BankAmericard. Please 
add 50c for postage on 
the first book; 25c per ad¬ 
ditional book. $10 mini¬ 
mum order on credit cards. 
Canadians please add 
10% for postage. All 
remittances must be in 
U.S. funds. Please use 
clear block capitals. 
Name _ 

Street & No._ 

Town_ 

State _ 

ZIP_ 

No. Bks. Price 

.... Book No. $. 

.... Book No. $. 

.... Book No. $. 

.... Book No. S. 

Postage $. 

Total $. 
Please add $ 1 service charge to 
all charge card orders under 
$10. Prices subject to change 
without notice. 
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A strongly opinionated cautionary tale 
of one man's fifteen-year search for the 
ultimate home built speaker system 

A SPEAKER BUILDER'S 
ODYSSEY: part IV 

BY ROBERT CARLBERG 

SYSTEM 9: FULL RANGE PANELS. I 
was so pleased with my speakers' perfor¬ 
mance that when the money came up (in¬ 
come tax '78, I think), I ordered a second 
JBL woofer to complement the first. It 
had to be specially ordered because in 
the intervening two years the maker had 
taken it off the separate component 

market. I knew it was still available, 
however, because JBL uses the 124A in 
the 4315 Studio Monitors, in a cabinet 
that is simply terrific for them. 
1 decided I wanted two woofers 

because I was having some difficulty 
deciding how to supply signal to a center¬ 
channel subwoofer. Do you filter out the 

SIZE 22 "WIDE »6 "DEEP” 
4 4" HIGH 5 4 O O ! N 3

lows from just one channel, try to com¬ 
bine both, or take a line-level output 
from the preamp to a subwoofer amp? 
This last option would have been the 
best, but I had difficulty finding an active 
crossover circuit that would matrix the 
two channels while still maintaining 
stereo separation. I was using a passive 
crossover for the first method, which 
soaked up a lot of power and occasional¬ 
ly created some odd imaging problems 
(as in old stereo demonstration disks 
with 100% stereo separation). My solu¬ 
tion was one subwoofer per channel. 
I briefly considered building one dou¬ 

ble subwoofer cabinet for center¬ 
channel, but decided against it on the 
basis of discoveries in another experi¬ 
ment with the Three Panels. The ears are 
supremely sensitive to phase relation¬ 
ships; this is how sources of noise are 
placed for depth and location. If you 
don't believe me, put your favorite 
stereo record on in mono and try to 
determine the kind of room in which it 
was recorded. 
I discovered this when first aligning 

the high-frequency elements. At first I 
mounted the midrange and the tweeter 
side-by-side, but they proved to be near¬ 
ly impossible to time align in this con¬ 
figuration. Even my slightest movement 
—for instance, walking in front of them— 
profoundly changed their relative align¬ 
ment to my ears. I'm not talking a mere 
15 degrees as in vertical movement, but 
up to 90 degrees in horizontal move¬ 
ment. The only possible conclusion was 
that I had to mount the tweeter above the 
midrange, in a vertical line. In this con¬ 
figuration, I could walk anywhere in 
front of the speakers, even between 
them, with no image instability. 
Since I had already learned that the 

alignment of the subwoofers was almost 
equally critical, I had to rule out placing 
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them at some horizontal distance from 
the rest of the drivers. They would have 
to be aligned vertically. So, using the 
former subwoofer cabinet and its newly 
built twin, I free-mounted the midranges 
and tweeters to make Full-Range Panels. 
The old Lafayette 8" woofers were 

again returned to the bookshelf cabinets, 
with Calrad tweeters, for a second 
system. 

1 was surprised to find the Full-Range 
Panels were an excellent system, with 
quite satisfactory low-end imaging (after 
all, high frequencies are extrapolated 
from the wings). It was like getting an en¬ 
tire new record library, as each record 
revealed previously unnoticed details 
and basslines. 1 was at last approaching 
my goals in sound reproduction. 
1 spent months listening to them and 

comparing them with the other available 
high-quality systems—Dahlquists (ane¬ 
mic low end), Snells (woofer faces down¬ 
ward, for some odd reason), Acoustat 
electrostatics (good highs, but low power 
capability), Magneplanar Timpanis 
(again good in the highs, but perhaps 
over-forward in the mids). I was con¬ 
vinced my own system was, on the 
whole at least, as good as anything com¬ 
mercially available, especially taking the 
$500-a-pair price into account. 

SYSTEM 10: MARC'S TENS. The next 
move came in response to another com¬ 
mission, this from a friend (Marc) who 
liked my Full-Range Panels, but wanted 
something with a bit more finish. The 
Panels had been worked over several 
times, and they weren't very dressy-
looking. 

For him I returned to an earlier concept 
—the minimal baffleboard idea of the 
Omni Towers. I designed a cabinet that 
provided visual interest by its transition 
from a square base to a truncated-
pyramid front, finished again in easy-
care rosewood laminate, and set off by 
sculptured black grillecloth. 
For drivers we used the new Philips 

dome mids and Calrad tweeters, with an 
inexpensive CTS 12" woofer. The 
Lafayettes by now were strictly special¬ 
order and priced beyond what my com¬ 
missioner was willing to pay. They 
turned out to be serviceable units, not 
nearly as good as the JBL's (and $100 
more), but much better than the Speaker¬ 
labs (at about $20 more). They responded 
well to my established cabinet geome¬ 
tries, and the system as a whole was son¬ 
ically, as well as visually, a modest 
success. 

NEXT TIME: MARK ELEVENS 

soundbox 
SPEAKER KITS & PARTS 

—IN STOCK-

SHERMAN 
RESEARCH 
• polypropylene 

subwoofers (dual V.C.) 
• Steel-lam coils 
• crossovers 

Catalog $2.00 

SOUNdboX 
841A S. American st., Dept. SB 

Philadelphia, PA 19147 
(609)662-4530 (215)389-3658 

APPROX SIZE' 24" W I D E X 40 " H I G H « 
I 2" DEEP 3780 IN 3

6000.6 
phase correct 

electronic 
crossover 
The new 6000-6 is designed 
to improve your system by 
eliminating crossover errors 
and passing perfect square 
waves. A plug-in module 
allows convenient frequency 
change (from 40-16,000 Hz). 
Level controls on rear, 1% 
components used. Model 
6000-6 $175 PPD. Other 
models from $16.25. Free 
folder/reviews. ACE AUDIO 
CO., 532-5th St., East 
Northport, NY 11731-2399. 
(516) 757-8990 



Tools, Tips & Techniques 

Acoustical Sums 

Nelson Pass' crossover article in SB 2/82 
addresses the phase issue with practical 
completeness not seen even in the Jour¬ 
nal of the Audio Engineering Society. 
Several landmark articles come close.1’6 
All are in the JAES Speaker Anthology. 
The JAES articles and some experimenta¬ 
tion led me to most of Pass' conclusions. 
I found a summing crossover electrically 
accurate and acoustically deviant. 
Perfect drivers still will not sum because 
they are non-coincident and energy in 
the room will not cancel the low pass 
response bump completely. 
To build on the Pass article my solution 

to poor acoustic summing and the 6dB 
per octave rolloff ¡Fig. 1, Curve A) from 
the summing half is a hybrid crossover 
with attributes of summing and indepen¬ 
dent filters. The 0.033gF cap in the feed¬ 
back loop rolls off the low pass to 12dB 
per octave and smoothes out the bump 
(Fig. 1, Curve B|. The 0.033gF cap on the 
noninverting leg compensates for the 
shelving effect he speaks of (Fig. 1, Curve 

C). The crossover fills in the dip at the 
crossover point and blends well between 
my horn loaded AMT's and woofer 
enclosures. Not a perfect solution, but 
the best Pve heard yet. 

Ken Rauen 
Detroit, MI 48221 

l.J. Robert Ashley, "On the Transient 
Response of Ideal Crossover Networks," 
JAES, July, 1962. 

2. Richard H. Small, "Constant Voltage 
Crossover Network Design," JAES, January, 
1971. 
3. J. Robert Ashley and Allan L. Kaminsky, 

"Active and Passive Filters as Loudspeaker 
Crossover Networks," JAES, June, 1971. 

4. G. L. Augspurger, "Electrical Versus 
Acoustical Parameters in the Design of 
Loudspeaker Crossover Networks," JAES, 
June, 1971. 

5. J. E. Benson, "An Introduction to the 
Design of Filtered Loudspeaker Systems,” 
JAES, September, 1975. 

6. Siegfried H. Linkwitz, "Active Crossover 
Networks for Non-Coincident Drivers," 
JAES, January/February, 1976. 

DQ10 Fix_ 

After two years of use, I discovered that 
one of the tweeter controls on my Dahl¬ 
quist DQ10 speakers had become 
scratchy. A voltmeter across the tweeter 
terminals confirmed that it had become 
erratic as well. I removed the controls 
from both speakers and found that both 
were horribly burned. 
Dahlquist said that burned or scratchy 

level controls were evidence of speaker 
abuse, but my 200W amplifier was 
within the specified power rating of the 
speaker, and I had always used the 
recommended fuses. Still, Dahlquist was 
happy to sell me replacements at $3.35 
each. This is not terribly expensive, but I 
would recommend that you replace the 
stock 3W, 25Í2 pot with one that has 
higher power-handling capability. 
The moral of this story is that DQ10 

owners should be prepared to replace the 
level controls after a couple of years. I 
wonder if burned level controls are at the 
root of the problems with the often-
maligned Dahlquist top end and if they 

FIGURE I: Rauen's crossover produces these effects. 

FIGURE 2: This active crossover solves some of the problems Rauen en¬ 

countered with other designs. 
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have inspired the tweeter modifications 
that have been flooding the market. 

Tom Nousaine 
Wixom, MI 48096 

Room Boom 

Here's a message for all you out there in 
rear/floor firing subwoofer land. Are 
your concerts held in a room with 
wooden floors and rattling paneled 
walls? Do you get reverberation and un¬ 
natural response peaks? I hear you— 
loud, but not clear. 

Next to a remodeling job, the best solu¬ 
tion I can suggest is an 18" x 18" foam 
rubber cushion that you would normally 
use to make wheelchair seats more com¬ 
fortable. What is different about this 
cushion is its "acoustic" shape. It has 75 
3"-high ridges and dips, which are 
responsible for its designation as an 
"egg-crate cushion." You can buy such a 
cushion at a medical supply store. 
I have two vented subwoofer units, 

one 10" and one 127 that fire indirectly. 
Placing one or more "egg crates" 6" to 
10" from the woofer on the reflecting sur¬ 
face helped tone down much of the room 
boom I was getting. 

Doug Cabaniss 
Sullivan, IN 47882 

Bigger by Stuffing_ 

I recently read an article that said an in¬ 
crease of up to 40% in apparent speaker 
box size is possible by stuffing the 
enclosure with fibrous material. The 
author did not recommend exact stuffing 
quantities, however, so I did my own 
simple experiment to determine how 
much you could expect the effective size 
to increase with various stuffing den¬ 
sities. I experimented with long-fiber 
wool and Poly Fiber-fil, a product nor¬ 
mally used for stuffing toys. The latter is 
100% polyester. 
I used a driver of known free-air 

resonance and VAS, then compared the 
system resonance of this driver in a 1 ft? 

test box at various levels of filling to the 
free-air resonance. I then solved Small's 
sealed-box design equation for box 
volume (Vb). Table 1 shows my results. I 
had only a small amount of the long¬ 
haired wool, so I did not include den¬ 
sities of more than one-half pound per 
cubic foot. 
Not surprisingly, I confirmed the 40% 

increase, but found it occurs only at a 
given density. More interestingly, 
perhaps, is that the polyester material 
seems to be more efficient at increasing 
volume than the wool. 

Tom Nousaine 
Wixom, MI 48096 

Test Results 

Density % Increase Vb System Resonance 

(Ib./ft?) Wool Poly Wool Poly 

1 ÕIIÕ 575 575~ 

.25 +9% +13% 55.5 54.6 

.50 +27% +28% 52.1 51.8 

.75 +35% 50.8 

1.0 ■ +40% 50.0 

1.25 ■ +37% 50.5 

1.50 - +14% 54.4 

Test Equipment 

• Test box— I ft’ internal volume 

• Heath IG 18 signal generator 

• Heath IM4I00 frequency counter 

• Heath IM5225 FET multimeter 

•KEF B200-SPI039 8" woofer 

-Fs 22.4, 9660 in? 

Sealed-Box Design Equation 

Vb=^/[(Fb/Fs)2- I] 

TABLE I: As you can see, stuffing the enclosure can increase the apparent box size. Note especially the bigger in¬ 
crease with polyester stuffing. 

LOFTECH TS-1 AUDIO TEST SET 

$299.00 
• Audio Oscillator 
• Decibel (dB) Meter 
• Frequency Counter 

203 6434484 

PHOENIX SYSTEMS, Inc. 
91 ELM STREET MANCHESTER, CT 06040 

PERFORMANCE CHARACTERISTIC 

Frequency range 
Level accuracy 
Harmonic distortion 
Maximum output level 
Output impedance 

Meter Range 
Accuracy 
“0” ref adjustment range 
Input impedance 

Frequency range 
Accuracy 
Input level 
Input impedance 

MANUFACTURER S SPEC Audio Oscillator Section 

15 Hz to 30 kHz 
±0.25 dB 
0.25% 
+18dBV 
50 ohms, unbalanced 

Decibel Meter 
-50 to +24 dB (re: 0.775 V) 
within 0/0.25 dB 
-10 to +8 dBV 
> 100 K ohms 

Frequency Counter 
1 Hz to 99.99 kHz 
+ 1 count 
-40 dB to +24 dB (re: 0.775 V) 
100 K ohms 



Craftsman's Comer 
Brute Force Bass PA. Enclosure 

I drew the accompanying plans to use as 
a low-end reinforcement to an existing 
Bozak RA. column. The 250-pound col¬ 
umn needed the optional 2x4 support, 
but you can eliminate it if you use the 
enclosure alone. 
I designed the enclosure specifically 

for a 15-inch Altec driver (421-8H) to be 
driven by a 300W/channel McIntosh, 
which requires the extra thick wood and 
additional bracing. This driver has about 
a dozen stiffening members on the back 
of the mounting lip (where a front¬ 
mounted woofer would normally be 
placed), so you must rear-mount the 
driver, which requires a removable front 
baffle. Three 5-inch-long and 18 4-inch-
long hanger bolts hold this in place. In¬ 
stall these bolts by locking two nuts onto 
the machine-thread end of the bolt and 
then screwing the wood-thread end 
(which you cover with glue) into the 2x2 
or 2x4 pilot hole. For maximum 
strength, I did not countersink the bolts 
to keep the hex nuts flush, but you have 
that option. I have used these bolts on 
four water-bed frames (three per corner), 
and they are quite strong, certainly 
stronger than T-nuts. The finished 
speaker should weigh well over 100 
pounds. 
Nothing is fancy about this enclosure 

design. It is merely an 8 to 9 ft? sealed box 
with the emphasis on rigidity (and ugli¬ 
ness), but it does have a specific purpose. 
By the way, I'd like to congratulate 

Techart Associates on their outstanding 
illustrations in SB. As a professional 
draftsman, I enjoy seeing good work, and 
their drawings really look sharp. 

Steve Ball 
Austin, TX 78745 

Figure I: Cutting guide for bass enclosure. 
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ASSEMBLED SECTION "B-B1

©• e7'V z^ cut to y width 
foK. ri^HT &IOE 

®-277e Z‘ + rot. LEFT Side 
OOAKO (UOT «HOWM). 

®- WZ«' Z -A BETWEEW Q 4 © 
OH CEUTEELNE. 

OPTIONAL Z-4'S TO 
SUPPORT PA COLUMNS 

VOLUME COMPEKlSKTIOM 

Figure 2: The author designed this enclosure for a 15-inch Altec driver to be driven by a JOOW/channel 

McIntosh. This accounts for the extra-thick wood and additional bracing. 

Figured: The driver and removable front baffle are held into place by three 5-inch and 18 4-inch bolts. 

On the basis of his experience in building water beds, the author chose these bolts for maximum 

strength. For additional support, add the optional 2x4’s to the P.A. columns. 

O/d Co/ony’s 

BARGAIN 
BASEMENT 
BONANZA 

A once-in-a-lifetime purchase allows Old 
Colony to otter readers some unusual value 
in electronic parts. All are brand new de¬ 
vices. Quantities are strictly limited and are 
offered on a first-come, first-served basis. 

TRANSISTORS 
BT-40361 TO 5 NPN Ea $ .80 
BT-40406 TO 5 PNP Ea $ .90 

QUALITY CAPACITORS 
BC-1 TRW, 5^F/200V ±20% Polypropylene 
units. 1 % X %" Pair $19.00 
BC-3 Sangamo 5700/iF @ 30VDC Electrolytic 
Low ESR. Insulated can. Pair $16.50 

UNUSED SURPLUS 
BC-4 1500gF/80V Mallory Electrolytic. 

Ea $2.50 
BC-5 2500/rF/80VDC, 105V Surge Electroly¬ 
tic. Ea. $3.50 

MARSH MOVING COIL 
PRE-PREAMP SURPLUS 

BC-7 2/xF 50V Metallized Polycar¬ 
bonate Ea $3.00 
BC-8 10^F 50V Metallized Polycar¬ 
bonate Ea $9.00 

Send all orders to 
OLD COLONY SOUND LAB 

BOX 243 PETERBOROUGH NH 03458 
M/C or VISA Charge Orders: (603) 924-6526—9-4 M-F. 

SHERMAN RESEARCH 

crossovers possible to achieve 
their true potential. This means: 
• Low DCR inductors 
• Mylar capacitors for highs 
• Steel core inductors for lows 
• Heavy copper clad P.C. boards 
• Phase & Amplitude correct 
design 

Distributed by: 
Sound Box 
7057 Rt. 38 

Pensauken, NJ 08110 
(609) 662-4530 
SRC Audio 

3238 Towerwood Dr. 
Dallas, TX 75234 
(214) 243-4145 
(800) 221-0251 
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Kit Report 
’"he Timbrels 

FIGURE I: The Audax l-inch tweeter response curves on axis and 30° off axis, as well as its im¬ 
pedance curve. 

(dB SPL) (Q) 

FIGURE 2: The Audax 6!6-inch bass/midrange driver (HDI7B25H) curves on axis and 30° off axis, 
plus its impedance curve. 

A longer while ago than I care to admit in 
print, Bill Nye of The Speaker Works, 
which is located in the wilds of northern 
New Hampshire (Box 303, Canaan, NH 
03741) supplied me with a nice set of 
Audax drivers and a reprint of a con¬ 
struction article from England’s Hi-Fi 
Answers on how to build the Timbrel 
loudspeaker. This bookshelf design has a 
fine pedigree, and I am sorry I did not get 
around to building it with more dispatch. 
Bill has since decided to leave the speak¬ 
er business, but he is having a closeout 
sale. (See SB 1/83, p. 37.) 
Malcolm Jones, technical director of 

Falcon Acoustics of Norwich, England, 
designed the Timbrel. Mr. Jones also, in 
case you didn't know, left KEF a few 
years ago to form his own business, 
specializing in crossover networks. He 
designed some justly famous devices for 
KEF before his departure and is con¬ 
sidered by many as something of a 
wizard in crossover technology. The 
Timbrels are small, closed-box units, 
each measuring a mere 10 by 17 by 8 in¬ 
ches and having a volume of slightly 
more than 0.5 cubic feet. Drivers, 
crossovers and construction materials 
should not cost much more than $150 a 
pair, depending on shipping costs and the 
box material you choose. 
The tweeter for this two-way design is 

the Audax l-inch HD12x9D25 soft-dome 
driver. Figure 1 shows the manufacturer's 
response/impedance measurements. 

i The bass/midrange is the , Audax 
JKU7B25JJ with a 25-ounce, 15k gauss 
magnet and a smooth response below 
5kHz ¡Fig. 2). Its cone is bextrene with a 
plasticized PVC (polyvinyl chloride) sur¬ 
round (the cone's hinge) and is alleged to 
be better at cone damping than neoprene 
units. Audax makes a similar unit with a 
much smaller magnet, the HD17B25J, 
which does not give the same per¬ 
formance in this unit and should not 
be used. 
'The crossover is an assembled, passive 

design by Malcolm Jones, crossing at ap¬ 

proximately ( 2.4kHz.X He carefully 
selected the elements to deal with 
speaker impedances at the crossover 
point and other factors involved in 
designing a practical and effective 
crossover. 
The dimensional details of the 

enclosure appear in Fig. 3. You can recess 
the bass/midrange for flush mounting by 
first routing a Ya-inch or wider circular 
groove 3/i6 inch deep and 6% inches in 
diameter in the front panel. A jigsaw on a 
circle cutting rod is best for cutting the 
57/s-inch speaker hole. See Fig. 4 for the 
cutout details for the tweeter mounting. 
The two panels are laid out to mount 

the drivers 'A inch off center, mirror im¬ 
age for left and right, to minimize diffrac¬ 
tion effects. Both drivers are front 
mounted for easy replacement and ac¬ 
cess to the interior. Neither the back nor 
the front panels are removable. A small 
cutout on the rear panel allows you to 
mount a pair of five-way or some other 

binding posts on a stiff metal or hard 
masonite subpanel attached to the inside 
wall of the box. Be sure to caulk it 
thoroughly to prevent air leaks. 
All the joints are simple butt types 

glued with liberal amounts of carpenter's 
water-based adhesive. They are screwed 
together with l'/a-inch No. 6 flat-head 
wood screws. You should also reinforce 
all joints with %-by-%-inch battens glued 
and screwed together. Avoid solvent¬ 
based adhesives whose' vapors can 
damage the drivers' cones. If you must 
use such a glue, allow plenty of time for 
thorough drying and for vapors to leave 
the enclosure. Figure 5 is a cutting guide 
for the simple parts for two enclosures. 
Preferred enclosure material is %-inch 

chipboard, although high-grade plywood 
is also acceptable. Paint the speaker 
panel matte black before assembly. 
Figure 6 details two methods of 
constructing a frame for an acoustically 
neutral grille cloth. To lessen diffraction 
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effects, either bevel the inner edge to 45° 
or affix a strip of jute rug pad to the inner 
edge. 

The designer of this enclosure strongly 
recommends using a special SVa-by-lO'/z-
by-l/2-inch bituminous felt pad affixed to 
the back panel as a minimum means to 
absorb wall resonances. Several manu¬ 
facturers, including KEF and Spendor, 
reportedly use this type of material in 
their commercial products. The materi¬ 
al, widely available in England, is im¬ 
ported into the US by several suppliers, 
two of which are listed at the end of this 
report. 
The panels look like laminated layers 

of roofing or builder's felt that has been 
soaked in diluted roofing cement. They 
have a damp feel and are slightly flexi¬ 
ble. Bill Nye suggests installing addi¬ 
tional half sheets on side walls and 
quarter sheets on top and bottom panels 
if you want to ensure that panel 
resonances are damped. This adds up to 
two and one-half sheets per enclosure, or 
five for the pair. These retail from 
speaker supply houses for about $4 each, 
but the results are worth the extra invest¬ 
ment. 
Your local lumberyard or builder's 

supply may sell a similar product called 
Greylite Sheathing. It is available in 4-by-
8-foot, Vi-inch-thick sheets, which you 
can cut with a sharp knife. The price 

\locally is $5.50 per sheet. If you cannot 
locate that product, ask for sidewalk and 
driveway expansion joint filler, which 
usually comes in 4 or 5-inch-wide strips 
that are 5 to 10 feet long. 
Use an organic or water-based roofing 

adhesive to mount the panel. Larry Hitch 
at Madisound suggests using a tile ce¬ 
ment madeTõrmstalling~ceramic floorer 
wall tiles. This cement is available from a 
tileshop orbuilding supply store. He ad¬ 
vises you to wear gloves, smear the ce¬ 
ment liberally over the inside walls, wait 
20 minutes and then press the bitumi-

FIGURE 4: Cutout details for the tweeter 

mounting. Note the '/,-inch recess, which allows 

you to flush mount the unit’s steel plate. 

nous panels in place. You can also hold 
them in place with a small finishing brad 
in each corner while slower adhesives 
set. 
To absorb back wave in the closed 

chamber further, roll a 24-by-l-by-72-
inch piece of cotton batting (the English 
refer to is as BAF wadding) into a fat 

sausage shape and insert it through the 
larger speaker hole. Arrange it inside so 
that it does not constrict the bass driver 
cone. An equivalent amount of fiberglass 
will accomplish the same result, al¬ 
though is is difficult to handle without 
gloves and can contaminate driver voice 
coil/magnet gaps. Alternatively, use the 
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Kit Report 

same quantity of polyester or dacron 
fiberfill (available from fabric shops) to 
get the same effect more neatly. 
Mount the crossover on ‘/z-inch stand¬ 

offs inside, near the bottom of the rear 
wall, close to your terminals and away 
from the bass/mid magnet. Solder the 
wires from the crossover to the terminals 
and bring out the driver leads through 
their respective holes. I used Neglex/ 
Mogami speaker wire to make all inter¬ 
nal connections. The Falcon 21b cross¬ 
over supplied with the kit I assembled 
was not marked for output connections. 
In case you get one in which the little 
guide for proper connections is not sup¬ 
plied, the 21b's connections are as fol¬ 
lows, from left to right looking at the 
solder side of the board and counting 
from one through six: 
Woofer 1 + , 2-; Tweeter 3 + , 4-; In¬ 

put 5-,6+. 
Use a length of thin weather stripping 

or Mortite® to make an airtight joint be¬ 
tween driver frames and cabinet cutouts. 
Make pilot holes for wood mounting 
screws and install the drivers, carefully 
protecting the cones by placing one hand 
around the screwdriver blade while driv¬ 
ing the screw. Even better, use No. 6 Tee 
nuts behind the panel, with appropriate¬ 
ly larger mounting holes. After soldering 
the crossover leads to the speakers, use 
No. 6 machine screws to mount the 
drivers. Be sure to observe the red dot 
mark on the drivers indicating the 
positive terminal. 

Power handling of these units is a rated 
maximum of 30W, although normal 
music signals through a 50W-per-
channel amplifier should be safe, par¬ 
ticularly if the amplifier has overload 
protection. These are not rock-and-roll 
monitors, however. About 15W is 
minimum. The speakers are remarkably 

FIGURE 6: Grille frame construction details 

show methods of either beveling the inner edge 

or adding jute rug pad material to diminish dif¬ 

fraction problems. 

smooth in the bass region, giving much 
more apparent response below 100Hz 
than would seem possible in so small a 
pair of enclosures and drivers. Avoid sus¬ 
tained sine-wave testing for response. 
Tone-burst tests, however, showed a 
speaker under very good control. Some 
English reviewers of the unit have noted 
a minor lack of smoothness and integra¬ 
tion in the upper midrange and find the 
speakers do not perform quite as well as 
the LS3/5A, for example. You should be 
able to assemble a pair of Timbrels for 

Materials List Per Pair of Speakers 

3/4-inch (18mm) chipboard 

Front/back—15/r X 8/¡ inches, 4 pieces 

Sides—17 X 8 inches, 4 pieces 

Top/bottom—8/¡ x8 inches, 4 pieces 

Battening— 3/< X inch. 21 feet 

Screws— IJ4-inch X No. 6 flat head, one gross 

Fiberglass or equivalent—24 X I inch, 2 yards 

Bituminous Panels (see text), 2 

Audax HDI7B25H drive units, 2 

Audax HD 12x9D25 tweeters, 2 

Crossover Networks—Falcon 21b, 2 

Recessed input panels & connectors, 2 

Materials Sources 

Speaker Works 

RO Box 303 

Canaan, NH 03741 

(603) 523-7792 

Madisound 

8982 Table Bluff Road 

PO Box 4283 

Madison, Wl 53711 

(608) 767-2673 

less than $150, however, and for that sort 
of investment, you can't do much better. 

Edward T. Dell 
Editor/Publisher 

Editorial 
Continued from page 6 

municating orally. In this age of the 
WATS line many people would pre¬ 
fer to telephone than to write. If a 
business doesn't have a telephone or 
doesn't answer it from 9 to 5, then 
the business doesn't exist for such 
callers. 

Several readers have called to ask 
about one particular vendor in the 
last month or so—Atlas Circuits (PO 
Box 892, Lincolnton, NC 28092). I 
wrote to the owner, Richard Allran, 
and he assured me that the company 
is alive and well, making single¬ 
sided circuit cards, one off, at 38 
cents per square inch plus one cent 
per hole for drilling holes (all must 
be No. 60 size). Atlas has an informa¬ 
tion sheet on all its services for in¬ 
terested readers. But don't call the 
office—you may or may not find 
someone at home. 
Telephone addiction leads to other 

problems, too. We get lots of phone 
calls asking questions such as " What 
does Old Colony's Williamson amp¬ 
lifier sound like—compared to 
XYZ's Model 23?" and "How can I 
modify my Kresge X01 speakers to 
sound better?" 
Obviously, we can't answer such 

questions by phone—or even by 
mail. Other questions such as "May 
I have author Jones' telephone num¬ 
ber?" are, for other reasons, unans¬ 
werable. We ask any of you who 
want to communicate with an author 
or fellow reader to write to him or 
her in care of the magazine, includ¬ 
ing a stamped envelope with your 
name and address on it. We will for¬ 
ward it to the person. That way the 
author's privacy is preserved. 
The telephone is a great device. 

We like and use it a lot and urge you 
to use it for credit card charge orders 
of subscriptions, back issues or 
whatever. (Our subscription service 
desk is open from 9 a.m. to 4 p.m. 
daily, Monday through Friday.) But, 
please, use our phone—and your 
own—in moderation. □ 

32 Speaker Builder I 2/83 

L 



SB Mailbox 

CD SUPPORTER 
“The Digital Decision" editorial in 1/83 
(p. 6) brought my attention front and 
center immediately, as I am currently 
manufacturing laser optical reflective 
video disks at Technidisc, a subsidiary of 
Producers Color Service. 
The compact disk (CD) holds more 

promise for acceptable manufacture 
than the press and record and audio 
equipment manufacturers would have 
us believe. Although Technidisc is the 
only American producer of laser video 
disks—since IBM and MCA merged, and 
DiscoVision Associates (DVA) and 3M 
went out of the business—the technology 
is not as overwhelming as it seems. 
The compact disk is made by the iden¬ 

tical process as the laser video disk, dif¬ 
fering only in its format (digital vs. FM), 
playing speed (several hundred RPM vs. 
1,800 RPM) and size (4.7 inches vs. 11.8 
inches). In addition, the CD is one-sided, 
while the laser disk is two-sided. The last 
two differences are to the CD's advan¬ 
tage, but the first two are inconsequen¬ 
tial. Actually, the digital mastering elec¬ 
tronics are considered “duck soup," and 
the CD should be easier to produce. It 
also has a more elaborate error¬ 
correction scheme to suppress defects 
(which are as difficult to control as those 
in semiconductors) of microns in size 
and on a larger substrate. 
There has been too much hype that 

"Americans can't do it,” as Sony in¬ 
sinuated in a Los Angeles press release 
last fall. DVA's failure last year and hasty 
business community analysis have seem¬ 
ingly supported this conclusion. 
Americans can do it, and the world can 

have CD. We must create that con¬ 
sciousness. 

Kenneth M. Rauen 
Detroit, MI 48221 

ESL EXPERIENCE 
In response to Ronald Wagner's response 
to Roger Sanders' articles on Electro¬ 
static Speakers [SB 4/80, p. 32), I have 

had several telephone conversations and 
letters from Roger Sanders in the last two 
years because I liked his TAA articles 
and became convinced that ESLs would 
be worth trying. 

I built four ES panels of Roger's design 
using welding rods and mylar film pur¬ 
chased from him. The effort in time and 
dedication is great, but the task was com¬ 
pleted, and the panels tested full range 
on an H.H. Scott tube amplifier. 
I have never heard such purity of 

sound from any system, including Frank 
Van Alstine's reference system (Magne-
planar's). Mr. Wagner appears to have an 
engineering background and speaks with 
mathematics. I, too, have an engineering 
education in electricity. Mr. Sanders, to 
my knowledge, has no strong math back¬ 
ground, but he does have much knowl¬ 
edge gained from experimentation and 
listening. This kind of knowledge is as 
important as engineering because it is 
our ears that have control of our check¬ 
book and know what is good and bad 
acoustically, no matter how good the 
math answers look. 
My decision to try ESLs was based in 

large part on Roger's statements that the 
builder would be satisfied beyond his ex¬ 
pectations—or words to that effect. In 
amateur publications such as TAA (and 
SB) these kinds of articles that stress 
what people wanted to try, how they did 
it and what their results were are all im¬ 
portant. Perhaps they are more impor¬ 
tant than all that math? 
I hope more persons like Sanders will 

tell us their stories. I hope, also, that the 
Wagners will report their math, but be 
more understanding when attempting to 
correct another author's work. 

Kent A. Doeling 
Minot, ND 58701 

PHASE QUESTIONS 
After reading your article on phase cor¬ 
recting crossovers (3/82, p. 14; 4/82, p. 
26), I am looking forward to building the 
Old Colony kit. 1 have some questions, 
however. 

Continued on page 35 

POLYPROPYLENE 
DUAL VOICE COIL 
SUBWOOFERS 

Sherman Research Dual Voice Coil 
Subwoofers allow you to input both 
right and left channels to one speaker, 
giving tremendous bass from one 
relatively small cabinet. Both the 8" and 
12" make incredible car stereo sub¬ 
woofers. 

8" Specifications: 
Impedance: 4 ohms/voice coil 
Qt .3 Fs; 30Hz Vas; 2 17 cu ft. 
1 cubic foot vented enclosure yields 
F3: 40Hz and less than ,1dB ripple 
12" Specifications: 
Impedance: 4 ohms/voice coil 
Qt: .48 Fs; 19Hz Vas; 7.9 cu. ft. 
5 cubic foot sealed enclosure yields 
F3: 26Hz; Resonance: 30Hz. 
Cabinet plans, matching crossovers, 
and additional specifications are 
available. 
Distributed by: 

Soundbox 
7057 Rt. 38 

Pensauken, NJ 08110 
(609) 662-4530 
SRC Audio 

3238 Towerwood Dr. 
Dallas, TX 75234 
(214) 243-4145 
(800) 221-0251 

ANKAI 
High Quality Crossover Networks 

Custom built for professional, home, 
and automotive speaker systems. 

Available in: 
2 way. 3 way. 4 way. and seperate networks for 

Subwoofer. Midrange, and Tweeter 
Impedance: 4. 8. 16 ohms 

Features: 
• Printed circuit board design 
• Impedance equalizing circuits 
• Attenuating circuits 
• Simplified L Pad connection 
• Color coded connecting leads 
• '2 db/oct slope 

Networks may be obtained with the desired cross¬ 
over points For more information, write to 
ANKAI ELECTRONICS. P.O Box 35391. 
Los Angeles Ca., 90035 

Distributor 

CIRCLE SOUND COMPANY 
2772 West Olympic Blvd. 
Los Angeles, CA 90006 

(213) 388-0624 

I4 



COMPONENT SIDE 

CORRECTION: 
BALLARD BOARD 
Bob Ballard has made some addi¬ 
tional corrections to his two-part ar¬ 
ticle on active crossovers /SB 3/82, 
p. 14; 4/82, p. 26). In Part II, the 
power supply connection area of 
the schematic on page 28 has two 
symbols, △ and *. The △ refers to 
the 531 IC, while the * refers to the 
4136 IC. In addition, pin 7 should go 
to positive VCC and pin 4 to 
negative VCC, which is opposite 
what appears in the drawing. 

Also in Part II on page 28, in the 
Parts List R44 should be 8.2k ohms 
and R46 9.1k ohms. 

Finally, we are printing a revised 
stuffing guide, which replaces the 
incorrect version that appeared in 
Part II. 

Revised stuffing guide for Ballard’s active 

crossover board. 
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In regard to the actual phase output of 
the high and low pass sections, 1 can see 
why they are in phase; but would one of 
them be delayed 360° in relation to the 
other, since one leads 180° and the other 
lags 180°? 
With reversed phase, should the 

drivers be connected with reverse polar¬ 
ity, so that compression (kick drum) is 
not perceived as rarefaction? 
A letter by Arthur Josselyn (4/82) on 

high quality speakers for musical in¬ 
struments prompted some thoughts I 
would like to share. Ideal sound systems, 
for whatever purpose, always involve 
tradeoffs. You can build a speaker to 
have a smooth, clean, wide-range spec¬ 
trum, but usually at the cost of efficien¬ 
cy, or you can reverse the priorities. If 
you have ever seen a full-size 30Hz bass 
horn, you realize why most groups don't 
have them: they are too large, heavy and 
costly to transport. 
My suggestion depends on whether 

your group uses a mixer and a reinforce¬ 
ment system or simply uses mikes on the 
instruments' speakers. For the latter 
case, you could use small, high quality 
monitors, providing you don't push 
them too far (just enough to hear on 
stage). If you don't mike the stage 
monitors, each speaker system should 
match the frequency spectrum of the 
particular instrument used. 
The industry is striving to bring sound 

reinforcement speakers up to the level of 
home high fidelity. I've personally heard 
several systems that would do a credit¬ 
able job in the home as well. More than 
one company (Pyle and Oaktron for ex¬ 
ample) offers a line of high performance 
drivers suitable for the demands of 
sound reinforcement systems. 

Clifford L. Dunning 
Portsmouth, NH 03801 

PASSIVE 
CROSSOVER HUNT 
I read with interest Nelson Pass's article 
about phase coherent crossover net¬ 
works /SB 2/82, p. 12) and was especially 
impressed by his passive 6dB/octave net¬ 
work ¡Fig. 4) using a capacitor/inductor 
system. 
My speaker system consists of a pair of 

SMGs and a Polk LF14 subwoofer. 1 
would like to triamp this system using a 
passive crossover network. I assume that 

the Polk subwoofer has the wide band¬ 
width required for accurate total system 
response, as the drivers appear to be the 
same ones Polk uses in its full-range 
systems. 
Can anyone suggest a circuit topology 

and crossover frequencies for such a 
system? Also, where can I obtain the 
large-value inductors suitable for such a 
system? 
Thanks in advance for any help. 

Bill Norris 
Pewaukee, WI 53072 

WHAT’S 
THE DOPE? 
Thank goodness for a magazine with 
ideas more advanced than "build a box 
and cut a vent hole to size until it sounds 

good." Your articles are becoming com¬ 
plicated, but are lucid for the most part. 
My question is this: does anyone know 

whether you can dope or impregnate 
paper or fiber drivers with a solution to 
lengthen speaker life, reduce humidity 
differences and help control breakup 
(distortion)? What specifically would this 
solution contain? Has anyone tried this, 
and what was the result? 

Steve Williamson 
Wayne, MI 48184 

See “The AR-1 Rejuvenated," SB 2182, 
p. 7.—Ed. 

ON THE Qt 
I have only one comment about Speaker 
Builder— excellent. I do, however, miss 
articles on reducing the QT of a speaker 

STEREOPHILE-THE LITTLE MAGAZINE THAT COULD-SINCE 1962 

All it took was a little organizational help, and J. Gordon 
Holt (the original undergrounder) is now cranking out his 
unique brand of audio observation, iconoclasm and keen 
insight at an unprecedented rate. It's our Twentieth An-

Subscription Rates - IO issues: 1st class Mail $24, 
3rd class Mail $20. 

Simply send check and address to 
Stereophile 
P.O. Box 1948, Santa Fe, NM 87501. 

All subscriptions commence with Issue V-l 
((March. 1982) unless otherwise specified 

Dealers Take Note: With our current frequen¬ 
cy of publication and low rates we may be 
ideal for your products. \Ne offer both space 
ads and classified ads with lead times (until ac¬ 
tual mailing) of 3 to 6 weeks. Our commercial 
classified ad rate is 4Oc per word; half and full 
page ad rates upon request 
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Order Your Speakers 
TOLL-FREE 

(800) 221-0251* 

Audax (Polydax) • Peerless • JBL 
Electrovoice • JVC • Motorola 
Sherman Research • Panasonic 

The best selection at the best prices. All new 1983 
catalog featuring polypropylene woofers and sub-' 
woofers, ribbon tweeters, complete technical 
specifications and hundreds of hard-to-find 
accessories. 

Call or write for free catalog: 
SRC Audio • Dept. SB 
3238 Towerwood Dr. 
Dallas, Texas 75234 

(214) 243-4145 

COD orders accepted 
Minimum order $25.00 

NEW THIS ISSUE FROM 
OLD COLONY 

KR 1 GLOECKLER/RMR MOVING COIL STEP UP TRANS 
FORMER [2/83]. Kit of all parts for a stereo unit except the wood 
switch cover. Two output cables are each one foot length Neglex 
#2534 with gold RCA output plugs. Hammond transformers, etched 
circuit board, Bud CU-234 diecast box (undrilled, unpainted), four 
gold RCA input jacks with nylon insulators, 5-way ground post, and 
two 9-way DIP switches are included. Postpaid in USA. $335.00 

LINE SURGE PROTECTOR. RCA voltage spike protector uses a 
varistor to suppress all switching and lightning spikes above 435V at 
your wall socket feeding sensitive equipment such as audio 
preamps, power amps, tuners, computers, and video equipment. 
Rated at 15A/125V the grounded, in-line, 3-prong unit is manufac¬ 
tured by G.E. Each $10.50 

Three or more— Each $9.00 

R 3 BORISH DIGITAL TIME DELAY ETCHED BOARD. Two 
sided with plated holes, 55/sx9" with parts location screened on 
board will be produced if enough readers indicate interest via post¬ 
cards to Old Colony. Estimated price—Each $22.00 

For a complete list of available kits and parts 
send us a #10 stamped, addressed envelope. 

OLD COLONY SOUND LAB 
PO Box 243, Peterborough, New Hampshire 03458 

Order Phone: (603) 924-6371 9-4: M E 

SB Mailbox 

system. I am experimenting with Small's 
recommendations about damping the 
speaker with resistive loading on the 
chassis holes or directly around the 
chassis. I have found that neither a bass 
system nor a mid system should have a 
Qts greater than 0.7. If you want super 
sound, it is better to have a QTS of 0.5. For 
mid frequencies, the procedure is rather 
complex. You can lower the QTS with 
damping, but I suspect that the higher 
frequencies can give you problems 
because of excessive reflection. 

James Wattstraat 
Groninsen, Netherlands 

70Hz MINI HORN 
Continued from page 13 

ACKNOWLEDGEMENTS 
1 thank Mike Schulz for commissioning the 
design and building of the corner horns, Mark 
Baca of Circle Sound for loaning drivers to aid 
in the search for the most appropriate one, 
and Manfred Buechler for the photographs. 

REFERENCES 
1. Keele, D.B., "Low Frequency Horn 

Design Using Thiele/Small Driver Param¬ 
eters," Audio Engineering Society Preprint 
1250, May, 1977. 

2. Edgar, B. C., "An Interview With PGAH 
Voight," Speaker Builder, 3/81, pp. 12-16,4/81, 
pp. 14-20, 22-24. 
3. Edgar, B. C. "The Tractrix Horn 

Contour," Speaker Builder, 2/81, pp. 9-15. 
4. Feeser, R.J., Letter, Speaker Builder, 4/81, 

pp. 39-40. 
5. Plach, D. J., and Williams, P. H.,"Reac¬ 

tance Annulling for Horn Loudspeakers," 
Radio-Electronic Engineering, Vol. 24, Feb., 
1955, pp. 15-17. 
6. Maxfield, J. P., and Harrison, H.C., 
Methods of High Quality Recording and Re¬ 

production Based on Telephone Research," 
American Institute of Electronic Engineering, 
Feb., 1926. (Also reprinted in Read, O., and 
Welch, W. L., From Tin Foil to Stereo, pp. 
459-481, Sams, Indianapolis). 
7. Keele, D. B., "Low Frequency Loud¬ 

speaker Assessment by Near Field Sound 
Pressure Measurement, "Journal of the Audio 
Engineering Society, Vol. 22, 1974, pp. 
154-162. 
8. Leach, W. M., "On the Specification of 

Moving Coil Drivers for Low Frequency Horn 
Loaded Loudspeakers," Journal of the AES, 
Vol. 27, 1979, pp. 950-959, and Letter, Vol. 29, 
1981, pp. 523-524. 
9. Dinsdale, J., "Horn Loudspeaker 

Design-3," Wireless World, Vol. 80, June, 
1974, pp. 186-190. 
10. Dinsdale, A., "Exponential Loud¬ 

speaker Horns," Wireless World, Vol. 21, 
Nov., 1927, pp. 664-666, 705-709._ 

36 Speaker Builder I 2/83 



Classified Advertising 

PRIVATE CLASSIFIED ADVERTISING SPACE up to 50 words in length is open to Speaker Builder's subscribers without charge 
for personal, non-commercial sales and for seeking information or assistance. The publishers reserve the right to omit any ad. Any 
words beyond 50 are 20 cents per word. Please type or neatly print ad copy on a separate sheet or card with your full name 
and address. 

TRADE CLASSIFIED ADVERTISING RATES: 35 cents per word including name, address and zip code—prepaid only. 10% dis¬ 
count for four insertions. Speaker Builder cannot accept responsibility for the claims of either the buyer or the seller. 

TRADE 
GOLD PLATED BANANAS DBP-9AU, eight 
solderless (set screw) plugs for up to 1 2 gauge 
wire, $14.95. DBP-9H, four red and four black 
bakelite plug handles, $5.50. DBP-9J, 5-way 
dual binding post rated 30A at 1,000V, gold 
plated hardware included, package of two. 
$15.95. DBP-8, 12 gauge speaker wire, 
$45.95 for 100 feet. NEW DBP-14, Gold 
Plated Spade Lugs solder or crimp, takes 
10-12 gauge, $5.95 per 8 pack. Include $2.50 
handling charge for orders under $45. DB 
SYSTEMS Main St., Rindge, NH 03461. 

T3/83 

OPEN REEL TAPES from studio masters 
Philips, Argo, Telefunken, Vanguard, Unicorn. 
Catalog $1.00 BARCLAY-CROCKER Room 
1470-L, 11 Broadway, New York, NY 10004. 

TTF 

GOLD LION, “INDIA,” and Telefunken tubes. 
Cramolin. Furman Sound. Hartley. Kimber 
Kable. Precision Fidelity. Sheffield. Sonex. 
Sony. V.P.I. Visa, MasterCard, and American 
Express. SOUND SERVICES, Box 414, Ryder¬ 
wood, WA 98581 , (206) 295-3521. T3/83 

WONDER-CAP' and other fine capacitors for 
the audiophile at reasonable prices Write for 
FREE info PRECISION AUDIO SUPPLY, PO 
Box 96, Downey, CA 90241. T3/83 

KEF, POLYDAX, DALESFORD—$46.80 pair 
for US manufactured equivalent 8" (1 Vi VC-20 
oz.) with SOTA copolymer cone and rubber 
surround. Immediate delivery Distributors, 
OEM’s pricing available, inquiries invited 
SEYMOUR SOUND SYSTEMS, 705 N 
Bowser, Suite 103, Richardson, Texas 75081, 
(214)644-7206. T3/83 

AEOLIAN LOUDSPEAKERS LTD. now makes 
available drive units of the highest quality: the 
ultimate bass and midrange drivers from 
FOCAL. Utilizing a new superior plastic 
diaphragm and two separate voice coils opens 
up new designs previously unobtainable; a high 
power handling version of the marvelous JOR¬ 
DAN module, and a new wide dispersion, high 
power ELECTROSTATIC. Call or write: 
AEOLIAN LOUDSPEAKERS LTD., Box 1005, 
W. Newbury, MA 01985, (617) 363-5495. 

T2/83 

JUMETITE LABORATORIES, the Canadian 
company that produces ribbon loudspeakers— 
more kinds and models of ribbon driver-based 
speakers than any other company in the 
world—announces a brand new ribbon “add¬ 
on” module. The RM-1 installs easily and gives 
new life to your hi-fi system by extending the 
high frequency dynamic range and adding 
crisp, clean high-end performance that only a 
ribbon can produce. Experience it. . Try a pair 
of RM-1 ribbon tweeters in your home for thirty 
days. If you are not delighted, we’ll refund your 
investment. For your RM-1s, send check or 
money order for $600 to: JUMETITE LABO¬ 
RATORIES, LTD., 943 Boblett St.. Blaine. WA 
98230. Credit card holders may call (201) 
343-8819. T2/83 

FREE 1982 CATALOG 
I00I Barpins—Speakers—Parts—Tubes—High 

Fidelity Components—Recorder Changers—Tape 
Recorders—Kits—Everything in Electronics. Write: 

McGEE RADIO COMPANY 
PE, HOI McGee Street, Kansas City, Missouri MUM 

SAVE 50%. Build your own speaker system. 
Write: McGEE RADIO ELECTRONICS, 1901 
McGee Street, Kansas City, MO 64108. T4/83 

“IN PHASE” 24dB/octave electronic 
crossover minimizes irregularity in radiation 
pattern through crossover region. 0.0008% 
distortion, 5 year warranty. Single frequency 
with power supply (specify) $523. DB 
SYSTEMS Main St.. Rindge. NH 03461. TTF 

POLYPROPYLENE 
WOOFERS FROM 
SPEAKERLAB. 
Neutral and non-resonant, they 
allow music to sound much more 
open and detailed We think ours 
out -perform all others and urge you to send for a 
FREE Speakerlaö catalog We also offer a wide 
selection of woofers, tweeters, midranges, musical 
instrument speakers, high-end car stereo speakers, 
and state-of-the-art home speaker systems 

spoakorlab 
1 Dept. SB3. 735 N. Northlake Way 

Seattle. Washington 98103 

SPEAKER BIBLE. Vital information, plans, 
kits, transmission lines, modified Panasonic 
Leaf Tweeters and more. Send $2 00 to NEW 
YORK ACOUSTICS, 578 Nepperhan Avenue, 
Yonkers, NY 10701. T2/83 

WE ARE ONE OF the largest independent 
manufacturers of crossover networks and 
speaker system accessories in the U.K., sup¬ 
plying manufacturers, retailers and export. We 
have a growing number of outlets in the U.S.A 
and Canada. Your guarantee is the trust our 
manufacturing customers put in the quality and 
reliability of our networks. If you have supply 
problems, please send for details: $2 bill Air, 
$1 bill Surface, to our mail order retail outlet: 
FALCON ELECTRONICS, Tabor House, Nor¬ 
wich Road, Mulbarton, Norfolk, England. T2/84 
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TRUCKLOAD sale, Ampex high quality open 
reel tape. 1,800' or 2,400' on 7" reels. Used 
once. Case of 40, $45 postage paid. Cas¬ 
settes, W/s" reels and test equipment 
available. MasterCard/Visa accepted. 
VALTECH ELECTRONICS, Box 6-SB, 
Richboro. PA 18954, (215)322-4866. T1/84 

Madisound 
Speaker 
Components 

8982 Table Bluff Road 
Box 4283 
Madison Wisconsin 53711 
(608) 767-2673 

Audax, Dynaudio, KEF, 
Philips Loudspeakers 

ESL TRANSFORMERS, $42 Mylar 48" x 30( 
$10. 12" Dynaudio woofers for T.L , $99. Post 
Paid SANDERS SYSTEMS, 1578 Austin St.. 
Atwater, CA 95301. T4/83 

LONG HAIR WOOL carded, cleaned for stuff¬ 
ing speakers. $12.50/lb. including shipping. 
J. EBBERT, 431 Old Eagle School Rd., Straf¬ 
ford, PA 19087, (215) 687-3609. TTF 

AUDIO CONCEPTS: Strathearn full range rib¬ 
bons, AC acoustic foam, Technics ribbons, 
polypropylene caps, oak-walnut enclosures 
.1—2.5ft3, Shadow Engineering electronic 
kits, Falcon and AC speaker kits. Moving coils 
from Audax, Dalesford, Dynaudio, Kef, 
Peerless, etc. Much more. Informed, helpful 
service. Fast delivery at guaranteed lowest 
prices. Demos by appointment. MC/Visa phone 
(608) 788-0366 9:00-5:00 CST M-F. Cata¬ 
logue $1.00, 1919 S. 19th St., LaCrosse, Wl 
54601. 3/83 

NEW GOLD PLATED PHONO JACK. Rear 
mount, gold plated, solid brass jack w/gold 
plated ground flag and hardware, $1.75 ea. Will 
interchange with Audio Research SP3A-1 
phono jacks. Gold plated solid brass shielded 
phono plugs, $2.00 ea. Send stamped self ad¬ 
dressed envelope for flyer and order form. 
Minimum order $10.00. OLD COLONY 
PARTS, PO Box 243, Peterborough, NH 
03458. 

TESLA TWEETER: At last, a very efficient 8 
ohm 40W round horn tweeter. Designed and 
produced by TESLA ELECTRIC COMPANY. 
None finer for under $40.00. Free brochure, 
1029 Maries Drive, Santa Ana, CA 92706. 

T4/83 

LOWER DIFFRACTION EFFECTS—black, 
woven rings. All sizes, specify I D. & O.D. 
$5/pr. includes postage. D. Jensen, PO Box 
448, Weimar, CA 95736. T3/83 

METAL FILM RESISTORS, RN55, 0.35W, 
107 values from 10 ohms to 1 Meg., 25c ea., 
10 per value/$1.80, 50 per value/$7.50. Send 
stamped self addressed envelope for list of 
values and order form. New gold plated brass 
rear mount phono jack, $1.75 ea. Gold plated 
shielded RCA type phono plugs, $2.00 ea. 
Minimum order $10.00, quantity discounts 
available OLD COLONY PARTS, Dept. SB, 
PO Box 243, Peterborough, NH 03458. 

STEREO SPEAKERS, KITS, COMPO¬ 
NENTS. Mylar Film capacitors, crossovers, 
coils, cabinets. Polypropylene woofers, mid¬ 
ranges. Dome and ribbon tweeters. Discount 
prices. Catalog $1 00 SPEAKER COMPO¬ 
NENTS, Box 297, Marlborough, CT 06447. 

T3/83 

RAW DRIVERS, ACCESSORIES, and lotsa 
help! Catalog 25C MENISCUS SYSTEMS, 

3275 Gladiola, Wyoming, Ml 49509. T3/83 

CABLE TV CONVERTERS & DESCRAM¬ 
BLERS. Plans and parts. Build or buy. For 
more information send $2 to C S O ELEC¬ 
TRONICS INC., PO Box 21, Jenison, Ml 
49428. T3/84 

JVC RIBBON TWEETERS: HSW-1101-01A 
$15 each, includes film crossover and freight 
(USA). ACR INDUSTRIES, RFD #1, Route 2, 
Preston, CT 06360. T2/83 

SPEAKER GASKETS: Finest quality 
neoprene for air-tight seals. Size & price each: 
314" Dome Tweeter $1.30. 2x6" Horn 
Tweeter $1.40. Midrange and Woofers 5"-
$1.50, 514 "-$1.60, 614 "-$1.70, 6x9"-$1.80, 
8"-$1.90, 10"-$2.00, 12"-$2.25, 15"-2.50. 
Send payment with order to TESLA ELEC¬ 
TRIC COMPANY, 1029 Maries Drive, Santa 
Ana, CA 92706. T4/83 

GOLD PLATED phono jacks $1.20, plugs 90c 
ea., $1.00 handling. Also custom 1% capaci¬ 
tors, 0.5% resistors. Details SASE. REFER¬ 
ENCE AUDIO, Box 368M, Rindge, NH 
03461. T4/83 

AUDIOPHILE ACCESSORIES 
DBP-2J SWITCH BOX.45.95, AU (gold jacks).54.95 

Selects between up to 4 phono inputs. Used with D8P-6 or 6MC, 
allows tor selectable loading of cartridges. 

DBP-6 PHONO EQUALIZATION KIT.34.95 
Allows adjusting the input capacitance of the phono input of every 
preamp and receiver with low loss Polystyrene Capacitors. 

DBP-6MC RESISTIVE LOADING KIT.34.95 
Allows adjusting load resistance from 10 to 200 Ohms tor moving 
coil cartridges Gold plated phono plugs in both kits. 

DBP-8 SPEAKER WIRE 12 ga . in 3, 6, 9 meter and bulk. 

DBP-9AU BANANA PLUGS Eight gold plated, solderless.. 14.95 

DBP-9H BANANA HANDLES Four red, tour blk.5.50 

DBP-9J GOLD PLATED DUAL BANANA JACKS 2 pk....15.95 

DBP-10 PHONO ALIGNMENT PROTRACTOR.21.95 
Allows adjusting the lateral tracking error of a mounted cartridge to 
within % of one degree. Non-technical instructions & case included 

DBP-12 AUDIO CABLE 10 meter (33 ft).65.95 

Low capacitance (400pF) stereo interconnect cable, terminated with 
rugged gold plated phono connectors. Custom lengths available. 

DBP-13J GOLD PLATED PHONO JACKS (%”) 8 pk.12.95 

DBP-13JR GOLD PLATED PHONO JACKS (%”) 8 pk.15.95 

DBP-13P GOLD PLATED PHONO PLUGS 8 pk.7.95 

DBP-14 GOLD PLATED SPADE LUGS 8 pk.5.95 

DBP-CK CRAMOLIN AUDIO KIT contact treatment.12.95 

ELECTRONIC CROSSOVERS..6,12,18, 24dB.Inquire 

At your dealer or direct. Orders under $45. add $2.50 Handling. 

DB SYSTEMS 
Main St., Rindge, NH 03401 (003)899-5121 

BUILD WITH THE BEST! ElectroVoice 
speaker components and our engineering 
staff. Free catalog packed with information and 
great deals! Try our consult by mail plan. SSS 
ELECTRONICS, 1005 Market St. #207, San 
Francisco. CA 94103, (415) 864-8205. Visa, 
MasterCard. T4/83 

THE MOD SQUAD offers superb hand-built 
products (tonearms, cables, subwoofer 
crossovers) and exceptional modifications for 
Rogers LS3/5A, QUAD 405 & 303, Oracle 
Delphi, Klyne SK-2, Technics EPA-100, Spatial 
TVA-1. For a complete catalog, contact us at 
144 Athena St., Leucadia, CA 92024, (619) 
436-7666. T2/83 

RAW DRIVERS, high-end kits and custom auto 
speaker systems for the beginner or audio¬ 
phile. Specializing in plastic cone drivers, our 
brands include Audax, Dynaudio. Dalesford, 
Jordan, Morel, Jordan-Watts, JVC, SEAS, 
Peerless, Volt, Philips, Becker, Falcon-
Acoustics, Pyle. Featuring Dynaudio’s 
“Authentic Fidelity” speaker kits and the “Bill 
Reed" Signature Kit A&S SPEAKERS, Box 
7462B, Denver, CO 80207, (303) 399-8609. 

T2/83 

Jhe Speaker 

One S.E. 47th. 
Portland, Oregon 97215 

Specialty Loudspeaker Services 
Computerized Lab Providing: 

Acoustical, Parameter/Systems Analysis 
Precision Air Coils, 1% tol. 

Catalog $100 

MODIFIED PANASONIC LEAF TWEETERS 
are the finest super tweeters under $500 and 
sell for only $120 a pair. For full details and in¬ 
formative Speaker Bible send $2.00 to NEW 
YORK ACOUSTICS, 578 Nepperhan Avenue. 
Yonkers. NY 10701. T2/83 

CLUBS 
Space in this section is available to audio clubs 
and societies everywhere free of charge to aid 
the work of the organization. Copy must be pro¬ 
vided by a designated officer of the club or 
society who will be responsible for keeping it 
current. Send notices marked Audio Clubs in 
care of the magazine 

SAINT LOUIS AUDIO SOCIETY meets 
monthly for discussion and equipment audi¬ 
tion. For information sheet send a stamped, 
self-addressed envelope to SLAS, 7435 Cor¬ 
nell, Saint Louis, MO 63130. 

SERIOUS AUDIOPHILES interested in a cen¬ 
tral Colorado group (Denver, Boulder, Ft. Col¬ 
lins, Greeley area) contact James S. Upton, 
2631 17th Ave., Greeley, CO 80631. 

QUAD OWNERS CLUB. We have joined 
together to share information, set up modifica¬ 
tions and make the best speaker better. 
Special research projects and tests. For infor¬ 
mation write: Quad Owners Club, 33 No. River¬ 
side Ave., Croton-on-Hudson, NY 10520. 
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THE BOSTON AUDIO SOCIETY INVITES 
you to join and receive the monthly B.A.S. 
SPEAKER with reviews, debates, scientific 
analyses, summaries of lectures by major 
engineers. The BAS was the first to publish in¬ 
fo on TIM. effects of capacitors, tonearm 
damping, tuner IM distortion, Holman's and 
Carver's designs, etc. Sample issue $1, 
subscription, $16/yr. P.O. Box 7, Boston, MA 
02215. 

SAN FRANCISCO BAY AREA AUDIO¬ 
PHILES. Audio Constructors society for the 
active, serious music lover. We are dedicated, 
inventive and competent. Join us in sharing 
energy, interest, expertise and resources. 
Send self-addressed stamped envelope to S. 
Marovich, 300 E. O'Keefe St., Palo Alto, CA 
94303 for newsletter. 

THE AUDIO SOCIETY OF HONOLULU cor 
dially invites you to attend one of our monthly 
meetings and meet others like yourself who are 
interested in the how's and why's of audio. 
Each meeting consists of a lively discussion 
topic and equipment demonstrations. For infor¬ 
mation on meeting dates and location contact 
Bob Keaulani at 1902 South King Street, 
Honolulu, HI 96826, (808) 941-1060. 

CONNECTICUT AUDIO SOCIETY WANTED. 
Serious audiophiles in Conn , or Putnam or Dut¬ 
chess Co., NY, contact John J. McBride, 33 
Perry Dr.. New Milford, CT 06776, (203) 
355-2032. 

THE COLORADO AUDIO SOCIETY is a group 
of audio enthusiasts dedicated to the pursuit of 
music and audiophile arts in the Rocky Moun¬ 
tain region. We offer a comprehensive quarter¬ 
ly journal plus participation in meetings and lec¬ 
tures. Membership fee is $10 per year. For 
more information, send SASE to: CAS, 6225 
Snowbird Dr.. Colorado Springs, CO 80918. 

THE NEW YORK AUDIO SOCIETY meets 
monthly with prominent guest speakers, 
discussions and demonstrations of the latest 
equipment. Its $20 annual membership dues 
include a subscription to S/N, the society's 
quarterly publication. For a free invitation to 
our next meeting, call (212) 544-1222, (212) 
289-2788 or (201 ) 647-2788 or write us at PO 
Box 125, Whitestone, NY 11357. 

SARASOTA AUDIOPHILES interested in 
forming a club—write: Mark Woodruff, 5700 N. 
Tamiami, Box 539, Sarasota, FL 33580. 

SoutheastemMichigan Woofer 
and Tweeter Marching Society 
Detroit area audio construction club. 
CONTACT DAVE CARLSTROM 10155 Lincoln 
Huntington Woods Michigan 48070 313-54 48453 

AUDIOPHILES INTERESTED IN FORMING 
an audio club in the Washington, D.C. area 
please contact: Joseph Kmetz, 9861 
Goodluck Rd., Apt #10, Lanham, Maryland 
20706 or call days (301) 794-7296, eves. 
(301) 585-3186. 

MINNESOTA AUDIO SOCIETY. Monthly pro 
grams, newsletter, special events, yearly 
equipment sale. Write: PO Box 3341, Traffic 
Station, Minneapolis, MN 55402. 

A CLUB FOR FM AND TV DXers, offering 
antenna, equipment and technique discus¬ 
sions. plus updates from FCC on new station 
data. Monthly publication "VHF—UHF 
Digest." Annual convention in August. For 
more info: Worldwide TV-FM DX Association. 
PO Box 97, Calumet City, IL 60409. 

PACIFIC NORTHWEST AUDIO SOCIETY 
(PAS) consists of 50 audio enthusiasts 
meeting monthly, second Wednesdays, 7:30 
to 9:30 PM at 4545 Island Crest Way, Mercer 
Island, WA. Be our guest, write Box 435 
Mercer Island, WA 98040 or call Bob 
McDonald (206) 232-8130. 

POLYPROPYLENE 
MYLAR CAPS and 
AIR-CORE COILS 

made to order 
CHOUDHRY ELECTRONICS 

PO Box 1743 
Santa Monica, CA 90406 

(213) 450-5113 

PRIVATE 
FOR SALE 

Pair of Altec woofers, never used. Model 
#30942, cast frame. Specs: 12" dia., 3" voice 
coil (copper), 40 impedance, magnet wt. 96 
oz., V„ = 7 cu. ft. (app), f, = 22, Q„ = .3. Price 
$150 for both plus shipping (or BO over price 
within 30 days). Steve Williamson, 33420 
Michigan Ave., #38, Wayne, Ml 48184. 

Stromberg-Carlson RM485 midrange (2), isola¬ 
tion chamber, individual curves, $10 ea. 
Stevens P15 driver plus 2x4 horn, needs 
repair, $10. Stevens 800Hz, 160 crossover, 
potted $15. Goodmans Axiom 80, $45. Radio 
Shack Electrostatic, $5. Two Fischer cabinets 
with 12" speakers, free! Bob Young, 116 
Cleveland Ave., Colonia, NJ 07067. Day: (201) 
925-3003. Eve.: (201) 381-6269 

Dale 250W non-inductive, 40 resistor, $20. HP 
330D distortion analyzer, from Cotter Lab., 
.025% THD, w/manual, $200. HP 207Asweep 
oscillator, 20-20k, under ±’/2dB w/manual. 
$125. Heath IG-18 sine/square wave oscillator, 
low distortion, $100. Weller WTCPL soldering 
station, $40. Call Nick, (212) 996-2252. 

Two ElectroVoice STR tweeter protectors, 
VGC, in original boxes. Also one ElectroVoice 
CR10 crossover ( 1 kHz, 80). Make offer. Steve 
Williamson. 33420 Michigan Ave., Apt. 38; 
Wayne, Ml 48184. 

Jordan crossovers, new pair, $70. Jordan 
modules, new, raw, $65 ea. Active crossover, 
300Hz, 18dB/oct, $105 Bearcat 220 
20-channel scanner, $165. Rolex Daytona 
Chronograph, $420. Dynaco PAT 5 with Bi-Fet 
phono preamp, asking $95. 9,000 ft. OFHC 
silver plated Kynar wire, $15 per 1,000 feet. 
Philmore DN5 30W, 80, 3-way dividing net¬ 
work (has high range attn ), $22 pr Russ, PO 
Drawer H, Foresthill, CA 95631. Call (415) 
494-2700 days PDT, leave message if out. 

Speaker Lab K's: folded corner horns, un¬ 
finished %" flooring grade particle board, bass 
horns only, will not pay shipping. Paul John 
Marino, 172 Indiana St., Maplewood, NJ 
07040, (201) 761-6510. 

Adcom GFA-1 power amplifier. Precision 
Fidelity C7 cascode tube preamplifier. Both for 
$300. Either one $175, you pay shipping. Two 
years old—moderate use—one owner, ex¬ 
cellent condition. D A. Billo, 1145 Wilson Ave., 
Chicago, IL 60640. 

PRIVATE 
WANTED 

Your experience with Dynaudio drivers. Steve 
Burgess, 1321 Buchanan, Topeka, KS 66604. 

Audio Amateur, issues of 1972, 1974 and 
1977. Nick, (212) 9t6-2252. 

Teenies EPA-100 tonearms, new or used. Call 
collect (619) 436-7666. 
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KP-4C SUPER CLEAN HEADPHONE AMP 
Two Channels for only $128! 

• Designed by Jim Boak 
• Can be optimized for either electrostatic or dynamic 

phones 
• Direct coupled, using a 540 op amp 
• Class A operation 
• Low noise and distortion 

• High slew rate 
• Extended overload capacity gives you a clean, wide open 

tube-like sound 
• Well regulated power supply, independent for each channel 
The headphone output on most amps usually is a large 

resistor in series with the output to knock the level down to 
what is suitable for driving headphones. The resistor 
reduces the amp's damping ability, leaving your headphone 
drivers less tightly controlled. You will also suffer the distor¬ 
tions produced by the resistor's particular nonlinearities. To 
solve these problems, Jim Boak has designed a high perfor¬ 
mance amp specifically for headphones. Built around the 
powerful 540 op amp, it features a circuit modification. 

derived from Walt 
Jung's work, which 
gives the op amp a 
highly linear transfer 
characteristic. The re¬ 
sulting distortion 
curve has that gentle 
rise associated with 
good tube amps, and a 
clean, wide open 
sound quality you will 

enjoy thoroughly every time you listen on headphones. To 
top it off, Boak gave it excellent power supply regulation. 
Each channel has independent power supplies using three-
terminal regulators to deliver stable voltages across the en¬ 
tire audio range. The amp may be configured for driving 
either electrostatic or dynamic headphones, and parts for 

both are included. 

KP-9 TANGENTIAL TRACKING TONE ARM 
Only 

Here's your oppor¬ 
tunity to own a tan¬ 
gential tracking tone 
arm—and have the fun 
of building it yourself. 
Rod Cooper's ingeni¬ 
ously simple design 
elegantly achieves the 
benefits long attri¬ 
buted to tangential 
arms. The kit has been 

$160! 
sold in England for several years and has been praised for 
its high quality. The metal parts are precision-machined for a 
solid, tight-fitting assembly. Mount it on your choice of turn¬ 
tables. and you will have an outstanding piece of equipment 
which you can use and enjoy every day, for many years of 

listening enjoyment. 
• Improved tracking ability lowers distortion 

• Maintains tangency ± 0.2° 
• Low mass (10g) tracking arm of rigid Dural 
• Servo controlled, with opto-electronic feedback 
• Low friction gimbal suspension 

SBK-C2 PHASE-ALIGNED ELECTRONIC CROSSOVER 
Two channels for only $134 

One of the problems introduced by crossovers is the 
phase delay they cause. Over the years, many attempts to 
minimize this problem have been made. Bob Ballard's solu¬ 
tion starts with a simple method of measuring the drivers’ 
phase relationships in the air. Then he shows you how to 
build a crossover with phase adjusting circuits and tells you 
how to put your system in alignment, from the preamp out¬ 

puts to the sound in the air. Available August. 1983 
• Three-way active crossover 
• Phase shifting circuits to fine tune your system 
• Easy method to measure actual acoustic phase relation 

ships among drivers 
• Op amp filters simplify design 
• Rumble filter built in 

METAL FILM RESISTORS 
less than 100, 8<t each for 100 or more 

• Temperature Coefficient: 50 ppm/C 0

• Tolerance: less than 1% 
• Maximum Power: 0.35W @ 70°C derated linearly to OW 

10C each in quantities 
Old Colony is closing out its entire stock of Draloric metal 

film resistors. Take advantage of this opportunity to stock 
up at bargain prices. These precision audio grade resistors 
are made by Telefunken to exacting standards. They have 
tight specs at a high level of performance with long term 
reliability and stability—all to assure you of high fidelity in 

the audio equipment you build. 
• Extremely low noise: 

less than .05 microV/V to 10k 
less than 1 microV/V to 100k 
less than 25 microV/V to 1 Meg 

@ 165°C 
• Maximum Voltage: 250V 
• Copper leads coated with eutectic solder 
All standard E24 values are available except: 47.5. 121. 274. 2.21k. 8.25k. 
12.1k, 22.1k. 24.3k. 39.2k, 43.2k. 47.5k. 56.2k. 82.5k. 150k. and 825k 

Minimum Order: 1O per value. 
Old Colony will continue to stock metal film resistors in all stan¬ 
dard E24 values, but take advantage of these special closeout 
prices on the Dralorics while supplies last. 

ORDER FORM Old Colony Sound Lab, P.O. 
Qty. Price
_KP-4C Boak Headphone Amp Kit $ 1 28 (two channels). . -
_KP-9 Cooper Tangential Tracking Tone Arm Kit $ 1 60 ea . -
_SBK-C2 Ballard Phase Correcting Crossover Kits $ 1 34 ea-
Metal Film Resistors—Minimum Order 1 O per value— 1OC each (20% off for 
1 OO or more) 
Value_ Qty_|| Value_ Qty-| Value- Qty.-
Value_ Qty_¡¡Value_ Qty-¡¡Value- Qty-

Total for resistors-
Total amount enclosed:-

Box 243, Peterborough, NH 03458 usa 

Form of Payment: □ Check □ Money Order □ MC or Visa 

Card #_ ExP- Date — 

Name_____ 

Address --

City_State-Zip---

Phone Orders: (603) 924-6371 (MC or Visa only) 9-4 EST 

For full kit listing, send stamped, self-addressed envelope 
to: Old Colony Soundj PO Box 243, Peterborough. NH 03458 




