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Good News 

Among the new auxiliary products for 
personal computers are some which 
have application to audio. IQS has a fast 
Fourier transform system which turns 
the Apple II into a versatile spectrum 
analyzer. With this, you can measure 
many aspects of speaker performance in¬ 
cluding frequency response, phase or 
group delay, and time delay characteris¬ 
tics. All the required test signals, in¬ 
cluding tone bursts, are incorporated in¬ 
to the system. Ask the computer to sam¬ 
ple only the first few milliseconds of a 
speaker's response to a tone burst, and 
you have simulated an anechoic 
chamber. You also can observe the fre¬ 
quency spectrum of musical in¬ 
struments, test your phono cartridge, 
and measure room response. The IQS 
401 generates very clear graphic 
representations, including a 3D view of 
frequency response versus time, which 
may be printed out if desired. Data and 
waveforms may be stored on disk for 
future reference and analysis. Complete 
details are available from IQS Inc., Dept. 
STB, 5719 Corso di Napoli, Long Beach, 
CA 90803. 

The Sept. 1982 issue of BYTE shows how 
to make the Apple and the MOUNTAIN 
COMPUTER A/D converter function as a 
digital storage scope. Author Larry Kor-
ba provides details and program listings. 

Making a suitable face plate after 
finishing a new project is always a prob¬ 
lem. A nice-looking face plate com¬ 
plements the hard work you put into the 
design and construction with an ap¬ 
pearance to match. 3M'S DECORATIVE 
PRODUCTS DIV. has an easy to use 
photosensitive system which enables 
you to make your own face plates. Lay 
out your artwork on a transparent sheet, 
position it on the photosensitive 
material, expose to ultraviolet light, and 
within minutes you have the finished 
material, ready to peel off and stick on 
your prototype. Backgrounds can be 
various colors, aluminum or "gold 
finish." Write to them at 3M Center, 
223-1S, St. Paul, MN 55144 for details 
and the name of a dealer near you. 

An interesting material for sealing 
speaker cabinets comes from UNITED 
MINERAL AND CHEMICAL CORP, in the 
form of self-sticking polyurethane foam 
insulation tape. Very flexible and easy to 
shape, TESA 710 can be used around 
drivers and along cabinet edges to pro¬ 
vide an airtight, soundproof, resilient 
seal. Resistance to most of the common 
destructive chemicals, including lacquer 
and paint solvents makes it suitable for 
speaker enclosures. Look for it at 
building supply stores and try it on your 
next set of speakers. 

Super lightweight headphones suitable 
for use with personal stereo equipment 
or home systems feature powerful 
samarium cobalt magnets and oxygen-
free high conductivity copper wire in the 
coils and cords. When not in use, these 
comfort-designed headphones fold and 
store in their own carrying case. Visit 
your SIGNET dealer for an audition. 

The Model 85 aScope from NORTHWEST 
INSTRUMENT SYSTEMS, INC. will turn an 
Apple II into a fully programmable, 
digital memory oscilloscope. The system 
is dual channel, allowing you to compare 
two waveforms or trigger one with the 
other, over a frequency range of DC to 
50MHz. You can store acquired wave¬ 
forms on disk for future reference or 
analysis. Software included with the 
aScope enables you to perform standard 
procedures quickly and easily, with pro¬ 
visions for user modifications. You can 
write your own program, up to 8K. 
Photos of the display are unnecessary 
because the aScope outputs to a printer 
(Silentype, Epson MX80). A demonstra¬ 
tion disk is available for $10; the system 
sells for $995. For more information, 
write to Dept. SB, PO Box 1309, Beaver¬ 
ton, OR 97075. 

A price list and spec sheets for raw 
drivers, speaker kits, crossovers and long 
hair wool are available from BRITISH 

ACOUSTICS SOUND REPRODUCTION 

EQUIPMENT Brands carried include 
Siare, Focal, Audax, Lowther, Jordan, 
and Falcon. Send 40<t in US stamps to 
1011 Meyerside Dr., Mississauga, On¬ 
tario L5T 1K8 Canada for details. 
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HERRINGTON specializes in audio ac¬ 
cessories of excellent quality. Their 
catalog displays tastefully selected items 
from Signet, Discwasher, Monster Cable, 
Mobile Fidelity and others. The solid oak 
cassette storage cabinet on the back 
cover appears to be well-executed. Write 
to Dept. ED, 7265 Shadowbrook Dr., 
Kirtland, OH 44094 for a catalog. 

An extremely low cost spectrum 
analyzer is sold by RADIO SHACK in the 
form of a $19.95 program pak for the Col¬ 
or Computer. Bar graphs show the power 
distribution of the input signal from 
31,5Hz to 12.5kHz in l/3 octave segments, 
at levels of -20, -10, -5, -3, 0, +3, 
and + 5dB. See your favorite Radio Shack 
dealer for a demo. Although the resolu¬ 
tion is not fine enough for precise 
measurements, the display is useful for 
checking system and component perfor¬ 
mance. Using FM hiss as a source, you 
can measure your speaker's frequency 
response with a fair degree of accuracy. 

NAKAMICHI has introduced their SP-7 
headphones, featuring a flat diaphragm 
and a system response calculated to 
sound flat when worn. Since the shape of 
the outer ear and the cavities in the mid¬ 
dle ear affect frequency response with an 
extremely close sound source, 
Nakamichi designed inverse peaks and 
dips into the SP-7's response curve to 
make it sound flat in actual use. Special 
attention was given to damping 
diaphragm breakup and its attendant 
distortion. Try them on your own head at 
your favorite dealer. 

The Magazine for the Perceptive Listener 

High 
Performance 

Review 
Balanced objective and subjective reviews 
of equipment: B&W, Threshold, Dyna-
vector, Sony Esprit, KEF, Luxman, SAE, 
Denon, Hafler, Technics R&B, Oracle, 
Micro-Seiki, Studer-Revox, Fidelity 
Research, Adcom, Tandberg, Teac, STD, 
Sumiko (Grace), Ariston, Apt, Ortofon, 
JVC, QED, ADC, Thorens, Acoustat, Stax, 
Acoustic Research and more. The latest 
and best units. 
Technical Advisory Board: J. Robert 
Ashley, Sperry Gyroscope-Clearwater and 
University of South Florida; Elliot Mazer, 
record producer/engineer; James A. 
Moorer, Lucasfilm, Ltd. and Stanford 
University; Vincent Salmon, acoustical 
consultant. 
Comprehensive equipment tests 
using state-of-the-art precision instru¬ 
mentation from Tektronix, Bruel & Kjaer 
and Hewlett-Packard. 
Precise listening evaluations under 
controlled conditions. 
Authoritative reviews of over 80 
recordings per issue; Popular, jazz and 
classical-find high quality sound plus 
outstanding musical performances 
among current releases. 
Expert opinion on important devel¬ 
opments in audio technology Discussion 
of current problems and possible improve¬ 
ments. 
High/Performance Review has the best 
features available. Our magazine tells you 
what you want to know about high 
quality audio components and records. 
Knowledgeable critics have called our first 
three issues ",.. Impressive, unbiased ... 
precise listening evaluations . . . well-
balanced content... outstanding record 
reviews . . . finest now available." Our 
issues average about 140 pages each. 
Issues 1, 2 & 3 are ready now. The special 
charter subscription rate is $24.00, one 
year, four issues. Each issue rias a colorful 
cover and is printed on fine quality paper. 
Don't miss outl Send your order today. 
Money-back guarantee (send for details). 

High/Performance Review 
Box 2989; Stanford, CA 94305 U.S.A. 
□ Yes, enter my charter subscription. All 

subscriptions begin with Issue 1. 
□ I enclose $24.00 by check or money 

order. 
Overseas and Canadian subscribers Please note that 
payment must be in U.S. Funds Net payable on U.S. 
Bank or Agency Add $4 00 for non-U S A surface mail. 

Name _ 

Street_ 

City_ 

State_Zip-
For Questions: Telephone: (408) 446-3131, 
M-F10-4 (Pacific Time) 

KEF 
KITS 

Now you can "build the best 
in confidence, as two of 
KEF s best-selling speaker 

systems — the Model 104aB and 
Cantata—are now available in kit 
form, enabling you to easily 
assemble a high quality speaker 
system at a considerable savings 
And, because they are kit 

versions of two of our best-selling 
speaker systems, you can actu¬ 
ally audition the units at your 
KEF dealer before buying and 
assembling. 
KEF speaker systems are 

designed and built using a Total 
System Design Concept, where¬ 
by each part is developed to com¬ 
pliment all others in the system 
so as to achieve the targeted 
performance. 

The KEF Cantata kit consists of 
a bass unit, midrange unit, tweeter 
and an Acoustic Butterworth filter, 
and builds into an acoustic sus¬ 
pension loudspeaker system with 
a power handling capability of 100 
watts. 

The KEF Model 104aB kit con¬ 
sists of a bass-midrange unit, 
tweeter, Acoustic Butterworth fil¬ 
ter section, plus an acoustic bass 
radiator to increase the bass re¬ 
sponse from such a modest-sized 
enclosure. The kit makes up into a 
bass reflex system with a power 
handling capability of 150 watts. 

Both the kits include fuse units 
to protect the drive units, and con¬ 
tour controls to adjust the final 
acoustic output to suit the listening 
room. 

Loudspeaker kit building has 
now been raised to a new level of 
ease and reproduction quality. 

For more details and the name 
of your nearest KEF dealer where 
you can hear just how good our 
KEFKITS are before your pur¬ 
chase, write to us at the address 
below Individual drive units 
and crossover networks are also 
available for your special custom 
requirements. 
KEF Electronics. Ltd.,c/o Intratec 
Department E, P.O. Box 17414, 
Dulles International Airport, 
Washington, DC 20041. 

M In Canada: Smyth 
Soul d Equipment 
Ltd Quebec 

KEF 
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Do you own a tape deck? 
Then write for our free brochure and current special offers 

DIRECT-TO-TAPE RECORDINGS 

•Natural Sound 
•Talented Performers 
•No eompression, equalization or limiting 
•Available on reels, (2/4 traek, optional dolby or dbx II), 
and eassettes (dolby B, C, or dbx II) 

•Duplicated at playing speed 

BLANK RECORDING TAPES 

•Top quality cassettes at super prices 
•asf 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 

CUSTOM DUPLICATING 

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

COMPUTER SOFTWARE & SUPPLIES 

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 

• NEW 1982 CATALOG DUE IN 
MARCH 

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

About Tills Issue 
Crossovers are the theme for this 
third issue of Speaker Builder's 1982 
series. Wilfred Harms cogently 
differentiates the pros and cons of 
series and parallel networks (p. 12) 
and Robert Ballard explores 
multi-driver polarity problems and 
proposes an active crossover solu¬ 
tion in Part One of his two part 
series, which begins on page 14. 
Pat Coyle sets out all you need to 
know to wind your own coils for 
passive crossovers (p. 20) and the 
Editor revisits our vintage active 
crossover which first appeared ten 
years ago, and offers an update 
with Walt Jung's assistance (p. 22). 
Our leadoff performer this time 

is Ken Rauen who mates Oskar 
Heil’s air motion transformer 
driver to a horn. The first part 
starts on p. 7 and the construction 
details will come along in issue 
four. The cover photo is by Mark 
Schlorff. 
Finally, Robert Carlberg invites 

us on a journey through years of 
speaker building and its joys and 
jarring disappointments beginning 
on page 28. 

We apologize to all readers for 
the publishing delay, but we do 
hope to catch up before many 
months have elapsed. Thanks for 
your patience. 

This issue carries an early 
renewal offer on its outer cover, a 
Christmas offer on the back cover, 
and a very special free offer for 
those of you who have friends 
who’d like to subscribe to Speaker 
Builder, page 41. 
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Editorial 

Harmonic Feedback 

The plight of America's auto workers contrasting as it does with the suc¬ 
cess of the Japanese car manufacturers is giving journalists, management 
experts and economic analysts a field day. Henry Ford has even gone so far 
as to admit in public that his family's company made some shoddy cars. 
Not only are three out of each ten autos manufactured in the United 

States in need of repair at the end of the assembly line as compared with 
two per hundred in Japan, the Japanese car lands on our shores at a lower 
cost by $1,000 to $1,500 each. 
In the past, management's goal was production figures high enough to 

make the managers look good. Union leaders hardly differed since their 
only thought seemed to be maximum wages—a third higher than those of 
the Japanese worker. 
The three-in-ten defective product rate is eloquent evidence that 

neither worker nor manager had much reason to care about product 
quality. Competition has suddenly created a compelling reason to care. 
Apparently the Ford people have re-opened the communication lines 
from the top management down through every level to their assembly 
line workers. A new spirit of cooperation appears to have blossomed in 
Ford's plants. 
I recall standing in the cone production room of Advent one afternoon 

watching workers dip slurry from continuously agitated five gallon 
buckets with dippers which were exactly the right size for the cone being 
fabricated. Every worker knew that Henry Kloss had devised the produc¬ 
tion technique they were using and that he understood their job. They 
also knew they could offer suggestions for improving things and that 
Henry would take them seriously. 
Ford's similar new style of relationship between workersand managers 

augurs well for better cars and better prices. It is a tribute to Ford's people 
that they have managed such a change. We Americans are, like most of 
our cousins in the West, highly individualistic and competitive. The 
Japanese are far closer to their origins and are more cooperative, interac¬ 
tive, and "tribal" in life style. Thus their efficient work patterns have 
been easier to achieve. 

This contrast is, I believe, a basic fact which affects almost all we do. In 
publishing it matters greatly whether or not one views a magazine staff as 
super experts who hand down ultimate truth. The magazine is then a 
vehicle for making experts out of each reader. Our approach has been 
more like a cooperative. We encourage the individual to do his or her 
hands-on work, keep good records, and to share the results with others. 
People learn best by doing, less well by being told all the answers. People 
who work with their hands know the vital facts about how well or how 
poorly the product performs. When that knowledge is fed back to the 
management input, the product gets better. 
When we share our knowledge of what happens when we build a 

speaker system or a crossover in a certain way, we will have better 
speakers and also one of our most deeply human satisfactions, a smarter, 
cleverer, more rewarding relationship with our quirky, stubborn, 
fascinating physical world. 
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AHORN 
LOADED HEIL: Part 1 

BY KENNETH RAUEN 
PHOTOS BY MARK SCHLORFF 

Anew driver design, the Heil Air 
Motion Transformer, appeared on 

the market in the early 1970's. This in¬ 
triguing, ingenious invention by Oskar 
Heil caught many people's attention, in¬ 
cluding mine. I was impressed both by 
the AMT's performance and by its new 
operating principles. In the process of 
building a pair of wooden horns to use 
with Altec 405-G midranges, I noticed 
that when I ran the numbers through the 
equations, the throat area turned out to 
be rectangular, with a long vertical axis. 
Mating this with a round driver has some 
problems, but suddenly the ideas clicked 
together: the Heil would be the perfect 
driver for this horn. 
In 1979 I subscribed to The Audio 

Amateur and bought many back issues. 
Among them was Neil Davis' article 
(2/77) describing how to build a Heil 
driver. That was it. I would have to build 
my own. 

MOVING THE AIR. Loudspeaker 
design has always involved limitations 
and compromise. All electroacoustic 
transducers operate with solid matter 
(except the plasma tweeter and the cor¬ 
ona wind speaker), and must deal with 
the characteristic problems of solids and 
the ways they couple with a gaseous 
medium of propagation. Traditional 
design seeks to improve transient 
response by applying extra power to the 
vibrating element, and to reduce 
resonance by damping. My design im¬ 
proves transient response by reducing 
mass (and resulting inertia) and reduces 
coloration by moving resonances out of 
the audio range. The Heil is a good exam¬ 
ple of the latter approach. But because it 
couples with the air inefficiently, a horn 
is needed. Although horns cause colora¬ 
tion, this factor can be minimized with 
careful design, and actually can be used 
to advantage, in this case moving the 
AMT's response down to 300Hz. 
A horn is an acoustic transformer. 

Ideally, it provides an impedance match 
between the speaker and the air, thus in¬ 

creasing the speaker's efficiency. The 
air's impedance to the diaphragm is only 
a small part of the speaker's total im¬ 
pedance. For maximum energy 
transmission, the source (speaker) and 
load (air) impedances must be equal. A 
speaker should work on the air, not its 
own mass and stiffness. A horn helps ac¬ 
complish this by presenting the driver 
with a higher air impedance at the 
throat. Varying the throat constriction is 
how we match impedances. If we reduce 
the throat area in front of the diaphragm, 
the air particle velocity through the 
throat increases, creating higher 
pressure at the diaphragm. Since the 

force on the diaphragm is area times 
pressure, the horn's throat loads the 
diaphragm with increased force. In this 
way the radiation force's magnitude can 
equal the inertia and elastic forces of the 
diaphragm.1
This alone will not transfer more 

energy to the air. We need a mouth 
match and transitional flare also. Just as 
the throat must match the driver's im¬ 
pedance, so must the mouth match the 
open air. The transitional flare 
transforms the impedances. 

Horns also act as highpass filters, the 
flare (ie conical, exponential, tractrix) 
and dimensions acting to control its 

PHOTO 1: Clean, low distortion sound radiates from the assembled horn and Heil 
driver, with flat response down to 300Hz. 
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characteristics. Depending on the 
design, they can act as bandpass filters 
also. 

For a horn to maintain a match to the 
ait and to prevent reflection of the 
soundwave back to the throat2, the 
mouth area must be greater than the 
square of the longest wavelength to be 
radiated, divided by 4tt, or A„ > X2/4ir. 
Since I chose a low frequency cutoff of 
250Hz (wavelength 54.24in), 

Am > 54.242/4tt = 234.12in2, 
and for convenience I set it at 240in2. 
Each flare has its own impedance 

characteristics. I used an exponential 
curve because it is easy to calculate and 
has good, predictable performance. The 
cross sectional area of a location (A2) is 
defined as A2 = Aie*" where Ai is the area 
of a location closer to the throat, e is the 
natural logarithm, k is the flare constant, 
and X is the distance between A2 and A r 
To find k, we need the equation2 k = 
(47tí<c)/c where vc is the low frequency 
cutoff and c is the velocity of sound (ca 
1130ft/sec). For a 250Hz cutoff, k = 
[47t250]/1 130 = 2.78/ft. In the horn we 
will build, the exponential flare is used 
only in the outer % from the mouth to 
where the top and bottom are essentially 
parallel. From that point to the throat, 
the flare is conical (which lowers the im¬ 
pedance loading and raises the cutoff fre¬ 
quency). This flare combination in a sec¬ 
toral horn has two advantages: max¬ 
imum horizontal dispersion of the highs 
and phase coherent wavefront propaga¬ 
tion (ie no reflections from the mouth to 
cause cancellations). Slanting the top and 
bottom surfaces about 5 0 breaks up stan¬ 
ding waves in the throat area (in this case 

FIGURE 1: When current flows in a con¬ 
ductor it creates a magnetic force 90° 
from the direction of current flow, which 
is the operating principle behind all elec¬ 
tromagnetic devices. 

2.5 X 1.25in2) smaller than the 
diaphragm area to achieve a better im¬ 
pedance match. The transformation ratio 
is the ratio of the diaphragm to the throat 
area, and is one of the principal factors 
affecting efficiency. As you will see, the 
AMT has its own transformation ratio, 
and further restriction of the opening or 
a phasing plug usually aren't necessary. 

HEIL THEORY. The same equation 
governs both the Heil and the common 
cone driver: F = Bfl, where force equals 
magnetic field density times conductor 
length times current, all in 90° relation¬ 
ships (Fig. 1). Heil used this principle to 
generate sound in a unique way. Instead 
of winding the conductor in a coil (as in 

PHOTO 2: The conical-exponential horn provides highly efficient coupling to the air, 
and excellent horizontal dispersion. 

FIGURE 2: In the Heil driver, the 
magnetic field is oriented from front to 
back. As current flows through the con¬ 
ductor, the pleats are squeezed together 
on one side, and spread apart on the 
other. 

cones and domes) or placing it flat in a 
plane (as in ribbons), he laid it out in a 
zigzag pattern on a flat diaphragm (as in 
planar magnetic drivers) and then folded 
it so the conductor runs up and down the 
structure. The magnetic field is oriented 
front to back so it squeezes the pleats 
together on the front while spreading 
them apart on the back (Fig. 2). 
Because the electromagnetic energy is 

distributed evenly on the diaphragm, it 
controls movement and damps 
resonances much better than the locally 
energized cone. Ribbon tweeters, elec¬ 
trostatics, and planar magnetic speakers 
all share this characteristic with the 
AMT, so what is the Heil's unique advan¬ 
tage? ESS's ads touted the cherry pit ex¬ 
planation. Squeezing it between your 
fingers will propel it further than simply 
pushing it with the same force. But this 
never seemed quite right to me. Looking 
at it more carefully, Neil Davis (TAA 
2/77) described it as an evolution of the 
ribbon speaker, and concludes that it is a 
planar magnetic driver folded up and 
placed in a more powerful magnetic 
field. 
From the patent (US# 3,636,278) 

comes the essence of the Heil's operation 
and how it moves the air with less kinetic 
energy than conventional diaphragms. 
Figure 3 depicts a flat diaphragm, 
simplified for clarity, and Fig.4 is a top 
view of the AMT, also simplified. Oskar 
Heil defines a term, f, the effective mass 
reduction factor, as the ratio of pleat 
width to depth (f = a/b). The significance 
of this will follow. Given that the 
diaphragms in Figs. 3 and 4 displace the 
same volume of air, the ratios of the 
diaphragm velocities are V, = c/t and V 2 

= flat d/t. The ratio of pleat velocity to 
diaphragm velocity is V2/V, or (d/t)/(c/t) 
or d/c. Since d/c = f, we can substitute 
terms and V2/Vi = f. 
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FIGURE 3: A flat radiator moves air by 
pushing and pulling to create pressure 
waves. 

FIGURE 4: The Heil AMT has a larger 
diaphragm area which moves a shorter 
distance to set up pressure waves in the 
air. The pleats introduce the mechanical 
advantage of a lever, which the flat 
diaphragm lacks. 

If the two diaphragms are of equal 
thickness and density, then the relative 
masses are determined by the dimen¬ 
sions, and m,/m2 = 2na/2nb = a/b = f. 
Even though the AMT's mass is greater 
than the planar's by a factor of 1/f, the 
kinetic energy needed to move the AMT 
diaphragm is f times smaller. The ratio of 
the two KE’s is [1/2m,(v,)2]/['/2m2(v2)2] or 

1/f. Remember that f always will be a 
fractional value. The energy needed to 
cause the flat radiator to displace the same 
amount of air is always greater than for 
the Heil driver. Expressed another way, 
the AMT is equivalent to a planar of f 
times less mass: hence the name, the Ef¬ 
fective Mass Reduction Factor. 

Heil gives the effective mass as 2nahf, 

which also can be written as (2nha2)/b. 
The actual AMT mass is 2n(a + b)h, so the 
the ratio of AM to EM: 

[2n(a + b)h]/ [2n(a2/b)h] = 
(a + b)/(a2/b) = 
(b/a) + (b2/a2) = 

(1/f) + (1/f2). 
In the driver we will construct, f = 1/3.7, 
making the 900mg mass equivalent to a 
flat diaphragm of 52mg. 
So the Heil is a large flat diaphragm 

folded and placed in a more powerful 
magnetic field. Leaving the diaphragm 
loose minimizes resonances, which also 
average out from pleat to pleat. From the 
opposite point of view, a planar magnetic 
driver is a Heil stretched and placed 
under tension to move the resonances 
out of the audio range. Since it is flat, it 
lacks the mechanical advantage of the 
pleats. 

HORN: DAMPER & COUPLER. The 
AMT and horns work together as a 
system quite well. The pleat depth to 
width ratio, 1/f, is also a velocity 
transformation ratio, perfect for horn 
loading. The Heils project a low distor¬ 
tion, phase coherent waveform into the 
horn, which in turn provides the 
necessary damping. The ESS AMT's 
cover most of the audio range, working 
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down to 700Hz in the best versions. Neil 
Davis' drivers go down to 1000Hz before 
they rattle, and mine, with the benefit of 
horn loading, will go down to 300Hz (A 
horn loaded AMT woofer? How about 
that Mr. Klipsch?!) The dispersion 
characteristics of a sectoral horn comple¬ 
ment the Heil’s dispersion, and they 
work together beautifully. 

A PRACTICAL DESIGN. The next arti¬ 
cle will cover all the construction details, 
so I'll just describe the general outlines. I 
made my horn shapes from wood, 
sawdust, yellow glue, and styrofoam, 
and then made a steel reinforced plaster 
mold of the curved surface. From these I 
made the fiberglass reinforced polyester 
panels for the actual horns, and com¬ 
pleted them with particle board side 
panels. 

I built the Heil drivers from ceramic 
magnets, aluminum stock, and 13 gauge 
steel stock, bonded totally by epoxy ce¬ 
ment and stuffed with long hair wool. 
For the diaphragms, I made three dif¬ 
ferent types, mounted in rigid aluminum 
frames, to observe the differences in per¬ 
formance. The first was 3.7:1, con¬ 
structed of one mil aluminum foil sand¬ 
wiched between two layers of one mil 
polyethylene, and fastened with rubber 
cement—essentially Neil Davis' tech¬ 
nique. The second was similar, but I 
used Vzmil polyethylene and coated the 
exposed metal with vinyl repair com¬ 
pound. Finally I made a 2:1 diaphragm 
with the techniques I used for the second 
one. 
To allow better breathing of the en¬ 

closed rear wave, I enlarged the rear 
enclosure twice. These baffle extensions 

FIGURE 5: Vertical dispersion frequency 
response curves for the 3.7:1 diaphragm 
(with the first enclosure enlargement) 
shows the effect of horn loading is to 
transpose the curves downward. Very lit¬ 
tle coloration is added by the horn. 
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FIGURE 6: Horizontal dispersion curves 
show the excellent consistency at various 
angles, which results in good imaging. 

appear in some of the photos. Reflections 
of the rear wave through the diaphragm 
caused frequency response peaks and 
dips, so I changed the shape and volume 
of the enclosure twice to flatten out the 
curve. 

PERFORMANCE COMPARISONS. 
The three motors had different 
characteristics. For simplicity, I'll refer 
to the 2:1 construction as R2, the 3.7:1 
using my techniques as R4, and the 3.7:1 
using Neil Davis' methods as D4. 
Measuring impedance is difficult 

because the values are so low. The R2's 
DC resistance is . 7Í2. The AC impedance 
in the magnet gap is .89 and horn loaded 
it's .89. The values for R4 and D4 are 
1.09, 1.19, and 1.29. Since they are cons¬ 
tant from 200Hz to 20kHz, the load is 
resistive. Note that horn loading in¬ 
creases the driver's electrical impedance 
by about 10%. Neil Davis achieved over 
50% with his. These low impedances 
present little problem to the amplifiers in 
my system because they are resistive and 
I use low power levels, and a Marantz 8B 
on its 49 tap. 
Efficiency is high. I measured only 

relative numbers, using a pink noise 109 
source. R4 and D4 produce the same SPL 
with a given drive signal. Apparently the 
differences in mass (1750mg for R4 and 
890mg for D4) are not significant. R2 
draws 1.5dB less power than the other 
two, which explains why it measured 
2dB down. Efficiency differences with 
other types of drivers are difficult to 
measure. A horn loaded R4 was 
significantly more efficient than a dome 
tweeter (which had an efficiency of 2%) 
and a few dB less efficient than an 
ElectroVoice T350 tweeter (30% efficien¬ 
cy) . Crossed over at 300Hz to a pair of EV 
SP12's tuned to 45Hz in 7ft3 enclosures, 
they generated an SPL of 95dB at 10ft in a 
large living room with doors and win¬ 
dows open and 15 people in it. The 
AMT's consumed about 1W average 
peak power, so exploring their upper 
power handling limits may be a tortuous 
task. 
Frequency response varied con¬ 

siderably among the three. D4 produced 
the flattest curve. R4 was not as good and 
R2 was horrible. The graphs show the R4 
only after the enclosure extension from 
17in3 to 34in3. I suspect the dips at 2, 4, 
and 12.5kHz are caused by the standing 
waves between the driver and the rear of 
the enclosure. Because the dips are 
strongest in R2 (which has the least ab¬ 
sorbing material) and nearly absent in 
D4 (which has the most), and the 
distances are perfect for those frequen¬ 
cies, this seems to be the most reasonable 
explanation. 

After increasing the baffle to 44in3 and 
making the walls non-parallel to break 
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PHOTO 3: Author Rauen proudly displays the finished Heil driver. In the next installment, he tells you how to build it. 

up standing waves, I found no dif¬ 
ference. Why this happened needs an ex¬ 
planation I haven't found. Maybe the im¬ 
proved construction techniques un¬ 
balance the pleat to pleat frequency 
response averaging Neil Davis speaks of, 
or cancelling random individual pleat 
response may not be random in this case. 
The dip at 12.5kHz is partly caused by a 
malfunction in the Vs octave equalizer, 
which I later corrected, although I didn't 
remeasure the curves. 
The good news from the response 

curves is that horn loading does improve 
the Heil's output, and that diaphragm 
types affect performance. You can see 
that this horn does not add undesirable 
colorations of its own but simply 
transposes the Heil's curve to a lower 
range. At high frequencies the horn adds 
only ldB to the on axis output, but this 
may be due to slightly greater vertical 
directionality over 10kHz. At 2kHz 
where the R4 drops off, the horn pro¬ 
vides 5-6dB boost (more below this 
point). 
R4’s dropoff is caused by the stiffness 

of the trapped air. R2's curve showed a 
lower cutoff than the others, but when 
horn loaded, has a 300Hz cutoff. With 
the small ( 17in3) enclosures, R4 and D4 
had an audible cutoff of about 700Hz, 
which moved down to 400-500Hz and to 
300Hz (the horn's limit) with succ-
cessively larger enclosures. 
The horn makes the horizontal disper¬ 

sion more uniform. Off axis the intensity 
drops, but uniformly for all frequencies, 
until + 40,° where everything falls off 
rapidly. Vertical dispersion remains 
poor, and is unimproved by the horn. 
Useful intensities are within +5.° 

SUBJECTIVE QUALITIES. This 
system creates a convincing sonic illu¬ 
sion similar to the Magneplanar Timpani 
ID's and substantially better than an 
ElectroVoice system (T350, 8HD, 
1823M, and X36). Apart from vertical 
dispersion, the most serious problem is 
finding a woofer good enough to match 
their quality. Their sharply defined tran¬ 
sients and low distortion are their most 
immediately enjoyable aspects. Playing 

M&K's Flamenco Fever or the clocks and 
chimes of Pink Floyd's Dark Side of the 
Moon leaves most people speechless. Cat 
Stevens' voice is clear and free from 
sibiléfnt distortion, with a pleasant, 
natural timbre. 
The R2 and R4 technique is not 

durable. The foil eventually lifted off 
under high acceleration. I rebuilt the 
drivers in the Davis style and they work 
just fine. For lower horn cutoff frequen¬ 
cies, you need a larger rear enclosure. An 
unenclosed rear wave should work well, 
adding high frequency ambience to the 
room. Another possibility is to use a 
transmission line enclosure to absorb all 
or most of the rear wave without raising 
the horn's cutoff frequency. 

NEXT ISSUE: Step by Step Construction 
Details 

ACKNOWLEDGEMENTS. I thank my 
cousin Robert C. Rauen for his help with 
the machining work, Dave Clark for the 
frequency response curves, and Mark 
Schlorff for the fine photos. 
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THE MERITS OF 
SERIES AND PARALLEL 

NETWORKS 
BY WILFRED F. HARMS 

Most amateur speaker constructors 
follow a published design, but 

the numerous enthusiasts who wish to 
experiment with their own designs find 
little information available. Recently I 
saw a remark that series configurations 
reduce the power requirements for the 
inductors compared to parallel ar¬ 
rangements. I began to wonder if this is a 
general truth or applicable only to that 
particular circuit. The current in the cir¬ 
cuits is relevant though seldom men¬ 
tioned. 

General use of "constant impedance” 
networks is not good because of the im¬ 
pedance variations in individual 
speakers. They can be used over a fre¬ 
quency range where the driver behaves 
(or is made to behave) as a resistor. For 
an example of how this works, look at 
the two networks in Fig.l, which are se¬ 

cond order (12dB/octave) crossing over 
at 500Hz. Notice that the inductors for 
the series circuit are smaller than for the 
parallel, but that this does not indicate 
how much current they must carry. 

Figure 2 shows the variation of current 
with frequency in the various inductors 
for an input signal of 10V (applicable for 
any dividing frequency). At lower fre¬ 
quencies, the current in LI, L3, and L4 is 
the same, but in L3 it rises 25% as it ap¬ 
proaches the dividing frequency. Tlje 
current in L2 however is lower than any 
of the others and its maximum is about 
half of LF s. Because of this, L2 could be 
wound with a smaller gauge Wire. 

For ferrite core inductors another fac-
tor is the core's size, which is determined 
by the amount of current and the 
number of turns . Since L3 is half the 
value of LI it requires only 71% of the 
turns LI does. But L3 has higher current, 
so the cores are the same. L4 is similar, 
but L2 has less current and needs a core 
of only half the area. Falcon's high 
power, high power-low loss, and stan¬ 
dard crossovers are applications of this 
idea. No particular difference exists 
among them in performance, and no cost 
savings occur. 

Current and cost are not the only 
issues of significance, however. The in¬ 
ductor's DC resistance can give rise to 
losses comparable with those of speaker 
cables. At low frequencies the bass sec¬ 
tion is effectively in series with L3 and 
L4. Because the total resistance of the in-
ductors is always more than a single in¬ 
ductor of twice the value, the parallel 
network has a small advantage. 
An important and often overlooked 

parameter is the overall impedance of 
the network. Although the constant¬ 
impedance formulae for both types en¬ 
sure uniformity (provided the drivers 
behave resistively) this can change con¬ 
siderably if they have appreciable reac¬ 
tance at the crossover frequency. With 
the parallel arrangement, the impedance 
rises, which is usually beneficial. With 
the series type, the impedance falls, 
lowering the overall impedance. 

In conclusion, a change in the value of 
any component in the series network af¬ 
fects the response of both the bass and 
treble sections to a degree. In the 
parallel, the sections are independent. 
Speaker builders will find the paralle l 
circuit's flexibility very useful for fine 
tuning their systems. ' □ 
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Professional, Inexpensive tests for your audio 
system's performance without instruments... 
CBS Laboratories' STR Professional Test Recordings 
For over ten years, the original series of these high-precision test 
records set a standard for the audio industry. Now the new series 
sets an even higher standard. It’s been revised, recut and expand¬ 
ed. 
The new series consists of eight records for professionals and one 
for non-professional audiophiles. 
Each record contains a complete series of easy-to-use tests to help 
you rapidly and accurately evaluate components and systems. 
Even one of these records can eliminate the need for costly, addi¬ 
tional equipment. Each will find productive use and save you hours 
in the laboratory, on the production line and in field testing. 
Take a look what this essential testing series contains: 
SEVEN STEPS TO BETTER LISTENING-For only $6.98, you can improve your system with CBS Laboratories- "Seven Steps to Better Listen¬ 
ing.” This high-precision test record enables you to make sure that your equipment functions properly...to tune your system to your ears 
and your room acoustics. Included is a detailed 16-page booklet by Audio s Edward Tatnall Canby explaining how to use the record to im¬ 
prove the performance of your system With the record you can perform the following "ears alone tests: left-right identification, phasing, 
loudspeaker balance, tone control setting, alternate phasing, buzz and rattle elimination, lateral tracking, and vertical tracking. 

STR 100 STEREOPHONIC FREQUENCY TEST RECORD. Designed for the evaluation of pickups and systems Provides a constant amplitude characteristic below 500Hz and a con 
slant velocity characteristic above 500Hz Tests include Sweep Frequency-with the sweep rate synchronized lor use with a graphic level recorder. Spot Frequency -with voice an 
nouncements; Channel Separation. Wavelength Loss and Stylus Wear-Io pinpoint oversize or worn out styll, and excessive pickup tracking force. Compliance. Phasing. Vertical and 

Lateral Tracking Tone Arm Resonance-to check system performance al low and subaudible frequencies and thus reveal undamped resonance which may cause equipment 

overloading 

STR 112 SQUARE WAVE. TRACKING AND INTERMODULATION TEST RECORD. Enables detailed study of tracking capabilities of stereophonic phonograph pickups The 
square wave modulation allows a rapid appraisal of stylus-tip mass, damping, and tracking Low frequency compliance and tracking are determined by means of 300Hz bands of pro 
gressively increasing amplitude Intermodulation distortion measurements are made possible by graduated 200Hz intermodulation test bands The STR 112 has been cut with vertical 

angle approximately 15° which is representative of current recording practice 

STR 120 WIDE RANGE PICKUP RESPONSE TEST RECORD. Makes possible the measurement of pickup response at frequencies far beyond the audible range where elusive 
distortion elements can cause audible distortion The low frequency range includes glide tones at twice normal level for the detection and elimination of arm resonance, loudspeaker 

cone and cabinet rattles Other tests include silent grooves for measuring rumble and surface noise characteristics, and standard level bands at OdB for overall system S/N 

measurements. This record is suitable for use with a graphic level recorder to provide permanent, visible records for precise evaluation 

STR 130 RIAA FREQUENCY RESPONSE TEST RECORD. Provides RIAA frequency characteristics for the calibration of professional recording equipment and for testing the 
response of professional and consumer record reproduction equipment This record is suitable for use with a graphic level recorder to provide permanent, visible records for precise 

evaluation. Spot frequency bands for use without automatic equipment are included 

STR 140 RIAA PINK NOISE ACOUSTICAL TEST RECORD. Designed for acoustical testing of systemsand loudspeakers and for psychoacoustic tests on reproduction equipment 
With the STR 140 it becomes possible to test loudspeakers in the room in which they will be used. Spot frequency tones with voice announcements facilitate the testing procedure. Con 
tmuous glide tones in '/roctave bands cover the frequency range from 30 to 15.000Hz and are synchronized with a graphic level recorder. 

STR 151 BROADCAST TEST RECORD. Developed especially to meet the needs of broadcast engineers audiophiles, and other professionals seeking a convenient signal source for the 
testing and adjustment of all audio equipment Tests include phonograph pickup response and separation, speed accuracy at 33‘ j and 45 rpm wow and flutter, rumble and hum detec 
tion, ballistic test of V U meters and many others. 

STR 170 318 MICROSECOND FREQUENCY RESPONSE TEST RECORD. Provides pickup designers and recording studios with a high level, easily equalized signal for frequency 
response and channel separation measurements. The STR 170 employs a 318 microsecond characteristic corresponding to the test or flat mode common to most disc recording 
equipment Constant amplitude recording is employed in the region below 500Hz with constant velocity recording in the region above The transition is smooth, in contrast with the 

STR 100 which employs a sharp breakpoint at 500Hz. The record is suitable for use with a graphic level recorder to provide permanent, visible records for precise evaluation 

SQT 1100 QUADRAPHONIC TEST RECORD. Designed for calibration, verification, and adjustment of SQ‘ decoding equipment The record provides test bands for pickup 
measurements, for adjustment of decoder electronics and for channel identification and balance Each band is described in terms of recorded characteristics and its intended use 

SQ is a Trademark of CBS Inc 

OLD COLONY SOUND LAB 
P.O BOX 243, Peterborough NH 03458 
I enclose $_ 
□ cash □ check CM O. 
Credit card# 

Expire_Interbank^ 
S i g n at u re_ 
Name__ 

S t r ee t_ 

City_State_ 
ZIP_ 

Quantities are limited. Be sure to order enough for many years of use. 

Send me the following test records: 

_copies 
_copies 
_copies 
_copies 
_copies 
_copies 
_copies 
_copies 
_copies 

(STR 101) Seven Steps to Better Listening at $6.98 ea. 
(STR 100) Stereophonic Frequency at $10. ea. 
(STR 112) Sq. Wave, Tracking and Intermodulation $15. ea. 
(STR 120) Wide Range Pickup Response at $15 ea. 
(STR 130) RIAA Frequency Response at $15 ea. 
(STR 140) RIAA Pink Noise Acoustical at $15 ea. 
(STR 151) Broadcast Test at $15 ea. 
(STR 170) 318 Microsecond Frequency Response $15 ea. 
(SQT 1100) Quadraphonic Test at $15 ea. 



An Active Crossover 
with Phase Correctors: Part I 

BY ROBERT BALLARD 

Phase distortion in speakers has 
many causes, but the prime 

culprit is the crossover network. 
Physical placement of the drivers 
follows close behind. Other factors 
include equipment interactions and 
connecting cables. The result of all 
these phase disruptions is a vague, 
diffuse image, with unrealistic size, 
and frequency response peaks and 
dips. In this article I will show prac¬ 
tical methods for measuring phase 
shift in circuits and in the actual 
acoustical output of the drivers, 
along with a design for an active 
crossover which permits fine-tuning of 
system phase alignment from preamp to 
driver output. 
Active filters can be made from a com¬ 

bination of resistors, capacitors, opera¬ 
tional amplifiers, and a suitable DC 
power supply. In an active filter, through 
the use of a positive feedback circuit, a 
capacitor takes the place of the expensive 
wire wound inductor used in passive 
filters. The landmark paper which made 
this all possible was by Sallen and Key, A 
Practical Method of Designing RC Active 
Filters, in IRE Transistor Circuit Theory 
11955). Further and more detailed infor¬ 
mation about active filters appears in 
Walter Jung's excellent series of articles 
in The Audio Amateur (1/75, 2/75, 4/75 
and 2/76), and in Speaker Builder 2/82, 
the Manual of Active Filters by Hilburn 
and Johnson, and the Active Filter 
Cookbook by Don Lancaster. 

FILTER TYPES. In Fig. 1, the circuits, 
vector diagrams, and response curves 
are shown for first, second, and third 
order filters both low and high pass. 
Phase angle at the crossover frequency 
(Fc) for all cases is N(45) degrees, so a 
fourth order filter would have a phase 
angle of 4 x 45 degrees or 180 degrees. 
This characteristic of fourth order filters 
causes the output of both low and high 
pass filters to be in phase with each 
other, which is exactly what we need for 
phase alignment within crossovers. 
A fourth order filter consists of two 

cascaded second order filters, requiring 
two op amps as shown in Fig. 2. In the 
previous examples of first, second, and 
third order filters with Fc at -3dB, the 
phase angle at N(45) degrees, and with 

unity gain, the Q of the circuit is */z V2 or 
.707 with maximally flat response, 
which is desirable in first and third order 
filters used for speaker crossovers. (Note 
that the third order filter in Fig. 1 actually 
is a hybrid designed to avoid using two 
op amps since a true third order filter 
should have cascaded first and second 
order filters.) With fourth order filters, 
the above no longer holds true. Each se¬ 
cond order section of the fourth order 
filter shown in Fig. 2 is a duplicate of the 
one shown in Fig. 1. Each section then 
has a Q of .707, but when cascaded the 
total Q becomes the product of the Q's 
which is 0.5, and Fc occurs at -6dB in¬ 
stead of -3dB with the phase angle re¬ 
maining at 180 degrees. With the drivers 
in phase, - 6dB represents Yz acoustical 
power from each driver and the com¬ 
bined acoustical power from both 
drivers is unity, or in other words the 
response is flat over the crossover region. 
However, as we will discover later, 

midrange Q needs to be adjustable. A cir¬ 
cuit with equal values for R and C and 
variable gain can control the Q (Fig. 3). 
Gain is controlled by resistors R, and R2 

with gain (K) equal to (Ri + R2)/R,. Q is 
governed by the relationship of 
Q= l/(3-K| and K= 3 — (1/Q). For max¬ 
imally flat response in a filter the Q of 
one section should be .541 and the se¬ 
cond should be 1.307. Note that the pro¬ 
duct of these equals 0.707. To illustrate 
how Q affects the shape of the response 
curve, curves are shown for Q's of 0.5, 
0.707 and 1.0 in Fig. 4. The response 
curve for Q equal to 1.0 has about a 3dB 
rise just before it makes the plunge into 
negative dB's while those of 0.5 and 
0.707 do not. The shape of the curve 

shows why a response with a Q of 
0.707 is maximally flat. 

PHASE SHIFTERS. From The 
Manual of Active Filters by Hilburn 
and Johnson we will use an all pass 
filter (phase shift circuit) (Fig. 5) to 
obtain phase alignment. The gain of 
the circuit is 0.5 and this loss must 
be compensated for in other ways. 
The resistor and capacitor values for 
wide ranges of phase shift angles can 
be obtained from the extensive 
charts in this book. In an all pass cir¬ 
cuit, the frequency response is ab¬ 

solutely flat, only the phase angle 
changes. We control the phase angle 
with a trimpot connected to R,. 
The strategy in driver phase alignment 

for a 3-way system is to use the midrange 
driver as home base. We do not attempt 
to shift the phase position of the 
midrange. Instead we shift the woofer 
and the tweeter to match the phase posi¬ 
tion of the midrange using the all pass 
phase shift circuit from Fig. 5. The final 
circuit for a 3-way electronic 4th order 
crossover will be built around the three 
circuits shown in Figs. 2, 3 and 5. Before 
establishing component values for the 
phase shifting circuit, we must know 
how much phase shift is required for the 
woofer and the tweeter. The next section 
shows how. 

MEASURING PHASE ANGLE. The 
only equipment necessary to measure 
phase angle is an oscilloscope and a sine 
wave generator. The test setup and 
oscilloscope patterns are shown in Figs. 
6A thru 6G. In Fig. 6A, "UUT" is the unit 
under test. Figure 6A shows that with 
both horizontal and vertical sweeps set 
for equal deflection, the pattern is a 
straight line inclined at 45 degrees for 
zero degrees phase shift between inputs 
to the oscilloscope. Figure 6C is also a 
straight line inclined at 45 degrees but it 
is in another set of quadrants, which in¬ 
dicates a phase angle of 180 degrees be¬ 
tween inputs. These two patterns have 
no ambiguity. Their preciseness leaves 
no doubt as to the angle. The measure¬ 
ment of other angles is not quite so easy. 
For example, Figs. 6C thru 6F show pat¬ 
terns which leave you with an either-or 
choice. To ascertain which is which we 
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employ a "phase reference circuit" 
(PRC), which is simply a resistor and 
capacitor in series to form a first order 
low pass filter [Fig. 6G) and connected 
across the output terminals of the sine 
wave generator (SWG). In first order 
filters, R and C must be chosen so that 
R = X< at the measuring frequency (this 
would be F„ for the first order filter). If 
we arbitrarily choose C as .047gF (a stan¬ 
dard value), then at 400Hz (arbitrarily 
chosen measuring frequency): 

1 in6
x.=-i-= --- =8.47kQ 

27TÍC 2tt400(.047) 

(useR = 8.2kQ). We know (seeFig. 1] the 
phase angle of this PRC is 45 degrees lag¬ 
ging and can use it as a reference point to 
determine whether the angle we are 
measuring is leading or lagging. In Fig. 6, 
first calculate the phase angle by measur¬ 
ing "A" (the Y intercept) and "B" (the 
height of the ellipse) and then 
sin e = A/B. If you set B equal to 2cm and 
A is 1.414cm then the ratio is .707 and 
the angle is 45 degrees either leading or 
lagging. Now move the lead from the 
scope's vertical sweep to the point bet¬ 
ween the R and C on PRC. If the new pat¬ 
tern is a straight line [Fig. 6B). The UUT 
has a lagging phase angle. If it is a circle 
(Fig. 6F) the UUT has a leading phase 
angle. The technique applies in like man¬ 
ner for all other angles keeping in mind 
that the PRC will make the test angle 
smaller in quadrants 3 & 4 and larger in 
quadrants 1 & 2. Of course, the values of 
R and C must be reselected for changes 
in measuring frequency. 

PHASE BETWEEN DRIVERS. Inaddi 
tion to phase shift, which may occur in 
the crossover, phase shift occurs because 
driver current is seldom in phase with 
the input voltage (driver current deter¬ 
mines the phase of the acoustical 
output). Another factor which affects the 
acoustical phase of a driver is its physical 
geometry (the shape and size of the cone, 
location of the driver coil, and its loca¬ 
tion in the speaker cabinet). We assume 
that all drivers are mounted on the same 
flat baffle. By using phase shifting cir¬ 
cuits we can correct most of the factors 
which contribute to phase misalignment 
among drivers. 
To measure phase angle between adja¬ 

cent drivers at the crossover frequency, 
obtain two identical dynamic mikes. 
They should be acoustically invisible (as 
small as possible) but a diameter of about 
%" will work. Connect each to an audio 
or microphone amplifier with a gain of 
about 40dB for a good deflection on the 
scope. Refer to Fig. 7 for the test setup. 
The mikes measure acoustical phase 
angle between drivers. The gauges [Fig. 
8) are necessary to get accurate and 
repeatable spacing between the drivers 

and the mikes. At 400Hz, which could be 
the crossover between woofer and 
midrange, the wave length is 33". Over 
this distance the phase shift is nearly 360 
degrees (11 degrees per inch). At 3500Hz 
(the crossover between midrange and 
tweeter) the wave length is only 3.8" (6 
degrees per ‘/is"). Precise and careful 
spacing of the microphones is very im¬ 
portant for obtaining accurate 
measurements. The gauge for the high 

frequencies allows 3" between baffle 
board and mike while the other gauge 
allows 6 ". These distances are within the 
first wave propagated by the drivers (to 
avoid disturbances from room reflec¬ 
tions) . Keep any reflecting surfaces well 
away from the front of the spakers and 
yourself at least 10' away while making 
measurements. 
Using the setup in Fig. 7, place the 

mikes in the exact center of the woofer in 

FIGURE I. The phase and frequency response of first, second, and third order filters all have undesirable 
characteristics. Phase delay occurs when the phase vector rotates clockwise from V,v to y our- None of the three 
has an output with the high and low pass in phase with each other. 
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F _ 112540 RC _ 112540 
~RC — F 

with R in ohms 
C in microfarads 

V out<-1->v IN 

HIGH PASS 

¡FOURTH order filters with Q OF 0~5 

FIGURE 2. In fourth order filters, a very sharp rollover slope occurs, and the high and low pass outputs are in 
phase with each other. 

steps to find the phase angle between 
midrange and tweeter. As is often the 
case, you may find that the phase angle 
between dome tweeters and cone 
midranges is close to 180 degrees. If so, 
the easiest way to get phase alignment is 
to reverse the leads to the tweeter and 
then measure the phase angle, which 
should be relatively small. Determine if 
the tweeter is leading or lagging. With all 
this completed, you have enough infor¬ 
mation to calculate the proper resistor 
and capacitor values in the phase shifting 
circuits for the woofer and the tweeter. 
Values for R and C also can be obtained 
from the very flexible charts in Johnson 
and Hilburn’s Manual of Active Filters. 
Leave the midrange drivers in their 
original position for now. They will be 
swapped later. 

COMPLETE CROSSOVER The com 
píete circuit for one channel of an elec¬ 
tronic crossover using the building 
blocks previously presented is shown in 
Fig. 10. Three 4136 IC op amps and three 
531 IC op amps are used in each channel. 
A circuit for the power supply is not 
shown, but it should be a well filtered 
regulated and balanced ± 15V supply. 
Many excellent circuits are described in 
The Audio Amateur and other publica¬ 
tions. Twelve 0. IgF capacitors (C27 thru 
C38) bypass the power supply leads at the 
IC pins. The first section (Al) is an inver¬ 
ting buffer to present correct input im¬ 
pedance (value of Ri) to the output of the 
preceding preamp and to provide low 
output impedance to the rest of the cir¬ 
cuit. Set the gain (K=R2/Ri) of Al at 2.0 
to compensate for the loss in the phase 
shift circuits (A2A and A6A). The gain 
could be higher if desired for a particular 
application but you might suffer loss of 
bandwidth. 

the right channel and midrange driver in 
the left channel. The reason for placing 
mikes for drivers in opposite channels is 
to minimize the effect of one driver on 
the other when close together. Left and 
right channel speakers should be about 
8-10' apart and not facing each other. Set 
the SWG to the crossover frequency and 
increase the volume to obtain acceptable 
deflection. Keep the volume as low as 
possible to obtain good sine wave output 
from the drivers and to avoid damage to 
drivers from a sustained sine wave input. 
Next connect B to V and D to H, measure 
and record the woofer's phase angle, and 
check quadrant location with a PRC (A to 
V). Next connect B to V and C to H, to 
measure the midrange's phase angle. 

Refer to Fig. 9 for a method of deter¬ 
mining phase angle between woofer and 

midrange. Woofer phase angle is 70 
degrees in the third quadrant while the 
midrange measures 65 degrees in the 
fourth quadrant. The sum is 135 degrees, 
and subtracting it from 180 degrees 
leaves 45 degrees, the phase shift bet¬ 
ween woofer and midrange, with the 
woofer lagging. The values of R and C in 
the woofer phase shifting circuit must 
provide 45 degrees leading phase shift to 
bring it into phase with the midrange. 
As a double check of phase angle, con¬ 

nect both microphones to the scope (C to 
V and D to H). This angle should be 45 
degrees, the phase difference between 
the woofer and the midrange. However, 
this check does not tell you whether the 
woofer is leading or lagging. The dif¬ 
ference measurement just completed 
tells you this. Then go through the same 

MIDRANGE SECTION. Since the 
midrange driver is the pivotal driver in a 
phase aligned system, we will consider it 
first. The 400 to 3500Hz bandpass 
presents some special problems which 
require empirical corrections. When the 
400Hz high pass is connected in series 
with the 3500Hz low pass filter to form 
the bandpass they interact, shifting the 
180 degree and -6dB points. The first 
correction is to add the circuit of Fig. 3, to 
have a variable Q. Experimentation has 
shown the following corrections 
necessary: 

1. Frequency Fe shifts at both ends of 
the bandpass and the value of R, as deter¬ 
mined by RC= 159155/F (C remains con¬ 
stant), must be increased by 106 for the 
low pass and decreased by 106 for the 
high pass to maintain the targeted Fe at 
180 degrees. 
2. The — 6dB point drops to about 

— 7.5 to — 8.0dB and Q must be in-
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creased from 0.50 to 0.56. In Fig. 10, one 
of the second order filters in both the low 
and high pass is connected for unity gain 
which automatically provides a Q of 0.5 
[Q=l/(3-k|. The other second order 
filters have variable gain, thus variable 
Q. These must have a Q of 1.12 to have 
an overall Q of .56 because a Q of 1.12 re¬ 
quires a gain of 2.107 with K = (R24 + R23) 
/R24 and (R33 + R32)/R33, make R24 and R33 

18kfl and R23 and R32 20kQ for a K of 
2.111 and a Q of 1.125. The overall Q is 
then 0.5625. 

3. With gains of 2.0 in the buffer (Al) 
and 2.111 in both the low pass and high 
pass filter, the overall gain is 8.9 ( 19dB) 
which will overload the midrange ampli¬ 
fier severely. Therefore, attenuators A3 
and A5, inverting amplifiers with gains 
of 0.237 and .47 respectively, attenuate 
the signal so the output of A4D has unity 
gain. Inverting amplifiers provide gains 
of less than 1.0 and double inversion 
keeps the signal in-phase. With R„ equal 
to 4.3kQ and R 18 equal to 18kfi, k is .239. 
With R28 equal to 4.7kQ and R27 equal to 
lOkfi, K is .47. The phase angle must be 
exactly 180 degrees at Fe. The — 6dB 
point can be ±0.5dB. 

WOOFER SECTION. The sequence 
may seem odd with phase shift first, then 
the low pass, and finally the 
rumble/bass boost filter, but the final 
output at trim pot R19 is not affected by 
the order in which the various elements 
are connected. I placed the phase shifter, 
with its gain of 0.5, first, to keep the 
signal level reduced. You can toss a coin 
for the other two. The 400Hz low pass 
uses the circuit from Fig. 2 for a Q of 0.5, 
a gain of 1.0 and — 6dB at 180 degrees for 
Fc. The two feedback capacitors in 
parallel provide a value exactly twice 
that of the capacitor to ground so all 
capacitors have equal values. 

I have added the rumble filter and bass 
boost (A2D) to show what can be done 
with electronic crossovers to tailor driver 
response for smoother frequency 
balance. I strongly recommend using an 
infrasonic filter (especially for transmis¬ 
sion line speakers which have minimal 
damping at the ultra-low frequencies), 
because excessive woofer pumping will 
muddy the bass notes and will draw ex¬ 
cessive power from the amplifier, caus¬ 
ing distortion in the audible range. This 
high pass filter is a hybrid third order, 
chosen to obtain maximum attenuation 
(18 dB/octave) with only one op amp. 
You can vary the amount of bass boost by 
altering the values in (R13//R16)/R14 . With 
a ratio greater than two, you obtain bass 
boost. For example, with a ratio of 13.8 
and with R14 equal to 15kil, R,e of 2.2 
megohms, R1S of 220kil and with C 10 = 
C„ = C,2 = ,047/iF, bass boost is 6.8dB at 
26Hz and the - 3dB point is at 18Hz. The 

LOW PASS 

FIGURE 3. By changing the values of resistors (R, and RJ the Q (resonance) of the filter can be altered. 

frequency response curve for the rumble 
filter and bass boost is given in Fig. 11. 
With the realization that 6.8dB of boost 
results in more than a fourfold increase 
in power at 26Hz, bass boost of this 
amount is recommended only if: 

1. Woofer can handle extra drive at low 
frequencies without undue distortion. 
2. Woofer power rating is adequate. 
3. Woofer amplifier rating is adequate. 
If you want the rumble filter without 

bass boost, then make RM equal to 33kQ, 
R13 equal to 82kfi, and R16 equal to 560kfi 

with capacitors remaining the same. 
Since the rumble filter is a high pass in 
series with the 400Hz low pass filter, 
some interaction between them occurs 
as in the bandpass for the midrange. 
However, since the two cutoff frequen¬ 
cies are more than four octaves apart the 
effect is not as severe. You can adjust R8 

to set the 180 degree and -6dB point 
without any further changes. 

TWEETER SECTION. The 3500Hz 
high pass filter for the tweeter is more 
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simple and straight forward. The circuit 
is from Fig. 2 with Fc at 180 degrees and 
-6dB attenuation. Note that no true high 
pass filters exist using op amps because 
of the limited bandwidth of the op amps. 
However, the 4136 in this circuit is flat 
beyond 80kHz which is more than ade¬ 
quate for audio applications. 
Trim pots R,7, R38, and R47 provide 

separate level control for each of the 
amplifiers. Other trim pots are scattered 
throughout the circuit for adjustment of 
phase alignment. Straps Si through S4 

can be used to isolate certain portions of 
the circuit during test and adjustment. 

Next Issue: Complete step by step in¬ 
structions for phase-aligning your 
system using the crossover's phase ad¬ 
justers and a simple but effective 
method of measuring phase differences 
among driver outputs. The circuit board 
and parts list will appear also. 

FIGURE 4. Changing the Q alters the response curve. 
When Q ° .707, the curve extends further along the 
OdB line than for any other value, or is "maximally 
flat” 

FIGURE 5. An all pass filter makes a good phase 
shifter. By using a variable resistor for R, the phase 
shift can be adjusted as desired. 

FIG. 6A FIG.6B 

V IN 
V OUT 

V OUT 
(IN QUADRANT #1 ) 

VOUT 
( IN QUADRANT #4 ) 

FIG. 6G 

FIGURE 4. Testing phase angle requires only an oscillator and an oscilloscope. When the scope shows the patterns 
in B and C, phase shift is 0 and 180 degrees respectively. In D and E, the ellipse has poles in two quadrants, so to 
determine whether phase shift leads or lags, use a "phase reference circuit” with known shift, as shown in G. 
Leading phase will show a circle as in F, lagging phase, a straight line. 

Smart Having 

If you move, tell us the good news just as soon as 
you are able. We will tell our computer and then 
the printer will get a good label for your next 
copy of Speaker Builder. 

If you wait, your copy will go out with your 
old label and then your issue will become waste 
paper in your former post office. If that hap¬ 
pens, we will ask you to pay $2 for a replace¬ 
ment copy of Speaker Builder. 

If you send us your new address and your old 
one please, at least six weeks ahead of your 
move, then all can be well. If by some chance the 
post office does not deliver your copy, if we 
goof up. or something totally unforeseen keeps 
you from receiving your copy, then we will re¬ 
place your copy free of charge. 

A safe way to insure continuing to receive val¬ 
uable periodicals such as Speaker Builder, 
Penthouse, and Wok Stirfryer Monthly is to 
authorize your post office to forward all second 
class mail to you by agreeing to pay forwarding 
postage. 
When you move, we want to be sure you con¬ 

tinue to get your magazine. Keep us informed, 
please. 
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CUSTOM WOUND 
INDUCTORS 

BY DANIEL PATRICK COYLE 

Most of us who construct our own 
loudspeaker systems would like 

to make the crossover, as well. Commer¬ 
cially available high quality passive 
crossovers are quite expensive and 
available only in certain frequencies. 
One solution is to assemble your 
crossover from scratch, winding your 
own inductors with wire bought from a 
local electric motor rebuilder. My ex¬ 
perience has been that rebuilders will 
sell copper wire at $3.00 per pound on 
up, quite cheap compared to the elec¬ 
tronic parts stores. 

HOW IT WORKS. An inductor, in case 
you have not seen one, is a winding of 
copper wire on a spool. Its final shape is 
like a doughnut. The current of the audio 
signal in the inductor sets up a magnetic 
field in which the close proximity of one 
turn of wire to the next causes a mutual 
reinforcement of the magnetic field. 
When the audio signal's current reverses 
its electrical polarity, as it does each 
audio cycle, the magnetic field's north¬ 
south polarity also has to reverse. 
Once established, the field does not 

"want'' to collapse and reverse direc¬ 
tion. (The mechanical equivalent is iner¬ 
tia.) This property makes it difficult for 
an AC signal (as audio is) to get through 
an inductor and presents mounting im-
pedence to the signal as the frequency 
gets higher and tries to reverse its polar¬ 
ity more often. The overall effect is of 
passing low frequencies while impeding 
high frequencies, just what we need for a 
crossover network. (A capacitor, the 
other principal component of a crossover 
network, has the opposite effect, passing 
highs and impeding lows.) 
Adding more turns of wire increases 

the strength of the magnetic field, as does 
putting something in the center of the 
coil that passes magnetic lines of force 
more easily, such as iron. (This is a 
description of a voice coil around its steel 
pole piece, hence a loudspeaker's sizable 
inductance.) In passive crossover induc¬ 
tors which are subjected to high power 

levels, the large magnetic field created 
can supersaturate an iron core, giving 
nonlinear performance. For this reason 
air-cored inductors generally are prefer¬ 
red for high quality, high power applica¬ 
tions, even though they require more 
copper, thus costing more. 

TAKE-APART FORMER. I have found 
it easiest to wind inductors on a former 
that will disassemble to yield the fin¬ 
ished coil on its center core. I then re-use 
the two side plates for the next coil. I 
have made formers of scrap, using two 
sheets of %" particle board or plywood, 
cut in a 5" square, as the outside of the 
form. Make the center core of the ap¬ 
propriate diameter wood doweling cut to 
the correct height for the coil (see Fig. 1). 
Drill a *4" diameter hole through the 
assembled former and along the center 
axis of the wood dowel. Put a 4" long ‘4" 
bolt through this hole and run a nut 
down to tighten the form together. Then 
put the free bolt end in the chuck of a 
drill. Precut the wire to length. Wind a 
random-winding coil. Keep enough ten¬ 
sion on the wire to ensure a tight, even 
wind. Remember, both ends of the wire 
must be accessible at the finish. When 
you have finished, tape the outside of the 
wire bundle and carefully disassemble 
the former. Then tape the coil radially to 

FIGURE 1. When winding the coil, these 
relative dimensions of core size, height of 
windings and coil width must be observ¬ 
ed to obtain the desired inductance. The 
end plates are removable. 

hold the bundle together. You may also 
use wax, lacquer, or nylon ties to hold it 
together. 
1 have found it easiest to leave the 

wood plug in place in the center of the 
coil. It becomes a boss for a nonmetallic 
fastener (nonferrous is not enough), such 
as a ‘4" wood dowel, sunk into the speaker 
box or whatever. A large diameter dowel 
is hard to find. I have added cardboard 
and tape to 1" dowel to make larger 
center cores. 

BALANCING INDUCTANCE AND 
RESISTANCE. A. N. Thiele, in his arti¬ 
cle "Air-cored Inductors for Audio," 1 

describes how to size the form on which 
the inductor is wound. He gives a 
method to approximate the needed wire 
length and gauge. I will describe a 
simplified method, derived from Thiele, 
for use with a pocket calculator. Our goal 
is to have a low DC resistance in the coil, 
because excess resistance changes the 
"alignment" of the speaker, by altering 
the total "Q,” or behavior at resonance. 
Thiele suggests that the inductor in the 
crossover network have a DC resistance 
no more than y2o of the impedence of the 
speaker. For an 80 speaker, 0.40 of series 
resistance would be a typical value. For a 
given wire material, the two variables 
determining the DC resistance are the 
gauge and the length of wire. Thiele has 
given a simple description of optimizing 
the coil's dimensions to get a given in¬ 
ductance from the shortest length of 
wire, hence the least DC resistance and 
expense. 

FINDING ELECTRICAL VALUES. 
Determine the crossover frequency, f„, 
you want for the speaker. Generally, a 
midrange or tweeter's lower limit might 
be at twice the frequency of resonance of 
the speaker.2 The upper limit for a woofer 
or midrange might be KA = 2, or express¬ 
ed another way, 8556 divided by the ac¬ 
tual diameter of the rãHíator ín inches. 

Find the time constant of the crossover 
frequency. The time constant is ex-
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Inductor L in /iH ° (Z,J (T„); 
Capacitor C in gFarads ' (T„)/(ZW) 

FIGURE 2. A first order, parallel, Butter¬ 
worth crossover requires only one coil. 

Z„ ’ Zn L ■ (Z)(T.)/V2/3> C ' 1(T„)72/ 3|/Z 

FIGURE 3. To convert the parallel first 
order to a series Butterworth circuit, you 
must calculate different values for C and 
for L. 

L • Z T„ 72 

FIGURE 4. A second order parallel filter 
requires two coils. 

L,l * (3Z,T„)/2 C,„ ’ 2T73Z„ 
LIt ■ (ZtT.)/2 Cz„ * 2T7Z„ 
L„ ■ (3Z„TJ/4 CL ■ 4T73Z, 

CIH C2H 

FIGURE 5. Third order crossovers re¬ 
quire three coils. 

O 

TABLE 1 

PROPERTIES OF COPPER WIRE 

GAUGE DIAMETER OHMS PER 

NUMBER (INCHES) 1000 FT. 

10 .10190 .9989 

II .09074 1.260 

12 .08081 1.588 

13 .07196 2.003 

14 .06408 2.525 

15 .05707 3.184 

16 .05082 4.016 

17 .04526 5.064 

18 .04030 6.385 

19 .03589 8.051 

20 .03196 10.15 

21 .02845 12.80 

22 .02535 16.14 

23 .02257 20.36 

24 .02100 25.67 

25 .01790 32.37 

26 .01594 40.81 

pressed in microseconds (gS) and is sym¬ 
bolized by T„: 

T„ = (l,000,000)/(2Trfo), or 

T» = (159155)/(f„) 

Determine the impedance, Z, of the 
speaker at the crossover frequency. This 
value is expressed in ohms and often is 
different from the speaker's nominal 
value of 8 or 4Í2. Consult the manufact¬ 
urer's impedence graph of the speaker, 
or for more accurate results, test the par¬ 
ticular driver to determine its actual 
characteristics. 
Determine the amount of inductance, 

L, needed. This will vary, depending on 
(A) the type of crossover configuration 
(first, second, third order),3 (B) the im¬ 
pedence of the speaker at fo, and (C) in 
the special case of parallel Butterworth 
networks as described by R. Small,4 the 
actual voice coil inductance, which 
should be subtracted from the crossover 
network inductance. A brief schematic 
and design formulas are given in Figs. 
2-5, adapted from E. Baekgaard.5 For con¬ 
venience in our calculations, values of 
inductance are expressed in micro-
Henrys and symbolized by L. (One 
Henry equals 1,000 milliHenrys, mH, 
and one million microHenrys, gH). 
Decide what amount of DC resistance, 

R, in ohms, is acceptable. Thiele1 uses 
5% of the speaker's nominal impedence 
at F„. Greater resistance affects damping, 
alignment and power output of the 
speaker. Less resistance, for low fre¬ 
quency crossovers, rapidly becomes 
more expensive. (An exception to the 
lower-resistance-is-better maxim is the 
special case of an over-damped driver of 

great efficiency, where an increase in 
resistance can help raise the Q to a more 
usable value). 

HOW MUCH WIRE? Now calculate 
the former shape, wire length and gauge. 
Calculate the dimensions of the coil 
former, expressed in inches. Once the 
form's height, A, is found, the coil's 
other dimensions become fixed. 

A = 7(T„)(Z)/(5590)(R) 

2A = inner diameter of form in inches. 

4A = outer diameter of form in inches. 

Find the length of the wire in feet, W. 

W = (3.10) 1« 

(L is in /xH, A is in inches.) 

Find the number of turns in the inductor, 
N. 

N = (3.94) (7(L/A)] 

Find the cross-sectional diameter (gauge) 
of the wire, expressed in inches as Wd. 

Wd = j0.841)( AJ/VÑ 

(see Table 1 to convert to wire gauge.) 

Find the weight of wire needed to wind 
the inductor, expressed in pounds as W,t. 

W,t = (1.683)(A3) 

These core dimensions assume neatly 
wound coils, where each winding is next 
to the previous. For the less fastidious of 
us, random-wound wire will be the 
likelihood. In this case, I have found that 
a slight increase in coil height, about 
10%, will maintain the optimum coil 
shape. Final fine adjustment of induc¬ 
tance values, by adding or removing 
wire, will not change the coil shape 
significantly. □ 

REFERENCES 

1. A. N. Thiele, "Air-Cored Inductors for 
Audio,’ 1 Journal of the Audio Engineering 
Society, June 1976. 
2. Marshall Leach, Jr., "Loudspeaker Driver 

Phase Response: the Neglected Factor in 
Crossover Network Design," Journal of the 
Audio Engineering Society, June 1980. 

3. N. H. Crowhurst, "Basic Design of Con¬ 
stant Resistance Crossovers," Audio Engineer¬ 
ing 37, 21, October 1953. 
4. Richard H. Small, "Constant-Voltage 

Crossover Network Design," Journal of the 
Audio Engineering Society, January 1971. 
5. Erik Baekgaard, "A Novel Approach to 

Linear Phase Loudspeakers Using Passive 
Crossover Networks," Journal of the Audio 
Engineering Society, May 1977. 

Speaker Builder / 3/82 21 



ELECTRONIC 
CROSSOVERS REVISITED 

BY THE EDITOR 

M any Speaker Builder readers have 
written to us in the wake of 

Walt Jung's series in The Audio 
Amateur on IC distortion (Issues 2 
and 3, TAA 1978) asking why we 
don't update past projects which 
contain IC's, especially those using 
the 741. Alas, we seem to find time 

for only our necessary day-to-day 
chores, and have little to spare for 
updating the past to the levels of the 
present. 
The 741 has become an embarrass¬ 

ment and needs replacing by better 
descendants, especially in the elec¬ 
tronic crossover we published in 

FIGURE I: The original crossover circuit published in TAA 2/72 can be improved by substituting the 

National LF35I or the Tl TL07I for the old 741 ’s. A much better solution is to modify the Jung 30Hz 

filter for use as a crossover. 

TAA's issue 2, 1972 (see Fig. 1). We 
have updated the Old Colony circuit 
card for this crossover to accom¬ 
modate dual-in-line eight-pin 
packages—see Figs. 2a and 2b for the 
new card. Jung advises using either 
the National LF 351 or the Texas In¬ 
struments TL 071 in this circuit as a 
direct replacement plug-in for the 
741. Table A shows the results of 
such a change in the two-way ver¬ 
sion; using the LF 351. 
When we come to the three-way 

crossover, however, we discover a 
snag. Our little design is a two-pole 
configuration giving a 12dB-per-
octave slope. A growing body of 
evidence snows the 12dB slope has 
problems avoided by 18dB and 6dB 
slopes; so our crossover has that 
drawback as well as some notch 
cancellation in the way we derive 
the center channel by cancellation of 
180° out-of-phase frequencies. 
Note that in Fig. 2 IC3 inverts the 

main signal and feeds it to the 
uninverted low pass and high pass 
portions of the audio band. The out¬ 
put of IC4 is thus a center channel 
consisting of the main signal with 
the high and low signals cancelled 
out. 
You can use the crossover in other 

ways, however. In Fig. 3 we cascade 
two DG-13R boards to produce a 
12dB/octave, three-way crossover. 
Values for the two boards should be 
the two crossover points: for exam¬ 
ple, card 1 is set for the low frequen¬ 
cy, card 2 for the high frequency. 

PARTS 

All resistors ± I % metal film 

C,, C2 ±5% low leakage polystyrene, polycarbonate 

C3, C4 ± I % Mica 

ICI, 2, 3, 4/iALF35IN 

Solder all terminal posts to copper foil for best long term 

performance. 
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In Fig. 4 we adapt the DG-13R 
board to a two-way, 18dB/octave 
configuration. You need only choose 
one crossover point. The first card 
omits one resistor/capacitor pair in 
each active filter, reducing it to a 
6dB/octave configuration, with 
lower distortion and phase prob¬ 
lems. 
Fig. 5 shows the crossover's 

ultimate form. Four DG-13R boards 
and eight IC's produce a three-way, 
18dB/octave slope to low, mid, and 
high pass bands. You'll have to 
choose two frequencies, one for 
cards 1 and 2 and the other for cards 
3 and 4. See Fig. 3 for the 6dB/octave 
wiring instructions for cards 1 and 4. 

OTHER CHOICES. In TAA issue 4, 
1975, Walt Jung offered TAA readers 
far more than a 30Hz filter for 
eliminating infrasonic garbage. In 
that article he suggested the dual 
channel filter as a likely basis for 
two- and three-way crossovers, us¬ 
ing the then-new 4136 IC with its 
four op amps in a 14-pin DIL 
package. The TI TL 075 is a wor¬ 
thwhile replacement of the 4136. 
Jung spelled out ways to set up the 
same board to make 6, 12, or 
18dB/octave low pass or high pass 
filters, referring back to his com¬ 
prehensive filter design articles 
which appeared in the first two 
issues of that same 1975 series. 
We heard little feedback from 

those articles, but surmised they 
might be more useful if we digested 
the material a bit more and 
presented it here as a reminder to 
those who want the even better per¬ 
formance of the Jung crossovers. 
Figures 6a and 6b (shown on pp. 

15-16 of TAA 4/1975, as Figs. 3a and 

'GAIN PROGRAMMING TABLE A 

Gain RF RI 

I (OdB) 

1.414 (3dB) 

2 (6dB) 

3.162 (lOdB) 

4 (l 2dB) 

Jumper 4.7k 

4.12k 10k 

4.75k 4.75k 

4.75k 2.21k 

6.65k 2.21k 

“Let R6 be equal to DC resistance at Az +) input: 

R6 = R3 (R2 or RI) - HP 

R6 = RI + R3 - LP 

Old Colony (PO Box 243, Peterborough, NH 03458) will 

offer two-way and three-way crossover kits based on the 

Jung design, unity gam, three-pole, 18dB/octave, at the 

frequencies listed in Table B only. OCSL will also offer 

common bass units based on the Jung design, with the 

6dB gain for each common output. Only the three fre¬ 

quencies in Table C will be offered for these common 

bass kits. 

FIGURE 2a: DG-I3R board. 

FIGURE 2b: Layout guide for DG-I3R board. 
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FIGURE J: l2dB/octave, three-way, one channel Butterworth. All outputs are in phase, and same 
phase as input 

FIGURE 4: l8dB/octave, cascaded, two-way crossover, one channel use jumpers in place of R4 and C4. 

Omit R;, C,, R,, C4. Frequency determining elements are the same for both cards. 

3b} represent the basic filter con¬ 
figuration. Table B gives resistor 
values for eight frequencies based 
on making Ci, C2, C3 equal in value 
and ,022/cF. Altering Rj and Rf from 
unity gain to 12dB makes variable 
gain possible in each filter. Inset is 
the voltage dropping/regulating net¬ 
work required to convert a ± 15VDC 
supply to the requisite + 6.8V. 
Figure 7a is a two-way crossover, 

one channel using a single WJ-3 (F-3) 
circuit card. The card's two channels 
are low frequency and high frequen¬ 
cy, each set for the same frequency. 
The 18dB/octave, three-pole con¬ 
figuration is best for this usage. 
Figure 7b uses two WJ-3 (F-6) cards to 
develop a three-way crossover. Each 
card is set at the desired frequencies, 
with the second card producing both 
high and low pass for a midrange 
division. You could develop two 
midranges (using one card for each 
midrange and one for low and high) 
for a four-way crossover such as that 
in the Webb transmission line 
speaker (TA A 1/1975, p. 3). Table C 
details Ri, R2, R3 values for Butter¬ 
worth response high pass filters, us¬ 
ing .022gF for Ci, C2, C3. 
If you want a common bass, Jung 

suggests using two cards as in Fig. 7c. 
In this case we thought it wise to 
move the resistors to a common 
100k value. We calculated a set of 

TABLE B 
JUNG CROSSOVER PERFORMANCE 

Input Z—50kQ 

Output -Z— I Oil Non-inverted 

Gain = unity 

Frequency response = ±.2dB 3OHz-l6OkHz 

Voltage ± 15V at 6mA 

FIGURE S: Three-way, 18dB per octave utilizes four single channel boards for one audio channel. Boards I and 4 omit R,, Cp R4 and C4. Install jumpen in 
place of R4 and C4. Choose one frequency for cards I and 2, the second frequency for cards 3 and 4. 
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TABLE C 

for C, = C, = C3 = .022 

( ) = Nearest E24 values 

R R 

60 86.6 (82k) 34k (33k) 

120 43.3 (43k) 17k (16k) 

250 20.788k (20k) 8.160k (8k2) 

500 10.394k (IOk) 4.080k (3k9) 

1000 5.l97k(5kl) 2.040k (2k) 

2000 2.598k (2k4) 1.02k (Ik) 

5000 1.0394k (Ik) 4080(390) 

10.000 5190 (510) 2040 (200) 

R 
596k (620k 

298k (300Jd 

142.96k (150k) 

71.48k (68k) 

35.74k (36k) 

17.87k (18k) 

7.148k (6k8) 

3.57k (3k6) 

I 

R9 

FIGURE 6a: A general purpose VCVS filter configuration (one half shown) 

HIGH PASS LOW PASS 

¡N 
O-

6dB 
PER 
OCTAVE 

Cl 

JUMPER: 
C2,C3 

NOT USED: 
R2, R3 

Ô COM 

l2dB 
PER 
OCTAVE 

IN 
O 
OUT JUMPER-

R2, R3 
NOT USED: 
C2, C3 

O 
OUT 

Ò COM 

FIGURE 6b: Filter networks for 6, 12 and l8dB/octave High and Low Pass filters. 

JOIN AN 
AUDIO CLUB 

Expand your horizons. Improve 
your system. Learn about the 
latest equipment and techniques. 
Share viewpoints and ex¬ 
periences. Don't miss out on the 
fun and value of belonging to an 
audio society. 

Typical activities include: 
• Guest Speakers. Here’s your 
chance to listen to and meet 
“superstars" of circuit design, 
prominent manufacturers, 
acoustical consultants, and 
recording engineers. 

• Tours. Get a behind the scenes 
look at the equipment and talk 
with the people who operate it 
at local TV and radio stations, 
universities, research labs, 
recording studios, and factories. 

• Newsletters. These publica¬ 
tions are often of high technical 
quality and are full of worth¬ 
while information even if you 
don’t attend many meetings. 
Ads and reviews help you find 
the right equipment, the latest 
records, and the dealers who 
carry them. 

•Evaluation and Testing. Fre¬ 
quently clubs sponsor clinics so 
you can bring in your equipment 
for checkups on test equipment 
most individuals don’t own. 

• Group Buying. This can be an ef¬ 
fective way to obtain obscure 
items from abroad, including 
audiophile disks. 

No club in your area? 
Start one— with a free classified 
ad in Audio Amateur or Speaker 
Builder. 
For more information, see the club listings 
in the Classified Ads of this issue. Clubs ex¬ 
ist in many cities, including St. Louis; 
Calumet City, IL; Boston; Seattle-Tacoma; 
San Francisco (2); Honolulu; and Min¬ 
neapolis. Clubs are being formed in Ft. 
Worth and Central Colorado. 
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FIGURE I: Photo of Jung 30Hz filter card. 

capacitors for the L.P. common bass 
configuration as shown in Table D. 
Note that if you set the high pass 
segments of the two cards for unity 
gain (RF = jumper and RI = 4.7k), 
you will need to add 6dB gain to each 
of the common bass channels to off¬ 
set the loss by summing them. You 
can do this easily with 4.75k 
resistors in place of a jumper in the 
RF position. In this case the RI 
resistors are also 4.75k (see Fig. 6a). 

PERFORMANCE. Crossovers are 
notoriously difficult to measure for 
distortion since they divide the fre¬ 
quency spectrum, thus eliminating 
the possibility of much intermodula¬ 
tion distortion. Harmonics are also 
difficult to detect. □ 

TABLE D 

JUNG COMMON BASS CROSSOVER 

18dB per octave (Fig. 7C) 

( ) = Nearest E24 values 

(R, = R2 = R3 = 100k) 

C, 
60 O.O37gF 

(O.O39M F) 

90 0.025gF 

(same) 

120 0.0183gF 

(0.018/zF) 

C, 
5370pF 

(SIOOpF) 

3580pF 

3602pF) 

2635pF 

(2700pF) 

e, 
0.094/tF 

(OlgF) 

0.0627/iF 

(0.062gF) 

0.047/zF 

(same) 

Plus four—4.75k for 6dB gam in LF common outputs. 

FIGURE 9: Jung filter card pattern. 

FIGURE 10: Jung filter card layout 

BASS TREBLE 

(Low Pass) (High Pass) 

Hz C, C R R 

60 0.047 0.022 I.8M 3.6M 

120 0.022 0.01 I.8M 910k 

240 0.01 0.0047 910k 470k 

480 .0047 0.0022 470k 240k 

960 .0022 0.001 220k II 0k 

1920 .001 500pF II0k 56k 

5k 470pF 220pF 47k 24k 

10k 220pF l20pF 12k 24k 

PARTS LIST-WJ3 BOARD 

R, 39k ± I %, WW met. film 

R2 15k ± I %,/«W met. film 

R, 270k ± I %, /«W met. film 

Above values for 30Hz filter; in general 

use I % (or better) stable resistors, metal 

film recommended. 

R, 100k ±5%, (¿W carbon film 

R, Ik ±5%,/8W carbon film 

R6 270k ±5%, yW carbon film 

R7 l00ß ±5%, /8W carbon film 

Rj 2.2k ±2%, 0.4W metal film 

R,, ,0 4700 ±5%, /8W carbon film 

R,, 4.7k ±2%, 0.4W, metal film 

R, RF Optional—see table and text (general 

recommendations as RI-R3) 

Cp2, O.I/zF ±5%, I00W polycarbonate 

and Siemens MKM 

C3,CS Capacitor values for 30Hz filter; in 

general use MKM polycarbonates or 

polystyrenes; Siemens MKM B31110 or 

B3I3IO. 

C, lOOOpF ±5%, 160V polystyrene 

C6, C7 22gF 35V, tantalum Siemens 

D„ D2 6.8V bW Zener ±5% 

IC Quad op amp RC4I36P (or RC4I36D) 

Raytheon 
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CARD 
r ONE CIRCUIT CARD CARD 

ONLY 50 LEFT 

dgrjaco CLASSIC 
CIRCUITRY 

BUILT 
LIKE A 

BATTLESHIP 
We bought the factory’s entire stock of one of the greatest amplifiers of all time 

FAMOUS Glui\iacn MARK VI KIT 
The rugged reliability and superior sound of America’s 
finest mono tube amplifier by the company whose name 
is synonymous with excellence in transformer design, 
and world renowned for perfectionist value. 

Still in original cartons, with factory warranty. Original 
1978 price was $549.00 kit, $749.00 assembled. 

120 watts continuous into 4,8 or 16 ohms at less than 1% 
IM distortion. Distortion drops sharply at lower power lev¬ 
els. Hum and noise 95 dB down. Frequency response + 0, 
-1dB, 10 Hz to 40 kHz @ 1 watt. Full output from 1.6 
volts into 50K ohms XLR or phono input, with alternative 
low filter. Front panel speaker fuse and large meter which 
is switched for bias adjustment or 3 ranges of output lev¬ 
el. 19" rack mount x 1O'/2" x 9" high. 55 lbs. 

NOW ONLY $395 AS A KIT SHIPPED COLLECT 
CALL FOR QUANTITY PRICES. 

215-641-2333 
Jeff Goldman SYN —FIN Dept, sb 1400 Welsh Road, North Wales, PA 19454 
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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 I 

BY ROBERT CARLBERG 

It might have been inevitable that I 
would end up building my own speakers. 
My Christmas presents almost never 
lasted until New Year's without dis¬ 
assembly "to see how they worked." In 
addition, my father built a Heathkit amp 
and a Klipsch-copy cornerhorn in the 
'50s (when I was growing up), and I was 
only slightly less anxious to hear about 
the miters, bevels, resonances and roll¬ 
offs as he was to talk of them. 
I have built eleven different speaker 

systems in the last 15 years, and at¬ 
tempted to learn something from each 
one. My success has been roughly linear 
in ascent, thanks to ready buyers for 
previous attempts, and the occasional 
trusting commissioner. The conclusions 
I have reached (some commonly held, 
some not) are therefore solely based on 
my own trial and error, rather than ex¬ 
tensive textbook theory. This was made 
possible by the fact that, although elec¬ 
tronics is surely based on magic, speaker 
building yields at least partially to a 
tinkerer's logic. 

SYSTEM 1: COKEBOXES. I began on 
Christmas of 1965 when, after much 
hint-dropping, I received a GE portable 
phonograph. You know the type: spring-
loaded tone arm, 0.5-watt amplifier ( 10% 
THD), and 3" speakers—not "Close and 
Play" but nearly. The molded plastic 
speaker enclosures, designed for cosme¬ 
tics rather than sound, were barely 4" 
deep, which the family's well-thumbed 
copy of Chone's Hi-Fi Loudspeakers and 
Enclosures said was definitely not 
enough. 

Let's see, if a 15" woofer needs 4ft3 of 
internal cabinet volume, and a 12" 
woofer needs 3 ft3, and an 8" needs 2 ft3, 
then a 3" speaker would need 0.75 ft3, 
right? The 5" x 12" x 4" plastic enclosures 
provided less than 0.14 ft3, probably ac¬ 
counting for the tinny, quick roll-off bass 

response. True to form, my first attempt 
at cabinet construction came before the 
New Year, involving a pair of heavy card¬ 
board Coca-Cola boxes. Somewhat im¬ 
proved response resulted, and the die 
was cast. 

SYSTEM 2: "SPEAKER CABINETS". 
It soon became apparent, however, that 
Scotch tape and cardboard were acous¬ 
tically inferior materials. My second at¬ 
tempt followed shortly thereafter. 
I used the discarded %" mahogany 

doors from my parents' newly-
remodelled kitchen cabinets to construct 
3x2x1 foot floor-standing cabinets. 
They housed Radio Shack 12" co-axial 
speakers, chosen for their ease of mount¬ 
ing (one hole), their ready availability, 
and mostly their price. They had, as I 
recall, a Vz" voice coil, an 8 oz magnet, 
and suspension so stiff you could hardly 
move the cone. Nevertheless, these were 
an enormous step upward from the 
Cokeboxes in frequency response, 
dynamic range, freedom from colora-

APPROX. SIZE : I 2 " Wl DE » 12 "H IG H « 
10" DEEP 24 0 I N3 * X 2

tion, and sound pressure level. 
They afforded me several months of 

experimentation with various baffles, in¬ 
ternal labyrinths, port configurations, 
and fiberglass insulation in attempting to 
remove the enormous hump in the 
response at approximately 175Hz. In the 
end I decided that kitchen cabinet size 
had little relation to optimum woofer 
loading. Cohen's formulas had been ex¬ 
ceeded by too great a margin, the 
woofers themselves suffered from lack 
of displacement, the removable tops rat¬ 
tled at low 'C,' and the ball-bearing 
casters provided castanet accompani¬ 
ment. The "Speaker Cabinets" were sold 
to finance the next project. 

SYSTEM 3: THE EXPERIMENTERS. 
The proceeds bought me some much 
more flexible (literally) components with 
which to experiment. After considerable 
shopping around, I settled on Lafayette 
8" woofers, made by Utah with distinc¬ 
tive red surrounds. These were chosen 
for their long excursions and relatively 
large magnet structures, as well as their 
reasonable price and availability. The re¬ 
cent pulling back of Lafayette's fran¬ 
chises to a mere eight stores confined to 
the New York area puts their current 
availability in question, but Lafayette's 
catalog service may still offer them. 

For the tweeters I chose Calrad 20-267 
aluminum domes; excellent little units 
I'd recommend to anyone. Their sound is 
crisp without brittleness, their range ex¬ 
tended without peaks, and their power¬ 
handling sufficient for most applications. 
I also bought these at Lafayette, although 
any Calrad dealer can supply them. 

Once I felt driver limitations were at a 
practical minimum, I proceeded to ex¬ 
periment with Cohen's formulas to 
determine their exact significance. I tried 
every imaginable cabinet configuration, 
both in size and in proportion. Tall skin-
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ny cabinets, short flat cabinets, long 
tubular cabinets, teeny tiny cabinets, 
huge cavernous cabinets—I tried them 
all. I had learned by now to use %" parti¬ 
cle board, which not only worked easily 
but provided the weight and density 
necessary for minimum vibration. 
I found that cabinet geometries had 

considerable significance. The front-to-
rear dimension is the most important; for 
minimum standing waves it should be 
kept as small as woofer clearance (and 
design stability on the floor) allow. The 
next most important dimension is the in¬ 
ternal volume of the cabinet. For 
acoustic suspension design, I found 
about 200 cubic inches of cabinet 
volume per inch of woofer diameter to be 

by, I would guess, standing waves within 
the cabinets, and a compression of loud 
transients caused by (again guessing) 
non-linear cone motion due to the 
resilience of the air spring. My solution 
to the first problem has already been 
mentioned: shorten the front-to-rear 
dimension. But the second problem was 
more persistent, and it was in attempting 
to solve this one that I stumbled across 
the porting idea. 
Using a recommendation I had read 

someplace (I can't remember where), I 
found that plastic drainpipes did indeed 
make excellent port material. The effec¬ 
tive size of the port could be varied by 
sliding the tube in or out of the cabinet, 
without having to alter the initial hole in 

port to the side of the cabinet, or even to 
the rear, had little effect. JBL, for one, 
seems never to have done any basic 
research on port placement—and the un¬ 
fortunate result is aurally obvious to me, 
at least. 

Porting the enclosures solved the prob¬ 
lem of compression from non-linear 
cone movement, but it left me with 
another: at high power levels the cones 
tended to want to flatten themselves to 
death. My solution to this was to damp 
the motion of the air inside the cabinet 
by filling the cabinets with polyurethane 
"pillow foam." The sponge-like con¬ 
struction of the foam, bought in large 
rough-cut chunks from the local fabric 
store, meant that there was still an air 

SYSTEM 2 SYSTEM 3 

column behind the drivers, but it was in¬ 
hibited. 
There was still considerable acoustic 

output from the ports, since sound 
travels in waves of pressure, not air. The 
hybrid design proved to be the best of 
both worlds, the open uninhibited sound 
of bass-reflex woofers with the small size 
of acoustic suspension cabinets. This 
particular solution probably depends on 
the exact characteristics of these 

ideal. For bass-reflex design, the ratio 
was more like 450 cubic inches per 
diameter inch, which is not far from 
most speaker manufacturers' recom¬ 
mendations. 
The Lafayette woofers are intended for 

acoustic suspension cabinets, with their 
loose suspensions and large magnets. 
However, by a judicious accident I 
discovered that my acoustic suspension 
cabinets sounded appreciably better if I 
cut a small port in the face panel. As 
acoustic suspension cabinets, they suf¬ 
fered two distortions common to almost 
every acoustic suspension speaker I have 
heard: a 'boxiness' in the midbass caused 

the front panel. Once finalized, the port 
tube could be cut to length and secured 
in place. I tried thin-walled and thick¬ 
walled tubing (no difference), large 
diameter and small diameter tubing (the 
clearance available behind the baf¬ 
fleboard seems to be the only determin¬ 
ing factor) and right-angle pipes (too hard 
to secure). 
The placement of the port turned out to 

be important, also. If too close to the 
woofer cone, say within a cone¬ 
diameter, phase cancellations created 
odd dips and peaks in the frequency 
response. Beyond a cone-diameter, this 
effect was minimized, and moving the 

woofers, but I'm sure it could be adapted 
to other drivers with equal success. 
In addition to experimenting with the 

shape of the cabinets themselves, I also 
played around with cabinet placements 
in the room. The booming caused by 
placing them directly on the floor, or 
against a wall, was not a clean enhance¬ 
ment. I could not imagine a circum¬ 
stance where this would be a desirable 
distortion—and in fact there seems to be 
no practical limit to the distance to the 
nearest reflecting object. Room limita¬ 
tions prevail. 

Next Issue: Walnut Pines 
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Old Colony Peterborough NH 03458 KITS 
POLICY: OID OOI ON Y SOUND I AB is a service agency for 
readers of The Audio Amateur and Speaker Builder magazines. 
It attempts to provide circuit boards and the basic, or hard to 
find, parts for construction projects which have appeared in 
the magazine. Old Colony assumes that the constructor 
will use the Audio Amateur or Speaker Builder magazine ar¬ 
ticle as the guide for building his unit. Kits, with noted 
exceptions, are not priced to include article reprints or con¬ 
struction instructions. Old Colony kits, with stated excep¬ 
tions, do not provide metal work, cabinets, line cords and the 
like. We suggest that before purchase amateurs secure and 
evaluate the articles, which give details on each unit. Kits 
vary widely in complexity and required construction skills. A 
very few can be assembled by the beginner. If you are just 
starting in audio, get some experience building Heath or 
Dyna kits before tackling an Old Colony kit, or locate an ex¬ 
perienced friend to help in case of difficulties. 

CROSSOVERS 
ELECTRONIC 

For both electronic crossovers: crossover points and R,, 
Rz, Ci, Cz MUST be taken from Fig. 3, p. 11, Issue 2, 
1972, TAA. No other values can be supplied. 
KC-4A: ELECTRONIC CROSSOVER, KIT A. 
[2:72] Single channel, two-way. Values of R,, Ra, Ci, 
Cz must be specified with order. All parts and C-4 
circuit board. Includes new LF351 ICs. Each $8.00 
KC-4B: ELECTRONIC CROSSOVER, KIT B. 
[2:72] Single channel, three-way. Values of Rn Rz, 
Ci, Cz, must be specified with order. All parts and 
C-4 circuit board. Includes new LF351 ICs. 

Each $11.00 
KK-6L: WALDRON TUBE CROSSOVER: Low 
pass. Single channel, 18dB/octave, Butterworth, 
[3:79] includes Bourns 3-gang plastic pot, level con¬ 
trol, Mullard tubes, board, and three frequency 
range determining capacitors. Specify ONE frequency 
range per kit please. (Hz.): 19-210; 43^465; 88-960; 
190-2100; 430-4650; 880-9600; 1900-21,000. 

Single channel. Each $43.00 
KK-6-H: WALDRON TUBE CROSSOVER: 
High pass. Single channel, 18dB/octave, Butter¬ 
worth, [3:79] includes Bourns 3-gang plastic pot, 
level control, Mullard tubes and 3 frequency deter¬ 
mining capacitors. Please specify one of the frequen¬ 
cies above. No other can be supplied. Each $45.00 
KK-6-S SWITCH OPTION. 6-pole, 5-pos. rotary 
switch, shorting, for up to five frequency choices per 
single channel. Each $8.00 

When ordered with two kits above, Each $7.00 
KK 7: WALDRON TUBE CROSSOVER 
POWER SUPPLY. [3:79] All parts, including 
board, transformer, fuse, semiconductors, line cord, 
capacitors. Will power four tube x-over boards (8 
tubes), one stereo bi-amped circuit. Each $88.00 
SBK-A1: LINKWITZ CROSSOVER/FILTER. 
Speaker Builder's [4:80] first kit, including all parts 
and board for one channel of the three-way crossov-
er/filter/delay. 24dB/octave at 100Hz and 1,5kHz and 
12dB/octave below 30Hz, with delayed woofer turn¬ 
on. Board is 5l/z x 8l/z. Requires + 15V supply, not 
supplied. Use the Sulzer supply KL4A with KL-4B 
orKL-4C. Per channel $64.00 

Two channels $120.00 
SBK Board only Each $14.00 
PASSIVE 

KF 7: CROSSOVER FOR WEBB TLS. [1:75] 
Passive four-way crossover, in pairs, assembled. 
Components are included for both STC and Celes-
tion tweeters. Made by Falcon of England. 

. Pair $87.50 

FILTERS & SPEAKER SAVER 
KF-6: 30Hz RUMBLE FILTER. [4:75] Two chan¬ 
nel universal filter card supplied with WJ-3 (F-6) cir¬ 
cuit board and all basic parts, 1% metal film resistors 
and 5% MKM capacitors for operation as an 
18dB/octave 30Hz rumble filter. 30Hz, OdB gain on¬ 
ly. Kit may be adapted as two- or three-way single 
channel crossover with added capacitors and 
resistors. Each $19.75 
KH-2A: SPEAKER SAVER. [3:77] This basic two-
channel kit includes board and all board-mounted 
components for control circuitry and power supply. 
It features tum-on and off protection and fast opto¬ 
coupler circuitry that prevents transients from 
damaging your system. 4PDT relay and socket in¬ 
cluded. Each $35.00 
KH-2B: OUTPUT FAULT OPTION. Additional 
board mounted components for speaker protection 
in case of amplifier failure. Each $6.75 
KH-2C: COMPLETE SPEAKER SAVER WITH 
OUTPUT FAULT OPTION. Each $40.00 
KK-8: COMPEX C. Two channel board with all 
parts to compress signal, including 1% polycar¬ 
bonate capacitors and large tantalums. [3:79] 

Each $45.00 
KK-9: COMPEX E. Two channel expansion board 
with all parts including precision Rs & Cs, [3:79] 

Each $35.00 
KL-5 WILLIAMSON BANDPASS FILTER. 
[2:80] Two channel, plug-in board and all parts for a 
24dB/octave 20Hz-15kHz with precision cap/resistor 
pairs. TL075 IC's. Each $31.00 

SYSTEM ACCESSORIES 
KH-8: MORREY SUPER BUFFER. [4:77] AU 
parts & board for two channel output buffer to iso¬ 
late tape outputs in your preamp from distortion 
originating in a tumed-off tape recorder. Many uses 
for this versatile matchmaker. Each $14.00 
KH-9: TONE ARM MOUNT BOARD. For the 
Thorens TD-124 turntable only. Exact fit, un¬ 
painted fine grade hardwood. Three counter¬ 
sunk holes drilled to fit frame. Each $3.25 
KF-1: BILATERAL CLIPPING INDICATOR. 
[3:75] Single channel, aU parts and board for any 
power amp up to 250W per channel. (Does not 
work weU with Leach Amp). Powered by amp's 
single or dual polarity power supply. Each $5.50 

Two kits, as above $8.25 
KJ-3: TV SOUND TAKEOFF. For extracting the 
TV set's sound to feed your audio system [2:78] Cir¬ 
cuit board, vol. control, coils, IC, co-ax cable (1 ft.) 
and aU parts including power transformer. 

Each $21.50 
KJ-4: AUDIO ACTIVATED POWER SWITCH. 
Turn your power amps on and off with the sound 
feed from your preamp. [3/78] Includes aU parts ex¬ 
cept box and input/output jacks. Each $50.00 
KK-14A: MacARTHUR LED POWER METER. 
[4:79] Two channel, two sided board and aU parts ex¬ 
cept switches, knobs, and Mtg, clips for LEDs. LEDs 
are included. No chassis or panel. Each $ 110.00 
KK-14B: MacARTHUR LED POWER METER. 
[4:79] As above but complete with aU parts except 
chassis or panel. Each $137.50 
KI.-2: WHITE DYNAMIC RANGE & CLIP¬ 
PING INDICATOR. [1:80] One channel, including 
board, with 12 indicators for preamp or crossover 
output indicators. Requires + 15V power supply @ 
63 mils. Single channel. Each $49.00 

Two channels. $95.00 
Four channels. $180.00 

BENCH AIDS 
& TEST EQUIPMENT 

KH 7: GLOECKLER PRECISION lOldB AT¬ 
TENUATOR. [4:77] As basic to measuring as a 
good meter, and more accurate than most. All parts 
except chassis and input/output jacks to build au¬ 
thor's prototype including all switches and loads. Re¬ 
sistors are MF 1% and 2% types. Each $50.00 
KB-8: INVERSE RIAA KIT. Six precision compo¬ 
nents to shape your audio signal generator's output 
to the response curve of a recorded disc. Checks 
phono preamp inputs. Each $5.75 
KU3C: INVERSE RIAA NETWORK. ( 1:80] Two 
channels, 1% polystyrene capacitors and metal film 
resistors, gold jacks, cast aluminum box, solder lugs 
and alternate 600 ohm or 900 ohm rz'/Cz' compo¬ 
nents. Each $35.00 
KL-3R: INVERSE RIAA. [1:80] Resistor/capacitor 
package complete. Stereo Rz 7Cz 'alternates. 

Each 25.00 
KL-3H: INVERSE RIAA. |l:80| Box, terminals, 
gold jacks, and all hardware, (No resistors or caps) in 
KL-3C. Each $13.50 
KF-4: MORREY S MOD KIT FOR HEATH 
IG-18 (IG 5818) SINE-SQUARE AUDIO GEN¬ 
ERATOR. [4:75] Includes two boards and all added 
parts needed to modify the Heath unit to distortion 
levels of parts per million range. Replacement sine¬ 
wave attenuator resistors not included.Each $35.00 
KG-2: WHITE NO1SE/P1NK FILTER [3:76] AU 
parts, circuit board, IC sockets, 1% resistors, +5% 
capacitors. No batteries, power supply or filter 
switch. Each $22.00 
KJ-7: VTVM BATTERY REPLACEMENT KIT. 
[4:78] AU parts to replace your VTVM's battery with 
a regulated supply. Each $7.50 
KJ-6: CAPACITOR CHECKER. [4:78] AU parts to 
buUd an accurate meter for measuring capacitance, 
leakage, and insulation. Check phono & speaker lead 
capacitance effects. Includes aU parts with 4‘/z" 
D'Arsonval meter. Each $68.00 
KK 3: THE WARBLER OSCILLATOR. [ 1:79] For 
checking room response and speaker performance 
without anechoic chamber. AU parts and board. 

Each $56.00 
KI.-6 MASTEL TIMERLESS IONE BURST 
GENERATOR. [2:80] AU parts with circuit board. 
No power supply. Each $19.00 
KM-1: CARLSTROM-MULLER SORCERER’S 
APPRENTICE [2:81] AU parts except knobs, chas¬ 
sis. Includes four circuit boards. For construction of 
the first half of A Swept Function Generator, with 
power supply. Each $145.00 
KM-2: CARLSTROM-MULLER PAUL BUN¬ 
YAN. [3:81] AU parts except knobs, chassis, output 
connectors and wire. Includes two circuit boards 
and power supply. Each $85.00 
KM-3: CARLSTROM-MULLER SORCERER'S 
APPRENT1CE/PAUL BUNYAN [2:81, 3:81] AU 
parts in KM-1 and KM-2. Each $225.00 

ORDERING INFORMATION 
Prices, except as noted, are prepaid in the USA and insured. 
We prefer to ship via UPS, which requires a street address. If 
you cannot receive UPS delivery, please include an extra $2 
for insured service via Parcel Post. We cannot accept respon¬ 
sibility for safety or delivery of uninsured Parcel Post 
shipments. PLEASE ADD $1 service charge for all orders 
under $10. PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

CHARGE CARD 
TELEPHONE ORDER SERVICE 
Mon. through Fri. 9am—4pm 

(603) 924-6526 
MasterCard/Visa Cards Welcome 



*OLD WRI 'FALLSPECIALS 
BUILD YOUR OWN MOSFET STEREO AMP 

for only $219! 

• 60W into 0 ohms 
• 0.00 2 °/o THD 
• Slew rate 4oV/micro sec (without LP filter) 
• Rise time 2 micro sec (with LP filter) 
• Audio grade resistors and capacitors 
• Designed by Erno Borbely 
The soft clipping characteristics of tubes, combined with the clarity, 

precision and long term stability of solid state are the MOSFET’s prime 

benefits. Fast rise time means excellent transient response, giving your 

system that sharp, well-defined sound you've always wanted. These high 

performance output devices also pass phase information easily, projecting 

a stereo image with striking breadth and depth. Top it all off with ultra-low 
distortion and you have a stellar performer. 

The kit uses precision i»*, metal film 

resistors and audio grade capacitors 

throughout. You will need to provide the case, 

chassis, line cord, and a small handwound 

“L” choke, but we supply the circuit boards, 

electronic parts, heat sinks, and power supply 

with transformer. For best results use OFHC 

wiring and Old Colony gold plated connectors. 

Leave behind the harshness of bipolar tran¬ 

sistor amps and enjoy your favorite music 

reproduced with exceptional purity. Build this 

60 W amplifier yourself and have the satisfac¬ 

tion of owning better-sounding audio equip¬ 

ment than you can buy off the shelf. 

MAKE AN OUTSTANDING MIKE PREAMP 
for only $54.50 

• Distortion less than o.o4»/0
• Output noise less than eodB 
• Flat frequency response 2oHz-2okHz (or can be tailored for your 

own needs) 
• Fred Gloeckler’s new revision of Advent’s classic design 
Now you can make clean recordings using this quiet, low-distortion mike 

preamp. Most tape decks have relatively cheap, noisy mike preamps 

because few people ever use them, so it’s a good place for manufacturers to 

cut costs. If you’ve never used your mike inputs, or if you've never made a 

live recording, you 're missing half the fun of owning a tape recorder. And if 

you've been discouraged by the poor sound quality you get with mikes 

compared to line level inputs, this outstanding mike preamp is just what 
you need to enjoy the full benefits of owning a tape deck. 

Why bother with live recording? Besides, I don't know any musicians 

worth recording, you say. The fact is, you will gain a much deeper insight 

into your system by doing some live recording. To experiment with mike 

placement and to solve some of the problems of hall acoustics will provide 
you with a level of understanding which will increase your enjoyment of 

your system and record collection many times over. And many young musi¬ 

cians in local schools and churches are eager and willing to let you record 
them, just for the fun of hearing themselves on tape. 

The kit includes audio grade capacitors and resistors, circuit board, and 

input transformers. You provide the case, chassis, appropriate input/out-

put connectors, and power supply (which could be two 9V batteries, or if 

you have an Advent 201, use its built-in laV output). 

Construct this updated version of Advent's mike preamp and not only 

save money, but enjoy the full potential of your tape deck, while learning 

about recorded sound. You will hear your system with new ears after a few 
recording sessions. 

LOWLLOSS SUPER CABLES 
Negi ^»2534 Cable 6oc/foot 

i Neglex 2534. audio grade cable 
se Neglex amm gold connectors (Old Colony 

phono plugs are not large enough for Neglex cable) 
OFHC (oxygen free high conductivity) fine strand¬ 
ed copper 
Super flexible—drawn and annealed by Mogami 
Polyethylene insulation 
Two twisted pairs, plus spiral electrostatic shield 
Low capacitance between conductors 
Improved imaging, less fog, better highs 

MORREY SUPER BUFFER 
only $14 (two channels) 

• Inexpensive system upgrade 
• Removes hidden distortion 
• Isolates your tape monitor circuits 
What kind of load does your preamp really see? Even with its power off, 

some of your tape deck’s input circuitry can present a distortion-producing 

load. This distortion, along with tuner signals, often leaks through the tape 

monitor switch. The Morrey Super Buffer cleans up your system and im¬ 

proves its sound quality by isolating your tape monitor circuit or other im¬ 

pedance matching problems from the rest of your system. 

i ORDER FORM 

I Old Colony Sound Lab 

i P.O. Box 243 

I Peterborough, NH 0345a USA 

1 Name_ 

I Address_ 

Form of Payment 

□ Check □ Money Order 

□ MC or Visa 

Card i_ 

Exp. Date_ 

City_ State _ Zip_ 

Qty. Price 
_ Borbely 6oW MOSFET Amp Kit $119 each. . 
_ Mike Preamp Kit $54.50 each. . 
_ Morrey Super Buffer $14.00 each.. 
_ H. Mogami Neglex #1554 Red cable 6oc/ft.,. . 
_ ft. Mogami Neglex #1554 Blue cable «oc/ft. . 
_ Neglex 1-550B Gold Over Brass emm Phono Plugs $5.15 each. . 

Total _ 

Phone Orders: (603) 924-^52« (MC or Visa only) 9-4 EST 



Tools, Tips & Techniques 

Using mirrors on large speaker cabinets helps to blend 
them into the room's decor. The reflections on the left 
panel even capture some outdoor ambience, helping 
the speakers to seem less dominating or monolithic. 

ROOM REFLECTIONS_ 

Enclosed is a snap of my version of the 
SAFE. To make a big box in the living 
room less obtrusive, I used bronzed 
tinted plate glass mirror. The casters are 
heavy duty, of course, and removable. 
The system is bi-amplified and the SAFE 
is designed to fit on top of a smaller 
enclosure housing its amp—an ST-150 or 
smaller. Thanks again for great articles. 

Edward T. Wilber 
McClean, VA 22101 

TIPS RAGOUT_ 

1. Rubber grommets made for running 
wires through chassis openings are han¬ 
dy for mounting Audax and other drivers 
on which the mounting tabs do not rest 
directly on the baffle surface ¡Fig. 1). The 
appropriate size grommet keeps the 
cabinet airtight when using T-nuts to 
mount the drivers. I built some Gold 
Sound System One kits, which utilized 
Audax 514" units, over a year ago using 
the grommets as spacers and seals. The 
cabinets have remained airtight with no 
evidence of problems with vibration or 
the aging of the rubber /Fig. 2). 
2. The Illinois Bronze Company (Lake 

Zurich, Illinois 60047) manufactures 
Wrinkle Finish paint. The paint comes in 
a variety of colors and leaves a wrinkle 
texture when dry. I have used this paint 
on baffle boards and have liked the 
results. The paint is available in 13 ounce 
spray cans and larger sizes. One spray 
can will do the baffles on a pair of 
medium size enclosures. 
3. A convenient way to mount most 

crossover parts is to use a piece of 
pegboard and nylon ties. The pegboard 
provides a variety of attachment points 
and the ties are quick to install and hold 
tightly. You can cut the ties if changes 
need to be made. For a permanent in¬ 
stallation, put a bead of silicone sealer on 
the pegboard before tying the part down. 
The silicone keeps the part in place while 
damping vibrations that might cause rat¬ 
tles or buzzes. The exception to this 
mounting method is ferrite chokes 
where I have found a machine screw and 
silicone work well. 
4. I have had good luck with a Radio 

Shack pushbutton terminal connector, 
part number 274-315. The spring ter¬ 
minal side will accept 14 gauge stranded 
speaker wire as will the solder terminals 
with some judicious drilling. The ter¬ 
minals retail for 99<t each. 
5. DAP company has recently intro¬ 

duced an acrylic latex caulk with 
silicone. I tried it on my most recent 
speaker project and liked it very well. 
The caulk has the advantages of silicone 
sealer without the acid smell, high cost, 
long curing time, or skin irritation. It also 
cleans up with soap and water. Overall, 
it seems to me an ideal product for seal¬ 
ing enclosures—and it has a 20 year 
guarantee. While I am familiar only with 
DAP's product, I am sure other manufac¬ 
turers have similar products. 

6. On this same project, I tried rug pad¬ 
ding instead of fiberglass as enclosure 
damping material. The pad I used is 
quilted fiber (as opposed to foam), about 
Vz" thick. The pad is designed to dampen 
footfalls where people downstairs would 
be bothered. I like working with this 
material a lot better than fiberglass as it 
cuts with scissors and fits easily to the 
enclosure walls. It would also be a good 
material to use as a diffraction damper 
on baffles. While I cannot evaluate this 
material in comparison to fiberglass, the 
results sound good. It certainly seems to 
be an adequate solution, at any rate. 
7. I have found making a template out 

of light cardboard for any driver I am 
mounting is worth the time and trouble. 
Many drivers have little mounting sur¬ 
face and, therefore, little room for error 
in cutting the hole. Modifying a paper 
template until it fits is much easier than 
with a baffle board already cut. Even 
when you are sure the template is right, 
slightly undercut your mounting hole. 

FIGURE I: An Audax $'/r driver mounts more easily 
with a rubber grommet. Notice the wrinkle finish 
paint on the baffle board. 

8. For someone who does only occa¬ 
sional speaker building, investing in 
clamps and related tools to simplify 
assembling enclosure panels is probably 
not economic. A simple holding jig can 
be made in about ten minutes, however, 
that will provide the third hand 
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enclosure assembly requires. You can 
make it from scrap and tailor it to a con¬ 
venient size for the panels you need to 
assemble. You need a flat piece of 
plywood and some scrap 2" to 3" wide by 
W  to %" thick by a length slightly 
shorter than the panels being assembled. 
Assemble the jig by laying out two 
parallel "L's" from the scrap pieces on 
the larger board ¡Fig. 3). The "L's” 
should be separated by the thickness of 
the panels you are assembling. Keep the 
tolerance tight here. When you insert an 
enclosure panel into a leg of the jig, it 
should fit tightly enough that it stands up 
with very little play. (The amount of play 
will vary, of course, with wider panels 
having more play.) 
When you have two panels inserted in¬ 

to the jig, they will meet at an exact 90° 
angle, if you have been careful, and will 
be firmly held, even with each other. 
You can nail a stop block behind each 
panel to keep them from moving away 
from their joint while you attach them. If 
the scrap used for the "L’s" is the same 
thickness as the front and rear baffles of 
the enclosures, the jig will provide a 
means of marking or attaching any fram¬ 
ing that you might be using. While I have 
used only simple butt joints in my own 
building, I think this sort of jig would aid 

FIGURE 2: The rubber grommet mounts have worked 
reliabily on several of Gold Sound's System One kits. 

greatly in holding mitered joints 
together. The uses or modifications for a 
simple setup such as this are many and 
you can tailor it to a particular project. 

When you are finished with the jig, 
reassemble it for another project. 
9. A number of speakers are sold as 

satellite/subwoofer combinations. This 
design has many advantages in simplify¬ 
ing the placement of speakers in a room. 
Readers should consider building any 
speaker as two modules. When you think 
about it, the requirements for an op¬ 
timum woofer enclosure can be an¬ 
tagonistic to the needs of the midrange/ 
tweeter. Ths may be somewhat over¬ 
stated, but bear with me in a quick look 
at this situation. 

Essentially, all speakers are designed 
around the woofer. The cabinet size is 
determined by the woofer parameters, 
especially in a bass reflex design. Once 
you make certain design decisions regar¬ 
ding woofer performance, notably f3, the 
cabinet size is set. If you build a cabinet 
of this volume using a Fibonacci ratio 
¡each term is the sum of the previous 
two), or 3:5:8, the placement of all 
drivers will be limited to the resultant 
area of the front baffle. In an extreme, 
and admittedly unlikely case, you might 
have insufficient room on the front baffle 
for the rest of the drivers. In a more 
realistic situation, you will have a 
limited number of locations for the 
midrange/tweeter drivers, resulting in 
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SRC AUDIO-DEPT. SB-3238 TOWERWOOD DR-DALLAS.TX 75234 

COD ORDERS ACCEPTED - MINIMUM $25.00 

LOUDSPEAKERS 
and accessories 

(214) 243-4145 

The 

with 

and 

hard 

LOWEST 
PRICES 

HUGE 
SELECTION 

new SRC PRO-SOUND CATALOG 

Microphones. ELECTROVOICE 

JBL speakers, and hundreds of 
to find accessories. 

■ 982 SPEAKER CATALOG 

_ JO 

The SRC LOUDSPEAKER CATALOG 

features: Polyprop, woofers, Ribbon 

tweeters, Technical specs., and the 

BEST SELECTION at the BEST PRICES 

1983 
»BOJOUHÜ 

SOUNO 
Rf INF ORCE Ut N I 
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OLD COLONY PARTS 
P.O. Box 243, Peterborough, NH 03458 
CAPACITORS 
Metallized polypropylene capacitors non-
inductive, epoxy packages, copper leads and 
high quality attachments, low dielectric ab¬ 
sorption. All are rated ±20% tolerance but 
most are within ± 10%. Values listed. A-Axial 
leads; R-Radial leads. Total order Old Col¬ 
ony Parts discounts apply. 
VALUES AVAILABLE 
630V 
mF 

.001 

.0022 

.0047 

.01 

.1 

400V 
.001 
.0015 
.0022 
.0033 
.0047 
.0068 
.01 
.015 
.022 
.033 
.047 
.068 
.1 
.47 

250V 
.022 
.033 
.047 
.068 
.1 

160 V 
.1 
.15 
.22 
.33 
.47 

1.0 
2.2 
4.7 

GOLD PLATED CONNECTORS 
Our connectors and associated hardware are 
23.9K gold plated (0.000020'' gold). This plate 
is high quality, chosen for its suitability in elec¬ 
tronic contact applications. 

PHONO PLUG 
A shielded (gold plated brass handle) plug that 
mates well with our gold plated phono jack as 
well as the gold plated phono jacks commonly 
used on high quality equipment. 

PHONO JACK A 
Mounts from the rear of the panel (up to 
thick) in a hole V8" diameter. The design allows 
the hex brass body to be held firmly, while the 
external nut is completely tightened. This 
avoids the loosening problems commonly en¬ 
countered in panel mount phono jacks. All 
hardware supplied in gold plate for optimum 
grounding continuity. 

PHONO JACK B 
Conventional front-of-panel mount with wash¬ 
er, lug, and nut mounting on rear of panel. Re¬ 
quires !4" hole. All hardware gold plated. 

NYLON INSULATORS 
Sold in sets of ten, each insulator consists of a 
nylon step washer and flat washer. 

%’ ' SIZE: Large insulator for our phono jack de¬ 
scribed above, and other V8" connec¬ 
tors. Requires '/2” mounting hole. 

'/i" SIZE: Can be used on phono jacks from 
H.H. Smith, Keystone and Switchcraft 
(3501FP). This insulator fits our older 
gold plated phono jack. Also useful 
for the insulation of metal banana 
jacks (H.H. Smith #101, #109; 
Pomona #3267; E.F. Johnson 
# 108-0740-001.) 

Send a stamped # 10 self-addressed enve¬ 
lope to Old Colony Parts, Box 243, 
Peterborough, NH 03458 for full details 
and price list. 

NEGLEX CABLE 

Make your own high performance intercon¬ 
nect cables with Neglex # 2534 cable made of 
specially drawn and annealed OFHC wire by 
Mogami. Configuration is two twisted pairs, 
teflon insulated, with spiral outer shield. Low 
capitanee, super flexible. Color coded red or 
blue (specify length and color). 

NEGLEX GOLD CONNECTORS 

Finish off your super cables with these high 
conductivity gold plated connectors. Extra 
large hole accommodates Neglex and other 
cables. 

PRECISION METAL FILM RESISTORS 
Meet Specs for; MIL RI0509 RN55, MIL 55182 

RNR55 

Tolerance: < I % 
Max. Power: 0.35 W @ 70’C, derated linearly 

to 0 W @ I65‘C. 
Max. Voltage: 250 V 
Temperature Coeffecient: 50 ppm/C” 
Current Noise: < .05 uV/v to 10k 

< . I uV/v to 100k 
< .25 uV/v to IM 

DIMENSIONS 

MIL-BELL SCALE 
For those unfamiliar with I % metal film 
resistors, note that the values are on the MIL¬ 
BELL scale. These are usually within I % to 
1/2% of the corresponding IEC E24 values 
commonly used in domestic equipment. This 
^ives a consistently tighter tolerance to the 
specified value than a 5% or even 2% carbon 
film resistor. Metal films provide less than half 
the noise, much greater temperature, time 
and load stability, and better linearity than car¬ 
bon film or composition types. 

VALUES AVAILABLE 
10 
20 
27.4 
30.1 
39.2 
47.5 
68.1 
75 
82.5 
90.9 

100 
110 
121 
130 
150 
162 
182 
200 
221 
249 
274 
301 
332 
365 
392 
432 
475 
511 
562 
619 
681 
750 
825 
909 

1.00k 
1.10k 
1,21k 
1.30k 
1.50k 
1.62k 
1.82k 
2.00k 
2.21k 
2.43k 
2.74k 
3.01k 
3.32k 
3.65k 
3.92k 
4.32k 
4.75k 
5.1 Ik 
5.62k 
6.19k 
6.81k 
7.50k 
8.25k 
9.09k 

10.0k 
I 1.0k 
12. Ik 
13.0k 
15.0k 
16.2k 
18.2k 
20.0k 
22.1k 
24.3k 
27.4k 
30.1k 
33.2k 
36.5k 
39.2k 
43.2k 
47.5k 
51.Ik 
56.2k 
61.9k 
68.1k 
75.0k 
82.5k 
90.9k 

100k 
110k 
I2lk 
130k 
150k 
162k 
178k 
200k 
221k 
243k 
274k 
301k 
332k 
365k 
392k 
432k 
475k 
51 Ik 
562k 
619k 
681k 
750k 
825k 
909k 
I MEG 

Tools, Tips&Tecfiniques 

less than optimum performance from 
them. So why fight this limitation? Make 
two enclosures. Make one enclosure 
sized and proportioned to optimize 
woofer performance and make a second 
enclosure (or simply a baffle) to optimize 
the performance of the midrange/ 
tweeter. 

FIGURE 3: You can make a quick-and-easy jig out of 
scrap for assembling speaker cabinets. 

I have already touched on what many 
builders consider optimal for the woofer. 
What design criteria are optimal for the 
m/t module? Get the m/t drivers up to the 
same height as your listening position. 
Minimize diffraction by placing the m/t 
on a baffle of appropriate shape or width. 
Put the m/t in its best acoustic alignment 
with the woofer. Put the m/t drivers 
themselves in their best acoustic align¬ 
ment as well. These are some thoughts 
you might want to add other criteria as 
well. 
When you begin to design a two-part 

speaker, so many more interesting 
design possibilities arise that a single box 
design appears extremely limited. This is 
without considering any advantages that 
might occur due to making the speaker 
easier to place in the room. 

Kent Johnson 
Denver, CO 80206 
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Designer's Corner 
Altees in Oregon 

I think all speaker builders like to show 
off their work. About two years ago I 
built 12 pairs of these, using formica over 
particle board, and an Altec 619-8A. The 
grille fits into the routed groove, held in 
place by friction. The smaller unit is a 
Boitz model CP-82 eight-inch two-way. 
Presently I build speakers mostly with 
Altec and JBL components, though not in 
the quantities of two years ago. 

Doug Boitz 
Umatilla, OR 

CIRCLE SOUND 

PHILIPS • PEERLESS • JBL 
BECKER • PYLE • SEAS 

ELECTRO-VOICE • FOSTER 
FLETCHER MUNSON • JVC 
EMINENCE • POLYDAX 
DALESFORD • OAKTRON 
PIONEER • MOTOROLA 

ANKAI • ROCER-CHARLES 
SONODYNE AND MANY OTHB^S 

LOUDSPEAKERS 
and ACCESSORY COMPONENTS 

WE HAVE IT ALL! 
WOOFERS • TWEETERS • MIDRANGE 

AUTO • MUSICAL INSTRUMENT 
NON-POLAR and MYLAR CAPACITORS 

WIRE and CABLE • L-PADS • RESISTORS 
CUSTOM CROSSOVER NETWORKS and COILS 
ENCLOSURES • TERMINALS • CONNECTORS 

2772 w. Olympic Boulevard 
cmcrtsouM» los Angeles, Califomla 

90006 
PLEASE SEND FOR OUR NEW 1982 CATALOG 

NAME_ 

ADDRESS _ 

CITY_ 

STATE_ZIP_ 

Speaker Builder / 3/82 35 



SB Mailbox 

DEEP BASS 
DOWN UNDER 
As an enthusiastic reader of SB from the 
first issue, I have some comments on the 
Linkwitz Three Box System, "pirate" 
LS3/5A's, and Thiele/Small alignments 
which may be of interest to other 
readers. 
Has anyone built the Linkwitz system? 

[Yes, several dozen readers.—Ed.] I have, 
and the sound is magnificent, totally 
non-fatiguing, easily surpassing any 
previous system I have built. 

Prior to going fully active, I ran two 
subwoofers, each with a B139 KEF in a 
Thiele/Small alignment (Q^ raised from 
.36 to .41, a = 1.007, h = .886, and f3/f, = 
.9777). These were biamped third order 
to two pirate LS3/5A's. My next stage 
was to go fully active, leaving the 
enclosures and drivers unchanged. 
Using the layout from the 4/80 issue, I 
made two circuit boards for the cross¬ 
overs. The B139 covered the range from 
25-100Hz, the B110/SP1057 from 
100-3000HZ, and the T27 from 3 to 
30kHz. I based my design on the refined 
system described in Part III. With no 
woofer equalization, I made op amp U10 
inverting unity gain, while in the 
midrange channels, I used both U7 
stages to provide extra delay since my 
satellites are further forward than in the 
Linkwitz system. The woofers are placed 
together at the room boundary, while 
both satellites are virtually unaffected by 
room boundaries (apart from the floor). 
This is as Roy Allison has proposed. The 
system sounded magnificent, and I 
preferred the "high frequency tilt." 
Some time later, I purchased two 

Dynaudio D28 tweeters with f„ = 650Hz 
(Q, not measurable because of ferrofluid 
damping). After recalculating the 
crossover for 1500Hz and rebalancing 
the system, I heard some coloration from 
the D28's. I attributed this to the plastic 
face plate which was a semi-horn, and 
completely disassembled them. I rebuilt 
them with a flat aluminum face plate and 
a new rear chamber. The resultant sound 
is excellent, rivalling the KEF R105 or 
the B&W 801. Prospective constructors 

should also try the 39mm KEF 752 dome 
(fo = 600Hz, Q, = 1.1). I recommend the 
SP1057/B110 over the SP1003 because of 
the PVC surround and high temperature 
voice coil, which alleviate the distur¬ 
bance in the 1100-1200Hz region and 
provide better control of the breakup 
mode around 5kHz. Feedback from 
other builders of the Linkwitz system 
would be welcome. 
Celestion's laser hologram research 

has revealed a variety of problems in 

resulting in some directivity in the 
crossover region. 
A minor revolution is occurring in 

driver technology, resulting in drivers 
that behave as they should, and opening 
the way to improvements in the sound of 
speaker systems. We hope these new 
units will be available to home builders, 
not just OEM's. 
A few tips to Linkwitz system builders: 

1. Check your power amps for turn on/ 

In John Kasowicz’ listening room, the Linkwitz subwoofers are against the far wall, and the satellites further 
forward. 

diaphragms, some of which were easy to 
solve, others requiring complete 
redesign. This work has produced Celes¬ 
tion's new SL6, which has a one piece 
cone (no dust cap) woofer with welded 
surround and minimum overlap. The 
new copper/aluminum "ultra" dome, 
which integrates the dome with the voice 
coil former, has response from 1.5kHz to 
20kHz and exhibits perfect piston 
behavior since no breakup occurs below 
20kHz. This tweeter has an f0 at 1400Hz 
damped, while the woofer has perfectly 
controlled breakup to above 5kHz. The 
SL6 would make a good satellite for the 
Linkwitz system, although the small (150 
mm) woofer and high F„ of the tweeter 
suggest a crossover at 2500-3000Hz, 

off transients (especially the tweeter 
amp). 

2. Some amps invert phase (ie Quad 303, 
405) so check the phase output among 
your amps when mixing brands or 
models. 

3. If you make changes in the Linkwitz 
crossover, watch the effect on phase, 
since some stages invert. 

4. The balance between the high and 
midrange units is critical, and if you 
use mixed amps, the crossover's trim¬ 
pots may have insufficient range. 
Judging by the letters column, readers 

have considerable interest in the cloned 
LS3/5A described by David Davenport 
(4/81). I have built several of these 
myself using Badger crossovers (the 
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Wilmslow and Falcon are also good). 
Duplication of the original crossover is 
also possible, and 1 have done it suc¬ 
cessfully. However, both test equipment 
and great care are needed. I doubt that a 
copied LS3/5A could ever be as good as 
the BBC's since (I suspect) they match 
the woofer and tweeter in stereo pairs 
and also select them for optimum 
parameters (low F„ and Q, in the T27 and 
minimal resonance in the B110/SP1003’s 
1100-1200 region). The crossover permits 
treble balance and pair matching. I could 
go on, but this is obviously a carefully 
designed and built system. An in-depth 
description of the manufacturing process 
would clarify a good many points which 
seem to be unanswered, and which leave 
quite a few SB readers in doubt. 
KEF has announced a Constructor 

Series. Information sheet CS1A covers 
an LS3/5A monitor, and CS1 describes a 
replica of the KEF R101. Full details and 
crossover parameters are available from 
KEF in England or in the US, write to In¬ 
tratec, PO Box 17414, Dulles Interna¬ 
tional Airport, Washington, DC 20041. I 
have duplicated the CS1A and CS1 
crossovers for use in systems in other 
rooms. Results are very good with the 
CS1A (LS3/5A) replica. At 1200Hz f„ is 
nulled in the high pass section, while the 
l-3kHz region in the low pass is less col¬ 
ored. Results with theCSl (R101 replica) 
are better than with the CS1A because 
the Bl 10 specified is the SP1057 and both 
drivers are connected in phase (this 
appears to be an all-pass fourth order 
network). 

I have read the R. M. Bullock series 
with great interest and congratulate him. 
Recently I have been concentrating on 
woofer parameters for Thiele/Small 
alignments with rather variable results. I 
have used a Wien bridge, function 
generator, digital display frequency 
meter (with 100X multiplier to improve 
low frequency resolution), and double 
beam oscilloscope (for observing Lissa¬ 
jous patterns of Ft, F„, and F„). Problems 
are arising from the fact that the Bl39 
and Bl 10 exhibit variation in f„according 
to the drive level lie the Bl39 has f„ = 
26Hz at minimum drive level, but at 
higher levels it becomes 23Hz). The 
BllO's have this problem also. This 
makes Q, and Q« and particularly Y« 
variable. 
Regarding formulae, number 11 on p. 

17 of 1/81 and the Colloms formulae 
agree quite well. However, formula 12 
does not agree at all to acceptable limits 
(test box for Bl39 = 30 liters, sealed or 
tuned to 50Hz). This anomaly is rather 
frustrating. Now that the bass reflex is 
well documented, some further research 
into parameter determination would be 
helpful. Perhaps this is why Linkwitz 
chose an equalized sealed box, space 
reasons aside. 

MODEL 5000 

Sub-woofer 
Electronic 
Crossover 
100 Hz • 18 dB/octave 

NEW precision crossover 
complete with subwoofer level 
control and bypass switch. 
Add a subwoofer to your 
speaker systems for accurate 
ultra low bass. (Custom fre¬ 
quencies available from 
40-200 Hz). Kit $97.00 PPD, 
wired $161. PPD. FREE CATA¬ 
LOG from: ACE AUDIO CO., 
532-5th St. E., Northport, NY 
11731. (516) 757-8990. 
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Phone (301) 753 6432 

BUILDER PURISTS 
The audio industry was founded by dedicated builder purists like you, seek¬ 
ing new and novel approaches to sound reproduction 

We started that way over fifty years ago and still maintain that same 
dedication to the ideal of utmost quality, a fact which is reflected in the pro¬ 
ducts we manufacture, including raw drivers for the builder We invite you 
to write or call to learn more about our products. 

DRIVERS: /"Dual voice coil midrange/tweeter 
I0" Dual voice coil full range 
18" Parallel wound voice coil subwoofer with heat 
sink 
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heat sink 
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High speed magnetic suspension 
Equalized Flux Magnetic structures 
Sand-cast aluminum frames 
100% hand fabrication 
200% quality control 

ACCESSORIES: 

Write for free brochures, specs, cabinet recommendations and prices 

hartley 

ALSO NOW 
AVAILABLE: 

3-way passive crossover 
TF-I natural fiber cellulose damping material 
Terminals and binding posts 

We are your only source for the ultimate 
speaker wire. . .REFERENCE CABLE 

Hartley Products Corp., Box 316B, Ramsey, NJ 07446 
(20I) 327-4443 



Old Colony’s 

BARGAIN 
BASEMENT 
BONANZA 
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In electronic parts. All are brand new de¬ 
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offered on a first-come, first-served basis. 

TRANSISTORS 
BT-40361 TO5NPN Ea. $ .80 
BT-40406 TO 5 PNP Ea. $ .90 

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

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

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

MARSH MOVING COIL 
PRE-PREAMP SURPLUS 

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

BOX 243 PETERBOROUGH NH 03458 
M/C or VISA Charge Orders: (603) 924-6526—9-4 MF. 
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is available 
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Please continue Hunter Kevil's 
loudspeaker literature series, which is an 
excellent and valuable reference source. 

John Kasowicz 
Melbourne, Australia 

MELLOWED VOIGT 
I was most interested in Bruce Edgar's SB 
articles reporting his interviews with the 
late P. G.A.H. Voigt just before he passed 
away. He was a man who applied basic 
electrical engineering principles to 
acoustic problems and his keen and in¬ 
ventive mind came up with the solu¬ 
tions, all of 50 years ago. I am writing this 
on a Braniff 747 on route from London to 
Dallas to stay with my son for three 
weeks. He is an electronics engineer 
with Texas Instruments and like me is 
keen on Hi Fi. You will gather from this 
that I am British, strictly I am Scottish, 
Glasgow being my home town. 
In the early 1930's I attended a 

demonstration of Voigt speakers and the 
quality was so outstanding I decided 
there and then to build a corner horn. In 
fact it took me a few years, but I com¬ 
pleted it in 1938. I could not afford a 
Voigt driver in those days ($30), and used 
a BTH Rice Kellog 6V2" ribbed cone from 
the cinema equipment of those days. It 
only used a 10W field, so the efficiency 
was far below the Voigt. I did push up the 
field by about 50% but insulation began 
to suffer. 
The sound was pretty good for those 

days, but I felt it had one or two prob¬ 
lems, and I corresponded with Voigt 
about them. You can imagine how pleas¬ 
ed I was when he called at our house 20 
miles south of Glasgow on the main road, 
and pointed out where I had gone wrong. 
It was a most kind gesture to a struggling 
25 year old trying to learn the intricacies 
of acoustic science. You mention his visit 
to Scotland in your article, and it certain¬ 
ly brought back memories for me. 
By 1940 the War came along to in¬ 

terfere with my experiments and it was 
1946 before I could resume. I got a Voigt 
twin speaker and two of his moving coil 
pickups, all of which I still have. By this 
time I was into "High Quality" 
amplifiers (valve of course), such as the 
Wireless World 10W design by the 
famous D.T.N. Williamson. Isn’t it 
strange that, nearly 40 years on, valve 
amps and moving coil pickups are all the 
rage again? In fact I have one or two 
Class A transistor amplifiers, but I still 

love my old valve amp faithfully. 
I often wonder what PGAH would 

have said about the modern ultra-low ef¬ 
ficiency speakers, using hundreds of 
watts to produce a sound intensity he 
could get from a few watts. I remember 
him saying if only he could make a 
speaker 100% efficient, his problems 
would be over. The speaker to beat for ef¬ 
ficiency in the 1930' s, I believe, was the 
Western Electric 555—reputed to be 
about 55%. 
The part of the acoustic spectrum my 

son and I have paid the most attention to 
is the two octaves below 100Hz, and the 
problems of reproducing it in the average 
home. The rewards are great when you 
get it about right. As my high frequency 
rolloff has come down over the years, I 
can at least pay attention to the other 
end. As an organ buff, I have some good 
recordings to test any equipment down 
there. 
Anyway, enough meanderings from 

me, but I look forward to reading your 
articles on speakers using the Tractrix 
configuration in future issues. I am glad 
that PGAH is still remembered, and if 
your articles have introduced him to 
younger generation, that is a job well 
done. 
As a final thought, I can tell you 

something about Voight not many people 
know. His hobby was collecting unusual 
epitaphs from tombstones all over 
Britain. 

Stuart Abbott 
Garland, TX 75042 

DIGITAL ANALYSIS 
I would like to offer a plea to the micro¬ 
computer users among Speaker Builder 
magazines to voice their needs, wants, 
and opinions to the manufacturers, sup¬ 
pliers, and vendors of small computer 
hardware and software. Notably those 
who advertise in this publication. 
Since my company placed an ad in SB 

for our modified BASIC program, we 
were flooded with calls and letters from 
readers and dealers, as to where outside 
support for the Radio Shack TRS-80 
(Models I & III) and other small com¬ 
puters might be obtained. We're still 
looking too! 
Several companies currently are pro¬ 

ducing computer compatible devices/ 
software but the majority of the products 
are outrageously expensive (usually made 
by the esoteric, outerspace/scientific/ 
electronics, government contract types 
with all hardware/software dedicated to 
just their own product package) or very 
limited in application. 
The individuals I conversed with all 

seemed to want the same thing, a 
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reasonable, cost effective, self contained, 
acoustical measuring tool that could be 
used without a BSEE degree. Stereo shop 
owners wanted something besides a V3 
octave display that the salespeople/ 
employees could operate. Several shop 
owners had small computers already on 
hand doing business transactions and 
bookwork, but the machines sat idle a lot 
of the time. One owner wanted to be able 
to document the claims of manufacturers 
of certain types of equipment for 
customers. 
Many of the amateur and semipro 

loudspeaker builders fortunate enough 
to own or borrow a small computer 
strongly stressed the need to use the 
computer's power to make repetitive 
calculations less time consuming. And 
they wonder why nobody yet makes a 
decent measuring instrument or inter¬ 
face for their particular micro. A college 
student called hoping to locate some type 
of similar unit for the physics department. 
We are aware of only a few companies 

that produce external, acoustically 
related measuring hardware for small 
computers. 
Eventide Clockworks Inc., 265 West 

54th Street, New York, NY 10019, pro¬ 
duces V3 octave interface boards for three 
of the more common micros (Pet, Apple, 
TRS-80 Model I). These hardware units 
turn the computer into a real time 
analyzer for acoustical/room related 
system analysis. The software that comes 
with each hardware analyzer is cassette 
based and very limited, but is easily 
modified by the BASIC language user. 
Eventide has a sophisticated, machine 
language, disk based software program 
for use with the Apple system that will 
produce 3D, X, Y,Z, CRT/printer plots for 
RT60 analysis now available in a 
separate package. Let's hope this same 
package will be produced for the Pet and 
TRS-80. 
We have been using Eventide's TRS-80 

(VTU02) analyzer in our lab for about 
two years and have developed some pret¬ 
ty neat BASIC programs. The system is 
very flexible as we never cease to find 
new ways to modify our programs and 
applied techniques. Since we are not 
machine language proficient, our pro¬ 
grams probably are not as high powered 
as the Eventide disk version. Data storage/ 
recall of system plots is very efficient. 
Give Eventide a call or letter for 
literature and tell them what you want. 
IQS Inc., 5719 Corso di Napoli, Long 

Beach, Calif., 90803, (formerly INDAC) 
produces a very sophisticated FFT spec¬ 
trum analyzer. The Series 401 is for an 
Apple II with a disk drive and printer 
such as the Epson MX 80/100 with Graf-
trax. My phone calls, in December '81, to 
this company seemed to hint that if de¬ 
mand warranted, this same system 

would be available to the other micros on 
the market. With all the versions (imita¬ 
tions) of the TRS-80 Models I-III 
available, I am surprised that IQS hasn't 
produced one for this machine. 
I suspect the 401 will be a very hot 

unit. The price can't be beaten for the 
power that this unit contains. One of my 
colleagues has purchased a 401 but as yet 
has not received it. I am anxious to see 
the unit demonstrated as I have heard 
plenty of praise for it. I wish that I had 
purchased the Apple for my business. 
Please IQS, think of all those TRS-80 

I-III, LNW80, EPS-80, or any other 80 
based micro in the pages of "80 
Microcomputing." And all those Heath, 
Atari, Vic 20, machines that are just 
waiting to become powerful lab in¬ 
struments. I hope readers will write or 
phone IQS directly. But then you will 
have to wait in line behind me for your 
unit. I'm first. 
These and other companies that pro¬ 

duce such items should take note that 
their market is more than just the loud¬ 
speaker manufacturer's lab. As an exam¬ 
ple, many of the technically oriented 
dealers who use micros in business 
would also like to be able to use the same 
machines as sales tools, to be able to set 
up showrooms and weed out inferior 
products etc. Or what about the sound 
contractor? 

I do not intend to scare SB readers by 
bringing in the subject of computers. 
Computers can't really build speakers 
without the help of people. Computers 
only make it easier for people to do the 
creative work. We had to concoct special 
interfaces into our system to be able to 
read the "Qs" of the batches of drivers 
coming through for the manufacturers 
for whom we design. 
Doing the same measurements 

manually is prone to error and consumes 
lots of time that could better be spent on 
other projects. The system does the same 
measurements you could do with the 
typical test setup and hand calculator, 
only faster with tables and charts includ¬ 
ed. If you are a serious designer and 
build systems on a casual basis, don't 
worry about the computer. If you are a 
semipro or dedicated professional/ 
manufacturer, then you should consider 
computer assistance. 
Before closing I hope SB can provide a 

"Test Equipment Review" column for its 
readers. This would help those of us who 
buy "junk" instruments blindly. I have 
found many fine devices for my bench 
that are both cost effective and worked 
as promised. But for every good unit I 
had to discard three bad or useless pieces 
of gear (each from a different manufac¬ 
turer and after several expensive 
lessons). 
I believe computer users should share 

THE ULTIMATE EQUALIZER 

IS YOUR SOUND SYSTEM EQUALIZED 
FOR ONLY ONE SOUND LEVEL? 

It is if you have no compensation for the 
'LOUDNESS" effect: that psychoacoustic 
phenomenon by which our perception of low 
frequencies is diminished when reproduction is 
below the original or intended replay level. 

Previous compensation attempts have been so 
inadequate as to prejudice serious listeners. 
The ARTSTARR LC-40 corrects response to 
the latest accepted criteria over a dramatic 
40dB control range. Operation is so free of 
coloration, you won't believe it s there...except 
for the full rich sound of all levels. 

The LC-40 is a black four inch cube with a matte 
legend on anodized aluminum and costs only 
$159.00 shipped in the U.S (plus 4% in Vir¬ 
ginia). A designer module is $79.00 (less 
power supply and chassis). FREE details and 
specifications explain how serious audiophiles 
expand stereo system usefulness. 

ARTSTARR Associates 
P.O. Box 1247 

Yorktown, VA 23692-1247 

ANKAI 
High Quality Crossover Networks 

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

Available in: 
2 way. 3 way. 4 way. and separate 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 
• 12 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 
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their experiences with readers about ap¬ 
plicable software or hardware they have 
written or built. 
With this I conclude my cry for sup¬ 

port for the computer users. I know I 
want mine to do more than just business 
functions. I want it freed up so I can in¬ 
crease my skills to chase and gobble up 
little blobs on the CRT. 

Glenn Phillips 
The Speaker Clinic 
Portland, Oregon 97213 

See Bob White's classified ad in Private 
Wanted and the Good News column for fur¬ 
ther information. 

LIGHT AT THE END 
OF THE TL 
Gary Galo's article on transmission line 
theory (SB 1/82) gathers in one place just 
about all the guidelines necessary to 
build such woofer systems successfully. 
But I would like to add that the line 
length is measured along the mid-line of 
the labyrinth. Also, his guideline #3 is 
new to me and it is not clear whether he 
means for all the initial chamber's sur¬ 
faces to be lined with fiberglass, or only 
two specific parallel surfaces. Please ex¬ 
plain. 

My enthusiasm for this principle stems 
not from comparison of woofer loading 
principles, but from actual listening. But 
comparing the math behind TL's and 
Thiele alignments, the latter is more im¬ 
pressive. After all, Robert Bullock's been 
explaining Thiele for endless months, 
while Gary Galo presented his explana¬ 
tion in one installment. One principle 
seems logical and fundamental, while 
the other seems magical and subject to 
inscrutable dictums. But listen to IMF, 
Fried, Webb, or Daline systems, and you 
are hooked on TL systems. 

Still, Thiele proponents hold that such 
alignments will yield better bass than 
TL's, and that a TL is really an un¬ 
necessarily complicated bass-reflex in 
sheep's clothing. Their main point is, I 
think, that you can get deeper, flatter 
bass from an immensely less com¬ 
plicated and less expensive box. And that 
is a strong assertion. 
I don't have the knowledge, equip¬ 

ment, time, or energy to prove whether 
TL’s or Thiele alignment are better for 
domestic use. But the true designer¬ 
artists behind such principles could shed 

needed light on this subject by building a 
definitive case to prove one principle bet¬ 
ter than the other. And light is what is 
most needed in audio, where so many 
myths have been marketed. 

Carlos F. Bauza 
San Juan, PR 00936 

Mr. Galo replies: 

Your comment on measuring the line length 
is correct. However, TL design does not in¬ 
volve critical tuning, as with other woofer 
designs, and the line length can be off a cou¬ 
ple of inches without harmful effect. 

Regarding guideline #3, you need to cover 
only one of each of the parallel surfaces 
behind the woofer. This normally will be the 
bottom, back and one of the sides. See Part 
II, page 28, step #7. 

Please see my reply to Roy Mallory's letter 
/SB 2/82, p. 40) for comments on Thiele, 
Small, conventional bass reflex, etc. I cer¬ 
tainly agree that the bottom line in any 
design is how it sounds, and not the 
technology that produces the sound. I also 
agree that TL bass sounds musically more 
natural than that produced by other 
enclosure designs. 

I am not at all disturbed by the fact that 
the mathematics behind Thiele and Small 
vented loudspeakers is far more complex 
than for TL designs. The problem of getting 
true low bass out of smaller enclosures is, in¬ 
deed, a very complex one. However, if size is 
not a consideration, I prefer the TL ap¬ 
proach. 

The TL system is not a bass reflex system 
in sheep's (pun intended) clothing. The 
classic TL design absorbs the backwave of 
the woofer completely (or as completely as 
possible). The Transmission line exit is not a 
port or a vent. (See part 1, p. 8.) 

With the present state of loudspeaker 
measurements, to "Prove'' why (or if) two 
speakers with the same frequency response 
sound different is not possible. The same is 
true of two preamps with identical RIAA 
equalization. They usually sound different. 

Gary Galo 
Potsdam, NY 13676 

TIPS AND PLANS 
Two things: first a tip for home builders. 
If you're having a lumber yard cut 
plywood for you, add 14" to all the 
dimensions. You should then be able to 
trim the pieces to exact size and 90° 
squareness with a jigsaw and a large 
carpenter's square for a guide. This is 
especially helpful for those with limited 
space who might find it easier to work on 
pieces smaller than 4' x 8'. 
Second, do you know where I can find 

the plans for the Electro-Voice Sentry 

IVB (TL5050) folded horn? I wrote EV, 
but they don't seem to have plans 
available for this enclosure. Any sugges¬ 
tions you may have will be greatly 
appreciated. 

Chris Doering 
N. Bergen, NJ 07047 

SPEAKER RENEWAL 
More articles on rejuvenating old 
speaker systems would be great. My 
speakers, Heathkit Model AS-1348, are 
the most expensive parts of my whole 
system, and leave a lot to be desired. 
Maybe some day an expert will take on 
my units and make them right. 

Robert B. Jensen 
Reading, PA 19601 

TL REDUX 
I enjoyed both of Gary Galo's articles in 
SB. I have built a number of TL's (14 in 
fact) over the past seven years, but they 
have all been eight feet long or less and 
have all used KEF drivers. I am now 
planning a much larger line—similar to 
your TL10 and will probably try some 
new drivers. Crossover will be 200Hz or 
less. 
My question to you concerns the 10" 

Audax and Dalesford. You apparently 
have tried both of them. Do you have any 
comments or recommendations about 
the sound quality of these drivers? For 
your information, I generally like a tight, 
"quick" bass, such as my Fried H has 
(using KEF B200 and SP1022's). The H 
just doesn't go deep enough or loud 
enough. 
Also, have you tried the 12" Dalesford 

or Dynaudio in a TL? 

David A. Vorhis 
Salisbury, MD 21801 

Mr. Galo replies: 

Thanks for your comments on my TL ar¬ 
ticles. I haven't used the Dalesford drivers 
in my own systems, but they have been very 
successful in other TL designs, including 
some commercial systems (I think Sonikit 
marketed some of these). I have been very 
pleased with the Audax bextrene drivers. 
They have the kind of tight, fast bass you 
describe. 
My largest system uses 10" drivers. I 

prefer them in a 3-way system because they 
normally will be more linear in the lower 
midrange than a 12" driver. This is impor¬ 
tant to good midrange performance if you 
.rossover in the 500 to 1000Hz region. If 
you use a 200Hz crossover point, then a 12" 
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driver will not be subject to these problems. 
When using a 12" woofer in a TL10 type of 
enclosure, you must increase the cross-
sectional area of the line to accommodate 
the larger cone area. 

Incidentally, Roger Sanders now seems to 
think the Audax 10" bextrene performs just 
as well in his woofer system as his original 
KEF. 

Let me know what results you have. 

In the exchange between Messrs. 
Mallory and Galo concerning transmis¬ 
sion lines ¡SB 2/82), both authors men¬ 
tion the pressure node that occurs at the 
fundamental resonance of a pipe with 
one end closed, this node being at the 
closed end. In fact, the closed (driver) 
end has an antinode, ie a pressure max¬ 
imum. The pressure node occurs at the 
other end of the pipe, which is open to 
ambient air. Intuitively this makes 
sense, as damping cone motion at 
resonance takes high pressure. The node 
which occurs at the closed end is a 
displacement node. Pressure and 
displacement are 90° out of phase. 
This may seem a small point, but the 

lack of rigor which so often characterizes 
discussions of transmission lines is 
disturbing. Before you can understand 
lines, you must understand the resonant 
behavior of pipes. A lucid explanation is 
given in: 

The Acoustical Foundations of Music 
John Backus 
WW Norton, pp. 61-65 

John Caizzi 
Santa Rosa, CA 95401 

I read your article in Speaker Builder 2/82 
with great interest. A need for this type 
of information exists. My question to you 
is, what can be done to up-grade a "Voice 
of the Theater” speaker system. Would it 
pay to give the woofers your treatment? 

Robert B. Jensen 
Reading, PA 19601 

Mr. D Ascenzo replies: 

Acoustic suspension speakers have not been 
the only type that have benefited from the 
various modifications I described in the arti¬ 
cle. Any speaker system, regardless of 
generic type, can benefit from driver modifi¬ 
cation, optimum enclosure stuffing and tun¬ 
ing. Regardless of crossover point, a 
system's woofer will put its sonic stamp on 
the sound. Listen to the woofer alone and 
you will understand what I mean. 

THREE EQUALS 

FREE 
Your 1983 Speaker Builder subscription could be absolutely 
free. That's right. It need not cost you a dime. We want 
Speaker Builder to grow. The best way to spread the word 
about the world's only speaker magazine is by word of 
mouth. Satisfied readers do that job better than anyone else. 
So we are making this offer to every one of you who are 

current Speaker Builder subscribers. 
Three gets you one free. 

Sign up three new subscribers for one year each at $10 and your 
subscription will be extended for one full year at no cost. 
Here's how it works: 

First Subscriber.$2.50 credit slip 
Second Subscriber.$3.50 credit slip 
Third Subscriber.$4.00 credit 

Three subs therefore equal one full year of free issues for you. 
Growth for Speaker Builder will give every reader a better magazine. 
More interaction, more pages and more advertiser support. And pro¬ 
motion via direct mail or media ads is expensive. Offering you the 
money we'd spend on such efforts is a much better idea. And your en¬ 
thusiasm is sure to be contagious. 
List your friends' names and the amounts remitted below, please. 

Thanks for your support. 
SUBSCRIBER ONE 

Name 

Address 

City State zip 
Term □ 1 yr. □ 2 yrs. Remittance $_□ chk. □ Visa or MCard 

Card Number New subscriber's signature 

SUBSCRIBER TWO 

Name 

Address 

City State Zip 
Term □ I yr. □ 2 yrs. Remittance S_□ chk. □ Visa or MCard 

Card Number New subscriber’s signature 

SUBSCRIBER THREE 

Name 

Address 

City State Zip 
Term □ 1 yr. □ 2 yrs. Remittance $_□ chk. □ Visa or MCard 

Card Number New subscriber's signature 
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Circuit 
Soards 

A-1: WILLIAMSON TWIN 20 POWER AMPLIFIER. IRW-81 5x5" 
11701 Each $5.50 

A-2: WILLIAMSON TWIN 20 Power supply hoard. IRW 9:21 
2%X5" 11:701 Each $4.50 

8-2 4 + 4 MIXER Williamson/Watling with staked terminals 
(RWAWI 5%x5" 12:711 Each $16.00 

B-5: 4 + 4 MIXER POWER SUPPLY. IDG-141 2X5” 12711 
Each $4.50 

B-5: WILLIAMSON TWIN 20 PREAMP IRW-111 5%X8” Stereo 
(271) Each $10.00 

B-7: V.U METER (DG-7-AI 1%X5" (5711 Each $5.00 

C-1: Williamson OCTAUZER Components hoard IRW-15I 
2x7" 11721 Each $4.00 

C-5 OCTALIZER POWER SUPPLY + 18V DC (DG 12A> 2%X5" 
11721 Each $5.50 

C4 ELECTRONIC CROSSOVER (DG-15RI New 2X5% " hoard 
takes 8 pin DIPS. Ten eyelets for variable components. Parts 
layout included I272I Each 4.50 

E-2 JUNG REGULATED LAB POWER SUPPLY IRef 11 4%X5%" 
(4:741 + 15V Each $6.00 

F-1: BILATERAL CLIPPING INDICATOR. (CB-11 2X2% " 15:75) 
Single channel Each $5.00 Pair $5.00 

F-2: GATELY EQUALIZER IEG-11 4X8" 12:751 Single Channel. 
Each $12.00 

F-5: GATELY ±18V POWER SUPPLY. IEG-2I 2%x4" [275I 
Regulated Each $4.50 

F-4: MORREY. HEATH IG 18 land IG-52181 OSCILLATOR MODIFI 
CATION. IWM-11 4%X5% " 14:751 Each $8.00 

F-5: MORREY. HEATH IG 18 land IG 52181 OSCILLATOR Power 
supply hoard for above. IWM-2) 2%x5 " Each $4.50 

F-6: JUNG 50HZ FILTER/CROSSOVER (WJ-5) 5x5" 14:751 High 
pass or universal filter or crossover Each $5.50 

C-1: GATELY PEAK DETECTING OVERLOAD INDICATOR. IEG-5I 
1%x2%" 12.576I Two channel Each $4.00 
G-2 PETZOLD WHITE NOISE GENERATOR 8 PINK FILTER. IJP-1) 
2%x5%"(5:76l Each $5.00 

H-1. WILLIAMSON SUPER OUADPOD. IRWAW 576I 5%X5%" 
11:771 Each $5.50 

H-2: JUNG SPEAKER SAVER. IWJ-41 5%X5%" 1577) 
Each $7.00 

H-5 HERMEYER ELECTROSTATIC AMP BOARDS. (ESA-51 Set Of 
three hoards with plug-in edges for one channel. 1577) 

Set $19.00 

H-4: GATELY MICRO MIXER: Input. IMIC-10S! 8!/<x5" I5 77115 
pin plug-in gold edge Each $10.00 Five or more. Each $9.00 

H-5 GATELY MICROMIXER: Output (MIC11-005I 12’4x5" 15 
pin plug-in gold edge Two channel Each $17.50 

H-6: AUDIO RESEARCH IH-5I 4x9x%" I4 771 For modifying 
Dyna Stereo 70 amplifier Each $57.00 

H-7. GLOECKLER 101(18 ATTENUATOR IFG-5I 2x2” I477) 
Each $2.50 Five for $9.00 

J-1: JUNG-WHITE PAT 5 MOD. Preamp (JW55I 4M" 
W/10-pin plug-in gold edge 11781 Each $8.50 

J-2: JUNG-WHITE PAT-5 MOD Power Supply IJW5214’4x5%" 
(1:781 Each $7.00 

J-5 CARLSTROM TV SOUND TAKEOFF. (DC-1)1%X5%" I2781 
Each $4.25 

J-5: PASS A-40 POWER AMP. one channel. 5X5" I478I 
Each $6.00 

J-6: SCHROEDER CAPACITOR CHECKER. (CT-10) I4781 5’4x6" 
Each $7.25 

J-7: CARLSTROM/MULLER VTVM ADAPTER. (CM-11 14:78) 
1%x2%" Each $4.25 

K-1: LAMPTON-ZUKAUCKAS MARK 1 Phono preamp Two sid¬ 
ed, two channel 5%x5y, " 11:791 Each $8.50 

K-2: l-Z MARK 1 High level. Two sided, two channel. 5’4x5%" 
(1791 Each $10.50 

K-5: CRAWFORD WARBLER 5%X5%" (1:791 Each $6.00 

K-6: tube CROSSOVER 2x4% " (5791 Two needed per 2-way 
channel. Each $4.25 Four $15.00 

K-7: TUBE X-OVER POWER SUPPLY 5X5% "I579I Each $7.00 

K-8: COMPEXC.5%X4%"I5:79I Each $6.50 

K-9: COMPEXE. 5'4x4%" (579I Each $6.50 

K-11: WILLIAMSON 40/40 Power amp. 5x5" 14.79I One chan¬ 
nel Each $7.00 

K-12: MacARTHUR LED POWER METER. 5%X8%" (4:79) TWO 
sided, two channel Each $16.00 

L-1: BOAK POWER AMP REGULATED SUPPLY, 2’4X4%" (1 80] 
Plus or minus supply for power amps Each $6.50 

1-2 WHITE LED OVERLOAD & PEAK METER 5X6" (1 801 One 
channel Each $10.50 

L-4 SULZER OP-AMP PREAMP POWER SUPPLY 4’4X5%" (2:801 
+ 15V supply for preamps Each $7.00 

L-5: WILLIAMSON BANDPASS FILTER. 5%x4" (2:80) (RWAW479I 
Two channel 24dB/octave Sallen 8 Key circuit. Each $6.50 

L-6: MASTEL TONE BURST GENERATOR 5%x6%" I2.80I. 
Each $8.50 

L-7B MARSH PREAMP, HIGH LEVEL, two Channel. 5%X7%" 
(5:80) $12.50 

L-9 MASTEL PHASE METER 6%X2%" I4/80I $8.00 

SB-A1: LINKWITZ CROSSOVER BOARD ±4:80 5%x8%” 
Each $14.00 

M-1: MULLER-CARLSTROM ICM-2I Sweep Generator Oscillator 
(Two required! 2%6x5 " (2:811 Each $8.50 Pair $14.00 

M2 MULLER-CARLSTROM (CM-4) Log Sweep Board 2x2’%" 
12:811 Each $5.00 

M 5: MULLER-CARLSTROM ICM-51 Sweep Pwr. Supply. 2%X5%" 
(2:811 Each $6.50 

M-4 MULLER-CARLSTROM ICM-51 Logger Board 5%X4" 15 81) 
Each $7.50 

M-5. MULLER-CARLSTROM IDG-12BI Logger Power Supply 
2%X2%" 15:811 Each $5.00 

M-6. CARLSTROM im filter (intermodulation Filter) 2%x5% " 
11:821 Each $6.50 

P-5: BORBELY 60W POWER AMP (EB-60I 5 5/8x6 ’/," 12:82) 

Each $8.00 

P-4A: BOAK HEADPHONE AMP 5 5/4x5%" 15:821 

Each $8.50 

P-4B: BOAK HEADPHONE AMP VOLTAGE REGULATOR. 2x6% " 
(5:821 Each $6.00 

P-5: SWEEP MARKER ADDER. 5%X2%" 12:821 Each $5.50 

P-6: (ADVENT! MIKE PREAMP UPDATED. (K5) 5’/,X2%" 

(5:821 Each $8.50 

.ORDER BLANK. 

Old Colony Sound Lob 

PO Box 245, Dept. AA, Peterborough NH 05458 

To order frdm 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 US funds Please use clear block capitals. 

Name 

Street 8 No 

town _. state ZIP _ 

No Bds Price 
.Board No. S. 
.Board No. S. 
.Board No. S. 
.Board No. S. 

total 5. 

Please add $1 senke tiarje to all cUaree card orders aider $10 

SB Mailbox 
Specifically, your "Voice of the Theater" 

system, which I assume is the Altec Lansing 
model A-7-8, uses the model 416-8A 
15-inch woofer which has a pleated sur¬ 
round, a stiff paper cone and a large paper 
dust cap. That driver has a "woody" sound 
quality that is exacerbated by the relatively 
empty enclosure it is mounted in. 

A course of action would be to modify the 
drivers as outlined but to plasticoat the 
whole cone instead of part of it, stuff the 
enclosure and tune for the lowest cabinet 
resonance possible. Keep in mind that 
vented systems have two resonant peaks and 
you will be dealing with a larger internal 
volume. You also might want to try closing 
the vent to see how the system operates asan 
infinite baffle. It has been tried on other 
systems with good results. 

Free lunches with beer are a thing of the 
past. You will get for your efforts a lower col¬ 
oration sound with improved bass perfor¬ 
mance. The price you will pay is reduced 
midrange efficiency. Since your high fre¬ 
quency section has infinite adjustment, you 
will be able to match levels again with 
relative ease. Further, since the "Voice of 
the Theater" systems are considered 
classics, yours may not be worth the same to 
prospective buyers in modified form as they 
would in their original form. 

LETTER WRITERS AHOY . . . 
We need your cooperation in the mat¬ 
ter of your welcome letters to authors 
and other readers. Please enclose a 
stamped and addressed envelope if 
you expect a reply. If the author/ 
reader lives outside the USA, please 
include two International Postal Re¬ 
ply coupons (available at your post 
office) instead of stamps on your en¬ 
velope. 
In questioning authors, please 

leave room in your letter for replies 
which should relate to the article, be 
framed clearly, and written legibly. 
Please do not ask for design advice or 
for equipment evaluations. 
Letters to authors or other readers 

cannot be acknowledged, unfortu¬ 
nately. Any letter which does not 
comply with the requests above will 
not be answered. 
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Classified Advertising 

SPEAKER DESIGN SERVICE. Enclosure 
designs engineered per T&S. Vented and 
closed systems per your drivers or drivers we 
recommend. For details send SASE to L.A.T. 
Eng., 317 Provincetown Rd., Cherry Hill, NJ 
08034. T3/82 

LONG HAIR WOOL carded-cleaned for stuff¬ 
ing speakers. $10.00/lb. including shipping J. 

EBBERT, 431 Old Eagle School Rd.. Straf¬ 
ford, PA 19087. (215) 687-3609 TTF 

PRIVATE CLASSIFIED ADVERTISING 
SPACE up to 50 words in length /s 
open to Speaker Builder’s subscribers 
without charge for personal, non-commer-
cial sales and for seeking information or 
assistance. The publishers reserve the 
right to omit any ad. Any words beyond 50 
are 15 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: 25 cents per word including 
name, address, and zip code—prepaid 
only. 10% discount for four insertions. 
Speaker Builder cannot accept responsi¬ 
bility for the claims of either the buyer or 
the seller. 

TRADE 
OPEN REEL TAPES from studio masters. 
Philips, Argo, Telefunken, Vanguard, Unicorn. 
Catalogue $1.00 BARCLAY-CROCKER 

Room 1470-L, 11 Broadway. NYC 10004 TTF 

GENALEX, GOLD LION, and Telefunken im¬ 
ported tubes. Kimber Kable speaker wire. 
Hartley complete speaker systems, sub¬ 
woofers. and chassis Precision Fidelity amps, 
preamps, and tuners. Furman Sound 
crossovers. Cramolin Audio Kit. Sonex 
acoustical foams. American Express, Visa and 
Mastercharge accepted SOUND SERVICES, 
Lake Walton Road. Wappingers Falls, NY 
12590(914)221-5414. T3/82 

PRECISION WOUND COILS 
MADE TO ORDER 

CHOUDHRY ELECTRONICS 
PO Box 1743 Santa Monica 
CA 90406 (213)450-5113 

THRESHOLD AUDIO offers Conrad-Johnson, 
PS Audio, Grado, and more. Trade-ins 
welcome. We specialize in raw drivers: 6, 8, 
10, 12" polypropylene woofers, Aperture and 
Pyramid tweeters. Conrad Johnson PU-3 
preamp kit $325—outstanding quality, affor¬ 
dable price. Used equipment: Stax DA80M 
mono amp $299 (list $1500); Kenwood KT700 
tuner $325 (list $750). Audiophile records: we 
have a choice selection. Write or call 
THRESHOLD AUDIO Dept. STB, 409 S. 22nd 
St., Heath, OH 43055 (614) 522-3520. 

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

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 

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

£he Speaker 
Clinic 

Specialty Loudspeaker Services 
Computerized Lab Providing: 

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

Catalog $1.00 

JAPANESE RAW SPEAKERS tweeters, 
supertweeters, speaker cables. Also car¬ 
tridges, tonearms, transformers, accessories. 
All manufacturers’ lowest prices. INTER¬ 

SONICS, PO Box 113, Toyohashi 440, Japan. 
T3/82 

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. 

T4/82 

FREE SPEAKER KIT CATALOG Kits include 
phase alignment, computer optimized plans, 
JBL, EV. SEAS, Audax components. Also avail¬ 
able: Thiele data, specifications of 200 com¬ 
ponents. including KEF, polypropylene 
woofers, $2 refundable. GOLD SOUND. Box 
141SB, Englewood, CO 80151. (303) 
789-5310. T1/83 

SPEAKERS TESTED. Low rates. HAGEN-
BACH LABS, PO Box 22158, Indianapolis, IN 
46222. T1/83 

CROSSOVER COMPONENTS and acces¬ 
sories for the speaker hobbyist. Low prices. 
Send for free flyer. UNIVERSAL AUDIO Box 
712, Providence, RI 02901. T1/83 

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. T3/82 

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 Vz 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 

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 Speakerlap 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. 

spcakorlab 
Dept. SB2, 735 N Northlake Way 
Seattle, Washington 98103 

QUALITY MYLAR CAPACITORS all 250V ± 
5% perfect for your low frequency crossovers 
are far superior to electrolytics. We will make 
up capacitor banks for you to your spec, with in 
2 MFD. 10C/MFD under 50 MFD, 7C/MFD for 
50 MFD and over. Also have 1 " & 3" acoustical 
foam best for removing standing waves and 
reflections off speaker fronts. ACOUSTEK, 
PO Box 63, Tunbridge, VT05077. T3/82 

AUDIO CONCEPTS: Strathearn full range rib¬ 
bons, AC acoustic foam, Technics ribbons, 
polypropylene caps, oak-walnut enclsoures 
.1-2. 5cuft., 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. 
Catalogue $1.00, 1919 S. 19th St., LaCrosse 
Wl 54601. 

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-1s 
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. 
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Classified Advertising 

RAW SPEAKERS, KITS, and high-end auto 
speaker systems. Specializing in 
polypropylene and bextrene cone drivers, our 
brands include Audax, Dalesford, Jordan, 
Dynaudio, JVC, Philips, becker, Falcon-
Acoustics, SEAS, Strathearn and Peerless. 
Featuring the "Bill Reed" Signature kit, the 
Jordan 50 mm module and the Strathearn Rib¬ 
bon ASS SPEAKERS, Box 7462B, Denver, 
CO 80207 (303) 399-8609. T3/82 

“IN PHASE” 24dB/8ve electronic crossover 
minimizes irregularity in radiation pattern 
through crossover region. 0.0008% distor¬ 
tion, 5 year warranty. D8 SYSTEMS, Main St., 
Rindge.NH 03461 TTF 

GOLD PLATED BANANAS DBP-9AU, eight 
solderless (set screw) plugs for up to 12 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 1000V, 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 ga., $5.95 per 8 pack. Include $2.50 
handling charge for orders under $45. 08 
SYSTEMS. Main St., Rindge, NH 03461 T3/82 

CROSSOVERS COILS CAPACITORS 
SPEAKER CABINETS & KITS 

Send Si 00 tor Brochure 
KUSTOMIZED SPEAKER SYSTEMS 

260-A Glenn Circle 
Powell. Tennessee 37849 

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. 

MINNESOTA AUDIO SOCIETY Monthly pro¬ 
grams—Newsletter—Special events, yearly 
equipment sale. Write: P.O. Box 3341, Traffic 
Station, Minneapolis, MN 55402. 

D B SYSTEMS 
(603)899-5121 
P.O. Box 347 
Jaffrey, NH 03452 

Custom made DB-3 ACTIVE CROSSOVERS are available 
in 2-Way and 3-Way with 6, 12, 18 and 24 dB per octave 
slopes. TH D less than 0.0008%, five year warranty. Send for 
our free literature on crossover applications. 

CAPACITORS-CABLES-CONNECTORS 
Custom designed 200V polypropylene 
capacitors with solid copper leads, Teflon 
dielectric interconnect cables, gold plated 
solid brass connectors. Send $2.00 for our 
catalog and price list RANDALL RESEARCH. 
719 Fernleaf, Corona Del Mar, CA 92625. 
(714)760-1539. T3/82 

/ and now y 
FOR SOMETHING COMPLETELY DIFFERENT 

offers 
5mF 10° o 400V metallized polypropylene 
caps, less than 05%DF $7 00 ea ppd . 
J C mini monitor. 5 inch polypropylene 
woofer, ribbon tweeter polypropylene 

crossover—$125 00 ea ppd 
and now 

FOR SOMETHING COMPLETELY DIFFERENT 

3016 N E Oregon St 
i Portland. Oregon 97232 j 

MENISCUS AUDIO SYSTEMS offers poly¬ 
propylene woofers, midranges, tweeters, ac¬ 
cessories, and lots of help for the beginning 
builder. Catalog 25C. 3275 Gladiola S.W., 
Wyoming Ml 49509. T1/83 

METAL FILM RESISTORS, RN55, 0.35 watt, 
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. 

SPEAKER KITS. Catalog of home, car and 
sound reinforcement kits, over 100 raw drivers 
available, Thiele data, JBL, EV, Audax, 
Peerless, Foster and JVC ribbons, more. $2 
refundable. GOLD SOUND, PO Box 141 SB, 
Englewood, CA 80151. T4/82 

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 in Conn., or Put¬ 
nam or Dutchess Co., NY, contact John J. 
McBride, 33 Perry Dr., New Milford, CT 
06776 (203) 355-2032. 

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

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. 

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. 

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 dist., Holman's and Carver's 
designs, etc. Sample issue $1. sub, $15/yr. 
P.O. Box 7, Boston, MA 02215. 

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. 

PRIVATE 
FOR SALE 

Rogers LS3/5a, walnut, mint, original shipping 
carton, $400/pr.; Fried H dual transmission 
line woofer system (no satellites), teak w/black 
grilles, beautiful construction $325; Fried O 
transmission line cabinets, unfinished, 10" 
drivers not included $150/pr.; replacement 
drivers for FMI-80 (2" and 4-2 % ") $50 takes 
all; Stax SR-3 ESL headphones and power 
supply $45; extra cartridges $10 each: Decca 
Mk. V, Decca 4RC, Shure V15IIIG, ADC XLM 
(original version); Williamson Twin-20 power 
amp with regulated power supply, 19" rack 
panel. $75. David A. Vorhis, Rt. 3, Kilbirnie 
Estates, Salisbury, MD 21801 (301) 
742-2416. 
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AR Turntable. Dynaco PAS-3X preamplifier. 
Dynaco FM-3 tuner. Dynaco stereo 70 ampli¬ 
fier. Best offer Alex Soave, 192 Central Park 
Road, Plainview, NY 11803 (516) 394-1708 
after 6 PM EST weekdays, all day weekends. 

Bryston 1B preamplifier, six months old in ex¬ 
cellent condition $400.00 (originally $795) 
(212) 384-2840 

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

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

McGEE RADIO COMPANY 
PE, 1901 McGee Street, Kansas City, Missouri Ml08 

Quicksilver tube amp with new tubes, mint, 
$1750 + shipping. (4) KEF B139 woofers 
(purchased in May) in (2) 11' industrial grade 
particle board cabinets, ready-to-finish, $295 
ea. Steve (213) 896-6630. 

Revox A77-IV, 2 yrs. old. like new, $750 with 
highcom and 20+ tapes, $875. SAE 31B, 
$185. Mitsubishi DA-F20 tuner (new $420), 
unused, $170. Dual 502, $95. Connoisseur 
BD 103/A. $190. Advent 201 A, $190. dbx 
118, $95. Doug Cowie, Dresden, Maine 
04342 (207) 737-2974. 

Factory sealed Volume II The Missing Line and 
Volume III Lincoln Mayorga & Distinguished 
Colleagues. For sale to the highest bidder. 
George. Evenings (MST). (403) 434-3632. 

Pr. Celestion HF-2000 tweeters, $22; Pr. KEF 
T-27 tweeters, $28; Pr. KEF B-139 woofers, 
$140; Pr. Dennisen ER-88 Electrostatic 
Tweeters (8 elements each), $160; Pr. Audax 
HD21B37 (8" Die Cast Woofers, $60; 1 Signal 
Corp. 56-8 transformer good for PASS A-40, 
$55. Joe D’Appolito, 9 West Knoll Road. An¬ 
dover, MA 01810 (617) 470-1346 (eves.) 

Magneplanar Timpani III (dark brown) tweeter/ 
midrange with TAA low pass crossover, $475; 
Marantz 15 2 x 60 watt amp, $160; The Audio 
Amateur complete 1980-1982, $70; Speaker 
Builder complete 1980-1982, $30 or offer. 
Rich Davidson, 501 Paige Loop, Los Alamos, 
NM 87544 (505) 672-1094. 

Pyramid MET-7 (list $305) $250 with blank 
warranty card; Symmetry SW-1 subwoofers 
(list $800 pr.) $400, six months old; Luxman 
SQ68C 30 w/ch (list $700) $450 as new with 
blank warranty card; Luxman L-11 integrated 
amp (list $1000) $500 with blank warranty 
card, 100 watts channel; Symmetry ACS-1A 
active crossover (list $750) $450 with gold 
plated inputs; Technics SL-15 programmable 
turntable (list $850) $500 six months old; 
Nakamichi 700 II with remote control $500. All 
items mint or as new 550 Baker, San Fran¬ 
cisco, CA 94117 (415) 921-0870. 

1 Pair Webb TLS systems (TAA 1/75), drivers 
include. KEF B139, B110, T27 and Celest. 
HF2000. Rosewood veneer, Falcon X-overs, 
no grilles. $600/pair. Also these components: 
two Celestion HF2000 S tweeters, $20 ea.; 
two Falcon Webb TLS X-overs. $20 ea. All for 
$75. Neil K. Disney, 414’/z W. Mansion, Mar¬ 
shall, Ml 49068 (616) 781-6156 evenings. 

Pairs of KEF T-27 ($40), B-139 ($175), and 
Jordan Modules ($125)—all new in the box 
with original hardware. Al Schilling, Suite 
1900, 10100 Santa Monica Blvd., Los 
Angeles, CA 90067 (213) 552-4578 
(daytime). 

Pyramid Met-3's $950; Denon DP-6000, 
DK-200 base, $450; with EPA-100, $700; 
Stasis III $1200; Hegeman Hapi II $300; 
Super-PAS, 5751 ’s $175; Infinity Black-
Widow Arm $75; Grace 704 $100; KLH-4's 
$200; FRT-3G transformer $125; Integral 
Systems 200W amp $175; DB walnut case 
$10; Silver Coax $0.80/ft., Steve (203) 
397-4965. 

Ampzilla with add-on lOOK/iF cap bank, ex¬ 
cellent condition, $500; 2 Dyna ST-70 amps, 
no mods, $175 the pair; Dyna PAS 3X preamp, 
$60; M&K Mil-KX2 60-75Hz passive sub¬ 
woofer crossover, $50; M&K "bottom end” 
speaker, $100; Audionics SQ-106C decoder, 
$50. (303) 681-2432. 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

Plug in Butterworth (maximally flat) filters in 6dB. 
I 2dB. or 18dB per octave attenuation, any frequency 
specified Filters flat beyond 100kHz 

Complete crossover in attractive metal cabinet with 
all terminations and regulated power supply 

STEREO BI-AMP $139 
Tri-amp. quad-amp, and monoaural types available at 
comparable pnces Other available features summer 
for "single woofer systems. Subsonic noise elimina¬ 
tion filters supplied with or without bass boost, level 
controls 

FOR OEM S AND 
HOME ASSEMBLERS 

500 Senes dual filters and or plug-in filters, regulated 
power supplies 

FREE CATALOG & PRICE SHEET 
Write to: 

fNGINIHING LABORATORY 

11828 Jefferson Bl Culver City. CA 90230 
Phone (213) 397 9668 

For sale or trade: 1 pair Transline 6' quasi¬ 
transmission line cabinets; 1 pair 8' triangular¬ 
shaped transmission line cabinets (all cabinets 
are 4' tall, very solid, for 10" woofers, cheap); 
1 pair Eminence subwoofer drivers. (505) 
722-9309 or Box 3012, Gallup, NM 87301. 

Audio Interface CST-80; 40 ohm transformer; 
mint condition; perfect for Dynavector Ruby. 
$170 firm/ppd. Rod, PO Drawer 30347, La¬ 
fayette, LA 70503 (318) 981-6727, 7-10 CDT 

Philips 977 automatic turntable—the only 
quartz locked belt drive turntable—no longer 
sold in the USA, $175. Dynaco FM-5 tuner, 
$75. Onkyo Model T-4 Servo Locked Tuner, 
$85. All excellent condition. Tommy Tice, 
4225-1 Avent Ferry Rd , Raleigh, NC 27606 
(919) 851-3170. 

Fluke 8922A digital voltmeter, 3’/a digits, true 
RMS, 2 Hz-11mHz, autoranging, AC, AC & DC, 
volts, dB or dB relative readout, linear analog 
output, more. Options available include 
IEEE-488 interface. Perfect, $750. Denon 
DP-3500 turntable, JVC VA-7045 tonearm, 
Denon 103S cartridge, $375. Call Al. (612) 
388-4687. 

Dyna ST70, mint $100; new sealed TDK 
MARC90 metal cassettes, $6.50; Lambda 
150 to 850V, 800 watt power supply, b.o. 
Bruce Boyes, PO Box 607, Endicott, NY 
13760 (607) 785-4630 eves/wknd or leave 
message. 

For sale or trade for tuner: Ace 6000-6 tran¬ 
sient perfect electronic crossover, 450Hz and 
7800Hz 3-way, $200. 6dB De Coursey 2-way 
stereo, electronic crossover, two frequency 
valves, 100Hz and 500Hz, 18dB, $100. Dahl¬ 
quist Passive Crossover Model DQ MX1,60 & 
80Hz, $100. David M. Landrie, 1309 E. 61st 
St., Tacoma, WA 98404. 

lonovac Tweeters w/wood cases, new cells, 
new tubes. Need capacitors to be replaced, 
and one cage to be fabricated. As is $225/pr. 
Ira Leonard, 109 Holton St., Winchester, MA 
01890. (617) 731-5817 (evenings). 

KEF B200 8" woofers, $80/pr; KEF T27 
tweeters, $40/pr; Celestion HF1300 
tweeters, 8 ohm version, $50 pr; SEAS 
25FEWX 10" woofers, $60/pr; SEAS H107 
tweeters, $25/pr. All drivers brand new un¬ 
used virgin units. B200/HF1300/T27 makes 
great system, enclosure and crossover details 
with purchase. David Barnett, 8523 Linda 
Lane, Little Rock, AR 72207 (501 ) 225-4736. 

JVC QL-A7 direct drive TT and arm, $185. 
One pair of new Jordan crossovers, 150Hz, 
18dB/oct. $48. 2 pair used (3 mo.) Jordan 50 
mm modules, $110/pair. New 50 mm modules 
and manual, $140/pair. 11 ft. oak transmission 
lines. B139S. Wool filled, $385 and I will 
deliver to Sacramento/Bay area. PO Drawer H, 
Foresthill, CA 95631. Russ, (916) 367-3218 
days PDT. 

JBL D208, D216, D130F (2), 2205, big RCA 
drivers, big EV frames with foam recone, 
Piezo Tweeters, more, make offer or will con¬ 
sider trade. Mark Miller, 711 Healdsburg Ave., 
Healdsburg, CA 95448. (707) 433-5187 days, 
(707) 838-7192 eves. 
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Classified Advertising 

Pair of JBL 2440 drivers with HL 93 horn-lens 
assemblies. Pair of JBL 2405 tweeters. All for 
$420 plus shipping. W. PHillips, 14 Philip Dr., 
Princeton. NJ 08540. (609) 921-2732 eves. 

ITT North Electric Power supplies ±52V at 
40A. WF Filtering capacity. Regulated. Inter¬ 
nal breaker. Solid state power switch driven 
mercury contactor. Line anti-surge protection. 
125 lbs. New. $995, each invested, $500. 
Rick Borkowski, 30317 Lund Dr., Warren, Ml 
48093 (313) 573-9755. 

Altec 604-E 15" Duplex w/SOTA crossovers, 
no cab’s. $500 pr. Will trade for pro-audio 
equip, of equal value. Tom Young, 171 
Moreland Ave., Waterbury, CT. 06705. 

Dynaco ST 400 power amp with meters. Ex¬ 
cellent cond., minimally used. Selling to con¬ 
serve space. $375. Jim Sofranko, 251 W. 
Dekalb Pke., A-816, King of Prussia, PA 
19406 (215)337-3862. 

Speaker drivers—prices include shipping. 
SEAS 21FWBX-DD 8", $35; SEAS H107 dome 
tweeters, $13; SEAS 13FGMB 5’4" 
midrange, $18; Peerless KJ20DMR dome 
midrange, $20; Pyle W69C290F 6x9 woofer, 
$27; Becker 908A278 8", $18; Metal grilles 
for Peerless 514 " woofers, $5; Polydax 
HD17HR37 6W" open-back midranges, $40. 
Becker 6'/s" polypropylene woofers, $14. 
Signet TK7E, needs new stylus, $50. All 
drivers new; some have solder marks made 
during test. Steve Fritz, (213) 256-3763. 

Two %" tweeters from AR-3A, $20 each. One 
1W" midrange from AR-3A, $45. AR turntable, 
no arm, "T” chassis shortened for Mayware 
arm, extra platter, $40. Postpaid. Tom Devlin, 
17 Cherry St., North Adams, MA 01247 (413) 
664-4682. 

Advanced Analog Systems. Analog reverb 
unit, model ARS 911. As seen in Radio-
Electronics Sept-Oct 81. Assembled and fac¬ 
tory aligned. A bit too noisy for my ears. Orig. 
$150, now $125. 15 day trial. Money returned 
if not satisfied. David Long, 3248 Chatsworth 
Rd., Dalton, GA 30720. 

Tektronix oscilloscope 5" dual beam. Audax 
H17B25H 6W" $50 pr. unused. Panasonic 
A11EC 80-02F 4'A" $10 pr. unused. Jordan 
watts 50mm modules $115 pr. unused. Jordan 
watts 100 mm modules $100 pr. unused. 
Dynaco stereo 80 ex. cond., $50. William 
Guidara; 1050 Lake Blvd. No. 8; Davis, CA 
95616. 

ACOUSTIC TEST INSTRUMENTS 
USE TO ADJUST EQUALIZERS OPTIMIZE 

SPEAKER PLACEMENT. ETC 

Complete Test Set $399 
Calibrated Sound Level Meter $169 
Fractional Octave Pink 
Noise Generator $299 

Handbook on Acoustic Testing $6 

Free broch HALL ENGINEERING Dept B4 
P 0 Box 506 Martinsville NJ 08636 

(201) 647-0377 

Fried drivers— 1 pair of 614 " damped bextrene 
mid-ranges from Model C speakers. Excellent 
condition. Best offer. D. Wattigney, 2448 
Oakmere, Harvey, La. 70058. (504) 
341-2575. 

2 Sanders transmission line speaker 
enclosures, 1 speaker. They are very well 
constructed, finished in oiled walnut, black 
grills, monster cable hookup, long fiber wool 
glued and hung on fish netting. A real bargain 
at $200. San Francisco, Bay area, will not 
ship. (415) 826-6897. 

Bowers & Wilkens DM6 loudspeakers, early 
model with bass control, $490 pair. Grace 707 
tonearm, Linn mod, silver Litz headshell wires 
$95.00. Allen (201 ) 846-0973 evens. & wkds. 

PRIVATE 
WANTED 

The K-Coupler, a paper on Karlson enclosure 
theory, by Martin C. Poppe, Jr., appeared in 
Dec. 1966, I.E.E.E. Trans, on Audio. The 
author stated a sequel would be forthcoming. 
Does anyone know of the sequel or other 
theory on the subject? Marvin Weinstein, 
3232 E. Stanford Dr., Paradise Valley, AZ 
'85253. 

Teac C3X 2 speed cassette deck. Nak Dolby 
C cassette deck, prefer 3 heads. Bruce 
Boyes, PO Box 607, Endicott NY 13760 (607) 
785-4630 eves/wknd or leave message. 

Older speakers: Goodmans 12" axioms, triax¬ 
ioms. Stentorian 15" coaxials. Racon (N.Y.C.) 
15" 15HTX, X-B, 12" HTX. Norelco, Stephens 
12"-8" full range. Stephens Coaxial 15" -150 
CX, 12" #120 CX 122AX. RCA 15"-12" coax¬ 
ials. Jensen 12" SG 300, 223, 222. Calrad 8" 
coaxial #CR-8X, 12" TX4, 1. GE 12" coaxial 
1A-401. Stromberg-Carlson 15" Coaxials RF 
484, 483. Singles ok. No cabinets. Ask 
friends. B. Kalish, Box 52, Redlands. Calif. 
92372 (714) 792-0220. 

One 1950s vintage Electro-Voice "Aristocrat” 
folded horn corner speaker. Condition of 
speakers not important. Glenn Behrle, Box 
5147, Woodmont Station, Milford, CT 06460 
(203) 878-0558. 

Dynaco A-470 output transformer for ST70; 
Heath AA-121 stereo amp; FR12 arm, will con¬ 
sider trades for above speakers. David 
Barnett, 8523 Linda Lane, Little Rock AR 
72207 (501) 225-4736. 

AR7 speakers. (303) 681-2432. J.B. Lansing No. 45040 exponential horns, 
also plans for Carlson 12" enclosure. J. W. 
Madgett, Heiskell, TN 37754 (615) 947-7607. 

Advertising Index 
ACE AUDIO.37 

ANKAI ELECTRONICS.39 

ARTSTARR.39 

AUDIO CONTROL .Cover IV 

AUDIO HORIZONS .45 

BADGER SOUND.9 

CBS RECORDS.13 

CIRCLE.35 

dB SYSTEMS.44 

DeCOURSEY LABS.45 

DIRECT-TO-TAPE.4 

GOLDMAN.27 

HALL ENGINEERING.46 

HARTLEY PRODUCTS CO.37 

HIGH PERFORMANCE REVIEW.3 

KEF ELECTRONICS.3 

KUSTOMIZED SPEAKER SYSTEMS .44 

MADISOUND.46 

OLD COLONY BARGAINS.38 

OLD COLONY BOOKS .47 

OLD COLONY CIRCUIT BOARDS.42 

OLD COLONY KITS.30,31 

OLD COLONY PARTS.34 

SOMETHING DIFFERENT .44 

SPEAKER BUILDER CLUB AD .25 

SPEAKER BUILDER THREE FOR FREE.41 

SPEAKER CLINIC.43 

SPEAKERLAB.43 

SPEAKER SUPPLY.4 

SONIX .37SRC .33 

STEREOPHILE.19 

UNIVERSITY MICROFILMS INT'L.38 

Schematics and manuals for Crescent Com¬ 
munications ZM-30/U. LCR Bridge, AEL Prod¬ 
ucts AN/USM-206. Semiconductor test set, 
Tek plug-ins Type G, Type 1A7A, Type CA. 
Thomas Sahara, PO Box 23283, Honolulu, HI 
96822. 

Madisound 
Speaker 
Components 

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

Audax, Dynaudio, KEF, 
Philips Loudspeakers 

Horn design info. Any theoretical or practical 
printed materials. Also trade magazines: Radio 
& Television, Audio Engineering, Radio Elec¬ 
tronics, Electronics World, etc. Tom Young, 
171 Moreland Ave., Waterbury, CT 06705. 

Plans for Electro-Voice TL-5050 folded horn 
woofer, AKA Sentry IVB LF section. Will pay 
up to $5. C. Doering, #G3, 500 80th St., N. 
Bergen, NJ 07047 (201) 868-4456. 

Danish audio amateur needs manual/diagrams 
/mods for old EICO ST70 integrated stereo 
tube amp. Will pay reasonable price for 
originals/copies. Pls. write to S. Hansen, 38 
Toften, DK-3450, Allerod, Denmark. 
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OLD COLONY’S 

Book Service 
Box 243 Peterborough NH 03458 

HOWARD W. SAMS 

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 

SCELB1 

★ ★ ★ ★ CLOSEOUT ★ ★ ★ ★ 

SC-2 UNDERSTANDING Ml 
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., 
5l/2x8‘/2, paperbound Each $8.95 

TAB BOOKS 

T-4 HOW TO DESIGN, BUILD 
AND TEST SPEAKER SYSTEMS 
by David Weems. A cookbook ap¬ 
proach to speaker design with some 
21 tests for performance. Individu¬ 
al drivers are specified for actual 
bqilding projects. Weems likes clos¬ 
ed box and reflex enclosures but is 
skeptical of transmission lines. 
336pp. Softbound Each $8.95 

DOVER BOOKS 

D 1 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 RCA's 
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-8 BUILD YOUR OWN HIGH-
QUALITY, LOW-COST TEST 
EQUIPMENT by M.J. Salvati. 
Especially written for the do-it-
yourself craftsman who wants to 
build his own one-of-a-kind test 
gear especially tailored for highest 
performance. A wealth of circuitry 
including a $40 harmonic distortion 
analyzer, a DC voltmeter, a bread¬ 
board electronic load, and much 
more. 140pp., softbound. 

Each $7.25 

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 
discussions of measuring and build¬ 
ing are included along with advice 
on placement of stereo speakers. 
438pp. Softbound. Each $11.60 

PENGUINS 

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 $4.95 

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 

NEWNES 
CONSTRUCTOR'S 

GUIDES 

H-l ELECTRONIC DIAGRAMS 
by Morris A Colwell. A beginner's in¬ 
troduction to electronic diagrams of 
all sorts: schematics, block, layout, 
and circuit board. Symbols, inter¬ 
connections, circuit elements, re¬ 
presentational conventions are all 
explained. Basic symbolic language 
for the electronics enthusiast. 
112pp., softbound. Each $7.50 

H-4 SIMPLE CIRCUIT BUILD¬ 
ING by P. C. Graham. A beginner's 
approach for simple circuits to step-
by-step guidance from the very 
elementary circuit through increas¬ 
ingly complex circuitry. Circuit 
board layouts, logic modules, ICs, 
power supplies, AC amps, and 
more. A good way to cut your teeth 
on building if you have no previous 
experience in electronics. 128pp., 
softbound. Each $6.95 

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 Colony Sound, please 
write each book's number below with 
quantity of each and price. Total the 
amounts and remit by check, money or¬ 
der, or MasterCard, or Visa/BankAmeri-
card. Please add 50« for postage on the 
first book; 25« per additional book. $10 
minimum order on credit cards. Canadians 
please add 10% for postage. All remit¬ 
tances 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. $. 

Postage $. 

Total $. 
PLEASE ADD $1 SERVICE CHARGE TO ALL CHARGE 
CARD ORDERS UNDER $10. PRICES SUBJECT TO 

CHANGE WITHOUT NOTICE. 



half octave equalizer/analyzer 
with subsonic filter 

& electronic crossover 

ISdB/oct 
20 Hz 

tape subsonic equalize 
monitor filter program 

to freq 
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♦15 d8 
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out 800 Hz 
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reducer boost 
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output level 

18 dB per octave 
electronic crossover 

qualize 
rogram 

r  -20d8- •♦20dB 
low frequency 

rumble ultra Io output level 
reducer boost _18 dB per octave 

electronic crossover 

NEW HOPE FOR UNDERSIZED BOTTOM ENDS. 
i The Richter Scale™ is the world’s first 
half-octave bass equalizer with built-in 
electronic crossover, Rumble Reduction 

± mb 2ohz-2o.ooohz Circuit, !8dB/octave Subsonic Filter, 
Ultra-Low Bass Boost circuit, sweepable Warble Tone 
Generator and Measurement Microphone. All in a unit 
just 14" x 2.5" x 6." 

For precise equalization the Richter Scale employs a half¬ 
octave Warble Tone, the same type of test source used by 
B&K for calibration of its precision microphones under 150 Hz. 
The stereo output tone is read with an 
Audio Control phantom-powered con¬ 
denser Measurement microphone and 
a special damped ballistics dB meter. 

The Richter Scale’s Rumble Reduc¬ 
tion circuit mono’s bass under 200Hz to 
cancel vertical record components 
and tonearm resonances. 

The !8dB Tchebechev sub¬ 
sonic filter is down 24dB at 
10Hz. 

An Ultra-Low Bass Boost 

circuit adds +l5dB at 36Hz, seemingly an overabundance of 
EQ, but in reality barely compensation for the cumulative loss 
from microphones, analog tape, and mastering, not to men¬ 
tion wimpy woofers. 

The electronic crossover is a special asymmetrical design 
with l8dB/octave roll-off of bass and 6dB/octave roll-off of 
treble. In addition to 100Hz subwoofer and 800Hz 3-way 
crossover points, the unit is dealer modifiable to any other 
custom crossover point A recent Stereo Review evaluation 
observed less than ±.25dB deviation from flatness across the 
whole audio spectrum. 

Overall distortion was found to be .003 % compared to our 
modest .015% published spec. 

How much? 
$249. 
For either a half-octave 

equalizer/analyzer or electronic 
crossover alone, a stunning price. 

Write us for more information. 
And then enlarge someone’s 

bottom end soon. 

shown: D-l I octave/analyzer, R/S, D-10 octave 

AudioControl 
6520 212th SW Lynnwood, WA 98106 




