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True geodesic honeycomb diaphragm. Only from Cabasse. 

Exclusively from: 

ORCA, Design & Manufacturing Corp. 
1531 Lookout Drive 
AGOURA, CA 91301 
United States of America 

Tel: (818) 707-1629 
Fax : (818) 991-3072 

For informations, call or write. 
Free brochure upon request. 

Stocking distributors: 

Transducer Technology 
4320 Spring Valley 
Dallas, TX 75244 
Tel:(214) 991 -6994 Fax:(214) 991 -
5016 

Zalytron Industries 
469 Jericho Turnpike 
Mineola, NY 11501 
Tel:(516) 747-3515 Fax:(516) 294-
1943 



Good News 

The XM-16 Electronic Crossover Net¬ 
work, which features a 48dB/octave filter 
slope made possible by its eighth-order 
constant-voltage design, has been released 
by MARCHAND ELECTRONICS The crossover 
frequency can be set between 20Hz and 
5kHz using plug-in frequency modules. 
Signal-to-noise ratio is better than 1 lOdB 
and harmonic distortion at 1kHz is less 
than 0.001%. 

The circuit incorporates a two-section, 
four-stage filter network with pre and post 
amplification and ambient-signal pro¬ 
tection during startup and shutoff. Out¬ 
put level controls are included on the 
board but can be remotely located on 
your control panel using the optional 
XM-16 PT, a remote cable, connector, 
and potentiometer assembly. The unit 
uses 1% metal film resistors, 1% poly-

DESIGN ACOUSTICS, a division of Audio-Tech¬ 
nica US, has introduced the PS-55CV, a 
full-range, two-way loudspeaker system 
designed for video applications or for use 
as the center channel voice in a sophisti¬ 
cated surround-sound home theater sys¬ 
tem. The speaker is also suited for use in 
pairs as part of multi-channel audio/video 
and home theater systems. 

The system is shielded to prevent inter¬ 
ference with the video signal, which can 
be caused by the proximity of unshielded 
speaker magnets to the video screen. You 
can place the compact (7" by 10lA" by 6") 
speaker directly on a television receiver/ 
monitor without picture degradation. 
The PS-55CV incorporates a 514" long-

throw woofer and a % " ferrofluid-cooled 
dome tweeter, and it offers a frequency 
range of 65Hz-20kHz. When used with 

styrene capacitors, and gold-plated con¬ 
nectors throughout. All components are 
mounted on a 3.2" by 5.8" double-sided 
circuit board with plated-through holes. 
Each audio channel requires its own 
XM-16. 
The XM-16 is available in kit form with 

detailed assembly instructions and circuit 
description (XM-16-K, $59.95) or assem¬ 
bled (XM-16-A, $79.95). For more infor¬ 
mation, contact Marchand Electronics, 
1334 Robin Hood Lane, Webster, NY 
14580. 

Fast Reply UH F1068 

full-range center-channel systems, it de¬ 
livers the entire signal and can handle the 
higher power levels typical of such sys¬ 
tems. When used with a limited range 
system, the PS-55CV provides clean bass 
performance down to the cut-off point, 
particularly important in the 100-200Hz 
range. 
The finish of the PS-55CV is black ash 

vinyl. Pre-drilled bracket holes in the rear 
of the cabinet make wall mounting the 
speaker near the video screen a simple 
procedure. 
The PS-55CV sells for $119.95/ea. For 

more information, contact Dorie Johnson 
or Roxanne Ricks, Design Acoustics Divi¬ 
sion, Audio-Technica US, Inc., 1221 Com¬ 
merce Dr., Stow, OH 44224, (216) 686-
2600. 

Fast Reply HHF22 

INFINITY has introduced the Reference E-L, 
a modest-sized (11%" by 716 " by 6%") 
bookshelf loudspeaker. It uses Infinity's 
polypropylene cone. The unit features a 
514" woofer and a wide dispersion, 16" 
polycarbonate tweeter. 
Frequency response of the Reference 

E-L is 70Hz-20kHz, ± 3dB, with the cross¬ 
over frequency set at 5.5kHz. Nominal im¬ 
pedance is 60. Recommended power is 
between 10 and 60W RMS, with efficiency 

ROCKFORD has announced three assembly 
kits developed for industrial/vocational 
students and hobby kit builders. Kits in¬ 
clude a 10W/channel amplifier, two 6.5", 
80 satellite speakers, and a 10", 80 sub¬ 
woofer. Each comes with a 72-page assem¬ 
bly workbook containing photos, illustra¬ 
tions, glossary, and suggested quizzes. 
You can assemble these kits for use with 

a Walkman™ cassette tape player or 
Discman™ disc player, creating a com¬ 
plete stereo system. You can also decide 
on the finishing look, colors, and mate¬ 
rials, or select finishing materials from 
Perfect Interface, Rockford's accessory 
division. 
As individuals are involved with kit 

assembly, they will also be exposed to 
Rockford's national Practice Safe Sound 
Campaign.™ The introduction of safe 
sound principles will be accomplished in 
part through a series of safe sound "tips" 
created by cartoon characters Boomer,™ 
WooferJM and Tweeter™ New merchan¬ 
dise items, including T-shirts and stickers, 
supporting the Boomer™ projects are 
also available. 

For more information, contact Rockford 
Corp., Educational Services, 613 S. River, 
Tempe, AZ 85282, (602) 967-3565, ext. 
3010. 

Fast Reply HHF56 

rated at 89dB at 1W/1M. The speaker is 
available in Chatsworth oak or black ash 
vinyl. 

The E-L sells for $169.95/pair. For more 
information, contact Richard Baccigal-
uppi or James Wunderlich, Infinity Sys¬ 
tems, Inc., 9409 Owensmouth Ave., 
Chatsworth, CA 91311, (818) 407-0228, 
FAX (818) 709-9486. 

Fast Reply HHF354 
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OPTOELECTRONICS offers a 16-page brochure 
describing the firm's newest handheld 
and benchtop instruments. It includes 
descriptions, technical data, and useful 
tips on how to use frequency finding 
handi-counters, universal counter-timers 
for lab and field, PC-based counters with 
Windows 3.0 for control and display, ac¬ 
tive preselector bandpass filters, and an¬ 
tennas and accessories. It is free to all in¬ 
volved in subaudio to 3GHz. 
For more information, contact Bill 

Owen, Optoelectronics Inc., 5821 NE 14th 
Ave., Fort Lauderdale, FL 33334, (800) 
327-5912 or (305) 771-2050. 

Fast Haply UHF 1137 

POLYDAX has announced the DTI01, al" 
pure titanium dome tweeter that creates 
an extended high-end performance. Us¬ 
ing a proprietary radius compliance sur¬ 
round technology, the DTI01 is charac¬ 
terized by a smooth transient response 
and precise imaging. Other features in¬ 
clude a two-layer voice coil, high-sensi¬ 
tivity level (95dB, 1W/1M), and a heavy 
duty 10 oz. magnet. The frequency range 
is 5-30kHz. 

Polydax has also introduced a new line 
of Norsorex gaskets. A super-damped ma¬ 
terial, Norsorex was initially developed 
as surround material and is used on Poly-
dax's high-end loudspeaker components. 

Fast Haply »HF1342 

Placed between the loudspeaker basket 
and cabinet, these gaskets help eliminate 
vibrations and resonances. Available in 
a variety of custom sizes, the gaskets have 
been designed to fit all Polydax standard 
drivers. 

A test kit is available to show the differ¬ 
ence between Norsorex gaskets and the 
most common gasket material. For more 
information, contact Polydax Speaker 
Corp., 10 Upton Dr., Wilmington, MA 
01887, (508) 658-0700. 

Fast Haply HHF1345 

AUDIOACCESS has launched their six-zone 
receiver, the MRX. Among its most no¬ 
table features are compatibility with the 
twisted-pair wiring format defined by the 
EIA CEBUS standard, a special stereo 
AM/FM tuner section, and the fact that 
the MRX is the first multi-zone, multi¬ 
source receiver to come equipped with 
six 40W/channel amplifiers and six sep¬ 
arate zone controllers, providing six zones 
with independent control of source and 
volume level without affecting any other 
zone. 
Audioaccess has also announced a 

lineup of custom installation accessory 
products that simplify the installation of 
entire home entertainment systems. The 
Source Equipment Interface ($500) mod¬ 
ule is an infrared interface module that 
lets Audioaccess control systems integrate 
with most other brands of source equip¬ 
ment without hard-wiring. 
The SRM/2 ($200), an updated version 

of the company's Speaker Relay Module, 
provides independent on/off control of 
speakers in rooms within the same zone. 
Another module, the Special Interface 
Module ($300) helps integrate Audioac¬ 
cess' control systems with any computer-
controlled equipment. 

For more information, contact Richard 
Frank, Frank Marketing Associates, 8 
Mohave Rd., Medfield, MA 02052, (508) 
359-5977, FAX (508) 359-5343. 

Fast Haply HHF1354 
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Due to surveys at the AES in Paris and 
at the Musikmesse in Frankfurt showing 
that businesses most often use Speakon 
loudspeaker and amplifier connectors, 
NEUTRIK has intensified the automation of 
its production assembly and has doubled 
its capacity. Also, Neutrik is working on 

SPEAKEASY has introduced Filter Designer 
1.0, an electronic circuit analysis pro¬ 
gram. Its primary emphasis is loud¬ 
speaker crossover networks and passive 
or active audio filters. It can import data 
from SpeakEasy's Low Frequency De¬ 
signer program and other sources to facil¬ 
itate computation of a total loudspeaker 
system response including effects of 
driver, enclosure, and crossover. It also 
functions as a basic circuit analysis pro¬ 
gram for other types of design work. 
System requirements are an IBM PC or 

compatible with 640K minimum, EGA/ 
VGA/Hercules or AT&T graphics, and 
Epson or HP compatible printer support. 

Filter Designer 1.0 sells for $195. For 
more information, contact SpeakEasy, 46 
Cook St., Newton, MA 02158, (617) 
969-1460. 

Fast Reply HHF68 

TRUE IMAGE has announced version 2.0 of 
MacSpeakerz, a loudspeaker design appli¬ 
cation for the Macintosh. In addition to 
frequency response, this version calcu¬ 
lates and displays cone excursion, imped¬ 
ance, phase, and group delay responses 
for loudspeaker drivers in a closed or 
vented enclosure. Version 2.0 also in¬ 
cludes an array of interactive loudspeaker 
calculators, each dedicated to a particular 
aspect of loudspeaker design. 
The program requires 512K of memory 

and one 800K disk drive. It is fully com¬ 
patible with System 7. 
MacSpeakerz 2.0 will be shown at the 

Acoustical Supply International booth 
during the 91st convention of the Audio 
Engineering Society to be held in New 
York City from October 4-7. It sells for 
$299. Registered users can get upgrades 
at a discount. 
For more information, contact Sharon 

Alsup, True Image, 349 W. Felicita Ave., 
Suite 122, Escondido, CA 92025, (619) 
480-8961. 

Fast Reply FRF 1355 

CAIG's CRAMOLIN® ProGold 100 is a 
nonabrasive/noncorrosive formula that 
conditions gold connectors, thereby en¬ 
hancing their conductivity characteristics 
to transmit electrical signals efficiently. 
The product coats the entire connector 
surface, providing protection from abra¬ 
sion (insertion resistance), wear, and at¬ 
mospheric contamination. 
CRAMOLIN ProGold 100 is ideal for 

use on edge connectors, batteries, inter¬ 
connecting cables, plugs, switches, sock¬ 
ets, relays, and so on. It is available in 
spray, liquid, precision dispenser, wipes, 
and pen applicators. 
For more information, contact Mark K. 

Lohkemper, Caig Laboratories, Inc., 

16744 W. Bernardo Dr., Rancho Ber¬ 
nardo, CA 92127, (619) 451-1799, FAX 
(619) 451-2799. 

Fast Reply HHF167 

SESCOM has available a catalog of new 
products. It includes new product areas 
as well as extensions of other product 
lines. Categories are isolator series, hand¬ 
held test equipment, field pro-series, new 
portables, and rack electronics. For a cat¬ 
alog, contact Sescom, Inc., 2100 Ward 
Dr., Henderson, NV 89015-4249, (702) 
565-3400, FAX (702) 565-4828. 

Fast Reply »HF664 

Continued on page 8 

MADE IN DENMARK 

HIGH DYNAMIC TECHNOLOGY 

Expertly engineered • Carefully hand-crafted • 
Finest cone materials • Kevlar, Polypropylene • 
High acceleration large vented magnet • 
Compressionless • High power handling • 
Very high dynamic • Truest reproduction of music • 
Excellent sonic performance 

^scan-apaaK 

SOLEN 
4470 Thibault Ave. 
St-Hubert, QC J3Y 7T9 
Canada 

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

A & S Speakers 
3170 23rd Street 
San Francisco CA 94110 
U.S.A. (415) 641-4573 
FAX 415-648-5306 

Madisound Speaker Components 
8608 University Green, Box 4283 
Madison Wl 53711 
U.S.A. (608) 831-3433 
FAX 608-831-3771 

Fast Reply HHF197 
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For hot voice coils, 
the cool solution. 

Introducing the APG 
900 Series — ferrofluids 
designed specifically to 
safely withstand 200 
degree centigrade 
temperatures in speaker 
voice coils while 
maintaining long-term 

thermal stability. Offered in the low to medium viscosity range, 
APG 900 ferrofluids are ideal for all high efficiency speaker 
systems. This Series complements our existing product line of 
high viscosity ferrofluids widely used in tweeter and mid-range 
drivers. Call or fax us today. And, our in-house audio lab will help 
you with the speakers you have designs on. 

Ferrofluidics _ 
40 Simon Street, Nashua, NH 05061 Call: (603 ) 883-9800 Fax: (603) 883-2308 

Fast Reply RHF117 
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About This issue 
Hom enthusiasts who dislike the harsh¬ 
ness of the Klipschom may approve of 
Rick Steiner's back-loaded wall horn 
project. Beginning on page 10, he pro¬ 
vides a brief history of this type of horn, 
along with construction tips and proce¬ 
dures for building one. 
Marc Bacon has named his speakers 

"Intégrité" because he believes they 
show integrity as truthful sound repro¬ 
ducers. To read about his design goals 
and procedures, turn to page 22. 

Often articles about transmission lines 
fail to mention the relationship between 
stuffing density and Une length. Larry 
Sharp's helpful equations help fill this 
void. Turn to page 30. 
Dan Ferguson, author of Killer Car 

Stereo on a Budget, is again improving 
the sound of car audio—this time in 
his friend’s Ford Bronco. Details of the 
project begin on page 32. 
The Minimus 7, a popular speaker 

for many years, has undergone seem¬ 
ingly random variations in different pro¬ 
duction runs. Beginning on page 38, 
James Lin proposes a general approach 
to modifying all versions. 
Glen Travis, on page 40, offers sug¬ 

gestions for helping others resolve prob¬ 
lems they may encounter in speaker and 
cabinet assembly. 
Beginning on page 44, Contributing 

Editor Gary Galo reviews Audio An¬ 
thologies Volumes 2 and 3. 
Finally, we welcome a new columnist 

to Speaker Builder. David Moran will 
be reviewing loudspeakers in the 
marketplace. He introduces himself on 
page 52. 

On our cover: Rick Steiner's back-
loaded wall horn speaker. Photo by 
the author. 

In SB 3/91, we omitted mention¬ 
ing that the ribbon speaker gracing 
Scott Wolf's system is David Graeb-
ner's Auricle 5 from SpeakerLab 
(6307 Roosevelt Way NE, Seattle, 
WA 98115). 
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Continued from page 3 

STANFORD RESEARCH SYSTEMS has announced 
several products. The SR760 ($4,350) is 
an FFT spectrum analyzer with a 90dB 
dynamic range. Its frequency spans from 
191MHz-100kHz and it has a 50kHz real¬ 
time bandwidth. Analysis functions in¬ 
clude THD, PSD, octave, band, and side¬ 
band analysis. Averaging (vector, peak 
hold, and RMS) can be performed on up 
to 64K scans. RS-232 and GPIB interfaces 
are standard. Applications include vibra¬ 
tions, acoustics, noise analysis, and elec¬ 
tronic design. 
The DS345 ($1,895) synthesized func¬ 

tion generator offers digitally synthesized 
waveforms to 30MHz with IgHz resolu¬ 

tion. Outputs can be simple sine, triangle, 
ramp, or square waves or complex arbi¬ 
trary signals with up to 16,300 points and 
sampling times to 25nS. Internally syn¬ 
thesized modulation capabilities include 

END SPIN OUT! 

The "Little Gripper" with it's wide spaced angled threads is 
especially designed for use with your hinge application in 
particleboard and MDF. Avoid the frustrating and time 
consuming problem of spin out, so common with sheet¬ 
metal screws in these man-made woods. USE THE RIGHT 
FASTENER—Use the "Little Gripper" by Equality Screw Co. 

PARTICLEBOARD HINGE SCREW 
The “Little Gripper" is the answer to your 
small fastener problems in particleboard 
and MDF With the wide spread use of these 
man made woods the right fastener that 
works each and every time is essential to 
your production requirement. 

X LITTLE GRIPPER 

call or write 
for your 
FREE 
sample 

(CUT OUT AND SEND). 

6 X 1/2 phillips flathead 

6 X % phillips flathead 

6 X % phillips flathead 

SPECIALIZED FASTENERS for CABINETS & COUNTERTOPS 

SCREW COMPANY INC. 
P.O. BOX 1645, EL CAJON, CA 92022 

1-800-854-2886 800-552-8844 (in california) 

Fast Reply HHF370 

phase continuous linear and logarithmic 
frequency sweeps, as well as amplitude, 
frequency, phase, and burst modulation. 
The GPIB (IEEE488) and RS-232 inter¬ 
faces are optional ($495) and a high-sta-
bility ovenized timebase sells for $650. 
The SR700 series LCR meters measure 

R + Q, L + Q, C + R, and C + D at frequen¬ 
cies ranging from 100Hz to 100kHz. The 
basic accuracies of the SR715 ($1,495) and 
SR720 ($2,295) are 0.2% and 0.05%, re¬ 
spectively. Features include five selec¬ 
table source frequencies (four for the 
SR715), three drive voltages (0.1, 0.25, 
and IV), and internal or external DC bias. 
The automatic binning and limit features, 
standard RS-232, and optional GPIB and 
parts handler interfaces make these in¬ 
struments ideal for production testing. 
Optional SMD tweeters ($350) and Kelvin 
clips ($200) are also available. 

For more information, contact Stanford 
Research Systems, 1290 D Reamwood 
Ave., Sunnyvale, CA 94089, (408) 744-
9040, FAX (408) 744-9049, TELEX 
706891 SRS UD. 

Fast Reply HHF1353 

ELECTRO-VOICE has introduced the S-40, 
a two-way personal-sized monitor de¬ 
signed to accommodate a variety of mon¬ 
itoring and playback applications. It 
features a 514" direct-radiating polypro¬ 
pylene woofer coupled with al" ferro-
cooled soft-dome tweeter. Its long-term 
power handling is rated at 160W per EIA 
standard RS-426A. 
The S-40 includes EV's exclusive 

PRO™ circuit protection, providing in¬ 
dependent protection for the woofer and 
tweeter. In case of overdrive, the circuit 
limits the power delivered to the compo¬ 
nents and automatically resets when the 
system returns to a safe level. 
Weighing 5 lbs., the S-40 has threaded 

inserts in combination with optional 
mounting hardware, providing a flexible 
mounting system. The vented enclosure 
is constructed of high-impact polystyrene 
structural foam and is available in black 
or white. 
For more information, contact Keith 

Clark, Electro-Voice, 600 Cecil St., Bu¬ 
chanan, MI 49107, (616) 695-6831, FAX 
(616) 695-1304. 

Fast Reply HHF453 

TECHNICAL AUDIO DEVICES a division of Pio¬ 
neer Electronics (USA) Inc., has manufac¬ 
tured the TD-4002 high-frequency com¬ 
pression driver, its first product produced 
at TAD's new manufacturing and assem¬ 
bly facility in Long Beach, CA. 

Continued on page 91 
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Editorial 

IS AMERICA WAKING UP? 

Last Monday morning, over my daily coffee and donut at the 
best donut shop in America—eat your heart out Dunkin 
Donuts—I came upon a most interesting news story on the front 
page of USA Today's financial section (July 8, 1991). The shop 
is Nome's, which has figured in a couple of episodes of St. 
Elsewhere's and makes donuts daily in the hundreds of dozens 
for the lucky residents in our area. 
The news story concerns 35 computer superstores, some of 

which are tripling their business each year. They offer every¬ 
thing for computers from drives to boards to software to power 
supplies. I haven't visited one of these as yet but their existence, 
and the promise of 51 more by the end of this year, signals a 
sea change in attitude on a vital issue very close to my heart 
and mind. Indeed, the existence of the magazines it is my priv¬ 
ilege and pleasure to publish is based on a faith in the ability 
of Americans to master technological detail and to manage it 
with their own hands. 

According to USA Today's report, Americans own 75 million 
personal computers. Kathy Rebello, the story's author, also re¬ 
ports that the prime reason behind these new stores is com¬ 
puter savvy. Most of the computer retailing in the US up until 
now has been based on the common idea about individual ca¬ 
pability which is taught in every business school in the coun¬ 
try; most people are dithering idiots technically and need some¬ 
one to hold their hand in operating anything more daunting 
than a can opener. 

In most areas of human endeavor, US magazine editors have 
swallowed the line completely. Nowhere more thoroughly than 
in the steadily shrinking number of magazines about audio and 
electronics. The only growth area in audio publishing today is 
in the subjective review media. And when it comes to our only 
mass circulation types, we are down to one French-owned opera¬ 
tion, which controls both Stereo Review and Audio. 

While the review practices and policies in the Hachette-owned 
audio periodicals have changed somewhat, the theme is most¬ 
ly "Home, home on the range. . . .Where seldom is heard, a 
discouraging word." And much of the time the key word is not 
"seldom," it's "never." 

If you are at all interested in seeing a contrast, pick up a copy 
of PC-Magazine or PC-World. The reviews are forthright, clear, 
and although sometimes less than thorough, they are not con¬ 
cerned that some company will lose sales because of negative 
comments. A new publication for corporate do-it-yourself buyers 
of computing equipment was launched here in Peterborough 
last month. From the beginning, these publications have been 
highly critical in reviews of equipment from even their largest 
advertising clients. And we are talking IBM-large for size. 

Over in the audio field, you hear sobbing from the manufac¬ 
turers whose product review earned only a "wonderful" rather 
than "stupendous." It seems not to occur to audio manufactur¬ 
ers that offering some new twist each year to help the marketing 

department does not make up for the mediocrity of the product. 
Why are there going to be Toys-R- Us-type computer stores 

all across America within two years? Because the people who 
read the computer magazines in the US have learned a great 
deal about computers, far more than they can possibly have 
learned from our mass circulation audio publications. Comput¬ 
ers today are the erector sets of technology. They are complicated 
and sometimes frustrating, but putting them together and get¬ 
ting them to run well is something any reasonably intelligent 
person can do. And if there is a problem, information is available 
in abundance from the magazines and books on the subject. 

The history of audio and electronic do-it-yourself in this coun¬ 
try is strewn with the carcasses of dead publications who thought 
Americans were incapable of doing things for themselves. 
Nothing of this kind has happened in Germany where no such 
assumption about the capabilities of the general population were 
ever entertained by magazine managements. The result? To¬ 
day three competing publications within Germany are dedicated 
to all phases of electronic construction, each having a circula¬ 
tion of over 100,000. Any German city of 20,000 or more popula¬ 
tion will have an electronic parts store which will make your 
local Radio Shack look tike a kindergarten. 

Fortunately for the future of electronics—and the human en¬ 
deavor—the Europeans and the Japanese are happily building 
all manner of electronic equipment. And they have the infor¬ 
mation infrastructure to support and nurture it. 

Evidence is building that where publishers have resisted the 
business school/marketing syndrome which prefers that con¬ 
sumers behave as ignorant proles, considerable human ac¬ 
complishment and satisfaction are possible. Look at woodwork¬ 
ing. That endeavor is served by several superior magazines who 
balk at nothing, apparently, in publishing projects of all levels 
of difficulty. Fine Woodworking and American Woodworker are 
both wonderful examples encouraging an avocation which had 
all but died out in America by the mid seventies. 
Have a look at the offerings on public television these days. 

Everything from Julia Child's cuisine to the astonishing achieve¬ 
ments of the "This Old House" or "New Yankee Workshop" 
programs certainly do not betray any tendency to underestimate 
the abilities and intelligence of their audiences. 

This magazine offers some small bit of evidence that many 
of you are rediscovering your neglected capabilities. The small 
string of retailers scattered across the US who are attempting 
to meet your needs for supplies and parts for your speaker 
building hobby, tell me they are significantly larger than they 
were 12 years ago when Speaker Builder was first published. 

I believe we are finally beginning to wake up in the US. We 
are rediscovering the hands we have really are quite capable 
of doing things— fun things, interesting things. The day may 
even come when we grow up, technically. The computer 
superstores are a very good sign.—E.T.D. 
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A BACK-LOADED 
WALL-HORN SPEAKER 

BY RICK STEINER 

Most audio enthusiasts are familiar 
with the folded bass horn loud¬ 

speaker, usually designed for use in a 
comer or along a wall. This type of loud¬ 
speaker typically uses a 12 or 15" dy¬ 
namic woofer, the cone's front coupled 
to the horn's throat (sometimes via a 
"compression chamber" or air volume) 
and its back loaded by a "back chamber" 
of specified volume. This type of loud¬ 
speaker is eloquently described in Bruce 
Edgar's "The Show Horn" article {SB 
2/90, p. 10). 
Another class of bass horn loudspeak¬ 

ers allows the front of the woofer cone 
to radiate directly toward the listener, 
with its back loaded into the horn's 
throat, almost invariably using a "com¬ 
pression chamber." This class of design 
is usually referred to as the "back-loaded 
horn." 
Back-loaded horn loudspeakers have 

been available for more than 50 years. 
Olson and Hackley1 described a "com¬ 
bination horn and direct radiator loud¬ 
speaker" in 1936, which also appears in 
Olson's classic Elements of Acoustical En¬ 
gineering. This design's popularity seemed 
greatest in the 1950s, when it typified the 
medium-priced comer loudspeaker mar¬ 
ket (a la Klipsch "Rebel"). A consider¬ 
able percentage of this period's corner 
back-loaded horns were home-built using 
EV or University plans and components. 
Why was this design popular with 

amateur speaker builders? From the hi-
fi amateur's perspective in the 1950s, the 
back-loaded horn offered some of the the 
fully loaded horn's benefits at a fraction 
of its cost. Its principal advantages were: 
• When used with an appropriate driver, 

it offered an overall efficiency in the 
low bass that seemed much greater 
than the reflex design, making it match 
better with a horn midrange and tre¬ 
ble driver. 

PHOTO 1: System set up in living room. 

• The basic back-loaded horn design was 
much easier to construct than a fully 
loaded bass corner horn and seemed 
more tolerant of driver specifications 
than the reflex design. 

• A back-loaded horn allowed the 
woofer to extend well into the mid¬ 
range via direct radiation above the 
horn's mass cutoff, unlike a fully 
loaded bass horn. This minimized the 
need for a large, expensive, low-cutoff 
midrange horn. 

• A back-loaded horn was potentially 

more compact than a fully loaded hom 
for a given size driver, since the need 
for a back wave loading chamber was 
obviated. 
Did it sound good? As a design, it was 

a barely acceptable mid-fi loudspeaker. 
Unfortunately, the drivers of the day, 
when loaded with a high cutoff, short 
horn, often produced significant reso¬ 
nance peaks. Compared to the atrocious 
"bass-reflex" designs of the time, how¬ 
ever, a back-loaded horn sounded rela¬ 
tively smooth. 
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What benefits does a back-loaded horn 
offer today's amateur speaker builder? 
All contemporary aspersions on the mer¬ 
its of horn loading aside, some 1950’s ad¬ 
vantages are still valid: high efficiency, 
potentially compact design, low price, 
and relative ease of construction com¬ 
pared to a fully loaded design. Intui¬ 
tively, a modern, low fs, low Qre driver 
in a back-loaded horn should provide 
smoother response than 1950's technol¬ 
ogy could afford. 

15-YEAR PROJECT. I suppose this is 
a typical speaker builder's story. In 1975, 
I purchased a set of tweeter and mid¬ 
range homs from Speakerlab, along with 
their XC3 crossover, intending to build 
a high-quality horn loudspeaker system 
(the tweeters are EV HT35 clones and 
the midranges seem to be EV 8HD dif¬ 
fraction horns and Atlas drivers). Three 
years later, I got serious about an enclo¬ 
sure design, having completed my col¬ 
lege commitments. 

After considering several alternatives, 
I discovered it was virtually impossible 
to design a fully horn-loaded woofer that 
could extend to the relatively high 1kHz 
midrange crossover. Rather than use a 
four-way system, I considered the back-
loaded horn design as a compromise that 
could minimize my investment and still 
yield acceptable performance. 

Not wishing to rely on optimally posi¬ 
tioned, "clean" corners in my listening 
room, I chose a horn design that could 
be placed along any wall and still pro¬ 
vide acceptable coupling into the room. 
As I wished to keep the horn relatively 
short and I needed a large mouth area 
to support the 40Hz horn cutoff, I opted 
for a relatively large diameter woofer 
(15"), with correspondingly large VAS , 
which could support a large throat area. 

I arbitrarily limited the maximum cab¬ 
inet dimension so I could cut the outer 
portion of the enclosure from a single 4' 
by 8' sheet of particle board (Fig. 1; Fig. 
2 shows the inner parts laid out on two 
sheets). I tapered the sides of the cabinet 
to avoid standing waves in the horn and 
angled the front panel slightly to direct 
the axis of the midrange and tweeter 
toward a seated listener. The overall di¬ 
mensions are 44‘/z" tall by 18" deep by 
30" wide, including the foot and horn 
mouth at the floor (Fig. 3). The enclosure 
has a distinctly unconventional appear¬ 
ance, vaguely reminiscent of an Egyptian 
monolith. My sister calls them "Darth 
Vader heads." 

The mouth area is effectively fixed by 
the 18" by 30" dimension and is allowed 
to expand only slightly in the 90° bend 

at the floor to approximately 4 ft.2 This 
area is obviously much smaller than the 
optimum mouth diameter of one wave¬ 
length at the desired fc of 40Hz. This 
problem is partially mitigated because a 
wall horn radiates into a solid angle of 
7T and not the 2rr of a horn in a flat baf¬ 
fle, thus producing an effective mouth 
area of approximately 8 ft.2 Peaks in the 
throat acoustical curve of more than 3dB 
should still occur; however, see Olson, 
paragraph 5.24. 
Smaller than optimal mouth areas in 

low-frequency horns have been used be¬ 
fore, however. The Klipsch La Scala, for 
example, is a highly regarded compact 
horn loudspeaker that uses a 4 ft.2 mouth 
area and claims a frequency response of 
45Hz-17kHz (±5dB). I admire the La 
Scala for its clean reproduction of per¬ 
cussive bass sounds, as well as its re¬ 
markable efficiency. 

I decided to proceed with the design 
and take my chances. I settled on a throat 
area of approximately 85 in.2 and a length 
of about 60 in., yielding an exponential 
flare rate of around 35Hz. This contour 
fit conveniently within my maximum di¬ 
mension and still left enough room in the 
compression chamber for the woofer. A 
tractrix or hyperbolic profile might en¬ 

hance bass loading and accommodate a 
deeper driver, but I opted for the well-
understood throat-loading characteristics 
of the exponential contour. 

Figure 4 shows the drivers' internal ar¬ 
rangement and the bass horn pieces. The 
tweeter magnet partially obstructs the 
bass horn's throat and the midrange horn 
partially obstructs the first section. I 
judged these obstructions to be of little 
significance on overall performance, as 
they restrict less than 5% of the total 
cross-sectional area. (When referring to 
the internal pieces of the bass horn, I will 
use the numbering scheme in Fig. 5.) 

In 1979, I had cut out all the major 
pieces from the three sheets of %" high-
density particle board. In 1980, however, 
I was assured that my landlord would 
never approve of these 4' behemoths, so 
I quickly slapped together an inexpensive 
12" bass-reflex design that used the 
tweeter and midrange horns. These 
speakers served me well through four 
years of naval service and two years of 
condominium ownership, at which time 
my wife, apparently tired of the peeling 
contact paper finish, indulged me with 
a pair of Magnepan SMGas, for which I 
am continually grateful. This relegated 
the horns to the parts bins. 
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In 1989, however, I looked at the spa¬ 
cious living room of my new home and 
thought, "Now is the time." I rescued the 
slightly water-damaged, 1 O-year-old parts 
for my wall horns from my father's leaky 
garage. The woofers, unfortunately, were 
unrecoverable. 
I now needed to select woofers that 

matched the peculiar characteristics of 
my enclosure. Having read Bruce Edgar's 
outstanding horn articles, I was some¬ 
what prepared for the task. I matched my 
design's 85 in.2 throat to a pair of Oaktron 
T9337 15" drivers from Speaker City 
(10615 Vanowen St., Burbank, CA 91505, 

(818) 508-1908; $49.50 on special) with 
measured = 0.36 and 0.33, = 
0.31 and 0.31, fs = 22.5 and 20.5Hz, and 
VAS = 13.7 and 17.7 ft.3, yielding the 
following optimal throat size: 

Sro = 2tt fs Qss VAS/c = 89.5 and 107.7 in? 

My enclosure's drivers yield a mass cutoff 
of around 125Hz: 

= 2fs / Qes 

In a fully horn-loaded design, this low 
mass cutoff would have been unaccept¬ 

able, but the back-loaded horn design 
allows the woofer to act as a direct radia¬ 
tor above the horn's mass cutoff. (I will 
later discuss the effect this low-mass cut¬ 
off has on the overall sound.) The lack 
of an optimally sized back-loading cham¬ 
ber to cancel out throat reactance near 
the cutoff frequency, as described by 
Bruce Edgar, undoubtedly limits the bass 
extension possible with this horn, but the 
overall compromise is reasonable. 

THE PROJECT BEGINS. I assembled 
the speakers early in 1990, fully occupy¬ 
ing five weekends. The speaker is divided 
into three major subassemblies: the front 
panel, the center "snail" section, and the 
back panel/foot. The center section re¬ 
quired the most attention as I opted to 
fill the two upper 90° corners with plas¬ 
ter {Photo 2). This resulted in admirably 
smooth transitions, but forming the 
molds and pouring the plaster required 
considerable time and effort—quite 
frankly, a waste of time considering the 
horn's mass cutoff frequency. 
The back panel and foot required a 

significant amount of bracing to support 
approximately 100 pounds of cantilev¬ 
ered weight. I deliberately avoided cut¬ 
ting any wire or mounting holes in the 
back panel or foot for fear of weaken¬ 
ing them. 

Dimensions for internal horn parts and 
external panels, as well as driver center-

FIGURE 5: Internal horn reference numbers. 
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PHOTO 2: Pouring plaster in the upper corners. 

line dimension, are given in Figs. 6-9. 
Centerline dimensions for dado cuts in 
the side panels are in Figs. 10 and 11. 

BITS AND BLADES. If you lack a table 
saw or radial arm saw, you will be at a 
disadvantage in attempting this project. 
All cuts can be made with a circular saw, 
and in fact most of the preliminary cuts 
on the larger pieces were, but it is some¬ 
times dangerous and is extremely dif-

PHOTO 3: Back section, including foot. I re¬ 
commend a more substantial brace than the 
1 by 3 shown here. Note water damage on the 
top of the panel. 

ficult to make accurate cuts on smaller 
pieces with a hand-held saw. This proj¬ 
ect will also require a router, and a screw 
gun or a high torque VSR drill helps save 
time (and blisters) when you are driving 
screws into place. 

Carbide-tipped router bits are a "must" 
when you're cutting particle board: the 
high glue content overheats cheap steel 
bits and causes serious scorching along 
the cut. You will need a 14" and a %" 
plunge, a %" rabbet, and a %" or 14" 
roundover; these may be expensive, but 
are handy for any work with % " parti¬ 
cle board. Plywood blades in your table 
saw will provide a smooth cut in parti¬ 
cle board, although a 40-tooth carbide 
blade may also work well. 

FASTENERS. I recommend using stand¬ 
ard No. 10 bugle head deck screws (cad-
plated with high grip thread) as they tend 
not to spin out in particle board as eas¬ 
ily as typical drywall screws or wood 
screws. Use 214" long screws for 90° 
joints and 1 " long ones for fastening bat¬ 
tens to the particle board surface. 

I highly recommend using a pilot hole 
to prevent drift and splitting, and coun¬ 
tersinking the heads on outside surfaces. 
Even bugle heads won't pull flush in 
high-density particle board without coun¬ 
tersinking. I always glue screwed joints 
and avoid using nails in particle board 
unless the screw might split the wood 
(such as in rabbeted joints). 

OUTER CONSTRUCTION. I cut all 
flat pieces from % " high-density particle 
board. For added support, you may wish 
to use % " marine plywood instead for the 
back panel {Photo 3). All cuts on the back, 

FIGURE 6: Side view of the parts dimensions. 

front, sides, and top were made at 90°; 
the angle of the sides and front is only 
5° from vertical, a difference you can eas¬ 
ily make up for by sanding. 

I rabbeted the side, back, top, and 
front joining edges to %" with a router. 
(Once you've determined the dimen¬ 
sions, rabbeted joints aren't much more 
trouble to assemble than butt joints and 
result in a better seal and more accurate 
assembly.) Then I carefully laid out a %" 
dado, 7s" deep and cut it in the side 

Continued on page 15 

FIGURE 7: Front view of the parts dimensions. 
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FIGURE 9: Centerline driver positions on the 
front panel—right side. Left side is mirror 
image. 

Continued from page 13 
pieces to accept the internal panels of the 
snail section. Finally, I dry fitted the top, 
front, back, and side pieces and marked 
each for installing battens and T-nuts. 

Make any joint you may reopen (in this 
case joining the front and back panels to 
the center section) with L%4 (or heavier) 
T-nuts and machine screws. Glue and 
nail/screw 1 by 1 (actually % by %) white 
pine battens around the inside surfaces 
of the "stationary" side of each joint, 
roughly Vie" from the inside edge of the 
removable panel when it is in position. 
If your lumberyard doesn't have the ap¬ 
propriate size battens, rip them down 
from inexpensive 1 by 2 stock. 

Once the glue had dried, position the 
removable panel and carefully lay out 
and drill holes for the machine screws 
exactly %" from the edge of the remov¬ 
able panel, going completely through the 
batten. (Extra care here will save much 
frustration later.) I prefer flat-head 
screws, countersunk slightly below the 
panel outside surface. The T-nut should 
receive a squirt of RTV under the flange 
before being carefully hammered into 
the inside edge of the batten. The RTV 
will keep the T-nut from pushing out of 
the batten and falling inside the speaker 
(which would inevitably happen as you 
inserted the last screw during final as¬ 
sembly). You may need to enlarge the 
batten hole slightly to fit the shoulder of 

FIGURE 11 : Dado centerline dimensions (hor¬ 
izontal). 

the T-nut. Do not force the T-nut into the 
batten as it may split the wood. 

My suggested batten layout is pictured 
in Fig. 12. This may seem like a lot of 
time and effort when you could easily 
shoot a few wood screws through the 

panel. After having to open up particle 
board cabinets assembled with wood 
screws and spinning out more than half 
of them, I am convinced it is worth the 
extra few hours to make the speaker ser¬ 
vicable. A well-crafted loudspeaker will 
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easily last a lifetime, so you might as 
well make it something in which you 
can take pride. 
Once you have installed the battens 

and T-nuts, you can assemble the outer 
pieces without glue. This is handy for as¬ 
sembling the internal pieces and mount¬ 
ing the midrange driver. 

INTERNAL ASSEMBLY. I carefully cut 
the four internal panels slightly oversize 
and trimmed them to size on the table 
saw. The angles of pieces 2-4 (along the 
back side of the horn) must be accurate. 
Assemble these parts ''dry'1 in a side 
panel to check their fit. I joined internal 
pieces 2 and 3 using a %" tongue and 
groove, offset by the required 5° angle. 
This produced a solid joint, but is more 
complex than required. I recommend us¬ 
ing a beveled miter joint, reinforced with 
a %" Masonite spline; this size is conve¬ 
nient because it fits snugly in the kerf of 
most standard circular saw blades. I 
have supplied miter joint angles and I as¬ 
sume most readers who attempt this proj¬ 
ect understand how to make a splined 
miter joint. 

I cut the boards connecting internal 
pieces 1 and 2 from 1 by 4s. I did not rout 
out dados in the side panels to accept 

PHOTO 5a: Closeup of the cutouts for the mid¬ 
range and tweeter. Center section is remov¬ 
able to clear magnet assembly for tweeter. 

PHOTO 4: The array of router templates used to mount midrange and tweeters. Making templates 
is time consuming, but is the best way to get a professional finish. 

them, but it is a good idea. Once all in¬ 
ternal pieces were trimmed to fit nicely, 
I laid out and drilled pilot holes in the side 
pieces for the wood screws and counter¬ 
sunk the outside surface. Before using 
any glue, dry fit all pieces (top, side, back, 
front, internal pieces, and other side), us¬ 
ing duct tape to hold joints together where 
required. 

I recommend gluing the internal pieces 
together on one side only, namely the side 
away from the midrange. This will allow 
room for cutting the reliefs in the inter¬ 
nal panels for the midrange horn and 
driver. Once all pieces are glued into the 
side panel, dry fit the other side in place 
(you may need a mallet) and turn the en¬ 
tire assembly upside down to shoot in 
the wood screws. 
When the glue dried, I reassembled 

the outer pieces and placed the speaker 
face up on the floor. After laying out the 
driver positions on the front panel, I used 
a 12" long lA" diameter drill to locate the 
center of the midrange. Be extremely 
careful and use a small tri-square to en¬ 
sure the hole you drilled through the in¬ 
ternal pieces 1 and 2 is orthogonal to the 
front panel surface. Any misalignment 
will make final assembly difficult and any 
substantial force applied in final assembly 
may warp the midrange horn's flange. I 
believe this long drill technique to be the 
easiest and most accurate approach. 

I made special router templates [Photo 
4) for mounting the midrange and 
tweeter flush with the front panel, add¬ 

ing a professional touch and allowing a 
wood grain grille cloth to be smoothly 
stretched completely around the upper 

PHOTO 5b: Closeup of midrange horn and 
tweeter in front panel. 
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section of the speaker. Obviously, I 
made no attempt to align the acoustic 
centers of the drivers, aesthetics winning 
out over sonic merit. An aligned horn ar¬ 
ray on top of the existing cabinet would 
have resulted in a speaker nearly 6' tall. 

With the templates, I made a few prac¬ 
tice runs on scrap lumber before actually 
cutting into the front panels. I made five 
templates: one for the inside hole of the 
midrange horn, one for countersinking 
the outside flange, one for the inside of 
the tweeter horn, one for the tweeter 
flange, and one for cutting the angle relief 
for the midrange horn at the top and bot¬ 
tom of its hole. I used a brute force ap¬ 
proach to making the templates, tracing 
the outside (using a 14 " diameter plunge 
bit). It might be wiser and faster to use 
Nicholas Clifton's technique ("Tools, Tips 
& Techniques," SB 3/86, p. 28) for mak¬ 
ing templates. Bolder woodworkers than 
I may cut the reliefs without templates, 
using straight cutting guides clamped in 
position. Bon chance! 

My tweeter has a nonremovable driver 
with a diameter larger than the horn 
flange's width. This required a section of 
the front panel be removable {Photo 5a) 
to seal the panel adequately. I used a 
piece of Masonite, fastened to the inside 
of the front panel by %2 machine screws, 
to which I glued a scrap of particle board 

PHOTO 6: Side view of speaker during assembly, with drivers in position. Holes cut in the center 
section to accommodate midrange horn/driver are more clearly shown in Photos 7 and 8. 

shaped to fit snugly in the lower portion 
of the midrange hole and accommodate 
the midrange and tweeter horn flanges 
(see Photo 6 for more detail). 
I used a hole saw to cut the hole for 

the midrange horn (Photo 7) in internal 
piece 1 and shaped it with a half-round 
rasp to fit the horn's contour. The 5" di¬ 
ameter hole in piece 2 for the midrange 
compression driver (Photo 8) was cut 
with a circle cutter (fly cutter) and a slow 
speed, high-torque VSR drill. Circle cut¬ 
ters, which use a single cutting tool and 
arbor, are dangerous at high speeds and 
should be limited to about 400 rpm. 

I mounted the woofer to a ring of 14 " 

particle board and glued and screwed it 
to the inside of the font panel. The 
mounting ring approach lets you set the 
woofer back from the surface of the 
front panel, which is handy for affixing 
the grille cloth and making the product 
look more professional. I cut the 16" 
hole in the font panel with a saber saw 
and circle cutting guide, but you could 
cut it with a router. I used the %" round¬ 
off router bit to flare the outside edge of 
the woofer opening, which may mini¬ 
mize unnecessary diffraction. I also cut 
the woofer mounting ring with a saber 
saw. Here's a handy hint: cut the out¬ 
side circle of the mounting ring first. 

PHOTO 7: Front of center “snail” section, fully assembled. Note hole 
in panel for midrange horn. 

PHOTO 8: Back of center “snail” section. Note hole for midrange com¬ 
pression driver. 
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1 trimmed the three pieces of the foot 
to form a 90° angle with the back and 
put them together dry to check for flat¬ 
ness and squareness. I assembled these 
parts using splined miter joints and glue. 
Use extra care in this step; one of my fin¬ 
ished speakers exhibits a little wobble 
because I failed to ensure the foot was 
square and the bottom flat. 

With the foot glued and dry, I notched 
the top section with the table saw and 
a chisel to allow room for the 1 by 2 
brace on the inside of the back panel. I 
installed this brace first, with glue and 
screws (pilot drilled to avoid splitting), 
from the bottom of the back panel to 
about 12" from the top. (A heavier brace, 
perhaps up to 2 by 4, may be more 
appropriate.) 

Next, I glued and screwed the foot per¬ 
manently in position because I didn't 
think any batten or ''remakable" joint 
would hold up to the considerable pres¬ 
sure placed on the foot. I used about ten 
21/2" screws per foot, shot in from the 
back (pilot drilled and countersunk, of 
course). I used a %" piece of Masonite 
to close the bottom of the foot and glued 
and screwed it into position. (You may 
prefer to use I/2 " or thicker plywood or 
particle board to enhance the strength 
and integrity of this assembly.) 

Filling the upper corners in the horn 
with plaster as I did is unnecessary and 
far too difficult. Bruce Edgar had implied 
in casual conversation that no corner 
transition is necessary if the mass cutoff 
of the horn is less than 300Hz. "Radi¬ 
used" or "reflective" flat corner transi¬ 
tion pieces may be a good idea if you're 
lucky in your woofer selection and get 
a mass cutoff over 300Hz. 

After I finished the corner transitions 
and completed the midrange horn and 
driver holes in the internal pieces, I 
glued and nailed the top section to the 
side piece attached to the internal assem¬ 
bly, then glued the other side piece to 
the top and internal pieces. Next, I nailed 
the top piece to this side piece and shot 
screws through the side piece into the in¬ 
ternal pieces, as before. This completed 
assembly of the center snail section of 
the speaker. You may need to cut the 
corner transitions with a coping saw to 
clear the midrange horn. 
I used 3" dimpled acoustic foam on 

the back surface of the compression 
chamber and mounted the crossover, fl-
pads, and terminals inside the compres¬ 
sion chamber. The binding posts and 
level controls are located inside the front 
lower portion of the bass horn for two 
reasons: they are accessible when the 
grille cloth is in place and the speaker 

FIGURE 13: Individual driver and composite near-field responses. 

— Bass Horn 

— Woofer 

-- Midrange 

— Tweeter 

— Composite 

pushed flush against the wall, and they 
are not visible or tempting to young (or 
not so young) curious fingers. As an 
added precaution against my 3-year-old 
son's curiosity, I used metal mesh grilles 
over the woofers (common sense win¬ 
ning out over aesthetics and sonic merit). 

I rounded all outside edges with a % 
round router bit to minimize diffraction 
and to facilitate installation and removal 
of the grille cloth sock, which fits snugly 
over the upper portion of the speaker 
and is held in place inside the horn 
mouth with strips of Velcro. I painted the 
entire speaker enclosure with primer/ 
sealer (white shellac) inside and out and 
finished it in a durable black polyureth¬ 
ane enamel. 

SOUND/MEASUREMENTS. These 
speakers can play very loudly. In my 
rather large living room, two-thirds vol¬ 
ume on my 60W/channel amplifier will 
produce uncomfortable levels. These 
speakers' high efficiency and dynamic 
range provide an impact and realism to 

percussive sounds I haven't heard in 
many nonhorn systems. 
Bruce Edgar and I measured overall 

frequency response using his AudioCon¬ 
trol RTA-1 octave band analyzer and a 
pink noise source. We took near-field 
(6") measurements from the bass horn 
mouth, woofer, midrange, and tweeter 
{Fig. 13); the "composite” near-field re¬ 
sponse derived by logarithmically adding 
individual driver octave band levels. The 
measured far-field (6') response curve is 
provided in Fig. 14. 
Bass output is substantial down to 

40Hz, below which the horn flare rate 
cutoff and throat reactance effects pre¬ 
vent virtually any output from the horn. 
Some direct radiation occurs below the 
horn cutoff frequency, but it seems to be 
at least 6dB down from the horn-loaded 
regime, confirmed by the far-field mea¬ 
surements in Fig. 14. Although not im¬ 
pressive bass on paper, it does provide 
strikingly clean, effortless reproduction 
of tympani and double bass. The 32Hz 
pedal point on Also Sprach Zarathustra is 
distinctly audible, but doesn't have the 
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PHOTO 9: The speaker during assembly, showing driver in position. 

authority of some high-power vented 
systems. This lack of ultra-low bass is 
not noticeable on most musical passages, 
however. 
Occasionally certain bass notes show 

a distinct overemphasis, noticeable only 
on certain types of music and most 
prevalent when the listener is seated 
near a wall. Certain jazz or rock ensem¬ 
ble pieces busy in the bass region can be 
slightly confusing and rather muddy. 
Symphonic music fares well, however. 
Telarc's Firebird is remarkable on these 
speakers. Small groups or combos come 
across well, particularly if the bass line 
is pronounced. This ripple in the bass 
response may be due to the small mouth 
area, but an uneven transition between 
horn loading and direct radiation is more 
likely the cause. 
The frequency response "hump" in 

the 63-125Hz range, as shown in Figs. 
14 and 15, graphically illustrates this 
"bassiness.” By closely examining Fig. 
14, you can see this bass hump is prob¬ 
ably caused by reenforcement of the 
bass horn response with woofer direct 
radiation. Figure 15 illustrates the low-
frequency impedance characteristics, 
with a distinct resonance at 64Hz. 

In hindsight, the key to a successful 
back-loaded horn design is a smooth tran¬ 
sition from horn loading to direct radia¬ 
tion. I believe this should happen at as 
high a frequency as possible, but Bruce 
Edgar may think otherwise (refer to his 
Show Horn article). The horn's 125Hz 
mass cutoff falls in the middle of the reg¬ 
ister of most bass instruments, and bass 
lines that transverse this frequency region 
will understandably be muddied and con¬ 
fusing. This explains why these speak¬ 
ers reproduce some pieces so clearly, yet 
others have a touch of "one note bass." 
Cabinet vibrations may also play a 

role, as I can feel front-panel vibrations 
even at moderate levels. (I will explore 

internal bracing and damping materials 
at a later date.) It is also unclear how 
much of the bass ripple is due to room 
resonance. Placed against a wall, these 
speakers are necessarily at a node for 
several modes of acoustic resonance in 
the room. My living room is rather large 
(approximately 17' by 25'), with hard¬ 
wood floors, a single throw rug, and not 
much furniture. The speakers are posi¬ 
tioned along the short wall, immediately 
adjacent to a stone floor entry hall, 
which acts as its own large-scale Helms-
holtz resonator. Moving the speakers 
away from the wall reduces, but doesn't 
eliminate, the muddiness. 

Don't be misled by all this speculation 
and diatribe regarding the boominess of 
these speakers. As the measurements in¬ 
dicate, this bass anomaly is limited (ap¬ 
proximately a 6dB hump) and overall the 
speakers sound very pleasant—definitely 
less boomy and a lot punchier than some 
BB4 "bass box" alignments I've heard. 

A relatively minor flaw I've noticed is 

that the lower midrange direct radiation 
from the 15" woofer (500Hz-lkHz) is 
very directional, much more so than the 
mid and treble horns. Off axis, this re¬ 
sults in a slight hole where male voices 
ought to be and is particularly noticeable 
on the spoken word. Angling the speak¬ 
ers inward results in a good, but fairly 
small "sweet spot.” 

Using an audio oscillator, I've observed 
both beaming and lobing (peaks and nulls 
off axis), probably due to the woofer 
cone's breakup modes. This problem 
may not be easy to fix cheaply. I'm con¬ 
sidering designing an acoustic lens of 
open cell foam and gluing it inside the 
metal grille in front of the woofer. (I re¬ 
member JBL doing some things with cir¬ 
cular metallic mesh acoustic lenses for 
their direct radiator midranges in the 
1970s.) 
I have always admired midrange and 

treble horns for their projection and im¬ 
mediacy, as well as their silky reproduc¬ 
tion of brass and strings. These horns 
live up to my expectations, but are a tri¬ 
fle harsh on female vocals. They could 
probably benefit from the crossover mods 
suggested by Benjamin Poehland in SB 
3/86 (p. 22). Imaging is adequate, if not 
particularly crisp. I have arranged the 
cabinets so the midrange and horns are 
at the outside edge to provide the widest 
possible artificial proscenium (or sound 
stage), the same technique used in my 
Magnepans. 

I have noticed no problem with woofer 
flutter below the horn's flare rate cutoff, 
even when playing Telarc's 1812 (with 
cannon) at moderate levels. This surprises 
me, as I expected a problem at ultra-low 
frequencies where the woofer is un¬ 
loaded. My amp has an 18Hz subsonic 
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PHOTO 10: Typical amateur speaker builder’s workshop/garage. 

filter, which I usually keep engaged to 
be safe. 

ADVICE FOR SPEAKER BUILDERS. 

In selecting a driver to support this 
horn's relatively large throat area, you 
are confronted by the unavoidable prob¬ 
lem of a relatively low horn mass cutoff 
frequency (illustrated in Table 1 of Bruce 
Edgar's Show Horn article). 
A better compromise than the driver 

I selected is possible: using a woofer with 
a slightly higher fs (around 40Hz), lower 
Y^, and lower could result in an fHM 
of around 300Hz with the same STO . 
This would change the horn-to-woofer 
transition, but exactly how I don't know. 
I had originally thought a high-quality, 
professional woofer would be more effi¬ 
cient and provide greater output and 
detail in the low midrange, typical of the 
presence peak of some musical instru¬ 
ment drivers, which might smooth the 
transition from horn loading to direct 
radiation. 
Overall efficiency of the Oaktron 

T9337 is around lOOdB/W at IM, based 
on an impromptu comparison with a 
Cerwin Vega LE15 using Bruce Edgar's 
handy analyzer. Using a driver with a 
high mass cutoff could arguably hinder 
performance by extending the horn-to-
direct radiator transition and result in a 
broader hump. Since the Oaktron T9337 
is no longer available, it will be neces¬ 
sary to experiment with alternate driv¬ 

ers. Table 1 lists the optimal throat size 
and mass cutoff of some candidate driv¬ 
ers based on their published specs. 

The midranges and tweeters I used are 
currently available from parts supply 
houses (such as ITC in Los Angeles) for 
reasonable prices. Because of the lower 
midrange beaming and lobing problem 
mentioned earlier, however, I suggest 
you use an Edgar Tractix midrange {SB 
1/86, p. 7) placed on top of the bass cab¬ 
inet, crossed over over around 400Hz. 

Use more substantial bracing than the 
single 1 by 3 I used inside the back panel 
to support the weight of this speaker. 
Within one month after I completed the 
assembly, the back panel developed a 
minor warp, resulting in less than 14" 
shift at the top of the speaker. I encour¬ 
age you to brace the front panel with a 
few 1 by 2s and coat all internal surfaces 
with a damping material. The front is the 
largest single unbraced panel, and it also 
supports the woofer. Tapping on the 
front panel of my finished speakers re¬ 
veals a distinct resonance. 

If you insist on using plaster in the up¬ 
per comers, practice pour smaller pieces 
first. I lined the corner in plastic and 
used linoleum, duct taped and tacked at 
the edges, as a mold. I found out the 
hard way this doesn't have the rigidity 
to hold the corner in a single pour. In¬ 
stead, use several small pours, with the 
plaster fairly soupy. 
The plaster was anchored to the top 

TABLE 1 

POSSIBLE CANDIDATE DRIVERS FOR THE BACK-LOADED WALL HORN 

Efficiency S ro f^ 
(dBHW at IM) in.2 (Hz) 

McCauley 62244 102 97 274 
EV EVM 15L 99 60 344 
JBL E130 105 64 400 
Cerwin Vega LE15 101 65 200 

piece using partially exposed drywall 
screws. Using a single, flat piece of wood 
to turn the corner is probably an accept¬ 
able alternative, considering the mass 
cutoff of 125Hz, and it is far less messy. 
The reflection corners employed by 
Bruce Edgar in ''The Show Horn" might 
work nicely. 

SUMMARY. Back-loaded horns should 
not be wantonly disregarded by home 
speaker builders simply because they are 
low tech. In fact, they are extremely com¬ 
plex. Horns in general have a bad reputa¬ 
tion due to a handful of improperly de¬ 
signed and poorly executed speakers. 
Unfortunately, many commercially avail¬ 
able all-horn systems aren't in produc¬ 
tion; if an audiophile decides he doesn't 
like the Klipsch sound, he assumes he 
doesn't like horns. 

The innovative, limited production de¬ 
signs by JBL and Kevin Ingram are sadly 
not available for audition by most audio¬ 
philes, including me. One friend, who 
particularly dislikes the harshness of 
Klipschoms, was favorably impressed by 
my back-loaded wall horns. He did, 
however, find them a little bassy, con¬ 
firmation of the tragic flaw I have al¬ 
ready discussed. 

I should note that a back-loaded horn 
doesn't necessarily provide a smaller en¬ 
closure or lower f3 than a vented align¬ 
ment. Using Bullock's tables {SB 3/81, 
p. 18) for the drivers I selected, a QB4 
alignment would require around 7.6 ft. 3 

(approximately a 2' cube) and result in 
Continued on page 90 

ABOUT THE AUTHOR 
Rick Steiner is a senior systems engineer for 
a southern California aerospace firm. This is 
his fourth loudspeaker project and his first bass 
horn. He considers himself a "budget audio¬ 
phile. " interested in getting maximum enjoy¬ 
ment for minimum investment. 

20 Speaker Builder / 4/91 



YOUR ONE STOP SHOPPING CENTER 

FUCAL 
(seas) [g ZALYTRON I 

CUSTOM WOOFERS B 

VIETA 
LA REFERENCE EN HAUTE FIDELITE 

PHILIPS 

PHILIPS 

IF YOU HAD THESE ZALYTRON 

have to be heard and seen to be believed and ai simi 
Pictured are the Aria 5 with Accuton tweeter am 

Time-aligned models of Focal 033 and 133 systems. 

CABINETS, YOU D BURN 
■ Jk YOUR OLD ONES! 

J YOU HAVE NEVER 
J SEEN CABINETS LIKE 

I—- THESE BEFORE 
These cabinets are the latest of Zalytrons efforts to bring the finest cabinets 
to the market. They are made with 11/8" MDF to start, then the side walls are 
laminated with 1/2" flake board (thus giving 1 5/8" sidewalls!! ). Next the 
sides are rounded to give 1 1/2" radius curve. We then wrap Nevamar brand 
laminate around the cabinet. The result is a strong attractive cabinet with 
less diffraction loss. The thick walls improve the bass remarkably. Theyi 

ZALYTRON INDUSTRIES CORP. 
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501 

TEL. (516) 747-3515 FAX (516) 294-1943 
Our warehouse is open for pick-up 10AM to 6 PM daily, Monday thru Saturday 

UPS orders shipped same day • Minimum order $50.00 
FOR ALL YOUR SPEAKER NEEDS OR INQUIRIES - WRITE OR CALL ASK FOR ELLIOT 

Fast Kapil HHF1131 



INTEGRITE: 
RATIONAL SPEAKER DESIGN 

BY MARC BACON 

Two years ago, I began a project to 
upgrade the quality of my living 

room speakers. Dozens of paper designs 
and three prototypes later, I completed 
the final (for 1990) pair of speakers. I 
named them Intégrité—French (since I 
live in Quebec) for integrity, reflecting 
my belief that they are accurate sound 
reproducers. 

This article will attempt to describe in 
detail the systematic design choices in¬ 
volved in building the speakers, with 
somewhat less emphasis on actual con¬ 
struction details. My intent is not that 
you copy the design (although anyone is 
free to build a similar speaker for non¬ 
commercial use), but rather to introduce 
neophytes to a step-by-step decision pro¬ 
cess that will unfailingly produce good 
results and so remove the fear of failure. 
More companies produce speakers 

than any other component of the sound 
reproduction chain, with each one tout¬ 
ing the virtues of their products. More 
than any other component, speakers af¬ 
fect the subjective quality of the repro¬ 
duced sound, with many proprietary var¬ 
iations designed to produce a special ef¬ 
fect to the detriment of accurate repro¬ 
duction. Worse, many fledgling speaker 
companies have very little engineering 
or quality assurance, but spend money 
better devoted to R&D on advertisement, 
trading substandard products for in¬ 
creased short-term profits. 
The average home builder lacks the 

testing facilities to outclass reference 

ABOUT THE AUTHOR 
Marc Bacon, age 32, is an American father of two, 
making his home in Quebec. With degrees in weld¬ 
ing and electrical engineering, he is presently direc¬ 
tor of manufacturing for a large custom metal 
fabricator. He builds speakers to combine learn¬ 
ing with relaxation, while obtaining pleasure from 
the resulting music. 

speakers designed by reputable compan¬ 
ies, but can approach their performance 
at a fraction of the cost by paying atten¬ 
tion to basics, purchasing high-quality 
components, and building better cabi¬ 
nets. It is feasible to make domestic 
speakers subjectively better than com¬ 
mercial units selling for $2,000/pair, al¬ 
though you would be lucky if your home¬ 
built units bettered $5,000/pair speakers. 
Better still, the speakers you build will 
reflect your budget, abilities, and personal 
philosophy with regards to music repro¬ 
duction. With that introduction, I will 
begin detailing the design process used 
to develop the Intégrité. 

SUBJECTIVE DESIGN GOALS. It is 
more important to describe the sound 
you like, than to begin with the intent 
of "building a transmission line using 
18" woofers capable of handling lkW/ 
channel.” Once you know your sound 
preferences, you can choose the means 
to achieve it. Although subjective words 
don't mean the same things to everyone, 
listing your subjective criteria is as im¬ 
portant to success as listing specific mea¬ 
surable objectives. For example, Klipsch 
and KEF are successful, yet they serve 
different markets. 
My preference is "British” sound. I 

love the transparency, realism, and "dis¬ 
appearing box" effect of B&W 801 Matrix 
speakers, as well as the excellent imag¬ 
ing and bass sections of KEF 104/2s with 
their D'Appolito mid-tweeter sections 
and bandpass subwoofers. I also like cer¬ 
tain high-end Ellipson models for their 
extremely rapid transient response, al¬ 
though my tastes in decorating are not 
as modern as Ellipson's. I therefore de¬ 
termined to make a system delivering 
that accurate sound, but better suited to 
my budget and available design and test 
equipment. 

PHOTO 1: The Intégrité speaker system. 

Specific descriptors I listed for my 
preferences follow: 
• Lack of listener fatigue. Many initially 
pleasing speakers have a "forward” 
sound that does not wear well. 
• Clarity and detail, with no instruments 
lost in massed groups. 
• Realistic soundstage, even off-axis. 
• Superlative transient response. 
• Low distortion, even at high listening 
levels. 
• Ability to accurately reproduce piano, 
the spoken male voice, classical guitar, 
snare drums, organ music, and trom¬ 
bones. Each of these makes very exact-
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ing specific demands on tonal accuracy 
and lack of coloration. Very few speak¬ 
ers can do a credible job of reproducing 
all of them. 

OBJECTIVE DESIGN GOALS. Cost 
and space are primary design considera¬ 
tions, unless your listening room resem¬ 
bles the grand ballroom of the Waldorf 
Astoria. In that case, I suggest you pri¬ 
vately audition the Infinity 1RS and hire 
a reputable acoustical engineering com¬ 
pany to tweak the acoustic properties of 
your listening area. For most of us, set¬ 
ting cost and space criteria jointly with 
our spouses has a pronounced effect on 
the perceived success of the final result. 
In my case, a 60-80 liter enclosure 

was practical. My wife enjoys good 
music as much as I enjoy tinkering with 
speakers, and has become accustomed 
to reasonably sized cabinets. 
Cost is a problem for Canadian hob¬ 

byists. We have only one domestic dis¬ 
tributor for most high-end drivers and 
crossover components, and their prices 
reflect that fact. Buying from the US 
means a 16% exchange, 7% value added 
tax, and 8% duty, plus international UPS 
rates. This easily adds 40% or more to 
published US catalog rates. In my case, 
it meant not buying the ne plus ultra in 
drivers, but trying to obtain the best 
sound for the buck. Specifically, it means 
buying Morel tweeters instead of Dyn¬ 
audio, and SEAS woofers and midranges 
instead of Dynaudio, Focal, Eton, KEF, 
or Scanspeak. 

My budget did permit me to do better 
than stamped-frame, small magnet units 
from lower-priced suppliers. This is in 
keeping with my Yamaha integrated am¬ 
plifier, Hitachi compact disc player, JVC 
cassette player, and Realistic turntable. 
Lest audiophiles accustomed to Nakami¬ 
chi, Kreil and Oracle sneer, be aware 
that Canadian electronic equipment also 
suffers from a cost disadvantage similar 
to loudspeaker components, and that dis¬ 
cretionary income is lower due to our 
more progressive personal income tax. 
Your design, building, and measuring 

equipment will also affect your choices. 

TABLE 1 

BASS CONTOUR EFFECT TRUTH TABLE 

b b 
SPST SPOT CURVE (Hz) (Hz) 
ON "bypass” 1 34 22 
ON "network" 2 36 22 
OFF "bypass” 3 55 42 
OFF "network" 4 70 39 
ON "off” 5 82 50 
OFF “off” 6 151 80 

In my case, I had a PC with personally 
developed spreadsheets for bass section 
design and Ralph Gonzalez's excellent 
LMP for crossover design [Figs. 1 and 2). 
For building, I had access to typical 
home woodworking tools. Testing equip¬ 
ment was the most rudimentary, con¬ 
sisting of a VOM, some excellent CDs, 
and the combined ears/brains of my 
wife, friends, and myself. Although this 
does not provide objective measure¬ 
ments, buying from a reputable speaker 

supplier who provides units with repeat¬ 
able specifications in my experience can 
circumvent the need for most test equip¬ 
ment, as long as the designer chooses to 
go a tried and tested route with regard 
to crossover and cabinet design. 
Specific objectives for a proposed 

speaker specification are made by Col-
loms in High-Performance Loudspeakers, 
3rd ed. Without measuring instruments, 
I cannot state whether I indeed met those 
criteria. I will, however, go through the 

FIGURE 1 : LMP predictions: bass contour affect. Legend—on-axis, no room response: 1. mid¬ 
bass “on,” subwoofer “bypass,” 2. (fiat): midbass "on,” subwoofer “network," 3. midbass 
“off,” subwoofer “bypass,” 4. midbass “off,” subwoofer “network," 5. midbass “on,” sub¬ 
woofer “off,” 6. midbass "off,” subwoofer "off.” 

FIGURE 2: LMP predictions: bass contour “flat” position. Legend: 1-5 on axis, 1. bandpass 
subwoofer, 2. acoustic suspension woofer, 3. midrange, 4. tweeter, 5. composite response, 
A. 30° off-axis, B. 60° off-axis, C. typical room response (bass). 
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TABLE 2 

ACOUSTIC SUSPENSION MIDBASS 
SEAS P21 REX-DD 

Qms 2.4 
Qes 0.44 
Qrs 0.372 
fs 33Hz 

^AS 69I 
Given SPL 91 dB 1W/1M 
Chosen 30.49I 
a 2.26 
Rg 0.430 

With both drivers in parallel 
Re 3.05 
Qes' 0.502 
Qts' 0.415 
Calc. SPL 88.2dB 1W/1M 

Qtc 0.75 
fB 59.6Hz 
f3 56.4Hz 
Damping ratio 0.667 

With subwoofer bypassed 
Re 6.1 
Qes' 0.471 
Qts' 0.394 
Calc. SPL 88.8dB 

Orc 0.71 
fe 59.5Hz 
f3 59.5Hz 
Damping ratio 0.7 

list, describing whether the design "on 
paper" and subjective results met Col-
loms’ proposals. 

1. Axial pressure response: 60Hz-
15kHz ±2dB (sine), lOOHz-lOkHz ± ldB 
(octave averaged), response below 60Hz 
tailored to boundary conditions. 
My design on LMP provides 50Hz-

20kHz ± ldB, with six different options 
for tailoring the bass response below 
200Hz to boundary conditions. The stag¬ 
gered heights of the different drivers 
above the floor help to avoid problems 
in the 150-400Hz range due to cancella¬ 

tions from the floor. Bass is good, extend¬ 
ing with little distortion to an f3 of 34Hz 
with subsonic cone control. 

2. Off-axis response: ±10° vertical 
within 2dB of axial, ±30° lateral within 
4dB of axial. 
The D'Appolito configuration and use 

of low crossover points with small driv¬ 
ers gives good control in the vertical 
plane and exceptional off-axis linearity. 

3. Harmonic distortion (90dB): 
100Hz-20kHz < 0.3%, below 100Hz < 
2.0%. 
Use of dual midranges, a high-power 

tweeter with ferrofluid damping, and 
large magnet drivers keeps cone motion 
well controlled in the midrange. Using 
dual woofers, with the subwoofer work¬ 
ing in a bandpass enclosure, large mag¬ 
nets, and the SEAS "dynamic damping" 
graduated suspension stiffness feature, 
makes for clean bass. Distortion caused 
by subsonic excursion is inaudible, as the 
acoustic suspension and bandpass en¬ 
closures control subsonic movement. 

4. Harmonic distortion (96dB): 
100Hz-20kHz < 0.5%, below 100Hz < 
6%. 
Due to the factors mentioned in item 

three above, the chosen enclosure vol¬ 
umes, and the high power handling ca¬ 
pabilities of the individual drivers, XAiÆY 
is not exceeded at 96dB. I chose to use 
an acoustic suspension enclosure as the 
low-pass filter for the midrange units, 
however, with no capacitor in the signal 
path, meaning that near their box reso¬ 
nant frequency of 149Hz, heavily ampli¬ 
fied synthesizer-based percussion causes 
the small cones to pant visibly, but the 
effect is inaudible. 

5. Sensitivity (2.83V/IM): greater than 
88dB. 

TABLE 3 

BANDPASS SUBWOOFER 
SEAS P21 REX-DD 

®MS 
^ES 
Qrs 
»s 
Vas 
Given SPL 
Chosen VFB0N7-
Chosen VpiEAFi 
Chosen Vtotal 
B 

2.4 
0.44 
0.372 
33Hz 
69I 
91 dB 1W/1M 
11.891 
20.61 
32.491 
1.1548 
68.8Hz 

With both drivers in parallel 
RG 0.43« 
R£ 3.05« 
Qes' 0.502 
Qts' 0.415 
Calc. SPL 88.2dB 1W/1M 
S 0.5 
SPL in box 85.7dB 1W/1M 
QT 0.866 
^Qts' 79.48 
f, 34.9Hz 
fh 135.9Hz 
Damping ratio 0.5774 
Vent length for 6.25" 
6.28 sq. in. vent 

With crossover bypassed 
Rg 0.0« 
Re 6.1« 
Qes' 0.44 
Qrs' 0.372 
Calc. SPL 89.3dB 
S 0.558 
SPL in box 86.8dB 
07 0.776 
VQrs’ 88.71 
f, 42Hz 
f„ 133Hz 
Damping ratio 0.644 
Vent length for 6.25" 
6.28 sq. in. vent 

The Intégrité speaker has a calculated 
sensitivity of 90dB 1W/1M. A speaker 
with 88dB sensitivity would require 
1.58W of power to produce 90dB. 

6. Power rating: at least 100W peak 
program power. 
This speaker has nominal rated music 

power of 200W for all drivers, assuming 
6dB/octave slope at 500Hz for midrange 
drivers. Using a 149Hz comer frequency 
for the midrange causes a downrating, 
but it is safe to assume the speakers can 
handle more than 100/1.58 = 63W of 
power. (I lack the money to do destruc¬ 
tive testing.) Listeners will leave the room 
with no sign of strain from my 35W/ 
channel amplifier with its 3dB dynamic 
headroom. 

7. Impedance: 80 nominal, 60 < Z 
< 200, phase angle of 30°, 100Hz-
20kHz. 
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TABLE 4 

ACOUSTIC SUSPENSION MIDRANGE 
SEAS 13F-GMBX 

Oms 2.2 
Qes 0.41 
Qt-c 0.346 
fs 75Hz 

Vas 7I 
Given SPL 92dB 1W/1M 
Chosen 2.39I 
a 2.92 
Rg 0.2Q 

With both drivers In sedes 
Re 12.20 
Qes' 0.417 
Qts' 0.35 
Calc. SPL 90.3dB 1W/1M 
Qtc 0.694 
fs 148.6Hz 
f3 151.4Hz 
Damping ratio 0.72 

These speakers do poorly with regards 
to constant impedance. Avoiding active 
circuitry to achieve bass contouring 
means nominal impedance of 4-89 for 
bass section (actually considerably higher 
due to resonance peak), 169 for mid¬ 
range, and 89 for tweeter. They should 
not be paralleled with other speakers for 
most amplifiers. I did use a Zobel in the 
midrange section to achieve predictable 
crossover response. Use of 6dB filters 
means a straight phase response with 
frequency rise predicted by LMP. 

8. Maximum SPL: 105dB, IM for 
domestic use. 

This calculates to 31.6W input power, 
which is far below the calculated XVMX 
limits. The speakers play so cleanly at 
high levels that you are tempted to turn 
them up, which is not good for the ears. 
Unlike many speakers, they don't be¬ 
come annoying at high SPLs. 

9. Size: 25-501 for domestic use. 
The Intégrité is larger than what Col-

lom's suggested, as I chose additional 
bass extension, using a dual woofer for-

FIGURE 4a: Satellite crossover. 

mat to reduce distortion, and using a 
D ' Appolito midrange/tweeter/midrange 
configuration to achieve precise imaging. 
Also, the midrange/tweeter section is 
larger than the required box volume, due 
to the use of considerable foam filler to 
control box resonances. The overall size 
still meets with my wife's ideas of 
aesthetics. 

CABINET AND CROSSOVER. I chose 
a D'Appolito MTM configuration, hav¬ 
ing first been introduced to it listening 
to KEF 104/2s, and having built two 
D'Appolito speakers previously. In ad¬ 
dition to the excellent imaging character¬ 
istics due to limiting vertical dispersion 
and good polar response, the use of two 
midranges effectively cuts cone excur¬ 
sion in half. This was important to me, 
as I chose not to have a low-pass elec¬ 
trical crossover to the midranges, and 
wished to lower possible IM distortion. 
Like Tannoy and KEF concentric drivers, 
the D'Appolito approximates a true point 
source. Not only is this good for theory, 
but it makes music believable and three-
dimensional. 
The downside of the MTM arrange¬ 

ment is that you must buy two mid¬ 
ranges instead of one. Also, I've found 
that using larger 8" bass-midrange driv¬ 
ers in an attempt to get a D'Appolito 
two-way configuration is subjectively 
disappointing, as the sound comes from 
too tall an area in the vertical plane to 
be believable, even if the crossover fre¬ 
quency is kept low. 

I chose a first-order crossover through¬ 
out. It makes large demands on the 
drivers, especially the tweeter, but the 
transient response and subjective depth 
given to the music make it worthwhile. 
I believe the depth results from the 
phase relationships between the drivers. 
A word to the wise, however. Unless you 
have access to a computer and a cross¬ 
over simulation program, use a third-
order or higher filter to avoid response 
irregularities. For example, I had to 
spread crossover frequencies consider¬ 
ably to avoid a hump in response be¬ 
tween 1 and 2kHz. Without LMP, this 
would not have been easy. 

Bass section contouring to fit boundary 
conditions is important. It avoids room 
placement problems and boomy or thin 
bass. Ideally, you would incorporate neg¬ 
ative feedback/electronic control of the 
woofer cone with a bass contouring cir¬ 
cuit and biamplification. My budget did 
not permit this, so I designed passive bass 
contouring around a combination of elec¬ 
trical and acoustical high-pass filters for 

PHOTO 2: Wire connections on the back. 

a total of six contour positions. The design 
has proven to be extremely satisfactory. 

DRIVERS. I chose SEAS 13F-GMBX 
midranges for their wide, flat response 
and similarity of on-axis to off-axis 
curves, indicative of controlled cone 
breakup. These drivers have a large mag¬ 
net system, excellent acceleration, and 
a low (75Hz) resonant frequency. Al¬ 
though they use a stamped steel frame 
instead of die-casting, it is of a very 
heavy gauge. The rated sensitivity is 
high, permitting use in series for a higher 
impedance and better damping factor, 
further improving transient response. 

Subjectively, the speakers are superb. 
Their only drawbacks are the rather 
short excursion Emits and the fact that 
a poorly damped rear enclosure will 
reflect through the fight cones. I prefer 
these paper cones to many plastic ones, 
as they don't mask detail. SEAS has done 
an excellent job of cone doping and 
matching surrounds. 
Morel MDT-30S were chosen for tweet¬ 

ers. Although nearly identical to their 
Dynaudio D-28 counterparts, they cost 
approximately 60% as much. Use of hex¬ 
acoil, ferrofluid, and stranded tinsel wire 
leads results in high power handling and 
good resonance damping, while their 
double chamber lowers the resonant fre¬ 
quency and provides a smooth shallow 
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rolloff from 2kHz. The units have an ex¬ 
cellent off-axis response as well, without 
the large peaks indicative of major break¬ 
ups at frequencies departing from piston 
behavior. 

An excellent way to evaluate tweeters 
subjectively is to play them alone through 
a single polypropylene capacitor (6dB/ 
octave filter) with values chosen to allow 
as low a crossover frequency as prac¬ 
tical. When you do this with the Morel 
units, you can hear astounding depth, 
clarity, and realism. Many competitive 
drivers sound tinny and sibilant when 
unsupported by other drivers in lower 
ranges. 

Finally, I used dual 8" woofers, since 
I didn't require 20Hz bass, didn't wish 
to have refrigerator-sized cabinets, yet 
wished to hear most bass fundamentals. 
I selected SEAS P21 REX-DD units as 
their stiff, yet well-ventilated die-cast 
magnesium frame, large magnets, grad¬ 
uated suspension stiffness, and low IM 
distortion make them a lot of speaker for 
the money. Also, they are very smooth 
up to 500Hz and quite good up to 3kHz, 
although my design didn't require that ex¬ 
tension. This allows a predictable cross¬ 
over response. 

T/S AND CROSSOVER DESIGN. 

Thiele/Small design is quite simple, as 
detailed in Tables 2-4 for the acoustic sus¬ 
pension woofer, midrange enclosures, 
and bandpass subwoofer. Note, however, 
that the value of series resistances in the 
crossover must be accounted for in the 
driver Q calculations and driver sen¬ 
sitivities. The process is iterative as 
follows: 

(Two per stereo pair) 
"/16" exotic plywood 
(veneer-faced particle board) 
top: 7%" X 10y8" 
bottom: 7%" x 9" 
sides (2): 7%" x 18”/1S" 
front/back (1 ea ): 9" x 18" 

%" cork 
front: 8%" x 17%" 

%" square cleats: four 9" pieces 

Vis" x %" quarter round trim 
two 10%" pieces 
two 19%" pieces 

Miscellaneous hardware 
four ball connectors 
two 2.39 liter plastic flower pots 

1. Unless you have enough equipment 
to run response curves, use a photocopier 
to enlarge published response curves to 
fill an 81/2" by 11" sheet of paper. It is 
much easier to work from large-scale 
curves. 

2. Model each driver's response using 
LMP or a similar crossover/driver model¬ 
ing program with no crossover. Be as ac¬ 
curate as possible. 

one can spray-in urethane foam 
silicone caulking 
white glue 
iron-on tape to match veneer 
four rubber stick-on feet 
Radio Shack fiberglass 
hot melt glue 
solder 
wood screws 
engraved nameplate 

Crossover parts 
one gold-plated binding post 
one 3mH, 0.2Í1, iron-core inductor 
two 10/xF, 5°/o polypropylene capacitors 
one 5.6^F, 5% polypropylene capacitor 
one 1 5Ó, 25W, 5% power resistor 
two SEAS 13F-GMBX midranges 
one Morel MDT-30 tweeter 
16-gauge stranded wire 

TABLE 5 

MIDRANGE/TWEETER MODULE MATERIAL LIST 

%" SO. CLEATS 
V CORK 

SPACE FOR CROSSOVER 

STICK-ON RUBBER FEET 

"/„• EXOTIC PLYWOOD 
(TYP. ALL SIDES) \ 

CUTOUT FOR 
INPUT TERMINALS 

MIDRANGE 

i 
TWEETER 

MIDRANGE 

2.391 PLASTIC FLOWER POT 
1 GLUE IN PLACE WITH 
SILICONE 

2. PUT SILICONE BETWEEN 
POT AND REAR PANEL 

3. STUFF LIGHTLY WITH 
RADIO SHACK FIBERGLASS 

SPRAY-IN 
URETHANE FOAM 

7n” x %' GRILLE 
FRAME AND RADIO 
SHACK GRILLE CLOTH 
ATTACH WITH \ 
BALL CONNECTORS 

MIDRANGE 
SEAS 13F-GMBX 

TWEETER: 
MOREL MDT-30 
1 DRILL 2%" 0 
2. ROUTE CORK 3%" 0 

MIDRANGE: 
SEAS 13F-GMBX 
1. DRILL 4W" 0 
2. ROUTE CORK TO SHAPE 

(TYP. BOTH MIDRANGES) 

FIGURE 4b: Satellite section A-A. FIGURE 4c: Satellite elevation. 
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3. Ln accordance with your design ob¬ 
jectives, choose crossover points and 
curves that will let you design a "text¬ 
book” crossover. 

4. Look up typical inductor series losses 
for the values selected, include them in 
driver Q calculations, and check to en¬ 
sure that the box doesn't get too large. 
Also, check the effect of series losses on 
driver sensitivities. 

5. Model the complete crossover. 
6. Change component values for de¬ 

sired frequency and phase response. 
With each change, repeat step 4. 

7. If reverberant response is important, 
model it as well using the component 
values selected. 
A spreadsheet or programmable calcu¬ 

lator is essential to evaluate driver Qand 
sensitivity changes quickly with series 
resistances. Note that if you choose to 
use a passive bass contouring scheme as 
I did, you must calculate Thiele/Small 
parameters for each contour switch posi¬ 
tion. The configuration shown {Fig. 3) 
has the advantage of reducing individual 
Q when drivers are paralleled for bass 
emphasis. Thus, although overall bass 
level is increased paradoxically transient 
response is also improved. 
Examination of the crossover shows 

the basic design's simplicity. The "sub¬ 
woofer" is an acoustic 12dB/octave filter 
with a 69Hz center frequency. The bass 

boost switch allows it to be switched to 
one of three positions: 

1. Working in series with a lOmH in¬ 
ductor for an 18dB/octave cutoff and a 
damping factor (S) of 0.5. 
2. Working directly connected to the 

amplifier, with only an acoustical filter, 
for a 12dB/octave cutoff and an S of 
0.558. You can use an optional ImH coil 
to avoid excessively low impedance in 
the midrange for sensitive amplifiers. 

3. Turned off. 
The acoustic suspension woofer can 

either be switched on to work through 
the lOmH coil, or simply turned off. The 
20gF capacitor is used to smooth a small 
ripple in the midrange predicted by 
LMP, which is not audible, as far as I 
can tell. It does not constitute a true 12dB/ 
octave filter. No Zobels are used on the 
woofer sections, as they are cut off be¬ 
fore any appreciable rise in impedance 
due to voice coil inductance. 
The two midranges have no capacitor 

in the signal path, relying instead on their 
boxes to limit cone excursion. The high-
pass cutoff is provided by a single 3mH 
inductor. A Zobel consisting of two poly-
proplyene capacitors in parallel ( 15.6^F) 
and a 150,25W resistor ensures the cross¬ 
over works as predicted. Note also the 
absence of level-setting resistors due to 
the matched sensitivities of the driv¬ 
ers. Such resistors typically increase the 

driver Q and hurt transient response. A 
better solution is to choose drivers with 
smaller magnets and lower sensitivity. 
The tweeter works through a single 

10/Æ capacitor for a 6dB electrical cross¬ 
over at 2kHz in addition to its natural 
rolloff. With the calculated midrange 
comer frequency near 1kHz, true acous¬ 
tical crossover occurs at a very low 
1.4kHz. The tweeter is robust, however, 
and performs well due to its 700Hz reso¬ 
nant frequency and ferrofluid damping. 
Accordingly, I chose not to include im¬ 
pedance compensation for resonance. 
Strangely enough, to get good phase 

and frequency response, you must invert 
the midrange driver's leads. Without 
LMP, this would not have been intui¬ 
tively evident. 

ENCLOSURE DESIGN. The midrange/ 
tweeter enclosure {Figs. 4b and c) is sep¬ 
arate from the woofer enclosure to per¬ 
mit easy angular orientation toward the 
listener and to avoid colorations in the 
midrange caused by woofer-induced cab¬ 
inet vibrations. Furthermore, this avoids 
the danger of a leak between woofer and 
midrange cavities, which can cause ser¬ 
ious colorations, as well as damage to the 
midrange at high levels. 

I used %" cork for the front panels, 
bonded to "/i6" exotic plywood. Cork is 

Continued on page 29 
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Old Colony will soon be offering a 

number of its kits in assembled 

form. If you have seen a good can¬ 

didate in our ads or catalog, 

please be sure to let us know of 

your interest. Every vote counts! 

MITEY MIKE TEST MICROPHONE KD-2 
Joseph D'Appohto $149 

At long last, a top-quality test mike at a great price! Mitey Mike is the 
answer to many an audiophile's loudspeaker testing dreams, providing 
flat free-field frequency response; high, undistorted SPL capability; ex¬ 
cellent measurement repeatability; and guaranteed long-term stability. 

KIT SPECIALS! 
THE WARBLER OSCILLATOR KK-3 
Dick Crawford $99 
This unit will produce a swept signal covering any octave between 

16Hz and 20kHz. The total harmonic distortion at the output is less than 
1.5%, and the output voltage is adjustable from 0 to IV. When used with 
a microphone, the Warbler is more effective than a pink noise source in 
evaluating speaker system performance. It also reveals the listening en¬ 
vironment’s effect on sound through reflection and absorption. The sweep 
rate is set at about 5Hz. The kit includes 3 !4 " x 3 %" PC board, trans¬ 
former, all parts, and article reprint. Case included. This device is the 
most accurate tool available for determining a speaker system’s actual 
performance in a room. From TAA 1/79. 

Other purchasing options available: 
KK-3A Assembled Warbler $149 

KMW-1, ALSO AVAILABLE IN COMBINATION WITH MITEY 
KMWP-1 MIKE TEST MICROPHONE AND SUPER SWITCHABLE 

WHITE/PINK NOISE GENERATOR. PLEASE REFER 
TO KIT KD-2 ELSEWHERE IN THIS SECTION. 

SUPER SWITCHABLE WHITE/PINK NOISE GENERATOR KSBK-E4 
Bernhard Muller $79 

This unique kit features a stereo/mono/reverse-polarity switch that 
distinguishes it from other generators. CMOS digital circuits form a 
pseudo-random bit stream generator switchable between mono, stereo, 
and stereo reverse, and another switch selects pink or white noise out¬ 
put. Pink noise rolls off between 16Hz and 20kHz at 3dB/octave and at 
6dB/octave above 20kHz, while white noise is constant through the 
16Hz-20kHz range. The unit is powered by a 9V battery, not included. 
Included is an article reprint outlining the generator's use in audio system 
evaluation; the article is especially helpful with speaker evaluation 
methods and room placement problems. The kit comes complete with 
4 %" x 2 3/i6" PC board, ICs, precision resistors and capacitors, and 
switches. Case included. From SB 4/84. 

Plus, it's a snap to build! Typical specs—response (rel. 1kHz): ± IdB, 
20Hz-10kHz; ± 2dB, 10kHz-20kHz; - 3dB @ 3Hz and 25kHz; sensitiv¬ 
ity: 39mV/Pa, ± 2dB; max. undistorted SPL. > 120dBA, wideband noise 
level: <42dBA; power consumption: 5mW typ.; 7mW max. 

Unassembled kit comes complete with PC board, mike cartridge, cus¬ 
tom brass wand, all components, and (undrilled) blue case. For greater 
accuracy, a mike calibration service is available at a small additional 
charge (details come with kit), although most users do not find this step 
necessary. Tripod, 9V battery not included. From SB 6/90. 

Other purchasing options available: 
KD-2AM Assembled Mitey Mike with calibrated cartridge $229 
KMW-1 Unassembled KD-2 (above) plus unassembled compan¬ 

ion KK-3 Warbler Oscillator (case included; please see 
complete KK-3 specs elsewhere in this section), at a sav¬ 
ings of $19! $229 

KMW-1AM Assembled KD-2 with calibrated cartridge plus assem¬ 
bled KK-3, at a savings of $29! $349 

KMWP-1 Unassembled KD-2 (above) plus unassembled compa¬ 
nion KK-3 Warbler Oscillator (case included) plus unas¬ 
sembled companion KSBK-E4 Super Switchable White/ 
Pink Noise Generator (case included; please see com¬ 
plete KSBK-E4 specs elsewhere in this section), at a sav¬ 
ings of $38! $289 

KMWP-1AM Assembled KD-2 with calibrated cartridge plus assem¬ 
bled KK-3 plus assembled KSBK-E4, at a savings of $58! $449 

Other purchasing options available: 
KSBK-E4A Assembled White/Pink Noise Generator $129 

KMWP-1 ALSO AVAILABLE IN COMBINATION WITH MITEY 
MIKE TEST MICROPHONE AND WARBLER OSCILLA¬ 
TOR! PLEASE REFER TO KIT KD-2 ELSEWHERE IN 
THIS SECTION 

ADCOM POWER SUPPLY REGULATOR KY-2 
Kit Ryan $99 per chan. 
This popular mod was designed for taming Adcom's GFA-555, but it 

adds sweetness and definition to just about any amp in the 80V-in, 60V-
out, 10A-regulated family. Mounts in existing case; complete with PCB, 
custom heatsink, and Japanese transistors. Two usually needed. From 
TAA 4/89. 

Yes! Please send me 
_ #_ @ $_ = $_ 

_ #_ @ $_ = _ 

_ #_ @ $_ = _ 

SHIPPING _ 

TOTAL $_ 

SHIPPING: Postpaid in U.S. In Canada, please add 
10% for surface; others, 20% for surface. Airmail: 
Please inquire. 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B91 

Peterborough, NH 03458 USA 
24-hour telephone: (603) 924-9464 
24-hour FAX: (603) 924-9467 

NAME IMAGIC NO 

STREET 

CÎTŸ STATE ZIP 

MC/VISA EXP DATE 

CALL OR WRITE FOR YOUR FREE CATALOG! 

DEALER INQUIRIES INVITED. 



Continued from page 2" 
a natural for front panels. It is easily 
routed to shape, provides a somewhat 
resilient mounting surface to decouple 
the drivers slightly from the cabinet, and 
provides a nonreflective front panel of 
a rich appearance. Exotic plywood is a 
name for extremely dense particle board 
with a thin veneer of real wood. Not be¬ 
ing a professional woodworker, I found 
it easier to work with this material than 
to apply veneer to raw particle board. 
I screwed all drivers in place and 

sealed them with silicone. I made the 
grille frame from by %" quarter 
round molding, which barely projects 
(Vie") above the cork, providing rounder 
edges to avoid reflections of high fre¬ 
quencies. The rear panel is l/2" particle 
board. The front panel size is similar to 
the one I used to test the midranges, to 
avoid response irregularities due to dif¬ 
fraction effects. 

Simple plastic flower pots were used 
for rear acoustic suspension enclosures. 
They are inexpensive and come in many 
sizes. Besides providing nonparallel 

TABLE 6 

BASS MODULE MATERIAL LIST 

(Two per stereo pair) 

1%s" exotic plywood 
(veneer-faced particle board) 
top: 14%" X 14%" 
bottom: 12%" x 14%" 
sides (2): 14%" x 275/16 " 
duct: 4%6" x 59/16 " 
front/back (1 each): 12%" x 26%" 
large divider: 19" x 12%" 
small divider: 12%" x 127/i6" 

%" particle board 
10%" x 13%" 

%" square cleats 
cut to suit, sealing all joints 

Vs" quarter round trim 
two pieces 

Miscellaneous hardware 
silicone caulking 
Radio Shack fiberglass 
white glue 
iron-on tape to match veneer 
spikes (optional for carpet) 
hot melt glue 
solder 
wood screws 

Crossover parts 
one gold-plated binding post 
one 10mH, 0.43ÍÍ, iron core inductor 
one 1mH, 0 34ÍÍ, air core inductor (optional, 

see text) 
one SPDT, center off, 120V AC, 5A 
one SPST, 120V AC, 5A 
two SEAS P21 REX-DD woofers 
one 20^F, 5% polyproplyene capacitor 
16-gauge stranded wire 

walls, they can simply be held in place 
with silicone glue, and require almost no 
labor. I used a small amount of Radio 
Shack acoustical fiberglass in each flower 
pot, melted a hole through the rear to pass 
leads, and sealed drainage holes with 
silicone. To avoid ringing of the thin 
flower pots, I filled the space around 
them with spray-in urethane foam to a 
depth of approximately 3". This provided 
extremely rigid, nonresonant enclosures, 
with no need to caulk the wood joints or 
provide more corner cleats than neces¬ 
sary for assembly. The enclosures sit on 
four rubber stick-on feet to isolate them 
from the woofer modules. 
The acoustic suspension woofer and 

bandpass subwoofer are housed in a 
common enclosure {Figs. 5a and b). Both 
acoustic suspension and bandpass enclo¬ 
sures provide a natural 12dB/octave roll¬ 
off below resonance and control of sub¬ 
sonic excursion, as well as subjectively 
good transient response. I chose the 
bandpass subwoofer to provide a selec¬ 
tion of bass contours, as well as for the 
reduced distortion provided by damping 
the cone in both directions. Also, the 
acoustic low-pass filter eliminates distor¬ 
tion products, providing a more fun¬ 
damentally pure sound. The vent is tri¬ 
angular to reduce self-resonance. 

I oriented the internal bracing at 45° 
angles to avoid standing waves and to 
rigidly brace the enclosure. I cannot 
overemphasize the importance of proper 
cabinet bracing and damping. Over the 
years, I have built two sand-filled de¬ 
signs, one of which was with very cheap 
drivers. Many people prefer the dead 
cabinets with inexpensive components to 
conventional cabinets with better drivers. 
This is one area where home builders 
can far outclass commercial designs— 
companies simply can't afford the time 
needed to build a "dead" enclosure. 
Sand filling, however, increases the 

time required to build the enclosures, the 
total weight, and the overall cabinet vol¬ 
ume. Hence, for these units, I thought 
it wiser to use heavy internal bracing 
and cleats in every corner. Sealing was 
accomplished by caulking all joints with 
"Mono" brand sealant. All material was 
again "/l6" exotic plywood, with an ad¬ 
ditional 1/2" particle board on the front 
panel around the woofer. 
Although the P21 REX-DD woofers 

provide excellent sound, they have bulg¬ 
ing surrounds, which make flush-mount¬ 
ing a problem unless the grille cloths are 
mounted away from the front panel. 
Since cavity resonances are not a prob¬ 
lem at the low frequencies involved in 
this design, I chose the V2" particle board 

surround. A simple perimeter of 'A" 
quarter round holds the grille in place. 
Stainless steel wood screws serve as 
spikes to couple the speakers to the floor. 
Lining walls of the acoustic suspension 
enclosure and the rear volume of the 
bandpass enclosure with fiberglass as 
well as some volume filling helps further 
reduce standing waves. 

RESULTS. In my obviously biased opin¬ 
ion and that of my close acquaintances, 
the sound is very good, even better than 
their prototypes. Even nonaudiophiles 
give unsolicited praise when listening to 
them. Of course, like most of this mag¬ 
azine's readers, I hope to build even bet¬ 
ter speakers with time. Meanwhile, these 
provide enjoyment for the entire family. 
In summary, remember the steps to 

success for the homebuilder: 
1. Define subjective design goals in 

terms of commercial speakers you like 
and specific sound qualities you find 
pleasing in five performances. 

2. Define objective goals in terms of 
cost, size, available design, construction, 
and testing instruments, and commonly 
accepted engineering criteria. 

3. Choose an enclosure configuration. 
Continued on page 90 
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System with a Kit from 
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Instructions for assembly — even a 
video tutorial. $ I I \\ 

Know your system from 
the Inside outl 

We also sell fully assembled systems 
from ALR®. Everex® and others, and 
specialize In hardware and software 
products for electro-acoustic design, 
desktop publishing, and graphics design. 

Call or write for our free catalog. 1 

IHI5 ISSUE'S SPECIALS 
Roland OXY11OO B-pen Plotter » 795 
Roland OXY12OO B-pen Plotter 51.OBO 
Everex 'Tempo' 3B6-SX Notebook 
Computer System $2,099 

Morse 17* Flat-Screen. 1024x768. 
Multi-Freq.. Non-Interlaced. 
Microprocessor Controlled. 
Super VGA Monitor 51.099 

ALJON SYSTEMS 
3943 E. Whitton Avenue 

Phoenix, AZ Ô5O1Ô-523O 

PHONE: 602/956-7650 
FAX: 602/954-6155_ 

Fut Rtply »HF1147 

Speaker Builder / 4/91 29 



OPTIMIZING TRANSMISSION 
LINE LENGTHS 

BY LARRY D. SHARP 

In recent years, many articles have ap¬ peared in SB concerning transmission 
line designs. While most have been in¬ 
formative, only a few have mentioned the 
obvious relationship between stuffing 
density and line length. A lack of math¬ 
ematical equations defining TL charac¬ 
teristics has probably kept many from 
attempting this type of speaker design. 

A certain amount of math is involved, 
but don't let the equations scare you. 
Work them through, and you'll see 
where I'm going. When you're finished, 
I think you will understand TLs better. 

THE MATH. Many builders calculate 
transmission line length using the follow¬ 
ing formula:1

1,130 ft./sec. 
=-/4 

fs (Hz) 

The length this method determines is 
correct for an undamped line. When the 
line is filled with a damping fiber, like 
wool or Acousta-Stuf® , it ceases to be an 
acoustical labyrinth and becomes a low-
pass filter. This requires an equation 
modification. We must find the speed of 
sound through fiber. 

The speed of sound through air at 0 °C 
is 1,087 feet per second. To find the 
speed of sound at any temperature, use 
the formula below:2

ABOUT THE AUTHOR 
Larry Sharp is the owner of Mahogany Sound in 
Mobile, AL. He has been involved in audio since 
1966 when he built a Carlson enclosure for his 
hi-fi system. He served in the Navy as an elec¬ 
tronics technician during the Vietnam War, then 
spent seven years as a broadcast engineer. Today, 
he also works as a process control technician in 
the pulp and paper industry. He is married and 
has two children. 

1,087 X V273 + t°C 
c = -

16.52 

1,130 1,130 
- = - = 339 ft./sec. 
VffT 3.33 

Since 72 °F = 22.3 °C, you can see that 
the speed of sound at 72 °F is 1,130 feet 
per second. 

Bradbury's equation for the speed of 
sound through a fibrous material like 
wool or Acousta-Stuf follows:3

c 
c' = -- ■ — 

V1 + (Pa/P) 

where c' is the speed of sound through 
fiber, c is the speed of sound through air 
at 72°F (1,130 ft./sec.), Pa is the density 
of the stuffing material (0.5 lb./ft.3), and 
P is the density of air at 72 °F (0.0745 
lb./ft.3). 

In the Loudspeaker Design Cookbook, 3 

Vance Dickason lists the density of air 
as 1.18 kg./cubic meter (0.0736 lb./ft.3), 
which is correct for 76 °F. However, I 
am attempting to standardize all values 
at 72 °F for the convenience of using the 
1,130 ft./sec. speed of sound. 
Bradbury's equation using a stuffing 

density of 0.5 lb./ft.3 of fiber provides the 
following results: 

And 1 lb./ft.3 is: 

1.130 
c' = - -

V1 + (1 / 0.0745) 

1,130 1,130 
= — 1 = - = 298 ft./sec. 
V14.4 3.80 

Now, instead of 1,130 ft./sec., replace 
XXX in the formula below with speeds 
of 408, 339, and 298 for quarter wave¬ 
length tines: 

XXX ft./sec. 
-/ 4 = L' 

fs (Hz) 

This lets you calculate tine length at 
various cutoff frequencies. Table 1 and 
Fig. 1 indicate the length of transmission 
lines at frequencies from 20-50Hz and 
stuffing densities of 0.5, 0.75, and 1 
pound per cubic foot of enclosure vol¬ 
ume. 

1,130 
c' = -

V1 + (0.5 / 0.0745) 

1,130 1,130 
- = - = 408 ft./sec. 
V7.71 2.77 

Now try 0.75 lb./ft.3: 

1,130 
c' = -

V1 + ( 0 .75 / 0.0745) 

DESIGNING YOUR TL. Now that 
you've done the math and see the re¬ 
sults, you may question those numbers. 
After all, can you really expect a 50" long 
line to go down to 25Hz? Using a woofer 
with a low fs, I don't see why this fig¬ 
ure can't be met. If you don't trust the 
equations, add 25% to your TL; it won’t 
hurt anything. 
The other considerations you should 

look at are woofer QTS and cross-
sectional area of line. After selecting a 
woofer, consult Table 1 for an appropri¬ 
ate line length. Use a minimum cross-
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TABLE 1 

QUARTER WAVELENGTH TRANSMISSION LINE LENGTHS 
USING BRADBURY’S EQUATION 

Freq. 0.5 lb./ft.’ 0.75 lb./ft.’ 1 lb./ft.’ 
(Hz) 408 ft./sec. 339 ft./sec. 298 ft./sec. 
20 5.10 61.2 4.24 50.9 3.72 44.6 
25 4.08 48.9 3.39 40.7 2.98 35.8 
30 3.40 40.8 2.82 33.8 2.48 29.8 
35 2.91 34.9 2.42 29.1 2.12 25.4 
40 2.55 30.6 2.12 25.4 1.86 22.3 
45 2.26 27.1 1.88 22.6 1.65 19.8 
50 2.04 24.5 1.69 20.3 1.49 17.9 

sectional area (CS1) behind the woofer 
at least 25% greater than the effective 
cone radiation area (SD). Most 8" woof¬ 
ers have an SD of about 33.3in?, so a 
minimum of 42in? would be good. 
John Cockroft4 recommends increas¬ 

ing the cross-sectional area of a TL for 
stuffing densities above 0.5 lb./ft?, so to 
use the 0.75 lb./ft? or the 1 lb./ft? den¬ 
sity lengths from Table 1, you probably 
should increase the minimum cross-sec¬ 
tional area by 40-60% greater than SD, 
respectively. 
John also addresses the issue of driver 

Qts- He believes a shorter line should 
use a woofer with a higher Qre. Lines 
longer than 41" can use a Qre of 0.4 or 
less, while lines 25-40" long should use 
a woofer Qre of 0.4-0.6, and for lines 
shorter than 24", a Qre of 0.6-0.75 
should work well. 

In several issues of SB, readers have 
commented on the equations that Mr. 
Cockroft developed for "The Unline." 
On page 83 of SB 3/90, he made a state¬ 
ment we all should read. He simply says, 
"Consider the article a road sign: it 

points out the direction, but it doesn't 
walk the road for you." 

I agree with his statement. Don't let 
the fear that you may not know enough 
about transmission lines stop you from 
proceeding with what will probably turn 
out to be the most satisfying speaker 
project you ever attempt. Sit down with 
a pad of quadrille graph paper, and us¬ 
ing the tables and equations that have 
appeared in these articles, make a scale 
drawing of the ideas that come into your 
head. Then, cut the wood and build your 
TL design. You will probably be amazed 
at how good your transmission line 
speaker system sounds. 

WHETHER TO TAPER. Some articles 
have recommended maintaining a con¬ 
stant cross-sectional area along the en¬ 
tire length of a transmission line.1'5 
While this works well, I must point out 
that lines with parallel wall surfaces will 
invariably cause standing waves and res¬ 
onances to occur somewhere along the 
length of the line at various frequencies. 
Several articles have recommended 

Frequency In Hertz 
O .Blb/d 4 .7M>/ct A 1lb/cf 

FIGURE 1: Transmission line length using 0.5, 0.75, and 1 lb./ft? 

tapering the line,6-8 and I believe this is 
the ideal approach. Tapering a TL elim¬ 
inates the possibility of major resonances 
and standing waves, which slightly im¬ 
proves the efficiency of your TL and re¬ 
duces the enclosure's overall size. In fact, 
the TL design shown in A.R. Bailey's 
original article9 was a tapered line. 
Taper the line to no less than 50-60% 

of SD at the terminus area. You can 
taper a TL continuously by using angled 
baffles so only the side walls of the box 
are parallel, or you can taper in pro¬ 
gressively smaller steps as Craig Cushing 
did with his compact TL subwoofer.8

FIBER'S ACOUSTIC PROPERTIES. 

A damping material inside a speaker en¬ 
closure absorbs midrange reflections that 
would otherwise bounce around inside 
the box and cause secondary emission 
from the driver cone. Without damping 
material, a speaker will be loud and col¬ 
ored in the midrange. In a transmission 
line, the damping fiber acts as a low-pass 
filter that eliminates all frequencies but 
the deepest bass. The woofer's output in 
the lower octaves is reinforced by the out¬ 
put at the terminus. 

Most audiophiles agree that wool out¬ 
performs polyester as a damping mate¬ 
rial, and those who have tried Acousta-
Stuf swear this is far superior to wool. 
But what makes one fiber sound better 
than another? The answer lies in basic 
physics. 

Sound consists of a complex series of 
waves composed of compression and 
rarefaction of air molecules caused by 
the vibration of the speaker cone. 
[Among other things.—Ed.] The surface 
area of a damping material greatly deter¬ 
mines what the material's absorption 
coefficient will be. A fiber with more 

Continued on page 90 
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UPGRADING 
A BRONCO’S SOUND SYSTEM 

BY DAN FERGUSON 

When a co-worker, Steve, pur¬ 
chased a new Ford Bronco with 

a premium sound system, I was in¬ 
terested in hearing what Ford had been 
doing for Bronco sound. After a parking 
lot audition, I concluded the system could 
be described as "inoffensive.'1 Not wish¬ 
ing to insult the proud new owner, I sug¬ 
gested he listen to the relatively inexpen¬ 
sive system in my humble 1980 Toyota 
pickup. After hearing the dramatic dif¬ 
ference, he began to consider the possi¬ 
bilities and costs involved. Over a period 
of time, we developed a design for a 
system upgrade that met his needs at a 
total cost for materials of $400. 

Eventually, the system was an unqual¬ 
ified success. I say eventually because it 
took two modification sessions to achieve 
the final result. In the end, however, the 
system sounded wonderful and Steve 
was pleased with the results. 
For me, the fun was in designing an 

upgrade for yet another vehicle applica¬ 
tion I had not seen before. The experience 
was even more enjoyable because this 
type of system was not commercially 
available at any price, let alone the mod¬ 
est cost of the upgrade. 

STARTING POINT. Original equip¬ 
ment in the Bronco consisted of a high-
quality DIN-sized (flat face) dash unit and 
four speakers. The front drivers were 
round, 4l/2" diameter units with whizzer 
cones mounted in the upper forward 
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quadrant of the doors—a preferred loca¬ 
tion. The rear 6" by 8" oval drivers were 
mounted in an equally good location in 
the walls approximately 210 ' behind the 
front seat and approximately 18" above 
the rear floor—nearly the same elevation 
as the fronts. Because of these favorable 
speaker locations, stereo imaging and bal¬ 
ance was very good, much better than 
dash and package shelf setups in most 
sedans. 
The Ford deck has the following fea¬ 

tures: AM/FM stereo radio with seek and 
scan; 5W/channel x 4; Dolby-B tape 
noise reduction; auto-reverse tape trans¬ 
port with buttons for tape direction, fast-
forward, and reverse; LCD displays; 
clock; and bass, treble, volume, balance, 
and front-rear fader. The sound of this 
equipment was, as I said earlier, inoffen¬ 
sive. The single most descriptive word 
would be "smooth." I heard no trace of 
harshness when boosting the treble to 
compensate for the lack of tweeters. The 
original oval speakers have very good 
(perhaps even prominent) midbass, giv¬ 
ing the impression of real bass. After a 
thorough listening test, during which I 
played all my favorite test tapes, I was 
convinced the system had good potential 
for upgrading. 

UPGRADE DESIGN. The first step in 
any upgrade is to understand the objec¬ 
tives. Here are the ones Steve and I de¬ 
veloped for his Bronco: 
• No interior vehicle modifications. 
• System must be attractive and comple¬ 
ment interior design. 

• Cargo space utility must not be ad¬ 
versely affected. 

• Budget limited to $500. 

MAIN SPEAKERS. The first step in de¬ 
signing a quality autosound system is to 
determine which components you can 
save and reuse. I was certain we would 
retain the factory deck, but we had some 
work to do to check out the speakers. 
Because the Bronco's front door¬ 

mounted speakers were difficult to re¬ 
move and the rears easy, we chose to base 
most of our decisions on evaluations 
made on the rear speakers. Also, the 
front and rear speaker's basic sound is 
quite similar. Finally, the owner (under¬ 
standably) chose to not remove the front 
door panels unless absolutely necessary. 
(We didn't find it necessary.) Four screws 
later, I was holding an impressive-look¬ 
ing 6" by 8" driver. It was fairly heavy, 
especially for original equipment, and 
had a paper cone with cloth roll sur-



PHOTO 1: Finished front tweeter installation. 

round and a whizzer cone for improved 
high-frequency response. 
We unplugged the leads, attached my 

signal generator, and set the driver back 
in its mounting hole. Using a Radio 
Shack sound level meter placed on the 

PHOTO 3: Finished left subwoofer cabinet. 

PHOTO 4: Nearly complete right subwoofer 
cabinet with power amplifier. 

PHOTO 2: Finished rear tweeter installation. 

center console, we developed the in-ve-
hicle frequency response shown in Fig. 
1. The graph, however, bears little re¬ 
semblance to what I thought I was hear¬ 
ing as it wasn't very smooth. In general, 
vehicle space resonances color speaker 
frequency responses, which perhaps was 
the case with the Bronco. As you will see 
later, it became a major factor in tun¬ 
ing the upper-bass response. In any case, 
the original factory speakers sounded 
considerably better than the frequency 
response graph indicated. One last "ex¬ 
cuse" for the frequency response irreg¬ 
ularities could be because my measure¬ 
ment equipment is crude at best. 

Having made enough excuses for the 
data, I trusted my ears and opted to re¬ 
tain the original rear drivers. It followed, 
then, that we would add tweeters to the 
rear units. We needed to make a similar 
decision about the front speakers. We 
were running out of time at this first ses¬ 
sion, and the only way to get to the front 
speakers' leads for testing was to pull the 
deck. Again, relying on my ears, I elected 
to at least try to retain the original front 
speakers and add tweeters there also. 

ADDING TWEETERS. For cost effec¬ 
tiveness, great sound, and ease of in¬ 
stallation, I selected the venerable Poly-
dax TW-60S, in wedge mounts, supplied 
with 5.5^F Mylar caps. We installed 
these on the front door panels and rear 
walls as shown in Photos 1 and 2. Up 
front, we attached the tweeters to the 
plastic door panels with a single sheet 
metal screw and a drop of silicone caulk. 
In the rear, we attached them with one 
of the existing speaker mounting screws. 
This limited interior modifications to two 
small holes drilled in the front door 
panels. 

SUBWOOFER CONFIGURATION. 

Next, we determined where to place the 
subwoofers. I had a preconceived notion 
they would fit under the rear seat. How¬ 
ever, after examining that area, I con¬ 
cluded that nothing would fit there, as the 
seat sits flat on an elevated floor plan. 
Also, the only convenient place to mount 
the power amplifier(s| was the large con¬ 
sole, which would reduce the storage 
area. It also had the potential to generate 
excessive heat from the powertrain. 

I retreated to the cargo area. We also 
had to overcome problems here as the 
volume was quite large compared to the 
driver's space. This created the possibil¬ 
ity for poor acoustic coupling to the front 
of the vehicle. Then the system would 
have the typical problem of projecting 
cleanly past the large, rear seat, which 
would subdue bass attack. Finally, a tra¬ 
ditional box system would occupy much 
of the cargo area, which was also objec¬ 
tionable. 

Sitting in the driver's seat, I noticed a 
large gap between the rear seat back and 
the vehicle side walls. By building two 
shallow cabinets and mounting them 
vertically, a vertical slot-loaded design 
could project cleanly through the gap in 
this location. Since there seemed to be 
no other good prospect, we settled on 
this design. It turned out to be a good 
choice. 
The Bronco cargo area has two trape¬ 

zoidal recesses in both rear side walls. 
The available net volume there, however, 
was only 200 in? We decided to use that 
volume as part of a larger enclosure as 
it permitted reducing cabinet depth by 1 

Since the wheel wells intruded into the 
compartment, we would make the cab¬ 
inet the same depth. Doing rough math 
ahead of time, we set the tailgate, side 
window sill, and wheel well as natural 
boundaries for the cabinets. The shape 
of the cabinets, after a series of trial-and-
error attempts, became a pair of trape¬ 
zoids—a smaller trapezoid to fit inside 
the vehicle wall recess and a larger one 
for the main cabinet. Aesthetically, this 
suited the Bronco well. Photo 3 shows 
the final results. 
To be sure our measurements were 

correct and the cabinet design looked 
right, we installed full-size cardboard 
mock-ups. The right side cabinet included 
additional space to house the relatively 
large power amplifier since no other lo¬ 
cation was available {Photo 4). 
Luckily, the cabinets had sufficient 

space to accommodate my favorite sub¬ 
woofer design, a Thiele/Small sixth-order 
alignment. Through some tight maneu¬ 
vering, we directed the ports and slot-
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PHOTO 5: Left subwoofer cabinet with top removed. 

alignment tables2 is = 1.814, with a 
characteristic frequency of 31.8Hz. How¬ 
ever, as you will see later, we altered this 
significantly due to the large vehicle res¬ 
onance at about 43Hz. 
The recommended subwoofer filter 

sums both right and left channels and 
provides a mono output to the power am¬ 
plifier. It also has a low-pass filter with 
adjustable crossover frequency. This fea¬ 
ture, along with adjustable gain, lets you 
obtain a seamless blend between the sub¬ 
woofer and the vehicle's main speakers. 
Because of the input configuration, you 
can use the filter on either high- or low-
level signals from the dash unit. The cir¬ 
cuit topology is plain vanilla—straight out 
of Walt Jung's book.3 All parts are stocked 
at Radio Shack. (A handbuilt prototype 
is available from the author for $75.) 

loaded speakers to fire in the same direc¬ 
tion through the gaps between the rear 
seat back and vehicle side walls. To fa¬ 
cilitate pressure-coupling the woofers' 
front wave to the slots, I designed a baf¬ 
fle to seal off the woofer's rear and bot¬ 
tom, Photos 5-7. I chose the Madisound 
81524 DVC woofers for this alignment. 
These speakers with porous dust caps 
have a loss factor (Q¿) of about 5 (rela¬ 
tively high); but in a T/S sixth-order 
alignment, they have an f, of 32Hz in a 
0.7 ft3 box. At $25 each, they are an im¬ 
pressive bargain. 

Figure 2 shows final box details. Since 
the net box volume is approximately 6% 
less than theoretical, I increased fB to 
34Hz and planned to do an in-vehicle 
tuning of the electronic filter for a - 3dB 

point of about 34Hz as well, or less 
depending on the results. 

THE ACTIVES. For electronics, we 
would use only two components (I 
thought)—one of my handbuilt sub¬ 
woofer filter/crossovers and a single 
power amplifier. For the latter, I chose 
a 65W RMS per channel Hi-Comp model 
HCB0865 from Crutchfield. Although it 
is unfortunately not in their current cat¬ 
alog, it is an absolute best buy at $130, 
considering it is a full-featured unit with 
a 0.05% THD rating at full power. 

The subwoofer filter construction de¬ 
tails, shown in Killer Car Stereo on a 
Budget,' are beyond the scope of this ar¬ 
ticle. The theoretical tuning for the fil¬ 
ter's high-pass section from Bullock's 

BOOSTER AMPLIFIERS. During my 
initial listening tests, I determined that 
external power amplifiers (or boosters) 
were unnecessary for the main speakers 
as the original system played loudly and 
cleanly. It had far greater output than the 
owner would ever require. However, we 
later found that the capacitor-coupled 
outputs from the Ford deck limited low-
bass response to 50Hz. Eventually we 
added an 18W/channel Hi-Comp, model 
HCB-8036 to the rear channels to pro¬ 
vide a 1009 dummy load for the deck's 
1,000/xF output capacitors. This extended 
the rear channel's bass response nicely 
and provided the proper signal content 
for the input to the subwoofer filter. This 

PHOTO 7: Completed subwoofer cabinets ready for mounting. PHOTO 6: Front of right subwoofer cabinet. 
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modification increased the system cost 
by only $50. 

CONSTRUCTION. When all materials 
were on order, except the small power 
amplifier for the rear speakers, it was 
time to go to work. We spent one after¬ 
noon cutting out the pieces for the two 
subwoofer cabinets. Starting with a 4' by 
8' sheet of %" high-density particle 
board, we were eventually left with two 
piles of relatively small pieces and al¬ 
most no waste. Since we didn't plan the 
cut sequence ahead of time, we have no 
record of what we actually did, so be 
prepared to run out of material if you're 
not careful. 

The next day, Steve spent eight hours 
dry-fitting all the pieces and determin¬ 
ing the relative location of the subenclo¬ 
sures on the main enclosures. It took 
another four hours to disassemble the 
enclosures, cut the openings with a saber 
saw, and reassemble them with copious 
amounts of Elmer's glue. (We attached 
the cabinet tops with only silicone caulk 
and screws to permit removal if we 
needed to access the speakers.) After the 
glue dried, we routed most of the cabinet 
edges, as shown in Fig. 2 and the photos, 
to facilitate carpet installation. 

Next, we lined the cabinets with fiber-
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/ = [(23.0 - 0.75 - 0.75)(18.25 - 0.75 - 0.75) - (0.5)(8.25 - 0.75)(8.0 - 0.75)1(3) 
/ “ [(21.5)(16.75) - (0.5)(7.50)(7.25))(3) = (360.13 - 27.19)(3) = (332.94)(3) - 998.8 in? 

/ Volume (V,) 
L- = [(17.75 - 0.75 - 0.75)(9.25 - 0.75 - 0.75) - (0.5)(5.25 - 0.75)(4.5 - 0.75)](2) 

= [(16.25)(7.75) - (0.5)(4.5)(3.75)](2) = (125.9 - 8.4)(2) - (117.5)(2) = 235 in? 
Total Volume = 998.8 + 235 = 1,233.8 in? = V, 

FIGURE 2: Subwoofer cabinet details. Port dimensions equal 2" diameter by 8" long. 

glass from Radio Shack and installed the 
speakers, wiring, ports, and terminal 
cups. We sealed the ports and cups with 
silicone caulk and installed the speakers 
with #8 X 1 " panhead sheet metal screws 
and Mortite rope caulk. 

WIRING. Steve ran wiring in the Bronco 
as listed below: 
• One #10 (red) from the fender-mounted 
starter relay ’'hot" terminal through 
the firewall and along the right door 
sill to the rear cargo area. 

FIGURE 3: System schematic. 
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PHOTO 8: Tweeter wiring ready for hookup. 

• One #10 (black) from an electrical 
chassis ground strap terminal under 
the hood—same routing as the red. 

• Three #18 red and black pairs from the 
dash to the console. 

• One #18 green pair from the dash to 
the console. 

• Two #18 red and black pairs from the 
console to the rear cargo area. 

• One shielded cable from the console 
to the rear cargo area. 
After mounting the various compon¬ 

ents, we installed the interconnecting 
wiring (Fig. 3). Removing the radio (or 
deck unit) was quite easy. The entire trim 
plate for the radio and heater controls 
pops off under gentle prying and the radio 
is secured with four sheet metal screws. 

Wiring the front tweeters was difficult 
since Steve elected not to remove the 
door panels and risk rattles. Instead, he 
carefully pried off the power door lock 
escutcheon plates and the rubber cable 
boots in the lower front door edges and 
fished a red/black #18 pair down through 
the door panels to the rubber cable boot. 
We made a parallel, soldered (as always) 
splice to the front speaker leads in very 
close quarters in the rubber boot area. 

We filed a notch in the front edges of 
each power door lock plate large enough 
to accommodate the #18 zip cord. When 
we snapped the lock plate and rubber 
boot back in, the wiring installation was 
invisible except for the protruding leads 
(Photo 8). All internal wiring, including 
the tweeter's capacitor, was hidden in¬ 
side the wedge. Photo 1 shows the fin¬ 
ished installation. 

Wiring the rear tweeters was much eas¬ 
ier. Removing four sheet metal screws 
puts the rear 6" by 8 " ovals in your hand 
with plenty of slack in the wiring to make 
a hookup. We removed the drivers from 
their grilles and drilled two small holes 
in each one's plastic mounting ring so 
the tweeter leads could pass between the 
ring and the plastic grille. We then in¬ 
stalled a pair of 20-gauge wires in each 

side and spliced into the factory speakers 
leads (Photos 9 and 10}. 
Looking at the response curve, you 

can see that the rear speakers have sig¬ 
nificant output above 7kHz, the tweet¬ 
ers' crossover point. A pair of O.lOmH 
chokes were readily available and since 
this was approximately the correct val¬ 
ue, I installed them in series with the 
rear speakers. Subjectively, Steve and I 
agreed it made the rear speakers sound 
smoother, so we used them. 

After soldering and taping all connec¬ 
tions, we reassembled the rear drivers 
and tweeters. Note to all speaker build¬ 
ers: given no time constraints, I would 
have done a more rigorous crossover 
design including impedance plots, Zo¬ 
bels, and so on. If you attempt a similar 
mod, this design has plenty of room for 
refinement. 

INITIAL TESTING. We powered up 
the system after each modification to en¬ 
sure we'd made no errors, and if we had 
to correct them before proceeding to the 
next step. The hookup, however, was 
fine. With all circuits roughed in and the 
uncarpeted cabinets lying on the floor, we 
had again run out of time; Steve used the 
system for a week while he decided how 
to secure them vertically to the cargo 
walls. Eventually, he removed the plastic 
window trim molding and found suitable 
body anchor points. Then, using alumi¬ 
num angle material, he attached the 
cabinets at the top, bottom, and front 
with sheet metal screws. 
Prolonged listening tests revealed a 

substantial dip in the upper bass. Clean, 
low bass was over-abundant; however, 
upper bass was weak and lacked attack. 
This was especially evident on kick 
drums; the slap was not there. 

Back in my shop, we ran a frequency 
response test on the filter/subwoofer sys¬ 
tem using a signal generator, frequency 
counter, and Radio Shack sound level 
meter. Figure 4 shows the results. While 
the subwoofer had sounded smooth in 
the shop earlier, it now had an irregular 

TABLE 1 

ITEMIZED COSTS 

Hi-Comp HCB-865 power amp $130 
Hi-Comp HCB-8036 power amp 40 
Madisound 81524 DVC woofers 50 
Polydax TW-60 W/wedge mounts 40 
Audo Sound Lab subwoofer filter 75 
Particle board 10 
Wiring, glue, screw, and so on 50 

Total $395 

PHOTO 9: Tweeter wiring installed in rear coax 
spacer. 

response with a large peak at 43Hz fol¬ 
lowed by a dip at 65Hz. I had no expla¬ 
nation for this until I later read Tom 
Nousaine's article "The Battle of the 
Boxes."4 Using a Ford Aerostar Van as 
a test vehicle for comparing four full¬ 
range box systems, Mr. Nousaine en¬ 
countered similar response anomalies. 
While free-air tests of the boxes were rel¬ 
atively smooth, the in-vehicle's bass re¬ 
sponses were all similar to the Bronco's. 
Also, the April 1990 issue of Voice Coil 
reports the same findings for sedans.5

By trial-and-error tuning, I improved 
the subwoofer's response to the solid 
curve in Fig. 4. This was audibly super¬ 
ior, but still less than perfect. The final 
filter setting was Q, = 0.69 at 50Hz, 
but this was partly because I ran out of 
pot range and time. I believe a pot value 

PHOTO 10: Rear speaker ready for tweeter 
installation. 
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FREQUENCY (Hz) 

FIGURE 4: Bronco’s subwoofer response. 

change to lower the filter's Q to about 
0.50 will yield further system improve¬ 
ment, a modification we are planing to 
do. Because the Ford factory speakers 
had prominent midbass, it also became 
necessary to cut the bass control about 
20% to create natural-sounding male 
voices. 

While all these changes produced pos¬ 
itive results, the system still had insuffi¬ 
cient midbass attack, which I concluded 
was due to the capacitor-coupled Ford 
deck. It took a trip to the local authorized 
repair center to look at the deck's sche¬ 
matic. Sure enough, it showed the stand¬ 
ard pair of dual IC power amplifier chips. 

However, where many other designs use 
these chips in bridged, direct-couple 
pairs, Ford has opted for four indepen¬ 
dent output channels. Without the benefit 
of bridging, the biased outputs must have 
series-coupling capacitors to function. 
The math dictates that a 1,000/zF capaci¬ 
tor connected to the 3.20 speaker yields 
an f3 of 50Hz. 

The final step of installing the Hi-Comp 
booster amp for the rear main speakers 
was successful. Bass attack was now 
quite natural, while everything else 
stayed the same. The bottom line is that 
this upgrade sounds very good. It has 
plenty of headroom, smooth highs, and 

extended lows. The Ford deck is a nice 
piece of equipment and sounds like it, 
now that it has been unleashed. 
Two final notes: After extended use, 

Steve liked the 18W booster amp's im¬ 
proved punch so much he installed one 
on the front channels as well and re¬ 
ported improved clarity and front sound 
staging. Ford owners should plan to in¬ 
stall a four-channel booster amp or two 
stereo amps as the best configuration for 
upgrading one of these systems. That 
will certainly be my approach on future 
Ford upgrades. 
The Bronco's bass response dip is ap¬ 

parently a common problem and looks 
like a good candidate for a parametric 
equalizer. I suppose it's time to get back 
to Jung's op amp books and dust off the 
breadboard. 
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TECHNICA/PEERLESS/TAD/KLH/BOSE/TANNOY/CLAIR BR0S./YAMAHA/SHDWC0/MTX/R0CKF0RD-
CARB0NEAU/PEAVEY/0HM/TURB0S0UND/AR/M&K/RAMSA/J0INER-R0SE/MSI/NHT/ALPINE/ 
KRACD/MATSUSHITA/SONY/APOGEE/KLIPSCH/UNITED SPEAKER/LUCAS FILMS/STUDER REV0X/ 
MARTIN-LOGAN/STILLWATER DESIGNS/JENSEN/KSC/WALD0M/AUDI0 CONTROL/HARTKE/TANDY 

SOFTWARE FOR THE PC/AT/386/486/PS2 MS-DOS SYSTEMS FROM 5295 TO S895 

Audio Teknology Incorporated 
7556 SW BRIDGEPORT RD, PORTLAND. OR 97224 
USA TEL: 503/624-0405 FAX: 503/624-0194 

Fut Reply »HF32 
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A VERSATILE MOD 
FOR ALL MINIMUS 7s 

BY JAMES LIN 

Radio Shack's Minimus 7 has been 
a popular, inexpensive speaker sys¬ 

tem for the past ten years or more. Al¬ 
though quite good for the price, its de¬ 
sign contains problems that are obvious 
candidates for improvement. 
The basic speaker configuration has 

remained the same over the years and 
is shown in Fig. 1. As you can see, the 
tweeter has a 12dB/octave crossover at 
a nominal frequency of 2.5kHz, but the 
woofer is run full range. As William 
Hoffman noted {SB 1/88, p. 36), the lack 
of a woofer crossover means the woof¬ 
er's ragged high-frequency response is 
not rolled off and therefore interferes 
with the tweeter response, adversely af¬ 
fecting the sound. Also, the tweeter is 
about 3dB more efficient than the 
woofer, exacerbating the light tonal bal¬ 
ance expected in a speaker with a limited 
low-frequency response. 
On the surface, the solution would 

seem obvious: add a woofer crossover 
and pad down the tweeter. However, al¬ 
though the model number has remained 
unchanged, the Minimus 7 has under¬ 
gone several changes as various sources 
were used for the woofer, tweeter, and 
other parts. Such changes are common 
in any product with a long production 
life, as one source becomes unavailable 
or, in the best case, as component im¬ 
provements are incorporated into pro¬ 
duction [or cheaper vendors are used. —Ed.]. 

In many cases, substituted parts are 
simply chosen because they do not re-

ABOUT THE AUTHOR 
James Lin was a graduate student in physics before 
switching to medicine. He was an Oncology Fellow 
at Memorial Sloan-Kettering Cancer Center before 
moving to Galveston, TX, where he teaches med¬ 
icine. He has built several electronic kits and proj¬ 
ects from Audio Amateur and has written for 
Speaker Builder. 
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FIGURE 1: Stock Minimus 7 crossover. 

quire much, if any, redesign—for exam¬ 
ple, substituting the same value capacitor 
from a different manufacturer. In the 
case of the Minimus 7, the low cost 
would indicate that Radio Shack proba¬ 
bly has not redesigned the speaker, but 
has simply substituted "suitable" parts 
based on cost considerations. 
Given this, you can assume that, re¬ 

gardless of tweeter variations, the tweeter 
impedance in the crossover region has 
remained relatively stable and close to 
the nominal 80 value so it will interface 
reasonably well with the crossover. Un¬ 
fortunately, because of the lack of a low-
frequency crossover, the woofer imped¬ 
ance has no such constraint on variations 
aside from the nominal 8Í2 specification, 
and significant variations in woofer voice 
coil inductance can and do occur ("Mail¬ 
box," SB 6/89, p. 74). 

These variations require you to change 
any proposed woofer crossover. Since 
the woofer changes have not been ac¬ 
companied by a change in model num¬ 
ber, it is impossible to take a cookbook 
approach and say "use this crossover 
with this Minimus 7 and that crossover 
with that one." When I first suggested 
an article on modifying the Minimus 7, 
Editor/Publisher Ed Dell pointed out the 
numerous reports in SB of seemingly 
random variations in Radio Shack prod¬ 
ucts and concluded it was impossible to 
modify a Minimus 7 because "there is 
no such thing as a Minimus 7," or more 

precisely, several possible Minimus 7s 
hide under the same name. 

A GENERAL APPROACH. Having 
argued it is impossible to design a mod¬ 
ification for the Minimus 7, I will now 
propose a slightly more general approach 
to such a modification, which I believe 
you can apply to all versions of this 
speaker. Because of the woofer varia¬ 
tions, however, the modification requires 
that you make measurements on your 
speakers' woofer, as I will discuss below. 

Figure 2 contains my suggested modi¬ 
fication, which consists of three changes. 
First, I added a Zobel (a series RC cir¬ 
cuit) in parallel across the woofer. These 
components cancel the voice coil induc¬ 
tance, so the woofer/Zobel combination 
will have a flat, resistive impedance 
through the crossover that is approxi¬ 
mately the DC resistance. The Minimus 
7, specifically the woofer, has a nominal 
impedance of 8Í2, which means all ver¬ 
sions of the woofer should have a DC 
resistance of 6Í2, with only small varia-

FIGURE 2: Suggested crossover modification. 
See text for details on how to calculate R and 
C for the Zobel across the woofer terminals. 

TABLE 1 

MINIMUS 7 PARTS LIST 

3.3Í2, V2W carbon film 
12Q, V2W carbon film 
5W wire-wound resistor (see text) 
nonpolar electrolytic capacitor (see text) 



FIGURE 3: Setup for measuring speaker impedance. Adjust the amplifier volume control for 
an output of 10V across the 1kfi resistor when the speaker terminals are shorted out. Then 
hook up the speaker and measure the voltage across its terminals. A 10S2 impedance should 
give 100mV, a 200 impedance 200mV, and so on. 

tions. Thus, adding a proper Zobel across 
any version of the woofer will remove 
the problem of large variations in woofer 
impedance due to varying voice coil in¬ 
ductance, leaving only the small varia¬ 
tions due to differences in voice coil 
resistance. 
This allows the second change, the 

shift of the coil in the existing crossover 
from the tweeter circuit to the woofer 
circuit, to give a 6dB/octave rolloff in the 
2.5kHz range for all versions of the 
woofer. Since a low-order crossover is 
relatively forgiving of variations in com¬ 
ponents, the small variations in woofer 
voice coil resistance should not lead to 
any problems. The coil is shown in the 
negative leg of the crossover simply be¬ 
cause it is easier to implement this way. 
This change also reduces the tweeter 
crossover to 6dB/octave. 

For the third change, I added a 3.3 and 
12ß L-pad resistor combination to the 
tweeter circuit to reduce its efficiency so 
it would match the woofer efficiency 
more closely. This L-pad also reduces 
variations in the tweeter impedance, 
stabilizing the high-frequency crossover 
point; ‘/zW carbon film resistors will 
work fine. 

ZOBEL CHANGES. All these changes 
are cookbook except for the Zobel. As 

mentioned, the different woofers used in 
this speaker have varied in their coil in¬ 
ductances, and thus require different 
Zobels. To obtain the proper R and C for 
your speaker Zobel, measure the woof¬ 
er's impedance curve alone up to 7-
8kHz, along with its DC resistance. 
To make this measurement, use the 

setup in Fig. 3. If you do not have a sine 
wave generator, use a CD player and a 
CD test disc with spot sinewave frequen¬ 
cies to measure the impedance at various 
frequencies, then draw a smooth curve 
between them. R should be a 5W re¬ 
sistor with the closest value at or above 
the DC resistance; if the DC resistance 
is 5.9Í1, pick R = 6.2ÍL To obtain C, find 
the frequency (f) at which the impedance 
is 1.414 times the DC resistance and 
calculate C = YzrrRf. This is not a preci¬ 
sion calculation, and taking the closest 
standard capacitance will probably be 
adequate. 

If this lack of precision offends you, 
I will point out the above calculation as¬ 
sumes an overly simple resistor plus in¬ 
ductor model of speaker impedance. If 
you try to fit this model to the measured 
impedance curve at different frequen¬ 
cies, you will find that the calculated in¬ 
ductance easily varies by a factor of 50% 
or more. For my woofers, which have 
the same impedance curve as in Mr. 

FIGURE 4: Frequency response (using pink noise and Heathkit ’/2-octave analyzer at about 
10" with the speaker sitting on a tripod in the middle of the room) and impedance curve of 
the modified Minimus 7. 

Hoffman's article (SB 1/88, p. 36), I 
found R = 6.2Í1 and C = 22^F. I recom¬ 
mend using a 5W wire-wound resistor 
for R. 
A nonpolar electrolytic is inexpensive, 

adequate, and in keeping with the qual¬ 
ity of the drivers. You should solder the 
Zobel directly across the woofer termi¬ 
nals, avoiding the tips where the push-
on terminals fit. You may wish to con¬ 
firm the result by measuring the woof¬ 
er's impedance curve with the Zobel in 
place. 

THE FINAL TOUCHES. Implement 
the remaining changes at the crossover, 
which is contained on the plastic input 
terminal plate. Screws hold this plate in 
place inside the cabinet and you can eas¬ 
ily remove it once you have removed the 
drivers and fiberglass damping. The 
physical configuration of this piece has 
changed over the years, so a diagram of 
my crossover may not match yours. 
However, I suggest the following general 
procedure. 

First, locate all the crossover parts and 
terminals. Desolder the coil wire from the 
terminal where it connects with the ca¬ 
pacitor and the positive (blue) tweeter 
wire. Desolder the negative (black) 
woofer wire from the negative (black) in¬ 
put terminal and solder it to the free end 
of the coil. Insulate the junction with 
tape or heat-shrink tubing. Then, de¬ 
solder the capacitor where it connects 
with the positive (blue) tweeter wire ter¬ 
minal, and solder a 3.3Ü, 'AW resistor 
between the capacitor and the tweeter 
wire terminal and a 120, !6W resistor 
between this tweeter terminal and the 
negative input terminal. You may also 
wish to experiment with damping the 
cabinet with a thin layer of Mortite or 
Duxseal lining the inside. 
Now reassemble the speaker, taking 

care to ensure that the woofer and 
tweeter wires go to the correct drivers. 
(Recall that in the stock speaker, both 
black wires come from the negative in¬ 
put terminal, but in the revised cross-

Continued on page 90 
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SIMPLIFYING CABINET ASSEMBLY 
BY GLEN R. TRAVIS 

Learning is always easier when you 
can use the comments of others as 

guides for evaluating your own ques¬ 
tions. Here are a few of mine you may 
find helpful. 

MEASUREMENTS. Near-field mea¬ 
surements are suitable for mid and high 
frequencies, but will not give a true rep¬ 
resentation of low frequencies. If our ears 
were positioned where the near field 
microphone was, the measurements 
would almost be valid. It still wouldn't 
account for low frequencies coming from 
a cabinet's vent or port. 
Small speakers can look good when 

you take measurements a few inches 
from the speaker, but in a large room, 
the bass response ceases to exist. To 
have bass frequencies reproduced effec¬ 
tively at listenable levels in a large room, 
air in quantity must be moved. This re¬ 
quires that the small speakers have the 
same cone area as large speakers. It can't 
be. It’s a law of physics. I've never seen 
formulas that give the relationship of 
total air volume movement to room vol¬ 
ume for a specific frequency. A room 
must have a minimum volume and 
proper dimensional measurements, and 
your ear or other listening device must 
be positioned at a point where the re¬ 
flected and original frequencies will not 
cancel each other. 

CABINET VOLUME. Trying to mini¬ 
mize cabinet volume is like attempting 

ABOUT THE AUTHOR 
Glen Travis has a basic degree in chemistry, but 
his interests and further education have expanded 
his knowledge to include electronics, physics, 
photography, Indian history, organ, and local 
museum participation. His work effort was design¬ 
ing and testing aerospace and uranium concentra¬ 
tion equipment. Self-education never stops. He is 
retired and as busy as ever. 

to make a 4' organ pipe resonate the 
same as a 16' one. No one has accom¬ 
plished that feat yet. Even satellite speak¬ 
ers should be large enough to be used 
alone. Any cabinet should be large 
enough with generous internal damp¬ 
ing—polyester stuffing—to have no res¬ 
onances of its own within its usable 
operating range. (Polyester filling is in¬ 
expensive and effective. Using plenty 
helps damp resonant peaks and makes 
the cabinet think it's larger.) 
More than an interesting octave of 

bass is lost by imagining that a 1 ft? cab¬ 
inet can give the bass response of a 4 ft? 
cabinet. Too much attention is given to 
trying to reach 40kHz. Often the useless 
comment is made, "It sure puts out a lot 
of bass for its small size." Using tone 
controls is only a partial solution. 

SPECIFICATIONS. The specifications 
we read are often the result of designer's 
or some advertising agent's imagination 
running wild. Words have always been 
cheap. Either make your own measure¬ 
ments of the components you plan to use 
or have someone with the proper equip¬ 
ment and know-how do it for you. Even 
name-brand drivers have been up to 
50% off on the stated impedance and up 
to 30% off on their free-air resonance 
point. 
A break-in period of several hours 

while operating a speaker at about 20Hz 
with 20W or more pumped in can some¬ 
times lower the free-air resonant point 
a few hertz. On some speakers I've had 
to cut part of the spider away. Yes, 
power handling capability is lost, but full 
frequency response was the important 
factor in that particular instance. 

Resistors, capacitors, and inductors 
have their tolerances—some up to 15% 
off. By the time you've determined the 
total error possible, your calculations 

have become a questionable guide. Mea¬ 
sure all your components first. Select 
those closest to the required values. Then 
put them in the circuit and measure the 
results. If necessary, change the parts to 
reach your design goal. 
One of the most amusing suggestions 

says, "After you've made your calcula¬ 
tions to four significant figures, add 
20-30% to the value to be on the safe 
side." That is not my idea of acceptable 
engineering. 

CROSSOVERS. Expecting off-the-shelf 
speakers and crossovers to match is a 
dream bordering on impossibilities. First 
you must measure the speaker imped¬ 
ance at the crossover frequency. It will 
probably need a resistance/capacitance 
compensating network connected in par¬ 
allel with the voice coil to keep the im¬ 
pedance constant if you cross over above 
200Hz. This is usually referred to as a 
Zobel circuit. Use at least a 12dB/octave 
slope. Then the speakers can perform at 
their designed best. Try to cover the 
voice range with one speaker. Leave the 
bass for one designed for bass and the 
treble for one designed for treble. These 
comments apply whether you are using 
either passive or active crossovers. 

With a pink noise source and a spec¬ 
trum analyzer or a signal generator with 
a decibel meter, you have a good chance 
of verifying your crossover design and 
matching efficiencies. Otherwise, you 
are depending on your own or someone 
else's wishful thinking. You often won¬ 
der if some manufacturers check their 
products. 

The use of a pink noise source and a 
spectrum analyzer can give you a good 
idea of where you can best place your 
speakers for what you would like to hear 
in your particular room. 
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My Best System 
This system consists of two 12" TA-
305s (available from Madisound) in an 
8 ft? cabinet for frequencies below 
180Hz. For midrange and treble, an 8" 
Vifa P21WO-20 is crossed over at 
2.5kHz with a Vifa D26TG-35 in a lYz 
ft? cabinet. I filled both generously with 
polyester fiber to dampen any cabinet¬ 
dimension reflections. Figure A shows 
the crossover network. Different speak¬ 
ers may require different values. You 
must measure them for operating and 
crossover impedances. 

A smaller and less expensive low-fre¬ 
quency system could use a single dual 
voice coil 15" Madisound 15254 DVC 
speaker in a 4-5 ft? cabinet. The same 
crossover (two| and two satellites 
would complete the full range require¬ 
ments. Using a ten-band equalizer can 
help compensate for variations in 
speaker efficiencies should they exist. 

To arrive at the above choice of speak¬ 
ers, I've bought and tested more 

FIGURE A: Crossover network. 

than 50 brands and sizes. My test equip¬ 
ment consists of a dual trace oscillo¬ 
scope, an audio frequency generator, a 
pink noise generator, a ‘/z-octave spec¬ 

trum analyzer, a calibrated microphone 
with decibel readout, an LCR meter, an 
AC millivolt meter, and a decade 
resistance. 

SPEAKER SELECTION. Deciding 
which driver to use is probably the 
hardest problem to resolve. Some of us 
have spent many dollars and much time 
trying to find the best speakers and how 
to improve on those we've collected. 
You hate to throw them away after you 
have checked their performance and 
found them to be not quite as perfect as 
their specification sheets indicated. 

Besides peaks in response, efficiency 
matching, power handling capabilities, 
price, and size, another problem is dis¬ 
tortion. If the cone moved as one piece, 
you would have acoustic magic. Dif¬ 
ferent surrounds, different spider mate¬ 
rials, different cone materials, and dif¬ 
ferential pressure loading between the 
voice coil and the cone edge add up to 
the sound you hear from a specific 
driver. 

You can easily identify harmonic dis¬ 
tortion by playing a single frequency 
from 100-500Hz into an unmounted 
driver while holding it close and perpen¬ 
dicular to your ear. In this position, the 
fundamental will cancel and the har¬ 
monics will predominate. A microphone 
positioned in the same place as your ear 
and a dual trace oscilloscope will show 
the harmonics in case a prejudiced lis¬ 
tener says he can't hear a problem with 
his favorites. The best thing to do is use 
distortion-free drivers. They do exist. 
Keep searching until you find them. 

One of the largest radio stores sells a 
three-way system with a 5" midrange 

driver that is a good example of a distor¬ 
tion generator. The cause is differential 
loading between the cone edge and the 
cone center at the voice coil. Poking 
holes in the center of the sealed dome 
relieves the pressure of trapped air and 
causes the distortion to disappear. This 
is a cost-free and effective fix. 
Some manufacturers reheve the pres¬ 

sure behind a sealed dome by venting 
the voice coil through the rear of the pole 
piece. Some vent through the voice coil's 
top sides along with a porous spider. 
Others vent through an open dust cover. 

LOW FREQUENCY DRIVERS. Two 
tens instead of a 12—two 12s instead of 
15. Why? The cost for two smaller units 
is usually less than an equivalent single 
larger one of the same efficiency. Two 
identical drivers automatically give a 3dB 
increase in volume. Plus, the bass reflex 
response time is shorter. To produce real 
bass, you must move air, which requires 
moving cone area a sufficient amount. 

CABINETS IN GENERAL. Never 
skimp on bracing. It prevents rattles and 
panel resonances. Also, keep the cabinet 
airtight to avoid creating air hissing 
noises. If you use braided wire to con¬ 
nect speakers and crossovers, the wires 
will not break from nicks and handling. 
Also, use screw-type terminals to con¬ 
nect the cabinet to the amplifier. Then 
mount the speakers as high above the 

floor as practical to eliminate floor¬ 
cancelling reflections. 

Finally, use solid thick cabinet panel 
materials and use all the speaker frame 
screw holes. Thin frames vibrate and leak 
air around their mounting edge. Having 
the midrange and tweeter in a cabinet 
or cabinets separate from the bass speak¬ 
ers will let you try different speakers, 
crossovers, and cabinets individually. Be¬ 
sides, some of us do change our hearing 
and ideas now and then. 

I ' ' ] 
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OLD COLONY SOUND LABORATORY 
LOUDSPEAKERS, VOLUME 1 BKAS1/1 
Raymond E. Cooke, editor $29.95 

From The Audio Engineering Society 's Anthology Series, 61 papers, cover¬ 
ing the years 1953 to 1977. written by the world's greatest transducer ex¬ 
perts and inventors on the design, construction, and operation of loud 
speakers. 1980, 448pp., 8 14 x 11 14, softbound. 

LOUDSPEAKERS, VOLUME 2 BKAS1/2 
Raymond E. Cooke, editor $29.95 

Also from The Audio Engineering Society’s Anthology Series, 49 papers 
from 1978 to 1983 by experts in loudspeaker technology, extending the 
work initiated in Volume 1 1984, 464pp., 8 14 x 11 14, softbound. 

LOUDSPEAKERS SET! BKAS/S 
Raymond E. Cooke, editor $53.95 

From The Audio Engineering Society's Anthology Series, both BKAS1/1 
(Volume 1) and BKAS1/2 (Volume 2) as above, at a savings of $5.95! 

MICROPHONES BKAS2 
Louis A. Abbagnaro, editor $29.95 

Sixty-three papers covering calibration and testing, general purpose 
microphones, directional microphones, miniature types, and associated elec¬ 
tronic circuits. From The Audio Engineering Society's Anthology Series 
1979. 392pp., 8 '4 x 11 '4, softbound. 

SOUND REINFORCEMENT BKAS3 
David L. Klepper, editor $29.95 

Seventy-three papers dealing with the significant aspects of the develop¬ 
ment of sound-reinforcement technology and its practical application to 
sound system design and installation. From The Audio Engineering Society’s 
Anthology Series. 1978, 339pp., 8 14 x 11 14, softbound 

STEREOPHONIC TECHNIQUES BKAS4 
John M. Eargie, editor $29.95 

From The Audio Engineering Society's Anthology Series, 67 articles and 
documents on the history, development, and applications of stereophonic 
techniques for studio technology, broadcasting, and consumer use. 1986, 
390pp., 8 14 x 11 14, softbound. 

SPICE: A GUIDE TO CIRCUIT SIMULATION BKPH2 
& ANALYSIS USING PSPICE $19.95 
Paul IV. Tuinenga 

Designed as a reference on PSpice for the design and analysis of analog 
circuits, this book clearly explains how to use the features of PSpice to solve 
common electrical and electronic problems, as well as some in nonelec¬ 
trical areas. Topics include DC operation, transfer functions, frequency 
response, and noise analysis. SPICE is an acronym for Simulation Program 
with Integrated Circuit Emphasis, and PSpice is a SPICE-derived simulator 
created by MicroSim Corporation. Companion software for the book is 
available (see below). 1988, 200pp., 7 x 9 !4, softbound 

SPICE BOOK/SOFTWARE SPECIAL! BKPH2/S 
$27.95 

Student-version software to accompany BKPH2 is available for both the 
IBM PC and Macintosh II. The PSpice program can simulate circuits of up 
to five nodes and ten transistors, with the parameters inserted by the user. 
Special BKPH2/S includes both the book and one software package at a sav¬ 
ings of $4.95! 

Software packages available (be sure to specify!): 
SOF-SPC1B5GD IBM PC 
SOF-SPC2B5GD IBM PS 2 
SOF-SPC1M3GD Macintosh II 

TIME DELAY SPECTROMETRY BKAS5 
John R. Prohs, editor $29.95 

From The Audio Engineering Society's Anthology Series, 32 articles of 
the works of Richard C. Heyser on measurement, analysis, and perception, 
reprinted from the pages of the Journal of the Audio Engineering Society 
and other publications representative of the field, including Audio magazine 
and that of IREE Australia. The anthology serves as a memorial to the author's 
work and as fundamental material for future developments in audio, and 
will undoubtedly provide the stimulus for expanded discussion 1988. 
280pp., 8 '4 x 11 14, softbound. 

AUDIO IN DIGITAL TIMES: BKAS6 
CONFERENCE PROCEEDINGS $34.95 

Forty-four papers presented by experts on digital audio at The Audio 
Engineering Society’s Seventh International Conference held in Toronto 
on 14-17 May 1989. Digital audio, from the history, basics, hardware, and 
software, to the ins and outs, was the topic of the conference. Illustrated 
with many figures and tables. 1990, 384pp., 8 14 x 11 !4, softbound. 

THE SOUND OF AUDIO: BKAS7 
CONFERENCE PROCEEDINGS $34.95 

Twenty-four papers presented by authors highly regarded in the engineer¬ 
ing community at The Audio Engineering Society’s Eighth International Con¬ 
ference held in Washington, D.C., on 3-6 May 1990. The topics were devoted 
to the progress of sound, including measurement, recording, and reproduc¬ 
tion. Textbook style, fully illustrated. 1990, ,384pp., 8 '4 x II 14, softbound. 

DIGITAL AUDIO: COLLECTED PAPERS BKAS8 
Barry Blessner, et al., editors $34.95 

First publication of papers presented at The Audio Engineering Society’s 
Premiere International Conference held in Rye, N.Y., on 3-6 June 1982, 
authored by the world’s leading experts in the application of digital tech¬ 
niques in the field of audio engineering. Twenty-five of the 27 papers are 
transcribed, edited, and published for the first time. Subjects include basics, 
converters, measurements, rate conversion, recording formats, error cor¬ 
rection, manufacturing, and applications. Includes a Soundsheet disk with 
audio demonstrations of digitally synthesized sounds. 1983,268pp .8 'A x 
1 1 '4 , softbound. 

MICROPHONES: TECHNOLOGY AND TECHNIQUE BKB3 
John Borwick $29.95 

Beginning with a brief history of the relevant technology, this book then 
goes on to explain the basic theory of acoustics, electricity, and magnetism 
The working principles and design of all types of microphones are explained 
in considerable detail, with examples of popular current models and descrip¬ 
tions of microphone accessories. The second half of the book provides guide¬ 
lines on the creative balance techniques tobe used for musical instruments, 
voices, and ensembles of all kinds, in both classical and pop music. Produc¬ 
tion methods are outlined both for studios and for on location, with notes 
on public address operations for live shows. Borwick is considered THE 
authority. United Kingdom, 1990, 241pp., 7 Yi x 9 14, softbound. 

THE ART OF ELECTRONICS BKC1 
Paul Horowitz, Windfield Hill $54.95 

Completely up-to-date with the latest technology and standards, this sec¬ 
ond edition features completely rewritten chapters on microcomputers and 
microprocessors, digital electronics, and low-power and micro-power design 
(both analog and digital). Many new tables have been added, including ones 
for A/D and D/A converters, digital logic components, and low-power de¬ 
vices. The quintessential electronics text and reference. 1989, 1100pp., 7 14 
x 10 1%, hardbound 
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ACOUSTICAL MEASUREMENTS BKAC1 
Leo L. Beranek $44.95 

Here is a completely revised edition of the famous text by the well-known 
authority, with more than half the pages and chapters revised or completely 
rewritten to cover new developments in acoustical instruments and mea¬ 
surement procedures, including sound and vibration meters, intensity meters, 
spectrum analyzers, recorders, computers, and noise measurement devices. 
1948, 1989. 841pp , 5 % x 8 44, hardbound. 

ACOUSTICS—AN INTRODUCTION TO ITS BKAC2 
PHYSICAL PRINCIPLES AND APPLICATIONS $37.95 
Allan D. Pierce 

This volume introduces the physical principles and theoretical basis of 
acoustics, concentrating on those concepts and points of view that have 
proven useful in applications and phenomena such as noise control, under¬ 
water sound, architectural acoustics, audio engineering, nondestructive 
testing, remote sensing, and medical ultrasonics. The text is supplemented 
by problems and their answers. 1981, 1989, 678pp., 6 'A x 9 14, hardbound. 

EXPERIMENTS IN HEARING BKAC3 
Georg von Bekesy $27.95 

Considered obligatory reading for all those who want to claim literacy 
in the auditory sciences, this classic on hearing contains many of the vital 
roots of contemporary auditory knowledge. 1960, 1989, 760pp., 6x9, 
softbound. 

ACOUSTICAL DESIGNING IN ARCHITECTURE BKAC4 
Vern 0. Knudsen, Cyril M. Harris $27.95 
This book is a comprehensive, nonmathematical treatment of architec¬ 

tural acoustics, completely revised with new illustrations and updated to 
eliminate obsolete materials. In handbook format, it covers all the general 
principles of acoustical designing and includes specific applications. 1950, 
1980, 408pp., 5 3/8 x 8 'A , softbound 

ACOUSTICS BKAC5 
Leo L. Beranek $27.95 

This volume is an indispensable source of practical acoustical concept 
and theory for acoustical and electrical engineers, scientists, and consultants, 
with new' information on microphones, loudspeakers and speaker enclosures, 
room acoustics, and acoustical applications of electromechanical circuit 
theory. 1954, 1986, 491pp . 6x9, softbound 

MARQUETRY AND INLAY: BKT21 
TWENTY DECORATIVE PROJECTS $15.95 
Alan and Gill Bridgewater 

Complete with 200 illustrations, a glossary, and an introduction to tools 
and techniques, BKT21 provides step-by-step directions for easy-to-do proj¬ 
ects This book gives woodworkers an opportunity to add a valuable new 
skill to their repertoire—inserting fine woods and decorative veneers into 
finished surfaces. 1989. 192pp., 7 x 10, softbound 

TONMEISTER TECHNOLOGY: RECORDING ENVIRONMENTS, BKTE1 
SOUND SOURCES AND MICROPHONE TECHNIQUES $19.95 
Michael Dickreiter 

Recently translated from the German by Stephen F. Temmer, this rare 
book for the first time provides an English-language reference integrating 
music and musical engineering. Used by the German Broadcasting System 
Technical Training Center as a text to train people who graduate from a 
music conservatory and opt to go into broadcast, TV, recording, or sound 
reinforcement engineering, this book will appeal to neophytes as well as 
professionals in the music and audio engineering fields. Profusely illustrated, 
with every other page illustrations 1984, 1989, 142pp ,6 x 9, softbound 

HEARING: ITS PSYCHOLOGY AND PHYSIOLOGY BKAC6 
Stanley Smith Stevens, Hallowell Davis $27.95 

This multidisciplinary book leads readers from the fundamentals of the 
psychophysiology of hearing to a complete understanding of the anatomy 
and physiology of the ear, including the relationship between stimulus and 
sensation. 1938, 1983, 512pp., 5 'A x 8 14, softbound. 

ELECTROACOUSTICS: THE ANALYSIS OF BKAC7 
TRANSDUCTION AND ITS HISTORICAL BACKGROUND $27.95 
Frederick V. Hunt 

This volume provides a comprehensive analysis of the conceptual develop¬ 
ment of electroacoustics, including the origins of echo ranging, the crystal 
oscillator, the evolution of the dynamic loudspeaker, and electromechanical 
coupling. 1954, 1982, 260pp., 5 '4 x 8 'A, softbound. 

VIBRATION AND SOUND BKAC8 
Philip M. Morse $27.95 

One of the most widely used texts and references on the science of acous¬ 
tics, this volume provides students and professionals alike with a broad spec¬ 
trum of acoustics theory, including wave motion, radiation problems, the 
propagation of sound waves, and transient phenomena 1936, 1981,468pp. 
6x9, softbound. 

ACOUSTICS/HEARING SPECIAL #1 BKAC/X2 
$49.95 

Your choice of TWO from BKAC3 through BKAC8, at a savings of S 5.95 ! 
Be sure to specify books. (BKAC1 and BKAC2 not eligible.) 

ACOUSTICS/HEARING SPECIAL #2 BKAC/X3 
$74.95 

Your choice of THREE from BKAC3 through BKAC8, at a savings of Î8.90! 
Be sure to specify books. (BKAC1 and BKAC2 not eligible.) 

TOTAL HARMONIC DISTORTION BKPB1 
-CARTOONS FROM STEREO REVIEW $7.95 
Charles Rodrigues 

This hilarious collection of 118 of the author's classic cartoons on audio, 
video, and music is the perfect gift and/or a wonderful conversation piece. 
Also featured are a foreword by William Livingstone and an illustrated 
autobiographical sketch by Rodrigues himself. One of a kind. 1988, 132pp., 
6 14 x 7, softbound. 

SHEET METAL HAND PROCESSES BKDE2 
Claude J. Zinngrabe, Fred W. Schumacher $18.95 

For help in building that special enclosure, this volume will prove indis¬ 
pensable, introducing the beginning sheet metal technician to basic instruc¬ 
tion in the properties and selection of metal and the processes performed 
with measuring and marking, bench, cutting, piercing, joining, and solder¬ 
ing tools. BKDE2 includes an excellent selection of illustrations, and every 
process is described in an easy-to-understand, step-by-step fashion. 1974, 
209pp., 7 14 x 10 %, softbound. 

CABINETMAKING, PATTERNMAKING, AND MILLWORK BKDE4 
Gaspar J. Lewis $34.95 

If making your own speaker cabinets has led you into woodworking, this 
book will be a great addition to your library. Designed for advanced high 
school, vocational, technical, and apprenticeship programs, it provides the 
reader with the skills necessary for proficiency in each of the three areas 
of specialization. Also included are three sections common to all three fields: 
the nature of wood and its uses; how to use hand tools, portable power 
tools, and stationary woodworking machines; and methods of joinery. 1981, 
438pp.. 7 14 x 9 14, hardbound. 



Audio Anthology— Volume Two, compiled 
from Audio Engineering, January 1950 to 
July 1952 and Audio Anthology—Volume 
Three, compiled from Audio Engineering, 
August 1952 to June 1955. C.G. McProud, 
editor. Reprinted by Audio Amateur 
Press, Peterborough, NH. Each $16.95 
from Old Colony. 

TAA readers will recall my enthusiastic 
review of the reprinting of the first volume 
of the Audio Anthology {TAA 1/88, p. 45). 
It has sold well enough to warrant further 
volumes, which are fine successors, offer¬ 
ing much fascinating reading. Volume 
Two includes 45 articles from past issues 
of Audio Engineering, many of these au¬ 
thors now recognized as audio legends. 
David Hafler, who needs no introduc¬ 

tion, and co-author Herbert I. Keroes lead 
off with two articles on ultra-linear power 
amplifiers, the second being a modifica¬ 
tion of the famous Williamson design. The 
lead article's first paragraph reminds us 
little has changed since 1951. The authors 
point out: 

"It has been claimed that there is no 
more room for improvement of power out¬ 
put stages since other elements of the com¬ 
plete sound system. . .are far inferior. 
There is a prevalent belief that 'one good 
amplifier is only marginally different from 
another.' The proponents of this line of 
thought imply that significant improve¬ 
ment in power amplifiers is extremely dif¬ 
ficult to achieve, and with this idea the 
authors agree, but the authors disagree as 
to the need for further improvement." 

Hafler and Keroes offer a design that op¬ 
timizes the performance of tetrode output 
tubes to yield performance rivaling triode 
designs. Their unique arrangement ener-
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gizes the screen grids from a tap on the 
primary of the output transformer. To 
modify the Williamson amplifier, replac¬ 
ing the output transformer is necessary 
along with a minor change in the feedback 
loop. Interestingly, arguments still persist 
among users and designers of tube ampli¬ 
fiers regarding the merits of all-triode 
designs. 

One of the most interesting articles is 
McProud's "Recording Characteristics." 
Anyone still confused about disc equaliza¬ 
tion, constant amplitude, and constant ve¬ 
locity cutting will find this article as clear 
and as technically correct as any in print 
today. Also, McProud's article on "Con¬ 
struction Practice" is especially informa¬ 
tive, covering parts selection, layout, and 
wiring practice. It begins by stating that 
"regardless of the design and layout, the 
final performance of an electronic unit 
depends upon its components and the way 
they are put together." McProud seems 
to be telling us parts quality may have 
an effect on the performance (sound?) of 
our audio equipment. Today, with parts 
choices far more sophisticated than those 
in 1950, many designers still refuse to 
believe parts quality can make a differ¬ 
ence in the sound. 

Tenny Lode offers an article on "Stereo¬ 
phonic Reproduction," still a curiosity in 
1950. The title is deceiving, however, as 
the article explains a method for creating 
electronically reprocessed stereo from 
monaural recordings. Those who still pur¬ 
chase reissues of mono recordings abhor 
such practices, since they usually degrade 
otherwise perfectly acceptable monaural 
sound. 

By the late 1950s, all high-quality tube 
preamplifiers used DC filament supplies 
to reduce the hum level. L.B. Ledge, in 

his article "DC Heater Supply for Low-
Level Amplifiers," describes an outboard 
DC supply for operating phono and mi¬ 
crophone preamps. One possible appli¬ 
cation for these circuits is G.H. Floyd's 
"A Mixer and a Preamplifier for the Re¬ 
cording Enthusiast," which used an AC 
filament supply. Preamplifiers abound 
in this second volume of the Audio An¬ 
thology. The most extensive is Wade B. 
Denny's "For the Discriminating Lis¬ 
tener: An Audio Input System." This flex¬ 
ible six-input preamp features DC fila¬ 
ments for the low-level amplification, tone 
controls, and a dynamic range expander, 
which can be modified to function as a 
noise suppressor. 
Ulric Childs' article, "Dynamic Nega¬ 

tive Feedback," describes a system for us¬ 
ing current feedback to counteract the 
varying loudspeaker impedance. His con¬ 
cept was most important at the time it 
was written, since vacuum tube amplifi¬ 
ers were rather sensitive to the load im¬ 
pedance presented by the loudspeaker. 
This is a contrast to modern solid-stage 
designs. Another article on feedback, by 
Warner Clements, explores the virtues of 
positive feedback to counteract the effect 
of the voice coil's changing impedance. 

David Sarser and Melvin C. Sprinkle of¬ 
fer a sequel to the article printed in Audio 
Anthology—Volume One. "The Musician's 
Amplifier Senior" is a higher-powered 
version of its predecessor offering an 
enormous 40W. The authors proudly 
state their previous amplifier "has gained 
an enviable reputation in Europe and 
Australia for its excellent fidelity." We 
are also told "those who did not cheat on 
the quality of the parts used have been 
hearty in their praise." It is unfortunate 
some designers and builders believe parts 



quality is now good enough that even 
Radio Shack carbon film resistors are 
more than sufficient for high-perform¬ 
ance audio equipment. 

Several articles related to loudspeaker 
design are included. The bass-reflex loud¬ 
speakers described appear rather crude 
compared to modern designs based on the 
work of Thiele and Small. Nor will the 
horn theory appear sophisticated when 
compared to the work of Bruce Edgar. 
Nonetheless, these articles provide ex¬ 
cellent insights into the evolution leading 
to our present level of understanding. 
Volume Two is well worth reading. 

Volume Three 
This volume of Audio Anthology contains 
43 articles. Although power amplifiers 
form a small part of this collection, they 
present several interesting designs. David 
Sarser and Melvin Sprinkle are household 
names to readers of the previous anthol¬ 
ogies, and they return here with their 
latest version of their “musician's ampli¬ 
fier." Called “The Maestro," it incorpo¬ 
rated the 6146 output tube, which had 
only recently been introduced by RCA. 
The authors note the usual 10-15W am¬ 
plifiers lack the clarity and definition of 
live music in the concert hall. "The Mae¬ 
stro" boasts 90W of power from 25Hz-
30kHz, an enormous amplifier for its time. 

Stanley White describes an amplifier he 
calls the "Powertron." An abundance of 
preamplifier designs are featured. Wade 
B. Denney's 1954 article describes a dual¬ 
channel preamplifier that can be used for 
genuine stereophonic recordings or for 
creating pseudo-stereophony from mon¬ 
aural sources. His pseudo-stereo method 
employs multiple power amplifiers driv¬ 
ing several loudspeakers, altering the tonal 
characteristics of the individual speakers 
to simulate a stereo effect. In Denney's 
opinion, the simulated stereo is preferable 
to a single monaural point source. Today, 
most collectors of historical recordings 
are horrified when mono recordings are 
doctored for "fake stereo." 

Two other articles give further evidence 
of a new-found interest in stereo. R.J. 
Tinkham clarifies the differences between 
binaural and stereophonic recording and 
reproduction in a 1953 article. A photo 
in his article shows what he describes as 
a "complete portable stereophonic re¬ 
corder, with amplifiers and power sup¬ 
ply." Although he doesn't mention the 
brand name, the recorder is the famous 
Ampex 350-2, one I'm familiar with since 
the Crane School of Music had owned 
two. This three-piece "portable” recorder 
consisted of one case housing the trans¬ 
port (barely movable by one person), an¬ 
other containing two channels of elec¬ 
tronics, and a third for the power supply. 
Putting handles on the cases made the 
350-2 portable. 

A 1952 article by James Moir titled "Ste¬ 
reophonic Reproduction" describes the 

reasons behind our ability to localize 
sound sources. Some startling informa¬ 
tion is presented in Mr. Moir's article. He 
cites tests by Bell Labs "indicating that 
a stereophonic system having an audio 
bandwidth of 3,750 cps as having the 
same aesthetic appeal as a monaural sys¬ 
tem 15,000 cps wide." Joseph Maxfield, 
co-inventor of electrical recording, is 
quoted as saying "I would rather hear 
two-channel reproduction flat to 6,000 
cps than a single-channel system flat to 
15,000 cps; it is more pleasing, more real¬ 
istic, more dramatic." 
These opinions would seem to run con¬ 

trary to those expressed by many listen¬ 
ers in the late 1950s. Many audiophiles 

at the time were not willing to part with 
their wideband monaural systems, using 
very large loudspeakers, in favor of a 
two-channel system with more compact 
speakers. Quadraphonic sound, in the 
early 1970s, was short-lived for similar 
reasons. For a given amount of money, 
most critical listeners preferred a two-
channel system that delivered true high-
fidelity performance to a mediocre four-
channel system. Of course, the lack of 
compatibility among the competing quad 
systems was another reason for its demise. 
I find it fascinating to discover how opin¬ 
ions have changed over the course of our 
audio history. 
The lack of a standard for disc equali-
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► Power Handling: 50w 
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ARE YOU LISTENING 
TO THE BEST? 

ACOUSTICAL MAGIC will bring you a step closer to MUSICAL REALISM. 

Flexible Borosilicate Ceramic Coating is a space age product adopted 
to the audio industry, especially for speaker enclosures. 

• Better dynamic contrasts. 
• Increased sense of speaker speed. 
• Finer resolution of low level detail. 

HOW? Application of recommended three coats on the inside of 
cabinets will significantly reduce resonant distortions. 

ACOUSTICAL MAGIC is also highly effective on turntables, tone arms 
and cartridges. 

$18.00 per quart $60.00 per gallon 
plus shipping 

Available in 5 gallon containers at large discount. 

BUY THE ORIGINAL. 

ACOUSTICAL MAGIC COMPANY 
INSULATION EXPERTS 

1201 JAYNES DRIVE GRANTS PASS. OREGON 97527 
(800) 654-4761 

OFFICE HOURS: 9-9 PACIFIC TIME 
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GLENMONITOR HOME AND CAR LOUDSPEAKERS 

NOW AVAILABLE THROUGH: 

PEARL AUDIO CATALOG 
“America’s Audio Authority’ 

Specializing in: 
• Custom Designed Speaker Systems • Custom Designed Crossover Networks 
• Custom Designed Enclosures • Kits/Entertainment Systems/Electronic Parts 

We design, engineer and build everything you need to complete 
the home, car or audio/video system you want. 

CALL NOW FOR CATALOG AND FREE CONSULTATION 

PEARL AUDIO CORPORATION (518) 393-5077 
Fast Haplf FHF111B 

zation is still evident in the preamplifier 
articles. Wayne Denny, in the article men¬ 
tioned above, settled on the AES curve 
(later adopted by RIAA) since he believed 
it was the only one used to any great ex¬ 
tent. Charles R. Miller, in describing a con¬ 
trol preamp for the Williamson amplifier, 
offers five LP equalization settings. 

The transistor makes its first appearance 
in Basil T. Barber’s article, "A Transistor 
Phonograph Preamplifier for Magnetic 
Pickups.” Barber offers a tutorial on basic 
transistorized amplifiers and compares the 
grounded base, grounded collector, and 
grounded emitter configurations to their 
triode tube counterparts. His circuit is a 
two-transistor, feedback-based circuit us¬ 
ing CK-721 and CK-722 devices. Barber 
gives a lengthy discussion about the ad¬ 
vantages of using transistors and even 
recommends using tantalum capacitors 
despite their high cost. According to the 
author, this preamp performs well in the 
listening tests, although he doesn't expect 
it to "render obsolete its vacuum tube 
counterpart. ' ' Would any of today's audio 
engineers find this preamplifier audibly 
indistinguishable from the best contem¬ 
porary RIAA phono preamps, if the equal¬ 
ization and levels were matched within 
O.ldB (double-blind, of course)? 
Volume Three features many designs 

for preamp tone controls and equalizers. 
Stereo FM also makes its first appear¬ 
ance in the anthology. Editor McProud 
describes a two-channel converter for 
AM/FM receivers—not by adding a multi¬ 
plex decoder to a mono FM radio, how¬ 
ever. Instead, McProud offers a way to 
modify AM/FM radios so both receivers 
can operate simultaneously. At the time, 
some broadcasters were airing experi¬ 
mental stereo programs using an AM 
transmitter for one channel and an FM 
transmitter for the other. 

No fewer than 12 articles on loudspeak¬ 
ers appear in this volume. The early 
1950s were certainly an age of large loud¬ 
speakers. Perhaps the article that drives 
home this point best is James Ferguson's 
"The Concrete Monster." Ferguson de¬ 
scribes a 16' concrete horn built into the 
side of his house. As the editor notes: "It 
could only happen in California. We envy 
his originality—as well as his apparent 
disregard for domestic relations." 

Loudspeaker designers are finally pay¬ 
ing attention to cabinet resonances. Glad¬ 
den B. Houck, of Hirsch-Houck Labs 
fame, provides a tutorial on internal brac¬ 
ing for bass-reflex loudspeakers, includ¬ 
ing mathematical justification for his 
methods. 

Like the previous installments, Volume 
Three of the Audio Anthology provides a 
view of our audio history that is both en¬ 
tertaining and educational. I look forward 
to the remaining installments. [Please see 
ad on the facing page for ordering informa¬ 
tion on Volumes 1-4.] 

b 
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NOW AVAILABLE! Dealer Inquiries Invited 

BKAA3/4 $16.95 

The 34 articles from 1955-1957 in this fourth col¬ 
lection from Audio Engineering magazine take a new 
tack, emphasizing an overall view of the home sound 
system and offering guidance on how to plan a sys¬ 
tem, how to keep it simple, and how to understand 
and maintain the equipment. Solid state techniques 
and circuits are introduced here, along with designs 
for amplifiers and preamps and 6 loudspeakers. 

Chapters include: How to Plan Your Hi-Fi System; System Simplicity for 
Audio; Adequate Audio Power in the Home; Building Simplicity into the Hi-Fi 
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with Presence” [Volume Three); Stereosonic Magnetic Recording Amplifier; 
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Too/s, Tips & Techniques 

LAMINATE 
SANDWICH 

I'm an avid SB reader hooked on the Swan 
IV system. I devised an alternative method 
of clamping the veneer/particle board 
laminate. By elevating my pickup truck 
on two jack stands, I can apply the re¬ 
quired pressure to the laminate "sand¬ 
wich" {Fig. 1). Jack stands distribute the 
pressure over three points, on about a 12" 
triangle—perfect for the approximately 
16" speaker panel width. 
You can modify the stacking arrange¬ 

ment and materials depending on avail¬ 
able scrap material. For example, you can 
replace the load-bearing metal plates with 
two-by-fours (although this will increase 
the height you must lift your vehicle). Cut¬ 
ting the corrugated cardboard spacers out 
of scrap shipping boxes will help even out 
the stack. 
You must raise both wheels of your ve¬ 

hicle. It is important to work on a flat, level 
surface. A smooth concrete driveway is 
best. Find a suitable cross member or 

other chassis location that allows you to 
center everything. When lowering your 
vehicle onto the jack stands, check that 
even pressure is applied to both stands. 
As you lower the vehicle, "thump" on the 
stands with your fist. If the pressure is 
uneven, one will feel less solid. 
Make sure the other two wheels are 

properly blocked. Be careful when rais¬ 
ing and lowering the vehicle, especially 
if you use two types of jacks, as I did (a 
hydraulic, chassis type on one side and a 
bumper jack on the other). Perform a dry 
run to check your technique. Allow plenty 
of room to move out of the way if the vehi¬ 
cle becomes unstable. 
When I applied the epoxy/cotton fiber 

mix, the surfaces soaked up the epoxy, so 
I coated the veneer and the particle board 
for a more consistent joint. This required 
two shots of the mixture per laminate. 
Also, I used the 206 slow hardener. Since 
the cure cycle is about the same, I don't 
see the advantage in using the 205 fast 
hardener. Even with the slow hardener, 
I do not recommend laminating more than 
two panels at a time. 

Corrugated 
Cardboard Metal Plate 
Spacers 

FIGURE 1: The stack arrangement. 

My satellite speakers are terrific and the 
imaging is spectacular. I used 1" MDF 
board with a %" radius on each corner. The 
front baffle is also routed for flush-mount¬ 
ing the drivers. For finishing, I chose not 
to laminate because of the complexity, but 
instead epoxy-coated the inside and out¬ 
side of the box and used a black gloss 
polyurethane paint. I "gooped" the treble 
coupler onto the box's back rather than 
onto its inside. 

Hubert Biagi 
Tucson, AZ 85719 

A DIVIDING 
NETWORK MOD 

Capacitors multiply by 1 / Wo Rd 

Inductors multiply by Rd / Wo 
Wo = crossover frequency 
Dots show phasing 

FIGURE 1: Butterworth third-order divider. 

Component values for the Butterworth 
third-order, two-way divider network are 
shown in Fig. 1. The loads are shown as 
purely resistive. In practice, at a typical 
3kHz crossover frequency, the low-pass 
(LP) driver has a large inductive reactance 
in series with the resistive component. 
The reactance and resistance are often 
nearly equal at the crossover frequency. 
To terminate the LP network with a re¬ 

sistive load, it’s accepted practice to shunt 
the LP driver current with an impedance 
equalizing network. Figure 2 shows the 
component values. Equalization is not en¬ 
tirely satisfactory, because about half of 
the output current is diverted through the 

Continued on page 50 
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Finish Your Audio Projects with Quality 
Input Cups and Pots From Madisound 

Photographs are not accurately scaled. 

D-CUP Deluxe Knurled all 
brass binding post with gold 
plating and oversized shafts. 
10.5cm w/ 8.5cin cut out. Ac¬ 

cepts 10 ga. wire or B-plug 
$5.00 

GB/CB Cups-heavy duty 
binding post on 8cmX8cm 
cup w/ 6.5cm round cut out. 
Accepts 12 ga. wire. 
GB-Cup Gold $2.50 
CB-Cup Chrome Si.75 

S-CUP Push terminal on 3 inch x 
2.5 inch mounting plate. Cutout 
1.75 inches by 
2.4 inches. $.85 

Decorative Vent cover 
2" or 3" $2.00 

TD-CUP 4 Heavy duty brass screw 
downswith gold binding posts on 12cm x 
9.25cmplate. 9.25cm x 7.25cm cut out. For 
Bi-amp (.Removeable straps) or subwoofer 
use $8.50 

LP15 15 watt 8QL-
pad for tweeters. 1.5 
inch pot with shaft 

length 3/4 inch 

$2.75 

LP100 100 watt 8 ft 
L-pad for mids or high 
powered tweeters. 2.5 
inch pot with shaft 

length V4 inch $5.75 

Discounts: 10% for 10 pieces of same unit. 15% on 100 lot. 

Assorted Speaker Needs 1 
Medium (L) blank cup 27/?"x47/i s'cut out L $175 
Large (VL) blank cup 3’3/i6"x5'3/i6’ cut out 1.75 
VL Cup w/8 nickle posts for subwoofer 8.75 

VL Cup w/ 8 Diamond posts for subwoofer 20.00 
"Diamond" Gold Binding Posts 

1 set red & black 
5.00 

Polyester fiberfill 16oz bag 2.50 
Polyester fiberfill 32 oz bag 4.50 

Polyester 1” Batting 3'x8' 5.00 
NEW! Acoustic Foam Sheets 27" x 42" x 5/S" $3.95 

Virgin Audio Wool 1 lb. 8.50 
Hedlocks for grill mounting (ball & socket) .30 

Felt tweeter diffraction nngs 2.00 
Self adhesive rubber feet stnp of 8 .40 

2" decorative vent cover 2.00 
3" decorative vent cover 2'?" deep 2.00 

Gasket Material:’/?" x Vie" Foam adhesive tape ,15/foot 

I Custom PVC Ducts 

Diameter Less than 6" 6M1.9" 12”-18” 

11nch $1.75 $2.75 $3.75 

2 Inch $2.00 $3.00 $4.00 

2'/? Inch $2.25 $3.25 $4.25 

3 Inch $2.50 $3.50 $4.50 

4 Inch $3.00 $4.00 $5.00 

Gold or Nickel plated bannana plugs. Fit all 
the binding posts we sell. Accept 12 ga. wire. 
G-PLUGR (red,gold) $4.50 
G-PLUGB (black,gold) $4.50 
N-PLUGR (red.nickel) $2.50 
N PLUGB (black.nickel) $2.50 

HIGH, MID Cover plates for L 
pads 6cinX6cin w/ 3cm cut out. 
HIGH $1.15 
MID $1.15 

Ordering Information: All orders will be 
shipped promptly, if possible by UPS. COD 
requires a 25% prepayment, and personal 
checks must clear before shipment. Add 10% for 
shipping, residents of Alaska, Canada and Ua 
waii, and those who require Blue I.abel air serv¬ 
ice, please add 25%. There is no fee for 
packaging or handling, and we will refund to 
the exact shipping charge. We accept Master 
charge or Visa on mail and phone orders. 

Madisound Speaker 
Components 

8008 University Green 
Box 4283 

Madison WI 53711 
VOICE (608) 831-3433 
FAX (608) 831-3771 



CHOOSE THE 
“TEE” 

THAT BEST 
SUITS YOU 

Please Print in clear block capitals quantity and 
amount enclosed. Postpaid in US. Canada please 
add $2.00. Overseas add $4.00 Remit US $ only. 
Please send me: 

Audio Amateur logo: White on red TOTAL QTY. 

_ S_ M_ L_ XL 

Speaker Builder logo: White on blue 

_ S_ M_ L_ XL 

Speaker Builders Do It With Raw Drivers: 

Red/white on black 

_ S_ M_ L_ XL 

Glass Audio logo: Black on ecru 

_ S_ M_ L_ XL 

Old Colony logo: White on green 

_ S_ M_L _ XL _ 

TOTAL SHIRTS |$I3/I| 

□ MC □ VISA 

AMOUNT ENCLOSED 

□ CK/MO 

NAME MAGIC NO 

STREET & NO 

CITY STATE ZIP 

MC/VISA EXP 

Audio Amateur Publications, Inc. 
PO Box 576, Dept. B91 

Peterborough, NH 03458-0576 

|603) 924-9464 FAX: (603) 924-9467 

Answering machine for credit card orders only: 
before 9:00 a.m.. after 4:00 p.m. and weekends 
Have all information plus MC/VISA available 

FIGURE 2: Inductive load with equalizer. 

Continued from page 48 
equalizer, at the crossover frequency, 
causing a dip in the frequency response, 
together with a phase lag in the LP driver 
current. 
Odd-order networks seem to have the 

advantage that you can use the LP driver 
inductance as one pole of the network, in 
place of L2, thereby eliminating L2 and 
avoiding use of an equalizing network. 
Unfortunately, this circuit is not practical 
for use with the normal Butterworth net¬ 
work, because L2 is always smaller than 
the driver inductance (Ld). 
However, you can use the driver as one 

pole of the network if you retain the equal¬ 
izing network and the driver reactance 
and resistance are equal at the required 
crossover frequency. The frequency at 
which reactance and resistance are equal 
is conveniently about 3kHz for many 
types of drivers. You can add extra reac¬ 
tance in the form of a series inductor to 
drivers with too little reactance at the re¬ 
quired crossover frequency; drivers with 
too large reactance are not suitable. 

With the driver adjusted to the required 
inductance and equalized to the charac¬ 
teristic resistance, the values of LI and Cl 
can be realized to form a Butterworth 
third-order network. This network has the 
response: 

l/(pTz + pT + 1) (pT + 1) 

which you can consider as two separate 
networks in cascade, provided each is ter¬ 
minated with the characteristic resis¬ 
tance. The two-pole network (pT2 + pT 
+ 1 ) is terminated with the driver, which 
has been equalized to the characteristic 
resistance. The driver, acting as the single¬ 
pole network, is terminated by its own 
resistance, which is the characteristic re¬ 
sistance. Hence, both sections are ter¬ 
minated separately with the characteris¬ 
tic resistance. 
The driver has the response pT + 1; 

therefore, T has the value Rd/Ld. You 
then find the values for LI and Cl by 
substituting Rd/Ld for T in the network 
pT2 + pT + 1. The components LI and 
Cl have the simple values Ld and Ld/R2d, 
respectively. Figure 3 shows the modified 
Butterworth network. 
The series inductance in the LP network 

is reduced from 2Ld in the normal net¬ 

work to Ld in the present design. Current 
is still diverted through the equalizing net¬ 
work, but correct driver current is main¬ 
tained; the diverted current is drawn from 
the driving source as an excess over the 
driver requirement. 

The modified network has particular ad¬ 
vantages for the home builder. When you 
build dividers for a stereo system, it has 
two similar LI inductors. You can build 
one inductor into a divider and use the 
other with a resistor to simulate the LP 
driver. The HP network is terminated 
with the characteristic resistor and a dual¬ 
channel oscilloscope monitors the divided 
outputs. The oscilloscope is set to its sum¬ 
ming mode, so the network outputs are 
recombined. When the networks have 
been built correctly, their summed output 
has the constant amplitude as the driving 
frequency is varied. 

Capacitors multiply by Ld / Rd2 
Inductors multiply by Ld 
Resistor multiplies by Rd

FIGURE 3: Modified Butterworth divider. 

Wo = 20k Rad/sec = 3.18kHz 

FIGURE 4: Practical Butterworth divider. 

With the network driving the signal 
used to trigger the oscilloscope, you can 
see the phase change between the input 
and the summed outputs. You can invert 
one oscilloscope channel to simulate the 
preferred driver connection. While both 
connections have constant frequency re¬ 
sponse, the inverted connection has a 
much smaller phase change at crossover 
compared to the non-inverted connection. 
Figure 4 shows practical values for a net¬ 
work built using the formula in Fig. 3. 

Roy M. Littler 
Salisbury Park, Australia 5109 
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VOICE COIL DESIGN 
Four people (Satoru Simizu, Faiz Pour-
arian, Edwin B. Boltich, and Suryanarayan 
G. Sankar of Advanced Materials Corpora¬ 
tion! working under contract to the Mar¬ 
shall Space Flight Center in Huntsville, 
AL, have developed improved speaker 
voice coil actuators. This work was begun 
in an attempt to solve two problems: 
1. Nd-Fe-B (neodymium-iron-boron) 

magnets have the highest flux density at 
room temperature, but their energy 
decreases below a temperature of 140 
Kelvin (K| because of electron spin 
reorientation. 
2. A different magnetic circuit design 

was needed for a high energy voice coil 
magnet. 
A speaker voice coil output force is pro¬ 

portional to the driving current imposed 
on it and exhibits good linear motion con¬ 
trol, but joule heating losses must be 
reduced in the moving coil windings to im¬ 
prove efficiency for low temperature op¬ 
erating conditions, such as in space. You 
can reduce a voice coil's heating loss, also 
known as copper loss, by increasing the 
flux density in which the coil operates. 
This flux density increase allows a reduc¬ 
tion in the current required to generate a 
given amount of force, thus making the 
voice coil more efficient. 
To develop a new magnetic circuit de¬ 

sign, an analytical model, finite element 
analysis, and performance testing were 
used. This design uses a strong radial mag¬ 
netic field produced by permanent Pr-Fe-B 
(praseodymium-iron-boron) magnets, 
which do not have the electron spin prob¬ 
lem at low temperatures. 

The design is a closed circuit that en¬ 
hances the useful flux density and almost 
completely eliminates magnetic interfer¬ 
ence with other equipment. This design 
encloses the voice coil within magnet seg¬ 
ments in a soft iron shell. The voice coil 
former surrounds a soft iron core. Figure 
1 shows this new design. The current 
leads that connect to the coil, and rods 
that transmit force from the coil, are fed 

FIGURE 2: Section view. 

through small gaps between the magnet 
segments as shown in Fig. 2, the section 
drawing (the wires are not shown). 

Using the new circuit design, two Nd-
Fe-B prototypes and one Pr-Fe-B prototype 
were built. One showed an improvement 

in excess of 40% in copper loss compared 
to a similar size commercial device. The 
Pr-Fe-B prototype exhibited a 12% in¬ 
crease in output force at 77K, compared 
to a 4% decrease in output force using Nd-
Fe-B magnets at that same temperature. 
The adoption of portions of this new 

design by commercial hi-fi speaker man¬ 
ufacturers may yield more efficient prod¬ 
ucts. The Patent Counsel at Marshall 
Space Flight Center will answer questions 
regarding the commercial use of this 
invention. 

James T. Frane 
Orinda, CA 94563 

NORSOREX 
GASKETS 
Whether you are training to run a 
marathon, or just trying to stay in 
shape, one thing that must remain 
constant is your desire for continual 
improvement. Polydax Speaker 
Corporation strongly believes in this 
philosophy. Our engineers continually 
search for advanced technologies and 
materials to apply to the science of loud¬ 
speaker design. To our benefit, we claim a 

Go The 

long list of innovative breakthroughs including 
theuseol'TPX and NORSOREX materials. 

By mounting between the loudspeaker frame and 
the cabinet, our NORSOREX gaskets completely 
decouple the loudspeaker from all the vibrations 
and resonances of the cabinet. 

For a Free Test Kit 
Call or Write: 

Our "Dead As A Doornail" demonstrating test 
exhibits the absorption characteristics of 
NORSOREX compared to conventional gasket 
materials. You don't have to take our word for it. 
Test it yourself and see the difference. 

Going the distance offers rewards that few 
people actually achieve. Don't be left in the 
starting blocks. 

10 Upton Drive 
Wilmington, MA 01887 

TEL: (508) 658-0700 

FAX: (508) 658-0703 

■num 0 G Y & 
Fut Rtpif HHF1117 

Speaker Builder / 4/91 51 



MORAN in the MARKET 
_ AN INTRODUCTION_ 

By David R. Moran 

Loudspeaker systems are the last really in¬ 
teresting area in audio. 
No, wait. Maybe stereo microphony— 

where to put the mikes, what their pickup 
patterns should be—ought to be included 
in this broad generalization. 
Oops, so should psychoacoustics, maybe 

.. .and DSP simulations of the patterns of a 
given performing space's reverberation. 

But you must have loudspeakers to hear 
and appreciate any of those other areas, to 
evaluate them by ear in a room, to improve 
them. Speakers are the sine qua non, liter¬ 
ally, the "without which, nothing." And 
most conventional loudspeakers I'm famil¬ 
iar with (a good number) do an uninspired 
and uninspiring job of it. So, for that mat¬ 
ter, do most unconventional designs I have 
heard. 
At one point a few years ago, Lexicon 

was demonstrating one of their interesting, 
versatile, potentially wonderful-sounding 
concert hall-simulation products for the 
home (in the CP series), which FYI is de¬ 
signed by an engineer who is a veteran 
choral singer. The company was using six 
or so airless, constricted-sounding (at 
some angles actually honky) Celestion 
two-ways, with one or two 6" woofers 
and a single 1 " tweeter. This is of course 
the design configuration most of the 
world uses these days. And I thought, 
"Come on, first things first. Let's get the 
basics right: some really smooth and 
broad-dispersion—or at least more consis¬ 
tent-dispersion—systems in here." 

But before I grip the lectern to begin my 
favorite sermons on loudspeaker horizon¬ 
tal directional response (radiation pat¬ 
tern), or "least-cubes” boundary augmen¬ 
tation, let me pause. Anyone who will 
measure loudspeakers, write about them, 
pontificate about the field, especially in 
these prestigious pages and to this canny 
readership, ought to introduce himself. 

But Enough About You 
By introducing myself I hardly mean my 
resume. I have no academic training in 
physics, electronics, or acoustics. I’m 44 
and, as a recent audiogram dramatically 
showed to my great dismay, don't have 
very fine low-level high-treble hearing. 
(Sensitivity thresholds are what an audio¬ 
gram measures, and before you turn the 
page with a harrumph I encourage you 
to get an audiogram yourself, preferably 

FIGURE 1: Imaging-consistent design goals. The top set would achieve very tight, focused 
uniform imaging, with directivity starting around 200Hz. The middle set is the same but with 
a very airy, spacious sound, almost omni-equal, yet still yielding consistent and stable imag¬ 
ing. The bottom set of curves represents a speaker design somewhere between the previous 
two, and re-aimed. Its loudest ( + 90° inward) axis is pointing toward its partner (its 0°, so-called 
on-axis response still is out toward the listener). This design produces true “Stereo Everywhere,” 
and is a bear to achieve. 

from one of the very few places that do 
reliable measuring above 8kHz.) 

What else? I've been a serious if not very 
accomplished musician, serious meaning 
I've played in a rock band for pay and 
otherwise, and also for myself play late-
Beethoven (Op. Ill) and other piano 
works, including a recent performance of 
a Joplin rag in front of an audience of 150 
(who didn't pay anything). The jolting 
anxiety of that gave me a whole new per¬ 
spective on actual performances by musi¬ 

cians in public, on my harshness as a 
reviewer, and in consequence an altered 
perspective on audio, or at least my own 
goals for it. 

I've also been a serious (paid and also 
federal-grant-winning back when govern¬ 
ment did that sort of thing, if you can 
believe it) classical-music critic. Finally 
and more to the point here, for decades 
I have been an audio editor and writer, 
mostly about loudspeakers, in Stereo Re¬ 
view, CD Review (where I was speaker 
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tester for the last couple of years), the 
Boston Phoenix, the BAS (Boston Audio 
Society) Speaker, and in a paper at this 
fall's NY AES convention. 
My Big Break in audio came when I 

had the great fortune to work, from 1982 
to 1988, as technical editor and writer in 
the engineering department of dbx— 
surely, per staffer if not absolutely, the 
audio world's most interesting and ac¬ 
complished engineering group. What a 
windfall! Delta-modulation and low-bit 
A/D and D/A conversion, showing the 
way for the rest of the world; US stereo 
TV, with Zenith; continuous-averaging 
real-time analysis, and automatic EQ; 
fancy, well-judged analog signal process¬ 
ing and noise reduction; and so on. 

Horizontal Radpats 
Best of all, and of greatest interest here, 
was the dbx Soundfield Imaging loud¬ 
speaker program. I now could pick up on 
something that interested me most keenly 
about loudspeakers over the years: the no¬ 
tion that it was their radiation pattern or 
directional responses, especially horizon¬ 
tally because of where our ears are, which 
determined their sound signature. 

This idea had been expressed persua¬ 
sively by an MIT student named Mark. 
Davis in an article in the late, lamented 
High Fidelity in 1978, complete with tests, 
and in other venues. You could equalize 
two speaker systems to be the same in 
smoothness (or whatever) at any distance 
or specific angles, but if their horizontal 
radiation patterns were different, they 
still would not sound the same. 

The day I joined dbx, I discovered that 
Davis—now with an MIT Ph.D in EE/ 
psychoacoustics—had also joined just a 
few months earlier, to pursue (among 
myriad projects in signal processing) ideas 
he had about a line of loudspeakers. This 
line was going to comprise configurations 
of genuine phased arrays whose goal was 
to produce flat response at all or most hor¬ 
izontal angles but not at the same level. A 
comprehensive test Davis had performed 
with many subjects (see/AES, November 
1987; the mechanism in a room appears 
to be distance/intensity trading, not the 
catchier time/intensity trading) also 
showed what these overall levels should 
be for the listener to hear properly bal¬ 
anced-balanced left/right as well as bass/ 
treble—stereo as he or she moves well off 
the centerline "sweet" spot. 
I liked the "Stereo Everywhere" idea, 

and its execution as dbx uniquely did it 
sounded generally superb, impartial 
reviewers seemed to agree. It's not the 
same as simple cross-firing of drivers, as 
many seem to think; it entails the most 
elaborate crossover work and iterative 
value-crunching by computer. 

I was even more taken with the general 
idea and execution problems of horizon¬ 
tal directional responses that are uniform, 

or consistent, with angle, whether they're 
uniformly beamy or uniformly wide-dis-
persion, and however they're aimed. In¬ 
variably loudspeakers, directionally, are 
wide across the midrange and get beam¬ 
ier up into the treble, usually irregularly 
so where the tweeter flares in broadly. 
This has unhappy results for imaging if 
not for sound. It is true even for so-called 
constant-directivity speakers I have mea¬ 
sured, and virtually all others. 
You will be reading a lot about this 

large issue: what loudspeakers should do 
in this regard, what they do do, how they 
fail and what that means, and what their 
playback might sound and image like if 
they were to succeed (or how many dif¬ 
ferent ways it could sound and image, 
depending on where the loudest axis is 
pointed). I have many ideas and measure¬ 
ments about how poor a lot of woofer¬ 
tweeter or midrange-tweeter crossover 
designs are, and how very few designers 
pay any attention to the off-axis perfor¬ 
mance of their chosen driver on its given¬ 
width baffle. I have seen and heard and 
measured a lot of loudspeakers with (to 
mix metaphors) lumpy stitches, or seams, 
at the crossover at off-axis angles. 
I wish to hear from those of you who 

do pay attention to these things. How do 
you make your decisions, and how do 
you know? And what’s your goal? I once 
asked Paul Barton of PSB speakers, the 
Canadian company that helps underwrite 
some of the important NRC (National Re¬ 
search Council) loudspeaker research, 
what he did about the off-axis woofer 
gulley and then tweeter "flare-in" likely 
to be found in one of his 8"/I" two-ways. 
He looked at me as if he had no idea 
about what I was asking. "It's smooth off-
axis," he explained. Oh, I said to myself. 

If you agree that horizontal directional 
response is important to the imaging and 
sound of a loudspeaker, which of the 
ideal radpats in Figs. 1 and 2 should we 
strive for? 

With the proper design of lensed horns, 
it is not impossible to achieve uniform 
horizontal directional responses—I've 
seen it and heard it, and it isn’t patented 
yet. Indeed, recently Canon announced 
yet another system in the Stereo Every¬ 
where mode, using a curved dish of some 
sort to reflect the sound. Such speakers 
if truly successful have lucrative applica¬ 
tions in video-conferencing, by the way; 
have your venture backer give me a call. 

If such a widely dispersed kind of sound 
isn't to your taste, it's still possible to be 
"uniformly beamy" a la Fig. 1 (top) al¬ 
though it will take a lot of hard, imagina¬ 
tive, novel work to make the lower mid¬ 
range so. I believe it’s important to get as 
much high treble into the reverberant 
field as possible, but many like it other¬ 
wise. In any case, today's purportedly 
narrow- or focused-dispersion designs 
don't achieve their own goals fully, and 
don't cut it to my ear [Fig. 2). 

CIRCUIT 
BOARDS 

Old Colony's boards are made of top quality epoxy 
glass, 2 oz. copper, reflowed solder coated material 
for ease of constructing projects that have appeared 
in Audio Amateur and Speaker Builder magazines. 
The builder needs the original article (indicated by 
the date in brackets, i.e., 3:79 for articles in Audio 
Amateur and SB 4:80 for those in Speaker Builder) 
to construct the projects. 

C-4: ELECTRONIC CROSSOVER (DG-13R) New 
2x3'/4" board takes 8-pm DIPs. Ten eyelets for 
variable components. (2:72) $10.00 

F-6: 30Hz FILTER/CROSSOVER (WJ-3) 3x3" [4:75] 
High pass or universal filter or crossover. $10.00 

H-2: SPEAKER SAVER (WJ-4) 3'Ax5'/4" [3:77] 
$13.25 

J-6: SCHROEDER CAPACITOR CHECKER (CT-10) 
3'/4X6" [4:78] $9.95 
K-3: CRAWFORD WARBLER 3'/4x33/B" [1 79J 

$11 20 
K-6: TUBE CROSSOVER. 2 x4'/2" (3:79) Two need¬ 
ed per 2-way channel Each $12.50 

Four $40.00 
K-7: TUBE X-OVER POWER SUPPLY 5x5%" 
[3:79] $12.95 

L-2: WHITE LED OVERLOAD & PEAK METER 
3x6" [1:80] One channel. $18.70 

L-6: MASTEL TONE BURST GENERATOR 
3'/2x6%" [2 80] $15.75 

L-9: MASTEL PHASE METER 6%x2%" [4:80] 
$11.25 

SB-D2: WITTENBREDER AUDIO PULSE GENERA¬ 
TOR 3'/a X 5" [SB 2:83] $11.85 

SB-E2: NEWCOMB NEW PEAK POWER INDICA¬ 
TOR 1 X 2" [SB 2:84] $3.90 

SB-E4: MULLER PINK NOISE GENERATOR 
4’/a X 23/,6" [SB 4 84] $9.40 

More than 65 boards In stock. Write for complete list. 

Ordering Information: Please print in clear block capitals 
quantity needed, board number and price Total the 
amounts and REMIT IN US S ONLY by MC/VISA, check 
or money order. Postpaid in US; in Canada, please 
add 10% of total cost; overseas, add 20% 

ORDERS UNDER S10, PLEASE ADD $2. 

□ MC □ VISA □ CK/MO 

NAME MAGIC NO 

STREET & NO 

CITY STATE ZIP 

MC/VISA ËXP 

QTY. PRICE 

_ board(s) #_ $_ 

_ board(s) #_ $_ 

_ board(s) #_ $_ 

OLD COLONY SOUND LAB 
PO Box 243. Dept. B91. Peterborough, NH 03458-0243 

(603) 924-63‘n FAX (603) 924-9467 
Answering machine for credit card orders only: (603) 924-6371 

before 9:00 am., after 4:00 p.m. and weekends 
Have all information plus MC/VISA available 
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AudwAmateuT-
THE JOURN AL F OR A U 0 I OPHUE CRA P T_S 

The innovative, independent 
audiophile journal for the thoughtful 

and capable music lover 

Audio Amateur 's articles deal with how 
audio equipment works, as well as how 
to build or modify it. Construction and 
modification articles are plentiful, supply¬ 
ing all needed parts, performance and 
assembly details. Exceptionally high qual 
ity designs. 

Audio Amateur offers a number of fea¬ 
tures in each issue that abound with useful 
ideas. The Letters column is an open 
forum for problem solving and informa¬ 
tion interchange; Classic Circuitry 
reprints schematics of state-of-the-art 
gear—old and new; Audio Aids relates 
readers’ experience with simple modifica¬ 
tions to equipment and construction 
techniques. We also feature many useful 
and practical hi-fi accessories you can 
build to further your audio enjoyment. 

For a small investment you can make your 
music system sound better—very prob¬ 
ably a lot better. 

AUDIO AMATEUR 

□ Two years (8 issues) $35 
□ One year (4 issues) $20 
Canada add $4 per year postage 

NAME 

STREET & NO 

CITY 

STATE ZIP 

MC OR VISA EXP 

AUDIO AMATEUR PUBLICATIONS 
PO Box 576, Dept. B91 

Peterborough, NH 03458-0576 
(603) 924-9464 FAX: (603) 924-9467 

Answering machine for credit card orders only: 
before 9:00 a.m., after 4:00 p.m. and weekends 
Have all information plus MC/VISA available 

FIGURE 2: At top is the avowed conventional ideal for a speaker’s horizontal radiation pattern, 
when it is thought of at all. The goal is said to be smoothly declining output with angle. As 
in Fig. 1 , these graphs are 5dB per division, from 20Hz-20kHz, and show horizontal frequency 
response from 0°, the topmost curve of each set, to - 180° or directly behind the cabinet, the 
bottommost curve. In-between curves would be -30, -60, -90, and - 135, let’s say. At the 
bottom is the actual performance of a 6" (x 2) /1" two-way in the current popular style, floor¬ 
standing but with woofers up toward mid-cabinet, measured outdoors on the ground. See text 
for more details. 

Ripple 
I also have long been a student of Roy 
Allison's work (and "paying user," that 
is, owner, of his speakers) showing what 
happens when you place the driver that 
reproduces the 70-700Hz range at vari¬ 
ous distances and at various ratios of 
distance from the near corner. So you'll 
be getting sermons about that. 
Allison has recently posted on Com¬ 

puServe his free software program, to run 
on Lotus 1-2-3, which conclusively shows 
the best places to locate a loudspeaker in 
a room and what kind of ripple can result 
if you don't. (It shows you how to fill in 
the 350Hz hole—"floor bounce"—typical 
of speakers as shown in Fig. 2, bottom.) 
As far as I know, it is more thorough and 
accurate than the software from Sitting 
Duck and Snell. 
The answer is to stagger the distances 

to front wall, side wall, and floor, pref¬ 
erably approaching a geometric-mean set 
of ratios. Worst results— absolutely—will 
be had by making the location cubical, for 
example, 3' by 3' by 3'. In any room, and 
with any loudspeaker, and at any listen¬ 
ing position, you'll get a notch or valley 
you wouldn't believe, like Fig. 2, bottom, 
or worse. Remember this the next time 
you visit a friend with an English or Amer¬ 
ican "high-end" loudspeaker (or read a re¬ 
view in a tweak magazine) whose manu¬ 
facturer has recommended using the op¬ 
tional stands and being sure each speaker 
is well in from the side wall and well out 
from the front wall. Note that the same 
holds for "stand-equivalent" cabinet con¬ 
figurations, with the woofer(s) well up off 
the floor. 

Protocol 
I'll be doing my measurements in a "lis¬ 
tening room without walls,” anechoic-
chamber-with-floor environment: my 
quiet backyard. I’ll use a compensated 
AKG microphone feeding an ANSI III 
RTA/PC (from dbx pro, now marketed by 
Sound Technology) which features arith¬ 
metically manipulable memories and, 
crucially important, continuous averaging 
of pink noise. (Snapshop pink-noise analy¬ 
sis, such as you see in other publications, 
is highly misleading.) 
I take a measurement at 0° (on axis), 

continuously averaging 7-10’ away, 30-
40" offthe ground, and ± 15° or so off the 
nominal center angle. Then I repeat the 
measurement at 30, 60, 90, 135, and 180° 
¡unless the speaker is designed for against -
the-wall placement). I’ll also take a range 
of measurements in real, typical-enough 
listening rooms inside. 

As appropriate, I will look at bass dis¬ 
tortion and at impedance and reactance. 
I do not believe and have seen no data 
supporting the belief that a loudspeaker's 
"time-domain''/phase performance is im¬ 
portant to its sound once it's above the 
minimal threshold all modern, serious 
speakers pass. So there will be no mea¬ 
surements of group delay and the like. 

Rocketry 
This is not rocket science, folks, in my 
opinion. A speaker's performance can be 
completely characterized by looking at its 
amplitude (magnitude) response, both at 
a given angular slice and as its coverage 
over a range of angles; its phase response; 

Continued on page 90 
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Technology Watch 
SUBWOOFERS and 

MOTIONAL FEEDBACK 
By Peter Muxlow 

With the recent articles on subwoofers in 
SB, it seemed appropriate to look at the 
highly regarded Velodyne subwoofer. 1 

This operates over the frequency range of 
20-85Hz ± 3dB and uses motional-feed-
back to control the driver. It has an accel¬ 
erometer to sense the cone acceleration. 
This gives a signal proportional to the low-
frequency sound pressure. 
The patent2 details two problem areas— 

low- and high-frequency stability in the 
feedback loop. An occasional low-fre¬ 
quency oscillation at the 1Hz unity-gain 
crossover frequency was the result of the 
air pressure variation on the accelerome¬ 
ter. However, enclosing the accelerometer 
in a sealed enclosure—an airtight can-
will easily fix this. The high-frequency in¬ 
stability is believed to be caused by stand¬ 
ing waves on the cone interacting with the 
accelerometer, causing deviations in the 
open-loop transfer function. 

For me, the interesting part of the pat¬ 
ent was how the inventors observed and 
subsequently fixed this problem. They 
made Bode plots (graphs of the gain and 
phase against frequency) of the system 
using a spectrum analyzer. In effect, they 
measured the feedback stability margin 
of the complete loop and tried different 
''mechanical'' ways of improving it. 
The patent details the methods used: 

• Using a trumpet-shaped cone. 
• Inverting the dust cap cover. 
• Altering the wave propagation in the 

cone material by putting clusters of 
holes through the cone in selected areas. 
Or, adding a dopant to sectors of the 
cone, which alters the elastic properties, 
in turn altering the wave propagation. 

FIGURE 1 : An optical circuit for detecting loud¬ 
speaker displacement. The LED is attached to 
the cone of the LS. The photo transistor is at¬ 
tached to the frame. 

• Placing weights around the circumfer¬ 
ence of the coil former. This reduces 
the interaction between the waves in 
the cone and the accelerometer. 
Another method to test the stability of 

the completed servo has occurred to me. 
Rest the lid of a jar on the loudspeaker's 
cone to distribute the impact force of the 
cone more evenly. Drop a weight of about 
50 grams from a distance of 100mm onto 
the jar lid. Then observe the accelerom¬ 
eter's output on a scope. The impulse re¬ 
sponse displayed should exhibit minimum 
ringing and should be damped quickly. 
[Readers who try this should proceed with 
caution to avoid an accidentally vented 
cone.—Ed.] 

The cost of an accelerometer is a prob¬ 
lem mentioned in previous SB articles. 
Alternative transducers do exist. In Wire¬ 
less World, Young published an optical 
circuit for detecting loudspeaker displace¬ 
ment.3 It uses an LED and a photo tran¬ 
sistor [Fig. 1). 
A British patent by D. Birt4 shows an 

ingenious transducer (Fig. 2). A long air¬ 
cored solenoid is mounted on the center 
pole of the driver magnet. A short con¬ 
ductive cylinder is attached to the voice 
coil former and coaxially surrounds the 
solenoid. An RF current feeds the center¬ 
tapped solenoid (Fig. 3) and the RF volt¬ 
ages at respective ends are rectified and 
then subtracted from one another. 
When the conductive cylinder is posi¬ 

tioned symmetrically about the center of 
the solenoid, its eddy current losses are 
distributed equally and the transducer 
output is zero. As the voice coil moves, 
the cylinder is no longer symmetrical, so 
the RF voltages at the two ends of the coil 
are no longer equal. This results in a DC 
output voltage proportional to the posi¬ 
tion of the cylinder, and a polarity depen¬ 
dent on the direction. 

Finally, the transducer has a multiple 
feedback system—one feedback loop is 
proportional to the velocity of the cone 
(using an accelerometer) and the other is 
proportional to the current through the 
voice coil. This feedback combination 
gives an interesting advantage: "The Sys¬ 
tem Q is decoupled from the enclosure 
and driver parameters giving a wider 
range of design of closed-box loudspeaker 
systems."5 This feedback system also has 

FIGURE 2: D. Birt’s transducer. 

FIGURE 3: RF current feeds the center-tapped 
solenoid. 

insensitivity to driver parameter varia¬ 
tions, a great advantage with some driver 
parameter spreads being ±20%. Extra 
references to subwoofers and motional 
feedback are detailed below6-9 for read¬ 
ers wishing to investigate other ideas. 

The availability of a high-quality, low-
cost $35 PVDF accelerometer was 
reported in Voice Coil Vol. 4 No. 4 (PVDF 
Transducer, PO Box 3178, Philadelphia, 
PA 19147-7718). b 
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SB Mailbox 

Q SOUND DEFENDED 
Shame on you, Ed Dell, for making such 
a biased and one-sided attack on Q Sound 
in your editorial entitled "Will Loud¬ 
speakers Become Irrelevant" {SB 2/91, p. 
11). Then to back up your opinion, you 
used selective quotes from Popular Science 
and Mr. Barry Fox. Nothing suggested 
any serious listening tests to support your 
conclusion nor any attempt to solicit com¬ 
ments from Archer Communications. 
Even Mike Wallace gives the opposition 
a better chance than you did. Comparing 
this new technology to a hallucinatory 

drug and implying "trained listeners" 
find Q Sound "immediately annoying” is 
preposterous. Let's not confuse facts with 
opinion. Since only two Q Sound encoded 
disks were available at the time of print¬ 
ing, this hardly seems enough material to 
make any definite judgments. 
Considering the open-minded approach 

SB has toward innovations, it's not in 
keeping to slam the lid on this new pro¬ 
cess based on philosophical grounds 
alone. If this issue is as important as your 
editorial implies, then critical listening 
tests, as well as interviews with company 
officials and sound engineers, are in or¬ 
der. Readers wishing to do their own A/B 

NORMAN H. CROWHURST 
1913-1991 

I am profoundly saddened to report 
that Norman H. Crowhurst died on 
March 7, 1991 after a brief illness. He 
was 77. Born November 3, 1913 in 
Southend-on-Sea, England, he earned 
degrees at Streatham Hill College and 
at Goldsmith's College, S.E. London 
Technical College, where he was later 
a senior lecturer. Mr. Crowhurst's ca¬ 
reer began at Johnson & Phillips Ltd. 
In 1935 he became Chief Engineer at 
Tannoy, Ltd. where he remained for 
ten years. 

He and his wife emigrated to the US 
in 1953. He was honored with a Fel¬ 
lowship by the Audio Engineering So¬ 
ciety in 1959. He and Mrs. Crowhurst 
became naturalized citizens on Nov. 
17, 1960. 
Norman Crowhurst was certainly 

one of the most prolific of authors in 
the audio field, having contributed to 
32 commercial publications and many 
professional journals. He once claimed 
to have written over 2,000 articles and 
papers and some 50 books. He held a 
number of patents. 
He was an associate member of the 

British IEE, Senior member of British 
Sound Recording Association, a mem¬ 
ber and fellow (1959) of the AES, a 
member of SMPTE, IEEE, ASE, Na¬ 
tional Council of Teachers of Mathe¬ 

matics, and Professional Engineers of 
Oregon. 

He worked as editor at several Brit¬ 
ish and US publishing houses both on 
staff and as a consultant. He also spent 
two years working at Fairchild Record¬ 
ing Equipment Company. 
Mr. Crowhurst was best known to 

electronics buffs, and especially audio¬ 
philes during the 1950s and ‘60s, as a 
well-known author on audio theory 
and construction. He developed many 
unique answers to problems, such as 
a stereo power amplifier which sported 
only one pair of output tubes but two 
transformers. He had an unusually 
clear writing style and an exceptional 
ability to explain difficult theoretical 
concepts in terms beginners could un¬ 
derstand. He had a remarkable num¬ 
ber of admirers among his readers 
who credited him with being the first 
author to stimulate their appreciation 
for audio and electronics. 
In mid-October of 1990 the bicycle 

he was riding was struck by a passing 
car, in his adopted home town of Dal¬ 
las, OR. Medical examination revealed 
little or no obvious damage but he 
failed to recover completely. He be¬ 
came ill in late February and was bed¬ 
ridden for much of each day. His death 
came suddenly from heart failure. 

comparison may do so very easily. Just 
play a selection like Vogue from Madon¬ 
na’s "I'm Breathless" album with the 
"Q" encoded version on her latest hits 
compilation CD "Immaculate Collec¬ 
tion." Other CDs containing Q Sound in¬ 
clude the latest releases by Sting, Paula 
Abdul, and Luther Vandross. 

The real downside to this technology is 
the misuse of its capabilities to create an 
"experience" rather than an improve¬ 
ment in realism. This is evidenced by 
floating voices and the like on the Paula 
Abdul release. In stark contrast, however, 
is the excellent sound produced on the 
Luther Vandross offering. Let's not fool 
ourselves into thinking that by using this 
process we are somehow tainting an orig¬ 
inal event. Most, if not all, recorded mu¬ 
sic is the pasting together of many original 
events that are mixed down to two tracks. 
The final product is the reality as con¬ 
ceived by the engineer which never took 
place as a complete performance. Giving 
the engineer Q Sound is therefore just one 
more tool with which to work. 
We cannot undo any poorly made re¬ 

cording. On the positive side, we can en¬ 
joy the benefits of encoded processes like 
Q Sound without the necessity of buying 
extra hardware or speakers. That is cer¬ 
tainly good news for everyone but the 
equipment manufacturers. 

William B. Willes 
New Orleans, LA 70124 

See the editorial in SB 3/91. Mr. Willes 
ought to know we don't shame people for 
their ideas here.—Ed. 

FATAL VISION 
As audio components improve, the world 
of high-fidelity moves forward. When 
manufacturers redefine hi-fi's goal in 
their own interest, they embark on a per¬ 
ilous journey. The marketplace turns a 
deaf ear, whether it be Quad sound, "L" 
cassette, or Datman, if products do not 
fulfill hi-fi's mission. 
Your editorial "Will Loudspeakers Be¬ 

come Irrelevant?” is relevant. The audio 
world is being transformed from stereo 
located on a line between loudspeakers 
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to 3-D surround sound. Images appear 
throughout a broad central bilateral arena. 
How well surround fulfills the canons of 
hi-fi depends in large measure on the role 
loudspeakers will play. They must be en¬ 
gineered to a new reality if they are to 
close the gap from live versus recorded 
sound. 
Scientists have been able to isolate 

sound waves the way a magnetic reson¬ 
ator scans parts of the human anatomy. 
Music is divided by chronological inter¬ 
vals in time lapse snapshots and dis¬ 
played like slices of bread lifted from a 
loaf. These bilateral studies confirm the 
theories of Blumlein and the ambisonic 
format developed by Michael Gerzon and 
marketed in the UK [Wireless World, 
March 1974). 
Time lapse snapshots of a simulated 

soundfield graphically display our sonic 
impression—what we hear. Each interval 
has its own footprint. It arrives on its own 
timetable with radical changes in fre¬ 
quency, intensity, and direction. How 
well do Q Sound, DSP, SRS, and Pro¬ 
Dolby Surround contribute to greater 
high-fidelity? They do not when used by 
consumers rather than in the recording 
studio. They are an assault on rational 
acoustical engineering. They alter the 
sonic impression by modifying phase, in¬ 
tensity, and directionality of the direct/ 
reflected soundfields. Images may wander 
or spread across an entire wall. 

Ambisonics, however, maintain the au¬ 
ral presentation of a performance the way 
the artist had intended. It is a natural phe¬ 
nomenon. It occurs in the concert hall 
when the live performance is given. It ex¬ 
ists on all stereo CDs from The Music Man 
of the 1950s to state-of-the-art digital Fats 
Waller Direct to CD. Ambisonics enables 
CD owners to have the benefits of bilateral 
3-D stereo without altering the artist’s vi¬ 
sion of his music. Speaker designers must 
learn the new rules for 3-D surround. 
Speaker Builder serves its readers well 

by exposing faux hi-fi and informs them 
on emerging technologies that fulfill hi-
fi's goals. 

Herbert I. Gefvert, CEO 
AV Tech 

MADISOUND 
WOOFERS 

In response to Gary Galo's "Woofer Mini-
test" letter (SB 1/91, p. 82) on Madisound 
dual voice coil (DVC) woofers, I wish to 
share my experiences in using these. Mad¬ 
isound has been my main supplier of 
(home) speaker components since 1985. 
Their promptness, quality, and technical 
support deserve a lot of praise. 

I recently made a subwoofer, front, and 
rear surround-sound loudspeaker system 
for a friend, using all Madisound woofers. 

RAMSDELL AUDIO 
Division of Ramsdell Enterprises 

West Cost 

Gold Sound Madisound Speakers Martin Sound (Wholesale only) Parts Express 

(513) 222-0173 (303) 789-5310 

AUTHORIZED 
DISTRIBUYO 

340 East First Street 4285 South Broadway 
Dayton, OH 45402 Engle wood, CO 80110 

Fs 

Qts 

Qes 

Qms 

No 

Re 

Le 

Xmax 

Vas 

Piston 

8608 University Green 
Middleton, Wl 53562 

(608)831-3433 

Speaker City 
10615 Vanowen Street 
Burbank, CA 91505 
(818)508-1908 

Zalytron Industries 
469 Jericho Turnpike 
Mineola, NY 11501 
(516) 747-3515 

Speakers, Etc. 
1828 West Peoria 
Phoenix. AZ 85029 
(602)944-1878 

Select Distributors 
6036 S W. 23rd Street 
Miramar, FL 33023 
(305)985-2698 

Solen Incorporaed 
4470 Thibault Avenue 
St. Hubert. QCJ3Y 7T9 

(514)656-2759 

18.5Hz 

.275 

.293 

4.16 

4.0% 

5.70 

3.0mH 

±4mm 

1720 liters 

Dia. 23.3" 

Circle Sound 
2772 West Olympic Blvd. 
Los Angeles, CA 90006 

(213)388-0624 

LOGY & 

MODEL SW2710 
6.3" Edgewound voice coil 
103dB/1W/1M 
(band limited pink noise— 
32-150Hz in 15 ft.3 cabinet) 
Power Handling—500W RMS 
1000W Program 
52 lbs. 

28 Alpha Park 
Cleveland. OH 44143 

(216)442-2286 

MH Canada 

A&S Speakers 
3170 23rd Street 

San Francisco, CA 94110 
(415)641-4573 

H^H East Coast 

McBride Loudspeaker Source 
638 Colby Drive 

Waterloo, ONT N2V1A2 
(519)884-3500 

AudioLab of GA., Inc. 
3611 Clearview Place 
Doraville, GA 30340 
(404)455-0571 

■ Central ■ 

27" SUBWOOFER 
Polypropylene cone—Double Roll Cloth Surround 

Retail only $1,250. Unbelievable Bass! 
Call or write to: 
P.O. Box 76186 

St. Petersburg, FL 33734-6186 
(813) 823-8037 

NOW AVAILABLE: 27" Passive Radiator $145 

fut Htply »Hf 163 
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When I began the project, I had little dif¬ 
ficulty in selecting woofers for the front 
and rear speakers: I used the Madisound 
6102 and 5102 woofers, respectively. The 
subwoofer, however, presented the great¬ 
est challenge. 
I have built many subwoofers, mostly 

for nightclubs and discos using large EVs 
and JBL single voice coil woofers, and I 
have built several home subwoofers using 
two LF driver configurations or dual 
voice coil drivers from other suppliers. 
My friend asked that the subwoofer be 
constructed so the driver was not visible 
from any side, so I considered a down-fir¬ 
ing configuration using the Madisound 
model 15258 15" DVCdriver. (The model 
12524 mentioned in Gary's letter was a 
misprint.) 

I discussed this with the folks at Madi¬ 
sound and they advised against it, saying 
the speaker's performance specifications 
are based on vertical, not horizontal, 
placement. A horizontal LF driver con¬ 
figuration may also require extensive 
testing before optimum results can be 
determined. On that advice, I abandoned 
the idea of the down-firing subwoofer and 
talked my friend into a "conventional" 
(vertical) design. I also decided to use the 
Madisound 15" DVC driver for the proj¬ 
ect. Madisound carries an 80 version 
(15258) and a 4ÍI version (15254) of the 
15" DVC woofer. 
I constructed the cabinet of %" walnut-

veneered MDF to an internal volume of 
2.5 ft.3 Madisound claims an i3 of 39Hz. 
A quick check on the speaker designing 
program I use revealed an f3 of 37Hz. 
Madisound recommends a sealed box for 
their 15" DVC woofer. I prefer vented 
boxes, but when I calculated the T/S pa¬ 
rameters for this driver, my PC told me 
a B-4 alignment would be achieved using 
a 22 ft.3 box. So much for the vented 
enclosure. 
Once I started on the subwoofer proj¬ 

ect, I discovered external dimensions 
were not as critical as for vented boxes. 
Since I needn't be concerned about a 
vent, slight changes in cabinet dimen¬ 
sions were of little consequence. The 
greatest concern, however, was obtaining 
a proper cabinet seal. Sealed enclosures 
must be airtight to function properly. 
Otherwise, a significant loss of bass out¬ 
put will result. 
I made a woofer seal from foam pack¬ 

ing material. It works great and is very 
forgiving. Silicone sealant is probably best 
for those who have little patience in con¬ 
structing such a seal, but it makes cabinet 
access more difficult. You should also 
seal the inside of the enclosure with glue 
and a sealant. 
I constructed two two-way second-

order crossovers (one for each channel) 
and located them inside the subwoofer 
enclosure. One is used as a low-pass filter 
for bass, the other as a high-pass filter 
(above 125Hz| for the satellites. (I elab¬ 

orate here because I wish to emphasize 
the conventional crossover method used 
in this system.) 
As they say, "The truth of the pudding 

is in the eating." I was eager to try this 
"new" subwoofer as I had one with which 
to compare it. Three years earlier, I had 
built a 5 ft.3 subwoofer using a 15" DVC 
(non-Madisound) driver in a vented con¬ 
figuration and was pleased with it—until 
I listened to the Madisound subwoofer. 
The Madisound subwoofer's low-fre¬ 

quency output was smoother, crisper, 
and a little more efficient than the one in 
my system. It is approximately one-half 
the size of my subwoofer, which makes 
it less obvious. A close examination of the 
Madisound driver reveals mechanical 
and aesthetic qualities—a large vented 
magnet, large voice coil, attractive black 
polypropylene cone, inverted poly dust 

PHOTO 1: Subwoofer in a 2.5 ft.3 enclosure 
using the Madisound 15258 15" DVC woofer. 
The rear (surround) speakers employ Madi¬ 
sound 5102 woofers and Polydax tweeters. 

cover, high-quality foam surround, and 
attractive "masking" over the entire gas¬ 
ket. Indeed, almost unheard of quality in 
modem American drivers. In my opinion, 
the Madisound 15" DVC LF driver would 
be a bargain at twice the price. 
About four years ago, I used the Madi¬ 

sound model 1252DVC 12" DVC woofer 
as a subwoofer for the family car. It yields 
very deep bass and is still used today. It 
is not the powerful driver the model 
15258 has proven to be, but it has served 
well over the years. The other two models 
(10204 and 12204, 10" and 12" versions 
of the 15258) appear to be as serious as 
their bigger brother (although I have 
never used them). However, I have used 
Madisound's 1054 (10") woofer in several 
custom systems with impressive results. 
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I have no doubts about whether these 
smaller dual-voiced beauties could per¬ 
form the job. 

Richard G. Carlson 
Garden Grove, CA 92641 

Contributing Editor Gary Galo replies: 

I thank Mr. Carlson for his thoughtful letter on the 
Madisound woofers and his experiences with them. 
He correctly points out that one of the model 
numbers was incorrectly listed in my letter. The 
15" driver I received was the 15254, which con¬ 
tains the dual 4G voice coils. I checked my com¬ 
puter file and discovered I had listed the model 
number correctly in my original letter. Unfortun¬ 
ately, a few numbers were changed in the typeset¬ 
ting. Thanks for catching the error. 

SILICONE SOLVENT 
This concerns Mr. Rivera's question 
about a suitable solvent for silicone (SB 
3/91, p. 93). I have found that lacquer 
thinner works quite well, but the process 
is rather slow. Once thinned, however, 
it can be applied easily with a brush. I 
have used it successfully on dust caps, 
dust cap glue lines, cones, and corrugated 
cloth surrounds. I do not recommend ap¬ 
plying it to rubber or foam surrounds 
because the thinner may attack such 
materials. 

David J. Meraner 
Scotia, NY 12302 

ON VENTED BOXES 
George Augspurger's article "New Guide¬ 
lines for Vented-Box Construction" (SB 
2/91, p. 12) is quite interesting. When us¬ 
ing stagger-tuned multiple ducts with a 
length ratio of 1.73:1, the article says 
"several." Does this imply two ducts? 
Also, as many PA cabinets use a "shelf" 
to create a rectangular duct, will fB pre¬ 
dict for this case using the correction for 
a rectangular vent? Is it okay to use vents 
on the back of the box? 
I'm curious about your double-chamber 

reflex and wish to know the pros and 
cons over a conventional reflex. Does it 
provide lower distortion and reduced ex¬ 
cursion over a broader range? Do you 
always expect a dip from interaction of 
the outer vents and does this have any 
significance in light of room-induced ab¬ 
errations? Is there a "point" where you 
expect the driver excursion to increase? 
Bob Bullock did some modeling of the 

dual-chamber reflex and initially thought 
the upper bass was "depressed." I believe 
he will now investigate further and make 
a program to deal with the interactions 
of the driver, chambers, and vents. I hope 

Continued on page 60 
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10 1/2" 

1 1/2" Diameter Port-
Use 2” exterior diameter 
PVC pipe, 7" total length 

FRONT BAFFLE SIDE SECTION 

0.80 mH 0.65 mH 

Low Pass Filter 

3.3 mf 3.3 mf 6Ohm/10W 

High Pass Filter 

Note: All Coils are 19 Gauge 

CROSSOVER NETWORK 

Typical Cabinet Construction: 
3/4” Medium Density Fibreboard (MDF) 

Dali lia 
Designed by Dick Olsher 

Prices: Complete Kit, $500.00 
Without Cabinet, $350.00 

A & S SPEAKERS 3170 23rd Street; San Francisco, CA 94110 
Telephone: 415-641-4573 Fax: 415-648-5306 



Continued from page 58 
to try a dual-chamber for bass guitar with 
a VBL E-140, but I'm unsure where to 
start. I could go with 4 ft.3 and divide it 
into two chambers setting the low fB for 
the 40Hz low E. Does that sound okay? 
What approach do you suggest for a dual¬ 
chamber reflex to make a bass guitar box 
and to make a hi-fi woofer in which T/S 
parameters are known? 
Bruce Edgar is looking at "tapered 

pipes” for use as a bass guitar box and 
possibly a subwoofer. Do you think this 
may be a viable alternative loading 
method? I have a Karlson for my bass gui¬ 
tar, but I have only made Z measure¬ 
ments so I’m unsure what it does. 

Fred Ireson 
Huntington, WV 25701 

G.L. Augspurger replies: 

First, let me answer your questions about vents and 
vent tuning. 

1. The idea of suppressing organ pipe resonances 
by varying the lengths of multiple ducts was sug¬ 
gested as an interesting idea. To be effective, you 
would probably need three or four vents. However, 
one of the points of my article is that organ pipe 
resonances are not apt to be a real problem anyway. 
2. Using a box surface as one wall of the vent 

is common practice, but it is difficult to adjust and 
adds still another factor for which you must ac¬ 
count. I haven't tested this, but the required end 

correction is probably around 1.5 times the nar¬ 
row dimension, plus the factors for aspect ratio and 
number of vents. 
3. If you move the vent to the back of the box, 

you can tune it over an octave or so by playing 
with the distance between the box and the wall 
behind it. Some commercial systems have used this 
arrangement. Other side effects of vent placement 
are discussed in "Ask Speaker Builder" (1/91, p. 45). 

4. Tapered vents, or stubby "horn-loaded'' vents, 
were once popular. The configuration may suggest 
some secondary nuisances like air turbulence and 
organ pipe resonances, but the system still behaves 
like a conventional vented box. On the other hand, 
a small box driving a relatively large horn is a dif¬ 
ferent animal entirely, and its performance cannot 
be predicted from vented-box theory. 

The truth about double-tuned boxes is the sub¬ 
ject for another article. The configuration was used 
by some English loudspeaker designers in the 1950s 
and 1960s. My only contribution was to add a third 
vent, mainly out of curiosity. 
In 1961 when the double-chamber design was 

described, it seemed logical to me that it would 
load the speaker over a wide frequency band, there¬ 
by reducing cone excursion and distortion. I also 
believed it would not require tuning to a particu¬ 
lar driver. Later, when I was able to build a bread¬ 
board analog circuit, it became apparent that none 
of those assertions is entirely true. The behavior 
of a double-chamber vented box with its driver on 
an outside wall is notably different from the cur¬ 
rently popular bandpass enclosure with the driver 
inside. 
Figure I is a simplified "mobility" analog cir¬ 

cuit of a speaker in a vented box. At first glance, 
it looks as if the speaker is driving the port, C2, 
which then drives the box, L2. However, these two 
elements are connected in series and their relative 
placement is immaterial. The backwards connec¬ 
tion has some advantages if you build an experi¬ 
mental circuit rather than a computer simulation, 
but my intention is to make it easier for you to 
understand the double-chamber analog that follows. 
Far-field acoustic power output is proportional 

to sound pressure inside the box. (See Beranek's 
Acoustics text.) You can add circuit elements to sim¬ 
ulate the acoustic load or simply measure the volt¬ 
age across L2 and then calculate a 6dB/octave cor¬ 
rection factor at low frequencies. 
Figure 2 represents my three-vent, two-chamber 

reflex design. It may look odd, but if you mentally 
disable various elements, you will see the analog 
is valid. As a matter of fact, by setting various vent 
resonances to zero, you can use the circuit to model 
six nontrivial box designs. 
What about the JBL LE8T in my original 3 ft. 3 

double-chamber box? This driver has a small cone 
and a low-mass moving system. It delivers usable 
response to 30Hz in an 85 liter (3 ft.3) box tuned 
to 35Hz. In the original double-chamber design, its 
response is essentially the same except for a notch 
around 65Hz. According to my analog simulation 
there is a useful reduction in cone excursion be¬ 
tween 20 and 35Hz. If program material is rolled 
off below 20Hz, the double-chamber design gives 
an extra 3dB of headroom for a given maximum 
cone excursion. 
More conventional loudspeakers like the JBL 

Continued on page 62 

‘‘Recommended for music lovers and audiophiles who want to know more about 
the physics of musical sounds.”—Stereo Review 

1990, 608pp„ 6’/,’ X 9%”... BKD-5 $15.95 

FUNDAMENTALS OF MUSICAL ACOUSTICS 
by Arthur H. Benade 

Fundamentals of Musical Acoustics is a landmark book in its field, hailed for its 
astonishingly clear, delightfully readable statement of everything of acoustical im¬ 
portance to music-making. Though directed primarily to the music student who is 
taking an acoustics course, it is must reading for all musicians, music lovers and 
audiophiles eager to expand their musical horizons. 

This book deals extensively with the fundamental modes of sound production and 
with the special sound-producing properties of musical instruments in common use 
today—as well as the human voice. It further explores the critical roles played by 
the room and by the hearer's auditory apparatus. The basis of scales and harmony 
and the craft of instrument-making are also discussed in this masterly text, which 
includes numerous illustrations, bibliographical information, and a stimulating sec¬ 
tion of "Examples, Experiments, and Questions” at the end of each chapter. 
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YES! 
Please send me 

_BKD-5 @ $15.95 _ 

Postage _ 

TOTAL _ 

POSTAGE & HANDLING: In US, please add $2.00 for first book 
and 75* each additional book. In Canada, please add $4.50 
for first book, 75* each additional Overseas, please include 20% 
of total order for shipping 
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EL84/6BQ5 
6V6GT 
6L6GC 
5881/6L6WGC 

VACUUM TUBE DEALER PRICE LIST (MAY 1991) 

$2.60 each 
3.90 
4.50 
6.75 

SOVTEK, USSR 

12 at $2.25 each 
3.35 
3.95 
6.20 

25 at $1.75 each 
2.95 
3.65 
5.75 

50 CALL FOR SPOT QUOTE 
100 CALL FOR SPOT QUOTE 

The 5881 is Russia's selected military 6L6WGC and regarded as the very best 6L6 type in the world. Eric Clapton recently replaced the Philips/ 
Sylvania 6L6 STRs in his custom Soldano amp which he uses live, with SOVTEK 5881 ’s because of their milky smooth sound. Discriminating 
musicians thruout the world are retubing with the SOVTEK 5881/6L6WGC. 

5U4G 
EL34 
6L6GC 
12AX7a 
12AT7 
6146B 
6550 
KT88 

EL34/6CA7 
6DJ8 
12AU7/ECC82 
12AX7/ECC83 

EL34 

$4.60 each 
5.70 
4.70 
3.85 
3.90 
12.50 
9.40 

13.50 

$5.10 each 
3.25 
3.15 
3.15 

$7.25 each 

25 at $4.10 each 
2.65 
2.35 
2.35 

El, YUGOSLAVIA 

10 at $4.65 each 
2.95 
2.80 
2.75 

25 at $3.75 each 
4.25 
3.95 
3.15 
3.30 
10.50 
8.50 
10.95 

SINO, CHINA 

10 at $4.15 each 
4.80 
4.20 
3.35 
3.40 

11.50 
8.95 

12.25 

SIEMENS, GERMANY 

10 at $6.75 each 25 at $6.20 each 

100 CALL FOR SPOT QUOTE 

100 CALL FOR SPOT QUOTE 

100 CALL FOR SPOT QUOTE 

5U4GB 
6CA7 
6L6GC 
6LF6 
12BH7 
12AT7 
12AX7a 

$11.85 each 
14.95 
14.95 
19.50 
9.95 
6.85 
4.95 

10 at $11.25 each 
13.50 
13.50 
17.95 
9.50 
6.40 
4.40 

GE 

6550a 
7025 
7027a 
7591a 
7868 
8417 

$17.95 each 
14.75 
16.95 
14.75 
16 95 
15.75 

10 at $16.50 each 
13.25 
16.25 
13.50 
16.25 
14.25 

SOLID STATE RECTIFIER 

Built into tube socket. Direct plug-in replacement for all 5Y3, 5U4 and 5AR4 types. $6.25 each 10 at $5.90 

5AR4 $7.95 each 
5BC3/9 1.95 
5V4GT 5.50 
5Y3GT 4.95 
6AL5 2.75 
6AN8 4.95 
6AQ5a 4.25 
6AT6 3.25 
6AU6 2.50 
6AV6 2.50 
6AX5 4.90 

ODD BALL TUBES (MOSTLY USA STOCK) 

6BA6 $2.25 each 
6BK11 7.90 
6C4 2.50 
6C56T 2.75 
6C10 4.50 
6CA4 3.50 
6CG7 6.90 
6EU7 11.80 
6FH8 10.90 
6GT5 14.75 
6GW8 6.90 

6J5 $4.50 each 
6J7 5.50 
6K11 6.90 
6SC7 6.90 
6SG7 3.50 
6SJ7 4.45 
6SK7 3.15 
6SL7 4.35 
6SN7 5.45 
6U10 4.90 
6X4 3.75 

6X5 $3.90 each 
6X8 2.25 
12AY7 5.95 
12AZ7 3.90 
12DT8 4.95 
12DW7 12.95 
12FQ8 4.75 
57 1.50 
5749 4.75 
(6BA6W industrial) 

5879 $6.50 

6189W 3.80 each 
(12AU7W industrial) 

6973 11.90 
7189 7.90 
7199 17.80 
7247 11.95 
OA2 2.75 
OA3 1.95 
OB2 1.50 
OC3 4.75 
4CX350A 139.00 

GIVE US A CALL ON ANY TOUGH-TO-GET TUBE. WE'LL FIND IT FOR YOU! 

ALL TUBES GUARANTEED! QUANTITY DISCOUNTS AVAILABLE! 

MINIMUM ORDER $50.00 

ADD $5.00 SHIPPING ($10.00 OUTSIDE UNITED STATES) 

SEND CHECK OR MONEY ORDER TO: 

NEW SENSOR CORPORATION 
245 EAST 63RD STREET SUITE 526, NEW YORK, NY 10021 

CONTACT: MIKE MATTHEWS TELEPHONE: (212) 980-6748 TOLL FREE: 1-800-633-5477 FAX: (212) 753-7340 

Fut Wv FHF4Í1 



FIGURE 1: Conventional vented box. 

TABLE 1 

VENTED-BOX PARTS LIST 

RO voice coil resistance 
R1, C1, L1 speaker mechanical system 
C2 vent mass 
L2 box air compliance 

Output voltage across L2 is proportional to 
cone/vent velocity. 

Continued from page 60 
E-140 or 2225H do not appear to benefit from dou¬ 
ble-chamber loading. The net effect is an undesired 
notch and that's all. Unfortunately, the notch is in¬ 
herent in the double-chamber geometry. It can be 

suppressed by making a big, lossy system with lots 
of vent damping, but that was not the original design 
premise. 
The questions you asked are logical ones and I 

don’t wish for my answers to discourage your ex-

FIGURE 2: Two-chamber vented box. 

periments. Analog circuit analysis is a wonderful 
way to understand, compare, and predict the per¬ 
formance of loudspeaker systems. However, a de¬ 
sign that has theoretical problems may still be fun 
to build and its real-world performance may show 
up desirable properties not apparent in the com¬ 
puter analysis. 

Great designs are never out-of-date! 

n ff Classic Loudspeaker 
Projects from Audio Amateur 

These projects, from the decade 
of the 70s, are still as 
challenging and rewarding 
as the day they appeared. 

The complete contents listing features: 
Peter J. Baxandall: The LC/HQ Mark I, Parts 
1 & 2: David P. Hermeyer: An Electrostatic 
Speaker System. Parts I & 2. An Electro¬ 
static Speaker Amplifier. Mark II. A High Ef¬ 
ficiency Electrostatic Speaker System. Parts 
1 & 2; Nelson Pass: Reduce Speaker Distor¬ 
tion by Tuning a Pipe: J. Theodore Jastak: 
A Transmission Line Speaker, A Jolly Trans¬ 
mission Line Giant: Edward H. Parker: How 
to Photograph Sound: James Nicholson: A 
High Efficiency Mid- and High-Range Horn: 
Alan Watling: Back to the Wall: B. J. Webb: 
A Proven Transmission Line Loudspeaker: 
Roger H. Russell: Speaker Evaluation: Ear 
or Machine? Parts 1 & 2: James S. Upton: 
In Defense of the Ear: Lynn B. Neal: The 
Compact Tower: Roger R. Sanders: The 

Available in a single bound volume Sanders Electrostatic Speaker. Parts 1 & 2: 
of 135 pages. 8*/2 x 11. Michael Lampton, Robert and William 

Bowyer: Design and Build a High Efficiency 
Speaker System: Neil Davis: The Folded and Stapled Bass Horn. An Amateur's Ver¬ 
sion of the Heil Air Motion Transformer: David Reuther: The Big Bass Box: C. R. B. 
Lister: The Little Big Horn. 

copies at $20 each Please send me 

□ MC □ VISA Shipping 

□ CK/MO TOTAL 

NAME MAGIC NO 

ADDRESS 
BKAA-1 

CITY ZIP 

MC/VISA EXP 

NOTE: BOOKS ARE NOT RETURNABLE 
FOR EXCHANGE OR CREDIT. Please print 
in clear block capitals quantity needed, name 
and address REMIT IN US $ ONLY by 
MC/VISA, check or money order 
POSTAGE & HANDLING. In US, add $2.00 
for first book and 75C each additional book 
In Canada, add $4.50 Overseas, include 20% 
of total order for shipping. 

DEALER INQUIRIES INVITED. 

CALL OR WRITE FOR 
YOUR FREE CATALOG! 

Old Colony Sound Lab 
PO Box 243, Dept. B91, Peterborough, NH 03458 

(603) 924-6371 / 924-6526 FAX: (603) 924-9467 
Answering machine for orders only: (603) »24-6371 before 9:00 a.m., after 4:00 p.m. and weekends. 

Have all Information plus MC/VISA available. 

TABLE 2 

TWO-CHAMBER VENTED BOX PARTS LIST 

R0 voice coil resistance 
R1, 01, L1 speaker mechanical system 
C2 main vent mass 
L2 main chamber compliance 
L3 second chamber compliance 
C3 second vent mass 
C4 inner vent mass 

Output voltage across L2-L3 is proportional to 
cone/vent velocity. 

SPEAKERS 
AND HORNS 

I have spent countless hours of fascinat¬ 
ing reading of Audio Amateur and Speaker 
Builder since my dad subscribed during 
the 1970s and have started buying back 
issues through Falcon Acoustics. I have 
built several pairs of vented-box speakers, 
as well as a great sounding minihorn, plus 
three Lang Class A amps to use with my 
active filters, power supplies, and other 
devices. 
I have several questions regarding 

speakers and horns. First, I have some 
general questions about drivers. What are 
the practical/physical reasons why man¬ 
ufacturers can’t make drivers with reso¬ 
nances way below bass frequencies? Un¬ 
doubtedly, some extreme drivers have 
succeeded. 

Will a driver’s response necessarily fall 
off below resonance frequency? What 
causes resonance and why does it have 
such an effect on useful response? Can 
resonancepeaks/troughsbe "poked'’ out 
electronically. 

Driver resonant frequency is a chief de¬ 
sign parameter for bass reflex and the 
above questions should allow me to get 
to the nitty gritty of why it is so impor¬ 
tant. For example, I can use a Class I box 
response for my KEF 139s, which pushes 

Continued on page 64 
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All Capacitors Are NOT Created Equal 
In 1980, Richard Marsh co-authored the groundbreaking article on capacitors for Audio Magazine. 

His point: Caps, like all audio components, have different sonic characteristics—even film and foil caps 
differ. Their quality depends on materials, construction techniques, and design concepts. 

In the wake of this article, a number of new brands entered the market and claimed sonic im¬ 
provements—though most simply used different lead materials (which get cut off and thrown out any¬ 
way). Not one offered anything new in basic design. Not one solved the sonic problems Marsh described. 

Richard Marsh wasn't satisfied. So he put his years of research experience at a National Laboratory 
into his own creation—the MIT MultiCap' : 

* A superior multi-sectioned capacitor that is new in concept. So new, Marsh has a patent on its 
design. 

* A superior capacitor that does improve sound. Audibly. Listeners report that the MultiCap 
provides extraordinary transparency and neutrality, from the most delicate musical note to the 
most vigorous and demanding full ensemble tuttis. The closest to no capacitor at all. 

"We search the world over for the very finest components for our designs. The MultiCap is— 
unconditionally—the best capacitor going—the next-best doesn't even come close. . . 

—David Manley, Designer, VTL 

"We spent countless hours auditioning the MultiCaps against all the alternatives, regardless 
of price, in our analog and digital chains . . . the improvements leap right out at you 
—undeniably. " 

—Ed Wong, Chief Engineer 
Jackson Browne Studios 
Santa Monica, California 

"In my system, the MultiCap brought a greater improvement than upgrading my cables. 
Once you try them in your eguipment, you just won't want to take them out. " 

—Leland Pratt, 
Ancaster Audio, Canada 

Measurements also reveal the MultiCap's superiority, showing: 

* the lowest ESR 
* the lowest phase deviations 
* the most stable phase characteristics 
* the greatest transient performance 

What makes the MultiCap so much better than other capacitors? 

* Not only the selection of the best polystyrene and 
polypropylene films. 

* And not only the selection of the best foils available. 
* But in each MultiCap, you get ten precision, paralleled 
capacitors wound into one compact, optimized unit—that is, 
the MultiCaps are internally bypassed. 

This cross-sectional drawing shows the 
coaxial construction of a Multicap. For 
simplicity's sake, only two of the ten sections 
are included. 

And thanks to proprietary top-quality construction techniques, the MultiCap will not degrade over 
time, as so many others have done. 

MIT now offers the new metallized MultiCap, using the same patented design, for low-current 
usage. Smaller in size, lower in cost—same great clarity of sound. 

Call or fax for values, prices, and dimensions. And for white papers by Richard Marsh on capacitor design. 

Music Interface Technologies, 3037 Grass Valley Highway, Suite 8212, Auburn, CA 95603. 
Phone: 916.823.1186. Fax: 916.823.0180 

MIT MultiCap“: "The most advanced capacitor in the world.' 
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the response below the driver's resonant 
frequency. Is this a good idea? Will there 
be any decent output below resonance? 
Now I have questions more specific to 

horns. Could you describe a driver de¬ 
signed from scratch specifically for horn 
loading? How would it differ from drivers 
already on the market? Would you con¬ 
sider the Bando drivers unsuitable? 
I like my front- and rear-loaded horn 

similar to Dirsdale's minihorn (WW 1974). 
However, if I wish to use a horn system 
with a 20' long bass horn and a 1' mid¬ 
range horn, how do I integrate the two 
with regard to a zero delay plane (Fig. 1 )? 

FIGURE 1 : Midrange driver distance exceed¬ 
ing 20'. 

With box type speakers, drivers are some¬ 
times offset fractions of an inch or elec¬ 
tronic delays are incorporated in the 

crossover, but in horn systems tens of 
millisecond delays seem necessary. 
If I haven't misunderstood, are 20mS 

electronic delays feasible and of sufficient 
quality? 
Please explain when and why phase 

plugs are necessary and how to design the 
shape and position. 
I hope you can answer the above ques¬ 

tions because my next project will be a 
multihorn system with each driver front-
and rear-horn loaded. Unfortunately, I 
must fold the bass horns unless I virtu¬ 
ally sit inside the mouths. 

Mark Denehy 
South Glamorgan, CF6 IDA 
Great Britain 

NOW AVAILABLE FROM 

OLD COLONY SOUND LAB! 

THE PUBLICATIONS OF 

THE AUDIO 
ENGINEERING SOCIETY 

• Loudspeakers, Vols. 1 and 2 
• Microphones 
• Sound Reinforcement 
• Time Delay Spectrometry 
• Audio in Digital Times 
• The Sound of Audio 
• Digital Audio 

ADD THESE CLASSICS TO YOUR 
LIBRARY TODAY! 

SEE OUR BOOKS AD ELSEWHERE 
IN THIS ISSUE! 

Contributing Editor Bruce Edgar replies: 

Many 15" drivers are made with resonances in the 
20-25Hz region. To go to lower resonant frequen¬ 
cies with typical cone materials means larger woofer 
sizes (18" or larger). Hartley has done it, as have 
Ramsdell and McCauley (advertised in SB), but 
these drivers are expensive. Also, the market is 
limited because they require large enclosures, which 
can take up a large fraction of a typical living room. 
The other reasons for not going below 20Hz are 
that the region is inaudible and you may have in¬ 
frasonic problems with your turntable. 
All direct radiators operate in a mass-loading 

mode whereby the mass of the cone loads the sys¬ 
tem. The air load or what goes into the radiation 
of sound is about 1% of the total. Mass loading 
always takes place for frequencies above the reso¬ 
nant frequency. Below the resonant frequency, the 
response will roll off at a rate dependent on the 
type of enclosure, usually at 12dB/octave. So the 
resonant frequency is an important landmark that 
determines the useful lower response range of a 
given woofer. 

A woofer resonance is a result of a mass ¡woofer 
cone) and a spring (woofer surround and spider) 
interaction. A weight at the end of a spring will 
oscillate if you pull it down and let it go. A typical 
woofer would also oscillate if it were not so well 
damped by the surround, spider, and the magnet. 
The only way you can usually see the resonance 
is to make an AC impedance measurement, which 
will peak at or near the resonant frequency. 
In an enclosure such as a sealed or vented box 

that matches the driver properly, the speaker res¬ 
onance is modified by the box to give a flat low-
end response and a controlled rolloff. In a sealed 
box, the resonance will be shifted up by the addi¬ 
tional spring of the trapped air behind the woofer. 
In contrast, in a vented box, the additional acous¬ 
tical resonant circuit of the vent and the box volume 
can extend the useful response below the speaker 
resonance. The many readily available computer 
programs such as Bullock's BoxResponse will guide 
you to the proper box size. Electronic equalization 
is used only when you go to some particular align¬ 
ments or smaller box sizes. 
For woofers in wide bandwidth (50-400Hz) bass 

horns, I look for a resonance (fs) in the 40-50Hz 
range and a Qæ below 0.25. These parameters will 
give mass rolloffs (FHjM = 2 x VQks) in the 300-

Continued on page 66 
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World Famous 

PYLE DRIVER®SPEAKERS... 

Your Source for 
Quality Woofers, Midrange, 
Tweeters and Crossovers 

■ Over 200 speaker models and sizes available 

■ Parameters available for every loudspeaker 

■ Recommended cabinet sizes available 
for all woofers 

Pyle is the source for all your loudspeaker needs! 

0 
pyLE 

Pyle Industries. Inc. • 501 Center St. • Huntington, IN 46750 • (219) 356-1200 



Continued from page 64 
400Hz range. Ideally, the rolloff should be around 
400Hz to mate with a midrange horn. For a sub¬ 
woofer horn, you can use a driver with a resonance 
of 20-25Hz and a Qæ of 0.5 to give a mass rolloff 
near 80-100Hz. The flare frequency determines the 
low end. 
The Bando driver may work on a midhorn, al¬ 

though I have not tried it. Its cousin, the Jordan 
module, will work on a midhorn, but it has a nasty 
resonant peak at the low end. If you try a Bando 
driver, you may have to gap the throat by % " to 
V2" to smooth out the low end ("The Edgar 
Midrange Horn,” SB 1/86, p. 7). 

Keep your Dinsdale horns if you like them. Small 
70-lOOHz horns give better imaging and response 
in the midbass region than a big 50Hz horn. Then 
add a subwoofer to cover the bottom octaves. Time 
delays can be a problem in bass horns, but you 
can tolerate 4-5mS below 500Hz according to 
psychoacoustical experiments. Of course, at higher 
frequencies, alignment by time becomes more 
critical. At 100Hz, I don't know what the ear will 
tolerate, but 20mS might be excessive. 

If you are worried about time delays, you have 
alternate solutions. One is to build a subwoofer with 
four 15" woofers. The combined area of the four 
drivers will move air like a horn with low distor¬ 
tion and without the time delay problem. 
The other solution is to build a horn matched 

to the room as described by Rex Baldock in 
"Acoustic Compensation" [Hi-Fi News, pp. 
490-495, 1964). He built a 17' long horn underneath 
his living room floor and placed the drivers for the 

midbass and higher frequencies in the room above 
the basshorn drivers (underneath the floor) along 
the wall opposite the listening position. Seating was 
over the basshorn mouth opening in the floor. The 
sound above 100Hz traveled across the room in the 
air, whereas the bass traveled through the bass horn 
underneath the floor to arrive at the listening posi¬ 
tion with very little time differential. 

Phase plugs are used when the wavelength is com¬ 
parable to the diaphragm or throat size. In most 
bass and midhorns, they are not required. Phase 
plugs prevent phase cancellation at high frequen¬ 
cies and are usually found in tweeter and some 
midhorns where the response extends beyond 
10kHz. 

MORE THAN TIPS 
I was very surprised when I received my 
first SB journal. I thought it would be sta¬ 
pled photocopied pages on tips for build¬ 
ing speakers. Instead, it is a professional 
journal with a range of articles. I am a 
beginner, having built about four systems 
so far, and prefer the intermediate level 
articles. The "Pox Humana" column by 
Brock (SB 2/91, p. 92) is a very honest and 
touching statement. 

R. Burke 
Philadelphia, PA 19128 

E-V 30W KUDOS 
I had no idea an aura surrounded the E-V 
30W. I have had one since the early 
1960s. Being a bass freak, I would not 
swap it for its weight in gold. Mind you, 
it did not reach its full potential until the 
advent of the transistor amplifier and the 
compact disc. I say this because tube 
amps never had that slam in the deep 
bass region and few really deep low fre¬ 
quencies were recorded on vinyl without 
an awful lot of rumble to go with it. 
Talking of recordings, when I bought 

Telarc’s version of 1812, 1 noticed a warn¬ 
ing to reduce the volume because of the 
digital cannons. I ignored the advice since 
I knew my system could take it, but I was 
not fully prepared for the tremendous ex¬ 
plosion of those cannons. When I first 
heard them, I thought I was listening to 
a re-creation of the Big Bang. It was bet¬ 
ter than the earth-moving special effects 
of the movie "Earthquake." 
The E-V 3OW can really belt it out and 

in my opinion a large cone has no real 
substitute. Like Thomas Meacham, mine 
is crossed over at 80Hz and is driven by 
a 200W Tigersaurus. 

P. Best 
Dorset DT6 5BQ, UK 

Continued on page 69 

Now’s the time! 

OLD COLONY SOUND LAB’S 
SUPER “SAVE YOUR INVOICE” SALE 

IS NOW IN EFFECT! 
That’s right! If you have placed an order with Old Colony Sound Lab since the beginning of 
this year, now’s the time to trade in your sales slip for some CASH! Just takë 10% of the 
bottom line, and deduct it from any order of double or greater value placed between now and 
August 31 ! 

For example, if you received with your order an invoice/packing slip for $50, you can deduct 
$5 (10%) from any new order of $10 or more (double $5 or greater)! IT’S EASY! Each invoice 
is only usable once, but if you have more than one, use them all! PLUS, don’t forget to sub¬ 
tract any other applicable discount! 

BUT PLEASE REMEMBER: 

YOU MUST SUBMIT YOUR ACTUAL PREVIOUS INVOICE WITH YOUR 
NEW AUGUST ORDER, SO BE SURE TO SEND IT! 

USE OUR CATALOG OR SEE OUR ADS 

ELSEWHERE IN THIS ISSUE! 

ORDER TODAY FOR SUPER SUMMER SAVINGS! 

66 Speaker Builder / 4/91 Fast Haply FHF1071 — 



Summer—Fall 1991 

200 

$38 58 

$13 225 

$39 8 

$65 10 

$38 11 

100 

90 

$19 

$20 

Price Each 

$25/pair 

$25 

$235 

$25 

$55 

10 for $1.50 

$1.35 each 

10 for $ 

Offer expires 

October 30. 1991 

100 

20 

200 

30 

12,000 

3,700 

13,000 

5 pair 

5 pair 

15 

$125/pair 

$125/pair 

$45 

Ordering Information All speaker orders will be shipped promptly, if possible by UPS. COD 
requires a 25% prepayment, and personal checks must clear before shipment Adding 10% for 
shipping charges facilitates shipping procedure (Residents of Alaska, Canada and Hawaii, and 
those who require Blue Label air service, please add 25%). There is no fee for packaging or 
handling, and we will refund to the exact shipping charge. We accept Mastercharge or Visa on 

mail and phone orders 

Madisound Speaker Components 
8600 University Green 

Box 4283 Madison Wl 53711 
Phone: 608-831-3433 
Fax: 608-831-3771 

Description 

Vifa H25TG31 1" horn loaded dome tweeter, 
chambered back, 96db, 100 watt power handling 

Morel MDT-32 1" fabric dome tweeter, replaceable 
voice coil. 

Audax MHD10P25FSM 4Q, a-woofer pseiHzOts«.vas 5bi» 
Audax MHD10P25FSC 8Q 4" woofer, paper cone, 
rubber surround fs 52.4 Hz, Qts.4, Vas 5.58 Ltr. 

Vifa C17WG69 fs 44, Qts.55, vas 35.8 It 50 watt 
89db, 6" treated paper foam surround 

Scan Speak 7" clear poly cone 18W/8542 fs 30, Qts.23, Vas 
62 ltr, 88db x-max 6.5mm, 10 ltr box=f3 66hz 

Morel MCW224 9" car woofer with grill 

Morel CW8 9" car woofer with grill 

Focal 8N412 8” Neoflex woofer, Fs 36.4 Hz, Qts.295, 
Vas 60.8 Ltr, Xmax 5.45mm, 75 watt 91 db, good for 
two way system 

Focal 8K515 Kevlar 8” woofer, Fs 31.7 Hz, Qts.244, 
Vas 84.8 Ltr, Xmax 7.73mm, 150 watts 

Focal 10C02 10" paper cone fs 27.2, Qts.45, Vas 
163 ltr, 130watts, 90db 72 ltr box=sealed f3 43hz 

Eminence 10" poly fs 23.8, qts.33, Vas 269 It 92.1 db 

Eton 11-580/50 Hex 11" Kevlar ,Fs 23hz,Qts.3,Vas 180 Ltr. 

Eminence 12" poly fs 24.8, Qts.32, Vas 299 It 93db 

Audax HD30P45TSM 8Q/8Q 12" woofer dual voice coil95db 

I.Opfd Wima mylar, PC mount, 10% 100 volt 

4.5pfd Solen Polypropylene 5%, 150 volt 

6.5mfd mylar capacitors 

Beach Blanket 
Bargains 
from 
Madisound 



OLD COLONY’S 
USER-FRIENDLY SOFTWARE 

Speaker Designer™ 
Release 1.2 by Stuart E. Bonney 

A loudspeaker system design aid and modeling tool for use with 
both closed and vented systems over the frequency range from 
10 to 300Hz. Computes and displays system frequency response, 
power handling capabilities, and relative sound pressure level 
(SPL) outputs for each of 26 discrete frequencies over this range. 
Includes one year support by the author when the user registers 
this Shareware product. Each $19.50 

IBM 5% 360K DS/DD SPD-1B5 

Loudspeaker Modeling Program 
by Ralph Gonzalez [SB 1, 2, 3/87) 

LMP produces a full-range frequency response prediction for 
multi way loudspeakers, including the effect of the crossover, 
driver rolloffs, interdriver time delay, "diffraction loss," etc. (In¬ 
cludes author support.) Each $17.50 

Specify: 
Apple II 5’A" SS/DD (DOS 3.3) LMP-1A5 
Apple Macintosh 37i SS/DD LMP-2M3G 
IBM PC/XT/AT 5 %" DS/DD LMP-2BSG 
Commodore 64 514" DS/DD LMP-1C5 

“Souped-Up” LMP provides professional-quality graphics and 
a fast, friendly, user interface. Remains compatible with LMP data 
files and is available for IBM PC (CGA, EGA, VGA, or Hercules 
graphics) and Macintosh computers. The Macintosh version also pro¬ 
vides square wave analysis with audible output. 

Each $49.50 (upgrade price: $39.50*) 
Specify: 
IBM PC/XT/AT 5 %" DS/DD LMP-3B5G 
Apple Macintosh 3¥s' SS/DD LMP-3M3G 

‘Original LMP disk or sales receipt must be included w/ order. 

Driver Evaluation 
and Crossover Design 
by G. R. Koonce (SB 5/88) 

Disk 1 evaluates the suitability of drivers for closed, vented and 
passive radiator enclosures, and allows detailed designs of vented 
boxes. 

Disk 2, in addition to driver evaluations, allows the design of 
first-, second-, and third-order crossovers. 5VIBM: 360K, DS/DD. 

„ _ Each $12.50 
Specify: 
Driver Evaluations DRI-1B5 
Crossover Design CRS-1B5 

Active Filter Design 
by Fernando Garcia Vlesca [SB 4/88) 

Calculates component values for Butterworth filters in four con¬ 
figurations: High- and low-pass in second- and third-order. (In¬ 
cludes author support.) Each $17.50 

IBM 5% 360K DS/DD ACT-1 B5 

Two-Way Active Crossover Design 
by Gary Galo (SB 5/88) 

Performs the calculations for the eight two-way active crossover 
designs described by Bob Bullock using formulas exactly as given 
in the articles; plus a program to calculate VTH. (Includes one 
year user support.) Each $20 

Specify: 
IBM 514" 360K DS/DD TWO-1 B5 
IBM 31/i" 720K DS/DD TWO-1 B3 

Stepped Volume Controls 
by Joseph O’Connell (TAA 4/88) 

These ready-to-run Mac programs come on a 3V2-inch SS/DD disk 
initialized as a 400K disk for compatibility with all machines. 
Also included are the Pascal source codes, should you wish to 
customize them for your own use. Program A. Precisely matches 
the resistor values to the measured or estimated source and load 
impedances, yielding great accuracy. Your volume control can 
have 3 to 99 positions. The program will ask you how many dB 
each step should be attenuated and has provisions for a standard 
audio taper or any other taper you devise. Program B Calculates 
the taper that will result with your actual resistor values, because 
you are limited to standard values or with series and parallel com¬ 
binations. It can also show the effects of different source and load 
impedances on the taper. Both programs (contained on the same 
disk) allow you to save their output to a text file and include 
author support via mail. Each $25 

Apple Macintosh 3Va SS/DD SVC-1M3 

BULLOCK & WHITE 
BOXRESPONSE 

Model-based performance data for either closed-box or 
vented-box loudspeakers with or without a first- or sec¬ 
ond-order electrical high pass filter as an active equalizer 
[SB 1/84|. The program disk also contains seven additional 
programs as follows: 

Air Core: This program was written as a quick way of eval¬ 
uating the resistance effects of different gauge wire on a given 
value inductor. The basis for the program is an article in 
Speaker Builder (1/83, pp. 13-14) by Max Knittel. The pro¬ 
gram asks for the inductor value in millihenries (mH) and 
the gauge wire to be used. (NOTE: only gauges 16-38.) 

Series Notch: Developed to study the effects of notch filters 
in the schematics of some manufacturers. Enter the com¬ 
ponents of the network in whole numbers (i.e., 10 for 1 Oper¬ 
and 1.5 for 1,5mH) and indicate whether you want one or 
two octaves on either side of resonance. Output is frequency, 
phase angle and dB loss. 

Stabilizer 1: Calculates the resistor-capacitor values needed 
to compensate for a known voice coil inductance and driver 
DC resistance. 

Optimum Box: A quick program based on Thiele/Small to 
predict the proper vented box size, tuning and - 3dB down 
point. It is based only on small signal parameters, therefore, 
it is only an estimate of the response at low power (i.e., limited 
excursion). 

Response Function: Calculates the small signal response 
curve of a given box/driver combination after inputting the 
free-air resonance of the driver (fs ), the overall "Q" of the 
driver (QK  ), the equivalent volume of air equal to the 
suspension (V^j ), the box tuning frequency (fs ), and the 
box volume (VB ). Output is the frequency and relative out¬ 
put at that frequency. 

L-Pad Program by Glenn Phillips: Appeared in Speaker 
Builder (2/83, pp. 20-22). It is useful for padding down a 
tweeter or midrange while still retaining the same load as 
the driver itself. 

Vent Computation by Glenn Phillips: Calculates the 
needed vent length for 1,2 or 4 ports of the same diameter. 
Input box volume in cubic feet and required tuning fre¬ 
quency (fB), output is vent length and vent area for each 
case. 

Medium: 514" SS/DD Disk. Price, $25 
Specify: 
BOXRESPONSE 
Apple. 
Commodore 64 (Disk) ... 
Commodore 64 (Cassette) 
IBM. 

IBM Plus Graphics 
BOXRESPONSE. BOX-2B5G $50 

PASSIVE CROSSOVER 
This disk is a result of Mr. Bullock's extensive research 
concerning first-, second-, third-, and fourth-order passive 
crossovers in Speaker Builder 1, 2 & 3/85; $25 

Specify: 
PASSIVE CROSSOVER CAD 
Apple.PAS-1A5 
Commodore 64 (Disk). PAS-1C5 
IBM.PAS-1B5 

IBM Plus Graphics 
CROSSOVER CAD 5Ï, " demo PXO-3B5GD $ 5 * 
CROSSOVER CAD. PXO-3B5G $50 

. BOX-1A5 

. BOX-1C5 
BOX-3CC 
. B0X-1B5 

CALSOD 
Computer-Aided Loudspeaker 

System Optimization and Design 
by Witold Waldman 

CALSOD is a new entry into the field of crossover net¬ 
work optimizing software available for the IBM PC 
desktop computer. It combines the transfer function 
of an LC network with the acoustic transfer function 
of the loudspeaker, by using some form of iterative 
analysis. CALSOD creates, through the process of 
trial-and-error curve fitting, a suitable transfer func¬ 
tion model which it can then optimize. The program 
is the subject of CALSOD author Witold Waldman's 
research paper "Simulation and Optimization of 
Multiway Loudspeaker Systems Using a Personal 
Computer" which appeared in the Audio Engineer¬ 
ing Society Journal for September 1988, pp. 651-663. 
CALSOD differs considerably from other software 
since it models the entire loudspeaker output of a 
multiway system, including the low-end response, 
and the summed responses of each system driver. 

The program performs a lot of tricks. One of the 
more spectacular of these allows the designer to spec¬ 
ify the location of the driver acoustic centers using 
an XYZ coordinate system. Thus, if the designer ex¬ 

pects to mount a driver combination on a flat baffle, 
the summed response can be optimized to compen¬ 
sate for rearward displacement of a woofer's acoustic 
center with respect to a tweeter. CALSOD can model 
up to seven drivers at a time in a four-way system giv¬ 
ing the summed response and acoustic phase response 
of the entire system. 
The CALSOD program comes on a single 360K 

floppy, and requires one directory and two subdirec¬ 
tories in installation, plus access to the DOS GRAF-
TABL file, which it uses for a couple of special sym¬ 
bols. The 133-page User Manual, provided on a sec¬ 
ond disk, is well written, adequately describes the 
various program functions, and contains an excellent 
tutorial example, which demonstrates the use of the 
program. 

Specify: 

IBM 5'/. DEMO.CAL-2B6D $ 5.00’ 

IBM 3'/, DEMO.CAL-2B4D $ 8.00* 

IBM 2 X 5V< 360K DS/DD . . CAL-2B6 $65.00 

IBM 3</i 720K DS/DD.CAL-2B4 $67.50 

• Usable as credit toward later purchase of full CALSOD. 

NOTE: OLD COLONY SOFTWARE SHOWN ON 
THIS PAGE IS NOT RETURNABLE FOR REFUND 
OR CREDIT. ALSO, BECAUSE OF UNREASON¬ 
ABLE TAXATION REQUIREMENTS BY THEIR 
STATE, WE REGRETFULLY ARE UNABLE TO 
SELL SOFTWARE TO RESIDENTS OF CONNEC¬ 
TICUT. 

POSTAGE & HANDLING: In US. please add $2.00 for first disk and 75c 
each additional disk. In Canada, please add $4.50 for first disk, 75c each 
additional. Overseas, please include 20% of total order for shipping. 

DEALER INQUIRIES INVITED 
CALL OR WRITE FOR YOUR FREE CATALOS! 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B91, Peterborough, New Hampshire 03458 usa 

(603) 924-6371 / FAX: (603) 924-9467 
Answering machine for credit card orders only: (603) 924-6371 

betöre 9:00 a.m., after 4:00 p.m. and weekends. 
Have information plus MC/VISA available. 



Continued from page 66 

CAR ENCLOSURES 
I am interested in Isobarik tunnel enclo¬ 
sures for automotive use. They seem to 
have a decided advantage where space is 
at a premium. I wish to build one using 
either two 8" or two 10" woofers and 
having as small a net volume as possible 
(ideally less than 1 ft.3). 
I would greatly appreciate your opin¬ 

ions on the following: which drivers you 
believe would work best for this type of 
alignment, whether to go with a vented 
or a sealed enclosure, and what formulas 
to use in the calculation. 

Mike Manry 
Apple Valley, CA 92308-7786 

Contributing Editor John Cockroft replies: 

This is the first letter I have written to a reader 
in some time. Due to personal problems, I have 
found it necessary to give up (at least for now) vir¬ 
tually all activity related to speakers. I apologize 
to those who sent me letters recently. I am unable 
to answer them at this time. I have always enjoyed 
receiving letters from readers and answering them 
and I hope to do so again in the future. This letter 
came when I could answer it and its answer seemed 
to be of interest to many besides Mr. Manry. 

I really have no experience with car speaker sys¬ 
tems (that's one place I enjoy not hearing a radio 
because it's one of the few places I get a chance 
to think), but I have had some experience with Iso¬ 
barik, or compound, systems. One would think, 
on the face of it, these systems might be helpful 
in such a system as you contemplate. 
Since receiving your letter, I spent quite some 

time going through various catalogs I have on hand. 
I was surprised how little was available to aid me 
in the solution to your problem. I finally found a 
speaker unit that shows promise (at least based on 
its published specs), the VMPS BC 820/8 8" woofer. 
(It was in a year-old Just Speakers catalog [contact 
A&S Speakers, 3170 23rd St., San Francisco, CA 
94110, (415) 641-4573, FAX (415) 648-5306]; I don't 
have a current copy for some reason). Its specs are 
f5 = 40Hz, Qn = 0.36, and VAS = 1.8 ft.3 Last 
year the device sold for $27.95 a copy, which 
sounds reasonable. 
For the compound configuration, VAS would be 

one-half of the above figure, or 0.9 ft.3 Since you 
wish to keep the box small (below 1 ft.3, you said|, 
I started off with 0.5 ft.3 (net internal volume). This 
turned out to be too small because with the Isobarik 
tunnel, the rear speaker, and the duct |the specs 
of this speaker make it necessary to have a ducted 
design, although in other cases I'm sure a sealed 
system would function well), it seemed impossible 
to get a box of the right volume and still fit in all 
the elements. If you make the box deep enough 
to accommodate the rear speaker and the tunnel, 
it is either too narrow to fit the tunnel or too short 
to allow the duct to be placed in a reasonable 
position. 

I next tried 0.75 ft.3, which seems to work okay 
as I was able to fit in all the parts. It came out 

to a gross internal volume of 0.945 ft.3 (just inside 
your ideal requirements). 
Since we know the desired net internal volume 

and the value of VA5 vie can calculate the value 
of VAsINb (also known as alpha because the Greek 
letter is often used to symbolize it). This is the ratio 
between the compliance of the speaker and the 
enclosure, both expressed as enclosed volumes of 
air, to make the relationship easier to comprehend. 
We need to know this ratio to find out just how 
well the speaker will fit into the box (not physi¬ 
cally, but acoustically). It will help tell us how the 
system will sound with this setup. We divide 0.9 
by 0.75 and get VASIVB = 1.2. 

From this ratio (and some other speaker specs), 
we can determine f,, the final - 3dB down point 
of the frequency response curve as it leaves the 
passband and enters the stopband. This is where 

the sound will continue to roll off until it reaches 
silence (or at least the system's noise level), fg, the 
frequency the box must be tuned to (via the duct) 
to allow it to compensate for the speaker's defici¬ 
encies caused by its placement in this size box. We 
can also determine just how much the lower end 
of the response curve will peak or dip (or if it will 
remain flat) just before it enters the stopband. In 
other words, we will know whether the speaker/box 
combination will suit our purpose. 

Incidentally, what I'm using for fs is really fS4 , 
the woofer's resonant frequency in free air. The 
more accurate figure would be fSJ , the speaker's 
resonant frequency in this box. You can't deter¬ 
mine this without building the box and mounting 
the speaker in it and measuring and calculating 
fSB, which is beyond the scope of this letter. If you 

Continued on page 71 

SPEAK 

Acoustic Simulation Software 

- Design Revolutionary Loudspeaker Systems -

(A) 6th Order 

(B) Vented 
(C) Sealed 

PRESSURE RESPONSE 

SPEAK output in iteration mode comparing 3 designs for the same 
driver. Note (1) cursor readout. (2), (3) Duct "organ pipe" 
resonances. (4) Rolloff due to v.c. inductance. 

SPEAK gives the same results as conventional Thiele-Small based 
programs for simple designs. But, you can go far beyond. 

Input Parameter Options 
Full driver specifications 
Front and rear enclosures 
Vents or passive radiators 
Passive crossover/equalizer 
Active filter, order 1-5 
Parametric equalizers 
Driver non-linearities 
Multi-way systems 
More-

Plotting Options 
Pressure Response 
Electrical (Z, V, I) 
Diaphragm displacement 
Off-axis Response 
More... 

Requiree 
IBM AT class compatible 

computer with coprocessor 
and EGA monitor. 

Purchase.395.00 

Multi-User.995.00 

DLC DESIGN 
24166 Haggerty Rd. 
Farmington Hills, Ml 48335 
(313) 477-7930 

Fut Rapt! HHF596 
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Do you deserve the best? 

The Alpha features dual AC10 polypropylene cone 
subwoofers for powerful, fast and clean bass, dual AC5s for 
smooth and detailed upper bass and midrange and the new 
Vifa H25T Impedance Transformer tweeter for clear and 
accurate highs. 
The Alpha is the first of a new generation of sophisticated 

projects designed by Mike Dzurko using the MLLSA test 
system. The Alpha ’s extraordinary balance, coherence and 
three-dimensionality is a result of careful optimization of 
frequency and time domains, (notice the smooth, linear 
response curves both on axis and 45 degrees off as well as the 
exceptionally well-damped time coherent impulse response). 
Only the highest quality components are used in the upper 
and lower crossover sections and they arc physically separated 
to minimize magnetic interactions. 

If you want the excitement and power of live music and 
quality videos you will relish the Alpha ’s dynamic range. Even 
at very high output levels the Alpha’s music is clean and 
lifelike. 

Unlike most high-output designs, the Alpha does justice to 

Alpha 
Optional t* rloiuj faomt coanchí 

DACAON 

Dackou$) 

^5 

TOP REMOVED 4 IÆ* 16* 

4 3/16* AC Fmm 

V/OOFCR 

2 Alpha Ri P? 

As APOVE 

FRONT REAR SIDE CUTAWAY 

4 3/8* 5 13/16* 3 1/8* 10 1/8* 9 1/8* 10 1Æ* 
F18 H9 F20 

4 3/8* 5 13/16* 
14 7/8* 18* 

F10 Fil Fl 2 F13 Fl 4 
ns Fl 6 

hID R AUGE 
¿HAMPER 

ArtAiooit 

"nuts 

the fínese and beauty of acoustical music and sounds just as 
full at low volume as it does at lease breaking levels. 
Appreciate well-recorded vocals like never before! 

AD Rights Reserved 1991 AC Components div. Audio Concepts, Inc. 901 S. 4th St, La Crosse, WI 54601 Drawn 5/91 

All cabinet walls built 
with 3/4" MDF 49.3 lbs. 
per cubic foot 

/a/termal 
PR^ c/ue 
2"^ 
5 ET DM t'OilC 

Nominal impedance: 4 ohms, Response 34-20kHz ±3db, Sensitivity: 93 db IwattHmeter, Recommended RMS 
Power: 50-300 watts per channel. Inputs: Dual five-way gold plated heavy duty, may be biwired or bi-amped. 

Due to the size and weight of the Alpha, AC Components does not offer cabinets. The Alpha should be built by 
experienced woodworkers. For only $499 a pair we supply you with plans, drivers, damping and crossover 
components including dual gold-plated heavy duty input terminals. For an extra $60 we’ll assemble and test the 
crossovers for you. Extra Special: Mention this ad and we’ll pay the UPS ground shipping on your Alphas! 
This offer good only until December 31, 1991. Call (608) 784-4570 if you have questions or call (800) 346-9183 
to place your order. Fax orders to: (608) 784-6367, Visa and M/C accepted. 

AC Components div. Audio Concepts, Inc. 
901 S. 4th St. La Crosse, WI 54601 



Continued from page 69 
wish to do this, I have discussed this and other 
measurements and calculations for vented boxes in 
"The Demonstrator" [SB 2/87, p. 29). 

I should again call attention to the fact that in 
that article, equations 4-6 have an error (the same 
error): VasNb should have the parentheses enclos¬ 
ing the entire expression, rather than just VAS as 
printed. In many cases, fsg is fairly close to fsg . 
It is usually a few hertz lower. I do remember one 
case in which it was actually a bit higher. (Perhaps 
I goofed, but I couldn't figure out where.) 
My guess is that for a woofer in a car environ¬ 

ment, with its high noise level, high sound reflec¬ 
tivity, and so on, that the use of fS;( would result 
in an acceptable woofer. If not, proceed to work 
out f5g. Make sure when you build the system you 
allow for duct removal and replacement with one 
of a different length. Using ducts made of PVC 
plumbing pipe (available at building supply stores) 
helps simplify things. 

First, to determine f3, make sure the frequency 
goes low enough to be considered. For this, take 
the square root of VASIVB and multiply it by fsg (or 
fsg if and when you get it). This would be: 

f3 = VÏÏ2 X 40 = 43.8Hz 

I certainly think this would be low enough for a 
car woofer. The interior car dimensions will prob¬ 
ably limit the lower frequencies (at least as far as 
full volume sound is concerned). To obtain a fre¬ 
quency of 43.8Hz (which has a wavelength of 25.8 
ft.) at full volume would require that the listening 
space have a dimension at least one-half as long 
as the wavelength, or 12.9 ft. Perhaps in a van or 
station wagon you could realize most of this 
speaker's potential. 
Now we come to fg. Incidentally, I should have 

mentioned that the equations I'm presenting here, 
in designing this box, were worked up by D.B. 
Keele and have been published in several sources 
(and deservedly so). So again we come to fg: 

= (Wg)° 12 X fM  (or fsg ) 

You can easily solve this on a scientific calculator. 
In this case, punch in \J|S/Vg ¡which is still 1.2). 
Then punch the Y1 key, then 0.32, and finally the 
equals key. It will take a second or two for the 
calculator to perform the calculation (which will 
be 1.0600784). Multiply this by 40 to get 42.4HZ 
for fg. 
To find the peak, or dip at the low end of the 

frequency range, use the following equation, where 
R is ripple: 

R = 20 Loglo |W" 2.6Q„ 

Start, as you did with the last equation, by punch¬ 
ing in Vi5/Vg, then do the stuff with the Y" key 
(only 0.35 this time) and equals (1.0658926). This 
must be multiplied by 2.6 times Qn (which is 
0.36), so just go X 2.6 x 0.36 = and you get 
0.9976755. To convert this to decibels, press the 
log key, which will give you the logarithm to the 
base 10. Wait a couple of seconds for the answer, 
which you multiply by 20. In this case, it's 
- 0.020214IdB. The minus sign indicates it’s a dip, 
not a peak. Actually, it's flat; anything that's only 
booths of a decibel isn't anything at all. 

Now that you've had all that fun figuring out this 
stuff, you discover you might have a good system 
(assuming the published specs are relatively cor¬ 
rect for the two units you may end up with). If 
you have the equipment, measure what you get 
when it arrives. |You should break in the speakers 
for a few hours to loosen up the suspensions before 
you measure.) Lacking that, you could build the 
system and see what you get. Chances are the sys¬ 
tem will be usable. (However, just in case, at this 
point I slip quietly around the corner and make 
a break for it.) 
We still must determine the duct dimensions that 

will give us the fg of 42.4Hz: 

= (6.28 fg/345)2 Vg

Sv is the cross-sectional area of the duct. The value 
345 is the approximate speed, in meters, of the 
speed of sound at sea level (I suppose at 70 °F) and 

Vg is the net internal volume of the enclosure in 
ft.3 (in this case 0.75). You can perform it on the 
calculator as it is written: 

6.28 x 42.4 

then punch the divide key: 

345 = (0.7740156) X2 (0.5991001) x 0.75 
= (0.4493251) 

(The figures in parentheses are the answers on the 
calculator and are not to be punched in.) The final 
one was Sy/L^. Once again, I think these equa¬ 
tions are the work of D.B. Keele. (If I'm wrong, 
I apologize to the real author.) 
Sy/LVE gives the ratio of the cross-section area to 

the effective length of the duct. Because one end 
of the duct is flanged (the speaker baffle acts as 

Continued on page 73 

The perfect 
way 

to reproduce 
a masterpiece 

Have you ever tried the new seas coax speakers? 
They can be obtained in 2 sizes: 

MP 14RE-COAX/F 
An exciting combination of a 5" PP -
midrange and a 1 " soft fabric dome in 
a coaxial arrangement. Due to the 
neodyniumm magnet system of the 
tweeter, the two drive units have 
identical acoustic centers and 
matching directivity in the crossover 
frequency region. MP 14 RE-COAX/F is 
very suitable for satellite systems. 

For further details, please contact 

seas 

P 17 REX COAX/F 
This driver is a coaxial arrangement of 
our famous 6.5" Pl 7 REX and a 1" soft 
fabric dome tweeter. The identical 
acoustic centers and corresponding 
directivity in the crossover frequency 
region enables a full range HI-FI system 
with a symmetrical and stable radiation 
pattern combined with a smooth 
energy response. 

Seas USA West 
(west of Mississippi) 
Fax 213 556 0860 
Phone 213 556 3611 

Seas USA East 
(east of Mississippi) 
Fax 215 643 2186 
Phone 215 643 7327 

or your nearest distributor 
Wes’ ITC 2 7 72 Olympic Blvd Los Angeles. CA 90006 Just Speakers 11 70 23rd Street San Fransisco CA9411C Gold Sound 
Speaker Components ¿285 South Broadway. Englewood CO 80151 SpeakerCraft 3626 Merril Ave. Riverside. CA 92507 
Speaker Works 2539 Eos’ indan School Phoenix AZ 850'6 

Eos’ Zalytron Industies Corp 469 Jericho Turnpike Mineoa NV 1 150 Audio Lab 5269 - 2 Buford Higway. Doraville. GA 
30340 Toutant Electronics 246 E 131 St Cleveland. Oh 44108 

Canada : Soien 4470 Ave Thipault S’ Hubert QC J3Y 7T9 

Fast Reply HHF206 
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DEALER INQUIRIES INVITED Now A vailable by Popular Demand! 

BULLOCK ON BOXES 
BY ROBERT M. BULLOCK III 

with Robert White 

Since 1980, readers of Speaker Builder magazine have 
delighted in the scope and clarity of Bob Bullock's explana¬ 
tions of vented-box loudspeaker systems. Now, for the first 
time, these articles have been collected into a single in¬ 
valuable volume: BULLOCK ON BOXES. 

This book is an easy-to-read guide to designing and build¬ 
ing vented-box systems based on Thiele/Small models. 
And in addition to the background theory and descrip¬ 
tions of the models, BULLOCK ON BOXES carefully 
covers a host of related information drawn from nu¬ 
merous resources. Computer modeling, as demon¬ 
strated by the authors' BOXRESPONSE and BOX¬ 
MODEL programs, is also explained in clear detail. 

A professor of applied mathematics at Miami Univer¬ 
sity (Ohio) since 1966 and long-time hands-on speaker BKAA8 1991, 872" X 11" $10.95 
buff, Dr. Bullock brings an unparalleled range of ex¬ 
perience to the pages of BULLOCK ON BOXES. Fully 
indexed and referenced, with glossary, bibliography, and 
more than 100 illustrations, BULLOCK ON BOXES is 
a practical handbook and lasting reference indispensable 
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a flange) and the other end isn't (it just sticks out, 
inside the box), this represents a special case and 
we must make a correction for the actual length 
of the duct. (All other situations also represent spe¬ 
cial cases and must be corrected, but we don't really 
care at this point—at least I don’t.) You must cut 
off some of the duct. 
I will skip ahead here for a minute (mostly 

because it's 4 a.m. and I'm trying to remember the 
equation). I will arbitrarily pick a 2" inside diam¬ 
eter for the duct tube. First, because I think it will 
prove to be a practical size (experience, man) and 
second, because the cross-section area (Sv) equals 
tt. (That means every time I want Sv, all I must 
do is punch the tt key. I’m a bit lazy at this time 
of night.) 

Ok. I remembered the equation for the correction: 

Lvc = 0.825 VT 

Lvc is the length in inches to be cut from the duct 
that the previous equation calculated to make it 
"correct." Note the quotation marks. We’re not out 
of the woods yet. This correction is only to set us 
up for the final correction (sounds like "the final 
problem"). The big problem is that I have never 
been able to make the final correction correctly. 
Now I don't even remember the equation to at¬ 
tempt it (and I don't care to). The equation was 
supposed to make everything come together, to hit 
the nail on the head, so to speak. The trouble was 
I heard a lot of air swishing around the nail head 
every time I swung the hammer. What happens 
is that when I get this close, I get out the old fre¬ 
quency generator and cut up a bunch of ducts with 
lengths both longer and shorter (as well as the pre¬ 
dicted one) and have a go at it. I try the short ones 
first because that is the way it is supposed to be. 
A lot of times I find that a duct 0.7 times the 
calculated duct is quite close. That might be the 
one to try first. 

Now, let's calculate the duct. Using the 2" I D. 
duct: 

3.14 / (Sy/L^) (0.4493251) = 6.9918033 - Lvc

(I just realized we didn't calculate Lvc either.) The 
square root of 3.14 is 1.772, etc., times 0.825 = 
1.46 (say l’/z"). This gives us a duct of 5%". If 
we should invoke the magic 0.7, we come up with 
3.85". (Isn't that an impressive sounding number?) 
1 hope your luck is running. 
Figure I is a sketch of a way this project might 

work out. The speaker, tunnel, and duct are all 
mounted on the speaker baffle. I suggest mounting 
this baffle to the rest of the enclosure with a % " 
bead of silicone rubber (bathtub caulk). Hook up 
the wires, then press the baffle into the rubber and 
line up the cover to the box. 

Let the silicone rubber squish out and look like 
hell. Later (like tomorrow), when it is dry, take 
a wet single edge razor blade and trim it off. Make 
sure when you are putting things together, you don’t 
let the speaker leads get caught between the baffle 
and the top of the box. While the rubber is drying, 
weigh down the baffle with something heavy, like 
bricks. When you finally decide on the right duct, 
glue it in with the silicone rubber, putting the duct 
almost all the way in the hole. Put a bead of the 

Continued on page 75 
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Continued from page 73 
rubber around the duct about Vi" from the end 
Then, push the tube in place with a twisting mo¬ 
tion. You can trim off any mess later as described 
above. This messy stuff should be done over 
newspapers. 

Keep the Isobarik tunnel as short as reasonably 
possible for two reasons. First, the longer it is, the 
more volume it takes up. This makes the enclosure 
larger. Second, if the rear speaker is too far behind 
the front one, it will broadcast information out of 
phase with the front speaker, through the front 
speaker cone, smearing the sound. I have never 
heard this phenomenon with the short tunnels I 
used, even at higher frequencies, but other designers 
have reported on this. I understand that the speak¬ 
ers were separated a considerable distance from 
each other. 

If you plan to use this only as a woofer (as I sup¬ 
pose you do), you should have no problem, as the 
wavelengths of the frequencies involved would be 
several feet long. I think the tunnel is long enough 
(on the sketch), but it would be better if you had 
the actual speakers in hand, so you could measure 
everything and determine the length. If you must 
lengthen the tunnel by any serious degree, add 
similar volume to the gross volume of the box. If 
it's only %" or so, forget it. 
Make the connecting wires in the tunnel long 

enough so you can mount the speaker, but not long 
enough so they flop against the rear speaker cone. 
Maybe after attaching the wires to the speaker, you 
could turn the speaker 90° so the wires would tend 
to wrap around the front speaker basket and not 

Continued on page 77 

FIGURE 1: Compound woofer system based on the published specs of the VMPS 8", 8Í1 woofer 
(fs = 40Hz, Qrs = 0.36, VAS = 1.8 ft.3). Divide \/AS in half for this system. Wire the woofers 
in parallel to get 4Í2; wire both woofers with the same polarity. The material is %" particle board. 
Woofers are available from Just Speakers. 
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MADISOUND 
Box 4283 
Madison, WI 53711 
(608) 831-3433 
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Continued from page 75 
dangle; #10 brass pan head machine screws, with 
nuts and solder lugs, make good feedthroughs 
through the tunnel walls. 
Wire both speakers in the same phase (so they 

both move in the same direction at the same time). 
Wiring them in parallel would probably give you 
the best impedance for a car amplifier. Use 1 " thick 
fiberglass batts (Radio Shack) on the panel opposite 
the speaker baffle and the end and side panel far¬ 
thest away from the duct. Spot glue these in place 
so car vibrations won't dislodge them. 
When measuring the tunnel length, make sure 

you have room to allow for the forward throw of 
the rear speaker. The cone shouldn't be allowed 
to hit the front speaker's magnet. 

I hope this has been helpful. 

is wrong, your ears will inform you and the analyzer 
will show you exactly where it is wrong. 

If the frequency response is flat up to 3kHz, great. 
Try putting a coil in series with the woofers and 
check the resulting frequency response. If it looks 
and sounds good, add the tweeter to the system. 
Don't be afraid to use asymmetrical crossover 
points. Theory is one thing, reality another. 
The driver cross-sections determine the enclosure 

cross-section. The drivers from both manufacturers 
are nominally 6.5" in diameter so the cabinet di¬ 
mensions are the same. 
The loudspeaker I designed is 4Q for a very small 

part of the impedance curve. I consider it a mild 
load in comparison to some impedance curves I 
have seen. Any decent amplifier should have no 

problem driving the loudspeaker. I do not know 
of any way to bring up the impedance curve. After 
living with the speaker for more than a year, I do 
not believe it is the problem I previously mentioned. 
It is tweak time. As we all know, loudspeakers 

are designed and sold at certain price points. The 
cabinets, drivers, and crossovers make up part of 
a loudspeaker's cost. A few things the home builder 
can add to his speakers would not be cost-effective 
for the speaker manufacturer. The materials are not 
the problem, the labor is. True, it is a pain to smear 
clay on the cabinet walls (interior walls only, please) 
as it takes time and effort. True, it is a pain to pour 
and seal sand in the cavities. However, it works 
and works well. I cannot speak of the effective-

Continued on page 79 

WOOFER 
PREFERENCES 

I wish to build a speaker system like the 
one in "Octaline Meets D'Appolito" 
(SB 2/91, p. 38) by William Wagaman. 
However, I wish to use the ô'/z" Eclipse 
W6518R woofer instead of the Vifa 
P17WJ. According to the article, the 
Eclipse woofer was recommended as the 
first choice for this design. 

Do you still maintain the Eclipse is the 
better choice? If so, could the author give 
me a filter arrangement and component 
values to match the W6518R woofer to 
the Dynaudio D28af tweeter? 
If my woofer changes, must I change 

the enclosure dimensions? By how much? 
Is the speaker 40, and can this be 

changed to 6 or 8 without any adverse 
side effects? 

Do you think the damping effects of the 
modeling clay and the sand-filled baffles 
are worth the effort over using just wool 
or foam and Acoustical Magic? 
I would greatly appreciate your tech¬ 

nical recommendations. 

Tom Combs 
Peru, NE 68421 

William Wagaman replies: 

I think either woofer brand will work in my design. 
I'm happy with the Vifa drivers. To use different 
ones, proceed as follows: 

First, install the drivers in the stuffed speaker 
boxes and get a full impedance curve. Do not hook 
up the tweeter at this time. You will use this infor¬ 
mation when you calculate the coil size you need 
for the crossover. Run two curves, one with, and 
one without, impedance compensation. Meniscus 
should supply the resistor and capacitor values 
needed when running the drivers in parallel. 

Second, use a spectrum analyzer and a pink noise 
generator to get an idea of the system frequency 
response. You can buy analyzers for a relatively 
small amount. Mine cost $50 from BSR. You can 
use either the built-in pink noise generator, the Old 
Colony generator, or a CD test disc. If something 

Reliable in supply and quality 
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Here is what can be obtained by con¬ 
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tiality” in reproduction. 
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• Less room influence on reproduction. 

• Less discontinuity at cross-over from 
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response for direct and reflected sound. 
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Continued from page 77 
ness of the Acoustical Magic paint. It may work 
as advertised. 

I hope you build my speaker design. Put the time 
and effort in the cabinets and fine-tuning the cross¬ 
over parts. You will be rewarded many times over. 

WHAT’S BEST? 
I am planning to build a dipole subwoofer 
somewhat along the line of James Lin's 
(SB 6/89, p. 10), Robert Camp's "Big Di¬ 
pole" (p. 52), Celestion's System 6000, 
and also the long-forgotten Enigma Sub¬ 
woofer of a few years back. 

In selecting driver units, what is the 
most important parameter to consider? 
Throw, diameter, surround construction 
and material, power handling, speaker Q, 
or something else? 
Assuming equal throw, four 10" units 

have about the same area as two 15" 
units. Which is the better choice? 

I need to use an equalizer, no doubt. The 
Richter Scale III is the obvious choice. 
What about the Basis? I think this in¬ 
teresting EQ should be reviewed. The 
Richter Scale was, so why not this one? 

Ngai Lee 
Brooklyn, NY 11214 

James Lin replies: 

I wish 1 could answer Mr. Lee's questions in the 
form he has asked them. Unfortunately, they con¬ 
tain what I believe to be a common error, that one 
or two qualities define the “goodness" of a driver. 
I’m sure Mr. Lee would not ask, "What is the most 
important factor in choosing a husband or wife?" 
But something about technical matters such as 
speakers seems to invite this sort of question. If 
only life were that simple. In fact, in engineering, 
the most successful designs are those in which many 
qualities are balanced. 

Having said that, 1 will at least attempt an answer 
to the first question, which I will rephrase as "What 
are some of the important qualities (note plural) 
to look for in a driver for a dipole subwoofer?" 
Briefly, as I discussed in my article, some of these 
qualities are large, linear volume displacement (the 
product of cone area and throw) and an appropriate 
Q value. Because the ear's inherent insensitivity 
to low frequencies, a subwoofer must be capable 
of quite high output at low distortion. 
Since the amount of linear volume displacement 

available governs output, the volume displacement 
is important, particularly in dipole subwoofers be¬ 
cause they are inherently wasteful, losing large 
amounts of output due to front-to-back cancella¬ 
tion. In my design, for example, only about 6% 
of the output at 25Hz is actually heard as sound, 
the remainder being cancelled. Thus, a large cone 
area and a linear, long cone throw are equally 
important. 

A Q value in the 0.7-1.0 region makes for sim¬ 
ple equalization via a 6dB/octave slope to give flat 
far-field response. Other Q values can be accom¬ 
modated as in my design; however, they may re¬ 

quire more complicated equalization. Some man¬ 
ufacturers, such as Carver, use very high Q values 
of 2. 5-3.0 to eliminate the need for equalization; 
however, such drivers are specially designed for 
that purpose and are unavailable to the amateur, 
as they are essentially worthless for anything else. 
Indeed, even quality drivers with a Q of 0.7-1.0 
are uncommon, since most drivers available to am¬ 
ateurs are designed for sealed- or vented-box de¬ 
signs, which generally require a much lower Q. 

Quality of construction is always important, but 
using specific details of design or construction such 
as cone material, surround construction, and so on 
to differentiate between drivers is a flawed ap¬ 
proach. A good driver using an "inferior" design 
will beat a poor driver with "superior” design every 

time. I regard power handling as the least impor¬ 
tant factor in choosing a driver. It describes what 
input a driver can handle, whereas what matters 
is whether the output is sufficient for your purposes. 
As a Boston Audio Society member once described, 
"Praising a speaker for its power handling is like 
praising a car for its gas consumption." 
Mr. Lee's second question is simply unanswer¬ 

able. While it is at least reasonable to ask for a com¬ 
parison of specific drivers for a particular purpose 
(although designers may differ in their choice of 
driver, depending on the qualities they value most), 
asking such a general question is akin to asking, 
"Who are superior, blondes or brunettes?" Of 
course, one might say, all other things being equal, 
but in real life, all other things are never equal, 
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and practical differences will outweigh theoretical 
ones (and if all other things were indeed equal, you 
would have nothing to choose). 

Finally, as to the third question, Mr. Lee does 
not indicate the size of the subwoofer baffle he plans 
to build, nor the main speakers he intends to use. 
As I stated in my article, the size of the baffle will 
determine the equalization required, and the choice 
of main speakers will affect the crossover point. 
I have no experience with the Basis, and therefore 
cannot comment on it. I have not used the Richter 
Scale either, but have read reviews of it. Based on 
that, I would not recommend that the Richter Scale, 
or any similar design, be used as a substitute for 
the type of crossover outlined in my article. The 
reasons for my opinion are as follows: first, the 
amount of equalization required for a dipole sub¬ 

woofer of reasonable size is on the order of 12-
15dB. This is at or even beyond the capabilities 
of many graphic equalizers. 

Second, using such large amounts of equalization 
will inevitably result in a lumpy equalization curve, 
when what is needed is a smooth 6dB/octave rise 
to compensate for the falling output due to front-
to-back. Using feedback equalization around a single 
op amp as in my article will easily and inexpen¬ 
sively accomplish this for less cost and with better 
results than using a graphic equalizer. 
Third, the choice of crossover point should be 

individualized for the main speakers. As I stated 
in my article, using a subwoofer indicates the cross¬ 
over point will inevitably be located around the 
region where the main speakers are rolling off 
themselves. When you design the crossover, you 
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must take into account the variation in both phase 
and frequency response that this entails, and a 
proper crossover is as important as a good driver. 
A custom, dedicated crossover is by far the best 
solution. A universal crossover does not necessar¬ 
ily produce bad results, but it rarely if ever gives 
optimum results, just as an off-the-shelf crossover 
is rarely as good as an integrated design. 

Finally, if Mr. Lee is interested in more detail, 
I suggest he read the technical discussion in my 
article, as well as the references listed therein. 

TL MODELING 
Peter Hillman's superb articles (SB 5/89, 
p. 10 and 6/89, p. 32) awakened my in¬ 
terest in TL loudspeakers. Of special in¬ 
terest was the detailed documentation of 
performance. My curiosity was piqued by 
a point implied in Mr. Hillman's mea¬ 
surements (but not presented explicitly in 
the text): a (the ratio of the speed of sound 
in free air to the speed in the fiber tangle), 
which has entered the lore of TL design¬ 
ers, appeared to be frequency dependent. 
This led me to read Mr. Bradbury's arti¬ 
cle, which verified this point. It was clear, 
moreover, that Mr. Bradbury's approach 
yielded reasonably accurate predictions 
of a and 0 and the fit with Mr. Hillman's 
data further indicates this was a produc¬ 
tive approach. I was pleased to find ex-

Continued on page 82 
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pressions in Mr. Bradbury's paper tor 
driving impedance and port velocity and, 
while I'm not an engineer and know lit¬ 
tle of acoustics, I began to use these equa¬ 
tions for a computer simulation of TL 
behavior. 

It was relatively simple to use equation 
9 to relate "stuffing" parameters to the 
frequencies at which a given line was *4X, 
VaX, and so on. Vector addition of the port 
to a constant real 1 for the driver gave an 
idea whether the output of the port was 
helpful. I also simulated the mechanical 
load on the driver using equation 8. From 
the curves in Fig. 10, I deduced that the 
positive values of the imaginary Z were 
probably due to "stiffness" and should 
add to the Z due to CMS, while negative 
values should add to Z from Mms . 

To couple the driver to the line, I mul¬ 
tiplied the line impedance by sd2/area of 
line (more on this later). I scanned the 
output for minima in the mechanical im¬ 
pedance, which I assumed would corre¬ 
spond to maxima in the electrical Z. 
Things became interesting: the model pre¬ 
dicted (in a qualitative way) some of the 
cryptic behavior noted for TLs—double 
peaks for short lines, higher fs on in¬ 
creased stuffing density, the position of 
the resonance peak in Mr. Hillman's 
empty line, and the appearance and dis¬ 
appearance of peaks in Mr. Cockroft's 
Microline (SB 5/89, p. 28). This is quite rea¬ 
sonable: in the region of frequency of in¬ 
terest, the main reactive mechanical im¬ 
pedances acting on a driver are nearly 
equal and opposite; the line presents 
small reactive impedances—capacitive 
which increases as one approaches X/4 
(the high-frequency extension of this is in¬ 
creased by increasing stuffing density) 
and inductive below X/4; depending on 
circumstances, these may augment or null 
the mechanical impedances. 
The model had a major glitch, though; 

it predicted values of port radiation 
around 'AX, which were much too high 
[Figs. 7 and 8 in Mr. Bradbury's article). 
The same seemed true for Z. The line 
needed damping or loss. In equation 13, 
Bradbury assumes elastic transfer of mo¬ 
mentum from air to fiber. This is almost 
certainly incorrect, so I decided to in¬ 
troduce a "loss" through this coupling. 
Since the leap from equations 10-13 to 
8 and 9 is beyond me, I fudged this by 
replacing the extensive loss parameter: 

ß x w x L/a0

in equations 8 and 9 with: 

ß x u x L/ao + damp x a x L/ao

where damp is a variable from 0-1. By 
using a value of damp of around 0.1-0.2, 
results became more realistic. (More about 
losses later.) 
The results encouraged me to ask how 
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an actual simulation would look so I at¬ 
tempted to simulate a complete system's 
acoustic and electric behavior. Since I 
didn't know how this should be done, I 
looked up information on loudspeaker be¬ 
havior in Mr. Colloms' book. I assumed 
the cone's velocity, U, would be directly 
proportional to: 

BL / (R£ + Rg) 

and that it would be inversely propor¬ 
tional to the mechanical: 

¿n (line) + Rms + ü> X 
- 1 /|u x CMC ] - Z, (line) 

and electrical impedances. From the 
models I've seen, I took this to be: 

B2L2 / (Re + RG) 

on the driver. These inputs seemed to 
work in trial simulations of closed boxes. 
To convert U into acoustic output, I mul¬ 
tiplied U2 by an f2 function, which incor¬ 
porates the resistance of air and the ratio 
of wave length to circumference of the 
diaphragm. I applied the same to the port, 
assuming a massless piston of the same 
area as the driver. I also used Mr. Col¬ 
loms' Fig. 3.28 to compute electrical Z and 
its phase. 
Using the model, I ran simulations of 

Mr. Hillman's speaker. While with a lit¬ 
tle fudging I achieved reasonable agree¬ 
ment between model and report, I noted 
the following defects: 

1. The model exaggerated the driver's 
rolloff. 
2. The model overestimated the driver's 

loading (resistive and capacitive) by the 
line. (To achieve a reasonable simulation, 

i it was necessary to use a line area about 
2.3 times the actual average area of Mr. 
Hillman's line.) 

3. The model failed to predict enhanced 
output of the port between 20 and 40Hz, 
and between 50Hz and 1.5kHz. (Enhance¬ 
ment in the former region and suck out 
in the latter were underestimated.) 
4. Mass loading suggested in those re¬ 

gions and below 20Hz was not predicted. 
First, let me note that as a chemist I'm 

aware of the utility of heuristic models in 
which complex behavior is simulated by 
relatively simple functions chosen be¬ 
cause they work, rather than because of 
any reflection of actual physical behavior. 
Simulation suggests this might be the case 
here. The results are more sensitive to pa¬ 
rameters (length, density, driver param¬ 
eters) than to the fudge factors. Acoustic 
output is relatively insensitive and imped-
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anee more so, a simple reflection of mea¬ 
surement. TLs are intrinsically well-be¬ 
haved, with slow rolloff and little ripple 
(provided adequate stuffing is present). 
Problem 1 : This seems largely a conse¬ 

quence of 2 and 4. 
Problem 2: While I have somewhat com¬ 

pensated for losses due to energy transfer, 
other important losses are present. The 
line is shunted capacitively along its 
length and more importantly, at each re¬ 
duction in area and at each fold, some 
energy is reflected back to the driver. 
Resolution of this seems prohibitively 
complex (an infinite series of transcen¬ 
dental terms?). My results suggest that 
these effects can be modeled as a shunt 
and moreover, since simple exaggeration 
of the line area produced reasonable val¬ 
ues for phase, magnitude, and location of 
the impedance peak, it appears that a 
scaled phantom of the line itself could 
serve as a reasonable facsimile of this 
shunt (perhaps paralleled with an RC 
term derived from the volume of the line 
and density of stuffing). The scaling term 
could be determined empirically and re¬ 
lated to the taper and number of bends, 
and of course port out must be reduced 
by shunt. Such a term should be a well-
behaved predictor as the range of value 
is small, the effect on output fairly small, 
and the "validity" easily tracked by im¬ 
pedance behavior. 
Problems 3 and 4: I have no idea what 

is happening here. I suspect mutual load¬ 
ing and differences between the imped¬ 
ance of the port and the air may account 
for some but not all of 3. The fact of 4 
makes it seem probable that the line is 
simply a more efficient half- and full¬ 
wave resonator than predicted by Mr. 
Bradbury's equations. A simple solution, 
however, is to add a damped cos: 

cos (a X co X L/a0) 

to the real velocity of the port (Mr. 
Hillman's data suggest the reciprocal of 
a cos(h) or cos(h’) function with a max at 
about IX in the line). Since efficient 
resonance at 2nX/4 implies mass loading, 
a similar j x absolute cos or j x cos2 func¬ 
tion could correct the impedance. While 
these functions may depend on the line's 
shape and stuffing density, the beauty is 
that, once again, the range of values and 
the influence on output are both small. 

Reflection and my simulations suggest 
that TLs have valuable intrinsic charac¬ 
teristics: an ability to present a fairly level 
and largely resistive load over a couple 
of octaves resulting in a 6-8dB rolloff, 
which may be compensated to some 
degree by port output along with quite 
unproblematic "tuning." This suggests a 
relative insensitivity to R£ (ability to pad 
without introducing nasty peaks). It also 
suggests that short lines packed to higher 
than typical density, using high Q drivers 
or shunting the line with a resistive vent 
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("Vario-vent”) could provide greater bass 
extension and much gentler rolloff than 
a closed box of the same volume, a nice 
result if you accept that the speaker re¬ 
sponse should meld with the approxi¬ 
mately 5dB/octave enhancement offered 
by boundary loading in a normal room. 
(I plan to build a folded 5 ft., 2.5 ft.3 box 
with a 10" driver to test this.) Finally, the 
model suggests that for a given driver and 
a given volume, loose optima are among 
the inevitable tradeoffs. A good model 
should help to explore these as well as un¬ 
conventional loadings based on the in¬ 
troduction of deliberate resistive or capa¬ 
citive shunting (easily added to the model). 

Clearly, you have done work on this us¬ 
ing tools far superior to mine. Is what I 
have done to date reasonable? Does my 
model contain gross errors? Are the pro¬ 
posed refinements reasonable? Has your 
own work led to more refined solutions 
or to intractable conflicts with real be¬ 
havior? Do you have more data on the 
performance of real lines, particularly 
lines without folds or taper, which you 
could share with me as I try to work out 
the fudge factors? (Unfortunately, I have 
limited facilities for acoustic measure¬ 
ment.) Have you any data on the perfor¬ 
mance of Mr. Cockroffs "free lunch” 
lines? 
My model suggests impedance peaks at 

approximately the right frequency and 
magnitude with a broad flat impedance 
and a gentle 6dB rolloff for the driver 
commencing at a fairly high frequency; 
loading by boundaries at about 2, 5, and 
8 feet could produce the effect of con¬ 
siderable bass extension. On the down¬ 
side, the Enes seem to have too little pack¬ 
ing in one respect: they are too short 
acoustically and cancellation by the port 
appears to add an extra 4-6dB rolloff at 
fairly high frequency. 

Robert H. Hesse 
Cambridge, MA 02142 

Contributing Editor Robert Bullock replies: 

My work on transmission lines consisted in taking 
Mr. Bradbury's acoustic model and adding the 
driver to the system. I then programmed this model 
and ran comparisons with its predictions and data 
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bury's acoustic model, but I have yet to return to 
the project. I would send you a copy of the thesis, 
but it is nearly 200 pages and I don't care to spend 
the time reproducing it. If you are interested, you 
could get it on interlibrary loan as I did, or I could 
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MOBILE, ALABAMA 36695 

(2051-633-2054 AFTER 5 PM CST 

_ Fut Htply HHF73 

FERRO FLUID 
Pro-tech Ferro Fluid substantially 
improves frequency response, in¬ 
creases transient and continuous 
power handling capa¬ 
bilities, and reduces 
second and third order 
harmonic distortion. It 
reduces the Q and low¬ 
ers the impedance 
peak at resonance 
without a significant re¬ 
duction in SPL. Ferro 
Fluid can effectively 
increase power han¬ 
dling capability of a driver by 200-
300%. General purpose fluid fortweet-
ers and midranges only. 10cc bottle 
(enough for over 50 tweeters). 

$1995#340-430 

340 E. First St. Dayton, Oh 45402 

1-800-338-0531 
Call For Ordering Information 

J/—Parts Each ¡express 
Ft International Inc 

Fut REply »HP1156 

FIGURE 1: Simulation. 0.4mH for L coil. Object: Dynaudio 30W54 in 8' line of area 1.75 x 
5. Stuffing: 0.5 lb./ft.3 Density: 0.954. Diameter: 22.5m. I used 0.2 for damp and 4.0 for area 
of line/SD . 

send the chapters on modeling if that would suffice. 
All the TL data I have I got from Peter. I prefer 

you request it from him. I believe he would be will¬ 
ing to share it. Also, he has refined his measure¬ 
ment techniques since we worked on the project, 
and his new data would be preferable. 
By the way, he measured both folded and un¬ 

folded lines and the fold seems to make little dif¬ 
ference. Also, the model I designed allowed a flare 
in the line, that is, a "reversal horn," which didn't 
help the data fit much, as well as selection of sound 
in the line, which did help somewhat. 

It is fairly easy to build a complete transmission 
line model using the transmission matrix approach. 
Lampton has a complete T-matrix description of 
a driver in his paper "Transmission Matrices in 
Electroacoustics." All that you need do is multi¬ 
ply this driver matrix on the right by the acoustic 
model matrix. I would be glad to send you the in¬ 
formation if you are interested. 

I believe the only way to improve the model is 
to incorporate additional mechanisms as you have 
been doing. However, I am not enough of a physi¬ 
cist to comment on the merits of your particular 
enhancements except to say they sound plausible. 
I do prefer mechanisms that are reflected by model 
parameters whose value is set by a system measure¬ 
ment, rather than a parameter used solely to move 
the model into agreement with data. 

Let me know if you are interested in the transmis¬ 
sion matrix approach to modeling. 

[Author Hillman has declined to reply to the Hesse 
letter. —Ed.] 

K-HORNS REVISITED 
I read Bruce Edgar's "The Klipschorn 
Throat Riddle" [SB 4/90, p. 28) with great 
interest. I built a pair of K-Horns (Speaker 
Lab) many years ago, used them for about 
a year, finally changed to a pair of EV 30" 
(EV W30) system because somehow the 
K-horn resonate at about 120Hz. 

After reading your article, I plan to 
build them again; this time I will build 
the woofer part only as a subwoofer to 
my B&W CM2 speakers (the most mu¬ 
sical speaker I ever heard), using a Mar¬ 
chand Electronics (1334 Robin Hood 
Lane, Webster, NY 14580, (716) 265-
4930) electronic crossover at 60-75Hz 
with 24dB/octave. I also plan to use %" 
thick plywood instead of the original de¬ 
sign's ¥2". The Eminence 15" (part #290-
185) from Parts Express seems to be an 
excellent candidate for the driver (fs = 
40Hz; Qes = 0.41; Q^s = 3-7; Qrs = 
0.37; VAS = 10 ft.3; SPL = 96dB, 1W, 
IM; mag = 56 oz.; power = 100W RMS 
continuous). Besides, the price is very 
attractive. 
My calculation (by using your formula) 

shows that the slot is not required. The 
Sro and S'ro are about 133 in.2; the F'HM 
is 155Hz. I wish to cross over at 65-75Hz 
for the subwoofer. 
These values show this is an excellent 

driver for those interested in building the 
horn as a subwoofer. For E'HM in the 
300Hz region, this driver can have a slot 
opening much larger than 39 in?, thus 
enhancing its efficiency. Please comment. 
In your previous articles, you men¬ 

tioned problems of mating the bass horn 
with conventional speakers. Is this still 
true? Why? If it is a phasing problem, 
could it be solved by placement? Please 
shed some light on these matters. 

James Y. Pann 
Richmond, CA 94806 

Contributing Editor Bruce Edgar replies: 

Your letter was written about my original K-Horn 
throat article in SB 4/90, which was corrected in 
the 6/90 issue. The Eminence 15" will have a mass 
rolloff of 195Hz according to the information you 
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supplied. If you rebuild your Speaker Lab K-Horn, 
use the 6" by 13" throat instead of the constricted 
3" by 13" throat. The Eminence 15" speaker's op¬ 
timum throat size is 131 in.2, but the smaller 6" 
by 13" throat will extend the upper response only 
slightly. 

You can use the horn as a subwoofer with a direct 
radiator if you use an electronic crossover. The Mar¬ 
chand XM6 has an adjustable crossover frequency. 
I suggest you experiment with the frequency to 
achieve the most seamless transition between the 
subhorn and the B&Ws. It may not be 60-70Hz 
and could be higher depending on room interac¬ 
tions and relative speaker placement. You also may 
need to use an equalizer to tame any irregularities 
in the K-Horn. If after the experimentation, you 
find an arrangement that works best, live with it 
until your ear gets used to the setup. If you discover 
you don't listen to your system much after the 
change, return to your original B&W setup and 
recalibrate your ears. Good luck in your project. 

AN AUDIO 
ADVENTURE 

Desiring a speaker that could do it all, 
I quickly became infatuated with Joe 
D'Appolito's Swan system. The advan¬ 
tages of Kevlar cones appealed to me as 
well, so the Focal 5K013L was a natural 
choice. Picking the "perfect" tweeter was 
not so simple. A local audiophile once told 
me of the sonic virtues of matching tweet¬ 
ers, but this seemed elusive until I spot¬ 
ted an ad for the MDT 33 in SB. Since the 
woofer crossovers would be 18dB active 
with bass boost, I chose to build the satel¬ 
lite third-order crossovers active as well. 

I first built the satellites as sturdy, sealed 
enclosures, but I could not get the upper¬ 
bass to sound right. Singers didn't have 
a body to go along with their voice, even 
with a diffraction equalization circuit cen¬ 
tered at 150Hz. Then the Aria 5 appeared 
in SB. This could be the answer, I 
thought. My Aria 5 cabinet plans soon ar¬ 
rived and I was building again. Hats off 
to Joe on the compromises he balanced 
in this design. Using the rectangular vent 
as a brace and for high-frequency separa¬ 
tion of the mids was very efficient. 

Did it work? Yes and no. The sound now 
had more upperbass bloom and even a 
smoother upper midrange, but the dip at 
about 150Hz still remained. Time to add 
the woofer module. 

I chose woofers on the basis of low fs, 
moderate QTS, and long XMAX. The Au¬ 
dio Concepts JC-12 seemed a good choice. 
Being a novice at vented designs, I stuck 
with a sealed box. The JC-12s need about 
2‘/2 to 3% ft.3; with two on each side, a 
6 ft.3 cabinet was a good bet. 
These weren't going to be just any 

cabinets—they would be solid. I used 1 % " 
particle board glued and screwed, exten¬ 
sive bracing throughout, and Acoustical 

Acoustic Engineer 
Amplify your success 
with a global leader. 

Make yourself heard taking on dynamic engineering challenges with a multi-billion 
dollar competitor in worldwide consumer electronics. We're the Home Audio Sys¬ 
tems Division of Thomson Consumer Electronics. Our innovative strengths have 
expanded our global reach, creating exceptional opportunity for an ambitious, take¬ 
charge Acoustic Engineer to provide technical leadership to our Hi-Fi team. 

Interacting directly with the Manager of Hi-Fi Engineering, you will develop loud¬ 
speaker product concepts, design acoustic systems to meet business needs, 
negotiate with suppliers/manufacturers of speaker drivers and enclosures, and 

maintain high quality products. 

This multi-faceted position requires at least 3-5 years' experience in acoustic/ 
speaker design, including analytical design to production. Strong knowledge in the 
areas of acoustic properties, parameters and performance, as well as speaker 
measurement/test/evaluation/assembly/construction is essential. In addition, you 
must be a self-starter able to motivate others. A Bachelor's degree in Electrical 
Engineering or Physics is required; previous project leadership and planning skills 
desired. Involves domestic and international travel. 

For prompt consideration, please call (315) 452-4213 or send resurne/letter to. 
Mary A. Jaworski, Thomson Consumer Electronics, 6225 Running Ridge 
Road, Syracuse, NY 13212. An equal opportunity employer. 

o THOMSON CONSUMER ELECTRONICS 

Mil VIER UDES KN LIMITED 
Proudly introduces the V6/20 bass-midrange 

This versatile 6-inch driver deftly balances the demanding 
requirements of both Pro Audio and High Fidelity 
applications. Designed with an attention to detail usually 
found only in European drivers, the V6/20 incorporates 
several high -performance features. Among them are: 

- flared hard paper diaphragm 
- treated-cloth dustcap attached directly to the voice coil 
- four-layer voice coil 
- large vented-pole magnet structure 
- custom double-roll cloth surround 

All this helps to make the V6/20 well suited to high power 
high fidelity midrange applications such as in large three-way 
monitors or small, high-quality PA systems. It even makes an 
excellent little guitar speaker of unusual accuracy and warmth.' 

Now available exclusively at: 

A&S Speakers 
3170 23rd St 

San Francisco CA 94110 
Tel 415-641-4573 

driver design ltd 
611 rugby rd 8118b Charlottesville va 22903 

804 971 3822 

Fut Reply FHF1M9 
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HIGH TECH 
ASPIRIN 

by 
CIZEK 

NEW AUDIOPHILE SERIES 

SOLID WOOD SPEAKER SYSTEMS 

(SATELLITES ARE 2 INCHES THICK) 

FEATURING RED OAK, WALNUT 

CHERRY, ZEBRA, PURPLE HEART 

DRIVER AND SYSTEM 

CATALOGS AVAILABLE 

CUSTOM DRIVERS / SYSTEMS / 

ENGINEERING / CONSULTING 

UPON REQUEST 

(28 YRS EXPERIENCE) 

HTA, INC. 
1611 Crenshaw Boulevard 

Suite 142, Department SB0291 
Torrance, CA 90501 

(213) 539-2469 

Fast Haply »HF643 

"The Cure for Speaker Headaches 
• Custom Grilles 

For B.l.C. Formula 6's 
• Polypropylene Cones 

For Reconers • 8", 10", 12" & 15" 
• Factory Service For ALTEC, 

ADVENT, B.I.C., JBL & RTR 
• We buy blown speakers. 

CALL US. 
• BUY • SELL • TRADE 
MARANTZ, MCINTOSH, 
TUbe Equipment 

• 22 Years Audio Experience 
Call us For Hard To Find Parts 

1-800-526-8879 
5115 S. Sheridan • TUIsa, OK 74145 

Magic inside and out. I screwed the driv¬ 
ers in place with lag screws. 

With my masterpieces built, it was time 
to move them into the listening room. I 
never considered the cabinets would 
weigh more than I do. Oh well, at least 
they'll sound great, right? After painstak¬ 
ingly moving them around the listening 
room trying to integrate them with the 
satellites, I wasn't satisfied. 
What could be wrong? I used symmet¬ 

rical third-order high-pass and low-pass 
slopes at 100Hz. I time-aligned® the bass 
to the mids by moving the cabinets 33" 
behind the satellites. (I did a lot of listen¬ 
ing and found that moving the bass cabi¬ 
nets even a %" could be heard.) The sys¬ 
tem design was good, but what about the 
listening room and speaker interactions? 
Having renewed my subscription to 

Stereophile, I received their Test CD as a 
bonus. It includes warble tone test signals 
to check speaker bass performance. A 
quick trip to Radio Shack for a sound 
level meter and I was ready to begin. 
Placing this meter at the listening posi¬ 
tion displayed shocking results. The out¬ 
put was level at 1kHz and 200Hz, which 
was good. But from there on down to 
20Hz was a horrible roller coaster ride. 
For example, 5dB down at 160Hz, 3dB 
down at 125Hz, 4dB up at 50Hz, 7dB up 
at 40Hz, 2dB down at 25Hz—well, you 
get the picture. I began moving the woof¬ 
ers around again, but after a month or so 
found I was only robbing Peter to pay 
Paul. I could explain the dips or peaks by 
analyzing room dimensions and speaker 
placement, but I couldn't cure them. 
[Gary Galo reports that the Stereophile 
warble is incorrect. It is 200Hz and should 
be 5Hz.—Ed.[ 
Back to SB for help. I recalled an ad for 

the Audio Control Richter Scale Series III, 
so maybe help was available. A */2-octave 
equalizer with a fourth-order crossover 
could fit into my system. A 24dB Link-
witz-Riley crossover is in phase at the 
crossover point, however, which means 
the woofer and satellite placement must 
be really close to be time-aligned? 
My bass cabinets were far too tall to 

place the satellites on top and placing 
large bass cabinets beside them would 
definitely destroy the excellent sound 
stage I was used to hearing. I could build 
small bass cabinets the exact height of the 
satellite stands (24"), but this would result 
in a woofer system Q of 1.3. Could the 
Richter control this problem, as well as 
the room boundary problems? 
After I placed the Series III into the 

system, I experimented with crossover 
points and equalization. I ended up with 
the woofer-to-satellite crossover point of 
200Hz, which solved the dip in response 
due to satellite height and equalized the 
woofers flat to 25Hz. This was a dramatic 
change for my system. Vocals now had 
body and the image of an acoustic bass 
remained absolutely stable. After listen¬ 

ing, I found the bass-mid integration best 
with the satellite front panel 1" behind 
the bass module front panel. 
Is the Richter Scale perfect? No way. 

First, it is impossible to get your system 
perfectly flat at the listening position. Ad¬ 
justing the l/2-octave equalization bands 
is frustrating because changing levels on 
one band affects the output on adjacent 
bands above and below. So compromis¬ 
ing is inevitable. Although this is good, 
it is not a high-end audio product. Con¬ 
struction is mid-fi and parts quality is 
only fair. This unit cries out for 1% metal 
film resistors and polypropylene capaci¬ 
tors throughout. Also, a low-impedance 
dual-mono power supply would increase 
depth and widen the soundstage. 
Perhaps the folks at Audio Control 

would consider marketing an audiophile 
version of this useful product. 
It takes many other considerations and 

fine details to make a system sound like 
music. SB readers all know the value of 
resonance control in speakers, but don't 
forget the rest of your system. Damping 

CAVEAT CORRESPONDENTS 
Things that go bump in our round 
file: 
1. "I'm thinking of building a 16-in, 
8-out console in my basement. What 
tape recorder should I buy?" 
2. "Is my Fisher Z-705 receiver 
worth updating? Where should I 
begin?" 
3. "Although I forgot to enclose a 
stamped, self-addressed envelope, 
please answer the following nine 
questions based on my experiences 
building your inverted RIAA kit." 
4. " Please forward this (unstamped ) 
letter to Ralph J. whose letter ap¬ 
peared in one of the 1970 issues— 
don't remember which." 
5. "I have a Milhous 10W integrated 
stereo amplifier and a Gesundheit 
turntable. Which of the following six 
cartridges would you recommend?" 
6. Queries with no stamped, self¬ 
addressed envelope or postal cou¬ 
pons enclosed. 
7. Letters without return addresses 
on them whose envelopes have 
strayed away somewhere. 
8. Illegible hand-written letters 
scrawled on odd scraps of paper. If 
you have no access to a typewriter, 
please try to be sure our typesetter 
doesn't lose his eyesight and his mind 
in deciphering your writing. (This is 
especially important if you want us to 
publish your classified ad.) 
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the cabinet panels on all your electronics 
is helpful. Also, you should treat your CD 
player like a turntable. Finding a low-
frequency null spot in your sound room 
and using various vibration control de¬ 
vices make for better CD sound. Here's 
a tip for anyone who still owns a Monster 
Cable Discus. I painted the top of mine 
with Acoustical Magic and the sound of 
the CDs is much improved. 

Christopher J. Hoff 
St. Louis, MO 63146 

SERVO REPLY 
Since the Editor inquired about servo¬ 
controlled systems I have auditioned (SB 
3/91, p. 74), I will try to remember a few. 
• Infinity Servostatic 1: 18" dual VC 
drivers, with dedicated servo amps. 
• Infinity Servostatic la: 18" dual VC 
drivers, with dedicated servo amps. 
• Velodyne, ULD 12, 15, 18. 
• Philips Little David: a small two-way 
with built-in servo amps. 
• Visonik: similar to the Little David. 
• Entee: I think the smaller one. 
I'm sure I have used others as well, but 

they escape me at the moment. Does the 
Infinity 1RS use servo control? 

No, I haven't tried to build any myself, 
since I believe better solutions to the gen¬ 
eral problem of high-quality, low-fre¬ 
quency reproduction exist. 

For deep, fast bass, I prefer a critically 
aligned passive-radiator system. Such a 
beast is uncommon because it is easy to 
get passive-radiator designs wrong. Con¬ 
sequently, you may never have experi¬ 
enced the real thing. I don't know of any 
commercial systems that have gotten it 
right, but some may have. 
My second choice is a good transmis¬ 

sion line. Properly set up transmission 
lines sound surprisingly good. They're a 
bit tricky too. I liked the look of Scott 
Wolf's "Pipe” (SB 3/91, p. 28). Since I 
have a set of MW-162s sitting here, I 
might play around with the idea. It looks 
like fun. 
My first look at Mr. Mortensen's com¬ 

ments came with the 3/91 issue. I hope 
I didn't offend him or Mr. Brown, both 
of whom wrote excellent articles on the 
subject. My main concern is that the av¬ 
erage SB reader might think servo con¬ 
trol is a panacea of sorts. Both authors are 
obviously well aware of these issues and 
limitations, as the subsequent discussions 
have brought out. 

I think it is wonderful SB encourages 
such interplay between readers and au¬ 
thors. The result is always better under¬ 
standing and knowledge for everyone. 

Randall Bradley 
Hannacroix, NY 12087 

BIG COVE RESEARCH 

FUCA1. 
■ TECHNOLOGIE D’AVANT GARDE 

NEW! T130K - 5V/7V313 - AUDIOM 7K - 10K/12K617 
Great Variety in Inventory for Immediate Delivery 
Studio, Auto and Custom Home Applications 

■ Kits and Enclosures 
Complete Line of FOCAL FRANCE and FOCAL USA Kits 
ARIA Series: The FIVE - SEVEN - TEN 
Enclosures: Oak or Walnut - Black or White Laquer 
Coming Soon: All FOCAL 3-Way Systems by BCR 

■ Crossovers 
In Stock! Complete line of SCR polypropelene caps 
Design I Analysis Services 

■ The UnUsual Expertise, Advice, and Service! 

BIG COVE RESEARCH 105 Catherine Dr., Owens Cross Roads, AL 35763 
Phone: 205-881-6763 Kevin E. Davis !! NEW FAX #: 205-430-3961 

881-8677 Hugh J. Christian, Jr. Ph.D. 

fast Reply HHF333 

Specializing in Speaker & Crossover Design 

VIETA woofers from Spain 

AX 
SCR metallized 
polypropylene 
capacitan 

ACCUTON 
ceramic concave 
Dome Drivers 

RXAL 
Idlolier audio 

g peaker g 
eÙC« 1828 W. Peoria 

Phoenix, AZ 85029 

(602) 944-1878 

Fast Reply HHF412 
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MLS2X0P V1.0 
MLSSA to XOPT 
Interface program 

MLS2XOP is a post-processing program 
that allows you to convert: 

• Linear-scaled ASCII ouput data files from the 
Acoustical Measuring System MLSSA. 

to a: 

• Logarithm-scaled ASCII input data file re¬ 
quired for the Loudspeaker Crossover Design 
and Optimization Program XOPT. 

Easy to use pop-up menu driven program 
with two process methods to chose from: 

• Interpolation using Lagrange polynomial 
method. 

• Closest point method. 

Only... $99.00 US! 

Solen Electronique, Inc. 
4470 Thibault Avenue 
St-Hubert, QC J3Y 7T9 
Canada 
Tel: 514-656-2759 
Fax: 514-443-4949 

For IBM PC/A T/386 and compatibles, 
MS-DOS 2.0 or higher. 

Fast Reply UHF 1149 

NEW ENGLAND 
SPEAKER, INC. 

219 Main St., Stoneham, MA 02180 

★ ★ * DISCOUNT PRICING ★ ★ * 
Cerwin Vega 
Shure 
QSC Power Amps 
D.O.D. Electronics 
Ashley Electronics 
Gemini 
RANE 
Atus 
DBX 
BBE 
Samson 
Nady 
AB Amplifier 
Grundorf 
JBL Speaker 

EVM 
Pyle 
Gauss 
Digitech 
ARIs 
Numark 
Sonic 
Ultimate Support 
Stanton 
Cabinet Hardware 
Grilles and Cloth 
Cables 
Racks 
Album & 45 cases 
Little Lite 

★★★★★★★★★★★★★★★★★★ 

Speaker Reconing 
—All Brands-

Speaker Surround Replacement 
—All Brands— 

Call (617) 438-1786 

Fast Raplf »HF702 

Wall-Horn Speaker 
continued from page 20 

an f3 of about 30Hz. My back-loaded 
enclosures have an effective internal 
volume of approximately 9 ft.3, higher 
f3, and more theoretical ripple in the 
low-frequency response. With this in 
view, I'm not sure I could recommend 
construction of this enclosure to anyone 
not already committed to building a bass 
horn. To be honest, I don't think the ef¬ 
ficiency advantage and impact of bass 
horns necessarily justify the increased 
complexity of construction over a vented 
alignment. 
For someone determined to build a 

horn-loaded speaker system, however, 
this back-loaded design has the potential 
to be a strong performer and is more 
compact and certainly easier to construct 
than any fully loaded 40Hz bass horn I 
have seen. 

REFERENCES 
1. Olson & Hackley, Procedures of the Insti¬ 

tute of Radio Engineers, Vol. 24, No. 12, 1936, 
p. 1557. 

2. Since the initial draft of this article, I have 
diagnosed this beaming effect to be a problem 
resulting from the rather large spacing between 
the midrange and the woofer, combined with 
the shallow |6dB/octave) slope of the crossover. 
I am currently preparing a followup article 
describing alternative crossover designs for the 
back-loaded wall horn. 

ACKNOWLEDGMENT 
I compliment Bruce Edgar for his design and 
common sense approach to home-built horn 
loudspeakers. His work has been an inspira¬ 
tion for me in completing this loudspeaker proj¬ 
ect. I particularly appreciate his Show Horn 
article, even though it was published after I 
had completed my speakers. I thank him for 
his help measuring my speakers and his con¬ 
structive criticism of this article. Perhaps he 
could provide a few hints or suggestions for 
future back-loaded horn designs. 

Intégrité 
continued from page 29 

4. Select your drivers. 
5. Optimize Thiele/Small, crossover 

design, and engineering calculations. 
6. Design and build enclosures, taking 

into consideration geometrical and phys¬ 
ical characteristics that promote good 
sound. 

7. Test with available instruments and 
build prototypes until you are satisfied. 

8. Enjoy the results. 

Optimizing TLs 
continued from page 31 

surface area will break up and disperse 
a speaker's rear wave better than a fiber 
with less surface area. 
Although you would need a micro¬ 

scope to see the shape of a fiber cross-
sectionally, sound is easily affected by 
that shape. What you can see is the 
length of a strand of fiber. Polyester is 
a round, straight fiber—useful, but not 
great. Wool has cross-sectional ridges 
and a natural wave along its length. This 
gives wool more overall surface area 
than polyester, explaining why it sounds 
better. Acousta-Stuf is tri-lobal in shape 
and multi-directionally crimped. It has 
several times the surface area of wool. 

CONCLUSIONS. Almost anyone can 
design a great sounding transmission line 
speaker system using the information 
presented in SB, TAA, The Loudspeaker 
Design Cookbook, and many other books 
available through Old Colony Sound 
Lab. Good luck with your TL design.^ 

Minimus 7 Mod 
continued from page 39 

over, only the tweeter terminal comes 
from the negative input terminal.) 
The resulting modification is com¬ 

pletely internal, thus retaining the stock 
appearance, has a better frequency re¬ 
sponse than the stock unit, and has a flat 
impedance curve (Fig. 4}. Listening tests 
confirm the improved tonal balance of 
the modified speaker over the original. 
This mod's disadvantage is that the 
tweeter now has less protection than in 
the stock unit due to the more gradual 
crossover slope. This has not been a 
problem so far in my samples. The other 
problem, as in any mod, is that the orig¬ 
inal warranty is no longer in effect. 

Moran 
continued from page 54 

and its distortion as a function of input. 
How we hear these things, and how much 
less significant the last two are compared 
with the first, is also well-known. 
So bring on the samples! 
Oh, did I forget to say—loudly—what 

a "dream" audience of colleagues this is 
to write for? I am, to put it mildly, very 
much looking forward. 
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Good News 
continued from page 8 

"Building a Future in Sound" is the theme 
of the upcoming Audio Overview—II, a 
one-day educational seminar at the Ryer¬ 
son Theatre in Toronto on September 21. 
Its purpose is to attract newcomers to the 
profession and to provide attendees with 
an update on recent developments, new 
concepts, and future trends in the audio 
industry. Topics to be presented include 
advanced loudspeakers, analog systems, 
digital audio technology, digital worksta¬ 
tions, psychoacoustics, recording and 
monitoring techniques, room acoustics, 
and more. 
Attendance fees for newcomers include 

the first year's membership in the AUDIO 
ENGINEERING SOCIETY A year's subscription 
to the JAES and monthly mailings are also 
included. 
For more information, contact Ron 

Lynch at (416) 266-2377 or Neil A. Muncy 
at (416) 298-3835. 

ELECTRO-VOICE has introduced the DH2A, 
a high-performance compression driver 
capable of high acoustic power output 
over a wide frequency range. It provides 
6dB more output above 10kHz than its 
predecessor, the DH2. This model incor¬ 
porates a new diaphragm and surround 
and a new convex-drive phase plug. 

The screw-type input terminals provide 
a positive electrical connection. Each will 
easily accept a pair of 12-gauge or smaller 
wires. The DH2A's front housing provides 
a direct 2" horn attachment. 
For more information, contact Keith 

Clark, Electro-Voice, 600 Cecil St., 
Buchanan, MI 49107, (616) 695-6831, FAX 
(616) 695-1304. 

Fast Reply HHF453 

SPARKOMATIC has introduced the Bass Can¬ 
non (STW-800), an amplified tube sub¬ 
woofer. The unit provides 100W of max¬ 
imum bass power and can be added to the 
sound system of automobiles and trucks 
by mounting it behind a seat or in the 
trunk or hatchback. 

Dual voice coil 8" long-throw woofers 
provide distortion-free bass and the built-
in amplifier will enhance low frequencies 
at all power levels. The nondirectional 
bass music sounds are delivered through 
both ends of the rear ported tube. The 
STW-800 has a sensitivity of 92dB and a 
frequency response from 30-250Hz. 

The Bass Cannon sells for around $ 100. 
For more information, contact Andrew 
Bergstein, Sparkomatic Corp., Milford, PA 
18337-0277, (800) 233-8831 or (800) 
592-8891 in PA. 

Fast Reply HHF7B1 

Audio Lab of Georgia Inc 

P R E S I I G E 

MDA-100 
4 ” M I I) R A X G E 

$580° $5510 
|1-3> (4 up) 

The research objective was to obtain 
a balanced tonality with perfect 
equilibrium across a wide pass band 
( + 1dB from 450 Hz to 6.5 kHz). 

distortion generated from cone 
ringing is eliminated 

The Pure Titanium former ensures 

An ultra rigid, 
die cast Zamac 
chassis and a pure 

Dramatic transient response results 
from the unobstructed venting ot the 
magnetic structure. 

The performance 
of this new driver 
is unmatched, and 
the smooth response 
allows applications to 
employ a minimum of 
crossover equalization 

The remarkable TPX 
material exhibits 
excellent properties 
of damping, rigidity 
and low mass. 

that energy 
transfer from the 
voice coil to the 

cone is maximized 
The Supra Magnet 
structure guarantees 
motional linearity 
over the full cone 
excursion. 

making it ideal for use as a dia- NORSOREX phasing plug complete 
phragm. Coupled to a surround this design to make it the ideal choice 
made of NORSOREX. all undesirable for your next system. 

1-800-55-1-92-18_ 
Fast Reply »HF318 

Creative design tools by SpeakEasy 
Low Frequency Designer 1.0 
Acoustic Modeler and Optimizer 
Super Features: 
• Quickly and accurately design state of the art hi-pass or band-pass loudspeaker systems 
■ Calculate response and diaphragm displacement from driver and enclosure parameters. 
• Synthesize driver and enclosure parameters from your desired frequency response 
• Build custom driver and system design libraries 

Filter Designer 1.0 -—)|- -aaa/v 
Circuit Modeler and Optimizer ’ “ Z 
Super Features: 
■ Design passive or active filters for crossovers, equalization etc 
■ Calculate frequency response magnitude and phase, and input impedance 
■ Add external response to quickly graph total system response 
■ Use actual impedance data for complex loads to get incomparably accurate results 
■ Quickly import impedance or external response data from Low Frequency Designer. ASCII 

text files or industry standard measurement system output files. 

Both SpeakEasy programs include: 
CURVE FITTING—advanced routine which quickly optimizes system parameters or circuit 
elements to best fit your desired response 

CURVE FAMILIES—automatically generate families of curves by stepping parameters or 
component values over any range. 

USER FRIENDLY—Our true graphical user interface with pop-up windows is quick and easy 
to use Context sensitive HELP screens mean you won t waste valuable time 

Requirements: IBM PC or compatible with EGA. Hercules or AT&T graphics 

Price: $195 U.S. each includes shipping! 

SpeakEasy 
Call or write NOW for details or free demo disk. 

46 Cook Street / Newton, MA 02158 / Phone or FAX: 617-969-1460 

Fast Reply »HF45 
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A MANUAL OF VENEERING 
by Paul Vllllard 

This book is a clear, well-written manual on 
the craft of veneering which explains how to 
turn out your own hardwood veneers beauti¬ 
fully and economically. Mr. Villiard shows you 
all the techniques of veneering: how to match 
veneers; how to glue, clamp, tape, and edge 
veneered panels; how to veneer curved 
panels; and how to inlay, finish, and repair 
veneers. Sixty-five photographs and drawings 
amplify the text, and 16 different veneered 
woods are shown in full color on the covers. 

Veneering is an ancient and honorable 
craft, and when you select the wood yourself 
and do your own construction, you can be sure 
that the veneers you make will retain their 
beauty for years, even for generations. 

Index, 174pp., 5%" x 8V2", softbound. 
BKD-4 $4.95 

Please add $2.00 S/H for first book, 75« each addl. 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B91. Peterborough, NH 03458 
(603) 924-6371 I 924-6526 / FAX: (603) 924-9467 
Answering machine for order« only: (603) 924-6371 
before 9:00 a.m., after 4:00 p.m. and weekend«. 
Have all Information plu« MC/VI8A available. 

CALL OR WRITE FOR YOUR 
FREE CATALOG TODAY! 

SOUNDOWN 

ACOUSTIC MATERIALS FOR USE 

IN SPEAKER CONSTRUCTION. 

RECORDING STUDIOS. 

LISTENING ROOMS. 

PRODUCTS INCLUDE: 

• SOUND ABSORBING 

ACOUSTIC FOAM 

• VIBRATION DAMPING 

INTERLAYERS 

■ ACOUSTIC WALL PANELS 

FOR MORE INFORMATION 
CALL TOLL FREE AT 

1-800-359-1036 
SOUNDOWN CORP. 
45 CONGRESS ST. SUITE 1 
SALEM, MA 01970 

Fait Htplr »HF689 

CAMBRIDGE SOUNDWORKS has introduced 
Ensemble II, a high-performance three-
piece speaker system. It consists of two 
compact satellite speakers and a sub¬ 
woofer and uses an acoustic bandpass 
filter design. The satellites have a long-
throw 4" midrange driver and a 1%" 
direct radiator tweeter with a %" integral 
dome. The speakers are constructed of 
rigid Vz " fine-grain MDF composite board 
with a gunmetal gray Nextel finish and 
a metal grille. Each satellite measures 8" 
by 5" by 4" and weighs 5 lbs. The system 
will work with any home stereo with 
25W/channel or more. 

Ensemble II will be sold only factory-
direct for $399 through the company's 

NEUTRIK's Al Audio Test and Service Sys¬ 
tem contains a sweepable generator, ana¬ 
lyzer, and oscilloscope. It measures wow 
and flutter, noise, crosstalk, frequency, 
and THD + N. A large backlit LCD shows 
single measurements numerically or as 
sweeps in graphical form. Hard copies of 
screens are available when connected to 
most standard dot-matrix printers. This 
instrument is autoranging, autotuning, 
autonulling, autoscaling, autocalibrating, 
replacing up to eight conventional instru¬ 
ments. 
For more information, call (908) 901-

9488. 

sales and service facility at (800) 252-
4434. A color catalog of all Cambridge 
Soundworks products is available free on 

In an effort to strengthen its distribution 
network, POLYDAX has announced a dis¬ 
tributor agreement with McBride Loud¬ 
speaker Source Inc. of Waterloo, Ontario. 
McBride has more than 20 years of ex¬ 
perience in the audio industry and has 
recently started their own mail-order 
program. 
For more information, contact McBride 

Loudspeaker Source Inc., 638 Colby Dr., 
Waterloo, ONT, Canada N2V 1A2, (519) 
884-3500. 

ALTEC LANSING has announced the AHT-
2100, the first in a series of home theater 
loudspeakers being developed under its 
license agreement with the Lucasfilm 
THX division. It can be mounted on or in 
the wall and it uses a crossover and con¬ 
figuration of eight speaker drivers to ac¬ 
complish surround-sound envelopment. 
The bass drivers are front-firing and two 
arrays of matching mid- and high-fre¬ 
quency drivers are positioned at a 125° 
angle. 
The two-unit system will be available 

this fall for $800/pair. The final six-unit 
system, when available, will cost around 
$3,000. For more information, contact 
Andrew Bergstein, Altec Lansing Con¬ 
sumer Products, (800) 258-3288. 

CARVER CORPORATION has introduced two 
audio/video Sonic Holography® receiv¬ 
ers, the HR-742 and HR-732, designed as 
control centers for home entertainment 
systems. With the remote control, you 
can access three video and six audio 
sources. 
Both receivers employ Carver's asym¬ 

metrical charge-coupled FM detection 
technology, which can transform multi¬ 
path-distorted FM radio signals into 
clean, clear FM stereo. The HR-742 has 
an 80W/channel power amplifier, while 
the HR-732 has a 60W/channel amp. Each 
receiver has a large alphanumeric digital 
display that indicates the audio and video 
signal routing and a 30-preset AM/FM 
tuner. All current programming and con¬ 
trol settings are stored in nonvolatile 
memory. 
The HR-742 has a 750 coax input 

switch that lets you select between the 
TV antenna input and the output of a 
cable TV box. Other HR-742 features in¬ 
clude separate preamp outputs and main 
amp inputs and a "sleep" switch that lets 
you program the receiver to shut off auto¬ 
matically within 10 minutes to 2 hours. 

Both receivers will be available in Au¬ 
gust. The HR-742 sells for $629.95 and 
the HR-732 for $499.95. For more infor¬ 
mation, contact Gordon Sell at (201) 
509-0097 or Lori Kaufman at (206) 
775-1202. 

92 Speaker Builder / 4/91 



PSB SPEAKERS introduced a compact (1614" 
by 9" by 12V2 ") two-way system at the 
summer Consumer Electronics Show in 
Chicago. The Stratus Mini is for free¬ 
standing use or can be augmented by a 
subwoofer. An optional matching stand 
is also available. 
The system is composed of a %" alu-

minum-dome tweeter and a long-throw 
61/2 " midbass driver, integrated by a 24dB/ 
octave L-R crossover network. Perform¬ 
ance parameters are a frequency response 
of 55Hz-20kHz ±1.5dB (-3dB and 
- lOdB at 45 and 34Hz, respectively), with 
a crossover point of 2.2kHz, and a listen¬ 
ing room sensitivity of 86dB at IM with 
2.83V input. As throughout the Stratus 
line, the Stratus Mini's tweeter is below 
the midbass unit. 

Made of furniture-grade cabinetry, the 
unit has finishes in light or dark oak or 
black oak, and all internal surfaces are 
lined with felted damping material. The 
cabinet includes an internal shelf brace 
and has dual five-way, gold-plated bind¬ 
ing posts. The baffle and grille frame are 
beveled. 
The Stratus Mini sells for $800/pair, 

stands for $200/pair. For more informa¬ 
tion, contact Bryan Stanton, PSB Interna¬ 
tional Inc., 633 Granite Court, Pickering, 
ONT, Canada L1W 3K1, (212) 752-1600. 

Fast Reply UHF 1350 

Last Chance ! 
To own a Reference 
Standard at this low price. 
Focal Aria 5 complete Kits 
at $499/pair. Serially 
matched driver sets, black 
3/4" MDF cabinets with 
integrated grills, premium 
parts PC board crossovers, 
and brass binding posts. 
Offer limited to stock on 
hand. 

Coming Soon ! 
A three way design from 
Joe D’Appolito using the 
outstanding Accuton 
drivers.Ceramicdome 
midrange and tweeter mated 
with a Focal 8" kevlar 
woofer — destined to be 
another reference. 

Focal Spring Sale ! 
7V313 Midrange $69, reg. $82 
94 dB, Phase Plug, fast! 
8V416 Woofer $59, reg. $72 
12 mm Xmax, polyglass 
1OK515 Woofer $88, reg. $101 
8 and 4 ohm, kevlar 

Advanced Audio Products 
1916 Pike Place 

Suite 1243 
Seattle, WA 98101 1013 

(206) 527 3393 

Now stocking quality drivers 
by Focal and Accuton . Also 
stocking premium 
polypropylene capacitors by 
SCR, spikes by l’atelier 
audio and many other 
audiophile accessories. Oh 
yes, and free good advice by 
Chris, call or write me. 

Fast Reply »HF1343 

Grenier Cabinets, 5901 Jennings Road. 
Horseheads, NY 14845, (607) 594-3838 

Music to your eyes 
Speaker cabinets for the custom builder. 

Grenier Cabinets offers a full line of speaker cabinets and 
stands that allow you to custom design your own speaker system. 

You can choose from 25 models in several different styles of 
oak and walnut veneer. The cabinets come fully assembled and 
unfinished, allowing you to create just the right 
finish to match your room. Lacquer and matte-
laminated finishes are avail¬ 
able in all colors of Formica® 
Wilson Art® and Pionite? 

Choice of brown or black 
grille cloth. Stands can also 
be made to complement the 
cabinets. Round holes cut for 
drivers at nominal charge. 
Terminal plates and ports 
available. 

Call or write for our new, 
color brochure and price list. 
Formica* is a registered trademark of the 
Formica Corporation. Wilson Art* is a regis¬ 
tered trademark of Ralph Wilson Plastics. 
Pionite* is a registered trademark of Pioneer 
Plastics Inc. 

Fast Reply SHF 166 
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THE AUDIO GLOSSARY 
by J. Gordon Holt 

Created by the founder of Stereophile magazine 
and one of audio’s most famous gurus, this new 
best seller is a comprehensive overview of over 
1,900 technical and subjective audio terms ex¬ 
plained in precise and often humorous fashion. 
At last, here is the key to understanding that at-
times baffling audio parlance used by experienced 
audiophiles, including those reviewers who de¬ 
scribe how products sound in terms which—until 
now—you couldn’t understand. 

Author Holt pioneered subjective testing and 
devised most of the language that is now used 
worldwide to describe reproduced sound, so users 
of this book are indeed in good hands. Foreword 
by Peter Mitchell, 27 illustrations. 1990, 152pp. 

Purchasing options: 
Softbound, 5 V« x 7 Vj BKAA7/S S 9.95 
Hardbound with dust jacket, 

5 V« X 8 BKAA7/H 17.95 
Limited, autographed edition 

with gold-embossed cover 
and dust jacket, 5 % x 8 BKAA7/L 30.00 

Please include $2 S/H for first book. 75C each addl In 
Canada, please add $4.50 for first book, 75C each addl 
Overseas, please add 20% for shipping. 

ORDER YOURS TODAY! 

OLD COLONY SOUND LAB 
PO Box 243, Dept B91, Peterborough, NH 03458 
(603) 924-6371 / 924-6526 I FAX (603) 924-9467 
Answering machine for orders only: (603) 924-6371 
before 9:00 a.m., after 4:00 p.m. and weekends. 
Have all Information plus MC/VISA available. 

BACK BY 
POPULAR DEMAND! 

THE PITTS 
DRIVERS 

Readers of Ken Kantor's “Speakers by 
Design" (Audio. 11/88, 12/88), as well as 
those of Fernando Garcia Viesca’s “Kit 
Report” (Speaker Builder, 4:90), are well-
acquainted with the extremely high quality of 
THE PITTS loudspeaker system design. The 
hallmark of this system, as many satisfied Old 
Colony customers can already testify, is big-
time sound from "bookshelf" boxes. 
The drivers for THE PITTS system are 

hard-to-get Japanese-made Tonegen 16K65 
6” woofers and 94C70 1" dome tweeters. 
They produce the sound, but Old Colony pro¬ 
duces what is really music to many people’s 
ears: a very reasonable price. We invite you 
to enjoy! 
MDRPITTS $128 

Two 16K65 Woofers. Two 94C70 Tweeters 

OLD COLONY SOUND LAB 
PO Box 243, Dept B91 Peterborough, NH 03458 
(603) 924-6371 / 924-6526 / FAX: (603) 924-9467 
Answering machín« for ordors only: (603) 924-6371 
before 9:00 a.m., after 4:00 p.m. and weekends. 
Have aN Information plus MC/VISA avaSaMe. 

CALL OR WRITE FOR YOUR 
FREE CATALOG TODAY! 

THE MONSTER DESIGN GROUP, a division of 
Monster Cable® Products Inc., has in¬ 
troduced the Persona One™ personal 
sound system, designed to give a small 
speaker system the electronic capability 
to re-create a large speaker experience. 
Its Ambience Recovery System (ARS™) 
recovers the ambience and nuances pre¬ 
sent during the recording process but lost 
in traditional stereo playback technology. 
No phase shift, time delay, or signal pro¬ 
cessing is added. 
The system is designed for use with 

portable cassette players, CD and DAT 
portables, portable video players, tele¬ 
visions, and computer workstations. It is 
amplified by 20W: 10W/channel at 0.5% 
THD, 4Q with power bandwidth of 
30Hz-30kHz ± IdB at 0.5% THD. The 
three-way speaker system frequency 
response is 70Hz-18kHz ±3dB and the 
speakers are powered by a standard 18V 
DC, 1A desktop power supply with AC 
adapter. 
This lightweight and compact (8" by 

3‘/2" by 5") unit also includes a Dual 
Lock™ mounting system for attachment 
to various surfaces including television 
monitors. An optional compact desktop 
stand, carrying case ($25), and servo¬ 
controlled micro subwoofer system, the 
MS Sub™ ($159.95) are also available. 
The Persona One sells for $229.95. For 

more information, contact Gary Reber at 
(714) 677-4668. 

A two-way mini loudspeaker system that 
offers full-range performance, the SL250, 
has been introduced by SIGNET The com¬ 
pact front profile (lO'/z" by 7") makes the 
speaker easy to position in any environ¬ 
ment. A QB ( filter alignment optimizes 
bass-to-volume ratio and improves the 
speaker’s low-frequency transient re¬ 
sponse and power-handling ability. 
The 5Vz" woofer’s paper cone is light¬ 

weight and is treated to damp resonances 
and reduce distortion. A rolled rubber 
surround on the woofer provides high dy¬ 
namic range, longer performance life, and 
reduced distortion. The system's %" met¬ 
allized polycarbonate dome tweeter, 
cooled with ferrofluid, allows maximum 
power handling. Specs: frequency re¬ 
sponse, 55Hz-25kHz; recommended am¬ 
plifier power, 15W-lkW; impedance, 8Í2. 
The Signet SL250 is finished in black 

woodgrain vinyl and sells for $150 each. 
For more information, contact Gary Post, 
Signet, 4701 Hudson Dr., Stow, OH 44224, 
(216) 688-9400. 

Fast Reply HHF23 

ALPINE ELECTRONICS OF AMERICA has intro 
duced their 5951 compact disc remote 
changer CD Shuttle with keypad con¬ 
troller and FM modulator package. De¬ 
signed to simplify its addition to OEM or 
aftermarket systems by using an FM 
modulator, the 5951 installation is further 
streamlined by its two-piece controller/ 
modulator. Instead of having separate 
RCA-type connectors for audio, the de¬ 
vice will transmit audio through its DIN 
cable, simplifying installation and reduc¬ 
ing noise problems. 

The 5951 uses 8x oversampling, 18-bit 
hybrid digital-to-analog converters, and 
digital de-emphasis/noise shaping. It also 
employs Alpine's improved DR-mechan-
ism for better trackability and 20% faster 
disc changing times. The unit can be 
mounted ±30° from the horizontal or 
vertical position and the keypad con¬ 
troller is easy to install. 
The 5951 sells for $620. For more in¬ 

formation, contact Richard Frank at 
Frank Marketing Associates, 8 Mohave 
Rd., Medfield, MA 02052, (508) 359-5977, 
FAX (508) 359-5343. 

Fast Reply HHF146 
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■ Now in North America 
Low distortion 
and resistance 
Sinterbar Coils. 

This style 
former can be 
used for Air 
Core Coils as 
well as with a 
Ferrite bar. 

Bell Core Coils 
reduce 
strayfield and 
saturation. 

Transformer 
Core Coils have 
super low 
resistance and 
with our 
unique core 
configuration, 
less distortion. 

Metal-Polyester 
Foil Capacitors. 

Metal-
Polypropelene 
Foil Capacitors. 



Classified Advertising 

TRADE 
CUSTOM MADE PASSIVE crossovers at reason¬ 
able prices. Write your needs to CUSTOM SOUND, 
Box 3853, Antioch, CA 94531-3853. T5/91 

CUSTOM PASSIVE CROSSOVERS built to your 
specifications. No minimum quantity. Only the finest 
components used. Quick response, satisfaction guar¬ 
anteed. AMS ENTERPRISES, 1007 Capello Way, 
Ojai, CA 93023. T2/92 

MIT AUDIO CABLES. Van den Hui, Cardas, MAS 
Masterlink, OCOS, Magnan, including Teflon insula¬ 
ted hookup wire for rewiring components; MIT capa¬ 
citors; Solen polypropylenes to 200gFI, WonderCaps-
solder-wire; HOLCO, Vishay & Resista resistors; 
Music posts & all types of audio connectors; RAM 
tubes; Tone Cones; NAVCOM products: Shallcross 
attenuators, many parts & accessories. $1 catalog ($3 
overseas) MICHAEL PERCY, Box 526, Inverness, 
CA 94937, (415) 669-7181. T6/91 

ROTTEN FOAM? Re-surround any speaker! (412) 
375-9203. T6/91 

WHALE COVE AUDIO for SWAN IV drivers and 
crossovers, Pedal Coupler I or II active crossovers, 
and the Right Whale Kevlar mid-range, ceramic 
tweeter and crossover set for either the SWAN IV or 
the ARIA 5. Box 98, Swan’s Island, ME 04685, (207) 
526-4343. T2/92 

FOR SALE 
Rare and unusual KEF model K-2 Celeste MK-II two-
way speakers, made 1966 in England, real wood con¬ 
struction, oval type, first class condition, still sound 
great, never abused, these are quality units and col¬ 
lector value well worth the $200 price and I pay ship¬ 
ping, Ed, (305) 891-2267. 

Audio Control C-101 equalizer $200; Magnavox 
CD552 carousel CD changer, $160; Carver 400T 
amp, $200; Phase Linear 4000 II, $200; Souther 
SLA-3 linear arm, $125; SAE 2800 parametric equal¬ 
izer $325. Andy Sommerberger, 2506 South 20th, 
Sheboygan, Wl 53081, (414) 458-2057. 

Hafler D200A power amp, $225; Magnavox CDB473 
CD player, $115; DBX 3BX range expander, $200; 
KEF 103.2 speakers, $425 pair; ADS CM-5 speakers, 
$350 pair; all with boxes. Dale Shore, 9426 SW 140th 
Ct., Miami, FL 33186, home (305) 382-9291, work 
(305) 238-5598. 

Heath AD-1702 electronic crossover, two-way, 6/ 
18dB/oct six stepped 40-150Hz crossover points, in¬ 
dependent hi/lo sections, precision caps, switchable 
subsonic filter, heavy rack-mount chassis, mint con¬ 
dition, $225. Fred Janosky (215) 693-6167. 

Boulder 50D power amplifier, 150W, 8í¡; 250W, 40, 
highly recommended by Dick Olsher of Stereophile, 
$1,500 firm. Art,(415) 528-3552. 

Focal 401 single voice coil per driver, D’Appolito mon¬ 
itors, 4/$100; Panasonic Leac tweeters 10TH200D 
2/$35. Les Winter, 201 East 17th St., New York, NY 
10003, (212) 673-8248. 

Pioneer SX-9000 stereo receiver, vintage 1970, like 
new, $100; TEAC X-1000R reel-to-reel tape deck, 
$600. Jeffrey C. Hudlow, 7038 Hemlock Course, 
Ocala, FL 32672, (904) 687-8513. 

As you know, we had this 5V01DBL made by Focal exclusively for Zalytron. Our goal was to 
offer you a high value driver on which we make less (and that’s OK, we compensate with the 
quantity we sell) in order to have more people acquainted to high quality drivers such as 
Focal's. The response has been great so far, and quite naturally we have been asked by 
many if we could come up with a high quality system using the 5V01DBL, possibly with a 
similar type of high value tweeter. So we made a set of MTM speakers using two 5V01DBL 
and one of our favorite, the DOM2 Cabasse tweeter, and we used it in our store as a demo 
system, just to see people's reaction. Well, the demo kept being sold, so we thought if we 
have something here, we better make it truly available. And this is your "BUDGET MTM 
SYSTEM". Besides the price, nothing here is “budget". You already know about the quality 
of the Focal drivers. The DOM2 is probably one of the best made tweeter. For example: 
when other convex dome tweeters have a voice coil of the exact same diameter as the 
dome itself, Cabasse went through the extreme refinement of engineering a voice coil at 
about 2/3 of the diameter of the dome. You don't need a PhD in physics to see which one 
will have the most efficient drive (and therefore the lower distortion at high level). As for the 
rest of the system the cabinets are our now well known custom heavy duty MDF enclosures, 
and we use SCR caps in series with the tweeter. The bottom line: when the money is spent 
where it counts the most, budget means value. And that's our “BUDGET MTM” is all about. 
Focal 
5V01DBL 
Cabasse 
Dome2 ZALYTRON INDUSTRIES CORP. 

469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501 
TEL. (516) 747-3515 FAX (516) 294-1943 

Our warehouse is open for pick-up 10AM to 6 PM daily, Monday thru Saturday 
UPS orders shipped same day • Minimum order $50.00 

FOR ALL YOUR SPEAKER NEEDS OR INQUIRIES - WRITE OR CALL ASK FOR ELLIOT 
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FIBERGLASS & WOVEN CARBON DRIVERS 

BY VERSA-TRONICS 
PRESENTS TRUE UNCOLORED REPRODUCTION 

• European Cone Materials 
• Polymer Dust Caps 
• Extremely light cone material 

Available at the following distributors: 

Just Speakers 
3170 23rd St. 

San Francisco, Ca. 94110 
(415) 641-9228 

Speakers, Etc. 
1828 W. Peoria 

Phoenix, Az 85029 
(602 ) 944-1878 

Toutant Electronics 
246 E. 131st Street 

Cleveland, Ohio 44108 
(216 ) 451-6325 

Speaker City 
10615 Vanowen 

Burbank, Ca. 91505 
(818) 508-1908 

Speaker Works 
2539 E. Indian School Rd. 

Phoenix, Az. 85016 
(602 ) 956-6344 

romes 
Versa-Tronics INC-

Amherst, NH 03031 



Thorens TD-124 turntable, $150; Grace 707 tonearm 
$50; Tandberg TCD-330 cassette deck for 220V, $40; 
B&K 5MHz oscilloscope, $40. Pedro Rodriquez, 11 
Jeffrey Amherst, Amherst, MA 01002. 

Hi-Fi News & Record Review 1965 to 1987 complete, 
$100, you pay shipping, will donate to institution. 
Charles T. Pike, 186 Grove St., Lexington, MA 02173 
(617) 862-4712. 

Carver CT-7 preamp/tuner with Sonic holography and 
remote and SAE dual high resolution power amp 
Model A202 100W Rms/8;Q or 150W/Channel/4;Q, 
$650 plus shipping for both, mint condition Mr. 
Willes, (800) 227-6121 M-F, 9-5, central time. 

Crown D-150A Series II amplifier, retail $795, asking 
$330; Soundcraftsmen TG- 3-44R 'Zs-octave profes¬ 
sional equalizer, retail $700, asking $400. Both mint. 
Darren, (313) 851-1296. 

Bozak speakers, (2) B199A 12” woofer 16; (2) B209B 
6” mid range 8; (4) B200V 2" tweeter, pair 2 N104 
crossover 400Hz and 2500Hz $20, each item. Frank 
Hnat, 7312 Johnnycake Rd., Baltimore, MD 21228, 
(301) 455-0148. 

Two Gauss 4883B 18” extended bass woofers, never 
used, perfect $200 each. One new Dynaudio 30W54 
in sealed box, $90. Andy, (516) 269-9776. 

(616)534-9121 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

DVNAUDIO MOREL FOCRL ECLIPSE 
2442 28th St, S.W., Suite D, Wyoming, Ml 49509 

Horn drivers, pairs: Altec 288, 291, 802, 808; JBL 
2425; EV 1823; University T-40; Altec Mantaray 
horns, pair Bor 288s; pair Bor 802s; Horn Turntops 
EV St-350; JBL 2402H; Altec 803, 904-K, 421,511; 
Transylvania tube horns; crossovers, JBL 3115; Altec 
809, 1209, N 3000A; evenings, David, (914) 688-
5024, ext. 36. 

Fisher FM200 tube-type FM tuner, mono with multi¬ 
plex out jack, mint performance, cosmetics OK but 
not great, $65; many vintage tubes, new/old stock, 
$5; used $2. AI Wirtenberg, 15 Wilson Rd., Weston, 
CT 06883, (203) 544- 9270. 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

MODEL 120 CABINET & NEW 120-R 
"RACK AND PANEL" DESIGNS 

Plug-in Butterworth (maximally flat) filters 
6 db.. 12 db.. or 18 db. per octave slopes, 
any specified frequency. Model 120 
instrument style case or 120-R Rack and 
Panel” case with all terminations and 
regulated power supply. 

Made m monaural or stereo bi-amp, tri-amp, 
or quad amp with optional level controls, 
subsonic filters supplies with or without 
bass boost, and summers for "single 
woofer” systems. Also available. 500 
Series filters, plugin filters, regulated 
power supplies. 
New catalog and price sheet. Free! 

Eng. Lab. 
11828 Jefferson Bl. Culver City. CA 90230 
l PHONE (213) 397 9668 

Brubeck Direct, slight damage, $50; MFSL Poco $30; 
Little Feat double, $60; Magical Mystery Tour, $30; 
Sticky Fingers slight damage, $22; imports Sgt. Pep¬ 
per, Yellow Submarine, Rubber Soul, Genesis, Sticky 
Fingers, $20 each. Stones 3D good, $30; Pink Floyd, 
Animals Pink Vinyl, jacket and sleeve $30. R. Kin-
neson, (815) 657-8488. 

Lafayette SK-180 10" Trihelix speakers (triaxials) 
superb sound, pristine condition, $60 pair; one Altec 
409T coaxial 8” speaker, mint, $25; 25 x 17 Vz x 11 
% professionally built walnut speaker enclosures, un¬ 
drilled baffles, $60 pair; Scott 340 FM receiver, near 
mint, original tubes, papers. $175. Horace, (703) 
578-4929. 

YOUR 50 WORDS 
in our private classifieds 

ARE FREE 
OVER 50: Send money 

(20 cents/word) 

Swan IV bass enclosures, beautiful oak finish with 
all rounded corners, $600/pair; Pedal Coupler, active 
crossover, rack mount, built to spec with volume con¬ 
trol, CD input, preamp loop and premium quality com¬ 
ponents, $200 or both for $750. Geoffrey Dillon, (213) 
965-9173. 

SOTA sapphire turntable with Linn Ittok LV-II arm and 
Karma cartridge, $550; Oracle Alexandria turntable 
with Prelude arm, $400; Thorens TD-125 turntable 
with Shure SME arm, $300; McIntosh XR5 speakers, 
$600; Carver C-2 preamp, $300; Carver M-500t amp, 
$350; Dayton-Wright SPA preamp, $300; Terk Pi an¬ 
tenna, $40; Koetsu Black cartridge, $150. Ted 
Kircher, 2431 Deerfield Dr., Ashtabula, OH 44004, 
(216) 964-9632. 

Nakamichi N580 cassette, $250; JBL studio monitors, 
$500/pair; JBL D130F, damaged, $250/pair; woofers, 
large Advent, $70/pair; Audio Concepts AC10, $110/ 
pair; Dynaudio 22W75, Pioneer PT6 horns, Philips 
AD5061, B/O; 100' 12 gauge version of original mon¬ 
ster, $60; 10 gauge $80, will cvt, assorted test equip¬ 
ment. Tom (215) 551-7060, machine after fourth ring. 

SPEAKER BUILDER CLASSIFIED ORDER FORM 
PLEASE FILL OUT IN CLEAR BLOCK LETTERS OR TYPE. PLEASE SPELL OUT ENTIRE WORD. 

1 23456789 10 

11 12 13 14 15 16 17 18 19 20 

21 22 23 24 25 26 27 28 29 30 

31 32 33 34 35 36 37 38 39 40 

41 42 43 44 45 46 47 48 49 50 

Private For Sale O Private Wanted - If Trade, please indicate # of insertions 
Private For Sale ads are for non-profit use. Individuals selling items for retail/profit should be using Trade ads. Private For 
Sale and Private Wanted ads are on a one time insertion basis. Ads must be resubmitted for renewal. Ads will not be taken 
over the phone. 

Definition of a word: A series of letters with a space before and 
after. Count words, not letters. Any words over 50, 20<t per word. 
Trade ads are 70C per word and indicate number of insertions. 
Deduct 10% for a 4x contract in Audio Amateur and a 6x con¬ 
tract in Speaker Builder, deduct 5% for a 2 x contract in Glass 
Audio. 
Please remember to include your name, address and telephone 
number. In order for Private For Sale and Want ads to be free, 
you must be a current subscriber. Ten dollar minimum for charge 
card orders. Payment MUST accompany first ad. 
Please charge to my MasterCard/Visa: 

□ Check/Money Order Enclosed | | | | | | | | [ | | | 
Magic No. 

NAME 

PHONE 

COMPANY 

STREET & NO 

CARD NUMBER EXP DATE CITY ST ZIP 
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TEKTON 21 
6 in. diam VC 

Exclusively from 
Watters Sound Wave Co(214)991-6994 
4320 Spring Valley,Dallas TX 75244 
()rca,Dsgn & Mfg Corp.(818)707-1629 
1531 Lookout Dr. Agoura CA 91301 

The KTON Infra-bass drivers 
are uniquely featured to offer true 
extension below audibility. Uncom¬ 
promising design in collaboration 
with Kimon Bellas called for ma¬ 
chined steel motor assemblies, mas¬ 
sive cast frame and immense mag¬ 
net structure. 
High power (over 1.2 KW at 20 Hz) 
and long throw ( close to 1 in. each 
way) guarantee the deepest and 
tightest bass available anywhere 
today. TEKTON 18 



Hafler DH-500 factory assembled amplifier, 1 Va 
years old. $425. Randy, (717) 898-3085. 

Hafler DH-110 preamp, excellent condition. Carl 
Sonksen, 5002 Capital Ave., #4, Omaha, NE 68132 
(402) 554-0370. 

Thorens TD-147 turntable Shure 9the. All accessor¬ 
ies, used 250 hours to tape records, mint condition, 
$250 original owner, E. Marshall, 34-13 80th St., 
Jackson Hts., NY 11372, (718) 478-9011. 

DeCoursey three-way crossover 18dB/oct. 125, 
2.5KHZ, extra modules 250,1000Hz $200; Nikko amp 
200W, $200; Jensen Flexair 15” woofer, $40; rigid 
cylinders for 5 Va” speakers $50; surprise box of odd 
drivers, no pairs, $50; Jordan 5" aluminum Gne 
speakers $150; subwoofer, $75. Jerry, (212) 
364-3485. 

Audiophile Accessories 
DBP-2J (5) • Switch Box $69.95 
DBP-2J (5) AU • Switch Box with Gold Jacks $89.95 

Selects among up to 5 inputs. When used with 
DBP-6 or -6MC, allows for selectable loading of 
cartridges. Alps level control available. 

DBP-10 • Phono Alignment Protractor $29.95 
Allows adjusting the lateral tracking error of a 
mounted cartridge to within 1/4 of a degree. 
Non technical instructions and case included. 

DBP-16 • 12dB Input Attenuators (pair) $12.95 

DBP-CK • Cramolin Audio Kit (contact treatment) $19.95 

DBP-SC • Souther Record Clamp $19.95 

Other Accessories 
(¡old plated phono plugs/jacks, banana plugs/ 
jacks, spade lugs, Y adapters, custom cables, 
many other useful accessories. 

Test Compact Discs 
We carry almost every worthwhile test CD available, 
including 5 from the Japan Audio Society (tone bursts 
and stereo pink noise), 2 from Pierre Verany ( 1/3-
octave warble tones), 3 from Denon (Anechoic 
Orchestra), and Auditory Demonstrations. 

Electronic Components 
We can create electronic crossovers from 6 to 36dB per 
octave, custom engineered for your application. 24 
and 36dB are Linkwitz-Riley “In Phase ’ design. 
Models for Snell and Magnepan speakers available. 
The renowned DB Systems preamps, power amps, 
tone controls, head amp, and phase invertcr/bridging 
adapter are also available through dealers or direct. 

DB Systems 
Main Street, P.O. Box 460 
Rindge Center, NH 03461 
Phone (603) 899-5121 
VISA/MasterCard accepted 

Pair Dyna MK IVs mint, $275, AR-1 woofers, PAS 
$65; Curcio circuit boards and power supply, boards 
stuffed by professional engineer, $250; dbx 228 with 
box and manual, $90; Pioneer TV9500, TV tuner, 
$45. Joe Jenning, 4903 A South Orchard, Tacoma, 
WA 98467 (206) 473-3572. PST message after fourth 
ring. 

12 gauge silver coated, Teflon insulated, stranded 
copper wire, twisted pair (red and black), $1,35/ft. 
Geoffrey Dillon, 575 Levering Ave., Los Angeles, CA 
90024, (213) 965-9173. 

JBL bullit, slot and "baby-cheeks” tweeters, $100-
$125 each; Altec 811 horns, $75 each; $420 for six; 
MTX-EV screw-on titanium HF drivers, 2.5-17kHz re¬ 
sponse, $70 each. 4 for $250; miscellaneous custom-
made LF horns and LMF horns. Tom, (914)271-5228 
EST until 11. 

Soundcraftsmen DC 2215 unity gain graphic equal¬ 
izer, excellent conditon, original box and papers, 
$125 (list $449). Bill Tidwell, 520 South Fourth St., 
#300, Las Vegas, NV 89101, (702) 385-7170. 

WANTED 
Surplus/used capacitors 1-15;mF, 100-300V and air-
core coils (.1 to 15 MHz 16awg or larger) for proto¬ 
typing. Loftech test sets, old issues of Audio Engineer¬ 
ing, Wireless World, etc. Tom (914) 271-5228 till 11 
pm EST. 

Manuals, schematics for Webster Electric model 
TP45 and Pilot Radio model SA260. Bob Jensen, 8 
Heather Lane, Reading, PA 19601. 

Jordan 50mm modules in good working condition, 
looking for total of 4 modules. Carl Sonksen, 5002 
Capitol Ave., #4, Omaha. NE 68132 (402) 554-0370. 

Old Klipsch catalogs, JBL literature; books, display 
systems, Engineering, Luxenbery, Kuehn; old books 
showing point contact transistors; old Hewlett-
Packard and Tektronix catalogs; Throne of Merlin, 
(R.C. Schaller). D.R. Schaller, 6704 Schroeder Rd., 
Suite 6, Madison, Wl 53711. 

Plans for building the Speaker Lab SK speakers, the 
plans are no longer available from Speaker Lab. John 
Fitzpatrick, 178 West Orange St., Brentwood, NY 
11717. 

Cover for Elco HF-35 or Elco HF-50, Arc or similar 
quality, stripped case for project CSP-3, SP-5, etc. 
Joe Jennings, 4903A So. Orchard, Tacoma, WA 
98467 (206) 473-3572 message after fourth ring. 

Technical data on Jensen H223F 12” coaxial driver; 
tube-type hi-fi equipment by Marantz, Scott, Hadley, 
Rei, Brook, McIntosh (reasonable); Al Wirtenberg, 15 
Wilson Rd., Weston, CT 06883 (203) 544-9270. 

CLUBS 
THE ATLANTA AUDIO SOCIETY is dedicated to 
furnish pleasure and education for people with a com¬ 
mon interest in fine music and audio equipment. 
Monthly meetings often feature guest speakers from 
the audio manufacturing and recording industry. 
Members receive a monthly newsletter. Call: Chuck 
Bruce, (404) 876-5659, or Denny Meeker, (404) 
872-0428, or write: PO Box 361, Marietta, GA 30061. 

ELECTROSTATIC LOUDSPEAKER USERS 
GROUP is now a world-wide network for those inter¬ 
ested in sharing valuable theory, design, construction, 
and parts source information. If you are interested in 
building, or have built, your own SOTA ESL we invite 
you to join our loose-knit organization. For informa¬ 
tion, send an SASE to: Barry Waldron, 1847 Country 
Club Dr., Placerville, CA 95667. 

THE HI-FI CLUB of Cape Town in South Africa sends 
a monthly-newsletter to its members and world-wide 
subscribers. To receive an evaluation copy of our 
current newsletter, write to: PO Box 18262, Wynberg 
7824, South Africa. We’ll be very pleased to hear from 
you. 

In 1989, Madisound Speaker 
Components processed 20,000 
orders. 

VIFA DYNAUDIO 
FOCAL MB QUART 
PHILIPS AUDAX 
EUROPA PEERLESS 
MOREL SOLEN 
KEF ETON 

PERFECT LAY 
SIDEWINDER 
ELECTROVOICE 
SLEDGEHAMMER 

Doesn't your hobby deserve 
these fine product lines? 

.Xj MacUsound Speaker Components 
8608 University Green 

j Wj Box 4283 Madison WI 53711 
tWjUi Phone: 608-831-3433 

Fax: 608-831-3771 

THE CATSKILL AND ADIRONDACK AUDIO 
SOCIETY invites you to our informal meeting. Join 
our friendly group of audio enthusiasts as we discuss 
life, the universe and everything! Toobers, Tranz-
zeestors, vinyl canyons or digital dots. No matter what 
your level of interest, experience, or preferences, you 
are welcome. Contact CAAS at (518) 756-9894 (leave 
message), or write CAAS, PO Box 144, Hannacroix, 
NY 12087. See you soon! 

CHICAGO AREA ENTHUSIASTS WANTED for 
audio construction club. Call Tom, (312) 558-3377 or 
(708) 516-0170 evenings for details. 

CONNECTICUT AUDIO SOCIETY is an active and 
growing club with activities covering many facets of 
audio — including construction, subjective testing, 
and tours of local manufacturers. New members are 
always welcome. For a copy of our current newsletter 
and an invitation to our next meeting, write to: Richard 
Thompson, 129 Newgate Rd., E. Granby, CT 06026, 
(203) 653-7873. 

THE COLORADO AUDIO SOCIETY is a group of 
audio enthusiasts dedicated to the pursuit of music 
and audiophile arts in the Rocky Mountain region. We 
offer a comprehensive annual journal, five bi-monthly 
newsletters, plus participation in meetings and lec¬ 
tures. For more information, send SASE to: CAS, 4506 
Osceola St., Denver, CO 80212, or call Art Tedeschi, 
(303) 477-5223. 

Electronic 
by 

ACE AUDIO CO. 
• est. 1973 • 

#532-5th Street 
E. Northport, NY 11731-2399 

write for free flyer 

Crossovers 

LONDON LIVE D.I.Y. HI-FI CIRCLE meets quart¬ 
erly in London, England Our overall agenda is a 
broad one, having anything to do with any aspect of 
audio design and construction. We welcome every¬ 
one, from novice to expert. For information contact 
Dick Bowman, 081 520 6334. 

MEMPHIS AREA AUDIO SOCIETY being formed 
Serious audiophiles contact J.J. McBride, 8182 Wind 
Valley Cove, Memphis, TN 38125, (901) 756-6831. 

NEW JERSEY AUDIO SOCIETY meets monthly 
Emphasis is on construction and modification of elec¬ 
tronics and speakers. Dues includes monthly news¬ 
letter with high-end news, construction articles, analy¬ 
sis of commercial circuits, etc. Meetings are devoted 
to listening to records and CDs, comparing and 
A-B-ing equipment. New members welcome. Contact 
Bill Donnally, (201) 334-9412, RD2, Box 69D, Miller 
Dr.. Boonton. NJ 07005; or contact Bob Young. (201) 
381-6269. 

PIEDMONT AUDIO SOCIETY Audio club in the 
Raleigh-Durham-Chapel Hill area is meeting monthly 
to listen to music, demonstrate owner-built and 
modified equipment, and exchange views and ideas 
on electronics and speaker construction. Tube and 
solid state electronics are of interest and all levels 
of experience are welcome. Kevin Carter, 1004 Olive 
Chapel Rd., Apex, NC 27502, (919) 387-0911. 

SOUTHEASTERN MICHIGAN WOOFER AND 
TWEETER MARCHING SOCIETY (SMWTMS). 
Detroit area audio construction club. Meetings every 
two months featuring serious lectures, design analy¬ 
ses. digital audio, A B listening tests, equipment 
clinics, recording studio visits, and audio fun. The 
club journal is LC, The SMWTMS Network. Corre¬ 
sponding member's subscription available. Call (313) 
477- 6502 (days) or write David Carlstrom. SMWTMS. 
PO Box 721464. Berkley. Ml 48072-0464. 
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technologie d’avant-garde 

for your free copy of the complete FOCAL catalog: call or write Focal America, Inc. 
1531 Lookout Drive, Agoura, CA 91301. USA. TEL: (818) 707-1629 FAX: (818) 991-3072 

AUDIOM 15VX Polyglass 15" subwoofer 



WANTED 
AUDIO CLUB 
MEMBERS 

(Good singing voice not required) 
Learn about the latest equip¬ 
ment, techniques and record¬ 
ings through group meetings, 
tours and newsletters. Ask 
questions. Share viewpoints 
and experiences. Have fun! 

If there's no club in your area, 
Why not start one? Our club 
ads are free up to 75 words 
($.20 per word thereafter). 
Copy must be provided by a 
designated officer of the club 
or society who will keep it 
current. 

AUDIOPHILES IN THE DAYTON/SPRINGFIELD, 

OHIO AREA: We are forming an audio club. Please 
contact me if you’re interested in construction, mod¬ 
ifications, testing, recording or just plain listening to 
music. Ken Beers, 1756 Hilt Rd., Yellow Springs, OH 
45387, (513) 767-1457. 

AUDIO SOCIETY OF MINNESOTA. Audiophiles, 
music lovers, scratch builders, record collectors, tube 
freaks, digital freaks—we've got 'em all! Monthly 
meeting, tours, audiophile concerts, special guests, 
etc. Now in our 13th consecutive year! Write ASM, PO 
Box 32293, Fridley, MN 55432. 

THE BOSTON AUDIO SOCIETY invites you to join 
and receive the bi-monthly B.A.S. SPEAKER with 
reviews, debates, scientific analyses, and summaries 
of lectures by major engineers. Read about Apogee, 
Nytal, Conrad-Johnson, dbx digital, Snell, music 
criticism and other topics. Rates on request. PO Box 
211, Boston, MA 02126. 

TUBE AUDIO ENTHUSIASTS. Northern California 
club meets every other month. For next meeting an¬ 
nouncement send a self-addressed, stamped #10 
envelope to Tim Eding, PO Box 611662, San Jose. 
CA 95161. 

WASHINGTON AREA AUDIO SOCIETY Meetings 
are held every two weeks, on Fridays from 19:00 
hours to 21:30 hours at the Charles Barrett Elemen¬ 
tary School in the city of Alexandria, Va. Prospective 
members are welcome but must register in advance 
in order to be admitted to the meetings. No excep¬ 
tions please. If interested please call Horace Vignale, 
(703) 578-4929. 

THE WESTERN NEW YORK Audio Society (WNY 
Audio Society) is an active and growing audio club 
located in the Buffalo area. We issue a quarterly 
newsletter and hold meetings the first Tuesday of 
every month. Our meetings have attracted many local 
and distant manufacturers of audio related equip¬ 
ment. We are involved in all facets of audio—from 
building to purchasing at discount prices. For a copy 
of our current newsletter and information regarding 
our society, please write to M.A. Monaco, WNY Audio 
Society. PO Box 312, N. Tonawanda, NY 14120. 

IF YOU ARE an "Organ Music Lover" and like to 
test your audio system. SFORZANDO has room for 
a few more members. We have about three thousand 
“Live”, on-the-spot, cassette tapes that are not avail¬ 
able in the stores. We are happy to lend them to you 
via the mail. Just ask EA Rawlings. 5411 Bocage St., 
Montreal. Canada, H4J 1A2. 

PACIFICNORTHWEST AUDIO SOCIETY (PAS) 
consists of 60 audio enthusiasts meeting monthly, 
second Wednesdays, 7:30 to 9:30 p.m. at 4545 Island 
Crest Way, Mercer Island, Washington. Be our guest, 
write Box 435, Mercer Island, WA 98040 or call Bob 
McDonald. (206) 232-8130. 

PRO 400 1 (AC DC VOLTAGE 
AC DC CURRENT 

TRANSISTOR CHECKER 
20 MHZ FREQ COUNTER 

r 2 YEAR " 
WARRANTY 
PARTS & LABOR 

DIODE TEST LOGIC TEST 
LED TEST GOOD BAD 
5 FREQ RANGES 
5 CAPACITANCE RANGES 
LOW BATTERY Warning 
CONTINUITY TEST BUZZER 

■ KELVIN- Electronics 
■ □■(516)349-7620 1(800)645-9212 

■ FAX (516) 349-7830_ VISA M C 

$69 95V W990092 

THOSE INTERESTED IN AUDIO and speaker build¬ 
ing in the Knoxville-East Tennessee area please con¬ 
tact Bob Wright, 7344 Toxaway Dr., Knoxville. TN 
37909-2452, (615) 691-1668 after 6 p.m. 

Advertising index 
FAST REPLY PAGE 
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Good News 
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HF1350 PSB International Inc.93 
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Hi-Fi News.80 
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AES Books.64 
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"Save Your Invoice" Sale. 66 
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HF1156 Ferro Fluid. 86 
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rParts 
express 

Darts Express now introduces... 
i response to our customers' request, we at Parts Express, in cooperation 

nth a major speaker manufacturer, set out to design a loudspeaker that can 

nthstand the harsh environment of today’s automobiles. The Thruster Car 

.udio Woofer Series is the result of those efforts. By combining the best 

¡atures from a variety of manufacturers into a single speaker, we have 

eveloped a woofer that is virtually indestructible when installed properly. You 

sked for a speaker with a surround that would not rot and turn to dust. So we 

ad our surrounds treated with a special fungicide. You asked for a cone with 

le low mass of paper but with the rigidity of polypropylene. So we coated our 

ones with a polymer resin. You wanted a speaker that could produce the 

igh SPL’s that win auto sound competitions. So we designed our Thruster 

Series with large magnet assemblies to provide high flux densities. You 

anted a frame with the rigidity of diecast aluminum without the high cost. So 

e had our steel frames stamped from thicker steel with rolled edges and 

¡inforcing ribs to be superior to standard steel frames. You wanted the best 

I all worlds and we did our best to deliver. We are so confident that our 

hruster Car Audio Woofer Series will live up to your expectations that if you 

jy one of our woofers and are not completely satisfied, we will refund the 

jrchase price within 15 days from date of purchase. 

hruster Car Audio Woofers are available in 8", 10", 12", and 15" sizes for 

stallation flexibility. Features: 

■ Heavy gauge stamped steel frames prevent the magnet from 

vibrating loose and causing the voice coil to become misaligned 

in the gap. 

■ Red foam surrounds are treated with a special fungicide to 

withstand the high humidity in todays automobiles. 

■ Oversized magnet assemblies provide high flux densities for 

increased efficiency and improved damping on the voice 

coil, increasing power handling capability at low frequencies. 

■ Large diameter voice coils for increased power handling and less 

heat build-up. 

■ Curvalinear cone design for improved sound reproduction of 

frequencies above 1,000 Hz. 

■ Polymer resin coated cones provide resistance to moisture and 

sun as well as increase rigidity without adding excess mass. 

■ Two color printed dust caps, red foam surrounds and “Wet Look” 

Hr Parts f/E^ss CALL TOLL FREE
340 E. First St. Dayton. Ohio 45402 
Local: 513-222-0173 
FAX 513-222-4644 

1-800-338-0531 

15 day money back guarantee $15.00 minimum order We accept Mastercard. Visa. 
Discover, and C O D. orders. 24 hour shipping Shipping charge = UPS chart rate + $1 00 
($3.00 minimum charge) Hours 8:30 am - 7:00 pm EST. Monday - Friday 9:00 am -
2:00 pm Saturday. Mail order customers, please call for shipping estimate on orders 
exceeding 5 lbs. Foreign customers please send $5 00 U.S funds for catalog 

FREE CATALOG 
Call today and request your FREE copy of our 
latest full line catalog. 148 pages packed with 
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cones create a stunning appearance that will give you an extra 

edge on the competition in auto sound contests. 

■ Manufactured using the latest in robotic controls; high quality 

is assured. 
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MW1275 
Specification_ 
Overall Dimensions 
Nominal Power Handling (Din) 
Transient Power — 10ms 
Voice Coil Diameter 

0 306mm(12") x 94mm(3.7") 
250 W 
1000 W 

75mm(3" ) 

Voice Coil Type / Former Hexatech Aluminium 

DPC Cone 
Double Magnet 
12" Woofer 

Vas — Equivalent Cas Air Load 
MMS — Moving Mass / Rmec 
SD — Effective Cone/Dome Area 
Cone/Dome Material 
Nett Weight 

20 12000 Hz 
22 Hz 
90 dB 

8 ohms 
6.4 ohms 
0.62 mh 

1.35mm(0.053" ) 
6mm(0.25") 

14.5mm(0.57" ) 
4.25mm(0.167") 
0.65 T / 5.4 NA 

3.80 
1.0 
0.8 

270 litres (9.6 ft3) 
55gm / 2.25ns/m 

503 cm3
DPC (Damped Polymer Composite 

1.50 kg 

Frequency Response 
FS — Resonant Frequency 
Sensitivity 1W/1 M 
Z — Nominal Impedance 
RE DC Resistance 
LBM — Voice Coil Inductance @ 1 Khz 
Magnetic Gap Width 
HE - Magnetic Gap Height 
Voice Coil Height 
X - Max. Linear Excursion 
B — Flux Density / BL Product (BXL) 
Qms - Mechanical Q Factor 
Qes — Electrical Q Factor 
Q/T — Total Q Factor 

A high quality 12" woofer — unique vented 

double magnet system housed in a magnesium 

pressure cast chassis. An extremely shallow 

DPC (Damped Polymer Composite) cone 

with foam surround — low resonance 

frequency — smooth frequency response 

and with high power handling capability 

— 3" voice coil with aluminium wire — 

suitable for three-way systems. 

Excellent bass response and 

low distortion resulting from the 

longer voice coil, allowing a more 

linear excursion. 

Specifications given are as afte 
24 hours of running 

Sensitivity Phase - deg 

log Frequency - Hz Tiie - isec 

log Frequency - Hz 100.0 
Inpedance Magnitude - ohis 

log Frequency - Hz loo.o 
lipulse Response - volts 

Sensitivity Hagnitude dB SPL/uatt 

Morel operate a policy of continuous product design improvement, consequently specifications are subject to alteration without prior notice Fast Haply HHF14 


