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ACI 
901 South Fourth Street, La Crosse, WI 54601 

"Reality... 
At low listening levels I was at the original recording session-Speaker Builder magazine reviewer 
Gary Galo’s description of these speakers is right on the mark-This is one system the adjectives 
used are not advertising hype. Thanks for providing more than I’ve ever heard in any speaker 
system, reality!" Sapphire II/Sub 1 owner R. Penko, Las Vegas, NV 

"It fills a genuine need by providing deep, clean bass in small and medium sized rooms at a 
ridiculously low price in a very compact package," wrote Editor Peter Aczel about the 
Synthesized Bandpass,m Sub 1 in the Winter 1991-92 issue of The Audio Critic.1

"Excellent bass, soundstage very musical and transparent. Excellent product, superior to other 
speakers three times the price." W Robertson, Oshawa, Ont. Canada 

"The Sapphire II/Sub I system re-creates a large, three-dimensional, rectangular soundstage. 
One of my reference discs for soundstaging and imaging is Mercury’s CD of music by the 
Second Vienna School, conducted by Antal Dorati. Dorati and the London Symphony gave the 
best performance ever captured of Schoenberg’s Five Pieces for Orchestra. On the Audio 
Concepts system, this recording is reproduced with pin-point accuracy. Instruments literally 
dance around the soundstage, and the trombones are so far to the rear you feel transported to 
the hall where the recording was made." Thken from a review written by Gary Galo in the 
3/91 issue of Speaker Builder magazine. 

If you want to recreate the "reality" of live music in your home become an ACI speaker 
owner. The Sapphire II ti 2 and Synthesized Bandpass*“ Sub 1 are part of the complete ACI 
line of high-performance speaker kits and assembled speakers. 

Call 1-800-346-9183 today for the latest ACI catalog 

1 Reprinted with permission of The Audio Critic magazine, P.O. Box 978, Quakertown, PA 
18951 (215) 538-9555. Subscriptions are $24 for four quarterly issues. 

2 Sapphire II ti introduced March 1992 utilizes a newly developed Titanium dome tweeter. 

All Rights Reserved, Audio Concepts, Inc. 1992 

Sound that Satisfies...™ 
Orders: (800) 346-9183 Sales: (608) 7844570 Fax: (608) 784-6367 



SENNET CONCEPTS is introducing several 
audio products for homes and vehicles. 
Included are the Model SH600, a six-
speaker home-theater surround-sound 
package that retails for $350; the Model 
SH200, a three-piece stereo clock radio 
system, $200; the Model SH88, an 8" 
home-passive subwoofer, $125; and the 
Model SH5, an indoor/outdoor two-way 
speaker system, $125. 
For details, contact Sennet Concepts, 

PO Box 1630, Old Milford Rd., Milford, 
PA 18337-2630, (717) 296-2818. 

Fast Reply UGG 1414 

Good News 

PSB SPEAKERS introduces the Alpha, a two-
way loudspeaker system utilizing a 6'6 " 
polypropylene woofer and a 16" poly¬ 
flare dome tweeter. It is the first in a ser¬ 
ies to range in price from $199-$899. A 
narrow profile cabinet (8%" across) fea¬ 
tures minimal baffle area, flush tweeter 
mounting, frame-less grille attachment; a 
beveled-edge grille eliminates protrusion 
causing reflections. 
The Alpha crossover employs top-grade, 

high-voltage capacitors for unrestricted 
clarity and dynamics. The connectors are 
heavy-duty push terminals that accept up 
to 12-gauge cabling, as well as banana 
plugs including standard %" spacing dual¬ 
banana blocks. 

MICROMATH SCIENTIFIC SOFTWARE has a free, 
16-page color catalog containing informa¬ 
tion on all its scientific and engineering 
software, including programs for model¬ 
ing, simulation, and curve fitting. It in¬ 
cludes descriptions of plotting packages, 
ODE solvers, statistics, and software for 

TANNOY introduces the Tannoy Sixes loud- Tannoy's own internal DMT (Differential 
speakers which incorporate new thinking 
on enclosure structure, acoustic point 
source design, drive unit construction, and 

Material Technology). The units also offer 
improved standing-wave behavior, in¬ 
creased structural rigidity, and improved 
diffraction performance. Prices range 
from $279 for the Model 603 to $ 1,399 for 
the Model 615. The stands are an addi¬ 
tional $149, and the base is $99. 

For specifications, contact Tannoy, 141 
Linden St., Suite G10A, Wellesley, MA 
02181, (617) 239-1692, FAX (617) 
239-0096. 

Fast Reply 4GG780 

The PSB Alpha is available for $ 199/pair. 
Contact PSB International Inc., 633 Gran¬ 
ite Court, Pickering, Ontario, Canada 
L1W 3KI, (212) 888-6610. 

Fast Reply HGG1436 

Laplace transform inversion. Software for 
preparation of publications includes sci¬ 
entific word processors, math editors, and 
bibliographic software. 
MicroMath products include Graph, to 

plot scientific and engineering data; Dif¬ 
feq, a differential equation solver; and 
Minsq, a nonlinear, curve fitting and sim¬ 
ulation program. Others are Laplace and 
Rstrip. The catalog also includes several 
other scientific and engineering products. 
For a free catalog, contact MicroMath 

Scientific Software, PO Box 21550, Salt 
Lake City, UT 84121, (801) 943-0290, 
FAX (801) 943-0299. 

Fast Reply HGG1415 

POLYDAX SPEAKER CORPORATION a subsidiary 
of Audax Industries in France, introduces 
the TW 025 A, a soft-textile, 1 " dome 
tweeter. It is available in two models, with 
and without ferrofluid, and features a 
catenary profile. The shape resembles a 
chain suspended from two equidistant 
points in space that is left to form a unique 
shape. The faceplate design is stream¬ 
lined, the voice coil i wo layers, the dia¬ 
phragm is replaceable, and the frequency 
range is 5kHz-20kHz. It has a sensitivity 
of 92dB 1W/1M and power handling is 
50W RMS. 

Contact Polydax Speaker Corporation, 
10 Upton Dr., Wilmington, MA 01887, 
(508) 658-0700, FAX (508) 658-0703. 

Fast Reply 4GGG4S 
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CARVER introduces the SD/A-370 and 
SD/A-410 linear single-bit CD players. 
Both units offer near-perfect low-level 
linearity, almost ruler-flat frequency re¬ 
sponse, and signal-to-noise ratios of over 
lOOdB. The SD/A-370, which sells for 
$699.95, is a 10-CD changer that can pro¬ 
vide over ten hours of music without in¬ 
terruption. Features include 32-track ran¬ 
dom programming, Intro Scan, Random 
Play, remote control, and time edit. A spe¬ 
cial circuit, Soft EQ, prevents loss of sonic 
front-to-back depth, side-to-side imaging, 
and excessive brightness. The TLM-10 
10-CD Magazines worth $34.95 are in¬ 
cluded with your purchase. 

The SD/A-410, which costs $279.95, 
also uses a linear single-bit D/A converter 
and includes shuffle play, intro scan, 
audible search and scan functions, calen¬ 
dar display, coaxial digital output, and a 
headphone jack. 
Contact Carver, PO Box 1237, Lynn¬ 

wood, WA 98046, (206) 775-1202, FAX 
(206) 778-9453. 

Fast Reply 4GG694 

DIGITAL CABLE RADIO (DCR) announces the 
addition of “Audiophile Audition," an in¬ 
novative music and talk show that caters 
to audio buffs. Host, John Sunier offers a 
musical mix of classics and jazz with an 
emphasis on sonics, and interviews 
leaders in the audio or music fields. 
DCR is a 24-hour, commercial-free au¬ 

dio service featuring CD-quality, digital 
sound transmitted to customer's stereos 

BEAVIS 
Acoustics 

MADE IN FRANCE 

ADVANCED TECHNOLOGY 
IN THE SERVICE OF MUSIC 

High technology speaker drivers-
Composite material cones-

Carbon Fiber, Kevlar, Aramid Glass, 
Graphite Cellulose, High power magnet, 

Coloratlonless, Low distortion, 
Very high dynamic, High power handling 

Acoustics 

Exclusively importée by 
Solen Electronique Inc. 

4470 Thibault Ave . St-Hubert. QC J3Y 7T9 Canada 
Tel 514-656-2759. Fax 514-443-4949 

Fast Reply UGG 1342 

via cable TV. With 19 channels of music 
each formatted to a specific genre of 
music. 
Contact Digital Cable Radio, 2200 

Byberry Rd., Hatboro, PA 19040, (215) 
957-8290, FAX (215) 443-9454. 

Fast Reply 4GG1432 

AZ-USA announces the introduction of AZ 
Acoustical Barriers that are designed to 
stop noise transmission and fight reso¬ 
nance in a variety of applications. Avail¬ 
able as either a % "-thick, loaded vinyl bar¬ 
rier or as a barrier combined with *4" 
acoustical foam, both are easy to install 
and maintain and resolve sound transmis¬ 
sion and vibration problems. These llb/ft2 

loaded vinyl materials are Class 26 with 
a sound-transmission loss performance 
range of 13dB at 125Hz to 40dB at 4kHz. 
They do not contain lead additives, are 
not restricted by OSHA, and comply with 
UL and DOT specifications. 
Contact AZ-USA, 1401 W. 76 St., Suite 

#250, Minneapolis, MN 55423, (612) 861-
2290, FAX (612) 861-2103. 

Fast Reply UGG 1439 

ETON AMERICA announces a new line of 
audiophile automotive speakers. The Car 
200 Hex is a two-way system featuring a 
4" Hexacone midbass, 1" neodynium, 
metal-dome tweeter, and complimentary 
dividing network for $499/pair. The Car 
300 Hex is a two-way system featuring a 
7" Hexacone midbass 1" neodynium, 
metal-dome tweeter, and complimentary 
dividing network for $569/pair. 

Both systems feature midbass units us¬ 
ing two layers of Kevlar with a sandwich 
of honeycomb Nomex. Contact Eton 
America, Box 9274, Grand Rapids, MI 
49509-0274. 

Fast Reply »GG456 
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WORLD AUDIO ENTERPRISES offers Multi-Amp 
1.1 and 1.2, high-quality, easy-to-mount, 
small circuit boards containing compo¬ 
nents for op amp applications. Features 
include linear phase circuitry, complete 
range of gains with 25-turn trimpot, RF 
filtering, AC-coupled easily changed to 
DC, and on-board power-supply filtering. 
Made of glass epoxy with 2-oz. copper foil, 
1% metal-film resistors, and.bipolar cou¬ 
pling capacitors, the frequency response 
ranges from 7-550kHz in the Multi-Amp 
1.1 and 0.7-550kHz in version 1.2. 
Both have full power bandwidth of 

200kHz, slew rate of lOV/gS, phase mar¬ 
gins of > 60°, distortion of <0.008%, and 
differing input impedances. Each model 
costs $30. 

Contact World Audio Enterprises, 1550 
N. Hayworth St. Suite #4, Los Angeles, 
CA 90046, (213) 876-9535. 

Fast Haply UGG 1433 

CUSTOM SOUND furnishes custom-made 
polyfoam speaker grilles, which are made 
of acoustically transparent open-cell poly¬ 
urethane foam rubber in any size, thick¬ 
ness, design, color, or quantity for cus¬ 
tom, replacement, or OEM applications. 
Dealer price reductions are available. 

For a free descriptive brochure, contact 
Custom Sound, PO Box 463026, Mt. 
Clemens, MI 48046, (313) 463-5039. 

Fast Heply MG 1440 

BRIGHT STAR AUDIO announces the Total Iso¬ 
lation System, an effective vibration and 
resonance control that incorporates high 
mass and high absorption to eliminate vi¬ 
bration-caused degradation of audio and 
video performance. 

A Little Rock isolation pod ($99) pro¬ 
vides a high degree of concentrated mass 
to the top of the component's chassis. 
This dampens destructive stored energy 
and forces it down into a Big Foot isola¬ 
tion platform ($149) where it is absorbed 
by a 45-lb. bed of sand. 

Contact Bright Star Audio, 2363 Teller 
Rd. #115, Newbury Park, CA 91320, (805) 
375-2629, FAX (805) 375-2630. 

Fast Heply MG151 

AUDIO TEKNOLOGY, INC. (ATI) introduces a 
Loudspeaker Measurement System 
(LAfS/) which offers a cost-effective solu¬ 
tion to electro-acoustic measurements. 
It comes with a calibrated, high-quality 
measurement microphone and offers all 
SPL readouts directly into absolute dB/ 
SPL. You provide only a PC with a single 
open-expansion slot and benefit from fea¬ 
tures such as Speaker Parameter Mea¬ 
surement and designing crossovers with 
actual impedance and SPL. You can op¬ 
timize these designs to your satisfaction. 
LMS! sells for $995. 
Contact ATI, 7556 SW Bridgeport Rd., 

Portland, OR 97224, (503) 624-0405, FAX 
(503) 624-0194. 

Fast Heply HGG624 

MUSIC INTERFACE TECHNOLOGIES (MIT) has 
published Technical Note 101 entitled 
Transportable Power in Audio Cables: 

Energy Storage Elements and the Power 
Factor' ' by Bruce A. and Timothy A. Bris¬ 
son. In an effort to de-mystify audio ca¬ 
bles, the authors have included mathe¬ 
matics for the engineer as well as non¬ 
technical, visual assists for the audiophile. 
Eight chapters, three appendices, and a 
two-color format further enlighten the 
reader as to the finer details of cables for 
the high-end audio industry. 

For information, contact Music Inter¬ 
face Technologies, 3037 Grass Valley 
Highway, Suite 8212, Auburn, CA 95603. 

Fast Heply UGG 1438 

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 

kz scan-speaK 
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 Heply »GG197 
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Fast Reply HGG494 

We have always admired the Dyna Stereo 70 (35 watts per channel). 
Around two hundred thousand or so folks bought them new in the 
sixties and they’re still 'out there' being traded, up-graded and 
providing cost effective musical enjoyment the way only tubes can... 

VTL 70/70 STEREO AMPLIFIER 
THE $990 INFLATION-BEATER 

Cased in wood sides and metal grille, the 70/70 offers an 
elegant look matched only by its luscious sound. . . 

The Dyna cost around $300 thirty years ago and we set ourselves the 
challenge of surpassing it in every way - including value for money. 
At over 70 watts per channel, our 1990’s stereo amplifier is more than 
TWICE the power of the Dyna, and includes a triode change-over 
switch, (for 40 watts output). It contains components of legendary 
VTL quality, features KT-90 output tubes yet sells direct from our 
factory to you for only $990, with our unsurpassed lifetime warranty... 
(We venture to state that $300 in 1960 is probably equivalent to $1200 
in today's terms). 
To order, please send Check or Money Order for $990.00+$30.00 Shipping and 
Handling, or phone for C.O.D. to: Vacuum Tube Logic of America 

4774 Murietta Street, #9 

Chino, CA 91710 

Tel: (714) 627-5944 «(71 4) 627-8263 

Fax: (714) 627-6988 

(CA RESIDENTS PLEASE ADD 7.75% SALES TAX) 
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Speaker Builder is published bi-monthly by Ed¬ 
ward T. Dell, Jr., PO Box 494, Peterborough, NH 
03458. Copyright © 1992 by Edward T. Dell, Jr. 
All rights reserved. No part of this publication may 
be reprinted or otherwise reproduced without the 
written permission of the publisher. 
All subscriptions are for the whole year. Each 
subscription begins with the first issue of the year 
and ends with the last issue of the year. A sample 
issue costs $4 in the US, $5 in Canada. 
Subscription rates in the United States and 
possessions: one year (six issues) $25, two years 
(twelve issues) $45. Canada add $6 per year for 
postage. Overseas rates $40 for one year, $70 for 
two years. Subscribers residing outside the US and 
Canada are served by air. 
To subscribe, renew or change address in all 

areas write to Circulation Department or call (603) 
924-9464 for MC/Visa charge card orders. For gift 
subscriptions please include gift recipient's name 
and your own, with remittance. A gift card will 
be sent. 

A Note To Contributors 
We welcome contributions for possible publication 
in the form of manuscripts, photographs or draw¬ 
ings, and will be glad to consider them for publica¬ 
tion. Please enclose a stamped, addressed return 
envelope with each submission. While we cannot 
accept responsibility for loss or damage, all mate¬ 
rial will be handled with care while in our pos¬ 
session. Receipt of material is acknowledged by 
postcard. Payment is on publication. 

Speaker Builder (US ISSN 0199-7920) is published bi¬ 
monthly at $25 per year; $45 for two years, by Edward 
T. Dell, Jr. at 305 Union St., Peterborough, NH 03458 USA. 
Second class postage paid at Peterborough, NH and addi¬ 
tional mailing office. 
POSTMASTER: Send address changes to SPEAKER 
BUILDER, PO Box 494, Peterborough, NH 03458. 

About This Issue 
On page 10, Roy Littler offers an 
affordable alternative to expensive test 
equipment for the budget conscious. He 
describes how to measure speaker fre¬ 
quency response with a constant 
average power output and a separate 
sound level monitor in "A ‘/s-Octave 
Noise Source." 
A speaker is not a speaker without an 

enclosure says Mark Florian who gets 
down to the finer details in "A High-
Quality Speaker Cabinet." Follow the 
author's plans on page 14 to construct a 
particleboard veneer sandwich that you 
can adapt for your own project. 

In "Bi-Amping the Sapphire II Sub I 
System," (p. 24) Contributing Editor 
Gary Galo lauds multi-amplification 
and imparts details on enhancing the 
popular Audio Concepts loudspeaker. 
Examining everything you always 

wanted to know about capacitors, "Pro¬ 
fessor" Richard Honeycutt stands 
before the blackboard in "Caps For 
Passive Crossovers." On page 34, the 
brave North Carolinian dives into that 
murky pool of capacitive effects. 
Honeycutt flushes out such nagging 
questions as just how bad is the ESR in 
a modern electrolytic? and do capaci¬ 
tance and/or ESR change with applied 
voltage? 
On page 42, Victor Staggs recounts 

his adventures in loudspeaker-system 
computer optimization in "The Disap¬ 
pearing Loudspeaker." His design ac¬ 
counts for box diffraction at low fre¬ 
quencies, woofer imperfections in the 
crossover range, and the tweeter's fun¬ 
damental resonance. The result is a pair 
of compact near-field monitors equalized 
for close listening. 
Catch audio gadabout Dave Moran 

fishing deep for bass on page 91. He 
really gets "down" in this month's soul¬ 
shaking low-hertz "Moran in the 
Market.” 

Cover photo: Mark Florian 
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high fidelity 
ränge 

morel (u.k.) Itd. 
11 Foxtail Road. 
Nacton Rd (Ransomes) 
Industrial Estate. 
Ipswich, IP3 9RT 
England 
Tel (0473) 719212 
Telex:987601 Morel G 

morel 
acoustics usa 
414 Harvard Street 
Brookline. MA 02146 
Tel: (617) 277-6663 

MW 142 
DPC Cone 
Double Magnet 
5" Woofer 

A 5" unit with a unique design, incorporating 
an extremely large diameter aluminium voice coil for 
such a small unit. 

Specification 
Overall Dimensions 
Nominal Power Handling (Din) 
Transient Power — 10ms 
Voice Coil Diameter 
Voice Coil Type / Former 
Frequency Response 
FS — Resonant Frequency 
Sensitivity 1W/1M 
Z — Nominal Impedance 
RE — DC Resistance . 

0 142mm(5.5" ) x 5 2 mm (2' I 
150 W 

1000 W 
7 5mm (3”) 

Hexatech Aluminium 
48-5000 Hz 

52 Hz 
86 dB 

8 ohms 
5.2 ohms 

LBM — Voice Coil Inductance @ 1 Khz 
Magnetic Gap Width 
HE — Magnetic Gap Height 
Voice Coil Height 
X - Max. Linear Excursion 
B — Flux Density I BL Product (BXL) 
Qms — Mechanical Q Factor 
Qes — Electrical Q Factor 
Q/T — Total Q Factor 
Vas — Equivalent Cas Air Load 
MMS — Moving Mass I Rmec 
SD — Effective Cone/Dome Area 

0.5 mh 
1.35mm(0.053" ) 

5mm(0.196”) 
12mm(0.47") 

3.5mm(0.137^ 
0.6 T / 5.0 NA 

2.14 
0.62 
0.45 

7 litres (0.25 ft3) 
13gm / 2.06ns/m 

90 cm3
Cone/Dome Material 
Nett Weight 

DPC (Damped Polymer Composite) 
0.97 kg 

110.0 

100.0 

90.0 

80.0 

70.0 

60.0 

0.15 

0.10 

0.05 

-0.05 

50.0 

Specifications givtn ara ta attar 
24 hourt of running. Vented double magnet system with steel 

chassis — damped polymer composite cone — 
rubber surround — smooth response to upper limit of 
5 Khz with excellent on and off axis response and 
good roll off. 

High power handling emanates from this 
unique design, resulting in a very impressive small 
bass/mid or mid range unit. 

Morel operate a policy of continuous product design improvement, consequently specifications are subject to alteration without prior notice. Fast Reply HGB 1407 



Editorial 

POEMS OR CODES? 

' 'Alright, class, now all those who have ever bought an audio 
component without any emotion or feelings whatever, raise 
your hand." 

"O.K. Now class, everyone who has ever bought an audio 
component with a strict, rigorously scientific set of criteria, 
with no feelings or emotional motive at all, please raise your 
hand.” 
The scenario above popped into my mind one day while 

reading the late W.H. Auden's opening commentary on 
Owen Barfield's wonderful book, History in English Words. 
Barfield* chose a career in the law, but wrote often and well 
as an amateur linguist. 
Auden begins the Foreword: 
' 'Many who write about 'linguistics' go astray because they 

overlook the fundamental fact that we use words for two 
quite different purposes; as a code of communication 
whereby, as individual members of the human race, we can 
request and supply information necessary to life, and as 
speech in the true sense, the medium in which, as unique 
persons who think in the first and second person singular, 
we gratuitously disclose ourselves to each other and share 
our experiences. Though no human utterance is either a pure 
code statement or a pure personal act, the difference is ob¬ 
vious if we compare a phrase-book for tourists traveling 
abroad with a poem. The former is concerned with needs 
common to all human beings; hence for the phrases given, 
there exist more or less exact equivalents in all languages. 
No poem, on the other hand, can be even approximately 
translated into any other language." 

The controversy that has raged for over a decade regard¬ 
ing a reliable basis for evaluating the performance quality 
of audio reproduction equipment is, I believe, considerably 
illuminated by Auden's analysis. I notice that some on each 
side of the controversy accuse their adversaries of "nothing 
but" crimes. "Those Golden Ears are nothing but arrogant 
gurus." "Those Scientists care for nothing but numbers.” 
Can this be so? 

That hardy veteran Peter Walker maintains flatly that he 
does not listen to a new amplifier to check its quality before 
putting it on the market. If its measured performance meets 
his design goals, listening to it is only a matter of mild curi¬ 
osity, supposedly. Few make so bold a show of scientific 
fundamentalism, however. 

I have recently been struck by conversations with several 
who write for this magazine whose positions on the Golden 
Ear/Science controversy are distinctive and clearly on one 
side or the other. But all those who claim a scientific bias, 

in further conversation, talk animatedly about listening, ex¬ 
perienced listening. And those who espouse subjective 
evaluation also talk with gusto about rigorous testing and 
careful measurements. 

Those few who take a radical, absolute position on either 
viewpoint, too often resort to citing bad examples among 
their adversaries. This is testimony to the futility of making 
an absolute of either argument. The heat in many of the 
expressions is a clue to the impossibility of dissecting what 
happens when any human being makes a choice about 
which amplifier to purchase. 

Can the sonic characteristics of any piece of audio gear 
be characterized totally by measurement? Can anyone make 
a genuinely informed decision about buying a preamp with¬ 
out considering the measured performance of the device? 

Any dichotomy attempted by all this argument is false. 
The physical universe is a mess measured by any set of ab¬ 
solutes we might wish to use as yardsticks. Our idea of 
perfection is an abstract construct. It does not exist. The early 
theologians, faced with the difficulty of filling in the blanks 
about the deity, thought up a lot of these. But I rather doubt 
that very much confirmation of these lofty assertions is read¬ 
ily available nearly two centuries later. 

However much respect I have for the scientific achieve¬ 
ments of our wonderful epoch, I nonetheless refuse to make 
precise scientific fact the exclusive basis on which I decide 
what sounds best in my system. 

I cannot resist one further Auden quote. "True understand¬ 
ing is unattainable without both love and detachment, and 
we can only learn to view anything with detachment by com¬ 
paring it with other things which are both like and unlike 
it. We cannot understand the present without a knowledge 
of the past, our native land without having spent some time 
in a foreign country, our mother-tongue without a working 
knowledge of at least two other languages. Without such 
knowledge, our love of ourselves at the present moment, 
of our country, of our language, remains an ignorant idolatry, 
exemplified by the Frenchman who said: 'The great advan¬ 
tage of the French language is that in it the words occur in 
the order in which one thinks them.'" 

Could it be that protagonists on both sides of the contro¬ 
versy are too enamored of their own languages?—E.T.D. 

• Barfield was an Oxford classmate and lifelong friend of C.S. Lewis. Reprinted, 
with permission from History in English Words, Owen Barfield. Original copyright, 
1953 by Faber & Faber, London. Copyright 1967 by Owen Barfield. Republished 

in 1985, 1988 by Lindisfarne Press, RR.4, Box 54, Hudson, NY 12534. 
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A /,-OCTAVE NOISE 
BY ROY LITTLER 

Loudspeaker frequency response is 
measured as the output sound inten¬ 

sity, while driving the speaker from a 
variable frequency broadband noise 
source. The noise-source center fre¬ 
quency is set to a series of points through 
the audio spectrum, and output sound in¬ 
tensity is measured at each setting. 
To take these measurements requires 

a pink noise source, a spectrum analyzer, 
and a sound level meter. Because this test 
equipment is beyond the means of many 
amateurs, there's a need for home-built 
equipment that contains all the facilities 
required to measure speaker frequency 
response. The equipment I describe here 
is a simple design which provides these 
facilities; it's comprised of a Ys-octave 
noise source with a constant average 
power output and a sound level monitor. 

Before going any further, I will go over 
some relevant theory. 

LOUDSPEAKER TESTING. When 
speaker frequency response is measured 
using a single-frequency sinusoidal 
source, the measured response has a ser¬ 
ies of null points due to cancellation of 
sound waves, which take paths of dif¬ 
fering lengths in their transmission to the 
receiving microphone. To lessen the ef¬ 
fects of wave cancellation, the source 
driving the speaker is made a randomly 
changing band of frequencies, centered 
on the set test frequency. The frequency 
band is made Ys-octave wide, as a com¬ 
promise between single-frequency testing 
and having a too-broad band, which 
would cause loss of detail in the measured 
response. The center-frequency setting 

PHOTO 1: Front panel of the noise source. 
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SOURCE 

is usually incremented by a Ys-octave for 
successive measurements. 

The source should have constant power 
output on all frequency settings to avoid 
the inconvenience of having to calibrate 
the generator on each setting. 

BANDPASS FILTERS. A Ys-octave 
filter has a passband ‘/6-octave on each 
side of the center frequency. Hence, the 
passband is proportional to the center 
frequency; increasing frequency broad¬ 
ens the passband. In electrical terms, the 
filter has a constant Q value. The equiv¬ 
alent Q value is found as follows: the 
unit bandwidth of a Ys-octave filter is 

2'/. - 2-v- = 0.23 

and the Q value is the inverse of unit 
bandwidth, that is, 1/0.23 = 4.3. 

In order to sharpen the filter cut off, 
several filter sections may be connected 
in series. When several sections are 
used, the Q values of each section must 
be reduced in order to have the required 
overall Q value. The Q value of each sec¬ 
tion is reduced according to the expres¬ 
sion (2 l/N - 11 1/2, where AT is the number 
of sections in series. In the following 
design, two similar sections are used, 
hence N = 2, reducing the Q value by 
0.64, making Q = 2.7 for each section. 

NOISE GENERATION. A random 
number generator is the most practical 
noise source; its output has constant spec¬ 
tral density. This means that frequency 
bands of fixed width, taken anywhere in 
the spectrum, have similar noise power 
content. This evenly distributed noise is 
called white noise. 
If white noise is used as the input 

source for a Ys-octave filter, increasing the 
center frequency will cause the average 



FIGURE 1: The '/a-octave noise source. 

noise output to increase, due to broad¬ 
ening of the passband. 

To keep the filter-output constant when 
the center frequency is changed, pink 
noise is used as the source. Pink noise, 
which has a spectral density inversely 

proportional to frequency, is made by at¬ 
tenuating white noise at 3dB/octave 
throughout the audio spectrum. 
The white noise is attenuated by a 

low-pass filter network. Attenuation at 
3dB/octave is not a natural occurrence 

PHOTO 2: Inside the noise source. 

TABLE 1 

NOISE SOURCE PARTS LIST 

QTY. REF. PART COMMENTS 
Capacitors 

1 C1 20P 8XAA 
1 C2 1mF 
1 C3 470P 
1 C4 100N 
1 C5 47N 
1 C6 22N 
2 C7, 8 10(xF 

Integrated Circuits 

1 IC1 4001B 
1 IC2 4017B 
1 IC3 4040B 
2 IC4, 5 4006 
1 IC6 4030B 
1 IC7 TL072 

Resistors 

1 IC8 MF10 
1 R1 10M 
3 R2, 6, 9 10k 
1 R3 1M 
1 R4 39k 
1 R5 4k7 
2 R7, 8 27k 
1 R10 15k 

Miscellaneous 

2 B1, 2 6V 
1 SKT 1 RCA 

JF 
1 S1 1-pole, 3-way 
1 S2 2-pole, 12-way 
1 S3 SPOT 
1 X1 4MHz parallel 

resonant 

All resistors 5% metal film, % W. Polarized capacitors— 
15Velectrolytic. Nonpolarized capacitors—50Vpolyester. 
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in electrical networks, but suitable net¬ 
works which approximate to 3dB/octave 
have been developed. Careful layout is 
required, because frequency components 
throughout the audio spectrum are pres¬ 
ent simultaneously, and the power den¬ 
sity changes by 2 10 across the spectrum. 
When noise is not required simultan¬ 

eously throughout the spectrum, which 
is when only a '/3-octave band of noise 
is required, then there is no need for a 
pink noise source. A white noise source 
with variable output power is sufficient, 
provided the noise generator and filter 
are coupled, so that power density halves 
as the center frequency doubles. 
The spectral density of noise from a 

digital random-number generator is di¬ 
rectly proportional to the generator clock 
frequency. This relation between noise 
density and clock frequency occurs be¬ 
cause the average power content of a 
random bit stream is constant; doubling 
the clock frequency doubles the noise 
bandwidth and halves the noise density. 
This type of variable-density noise source 
is used in the present design, coupled to 
a filter with a center frequency set by the 
same clock signal. 

DESIGN OUTLINE. A switched capa¬ 
citor filter (SCF) is used in its bandpass 
mode, with the passband set to ‘/3-oc-
tave. The SCF center frequency is con¬ 
trolled by a clock input, which is set to 
50 times the required center frequency. 
A digital random-number generator is 

used as a white noise source; it's driven 
by the clock used to set the SCF center 
frequency. Use of one clock input, to con¬ 
trol both center frequency and noise den¬ 
sity, causes the filter to have constant 
power output. In effect, changing the 
clock frequency causes the white noise 
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TABLE 2 

NOISE LEVEL MONITOR PARTS LIST 

QTY. REF. PART COMMENTS 
Capacitors 

3 C1-3 1MF 
1 C4 4mF7 
2 C5, 6 10mF 

Integrated Circuits 

1 IC1 TL072 
3 IC2-4 CA3140 

Resistors 

5 RV1, R7-9, 10k 
17 

4 R1, 3, 6, 15 1M 
2 R2, 4 1k 
1 R5 9k1 
4 R10, 11, 13, 22k 

14 
1 R16 3k3 
1 R18 24k 

Miscellaneous 
2 B1, 2 6V 
2 D1, 2 1N914 
1 J1 RCA 
1 SKT1 phone 'A " jack 

jack socket; 
2-pole con¬ 
tacts closed 

1 S1 SPDT 
1 S2 DPST 

All resistors 5% metal film, 'A W. Polarized capacitors— 
15V electrolytic. Nonpolarized capacitors—50V polyester. 

source to have the same power density 
as pink noise, at the filter frequency. 

A crystal-controlled clock is used, to 
avoid the need for frequency measuring 
equipment. A level monitor is provided, 
to measure the noise source output, and 
a microphone amplifier is included for 
speaker measurements. 

NOISE SOURCE. Figure 1 shows the 
‘A-octave noise source. A 4MHz square 

wave is generated by ICI a.1 The output 
of ICla is counted down by IC2, which 
is a decoded 1 of N decade counter. 
Switch SI sets N to 4, 5, or 6. When SI 
is in its center position, N = 5, making 
IC2 output 800kHz. Switching SI left or 
right from its center position, changes 
IC2 output to 640kHz or 1.2MHz re¬ 
spectively, which approximates to 
± ‘A-octave. 
The output of IC2 is counted down 

further by IC3, which is a 12-stage 
binary counter. Switch S2 is set to select 
a system clock in the range of 1.562kHz-
800kHz. The highest frequency setting 
is taken from IC2 output, and the other 
settings, descending in octaves, are taken 
from IC3 outputs. 
The clock waveform applied to IC8 

should approximate to a 1:1 mark/space 
ratio. The IC3 waveforms are 1:1, but 
IC2 waveform has a mark/space ratio 
1:5, 1:4 or 1:3, depending on the setting 
of SI. To broaden the mark output from 
IC2, its outputs QI and Q2 are joined by 
IClc, to form a clock waveform which 
has 1:2, 2:3, or 1:1 mark/space. 
ICs 4, 5, and 6 form a random-number 

generator2 except the clock frequency is 
variable. IC8 is the SCF.3 It contains two 
separate two-pole filters, which are con¬ 
nected in series to form a four-pole band¬ 
pass filter. The Q value of each filter is 
set to 2.7 by a 27k: 10k resistor ratio. 

The ratio of clock frequency to center 
frequency is set to 50:1 by connection of 
IC8 pin 12 to +6V. Hence, with SI cen¬ 
tral, the SCF center frequency ranges 
from 31.25Hz to 16kHz. 
The SCF output is stationary between 

clock pulses, each clock pulse causes the 
SCF output to step to a new level, giving 
the SCF output a stepping motion. This 
motion generates a noise component at 



PHOTO 3: Underside of the level monitor panel and power source. 

the clock frequency. The clock noise am¬ 
plitude is Vasth of the wanted noise in the 
SCF passband. When S2 is set to low fre¬ 
quencies, clock noise is in the middle fre¬ 
quency range where hearing is most 
acute. This makes the clock noise louder 
than noise in the low frequency pass¬ 
band; the sound is unpleasant. 
Middle-range clock noise also limits 

measurement of speaker low-frequency 
output to about 26dB below the speaker 
midrange output; below 26dB, clock 
noise becomes predominant. For these 
reasons, the SCF output is passed through 
a low-pass filter on the three lowest set¬ 
tings of S2; this filter attenuates the clock 
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gineering from Manchester University, En¬ 
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noise. Builders may omit this filter if the 
sound of pure Vâ-octave noise has no 
aesthetic appeal. 

LEVEL MONITOR. The monitor is 
shown in Fig. 2. ICs 2 and 3 form a preci¬ 
sion full-wave rectifier.1 RV1 is set to 
make the rectifier have similar ampli¬ 

tude outputs for both positive and neg¬ 
ative inputs. To make this adjustment, 
a 2V p-p sine wave is applied to the 
phono-socket input, and IC3 output is 
viewed on a cathode-ray oscilloscope 
(CRO). RV1 is then adjusted to make the 
rectified half-sine waves have equal 
amplitude. The rectified signal is aver¬ 
aged by a low-pass filter, which has a 
4.7-second time constant. This choice of 
time constant is a compromise between 
smoothing low-frequency fluctuations 
while retaining tolerable waiting time for 
the output to settle when the center fre¬ 
quency is changed. IC3 provides gain to 
give a 0-2V output. ICI is used as a mi¬ 
crophone amplifier. 

TESTING. With the monitor connected 
to the noise source, measure the moni¬ 
tor's DC-output voltage using a moving¬ 
coil voltmeter. If the equipment has been 
assembled correctly, the measured out¬ 
put will be constant at about 1.8V on all 
frequency settings. On the lower fre¬ 
quency settings, the level monitor time 
constant is too short to completely 
smooth the random fluctuations. When 
you need high accuracy, take several 
readings at 5-second intervals and calcu¬ 
late their average value. 

Having checked the equipment perfor¬ 
mance, you can take speaker measure¬ 
ments by connecting the noise source to 
the speaker amplifier auxiliary input and 
connecting a microphone to the ampli¬ 
fier in the level monitor. 

IMPROVEMENT. I have made the de¬ 
sign as simple as possible, using readily 
available components. This simplification 
has caused the MF 10 SCF to be used 
below its full capability. By connection 
of pin 12 on the MF10 to ground, instead 
of + 6V, the I-V10 can be set to have its 
center frequency at y100th of the clock fre¬ 
quency, which gives the advantages of 
halving the clock noise and separating 
the clock frequency from the filter pass¬ 
band. If the MF10 clock frequency is 
raised, the crystal-clock frequency must 
be raised to 8MHz, and ICs 1 and 2 must 
be changed to CMOS HC-series ICs. 

b 

REFERENCES 
1. Lancaster, Don. CMOS Cookbook, 

Howard W. Sams. 1988, pp. 279-281, pp. 399-
400. (Available from Old Colony Sound Lab; 
see ads this issue). 
2. Muller, Bernhard. "A Stereo Noise-

maker,” SB 4/84, pp. 16-20. 
3. National Semiconductors, Linear 

Databook. 
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A HIGH-QUALITY 
SPEAKER CABINET 

BY MARK FLORIAN 

W hen my very first issue of Speaker 
Builder arrived, it contained a 

piece in Craftsman's Corner based on 
the Swan IV design (SB 3/90, p. 62) that 
immediately caught my attention. And 
as I read through subsequent issues, the 
Swan IV system's name kept appear¬ 
ing. Well, eventually my curiosity was 
aroused and I wrote to Madisound for 
a reprint of the article.11 was impressed 
with the design and decided to build a 
pair to replace my Large Advents. 

While reading the article, I discovered 

that Part II unfortunately did not de¬ 
scribe how to build the enclosures as pic¬ 
tured. I did some research, and after dig¬ 
ging through several back issues of 77ie 
Woodworker's Journal, I found an article 
that described how to build boxes by us¬ 
ing a particleboard/veneer sandwich sur-
rounded by hardwoofton all the edges.2. 
On the tops and bottoms, the hardwood 
is mitered at the corners. On the sides, 
it is placed along the long edge. The front 
and back fit between the sides and are 
held in place with wood biscuits. By re¬ 

sizing the cabinets and maintaining the 
same interior dimensions, I could adapt 
this carcass construction technique to the 
Swans. 

In this article I'll describe some useful 
hints as well as some helpful sources. I'll 
explain how I modified the parts dimen¬ 
sions so everything fits properly and how 
the use of jigs can help save time. At the 
outset, I should mention that this is not 
a project for a beginning woodworker—it 
is far more involved than it appears. 

Before purchasing any materials, I laid 
the whole thing out to scale on graph 
paper to be sure nothing was missing 
and the dimensions were correct. The 
various parts must fit exactly in order to 
get seamless joints between the hard¬ 
wood and lamination. Merely tightening 
the clamps to close a poorly cut joint will 
not help, nor will lots of glue. It took 
about seven months of part-time work 
to complete, and the learning curve was 
steep the whole way. Several times I had 
to stop to do some research about a tech¬ 
nique or jig before proceeding, halting 
progress until I could resolve the prob¬ 
lem. In the end the tedious planning and 
research paid off but, as usual, it took 
far longer than I anticipated. 

CHISELS AND BLADES. First, I re 
sized the cabinet pieces to account for 
the hardwood edging. This involved sub¬ 
tracting 2" from the length of the front, 
back, and sides, 1" from the top, and 1" 
from the bottom, to account for the inch¬ 
thick hardwood. Similarly, these pieces 
were narrowed to account for the hard¬ 
wood at the front and rear edges. The tops 
and bottoms were similarly modified 
so the internal volume did not change. 

The corner joinery is detailed in Fig. 1. 
I used a tongue-in-groove joint to attach 
the hardwood to the particleboard/ply-
wood lamination on the tops, bottoms, 
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FIGURE 2: Revised cutting guide for the veneer. 

TABLE 1 

PARTICLEBOARD/OAK PLYWOOD DIMENSIONS 

Required Part Satellite Bass 

4 Top, bottom 6"W x 7V4"D 14Vz"W x 13"D 
4 Sides 14’A"H x 7’A"D 3VA"H x 13"D 
4 Front, back 14’A"H x 6"D 31’A"H x 14Vz"D 

and sides. This increases the strength of 
the joint and provides a larger gluing sur¬ 
face. The front and back pieces fit inside 
the two sides and are held in place with 
wood biscuits. The top and bottom are 
then attached to the open ends of the 
box, again with biscuits. 

Since oak and particleboard are hard, 
dense materials and the tolerances re¬ 
quired here are tight, I recommend that 
before cutting anything, you sharpen 
hand planes, chisels, and pencils. Michael 
Podmaniczky's article in Bench Tools 3 is 
helpful for learning how to sharpen chis¬ 
els and plane blades. 

Carbide-tipped saw blades and router 
bits are essential. High-speed steel is a 
waste of money when cutting oak and 
particleboard—it simply will not last 
very long. I used a 60-tooth carbide table¬ 
saw blade when cross-cutting the V»" 

plywood to prevent splintering. Ripping 
the oak and particleboard will go faster 
if you use a ripping blade instead of the 
fine-tooth type. I used a Dyanite 28-tooth 
combination blade. Though I have not 
tried one, Freud makes a thin-kerf rip¬ 
ping blade, the LU-87, which would re¬ 
duce the load on your saw since the car¬ 
bide tips are smaller and require less 
horsepower. Use saw blade stabilizers on 

your table saw for a better cut, especially 
if you use thin-kerf blades. These tools 
can be ordered from Woodworkers Sup¬ 
ply (see Sources). 

BLACK PAINT. With the right blades 
in hand, check your table saw to see that 
it is set up properly. Mark Duginske de¬ 
scribes a step-by-step procedure for tun¬ 
ing up a tablesaw in Power Saws and 

Planers: The Best of Fine Woodworking. 4 

This is critical to ensure that the cuts are 
perpendicular and square. With every¬ 
thing tuned-up and sharp, you're ready 
to start. 

I used industrial-grade particleboard, 
though I later found that %" MDF (me¬ 
dium density fiberboard) was available 
and would probably be easier to staple, 
if you use staples to clamp the parti¬ 
cleboard and plywood together while the 
epoxy sets. The cutting guide for the oak 
plywood and dimensions for all the 
pieces are shown in Fig. 2 and Table 1, 
respectively. The cutting guide for the 
particleboard is the same as in the orig¬ 
inal article, with the pieces re-sized per 

TABLE 2 

OAK HARDWOOD DIMENSIONS 

Required Part 

8 Sides 
8 Top & bottom width 
8 Top & bottom depth 

Satellite 

14’4" 
8" 
9’A" 

Bass 

31’A" 
15" 
16’/z" 
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FIGURE 4: 90° jig used to align veneer plywood and particleboard. 

Table 1. Note that four additional pieces 
are cut for the fronts and backs of the 
satellites and two more for the bass en¬ 
closure fronts. With these extra pieces, 
there was not enough room on the sheet 
of oak plywood to include the backs of 
the two bass enclosures, so I used some 
pine plywood I had and painted it black. 

PRECAUTION. Table 2 lists the oak 
hardwood lengths required. All pieces 
are 114" x 1". When you lay out these 
pieces to determine how much wood is 
needed, leave at least 14" between each 
miter (as shown in Fig. 3). The miters 
could be reversed to save some wood, 
but since I used uncut lengths when cut¬ 
ting the tongue, I was unable to flip the 
pieces around. Working with shorter 

speaker building is all about. The uncut 
pieces of hardwood and particleboard 
are very heavy, and having someone 
there to help guide the board and strips 
is a big help. I later found a couple of 
undersize strips which caused problems 
at assembly time. Check the strips as you 
rip them for correct dimensions. You 
should now have several long strips that 
are 114" wide x 1" high. 

I cut the plywood/particleboard pieces 
slightly oversize and later trimmed to 
final size after the epoxy cured. I cut all 
similarly sized pieces at the same time 
to ensure consistency. The plywood's ve¬ 
neer side should be up if you are using 
a table saw and down if you have a hand¬ 

held circular saw. The epoxy is fairly 
gooey and the first couple of times I tried 
to staple the pieces together, the ply¬ 
wood slid on the particleboard. 

SAME WIDTH TRIM. To prevent 
this, I built a corner jig out of a scrap 
piece of % " plywood onto which I nailed 
two pieces of 1 x 2 lumber at set at 90° 
using a framing square [Fig. 4). The jig 
helps hold everything square while you 
staple. Incidentally, I had to use %" 
staples. The 14" staples recommended in 
the article bent when driven into the par¬ 
ticleboard. As suggested, I cut popsicle 
sticks into sections about an inch long and 
drove the staples through them to prevent 
dinging the plywood. 
Epoxy smears on the plywood can be 

cleaned up later with lacquer thinner. If 
the epoxy touches the veneer face of the 
plywood, it will inhibit the stain from 
penetrating, resulting in an uneven fin¬ 
ish. If the spots are sanded well however, 
they are hardly noticeable. After gluing 
all the panels, I stacked them horizontally 
on the floor to allow the epoxy to set. 

When the laminations have dried, pull 
out the staples using a small, sharp¬ 
tipped screwdriver with a small wood 
dowel as a fulcrum. Lift the staples just 
enough to grab them with a pair of pliers, 
to avoid marking the veneer. Next, trim 
the panels to their final width, putting 
the square edge set by the corner jig 
against the table saw fence. To ensure 

Continued on page 18 

pieces would probably be easier. 
The lumber store where I bought the 

hardwood sells it by the board-foot, in¬ 
stead of the commonly finished sizes 
such as 1 x 4 or 2 x 6, so I took along 
a tape measure. I was fortunate to find 
a piece that was approximately 1%" x 
7" x 6' from which I could almost get 
all the pieces I needed. I purchased an¬ 
other smaller board of the same thick¬ 
ness to allow room for the inevitable con¬ 
sequences of Murphy's Law and knots. 
All together, I bought about 63 board-feet 
of hardwood. 
The lumber store ran the boards 

through their planer at a 114 " thickness. 
I then ripped the boards into strips 1" 
thick on my table saw. A featherboard 
and hold-down device are helpful in 
keeping the board up against the fence 
and reducing the possibility of kickback. 
And always wear safety glasses or gog¬ 
gles when using power tools! 

LONG STRIPS. Now is a good time to 
invite a friend over to show him what 
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Continued from page 16 
consistency, trim all pieces of the same 
width without moving the fence. 

JUGGLE STRIPS. I used my router to 
trim the length of the bass enclosure 
pieces with the aid of an edge guide 
depicted on p. 212 of Patrick Spielman's 
book, Router Jigs and Techniques.5 They 
are too long to cut accurately on a table 
saw with a miter gauge. I considered 
building a shooting board, which is like 
a sled that fits on a table saw, but a friend 
suggested we try his radial-arm saw. Un¬ 
fortunately, we were unable to get a 
perfectly square cut, even after repeated 
adjustments. The router did the job ac¬ 
curately, however, and did not splinter 
the veneer. 

A quick, reliable check for square is 
to measure the diagonals from one cor¬ 
ner to the opposite one. If the two are 
the same, the panel is square. Make sure 
the edge of the veneer plywood and par¬ 
ticleboard lie in the same vertical plane. 
Otherwise, the joints will not fit tightly 
and a gap will result. Check all the pieces 
with a small try square and recut any 
that are not true. Place all same-size 
panels atop one another. They should all 
have the same dimensions. If not, some¬ 
thing is amiss and must be corrected 
before proceeding. Group each speaker's 
pieces together and label them. 

Inspect the hardwood strips and mark 
any sections with loose knots. Small, 
tight knots can be positioned so they are 
not exposed. Select the best face on each 
piece and mark it. Next, lay out the pieces 
on the oak with a pencil, leaving at least 
V2" between miters as shown in Fig. 3. 

FIGURE 6: Mark oak trim at inside edge for cor¬ 
rect length. 

You will probably have to juggle them 
to minimize wasting wood and to work 
around the marked-out knots. 

TIME SAVER. Next, the 6'pieces were 
cut into smaller sections for easier han¬ 
dling. Those with radial-arm saws will 
have an easier time than I did. I impro¬ 
vised on my table saw by attaching a 1 
X 4 X 8" piece of maple with a couple 
of wood screws to the miter gauge on my 
table saw. I used maple because I already 
had a piece, but any sqaure-edged wood 
will do. Glue a piece of 100-grit sandpaper 
to the face to prevent the oak from creep¬ 
ing down the fence when cutting. A cou¬ 
ple of hand clamps are also a good idea 
to hold the oak tight against the fence so 
your hands are out of the way. 

Next, tongues were cut into the hard¬ 
wood using a router table. As a refer¬ 
ence, Patrick Spielman provides plans 
for an excellent router table in his book. 
It is a time-saver when making repetitive 

PHOTO 1: Alternating the pipe clamps helps prevent warping the panel. 
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cuts since you set up the fence only once 
ensuring accuracy. 
As shown in Fig. 1, the tongue is %" 

wide and starts lA" from the bottom of 
the oak facing. I actually reduced the 
tongue to %/' wide so it would slide more 
easily into the groove cut in the particle¬ 
board. This made aligning the mitered 
joints at the corners of the tops and bot¬ 
toms easier. My router table is set up us¬ 
ing an Incra-Jig, which allows the fence 
to be moved in exact increments. It 
saved me a lot of time in measuring. 

SEAT THE JOINT. To ensure that the 
wood stays in constant touch with the 
router table and fence, use a featherboard 
clamped to the table to hold the hard¬ 
wood against the fence and a small block 
above it spring-clamped to the fence. Run 
all the pieces through on one setting and 
then reset the fence to remove the re¬ 
maining *%2" on the other side, leaving 
the tongue. You will now have several 
pieces of hardwood with a tongue cut 
along one side. 

Now cut the groove in the side panels 
on the router table using a lA" carbide 
straight bit. Be sure to put the particle¬ 
board side of the lamination against the 
fence! Cut a groove in a piece of scrap 
particleboard and check it with a piece 
of the oak edging. When they fit together, 
the tops should be even or the oak should 
be a little higher. The latter can be fixed 
with a router jig that I will describe later. 
When the adjustments are correct, run 
all the side panels through on their long 
sides only; and the tops and bottoms on 
all edges so they are grooved all the way 
around. 

Next, assemble the side panels with the 
corresponding oak pieces. If the oak piece 
happens to be on an end, then you have 
only one cut to make. Otherwise, cut the 
piece free from a longer strip at either of 
its ends but leave the other one long. Fit 
a side and oak piece together and make 
it flush on one end. Tap the oak edging 
into the side with a hammar and wood 
block to fully seat the joint. There should 
be no gaps. If it refuses to fully close, 
mark it and correct it with a wood chisel 
or rasp. 

STRESS TEST. If a tongue is too deep, 
preventing the joint from closing, re¬ 
move some of it with a small block 
plane. Any small Bps left on the inside 
face of the edging where it joins the 
tongue can be eliminated with a sharp 
wood chisel. 

When the joint closes tightly, mark the 
other end of the edging so it is flush with 

Continued on page 20 
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PHOTO 2: Two comer jigs are used at each end of the bass enclosures to hold the front and 
back square Note the use of C-clamps to prevent distorting speaker cut-outs. 

Continued from page 18 
the length of the side and cut it. Repeat 
for the other side. I chose to measure 
right on the wood, instead of with a 
ruler, to minimize errors. Mark these 
two pieces of oak and their respective 
sides and repeat for the remaining seven 
sides. When finished, you will have eight 
sides with two pieces of oak edging per 
side, for a total of sixteen. 
Now we glue the oak edges to their 

sides. Although the epoxy is necessary 
for the panels, it is too messy for the join¬ 
ery work. I considered several types of 
glue and did a little stress test. 

COMING TOGETHER. Using yellow 
wood glue, I glued a scrap piece of parti¬ 
cleboard edge to edge with a %" piece 
of oak making a simple butt joint (no 
tongues or biscuits), and clamped it over¬ 
night. The next day I clamped it to the 
side of my workbench, with the joint 
right on the edge. Using my hammer I 
could not break the joint. Consequently, 
I decided that wood glue, with the addi¬ 
tional strength from biscuits and tongue-
in-groove joints, would hold up quite 
well. 

Next, coat the particleboard groove 
with wood glue and let it sit until tacky. 
Then coat the oak piece. Recoat the par¬ 
ticleboard edge with glue and assemble 
the two, tapping with a hammer and 
wood block to close the joint. Make sure 
the two ends are flush. Repeat for the 
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other side and then clamp. Use two bar 
or pipe clamps for the satellite panels 
and four for the bass panels. Wood bis¬ 
cuits are handy as clamp pads to prevent 
marks on the oak. 

If you use pipe clamps, cut a couple 
of 1" sections of foam pipe insulation 
and fit them over the pipe to avoid mark¬ 
ing the veneer. This prevents them from 
making contact with the veneer. Alter¬ 
nate the clamps, one on top, the next on 
bottom, to even out the force. Tighten 
securely, but do not overdo it or you risk 
warping the panel. With a clean, damp 
rag, wipe up any excess glue. Glue up 
as many as possible, depending upon 
your supply of clamps, and let them sit 
overnight. 

USEFUL TIPS. Next, cut the miters on 
the remaining oak pieces. While accurate 
miters can be obtained using a 45 ° plas¬ 
tic triangle to set the miter gauge, I made 
a miter jig on a shooting board that slides 
on my table saw (Fig. 5). This allows 
each miter to be cut on its respective 
fence: the left miter on the left fence and 
vice versa. This results in a better joint 
in less time when the two pieces are 
joined. Table Saw Techniques by Roger 
Cliffe includes full instructions for build¬ 
ing the jig.6
To assemble the edging around the 

top, start with one end of the oak, plac¬ 
ing the tongue towards the fence, and 
cut a miter. Position the mitered piece 

into the groove of its corresponding lam¬ 
ination and place it so that the inside 
edge is flush with a comer. Mark the oak 
piece to the correct length on the inside 
edge at the other corner (Fig. 6). Cut it 
a little long at first. 
Work your way around the lamina¬ 

tion, again measuring directly as you go. 
When all four pieces have been cut, 
assemble them around the lamination 
and check the joints. Trim those that are 
a little long, rechecking each one. This 
is tedious work, but if the cuts are accu¬ 
rate and the lamination square, you 
should be able to put all the oak around 
a top or bottom without any gaps in the 
miters. If you make a mistake, you can 
use the piece for a bottom where it will 
not show. 
Extra oak is a good idea in case you 

cut one too short. If the oak is slightly 
higher than the lamination, don't worry. 
It can be trimmed later with the router. 
Work carefully and take your time. Glue 
the oak facing around the lamination us¬ 
ing the method described above. A band 
clamp is useful to hold everything in 
place while the glue sets. I used four 
short pipe clamps as shown in Photo 1. 
Repeat for the remaining seven tops and 
bottoms. 

A NIFTY JIG. Lay out the mounting 
holes for the drivers and ports per the 
original article. I used a circle-cutting jig 
(Black & Decker) on my router and a 14 " 
straight bit. This works so well that the 
port tubes fit snugly into their holes, re¬ 
quiring only silicone sealant around the 
joint inside to ensure air tightness. Be 
sure to rout out the recesses for the 
tweeter and woofers before cutting the 
holes for the drivers when using the 
circle-cutting jig. In order to protect the 
tweeter dome, I used an Avery 4" x 3" 
self-adhesive label stuck over the front 
to temporarily seal it and prevent dust 
from getting inside. This was also useful 
when it came time to trim the tweeter 
flange. I cut the Focáis1 recesses free¬ 
hand with the router and made adjust¬ 
ments with wood chisels. 

If I were doing this project again, I 
would build a template, using the ap¬ 
propriate bearing guide in my router. 
Doing recesses free hand took three 
times as long as following a template. 
Since you must do this task four times, 
a template can be a real time saver. 
Spielman explains how to use templates 
in his book. 
Also, I would mount the ports on the 

rear panel in another version. Jim Bock 
Continued on page 22 
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Continued from page 20 
says he has built boxes both ways with 
no difference in the sound. Finally, 
either drill holes or cut out a piece in the 
rear panels for the binding posts. 
Now, you should have a top and bot¬ 

tom with oak edging, two sides with oak 
edging, a front with holes cut for the 
drivers, and a back. 

Spielman's book offers a nifty jig for 
flush trimming on page 254 which can 
be adapted to any router. This allows 
you to trim the oak edging perfectly 
flush with the veneer, without damag¬ 
ing it. It would take a long time to do 
this with sandpaper, so luckily it is a snap 
with the router. I shortened the jig to fit 
on the small tops and bottoms of the sat¬ 
ellites. When using it, keep constant 
pressure on the jig base to prevent the 
router from tipping and gouging your 
work. If you use this method, practice 
on a piece of scrap to get a feel for the 
proper pressure. You will be amazed at 
how well it works and how quickly it ac¬ 
complishes the task. 

PHOTO 3: Six clamps are used to hold the top 
and bottom in place while the glue sets. Notice 
the band clamp between the two bar clamps. 

BEARING GUIDED BIT. Now 
comes the fun part: biscuit joinery. Bis¬ 
cuits (sometimes referred to as wafers) 
create strong, self-aligning, easy to make 
joints. When the two pieces are glued 
and clamped, the biscuits will swell as 
they soak up the glue, resulting in a 
tight joint. A three-wing %2" slot cutter 
and a bag of biscuits are all you need. 
(I used size #20.) Both can be ordered 
from Woodworkers Supply or at your 
local lumber or hardware store. 
The process is simple. Starting with 

the satellites, assemble the front, back, 
and two sides, holding everything to¬ 
gether with clamps. Remember the front 
and back fit between the sides. Align 
the pieces until the joints are flush and, 
using a combination square, draw a 
straight line across the joint on both 
pieces. I used three biscuits on the sat¬ 
ellites and five on the bass enclosures, 
spaced equally along the length (height) 
of the fronts and backs. Continue until 
all four edges are marked. The lines will 
enable you to reassemble the pieces in 
the same order. 

Set the slot cutter depth so it cuts a 
slot in the center of the particleboard, 
about %" down from the veneer surface. 
Since the slot cutter's diameter is smaller 
than the diameter of a biscuit joiner's 
blade, you must enlarge the cut a bit on 
each side of the line. Move the router 
a little to the left and right of the line. 
The slot depth is preset since the bit is 
bearing-guided. 
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PLYWOOD TRIANGLES. I clamped 
the sides vertically in a Black & Decker 
Workmate® to cut the slots, centered on 
each line. Clamp the front and back flat 
to a workbench when cutting their slots. 
After you have finished cutting, assem¬ 
ble the box with biscuits following the 
pencil lines as a guide. Use the glue 
technique described earlier and put glue 
into the slots on both sides. 
Assemble the parts as follows: Place 

one side horizontally on a bench and in¬ 
sert the biscuits in the glued slots on 
both edges. Then add the front and 
back, aligning the slots with the biscuits. 
Next, put biscuits into the glued slots on 
the front and back and place the other 
side down on top of this. Adjust the 
pieces until both ends are flush—this is 
essential for the top and bottom to fit 
properly. Make sure the box is square, 
and clamp it. Repeat for the remaining 
three boxes. 
In assembling the bass enclosures I 

had difficulty keeping the fronts and 
backs square with the sides while I 
clamped the box. I would get all the 
clamps on, only to check for square in¬ 
side the box and find a corner out of 
square. Trying to do both sides at once 
is difficult. A friend suggested I build tri¬ 
angular corner jigs out of scrap 1 x 2s 
and *4" plywood to hold the front and 
back pieces squarely while I put the 
clamps in place. I set the 1 x 2s at a 90 ° 
angle using a framing square and stapled 
the plywood triangles to the 1 x 2s. If 
you make one of the plywood triangles 

smaller, you can use spring-clamps to 
hold the jig securely in the corner. 

I made four of these and they really 
helped. On the bass cabinets, I found 
that it is easier to position one side, glue 
its edges, install the biscuits, and then 
position the front and back using my 
corner jigs. Next clamp the front and 
back to the side with pipe clamps as 
shown in Photo 2. Remember to use only 
enough pressure on the pipe clamps to 
close the joint, and then a little more. 
When this dries, spread glue on the re¬ 
maining edges for the other side, insert 
the biscuits, and then clamp the remain¬ 
ing side. 

PREVENT A CRACK. By now, light 
is beginning to appear at the end of the 
tunnel. Fit a top or bottom to one of the 
satellite boxes. Check around the edges 
to make sure it is flush on all sides. If 
the box or the top is not square, then 
make some adjustments. When all is 
aligned properly, use the square and 
draw pencil marks for the biscuit slots. 
I used one biscuit in the middle of the 
front and rear of the satellite and two 
equally spaced for each side. On the 
bass enclosures, I used three per panel. 
Cut the slots, glue the edges, and in¬ 

stall the biscuits. On the satellites, I used 
a bar clamp on each corner and a band 
clamp around the middle [Photo 3). The 
bass enclosures are really heavy and dif¬ 
ficult to move. I positioned them verti¬ 
cally on the Workmate and opened the 
jaws on the working surface so that it 
was as wide as the cabinet. To place the 
bass cabinet at a comfortable working 
height which allowed it to move around, 
I positioned the pipe clamp slider so it 
engaged underneath the Workmate's 
surface [Photo 4). 

Seven pipe clamps are ideal for this 
task: one at each corner and one in the 
middle of each side and at the back. The 
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bass enclosure and (especially) the sat¬ 
ellite front panels are particulary fragile 
because of the large cutouts. An over-
tightened pipe clamp in the middle of 
one would probably crack something. 
Therefore I used a large C-clamp or a bar 
clamp in the middle to glue the fronts 
to either the top or the bottom. 

COOL OFF TI P. The Focal midranges 
will fit in their recesses only if part of 
the satellite-oak edging is removed. I 
placed a driver on its face, traced its out¬ 
line, and used a sharp wood chisel to 
make the recess. Another option is to in¬ 
crease the height of the satellite so that 
*4 " or so exists between the top of the 
midrange flange and the oak edging. This 
would increase the volume of the box a 
small amount and make recessing the 
midranges easier. I am not sure what ef¬ 
fect this would have on the sound, but 
I believe it would probably be minimal. 

Last, I drilled four holes to accommo¬ 
date #10-24 T-nuts into the bottom of 
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each bass enclosure near the corners to 
insert spikes. An appropriately sized 
stop-collar or a small piece of tape 
wrapped around the bit will avoid drill¬ 
ing too deep. I made spikes out of hard¬ 
ware store hanger bolts. One end of 
these has wood threads, which I ground 
to a point using a bench grinder, and the 
other has #10-24 machine threads to fit 
the T-nut. 
A T-handle tap wrench, from a tap 

and die set, is perfect for holding the 
hanger bolt. You can easily shape the 
opposite end of the bolt to a sharp point, 
since you can rotate the whole thing in 
your hands. This also allows you to 
safely handle the bolt, as it becomes 
very hot from grinding. Do not allow 
the tip to overheat, or the temper of the 
metal will be ruined. Periodically, hold 
the tip in the breeze created by the 
grinding wheel to cool it. I used a flat 
washer, lock washer and #10-24 nut to 
securely tighten the spike into the T-nut, 
firmly anchoring it to the enclosure. 

TRY STAINS. 1 used two methods to 
attach grille frames to the enclosures. For 
the bass cabinets, I drilled 9/i6" holes at 
each corner and in the middle, along the 

PHOTO 4: The completed bass enclosure. The 
surface of the Workmate is sandwiched be¬ 
tween the top and the clamp to aid in assembly 
and prevent tipping. Side clamps fit in between 
the Workmate tops. 

edge, to accommodate a ball-and-socket 
fastener. The ball end of the fastener is 
mounted on a short piece of Yz" dowel, 
with the other end mounted on the grille 
frame. This positions the frame about a 
‘/a " from the cabinet's front panel to min¬ 
imize diffraction. 
Since these fasteners would be too 

large for the satellites and detract from 
their appearance, I drilled a 14" hole in 
each corner and used 14" dowels which 
were painted black and then glued to the 
frame. The length determined allowed 
for a Yz" stand-off to match the bass en¬ 
closures. The frame in both cases is 14" 
hardboard, with as much material re¬ 
moved as possible, covered with black 
speaker cloth from Radio Shack. 

FINISHING. I rounded off all the oak 
edges using a Yz" roundover bit and 
sanded all the surfaces using a finishing 
sander, starting with 100-grit sandpaper 
and working up to 220. Next, I vacu¬ 
umed out the cabinets and wiped all ex¬ 
ternal surfaces with a tack rag to re¬ 
move any last traces of dust. For finish, 
a couple of coats of Minwax Golden 
Oak stain was used, which looks really 
nice. Incidentally, the circles from the 
driver cutout are a good place to try dif¬ 
ferent stains. 

Having chosen to separate the tweeter 
and midrange crossovers to minimize 
crosstalk, I wired the crossovers and 
drivers using four lengths of #24-gauge 
Kynar-insulated wire-wrap wire for an 
equivalent gauge of #18 (silver-plated 
OFHC wire available from Interstate 
Wire Co., Inc.). I used ten pieces of #24 
for an equivalent gauge of #14 in the 
bass units. I did not braid the wires be¬ 
cause of the time required, but I did find 
that when twisted together, the wires 
stay in place. 

After reading about the Litz concept 
in POOGE-2 (TAA 4/81, p. 10), I decided 
to give it a try. Finally, I lined and stuffed 
the cabinets as in the original construc¬ 
tion article.1 I soldered all connections 
and used silicone sealant to seal the driv¬ 
ers into the cabinets. Black trim wood 
screws secured the D-28 and T-nuts hold 
woofers and midranges aided by #8-24 
X 1 14 " machine screws. A cordless drill/ 
driver with an adjustable clutch was 
very useful for this operation. 

The satellites made their first sounds 
during October 1991. I am amazed by 
how much more I hear from them than 
from my old Large Advents, which 
served for the past 11 years. Barbra 
Streisand's voice on the Broadway al¬ 
bum is so rich in detail I would swear 

Continued on page 85 
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BI-AMPING THE SAPPHIRE II 
SUB-I SYSTEM 

BY GARY GALO 
Contributing Editor 

Since I reviewed Audio Concepts' Sap¬ 
phire II satellite speakers {SB 6/90, 

p. 56) and the Sub-1 subwoofer {SB 3/91, 
p. 51), the Sapphire II/Sub-1 combination 
has become my reference loudspeaker 
system. My opinions expressed therein 
have been reinforced many times since. 
These loudspeakers still offer unsur¬ 
passed performance in their price range, 
and easily outperform many systems 
costing much more. 

DEDICATED AMP. I've been a be¬ 
liever in multi-amplification for over a 
decade. My old transmission line loud¬ 
speaker systems were tri-amplified for 
many years, with superb results. Over 
the past two years, I've become an ad¬ 
vocate for satellite-subwoofer systems. 
Keeping the tweeter and midrange driv¬ 
ers completely isolated from the vibra¬ 
tions of the woofer and its enclosure re¬ 
sults in greater midrange clarity and de¬ 
tail. Of course, you won’t reap the full 
benefit of separate woofer enclosures if 
you simply place the satellites on top of 
the subwoofers. You really need to iso¬ 
late the satellites by placing them on 
separate stands. I believe satellite-to-sub-
woofer crossovers should be designed to 
allow this flexibility in placement. Audio 
Concepts has done this with the Sub-1 
crossover. I have my system set up with 
the Sub-ls right behind the Sapphire Ils. 

As fine a system as this is, I believed 
that even greater potential could be real¬ 
ized with multi-amplification. Fortu¬ 
nately, it's neither necessary nor desira¬ 
ble to pursue tri-amplification with this 
system. First, the Sapphire H's passive 
crossover characteristics would be dif¬ 
ficult, if not impossible, to simulate ac¬ 
tively. Second, because of the relatively 
high crossover frequency, Audio Con¬ 
cepts was able to use the highest qual-
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ity passive components. The physical 
sizes of the inductors and capacitors 
aren't a problem, and premium quality 
parts aren't outrageously expensive in 
the smaller values required. 

Bi-amplification from the subwoofer to 
the satellites, on the other hand, makes 
a great deal of sense. It's desirable to 
have a dedicated amplifier for the mid¬ 
range and treble. Confining one ampli¬ 
fier to the region above the lower mid¬ 
range will normally reduce IM distortion 
in it. A separate amplifier can handle the 
bass frequencies. But there's a benefit I 
consider much greater, particularly if 
you have a high performance amplifier 
with extremely low IM distortion under 
any conditions. 

WORTHWHILE MODIFICATION 
The Sub-l's first-order high-pass filter 
contains 200^F of series capacitance. 
Since the load is approximately 5ß, the 
result is a - 3dB point of around 160Hz. 
It would be nice if the 200gF capacitor 
did nothing more than roll off the fre¬ 
quencies below 160Hz. Unfortunately, it 
makes its presence known in another 
way. The capacitor inserts a substantial 
impedance between the amplifier and 
the loudspeaker. At 160Hz, the reactance 
of a 200/zF capacitor is around 4.97H 
(Xc = */27rFC). This series impedance is 
nearly identical to the loudspeaker im¬ 
pedance. No matter how low your am¬ 
plifier source impedance may be, you are 
still faced with an effective speaker-Z-to-

FREQUENCY IN HERTZ 
FIGURE 1 : The solid line shows the Sub-1 ’s high-pass crossover characteristic driving the Sap¬ 
phire II. The dotted line is the filter characteristic of the modified Adcom GFA-585 power amplifier. 



amp-Z ratio of around 1:1. The resulting 
damping factor is, of course, around 1 
(see the sidebar on damping factor). 

This isn't nearly as horrible a situation 
as you might think. Midbass drivers re¬ 
quire far less control from the amplifier 
than woofers. This is partly because their 
excursions are extremely small by com¬ 
parison. It's fortunate that this is true. If 
it weren't, the series impedances of the 
low-pass crossover components in the 
satellite would ruin the performance of 
the system. But it's still better to have 
as direct a connection from the satellite 
crossover back to the amplifier as possi¬ 
ble. The improvement in amplifier con¬ 
trol of the midbass driver should produce 
a worthwhile improvement in lower mid¬ 
range clarity. The only way to achieve 
this improvement is to dispense with the 
passive high-pass filter. The crossover 
must be accomplished ahead of the am¬ 
plifier. The only impedance between the 
amplifier and the satellites should be the 
speaker cable. 

The 200/zF cap is made from four 50/zF 
electrolytics bypassed by a 2^F Chateau-
roux polypropylene and a 0.47/Æ Won¬ 
der-Cap. It would be better to make the 
high-pass filter entirely from high-qual¬ 
ity film capacitors. I pointed this out in 
my review, and Audio Concepts' Mike 
Dzurko agreed that this would be a legit¬ 
imate modification for those who might 
be able to hear the difference. This would 
add around $ 100 to the cost of the Sub-1 
system, but it still wouldn't be as bene¬ 
ficial as dedicating a separate amplifier 
to the Sapphire Ils. 

DUPLICATE THE FILTER Bi amp 
ing normally requires an active (elec¬ 
tronic) crossover between your preamp 
and power amplifiers. Even a simple ac¬ 
tive crossover will be somewhat complex 
if it is to enhance, rather than degrade, 
the performance of your loudspeaker sys¬ 
tem. A high-quality, low-impedance 
power supply is essential. High slew rate, 
low DC offset op amps must be com¬ 
plemented with high-quality metal-film 
resistors and polypropylene capacitors. 
You'll also need high quality internal 
wiring, connectors, and level-adjustment 
controls. Fourth-order Linkwitz-Riley 
crossovers require twice the number of 
active components needed for lower 
order filters. Over the years, I've built 
several active crossovers with excellent 
performance characteristics, but they 
weren't simple or inexpensive. Build a 
cheap active crossover, and you may 
wish you'd left your system running off 
a single amplifier. If you do it right, the 
rewards are considerable. 

FIGURE 2: Typical power amp input stages. “A” is a full complementary differential input stage 
typical of higher priced amplifiers. “B” is the more common two-transistor differential input 
found in most cost-effective designs. The time constant of the RC input network determines 
the low-frequency rolloff. 

The Sapphire II/Sub-1 combination is 
an extremely attractive system to bi-am-
plify, since the complexities of an elec¬ 
tronic crossover are not needed. The 
Sub-1 subwoofer is an unusual design. 
You'll probably degrade the performance 
of the Sub-1 if you defeat its passive low-
pass filter. The impedances of the cross¬ 
over components have been taken into 
consideration in deriving the Q of the 
system. This is part of what was neces¬ 
sary to extract such clean and extended 
low bass from a reasonably sized enclo¬ 
sure. So, we don't need to worry about 
a low-pass filter between the preamp 
and power amplifier. 

That leaves us with the high-pass filter. 
Audio Concepts has made life extremely 
easy for us. The high-pass crossover they 
built into the Sub-1 is a simple first-order 
(6dB/octave) filter. In many cases, this 
wouldn't result in a first-order crossover 
characteristic due to the changing im¬ 
pedance of the satellite system. But Au¬ 
dio Concepts' aperiodic loading has re¬ 
sulted in an unusually smooth imped¬ 
ance curve for the Sapphire II mid-bass 
driver. When the Sapphire II is con¬ 
nected to the Sub-1, the result is a nearly 
ideal first-order crossover characteristic. 
The solid line in Fig. 1 shows this. All 
we need to do is duplicate this filter 
ahead of the power amplifier. 

DETERMINE IMPEDANCE You 
could build a 6dB/octave active crossover 

for the satellites, but this is totally un¬ 
necessary. If your power amplifier is typ¬ 
ical of most, it already contains a passive 
first-order high-pass filter. All we need 
to do is modify it to suit our purposes. 
Figure 2 shows the input circuits of typ¬ 
ical modern, solid-state power amplifi¬ 
ers. The input coupling capacitor C blocks 
DC offset from the preamp. The input 
termination resistor R determines the in¬ 
put impedance of the amplifier. The time 
constant which results from this R/C 
combination determines the low fre¬ 
quency roll-off point of the amplifier. 
The manufacturer of your power amp 

will probably have set this R/C combina¬ 
tion to produce a -3dB point some¬ 
where between 1 and 5Hz. In modern 
high-performance solid-state amplifiers, 
this point will often be below 1Hz to 
minimize phase shift in the lowest audi¬ 
ble frequencies. All we need to do is 
change the input coupling capacitor to 
a value which will produce a -3dB 
point of 160Hz. This is incredibly sim¬ 
ple. Any first-order filter can be calcu¬ 
lated using the formula: 

C = 159,000 / RF 

where C is the capacitance in micro¬ 
farads, R is the input impedance in ohms, 
and F is the -3dB frequency in hertz. 
The power amplifier I use for the Sap¬ 

phire Ils is an Adcom GFA-585, which 
has an input impedance of 50k. The ex¬ 
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Damping Factor Reviewed 
by Gary A. Galo 

Contributing Editor 

Damping factor, practically speaking, 
is the amplifier's ability to control the 
cone motion of the loudspeaker. More 
technically, it is the ratio between the 
speaker impedance and the amplifier 
source impedance. 

THE BEST DESIGNS When your 
power amplifier drives your loud¬ 
speaker, two things happen. First, the 
amplifier delivers alternating current to 
the loudspeaker. The current drawn 
from the amplifier is determined by the 
loudspeaker impedance (usually be¬ 
tween 4Í2 and 8fi) and the amplifier's 
output voltage. 

But there's something else happening 
which is often overlooked. As the loud¬ 
speaker's voice coil moves back and 
forth in the magnetic field, it also be¬ 
haves like an electric generator, feeding 
alternating current back to the power 
amplifier. 

The load impedance seen by the loud¬ 
speaker is the source impedance of the 
amplifier. The source impedance of the 
amplifier is usually very small, especi¬ 
ally in modern solid-state amplifiers. It 
will normally be less than 0.112 in even 
the most modest power amplifiers, and 
can approach 0.0112 in the best solid-
state designs. 

EXTRANEOUS MOTION. Although 
amplifier manufacturers usually give a 
damping-factor specification, they rare¬ 
ly tell you the source impedance. You 
can figure this out yourself quite easily: 

If the cone motion of the loudspeaker 
is well-controlled, the speaker cone 
movement will closely duplicate the sig¬ 
nal fed by the amplifier. The loud¬ 
speaker will make very little extraneous 
motion on its own (I'd like to tell you 
that life is perfect, but it isn't, even with 
low impedance amplifiers). Extraneous 
motion can take the form of overshoot 
in either direction, ringing at the ends 
of transients, and so on. If the loud¬ 
speaker is connected to a high-source 
impedance, the cone will make a great 
deal of extraneous motion. If the source 
impedance is low, the loudspeaker mo¬ 
tion will more closely mirror the signal 
from the amplifier, with minimal ex¬ 
traneous movement. 

AN ANALOGY. Why is this so? If an 
electric generator is connected to a high-
impedance load, it will move very eas¬ 
ily. If you operated a hand-cranked 
generator, you could verify this your¬ 
self. In fact, once you got the generator 
started, you could let go of the crank, 
and it would continue to turn on its 
own for a short time. On the other 
hand, if a very low impedance load is 
connected to the generator, it becomes 
difficult to turn. As more current is 
pulled from the generator, the magnetic 
fields surrounding the generator's coils 
increase. The magnetic interactions 
in the generator make the generator 
harder to crank, and it will stop quickly 
when you release the handle. 

Nearly all of us own at least one de¬ 

vice which demonstrates this effect 
quite nicely—our automobiles. Every 
car contains an alternator which charges 
the battery. The term "alternator" is 
used because it actually generates three-
phase alternating current which is con¬ 
verted to DC with a rectifier bridge, 
regulated, and then fed to the battery. 
Years ago, many cars contained gener¬ 
ators which produced DC directly. 
When you start your engine, you can 

hear the engine turning at its normal 
idling speed. If you turn on the lights, 
you can hear the engine slow down. 
The engine's crankshaft is turning the 
alternator via a belt. The lights are a 
very low-impedance load, and draw 
considerable current from the battery 
and alternator. This makes the alter¬ 
nator more difficult to turn, which is 
why the engine speed is reduced. The 
fact that the speed of a high-powered 
automobile engine can be reduced by 
pulling additional current from the 
alternator demonstrates the magnitude 
of this effect. 

AWG CHART. When the loudspeaker 
is connected to a very low source im¬ 
pedance, extraneous motion becomes 
very difficult. If it's connected to a high 
source impedance, the cone can make 
all sorts of back and forth movements 
unrelated to the signal supplied by the 
amplifier. Unfortunately, loudspeaker 
cables raise the source impedance of the 
amplifier, as seen by the loudspeaker. 

Figure 1 shows a power amplifier con¬ 
nected to a loudspeaker with 2-conduc-
tor speaker cable. If the loudspeaker 
could be directly connected to the 
power amp, the loudspeaker would see 

^SOURCE - ^LOUDSPEAKER ¡

where DF is the damping factor speci¬ 
fied by the amplifier manufacturer and 

^loudspeaker is the speaker impedance 
given in the DF specification. Amplifier 
manufacturers should give a load im¬ 
pedance figure with the damping fac¬ 
tor, since the damping factor changes 
with loudspeaker impedance. If they 
don't, assume 8S2. If the amplifier has 
a damping factor of 400 at 8Í2: 

^source = 8 / 400 = O.O2Í2 

RESISTOR REPRESENTS 
AMPLIFIER SOURCE IMPEDANCE 

FIGURE 1 : An amplifier is connected to a loudspeaker with 2-conductor cable. The lengths 
of both conductors must be considered when determining the wire resistance. The resistor 
in the power amplifier represents the amplifier’s source impedance. 

act capacitor value required is 0.0199^F, 

but 0.02/zF is certainly close enough. 

Many amplifiers have 100k input imped¬ 

ances, in which case 0.01/xF is fine. Tube 

amps are often higher. You'll have to 

determine the input impedance of your 
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own power amplifier and plug that value 

into the formula. 

CLOSE CURVES. Capacitor selection 
is extremely important. To obtain the fin¬ 

est possible sound from the bi-amplified 

system, it's important to use a premium 

quality capacitor. Since the value re¬ 

quired is so small, cost and physical size 

aren't limiting factors. I chose MIT Multi¬ 

Caps designed by Richard Marsh. Since 

MIT doesn't manufacture an 0.02/xF cap, 



the actual source impedance of the am¬ 
plifier. In practical situations, however, 
we must use cable to connect the amp 
to the speaker. When we do this, the 
source impedance seen by the loud¬ 
speaker is actually the amplifier source 
Z plus the total resistance of the cable. 
If you have 15' of speaker cable, you 
actually have 30' of wire adding resis¬ 
tance to the source Z, since the cable 
has two conductors. The effective 
damping your amplifier can provide for 
the loudspeaker will be greatly affected 
by the resistance of your speaker cables. 
You can compute the effective damp¬ 

ing factor quite easily. Table Z is a Cop¬ 
per Wire Resistance Chart which gives 
the resistance per foot of various wire 
gauges encountered in cable used for 
loudspeakers. Rather than list every 
American Wire Gauge (AWG), I've lim¬ 
ited the chart to gauges from 8 to 20. 
I can't imagine any SB reader using 
cable as thin as 20A WG, but if you have 
cables made up of small strands in 
parallel, the chart can help you compute 
their equivalent resistance. Cables heav¬ 
ier than 8AWG are more likely to be 
found at your local welding supply shop 
rather than an audio dealer. Remember 
that the smaller the number, the heavier 
the wire. The ARRL Handbook (form¬ 
erly The Radio Amateur's Handbook) 
contains a Copper Wire Table in every 
edition, and many other electronics 
reference books list this data. The ARRL 
Handbook lists resistance in ohms per 
thousand feet, along with a great deal 
of other wire data for all AWG sizes 
from 1 through 44. 

COMPUTE THE DF. Start by finding 
the amplifier source impedance, as 
shown in the formula above. We'll use 
an imaginary power amp with a damp¬ 
ing factor of 400 at 8Q, so the source Z 
is 0.029. Let's say that we're using 15' 
of 2-conductor, 16AWG wire. To find 
the total resistance of the wire, look up 
the resistance per foot in Table I, and 
multiply this figure by 30. Remember 
that there are two conductors adding 
resistance, so you must multiply the 
cable length by two. 

30' X 0.004094i2/ft. = 0.122820 

Now add this resistance to the ampli¬ 
fier source impedance, to find the ef-

TABLE 1 

COPPER WIRE RESISTANCE CHART 

WIRE GAUGE (AWG) OHMS PER FOOT 

8 0.0006405 
9 0.0008077 
10 0.001018 
11 0.001284 
12 0.001619 
13 0.002042 
14 0.002575 
15 0.003247 
16 0.004094 
17 0.005163 
18 0.006510 
19 0.008210 
20 0.01035 

(Courtesy of The ARRL Handbook, 66th Edition, 

1989; Copyright 1988 by the American Radio Relay 

League, Newington, CT 06111. Updated annually.} 

fective source impedance seen by the 
loudspeaker. 

0.020 + 0.122820 = 0.142820 

Finally, compute the damping factor 
using a transposition of the formula 
given above. 

DF = ¿loudspeaker 1 ^source 

or 

DF = 8 / 0.14282 = 56.015 

As you can see, a high performance 
power amplifier has been reduced to 
rubble by flimsy loudspeaker cable. A 
damping factor of 400, when the cable 
is added, becomes a mere 56. 

SHORT CABLES. Now let's see what 
happens when we switch to 15' of 
12AWG cable. Remember that the total 
wire length is 15' times two. 

Step 1.) 30' X 0.0016190/ft. = 0.048570 

Step 2.) 0.020 + 0.048570 = 0.068570 

Step 3.) DF = 8 / 0.06857 = 116.67 

That's more like it. Now we have an ef¬ 
fective damping factor of 117. Ideally, 
I'd like to see an effective damping fac¬ 
tor of at least 100, but this is hardly an 
unbreakable rule. Many things beyond 

our control affect damping factor, in¬ 
cluding the series impedances of the 
wiring and crossover components in¬ 
side the loudspeaker. However, many 
dynamic loudspeakers are designed to 
perform best if the crossover network 
is fed from a low source impedance. 
Speaker fuses can have resistance close 
to 0.0 1Ü if they have low current ratings. 
This negates any effort you've made 
to optimize loudspeaker performance 
with heavy cables. I don't recommend 
using speaker fuses, and most high-end 
power amplifiers don't have them. 
If we want our speakers to perform 

to their potential, we must ensure that 
the resistance between the loudspeaker 
terminals and the amplifier is kept to 
a practical minimum. I believe this re¬ 
quires the use of wire with an AWG 
equivalent of 12 to 13 unless the cables 
are extremely short. 

CABLE MERITS. Other factors also 
affect the sound of cables, and I do be¬ 
lieve that cables sound different from 
each other for reasons beyond just wire 
gauge. The purity of the copper, type 
of insulation (dielectric) used, and the 
physical configuration can also make a 
difference. 
The AudioQuest Indigo I use has ten 

individually insulated, solid, oxygen-
free copper conductors, five for positive 
and five for negative. The individual 
conductors are 20AWG. When five are 
connected in parallel, the resistance is 
equivalent to a 13AWG cable. The ten 
conductors are wound spirally around 
a nylon core. At around $2 per foot, this 
cable offers genuine sonic value. 

Debate will continue on the merits of 
"esoteric" cable configurations, but one 
thing is fairly certain—skinny wire is 
not acceptable for most applications. 
The negative effect of cable resistance 
on damping factor also makes a strong 
case for shorter loudspeaker cables and 
longer interconnects, if your preamp 
can drive longer cables without prob¬ 
lems. Some preamps don't perform well 
when driving the extra capacitance of 
longer interconnects. Contact the man¬ 
ufacturer of your preamp if you have 
any doubts. 

I hope this tutorial will help make 
choosing your gauges and loudspeaker 
cable lengths easier. 

I put two 0.01/zF in parallel for each 

stereo channel. A total of four 0.01/rF ca¬ 

pacitors are required for the two stereo 

channels. These capacitors cost $4.95 

each, but I believe they're worth every 

penny. If you had to build or purchase 

an active crossover for bi-amplification, 

you could spend several hundred dollars. 

By comparison, a total expense of less 

than $20 seems like a bargain. 

Replacing your amp's input coupling 

capacitor should be a very simple task. 

If you have any doubts about the loca¬ 

tion of the capacitor, obtain a service 

manual from the manufacturer. A few 

amplifiers are DC-coupled—they don't 

have an input coupling capacitor. In 

these rare cases, you can insert the ca-
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pacitors between the input jacks and the 
PC boards. Again, consult the service 
manual if you have any doubts. 

Figure 1 shows how close my modified 
GFA-585 power amp's high-pass charac¬ 
teristic compares to Audio Concepts' 
original passive filter. The solid line is 
the electrical response at the Sapphire II 
terminals, when fed from the Sub-l's 
high-pass filter. The dotted line is the 
modified power amp's low frequency 
roll-off. I made these measurements with 
my Loftech digital meter, which has res¬ 
olution to 0. ldB. As you can see, the two 
curves are extremely close. 

SHIELDED CABLES. Since we're not 
going to need an active crossover, we'll 
have to feed both power amplifiers from 
the preamplifier's outputs. Each channel 
of the preamp will be driving two power 
amplifier inputs with two cables. Most 
high-quality preamps, tube or solid state, 
should be able to do this without dif¬ 
ficulty. You'll need to purchase, or make 
up, high-quality interconnect cables to 
go between your preamp and the two 
power amplifiers. 
I've made cables with the Mogami 

7551 RCA plugs and Joseph Grado Sig¬ 
nature Laboratory Standard Audio Ca¬ 
ble. Grado's cable is $5/foot. You can 

also use Mogami Neglex 2534 cable with 
the 7551 connectors, but you'll hear the 
superiority of the Grado cable in a high-
resolution system. You can pay hun¬ 
dreds, or even thousands of dollars for 
interconnects, but that's not very prac¬ 
tical (at least not for me). Grado's wire 
may seem a little expensive compared to 
the Mogami, but I believe it offers gen¬ 
uine value if you can make the invest¬ 
ment. Cables are often system-sensitive. 
What produces good results in my sys¬ 
tem may not satisfy you. 

Before you make your cables, you'll 
have to decide how you're going to feed 
the two power amps from your preamp, 
since most preamps only have one set 
of output jacks. An easy way to imple¬ 
ment this is to solder the two cables feed¬ 
ing the power amp to a single RCA con¬ 
nector at the preamp end, making a 
giant, high performance "Y" connector. 
The Grado and Mogami cables are both 
four conductor shielded designs. When 
using either of these cables, it's best to 
float the shield on one end. With Mogami 
2534, use the white pair for signal and 
blue pair for ground. 

BETTER SOLUTION. On the preamp 
end, only the blue wires are connected 
to ground—the shield floats. Cut the 

outer insulation and shield back about 
21/2" on each cable and put a piece of 
heat-shrink tubing (available from Radio 
Shack) over the outer insulation to cover 
loose strands from the shield. The heat 
shrink should extend over the center 
conductors about */z". You should now 
be able to fit all eight center conductors 
from the two cables through the RCA 
connector's metal sleeve. Solder all four 
blue wires to ground and all four white 
wires to the center pin. On the other 
ends of the cables, the blue wires and 
the shield are both soldered to the 
ground of the RCA plug. 

If you're using Grado cable, red and 
green are signal, blue and white are 
ground. The shield is floated on one end 
just like with the 2534. The Grado center 
conductors are a little tricky. Each one 
consists of fine copper strands wound 
around a thin nylon core. After you strip 
off the insulation, carefully separate the 
fine copper strands from the nylon core 
and then cut off the core. Now you can 
twist the strands together and solder 
them. 

Opinions differ on the orientation of 
cables with floating shields. Mogami rec¬ 
ommends connecting the shield where 
the cable terminates, which means at the 

Continued on page 30 

Art ûr Benade 

“Recommended for music lovers and audiophiles who want to know more about 
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Fundamentals of Musical Acoustics is a landmark book in its field, hailed for its 
astonishingly clear, delightfully readable statement of everything of acoustical im¬ 
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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 
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includes numerous illustrations, bibliographical information, and a stimulating sec¬ 
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SCR 
Metallized Polypropylene 

Precision Capacitors 
400VAC/630VDC 
Now in stock at 

Advanced Audio Products 
(206) 527 3393 

Big Cove Research 
(205) 539 1840 

Speakers Etc. . . 
(602) 944 1878 

Zalytron Industries 
(516) 747 3515 

You may wonder how good a capacitor can be, and you are right about that. Most 
people don’t have access to the sophisticated instruments needed to test a 
capacitor. Chances are that you will have to make some sense of the numbers, 
jargon and figures that are advertised, very often with not much details on how 
it relates to sound quality. Quite frankly we don’t know what to make of such a 
claim as: “the lowest phase deviations.” Compared to what? At what frequen¬ 
cies? Believe it or not, some of these people are talking about Megahertz (millions 
Hz) or even Gigahertz (trillions Hz)! How about “the lowest ESR” (equivalent series 
resistance)? Compared to what? If at all true, we are talking milliohm here! 

Much more concerned about the audible range, we, at ORCA, worked with SCR 
engineers to come up with a capacitor incorporating mechanical integrity and high 
internal damping. Why? Well the hard fact is that a capacitor is in many ways 
a transducer by construction, just like a woofer or a microphone. If you submit 
it to vibration, it will generate a current which will modulate the original signal. 
And capacitors are definitely submitted to vibrations in or near a speaker! That’s 
why we make the SCR cap very solid: 
- First we use a much thicker (higher voltage) film than most other manufacturers: 
400VAC/630VDC. This allows us to wind our caps with a much higher tension 
force on our Swiss-made precision machines (a thinner film would break). Hence 
a much tighter, ultra compact cap that won’t vibrate. 
- Second we fill up the inner core and both ends with polyurethane resin (high 
structural strength and damping). 
- Third we use heat-shrunk PVC tubing (for an even tighter construction), not 
tape-wrap. 

Now let's talk about precision. You have heard about “self-healing” caps. What 
it truly means is that when a hole pokes through the film (it does happen) the whole 
capacitor does not go bad, it simple looses one turn (one layer). When your cap 
looses a turn of its winding, its value decreases. So the true capacitance of your 
cap decreases with time. A 5% cap can become a 10% cap. No need to be a 
rocket scientist to realize the thicker the film, the less chance to have holes pok¬ 
ing through it and the more accurate the true cap value over a longer period of 
time. So now you know why we use the 400VAC/630VDC film. This is of real con¬ 
sequence in high order X-over designs. 

Most of our customers don’t know about all that (and they don't really need to), 
they prefer the SCR caps because to them they sound better. That should be the 
only reason for you to select them. As they say, if you don’t hear the difference, 
don’t pay for it. And we make your decision easy: we practice fair pricing. As an 
indication, our 1 microF 400VAC SCR cap retails for less than $2.00. 

OEMs & EXPORT, please contact directly ORCA, Design & Manufacturing Corp., 
1531 Lookout Drive, Agoura, CA 91301-USA-TEL (818) 707 1629 FAX (818) 991 3072 

It’s no secret that we like to work with Joe. It is always enlightening 
and innovative. And a lot of fun too! 
Besides his famous MTM geometry, Joe has designed some 

wonderful bandpass subwoofers for us. You know Joe, there was 
no available software that he could find which was good enough for 
him. Next thing we heard was he was busy designing his own pro¬ 
gram for “optimum” bandpass designs. And while at it, he added 
all the conventional designs and even equalizers too. 

When we built the first speakers based on this new software, we 
were stunned by how close they came to predicted performance. 
Even in its early stage, this software was so unique and powerful 
that we thought it would be a wonderfull tool to share with speaker 
builders. We agree with Joe that the more people know about speaker 
design, the greater chance we all have to grow together as a large 
community of amateur speaker builders. 
Joe went back to his permanent state of effervescence, and, 

assisted by his good friend Ron Warren, improved, polished and ex¬ 
panded the new born TOP BOX program. Now it is a start-to-finish 
design tool. When it came to price, we all agreed: it will be a full fea¬ 
tured, densely packed high value package for a two digit price. After 
all the idea was to share it with as many of you as possible. At $99.00, 
it’s a steal. And that’s the way we want it. 
TOP BOX is now available through: 
BIG COVE RESEARCH TEL (205) 539 1840 FAX (205) 430 3961 
JUST SPEAKERS TEL (415) 641 9228 FAX (415) 648 5306 
ZALYTRON INDUSTRIES TEL (516) 747 3515 FAX (205) 294 1943 

Speaker software by 
Joe D’Appolito and 

Ron Warren 
- Optimum open/close box systems. 
- Automatic Optimum bandpass. 
- Accurate port designs. 
- Modified Thiele/Small for on target 
designs & simulations. 
- Air Mass Loading Correction (AMLC) 
for accurate in-box predictions. 
FREE 8-PAGE DESCRIPTION UPON 
REQUEST FROM ORCA. 



FIGURE 3: Modified preamp output stage (only one channel is shown). The parts inside the 
dashed line are added to feed the subwoofer amplifier. The new output resistor should be the 
same value used by the preamp manufacturer for R 0UT old. 

Continued from page 28 
power amp. Joe Grado says just the op¬ 
posite-connect the shield at the preamp. 
To be honest, I've tried the cables both 
ways and I'm hard pressed to tell the dif¬ 
ference. If you connect a pair of cables 
to a single RCA plug, as I've just de¬ 
scribed, you have little choice. You can't 
possibly fit the shields from two cables 
through a single connector sleeve, so they 
must be connected on the other end. 

If you're willing to make a simple pre¬ 
amp modification, there's an even bet¬ 
ter solution. Simply add a second pair of 
RCA output jacks to your preamplifier. 
You could drill a new pair of holes in the 
rear panel for the new pair of jacks, or 
you could rewire an existing pair, if you 
have any that are unused. Most solid 
state preamps have a resistor in series 
with the output. This resistor determines 
the output impedance of the preamp, 
and protects the line level circuitry from 
the affects of capacitive loading. You 
could simply connect the second pair of 

RCA jacks in parallel with the first. I pre¬ 
fer feeding the new jacks from an addi¬ 
tional pair of series resistors, which pro¬ 
vides separate isolation for each output. 

CABLE CAPACITANCE. Figure 3 

shows the circuit diagram. The new out¬ 
put resistors should be the same values 
as the originals. Be sure that the new 
jacks are insulated from the chassis, and 
that the shields connect to the same 
points as the original output jacks. I rec¬ 
ommend Mogami 7557-G gold-plated 
RCA jacks, which are supplied with in¬ 
sulated mounting hardware. If you add 
a second pair of jacks to your preamp, 
you avoid the need for the special "Y" 
interconnects described above. If you 
make normal interconnects with Grado 
or Mogami cable, you should still float 
the shields on one end. But, you now 
have the flexibility of experimenting 
with cable orientation. In my own sys¬ 
tem, I added the second pair of RCA 

jacks to the preamp, and made four in¬ 
terconnects with Grado cable. 

Once you've decided on interconnects, 
you'll need to select speaker cables. 
Again, you can spend thousands of dol¬ 
lars, but there has to be a practical limit. 
I'm using AudioQuest Indigo which you 
can buy from Audio Concepts for $ 1.99/ 
foot at this time. I prefer shorter speaker 
cables and longer interconnects, rather 
than the other way around. I have my 
power amplifiers located along the same 
wall with the loudspeakers. The inter¬ 
connects going to my woofer amplifier 
are around 8' long, while those to the 
satellite amp are 12'. 
Your room, installation, and preamp 

will determine how you optimize the 
trade-off between the lengths of your in¬ 
terconnects and speaker cables. Your 
preamp must have a low enough output 
impedance to drive a higher capacitive 
load if you choose long interconnects. If 
you have any doubts, contact the man¬ 
ufacturer of your preamp and tell them 
the total lengths of the cables the preamp 
will be driving. They'll need to know 
what cables you are using and the total 
capacitance. The manufacturer should 
be able to tell you whether the preamp 
can drive the load without problems. 
The Grado cable has a capacitance of 
around 85pF/foot; Mogami 2534s is 
around 60pF/foot. 

IMPERATIVE INSTALLATION 
Figure 4 shows the system connection dia¬ 
gram, which assumes that you've added 
a second pair of output jacks to your pre-

NEW OUTPUT JACKS ORIGINAL OUTPUT JACKS 
FOR SUB-1 POWER AMP FOR SAPPHIRE II POWER AMP 

FIGURE 4; System connection diagram. Only the left channel loudspeaker connections are shown; the right channel is identical. The Sapphire Ils 
are bi-wired, and the Sub-1 ’s satellite outputs are not used. 
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amp. To get the best performance from 
the Sapphire Ils, they should be bi-wired 
to the satellite amplifier as shown. If 
you're using identical power amplifiers, 
you don't need to worry about level 
matching between the satellites and sub¬ 
woofers. I'm using Adcom GFA-585 
power amps on both, so level matching 
isn't a problem. 

It's worth noting that two power am¬ 
plifiers can have identical voltage gains 
without having the same maximum 
power output. You may have a 250W/ 
channel amplifier on the subwoofers and 
a 100W/channel amplifier on the satel¬ 
lites. As long as these amplifiers have the 
same voltage gain, you don't need to 
worry about level matching. Their out¬ 
puts will be identical for a given input sig¬ 
nal until the 100W/channel amp reaches 
its limit and clips. You don't really need 
as much power on the satellites as you 
do on the subwoofers. I chose to power 
the Sapphire Ils with a GFA-585 because 
I found the amplifier to be among the 
most sonically refined in its price class, 
not because I needed 400W/channel in¬ 
to the 4Í1 load. 
If your amplifiers aren't matched, 

you'll need to install a pot or a fixed at¬ 
tenuator at the input of the more sen¬ 
sitive amplifier. Don’t install the atten¬ 
uator at the preamp's output. You'll raise 
the output impedance of the preamp and 
substantially degrade its ability to drive 

SOURCES 
Audio Concepts, Inc. 
901 South 4th St. 
La Crosse, WI 54601 
(800) 346-9183 
Sapphire II, Sub-1, and AudioQuest 
Indigo Cable 

Joseph Grado Signature Products 
921 Tice Place 
Westfield, NJ 07090 
(908) 233-5893 
Grado Signature Laboratory Standard Audio 
Cable 

Michael Percy 
PO Box 526 
Inverness, CA 94937 
(415) 669-7181 

Old Colony Sound Lab 
PO Box 243 
Peterborough, NH 03458-0243 
(603) 924-6371, FAX (603) 924-9467 
Mogami connectors and 2534 cable—small 
quantities available on the 2534 cable. 

Marshall Electronics, Inc. 
PO Box 2027 
Culver City, CA 90230 
(212) 390-6608 
Mogami connectors and 2534 cable—minimum 
order on 2534 cable is 164'). 

long cables. This is a major weakness of 
completely passive preamplifiers. They 
work fine as long as you don't connect 
any cables to them. You could mount 
level controls in a small box close to the 
power amp. If the cable lengths between 
the controls and the power amp's inputs 
are kept to less than 1', you won't have 
any problems. It's imperative that you 
install the pot ahead of the input cou¬ 
pling capacitor. If you don't, you may af¬ 
fect the DC offset characteristics of the 
amplifier, and you'll change the input 
impedance. 

EFFECTIVE PERFORMANCE Bi 
amplifying the Audio Concepts Sapphire 
II/Sub-1 combination raises this already 
excellent system to a new level of per¬ 
formance. The most striking improve¬ 
ment is in the detail and transparency in 
the midrange. The upper midrange is 
smoother and the entire midrange has 
greater clarity and definition. Eliminating 
the passive electrolytic crossover capa¬ 
citor accounts for both of these differ¬ 
ences. The soundstage is now larger, 
both left to right and front to back. And 
with my pair of high current Adcom 

feerkss 
HIGH END SUBWOOFER 

831858 

The Peerless 831858, 220 SWR 39 115 PPX AL DVC is a high-end 
8 inch subwoofer from our CC line with double voice coil. The heavy 
moving system and the very long voice coil mean that it can give 
very good bass from a modest size box and move quite a lot of air. 

Special features of the 831858: 
• Double voice coil. 
• Rubber surround. 
• Thick polypropylene cone. 
• Aluminum short-circuiting ring. 
• Extra heavy magnet system. 

The 2 coils have to be connected through crossovers to each of the 
two stereo channels thus combining the bass power in the two chan¬ 
nels in a common subwoofer. 

Possible applications: 

• In a direct radiating reflex box. 
• In a "band-pass" subwoofer. 
• In a closed box. 

Peerless of America, Inc. 
800 W. Central Road, Mt. Prospect, IL 60056 

Phone: 708-394-9678 

Fast Reply RGG666 

Speaker Builder / 3/92 31 



GFA-585 power amplifiers, the system 
has dynamics to burn. 
In my review of the Sub-Is, I recom¬ 

mended using the passive crossover to 
feed just the mid-bass driver in the Sap¬ 
phire Ils. The bi-wiring capability of the 
Sapphire II allows the tweeter to be con¬ 
nected directly to the power amp. The 
Sub-l's high-pass filter is unnecessary for 
the tweeter, and the electrolytic capaci¬ 
tors degrade the sound by a small de¬ 
gree. If you've been feeding your tweeter 
from the passive crossover, bi-amping 
will provide improvements in the treble 
region similar to those I've described in 
the upper midrange. 
Finally, Audio Concepts has asked my 

opinion on a new woofer they're now 

using in the Sub-Is. The new driver is 
called the DV12, and it replaces the 
older, modified JC12 woofer. The new 
woofers have relatively thick, long-fiber 
pulp cones, rear-vented pole pieces, and 
rubber surrounds. These drivers provide 
a worthwhile improvement in perfor¬ 
mance over the original Sub-1 woofers. 
They are incredibly clean. The most no¬ 
ticeable improvement is in lower mid-
range/upper bass detail. The electro-
static-like transparency of the Sapphire 
Ils is further improved. Bear in mind that 
the Sub-Is reproduce information well 
above the crossover frequency, so they 
have a substantial effect on the perfor¬ 
mance of the Sapphire Ils. 

At first I thought the new woofers had 

less weight in the low frequencies. When 
I played familiar recordings with ex¬ 
tended low end, however, I realized that 
none of the Sub-l's bass extension had 
been sacrificed. I ran a warble tone 
analysis, and confirmed that the Sub-Is 
were still IdB down at 22Hz in my 
room, exactly as they were with the old 
JC12 woofers. The improved transpar¬ 
ency in the upper bass/lower midrange 
region makes the system sound a bit 
leaner in this region, but I quickly ad¬ 
justed to the change, realizing that the 
old woofers were actually adding colora¬ 
tions now removed. The DV12 woofers 
are an excellent improvement for an 
already fine subwoofer. fe 

SPEAKER COMPONENTS 

Peerless 

scan-speaK 

(seas) 

SaVIS 

ÒVnaudio 

^ETUN 
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CROSSOVER COMPONENTS 

FAST CAPACITORS 
Metallized Polypropylene (Non-Polarized) 
Values from 1.0 mfd to 200 mfd. 
Voltage Rating: 250 VDC I 150 VAC 

SOLEN INDUCTORS 
Perfect Lay Hexagonal Winding Air Cored 
Values from .10 mH to 30 mH, 
Wire Sizes from #20 AWG to #10 AWG 

HEPTA-LITZ INDUCTORS 
Seven Strands Litz-Wire Constructions 
Values from .10 mH to 30 mH 
Wire sizes from #16 AWG to #12 AWG 

SOLEN CROSSOVERS 
Custom Computer Design 
Passive Crossover for Professional, Hi-Fi and 
Car Hi-Fi, Power up to 1000 Watt. 

CROSSOVER, SPEAKER PARTS 
Gold Speaker Terminals, Gold Banana Plugs 
Gold Binding Posts, Crossover Terminals, 
Power Resistors, Mylar Capacitors, 
Plastic Grill Fasteners, Nylon Ty-Wraps 
Grill Cloth, Car Speaker Grills, Mise. Parts. 

SOLEN INC. 
4470 Thibault Ave 
St-Hubert, QC J3V 7T9 
Canada 

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

COMPUTER AIDED DESIGN FOR 
ENCLOSURE AND CROSSOVER 
AVAILABLE TO CUSTOMER 

Product specifications and prices 
available upon request 
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Capacitors Design 
The formula for the best design begins with the best components. And for critical applications in 
all audio circuits, you can't find better components than MIT's MultiCap capacitors. 

• More Usable Bandwidth Each MultiCap gives you up to 10 precision, paralleled capacitors in 
one compact unit that extends the usable bandwidth. 

• Highest Resolution Each MultiCap, with hand-soldered, large-gauge leads necessary for high 
current conditions, gives the highest sonic resolution possible. Closest to no capacitor at all! 

• High Reliability The combination of care and innovation in the MultiCap gives you extraordinarily 
high quality and reliability. A cost-effective increase in the performance of your audio designs. 

MIT MultiCap offers three series of capacitors: polystyrene film & foil; polypropylene film 
and foil; and metallized polypropylene film. 

The Film & Foil MultiCaps 
• Especially designed for all high-performance filter networks, coupling, supply by-pass, and servo circuits. 

• Consistent and reliable for high performance under demanding high-current applications. 

• Exceptional phase stability and superior pulse handling. 

• Polystyrene, for extraordinary sonic performance, where high ambient temperature is not an issue. 

• Polypropylene, for higher temperatures and lower costs. 

The Metallized MultiCaps 
• Same patented parallel design for ultra-low ESR and inductance losses. 

• Smaller in size, less costly to manufacture. Lower prices for the consumer. 

• Recommended for application wherever metallized capacitors are used. 

Transient 
Response 
(Amperes) 

MIT 

Phase 
Response 

MIT 

MIT MultiCap "The most advanced capacitor design in the world. 

Custom values, special low prices, and full technical support available to OEMs and modifiers from Music Interface 

Technologies. Ask for our current literature on capacitors and the CVTL laboratory. In the U.S., call CVTL/MIT 

916.823.1186 or fax 916.823.0810. Outside the U.S., call MIT Components/Sonic Frontiers 41 6.847.3245. 
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CAPS FOR PASSIVE 
CROSSOVERS 

BY RICHARD HONEYCUTT 

Hey, here's the man who can tell 
you." These words from the owner 

greeted me as I entered his electronics 
shop, and I knew I was in trouble again. 
The customer query, prompting this out¬ 
break of confidence in me, was about 
loudspeaker crossovers. "What kind of 
capacitor do I need to use in this speaker 
system I'm building? I've got some old 
capacitors I took out of TVs and things, 
and I was wondering if any of them 
would do." 

Karma, that's what it was. Having too 
often teased my wife about her tendency 
to describe the building of a watch when 
only the time was wanted, I was the one 
now actually being asked to describe how 
the watch should be built. Unwittingly, 
my questioner had hooked the professor 
in me and now, lack of blackboard not¬ 
withstanding, I'd like to convey to you 
what I explained to him that day. 

SOME BACKGROUND. A capaci 
tor is just two conductors (plates) sep¬ 
arated by an insulator (dielectric), as Ben 
Franklin could have told you. (Of course, 
he'd have called the thing a Leyden jar, 
but no matter.) Its action can be de¬ 
scribed in any of several ways. The most 
fundamental description is that it stores 
charge. When one plate is connected to 
the positive terminal of a voltage source, 
and the other plate is connected to the 
negative terminal, charge flows briefly 
because of the electrostatic attraction of 
the opposite charges; like normal Girl 
and Boy Scouts with camps separated by 
a river, the opposite charges are attracted 
to each other. Thus we wind up with an 
excess of electrons on one plate and a de¬ 
ficiency of electrons on the other. Since 
charge cannot flow in the insulator, a 
point of equilibrium is soon reached, and 
no further charge flows. Now if the in¬ 
sulator is perfect, the capacitor's leads 

C ESR 

o—)|-AV-O 
FIGURE 1: Circuit model for capacitor with 
ESR. 

can be disconnected from the source and 
the charge will remain on the plates in¬ 
definitely. We define the capacitance of 
a given capacitor as the amount of charge 
it can store per volt of potential dif¬ 
ference between the plates: 

(1) C = Q/V 

where Q is the electric charge in cou¬ 
lombs and V is the voltage. 

If, however, after disconnecting the 
voltage source from the capacitor we 
reconnect it with the opposite polarity, 
the plate with excess electrons will 
dump them into the positive terminal of 
the voltage source. Electrons will then 
flow from the negative terminal onto the 
other plate, until equilibrium is estab¬ 
lished with the opposite polarity. Notice 
what has happened: there has been cur¬ 
rent in the connecting wires, even 
though there was at no time any current 
through the insulator. If we were to use 
a source of AC rather than DC, we could 
maintain a continuous current in the 
wires connecting the source to the capa-

f rom 
amplifier 

FIGURE 2: first-order H-F section with ESR. 
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FIGURE 4: First-order M-F section with ESR. 

citor. Thus we often say that a capacitor 
blocks DC and passes AC. Any good 
physics professor would be quick to 
point out that it doesn't really pass AC— 
it just permits AC to flow in the re¬ 
mainder of the circuit. 

THE DIELECTRIC. One of the valu 
able things discovered by Ben Franklin 
is that the storage of charge in a capacitor 
actually involves the innards of the di¬ 
electric. Molecules of some materials can 
be polarized, so that one end of each mol¬ 
ecule is more negative than the other. 
When this polarization occurs in an in¬ 
sulating material, electrical energy is 
stored. A standard experiment in college 
physics begins by separating two large 
metal plates with a sulfur disc, and then 
connecting a battery to the plates. The 
battery is then disconnected and the 

sulfur disc is placed between two metal 
plates. A voltmeter connected between 
the two new plates will show a voltage. 
Thus the dielectric itself was charged. 
With this knowledge, we should not 

be surprised to find that the capacitance 
of any given capacitor can be predicted 
from: 

(2) C = eA/t 

where e represents a characteristic of the 
dielectric, A is the area of the plates, and 
t is the thickness of the dielectric. Now 
e, which is called the permittivity, can 
be broken down into two parts: to and 
tR. These are the so-called permittivity 
of free space and relative permittivity, 
respectively. Relative permittivity is 

more often called dielectric constant, and 
varies from one material to another. So 
we can easily see from equation (2) three 
ways of controlling the capacitance of a 
capacitor: by choosing the plate area, by 
choosing the dielectric thickness, and by 
choosing the type of dielectric. 

CAPACITOR TYPES. Capacitors 
made today fall into three general groups 
when classified by dielectric. The first is 
electrostatic capacitors; this family in¬ 
cludes those whose dielectrics are made 
of mica, plastic film, ceramic, or oiled 
paper. The second is aluminum electro¬ 
lytics. The third is tantalums. Both the 
second and third kinds of capacitors util¬ 
ize a chemical process to form a metal 
oxide that acts as the dielectric. Because 
this metal oxide is very thin but has both 
a high breakdown voltage and a high 
dielectric constant, these types of capa¬ 
citors provide large capacitance values in 
physically small packages. Thus engi¬ 
neers usually choose electrolytics or tan¬ 
talums when they need capacitors over 
about l^F. 

DIELECTRIC HYSTERESIS Years 
ago, when I was a fledgling electronics 
buff, I too got many of my components 
by scavenging old TVs. Naturally, I won¬ 
dered why there were some paper capa¬ 
citors, some mica capacitors, and some 
ceramic capacitors. (No plastic film, back 
then!) Well, it turns out that each time 
our AC source reverses the polarization 
of the molecules in the dielectric, a little 
energy is required. Since energy can be 
neither created nor destroyed, any alert 
physicist, upon hearing the word energy, 
always wants to know where it came 
from and where it went. In this case, the 
energy came from the AC source, and 
it went into the surrounding air as heat. 
So we're losing a bit of energy from our 
circuit with each new cycle of AC. This 
process is called dielectric hysteresis loss. 

FIGURE 6: Second-order L-F section with ESR. 
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FIGURE 8: Effect of capacitance shift upon performance of three-way, 
second-order crossover network. FIGURE 9: Setup for V/l test. 

Just how much energy are we losing? It 
depends on the type of dielectric and 
how fast we're reversing polarity (that 
is, the frequency of the AC). The main 
reason for the use of different types of 
capacitors is that the dielectrics which 
provide the least dielectric hysteresis loss 
make for capacitors that are more expen¬ 
sive or larger or both. So engineers wisely 
choose the least expensive type of capa¬ 
citor that will perform well at the highest 
frequency required. 

ESR. Whenever we lose energy from a 
circuit, we will find a resistance that ac¬ 
counts for the energy loss. The energy 
lost because of dielectric hysteresis, plus 

some small losses due to lead and plate 
resistances in the capacitor, are lumped 
together into an Equivalent Series Resis¬ 
tance, or ESR. Figure 1 shows an equiv¬ 
alent circuit for a capacitor that includes 
the effects of ESR. Now we can look at 
the effect of a capacitor with ESR being 
used in a loudspeaker crossover net¬ 
work. Figure 2 shows the circuit of the 
high-frequency section of a first-order 
crossover using a capacitor with ESR. 
Figure 3 shows the frequency response. 
The decrease in level is immediately ob¬ 
vious: it drops almost 3dB for a 3Í2 re¬ 
sistor. (An 8ß speaker is assumed.) Less 
obvious is the change in crossover fre¬ 
quency that results. With a 39 ESR, the 

FIGURE 10: Test setup for transfer functions. 

Ono Sokki CF0300 
dual EFT analyzer 

4.3 Q 
dummy load 

- 3dB frequency is about 700Hz, rather 
than 1kHz as it is with no ESR. 

Figures 4 and 5 show the effect of ESR 
upon the performance of a first-order 
midrange section. As with the HF sec¬ 
tion, we find that ESR lowers the level 
and changes the crossover frequency. 
A first-order low-frequency section 

does not contain any capacitors, so it 
would be unaffected by ESR. Figures 6 
and 7 show the effect of ESR upon a sec¬ 
ond-order LF section. Notice that there 
is, in fact, very little effect at all, except 
at frequencies above ten times the cross¬ 
over frequency. There, the ultimate at¬ 
tenuation is less than it would be with 
a perfect capacitor. From these figures 
we can see the not-too-surprising result 
that ESR is mainly a problem in capaci¬ 
tors in series with the signal from am¬ 
plifier to speakers. 
Now, back to the question of which 

capacitor to use. Going from best to 
worst, we find that the ESR is lowest in 
mica and standard ceramic disc capaci¬ 
tors. It is almost as low in paper and film 
capacitors of all kinds, somewhat higher 
in tantalums, and highest in aluminum 
electrolytics. Unfortunately, it is imprac¬ 
tical to build mica or ceramic disc capa¬ 
citors large enough for use in crossovers. 
Thus we have to use film capacitors or 
electrolytics. Film capacitors are always 
better, but they may become impracti¬ 
cally large and expensive for values over 
about 5/zF. Tantalums are hard to find 
with a high enough voltage rating. There¬ 
fore, aluminum electrolytics are often 
chosen for crossovers. 

But there's another consideration. The 
chemical process that forms the dielec¬ 
tric in an electrolytic capacitor requires 
a DC polarizing voltage. In order to suc¬ 
cessfully use an electrolytic in a cross¬ 
over network (which has no DC present 
unless your amplifier is dying), we have 
to use two electrolytics connected back-
to-back (+ to + or - to -) to form a 
nonpolar electrolytic. Commercial non-

Continued on page 38 
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Quick, 

Easy, 

Accurate 

A laboratory-quality Loudspeaker Measurement 
System tool at an unbelievable price! 
The ATI LMS is a complete electro-acoustic measurement system for 
your test/analysis requirements. You get a calibrated precision con¬ 
denser measurement microphone, a PC-compatible card and LMS 
system control software. The LMS feautres a programmable sine 
wave oscillator, dual tracking filters with LP/HP/BP/BR modes, and a 
high-speed gating system for quasi-anechoic measurments. You can 
take SPL and Impedance measurements at the touch of a key, and 
print the graphs to a wide variety of output devices. Moreover, other 
system utilities are provided for scaling, smoothing, subtracting, 
dividing, and PASS/FAIL curve comparisons. For serious production 
testing, the LMS software provides macro programming capability 
for automatic test operation. And this is only the start. The LMS 
system provides features and capabilities usually found (if at all!) on 
systems costing many times more. 

By utilizing the power of a PC. our own precision calibrated micro¬ 
phone (with greater than 20kHz bandwidth), and complete test/ 
control software, we are able to offer a system with more features, 
precision, flexibility, and capabilities. Up to now, anything with this 
much performance had to be assembled out of high-priced stand¬ 
alone test instruments, expensive measurement microphones, and 
non-existent software! 

Still not convinced? Give us a call and take our demo software pack¬ 
age for a test drive. 

Breakthrough 
Technology from 

Audio Teknology Incorporated 
7556 SW Bridgeport Road 

Portland. Oregon 97224 

TEL: 503-624-0405 

FAX: 503-624-0194 © IW1 AudioTeknology Incorporated 
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Continued from page 36 
polars are available, but they're just two 
separate electrolytics internally con¬ 
nected back-to-back. 

The capacitors in a TV generally fall 
into two categories: mica, ceramic, and 
film capacitors too small for crossovers, 
and polar electrolytics. So the final an¬ 
swer to the customer's inquiry about TV 
capacitors was: "Probably not. You'll 
need to buy film or nonpolar capacitors 
of the correct value and with a voltage 

rating of around 50V for a 100W ampli¬ 
fier. And you might want to know that 
the voltage rating doubles for each quad¬ 
rupling of power over 100W." 

MORE QUESTIONS. I headed for the 
door, as the other inhabitants of the shop 
breathed a sigh of relief at the end of the 
lecture. As I drove home, though, several 
nagging questions began to arise from 
the unquiet graves into which I had 
nudged them over the years. Just how 

TABLE 1 

CHARACTERISTICS OF CAPACITORS 

Type C 8 120 Hz 

(|1F) 

C 8 1 kHz 

(pF) 

DF Í 120 Bz DF ê 1 kHz 

I. Polyester fill 

a. 0.56 uF/lOOV (12 yrs. old) 0.574 0.571 0.001 0.003 

b. 1 n F/600V (9 yrs. old) 1.004 0.998 0.002 0.004 

c. 4 pi F/300V (10 yrs. old) 4.18 4.17 0.004 0.016 

II. Paper-oil 

a. 4 piF/lOOOV (26 yrs. old) 4.09 4.07 0.012 0.077 

b. 8 piF/lOOOV (11 yrs. old) 7.83 7.80 0.005 0.022 

c. 4 UF/600V (25 yrs. old) 4.57 4.55 0.005 0.009 

III. Monpolar 'lytic 

a. 6.6 (1F/50V 
(17 yrs. old) 

9.28 6.73 0.202 0.280 

b. 6.8 piF/lOOV 
(1 yr. old) 

12.8 12.09 0.048 0.059 

c. 2.2 HF/50V 
(20 yrs. old) 

2.49 2.2 0.083 0.107 

d. 26 pl F/200V 
(15 yrs. old) 

32.8 30.7 0.049 0.093 

e. 6.8 pi F/100V 
(1 yr. old) 

7.32 6.84 0.057 0.063 

IV. Back-to-back 'lytics 

a. two 47 pi F/400V (9 yrs. old) 23.9 22.2 0.097 0.558 

b. two 47 piF/lOOV (1 yr. old) 20.9 20.3 0.047 0.104 

c. two 47 |i F/50V (4 yrs. old) 30.7 29.1 0.047 0.188 

V. Back-to-back 80 pi F/400V coiputer-
grade 'lytics (18 yrs. old) 

47.4 46.3 0.033 0.128 

VI. "Motor-run" fill 25 (i F/240VAC (6 
yrs. old) 

24.6 24.7 0.003 0.017 

VII. Back-to-back ancient can 'lytics 

a. two 80 pi F/450V Bestem Electric 
(37 yrs. old) 

43.4 41.6 0.056 0.180 

b. dual 30 pi F/450V (27 yrs. old) 16.07 15.22 0.045 0.128 

c. dual 20 pi F/400V (34 yrs. old) 11.92 10.7 0.083 0.251 

d. dual 10 pi F/400V (31 yrs. old) 7.62 7.4 0.097 0.317 

X. Paralleled fill and 'lytic (I c and 
|VII d) 

16.96 16.25 0.031 0.035 

bad is the ESR in a modern electrolytic? 
Is this a real problem, or just a perfec¬ 
tionist's neurosis? How about other ca¬ 
pacitive effects, such as dielectric absorp¬ 
tion, and the change in capacitance with 
frequency? Do capacitance and/or ESR 
change with applied voltage? Is there any 
truth in the claim I occasionally hear that 
crossover capacitors can cause distor¬ 
tion? How much crossover drift results 
from the aging of electrolytics? 

TESTING. Back at the house, my library 
gave little help on any of these questions. 
Not to worry! When library fails, lab steps 
in! First, I gathered 20 capacitors of dif¬ 
ferent kinds: three polyester, three pa¬ 
per-oil, five commercial nonpolar electro¬ 
lytics (ranging from new to 10 years old), 
three homemade nonpolars (formed from 
pairs of fairly new polar electrolytics), a 
nonpolar made from back-to-back com¬ 
puter-grade electrolytics, a high-current 
film one made for induction motor use, 
and four nonpolars made from very old 
but unused electrolytics. 

Then, armed with my trusty H-P 
4261A LCR meter, I set to work. The 
4261A measures capacitance and dissipa¬ 
tion factor (DF) at two frequencies: 120Hz 
and 1kHz. (Dissipation factor is ESR/ca-
pacitive reactance.) Table 1 lists the ca¬ 
pacitors and the measurement results, 
which seemed pretty much as expected. 
The film and paper-oil capacitors had 
very low dissipation factors, implying 
very low ESR, and their capacitance 
change with frequency was less than 
‘/z%. Electrolytics were much worse on 
both counts: DF ranged from 0.033 to 
0.558 (really!) and capacitance shift, from 
under 3% to over 27%. Just for refer¬ 
ence, I ran some curves to investigate the 
effect of a 10% capacitance shift upon a 
three-way second-order crossover net¬ 
work. The results are shown in Fig. 8.) 
Also, dissipation factor increased with 
frequency, and capacitance decreased. 
These effects could be explained by 
changes in the behavior of the dielectrics 
as frequency varied. 
These results prompted me to analyze 

in more detail. Most textbooks I had read 
implied that ESR increases with fre¬ 
quency. By writing a simple BASIC pro¬ 
gram to analyze the measured capaci¬ 
tance and dissipation factor, I could solve 
for the ESR of each capacitor at each fre¬ 
quency. To my amazement, the ESR did 
not increase with frequency—it de¬ 
creased! But since it decreased at a rate 
less than proportionality, and capacitive 
reactance decreases at a rate proportional 
to frequency, the dissipation factor did 
increase with frequency. 
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FIGURE 12: 26mF/200V, 15-yr.-old nonpolar electrolytic. 

FIGURE 14: Two 47/xF/100V, 1-yr.-old electrolytic back-to-back. 

FIGURE 13: Two 47^F/400V, 9-yr.-old electrolytic back-to-back. 

FIGURE 15: Two 47gF/50V, 4-yr.-old electrolytic back-to-back. 

FIGURE 16: Two 80^F/400V, 18-yr.-old computer-grade electrolytic FIGURE 17: Two 80^F/450V, 37-yr.-old electrolytic back-to-back, 
back-to-back. 

MORE TESTING. Unsure what to 
make of this revelation, 1 set up another 
series of tests. Using a digital milliam¬ 
meter in series with the capacitor and a 
digital voltmeter in parallel, I connected 
each capacitor in series with a 4.3Q load 
and measured the current and voltage for 
the capacitor at each frequency. The test 
setup used is shown in Fig. 9. Another bit 
of BASIC programming allowed me to 
separate the effect of reactance from that 
of ESR. The results agreed with the earlier 
measurements. Still not satisfied, I con¬ 

nected a dual FFT analyzer as shown in 
Fig. 10 and measured the transfer func¬ 
tion of each capacitor at multiple frequen¬ 
cies.1 After some more programming, 
again the same results! Thus my first con¬ 
clusion differed from what I had been led 
to expect: even in electrolytic capacitors, 
ESR decreases as frequency increases— 
but it does so at a rate less than propor¬ 
tionality, so that dissipation factor in¬ 
creases somewhat with frequency. 
Mulling over this newfound knowl¬ 

edge, and realizing I had come no nearer 

to answering the practical question about 
using modern electrolytics in crossover 
networks, I then decided to plot the mag¬ 
nitude of the theoretical and actual trans¬ 
fer functions of each capacitor for fre¬ 
quencies from 20Hz-20kHz [Figs. 11-21). 

For the film capacitors, there was no 
discernible difference between the theo¬ 
retical and actual values. In other words, 
the capacitors behaved essentially ideally, 
having almost constant capacitance and 
negligible ESR. The electrolytics showed 
effects of ESR and capacitance shift to 
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FIGURE 20: Dual 10/xF/400V, 31-yr.-old electrolytic back-to-back. FIGURE 21: Parallel dual-10pF/400V electrolytic (Fig. 19) and 4pF/300V 
film. 

a more significant extent. The two worst 
electrolytics for excess loss at 20kHz were 
numbers IVa (Fig. 13) and Vlld (Fig. 20). 
These had excess losses of about 3dB at 
20kHz. Some of the electrolytics had 
almost no excess loss at 20kHz, but did 
show several dB of excess loss about 
1kHz. In fact, two of the electrolytics per¬ 
formed less ideally in the midrange than 
at the extreme top (Figs. 14 and 15). This 
is a result of the decrease in ESR with ris¬ 
ing frequency discussed earlier. 
You probably will notice that Fig. 11 

has two "ideal" curves. This capacitor 
showed enormous capacitance shift with 
frequency: as Table 1 shows, it measured 
9.28pF at 120Hz, and 6.73pF at 1kHz. 
This disparity was so great that I re¬ 
checked the measurement several times. 
Notice that at low frequencies the capa¬ 
citor performed more like the 9.28gF 
curve, changing in the midrange to be 
more like the 6.73pF curve. While this 
particular capacitor was an extreme ex¬ 
ample, you can see from the table that 
capacitance shifts of 10% or so were not 
uncommon among the electrolytics. This 

would suggest careful testing when build¬ 
ing a crossover using electrolytics, to 
make sure the crossover occurs at the in¬ 
tended frequency. 
Figure 21 represents a parallel com¬ 

bination of capacitor Ic (4pF film) with 
Vlld (10/10gF electrolytic can). Notice 
that although the actual curve approaches 
the theoretical one more nearly than 
does the curve in Fig. 20 (Vlld alone), it 
still differs by a couple of decibels at 
places. Thus the age-old attempt to com¬ 
pensate for using electrolytics by paral-

REFERENCE 
1. A transfer function is the equation de¬ 

scribing what a device does with a signal as a 
function of frequency. In general, it contains 
both phase and magnitude information. The 
magnitude of the transfer function at a given 
frequency can be described as VoutIVin- So the 
magnitude of an amplifier's transfer function 
is just its gain as a function of frequency. In this 
case, the magnitude of the capacitor's transfer 
function is the dB decrease in voltage appear¬ 
ing across the load resistor, plotted as a func¬ 
tion of frequency. 

TABLE 2 

VARIATION OF C AND D-F WITH APPLIED VOLTAGE (47MF/100V UNIPOLAR ELECTROLYTIC) 

Bias Voltage C ê 120 Hl C ( 1kHz DF « 120 H: DF ê 1 kHz 

0 VDC 47.2 pF 42.8 pF 0.099 0.392 ! 

1.5 VDC 47.2 pF 42.8 pF 0.105 0.43« 

6 VDC 47.4 pF 43.2 pF 0.108 0.441 

FIGURE 22: Test setup for effect of current on capacitance and D-F. 
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leling film capacitors does not seem to 
work perfectly. 
You may have noticed that there are 

no curves for capacitor Illb (6.8pF non¬ 
polar) and Ilic (2.2pF nonpolar). These 
capacitors performed almost ideally. 
Therefore, we cannot necessarily assume 
that all electrolytics are bad. It's impor¬ 
tant to note, though, that these were rel¬ 
atively new capacitors. 

AGING. Whenever electrolytic capaci¬ 
tors are discussed, the effects of aging 
come to mind. As an electrolytic ages, 
the electrolyte tends to dry out some¬ 
what, reducing the capacitance. Leakage 
also typically increases with age. The old¬ 
est capacitors I tested were those in group 
VII, represented by Figs. 17-20. On the 
whole, these capacitors performed no 
worse than the other electrolytics. And 
as you can see from Table 1 , the capaci¬ 
tance of each was higher than the rated 
value. (The "rated" capacitance for a non¬ 
polar is half the value of each individual 
polar capacitor making it up.) Of course, 
electrolytics are typically produced with 
an actual capacitance that is higher than 
the stated value, in order to compensate 
for aging. Apparently this works, because 
no capacitor in this group showed low 
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capacitance, even though they ranged in 
age from 31-37 years. 

DIELECTRIC ABSORPTION. Al 
though touched upon earlier, perhaps 
some further words of explanation are 
in order. With some dielectric materials, 
especially tantalum dioxide, it is possi¬ 
ble to charge a capacitor, discharge it 
through a short circuit, remove the short, 
and then draw some more charge from 
the capacitor by shorting it again. The re¬ 
fusal to completely discharge on the first 
try results from molecular polarization 
of the dielectric in ways that take some 
time after the initial discharge to return 
to normal. This phenomenon is called 
dielectric absorption. When a capacitor 
exhibits this effect, it will distort signals 
passing through it. (The effect is much 
like diagonal clipping in an AM detector, 
and occurs for much the same reason.) 

Usually, dielectric absorption causes 
problems primarily in high-impedance 
circuits—a few k ohms or more. But since 
aluminum electrolytics are subject to the 
effect also, I decided to check for distor¬ 
tion of a sine wave caused by crossover 
capacitors. The test setup used was like 
the one shown in Fig. 10, but with a con¬ 
stant-frequency sine wave. With a test 
signal of 50W at 1kHz into a 4.3Í2 load, 
the distortion of all the capacitors tested 
was below the residual distortion of the 
test equipment, which was - 57dB. This 
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(and in ours too!) 
MAGIC EXPIRE 
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ANYTOWN. NY 12345 
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on orders and subscrip¬ 
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translates into a residual THD of about 
0.13%. Apparently, dielectric absorption 
is not a problem in crossover networks. 

AND MORE TESTING. The last re¬ 
maining question was whether capaci¬ 
tance and dissipation factor vary with 
the voltage across a capacitor. The an¬ 
swer is yes. Using the H-P 4261A, I mea¬ 
sured two 47/lF unipolar electrolytics. 
The results are given in Table 2. Notice 
that both capacitance and dissipation fac¬ 
tor increase with applied DC voltage. 
Wondering whether this occurs in a non¬ 
polar with AC applied, I measured the 
voltage at 120Hz and 1kHz for these two 
capacitors connected back-to-back. First 
with 10mA AC, and then with 250mA, 
I used the test setup shown in Fig. 22. 
The total impedance calculated from 
these measurements dropped from 54Ü 
to 48Í1 at 120Hz, and rose from 7.00Q to 
7.24Í2 at 1kHz. More puzzling behavior! 
When I tried pumping an ampere 
through the capacitor at 1kHz, the im¬ 
pedance dropped to 6.440. 
So the behavior of a nonpolar elec¬ 

trolytic does vary with the signal current, 
but not in a simple way. Further, since 
the reactance of this capacitor at 1kHz 
would be 6.740, based upon the mea¬ 
sured capacitance of 23.6/lF at that fre¬ 
quency, the lower total impedance of 
6.440 at 1A current indicates that the 
capacitance must be increasing with in¬ 
creased voltage, as for the DC case. The 
practical result of this in a crossover net¬ 
work would be a slight shift in crossover 
frequency and woofer/mid/tweeter bal¬ 
ance as signal power changes. Since total 
impedance changed by over 11% within 
the current range tested, the effect could 
well be significant. 

CONCLUSIONS. So what can we con¬ 
clude from all this data? First, we are 
forced to admit that to use electrolytic ca¬ 
pacitors in a passive crossover network 
is to compromise the product. Second, we 
can say that this compromise will show . 
up as frequency-response irregularities 
for which we can compensate, and as 
signal-current-dependent variations for 
which we cannot. Third, we can conclude 
that film capacitors do not introduce 
measurable signal degradation in terms 
ot either frequency-response anomalies 
or distortion. And finally, we cannot rec¬ 
ommend paralleling film and electrolytic, 
capacitors as a viable way of avoiding the 
problems that electrolytics introduce-
Now I'm going back to my friend's 

shop to wait for that sucker whose ques¬ 
tion got me into all this! Boy, have I got 
news for him! fe 
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THE DISAPPEARING 
LOUDSPEAKER: 

AN OPTIMIZATION ODYSSEY 
BY VICTOR STAGGS 

This pair of speakers is named for 
their sound, and I will explain later 

how they earned it. This loudspeaker de¬ 
sign does exist, and two pairs have been 
built. They represent my effort to learn 
the art of loudspeaker system computer 
optimization, and were designed using 
analysis and optimization software I 
wrote for the research computer at U.C. 
San Diego. Since my thesis had nothing 
to do with loudspeakers, I owe SB read¬ 
ers some explanation. 
The year I began working on my grad¬ 

uate thesis I had read a useful but par¬ 
ticularly difficult paper and was digest¬ 
ing it when, for relaxation, I strolled 
through a swap meet one Saturday 
morning. 
This was my downfall, because one 

seller was surrounded by crates of sur¬ 
plus (but brand new) Peerless drivers of 
all sizes. I couldn't resist picking up a 
pair of 6*/2-inch woofers for use in com¬ 
pact monitors, as such a design would 
be easier to heft around than a floor¬ 
standing behemoth. 
The beauty of doing your own mea¬ 

surements, writing the software, and de-

PHOTO 1 : The prototypes have beveled edges 
and are covered with metallized Mylar film. 

veloping your own design is indulging 
your favorite engineering philosophy 
and techniques instead of following an¬ 
other's trail. This alone is worth much 
personal satisfaction, with the added 
pleasure of listening to the result. 

This speaker project will not be a sim¬ 
ple one for beginners, but it will be re¬ 
warding for those who can handle a 
fairly exacting project and a lot of do-it-

TABLE 1 

NEAR-FIELD MONITOR GENERAL SPECIFICATIONS 

General Type: Bass-reflex two-way, free-field equalized 
Crossover Response: Fourth-Order acoustic Linkwitz-Riley 
Crossover Frequency: 2.2kHz 
Frequency Range: Approximately 60Hz-16kHz 
Sensitivity: 84dB/W 80 at 1M on-axis, anechoic 
Power Handling: Approximately 50W per system mid-band 
Application: Free-field mounting, near-field monitoring 
Drivers: Woofer. Peerless TP165R, made in Denmark, 6V2" nominal 

diameter, Butyl rubber surround, 15oz (0.43kg) magnet, 33mm 
voice coil diameter, graphite-loaded polypropylene cone, 80 
nominal impedance 
Tweeter: Son Audax DTW12X9T25FFF, 1" dome diameter, 
ferrofluid cooled, doped fabric diaphragm, rectangular mounting 
flange, 80 nominal impedance 

yourself labor. Let's start by understand¬ 
ing the engineering goals of this design. 

ENGINEERING GOALS. Overall, 
my goal was to produce a pair of com¬ 
pact near-field monitors equalized for 
close-in listening with the speakers on 
stands, well clear of walls. I call this a 
near-field free-space design. The equali¬ 
zation was to account for box diffraction 
at low frequencies, woofer imperfections 
in the crossover range, and the tweeter's 
fundamental resonance. 

As the design evolved, I found it prac¬ 
tical to use the Linkwitz-Riley fourth-or¬ 
der acoustic response as the target func¬ 
tion, for good directivity in the crossover 
region. The dividing network was to ac¬ 
count for the phase response of the 
drivers all the way from DC to 10kHz, 
so as to minimize sources of interdriver 
time offset. 
I wanted the network to present the 

drivers with a low source impedance, to 
preserve good electrodynamic voice-coil 
damping as an aid in suppressing the 
many "micro-resonances" that creep in¬ 
to real-world drivers. Deep bass from 
these little woofers was not something 
I demanded, since I wished to control 
their excursion and minimize harmonic 
distortions. 
These speakers were to have a flat, 

smooth front panel with no offset to cor¬ 
rect for time-alignment problems. I ar¬ 
ranged the woofer network to correct as 
much as possible for any driver time off¬ 
set, and the flat front panel would mini¬ 
mize scattering the tweeter sound. 

Readers may recognize this kind of de¬ 
sign as typical of small British mini-mon¬ 
itors, and atypical of the usual American 
acoustic suspension two-way speaker. 
However, an increasing number of do¬ 
mestic designs follow the European phi¬ 
losophy in our high-end marketplace. 
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FIGURE 1: Tweeter dividing network. 

Table 1 lists the general specifications of 
these near-field monitors. 

THE TWEETER NETWORK. Sev 
eral software packages were written to 
handle the measurement and design 
chores. The tweeter network design will 
make the need for them apparent. The 
tweeters chosen were the Audax 
DTW12X9T25FFF, which are rectangu¬ 
lar-frame one-inch dome units with 
doped fabric diaphragms and ferrofluid 
cooling in the voice coils, which have a 
nominal 812 impedance. I believe in using 
inherently well-damped drivers, and I 
prefer these to the metal dome units 
with their ultrasonic ringing. 

In order to perform computer optimi¬ 
zation, we must know the complex in¬ 
put impedance of the driver's voice coil, 
so the dividing network will see its true 
load in the simulation. I measured the 
magnitude of the impedance and derived 
its equivalent circuit values using Thiele/ 
Small theory and judicious guessing for 
the voice-coil inductance parameters. 
This turned out to be difficult for the 
tweeter because of the presence of the 
ferrofluid. 

I wrote a software module that fits the 
impedance magnitude of the voice coil 
model to the actual measured value at 
all of the measured frequencies, using 
the Thiele/Small values as starting points. 
After the program adjusted the model 
parameters to achieve close agreement 
between the actual and predicted imped¬ 
ance magnitude, I had a complete list of 
the voice coil model values which Eu¬ 
gene Zaustinsky and 1 used in the equiv¬ 
alent circuit, which extends the Thiele/ 
Small model to account for eddy-current 
effects in the pole pieces. 

This voice-coil impedance didn't look 
very much like the one in the Audax data 
sheet, which called for further cross¬ 
check. 1 measured the tweeter's acoustic 
frequency response by close-miking it, 
and also predicted its response theoret¬ 
ically. The two agreed very well except 
at high frequencies, where dome reso¬ 

TABLE 2 

TWEETER DIVIDING NETWORK PARTS LIST 

ITEM QTY. REF. PART COMMENTS 

1 1 C1 6.25/xF 4.7 + 1.5gF 
2 1 C2 0.85mF 0.82mF 
3 1 L1 0.523MHz 
4 1 R1 3.170, 5W 3.30 
5 1 R2 11.90, 5W 12.00 
6 1 R3 6.290, 2W 6.20 

Note: The items under comments are sug¬ 
gested values. 

nances intruded. I decided my numbers 
were reliable and pressed on. 

Figure 1 is the tweeter dividing net¬ 
work's schematic. Its values were opti¬ 
mized by software predicting the tweet¬ 
er's output, using the measured acous¬ 
tic frequency response, and loading the 
dividing network with the model voice 
coil parameters. The target function was 

the fourth-order Linkwitz-Riley high-pass 
response centered at 2.2kHz, using the 
tweeter's second-order high-pass acoustic 
response as one of the elements. This left 
the second-order network to complete the 
response and to pad down the tweeter's 
efficiency to match that of the woofer. 
Readers will notice I haven't an L-pad 

in the traditional location in the network. 
This achieves better damping of the 
tweeter below its passband edge, by pre¬ 
serving a shunt across the voice coil at 
low frequencies. Thus, the tweeter sees 
a low source impedance except at fre¬ 
quencies near the crossover, where the 
ferrofluid damping is active anyway. 
The Zobel network across the tweeter 

terminals has electrical values which 
were allowed to be free parameters and 
to participate in the optimization pro¬ 
cedure, but even so they came close to 
those values that make the tweeter ap¬ 
pear resistive at high frequencies. 

TABLE 3 

PEERLESS WOOFER TP1 65R PARAMETERS 

QUANTITY MEASURED VALUES CATALOG VALUES 

Nominal impedance — 80 
DC Resistance 6.160 6.00 
Voice-Coil Inductance 0.876mH @ 1kHz 0.8mH 
Resonance Frequency 32.8Hz 38Hz 
Total Q Factor 0.227 0.28 
Acoustic Volume 40.29 liters 36 liters 
Sensitivity, dB/WQ @ 1M re 80 89.8dB 89.6dB 

Note: The measured values are with the driver as loaded by the box air mass load. Sensitivity 
in the monitor enclosure will be 84dB due to diffraction equalization. The inductance varies 
with frequency. 

FIGURE 2: Measured woofer frequency response, corrected for low frequency box diffraction 
and woofer bass rolloff. 
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FIGURE 3: Woofer dividing network. 

With this network in place, tweeter 
phase matches the desired values all the 
way down to DC, and the diaphragm is 
well damped. The result is good tran¬ 
sient behavior and articulation at all fre¬ 
quencies, which translates into transpar¬ 
ency. A plot of the predicted tweeter 
response with the network in place looks 
so much like the target function that 
there is no point in presenting it in a 
figure. 

THE WOOFER NETWORK. Most of 
the labor in this project went into mea¬ 
suring the woofer's impedance parame¬ 
ters and its acoustic response, and then 
optimizing its network. The reasons are 
the practical difficulties of measuring 
acoustic response in the real world, and 
because of the ambitious set of require¬ 
ments and constraints placed on the 
woofer's network design. I'll try to make 
a long story short. 
Step one with any woofer design be¬ 

gins with measuring its Thiele/Small pa¬ 
rameters using a test box. This enables 
finding a practical bass alignment for it, 
and then constructing the chosen enclo¬ 
sure design. Now, we can make serious 
acoustic measurements of the woofer's 
response up to and beyond the crossover 

TABLE 4 

WOOFER DIVIDING NETWORK PARTS LIST 

ITEM QTY. REF. PART COMMENTS 
1 1 01 45.8gF 31 + 12 + 2.75^* 
2 1 C2 7.91 mF 8.0mF 
3 1 L1 3.92MHz 
4 1 L2 1.43MHz 
5 1 L3 0.06MHz 
6 1 R1 4.3«, 5W 
7 1 R2 3.3«, 5W 
8 1 R3 1.5«, 2W 

"Note: These are suggested values. 

region, to provide data for optimal cross¬ 
over network design. 
The voice-coil impedance magnitude 

was measured and fit with my model¬ 
ing software, so that I would know the 
complex impedance at all frequencies. 
The Thiele/Small parameters derived 
from this fit are shown in Table 3, along¬ 
side the factory data for the woofer, the 
Peerless TP165R. 
Because small enclosures containing 

acoustic lining tend to be absorptive, the 
bass alignment is a lossy ad hoc tuning 
with the port resonance at 50Hz. The bass 
response rolls off below about 80Hz, so 
the port mostly controls cone excursion. 
Response is fifth-order, but because of 
the high damping, the rolloff looks like 
third-order near the cutoff frequency. 
The outdoor acoustic measurement 

setup looked like a circus sideshow, and 
my friend (whose backyard and instru¬ 
ments I borrowed) threatened to take a 
picture of the whole affair. The speaker 
enclosure was mounted on the platform 
of a very tall, extensible photo tripod, 
with the microphone held at IM on-axis 
by a plastic boom. Thus, the speaker 
could be positioned with its mike and 
then racked up as far off the ground as 
the tripod would take it. 
Down on the ground were the measur¬ 

ing instruments and a Hewlett-Packard 
wave analyzer. This last instrument was 
used to track the oscillator frequency 

with a 4Hz wide bandpass filter in order 
to eliminate noise from jet planes, heli¬ 
copters, lawn mowers, shouting chil¬ 
dren, and the next door neighbor's honk¬ 
ing pet goose. 
The frequency response was mea¬ 

sured with a sine wave at many frequen¬ 
cies, including all the response peaks or 
dips. Both woofers were measured in 
their enclosures to check for driver con¬ 
sistency, which was excellent. Thus, 
crossover adjustments to suit the individ¬ 
ual drivers were unnecessary. I also did 
a ground-plane type of measurement to 
get a feel for the effect of ground and 
building reflections on the free-space 
measurement. 
The tweeter efficiency was measured 

at this time by feeding it a ‘/s-octave band 
of pink noise at 1W re 8Í1 input imped¬ 
ance, at a center frequency where the 
tweeter response, without its network, 
was flat. 

No one could afford to optimize his 
woofer network using all of the mea¬ 
sured frequencies, and so the response 
data were fit with a complex rational 
function. This averaged out the tiny rip¬ 
ples the network could not accommo¬ 
date, and it helped to smooth through 
the distracting ground and building re¬ 
flections. When optimizing the network, 
I chose a reduced set of 22 frequencies 
for efficiency. 

The rational complex fit to the ampli¬ 
tude response had a second purpose. I 
could not measure the woofer's acoustic 
phase response, but, once I found the ra¬ 
tional fit, the phase was simple to obtain 
by evaluating the rational function. Thus, 
I knew everything but the relative acous¬ 
tic centers of the woofer and tweeter. 

The rational function was a good fit to 
the data near and above the crossover 
frequency, as you can see in Fig. 2. In 
this figure, both the measurements and 
the fit have already had the box's low-
frequency diffraction "spreading loss" 
subtracted out. We are left with what 

Continued on page 46 
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THE WILLIAMSON AMPLIFIER 
D.T.N. Williamson 
In April 1947, Williamson’s power amplifier, using 
excellent-quality push/pull output tubes, a special 
output transformer, and a highly filtered power 
supply, became an overnight success. The author 
takes the reader deep into his design considerations, 
offering practical advice on how to build the units 
plus concise instructions on setting up the new amp. 
A cult classic. 

Year 1947, 1990 Pages 40 
0-9624-191 8-4 Softcover 8^x11 $4.95 

AUDIO AMATEUR LOUDSPEAKER 
PROJECTS 
Audio Amateur Magazine 
A collection of the 25 best speaker articles from 
Audio Amateur during the decade of the 1970s, 
proof that great designs are never out-of-date, a rich 
source of both theory and practice as well as design. 
The electrostatic and transmission-line pieces are 
particularly interesting and useful. 

Year 1985 Pages 135 
0-8338-0193-7 Softcover 8^x11 $20.00 

THE LOUDSPEAKER DESIGN 
COOKBOOK 
Vance Dickason 
This new fourth edition of speaker designing’s "bi¬ 
ble" is twice as big as its predecessors and features 
brand new chapters on how loudspeakers work and 
loudspeaker design software. Other chapters cover 
closed and vented boxes, passive radiators, transmis¬ 
sion-line systems, cabinet construction, drivers, 
crossovers, and loudspeaker testing, plus a complete 
resources listing. By far, the best-selling book in the 
field. 

Year 1991 Pages 152 
0-9624-1917-6 Softcover 8M? x 11 $29.95 

LOUDSPEAKERS: THE WHY AND 
HOW OF GOOD REPRODUCTION 
G.A. Briggs 
This easy-to-read classic, last revised in 1949, intro¬ 
duces the reader to concepts such as impedance, 
phons and decibels, frequency response, response 
curves, volume and watts, resonance and vibration, 
cabinets and baffles, horns, room acoustics, tran¬ 
sients, crossovers, negative feedback, Doppler and 
phase effects, and much more. A provocative survey 
of the right questions about sound reproduction. 

Year 1949, 1990 Pages 88 
0-9624-1913-3 Softcover 51^ x 81¿ $6.95 

KILLER CAR STEREO ON A 
BUDGET: AN EASY CURE FOR 
HO-HUM AUTO SOUND 
Daniel L. Ferguson 
Providing quick and tested methods for upgrading 
your car’s sound, this manual provides an excellent, 
easy-to-understand, hands-on treatment of the cost-
effective design and installation of high-quality vehi¬ 
cle sound systems. Included are Getting Started; 
Sedan, Hatchback, and Pickup Truck Systems; 
Speaker Cabinet Design; Filter Crossovers; and In¬ 
stallation. 

Year 1989 Pages 118 
0-9624-1910-9 Spiralbound 5V^ x 8V^ $9.95 

HARD-TO-FIIMD 
AUDIO BOOKS— 
AMD MOREI 

❖ IN USA, PLEASE ADD $2 SHIPPING 
FOR FIRST BOOK. IN CANADA, $4.50. 
OVERSEAS SURFACE, $6. OVER¬ 
SEAS AIR, $9. ALL CUSTOMERS 
PLEASE ADD $ .75 EACH ADDL BOOK 

❖ ASK TODAY FOR YOUR FREE 
CATALOG OF KITS, COMPONENTS, 
CABLE, SOFTWARE AND TEST CDs! 

❖MC/VISA WELCOME! 

OLD COLONY SOUND LAB 
PO BOX 243, DEPT. B92 

PETERBOROUGH, NH 03458 
24-HOUR LINES: 

TEL (603) 924-6371 
FAX (603 924-9467 

THE AUDIO GLOSSARY 
J. Gordon Holt 
Authored by the founder of Stereophile magazine, 
this new best seller is a comprehensive overview of 
over 1,900 technical and subjective audio terms 
explained in precise yet at times humorous fashion. 
Three editions: Softcover (S); Hardcover with Dust 
Jacket (H); and Limited, Autographed Hardcover 
with Gold-Embossed Binding and Dust Jacket (L). 

Year 1990 Pages 152 
0-9624-19 14-1(S) Softcover 5^4 x 7^ $9.95 
0-9624-1914-1(H) Hardcover 5^4 x 8 $17.95 
0-9624-1914-l(L) Limited 55/4 x8 $30.00 

BULLOCK ON BOXES 
Robert M. Bullock III, with Robert White 
An easy-to-read guide to designing and building 
vented-box systems based on Thiele/Small models, 
this book is a collection of Dr. Bullock’s Speaker 
Builder magazine articles. Includes theory, model 
descriptions, plus related information from numer¬ 
ous sources, especially computer modeling from the 
authors’ BOXRESPONSE and BOXMODEL pro¬ 
grams. 

Year 1991 Pages 72 
0-9624-1915-X Softcover 8M? x 11 $10.95 

AUDIO ANTHOLOGIES, VOLS. 1-4: 
WHEN AUDIO WAS YOUNG 
C.G. McProud, editor 
These are the outstanding articles from Audio Engi¬ 
neering magazine during 1947-1957. Amps, pre¬ 
amps, tuners, speakers, and more. Vol. 1 covers 
1947-50 and 38 articles. 2: 1950-1952, 45. 3: 1952-
1955, 43. 4. 1955-1957, 34. 

Year 1950, 1987 Pages 124 
0-83380195-3 Vol. 1 Softcover 8^ x 11 $16.95 
Year 1952, 1989 Pages 124 
0-8388-0197-X Vol. 2 Softcover 8Mi x 11 $16.95 
Year 1955, 1990 Pages 124 
0-9624-1911-7 Vol. 3 Softcover 8^ x 11 $16.95 
Year 1957, 1991 Pages 144 
0-9624-1919-2 Vol. 4 Softcover 8M¡ x 11 $16.95 



Continued from page 44 
would be measured with the speaker 
mounted in an infinite plane, except for 
small diffraction artifacts due to the box's 
front edges. 

Figure 3 is the woofer dividing network 
schematic. It is not the first topology I 
tried, and I made several choices to im¬ 
prove the quality of the final optimiza¬ 
tion. At this time I started calling my 
choice the "last gasp" network. I had to 
relax the constraint of seeing a constant 
80 impedance at the complete speaker 
system input terminals, so this design 
now is 80 below the crossover frequency 
and 40 above, with a smooth transition 
between the two ranges. 

The dividing network software model 
was presented with a complex speaker 
impedance load that contained virtually 
all of the effects of the enclosure, in¬ 
cluding the port and the absorptive lin¬ 
ing losses. This level of detail was re¬ 
quired in order to produce a trustworthy 
set of optimal dividing network values. 

I followed a two-step procedure to de¬ 
sign the woofer-dividing network. First, 
the circuit values were adjusted to pro¬ 
duce an optimal fit to the Linkwitz-Riley 
fourth-order low-pass acoustic response. 

PHOTO 2: The prototype has only the ter¬ 
minals on the rear. The later version also has 
the port in the rear. 

Then the tweeter response was added, 
and the circuit values were refined to 
produce a flat-summed response, in¬ 
cluding the effects of a driver time-offset 
value of one inch, based on a judicious 
guess about driver geometry measure¬ 
ments and a survey of the literature. 
Actually, the network values did not 

change appreciably when I dialed in the 

time offset, because the Linkwitz-Riley 
response is already the one least sen¬ 
sitive to driver offset. Furthermore, the 
woofer network is minimum-phase, and 
it cannot act as a pure time delay. 

I found in my research that, for this 
woofer in this configuration, I got a bet¬ 
ter fit and a simpler circuit by omitting 
the Zobel network for the woofer voice 
coil. Therefore, the voice-coil inductance 
is an active part of this dividing net¬ 
work's optimal behavior. 
A walk through the woofer network 

schematic of Fig. 3 may be instructive. 
The first four elements form the box 
spreading loss correction circuit. They 
shelve down the woofer efficiency from 
the lower midrange on up in frequency. 
A two-element circuit would have suf¬ 
ficed here, but by making it into a gen¬ 
eralized L-pad, we improve the low im¬ 
pedance presented to the successor ele¬ 
ments in the network. Also, the use of 
Cl and R2 results in a smaller value of 
LI, which makes LI cheaper and also 
less likely to experience core, saturation 
with high input currents. 

L2 and the following branch to ground 
are the elements of a classic second-

Continued on page 51 

Consider this. A true line source driver, unlike anything else you've ever seen. Or heard. With a sonic emanation point that 
has no discernible width. A driver that is free from the time and phase alignment distortions inherent in cones, ribbons and 
electrostatic designs. A driver that is flexible, free from mass and boundary-related distortions. With a usable bandwidth from 
below 2.5 kl lz to over 30 kHz, requiring only an elegantly simple crossover. A driver free of the phase anomalies and signal 
loss caused by excessive signal processing. A driver you can buy for $85. Is this perfect, or what I Call 1 -800-959-9594 to order. 

Linaeum. It s not Lrain surgery. Just au cutirely new way to listen to music. 

For more information, write to us at 1238 NW Clisan, Suite 404, Portland, Oregon, 97209. 
Fast Reply UGG 1447 
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**5102-4/ Dashed; 5102-8/ Solid 

Madisound 5102 
4.5" Polypropylene 
Bass-Mid 4 or 8 Q 

5102-4 5102-8 
Fs (Hz) 76 78 
Rsoc (O) 3.46 5.7 

VcL(mH@1K) 0.09 ,23mh 
Qms 2.78 2.33 
Qes .43 .44 
Qts .37 .37 

Mmd (q) 7.4 7.1 
Cms (pm/N) 560.09 561.21 
Vas (Ltrs) 3.57 3.57 
Efficiency 
(db 1w/1m) 

87.6 89.1 

Xmax 3.5mm pk 
Power 50 w 
Maqnet 12 oz 

Voice Coil 1" 2-Layer Kapton 

Cone Black Poly 
Surround Foam 

Cutout/Depth 4.2572“ 

II_ Price $20.00 

Vented Sealed 

4Û 8 Í1 4 W 80 

VB ltrs 3 3.5 1.4 1.8 

FB Hz 84 78 - -

F3 Hz 84 79 145 136 

Port 
Diameter 

1“ 1" Qtc-
.7 

Qtc-
.7 

Port 
Length 

2.4" 2" - * 

Madisound 8154—8" 
Polypropylene Woofer 8 Q 

Fs 30.6Hz 
Rscc 4.550 

VcL @1K ,25mh 
Qms 9.7 
Qes .28 

Qts .27 
Mmd 34q 

Cms (pm/N) 798.5 
Vas 49.5 Liters 

Efficiency 89db 1 w/1m 
Xmax 3.5mm pk 
Power 75 w 
Maqnet 20 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 1.5" 4-Layer Kapton 

Cutout/Depth 7.1273.37" 

I Price $31. 

8154 B4 Alignments 
Rq-0 Ra-.4 Rq-.7 

Vb Liters 15 19 23 
Fa Hz 51 45 42 
Fb Hz 46 43 40 
Port Dia 2" 2" 2" 
Length 6.1’ 5.3" 5.1" 

**6102-4 / Dashed; 6102-8/ Solid 

8152 B4 Alignments 

Madisound 6102 
6.5" Polypropylene 
Woofer 4 or 8 Q 

6102-4 6102-8 
Fs (Hz) 30 30 
Rscc (Q) 3.35 6.6 

VcL(mH@1K) .087 0.18 
Qms 6.6 7.5 
Qes .35 .45 
Qts .33 .42 

Mmd (q) 14.5 11.2 
Cms (um/N) 1812.8 2312.9 
Vas (Ltrs) 39 49.7 
Efficiency 
(db 1w/1m) 

87 87 

Xmax 3.5mm pk 
Power 50 w 
Maqnet 12 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 1" 2-Layer Kapton 

)epth 5.6272.87" 

e $24.00 

Vented Sealed 

4 Q 8 n 4 W 80 

VB ltrs 18 40 11.4 28 

FB Hz 36 30 - -

F3 Hz 41 33 58 47 

Port 
Diameter 

1.5" 2" Qtc-
.7 

Qtc-
.7 

Length 4.6" 5.2" 
R9“ 4 Rg=4

Madisound 8152—8" 
Polypropylene Woofer 8 Q 

Fs 33Hz 
Rscc 5.1Q 

VcL @1K .13mh 
Qms 3.5 
Qes .45 

Qts .4 
Mmd 23q 

Cms (jim/N) 889 
Vas 55 Liters 

Efficiency 89db 1w/1m 
Xmax 2.5mm pk 
Power 75 w 
Magnet 20 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 1.5' 2-Layer Kapton 

Cutout/Depth 7.1273.37" 

Price $31.00 

Rq -0 Rq -0 Rq = .4 
Vb Liters 30 50 63 
F3 Hz 43 35 33 
Fb Hz 34.8 34.8 32.5 
Port Dia 2" 2" 2" 
Length 5.1" 2.5" 2.2* 



AMPL(dBr) I LEVEL(V) va FR£O(iV> 

$34.00 Price 

052O/C AMPl(dBr) a LEVElfV) va FREQ(Hr) 

Madisound 81524—8" 
Polypropylene Woofer 

4Q 
Fs 36Hz 

Rscc 3.70 
VcL @ 1K .Imh 
Qms 3.9 
Qes .44 
Qts .4 
Mmd 22a 

Cms (um/N) 819.59 
Vas 51 Liters 

Efficiency 89db 1 w/1 m 
Xmax 2mm pk 
Power 75 w 
Maqnet 20 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 1.5" 2-Layer Kapton 

Cutout/Depth 7.1273.37" 

I Price $31.00 

Madisound 
81524DVC-8" Dual 

Voice Coil Polypropylene 
Woofer 4Q/4 Q 
Fs 31.7Hz 

Rscc 3.50 
VcL ® 1K ,34mh 
Qms 9.2 
Qes .32 
Qts .31 
Mmd 38q 

Cms (pm/N) 631.44 
Vas 39.2 Liters 

Efficiency 87.5db 1 w/1m 
Xmax 5mm pk 
Power 80 w 40/40 
Magnet 20 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil I"2-Layer Kapton 

Cutout/Depth 7.1273.37" 

81524DVC B4 Alignments 

Rg-0 Rg-,5 Rg -1 
Vb liters 22 33 46 

F3 hz 39 34 30 

Fb hz 34 33.5 30 

Port Dia 2" 2" 2" 

Length 6" 5" 4.3" 

81524 B4 Alignments 

Rg-0 Rg-o Rg -.3 
Vb liters 28 45 56 

F3 hz 45 38 33 

Fb hz 37 37 34.8 

Port Dia 2" 2" 2" 

Length 4.7" 2.3" 2" 

Madisound 1052DVC—10" 
Dual Voice Coil Polypropylene 

Woofer 80/80 
Fs 20.4Hz 

Rscc 6.IO 

VcL @1K ,46mh 
Qms 3.68 
Qes .28 
Qts .26 
Mmd 46q 

Cms (jim/N) 1220.1 
Vas 197 Liters 
Xmax 6mm pk 

Efficiency 90db 1w/1m 
Power 50/50 w 
Maqnet 30 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 15' 2/2-Layer Kapton 

Cutout/Depth 9.1274.45" 

I Price $41.00 

Madisound 1054—10" 
Polypropylene Woofer 8 Q 

Fs 24.6Hz 
Rscc 60 

VcL @1K ,24mh 
Qms 4.07 
Qes .25 
Qts .237 
Mmd 42g 

Cms (um/N) 997.57 
Vas 160 Liters 
Xmax 3.5mm Pk 

Efficiency 92db 1w/1m 
Power 125 w 
Magnet 30 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 1.5* 4-Layor Kapton 

Cutout/Depth 9.1274.45" 

I Price $38.00 

1052DVC QB3 Alignments 
Rg-0 Rg-.5 Rg-1 

Vb Liters 47 57 69 
F3 Hz 38 35 33 
Fb Hz 31 28.6 26.8 
Port Dia 3" 3" 3" 
Length 9.9" 9.3" 8.6" 

1054 QB3 Alignments 
Rg-0 Rg - .5 Rq-,9 

Vb Liters 29 35 42 
F3 Hz 52 46 43 
Fb Hz 41.7 38 35.7 
Port Dia 3" 3" 3" 
Length 8.7" 8.3" 7.8" 

L 
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$49.i Price 

$42.00 $53.00 Price Price 

• JV 

Can be used with both 
voice coils in series for 
8Q or in parallel for 2Q 

Can be used with both 
voice coils in series for 16Q 
or in parallel for 4Q_ 

Can be used with both 
voice coils in series for 8Q 

or in parallel for 2Q. 

Madisound 
10204DVC —10" Dual 
Voice Coil Woofer 4Q/4Q 

Fs 21.2Hz 
Rscc 3.60 

VcL @1K ,35mh 
Qms 3.5 
Qes .21 
Qts .2 
Mmd 50.4q 

Cms (ym/N) 1045.4 
Vas 168 Liters 
Xmax 5 mm Pk 

Efficiency 90.7db 1 w/1m 
Power 100/100 w 
Magnet 40 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 2" 2/2-Layer Alum. 

Cutout/Depth 9.1274.45" 

Madisound 10207—10" 
Dual Voice Coil 
Woofer 8Í2/8 Q 
Fs 16.2Hz 

Rscc 5.7Q 
VcL ®1K .51 mh 
Qms 3.43 
Qes .23 
Qts .22 
Mmd 57q 

Cms (ym/N) 1138.6 
Vas 184 Liters 
Xmax 5 mm Pk 

Efficiency 89.4db 1w/1m 
Power 200 w 100/100 
Magnet 40 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 2* 2/2-Layer Kapton 

Cutout/Depth 9.1274.45" 

Price $49.00 
Can be used with both 
voice coils in series for 
16Q or in parallel for 4Q 

10204DVC B4 Alignments 

Rg-0 Rg - .5 Rg-1 

Vb liters 21 30 42 

F3 hz 52 45 39 

Fb hz 41.5 36.8 33 

Port Dia 2.5" 2.5" 2.5" 

Length 8.7" 7.4" 6.3" 

10207DVC QB3 Alignments 

Rg-0 Rg - .5 Rg - 1 

Vb liters 26 33 40 

F3 hz 45 41 37 

Fb hz 35.5 32.5 30 

Port Dia 2.5" 2.5" 2.5" 

Length 9.5" 9" 8.6" 
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Madisound 1252DVC—12" 
Dual Voice Coil Woofer 

8Q/8Q 
Fs 15Hz 

Rscc 5.6Í1 

VcL @1K ,3mh 
Qms 4.1 
Qes .39 
Qts .36 
Mmd 78q 

Cms (ym/N) 1331.4 
Vas 533 Liters 
Xmax 6mm pk 

Efficiency 88.5db 1w/1m 
Power 100 50/50W 
Magnet 30 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 15' 2/2-Layer Kapton 

Cutout/Depth 11.1275.0" 

Madisound 12204—12" 
Dual Voice Coil Woofer 

40/40 
Fs 22.8Hz 

Rscc 3.60 
VcL ® 1K ,26mh 
Qms 4.58 
Qes .42 
Qts .38 
Mmd 68.8q 

Cms (ym/N) 550 6 
Vas 220 Liters 
Xmax 5 mm Pk 

Efficiency 90.3db 1w/1m 
Power 200 100/100 w 

Magnet 40 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 2’ 2/2-Layer Kapion 

Cutout/Depth 11.1275.0" 

1252DVC B4 Alignments 

Rq-0 Rq-o Rq-0 I Rg-0 
Vb Ltrs 85 100 130 142 
F3 Hz 32.2 31 30 26 
Fb Hz QTC QTC QTC 17 
Port Dia .96 .9 .8 3" 
Length Sealed 11’ 

12204DVC B4 Alignments 
Rg-0 Rg-.5 Rg-.5 Rg-0 Rg=. 

5 
Vb Liters 85 85 100 113 142 
F3 Hz 42 38 37.5 31 28 
Fb Hz QTC 24 21.6 
Port Dia .75 .85 ■8 3" 3" 
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$49.00 Price 

$73. Price 

The use of fill will reduce the Qtc. 
This driver may be okay for free air 
applications to 45 Hz. 

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. Add 10% for shipping charges. 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._ 

Dual voice coils are measured at 2.83Vrms per coil. 

Dual voice coil Theil-Small parameters are measured 
with voice coils in series using Delta Mass method 
with Audio Precision and Leap. 

Suggested box alignments are sometimes given with 
an (Rg) value, which is added resistance from induc¬ 
tors in series with the woofer. If you need specific box 
alignments, please call. 

Madisound Speaker Components 
Box 44283 (8608 University Green) 

Madison, Wl 53744-4283 
Voice: 608-831-3433 
Fax: 608-831-3771 

Madisound Driver Measurements 
3 All measurements made in a 37 m anechoic chamber 

equalized to give response for an infinite baffle. 

All frequency responses measured corresponding to 
2.83Vrms @ 1 meter, same voltage for 4Q and 8Q 
drivers. 

Madisound 
15258DVC—15" Dual 
Voice Coil Woofer 
_8W8Q_ 

Fs 
Rscc 

VcL ®1K 
Qms 
Qes 
Qts 
Mmd 

Cms (um/N) 
Vas 
Xmax 

Efficiency 
Power 
Maqnet 
Cone 

Surround 
Voice Coil 

Cutout/Depth 

22.5Hz 
5.50 
,36mh 
5.35 
.52 
.47 

121.5q 
367.38 

220 Liters 
5.5 mm pk 
91 db 1w/1m 

200 100/100 w 
60 oz. 

Black Poly 
Foam 

2 (Z) Kapton 

13.8776.0’ 

Madisound 10208—10" 
Sealed Box Woofer 8Q 

Fs 24Hz 
Rscc 5.70 

VcL ®1K ,13mh 
Qms 4.62 
Qes .62 
Qts .54 
Mmd 45q 

Cms (um/N) 900.5 
Vas 145 Liters 

Efficiency 87.5db 1w/1m 
Xmax 6.5 mm pk 
Power 100 w 
Maqnet 30 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 2" Kapton 

_Cutout/Depth_ 9.1274.45’ 10208 Sealed Box Alignments 

Rq-0 Rq-5 Rq-0 Rg-.5 

Vb Ltr 99 99 142 142 

F3 hz 32 31 31.3 29.4 

Qtc .86 .93 .78 .84 

Madis 
15254DVC 
Voice Co 

>ound 
—15" Dual 
11 Woofer 
(4Q 

Fs 23Hz 
Rscc 3.70 

VcL ®1K ,25mh 
Qms 5.71 
Qes .47 
Qts .44 
Mmd 122q 

Cms (um/N) 346.1 
Vas 347 Liters 
Xmax 5.5 mm pk 

Efficiency 91.5db 1w/1m 
Power 200 100/100 w 
Magnet 60 oz. 
Cone Black Poly 

Surround Foam 
Voice Coil 2 (2*) Kapton 

Cutout/Depth 13.8776.0’ 

I Price $73.00 

15258DVC Sealed Box Alignments 
Rq-0 Rg-.5 Rq-0 Rq-5 

Vb 
Liters 

100 100 142 142 

F3 Hz 37.8 36.6 35.4 33.8 
Qtc 1.03 1.12 .9 .98 
It is recommended to use fill and 

flow resistive vents with this driver. 

15254DVC Sealed Box Alignments 
Rq-0 Rq-,5 Rq-0 Rq-.5 

Vb 
Liters 

100 100 142 142 

F3Hz 40 37.7 38 35 
Qtc .92 1.04 .8 .91 
It is recommended to use filling and 
flow resistive vents with this driver 

/ 

I , 



Continued from page 46 
order low-pass network, except for the 
presence of L3 and R3. These extra parts 
cause the network response to roll up 
above 4kHz to compensate for the woof¬ 
er's own rolloff, preserving a constant 
24dB/octave slope in the acoustic 
response. 
This crossover achieves the desired 

woofer acoustic amplitude and phase all 
the way up to 10kHz, the limit of mea¬ 
surement. This satisfies one of my design 
goals, which was to test the audible ef¬ 
fect of phase control far beyond the 
crossover frequency region. 

FINAL MEASUREMENTS. Figure 4 
shows the predicted frequency response 
and its measured counterpart. The mea¬ 
surement used the ’A-octave pink noise 
technique in a large listening room with 
good wall damping, using the orbital 
method to average through room modes. 
The instrument had an LED readout 
with a resolution of ldB, and so all of 
the measurement uncertainties are de¬ 
noted by drawing rectangles to represent 
the data. 

The orbital technique consisted of hold¬ 
ing the microphone on-axis at IM with 
its boom, and then rotating the speaker/ 
microphone array through six aiming 
angles and averaging the frequency re¬ 
sponses within the instrument. This 
yields an on-axis measurement with the 
reverberant field averaged at six room 
locations. Therefore, reverberation is pre¬ 
sent in the measurements, but smoothed. 

I did no averaging through room height, 
so a floor (and ceiling) dip is evident in 
the vicinity of 125Hz. In spite of this, the 
measured curve shows the predicted dip 

just above the crossover frequency, plus 
the addition of reverberant amplitude at 
low frequencies due to the combination 
of box diffraction spreading and equaliza¬ 
tion. This is a good real-world result, and 
it shows that one can expect to tune the 
bass response to some extent by careful 
positioning of the speakers not too close 
to the walls. 
The measurements were made on a 

completed loudspeaker with its grille in 
place. The grille was designed to integrate 
into the front panel anti-diffraction treat¬ 
ment, and so no measurements were 
made with it off. The ripples in the 
tweeter response are caused by the im¬ 
perfections in the grille treatment. 
As promised, the measured modulus 

of input impedance for the completed 
loudspeaker system, shown in Fig. 5, var¬ 
ies from a nominal 8Q to a nominal 40 
as frequency rises. Except for the usual 
bass-reflex double hump, the impedance 
is a benign load that will not be sensitive 
to the amplifier's output impedance nor 
to cable effects. This speaker is a good 
match for a vacuum-tube amplifier. 

Apparently the port tuning is a bit low 
in frequency. The vent I used was of 
Wz" I.D. plastic pipe cut to a length of 
3%", which is probably a good starting 
point for this design. 

LISTENING IMPRESSIONS. After 
these systems were working as intended, 
I invited an audiophile friend to hear 
them. They performed according to de¬ 
sign, delivering transparent sound with 
adequate, though not very extended, 
bass. In addition to see-through trans¬ 
parency, a near-holographic image be¬ 
tween the speakers had depth, width, 

and solidity. That blob of air seemed to 
be occupied by people playing music, 
and if the listener closed his eyes, he felt 
enveloped within the recording environ¬ 
ment rather than just listening to it. 
A few days after my friend departed, 

I got a phone call from another friend, 
asking to hear my "disappearing loud¬ 
speakers." "What?" I asked. The caller 
explained that my friends were referring 
to my speakers this way because they 
seemed to disappear into the soundfield. 
So my audiophile friends trekked through 
my apartment to undergo the near-field 
monitoring experience. 

Another quality evident in these speak¬ 
ers is their excellent low-level informa¬ 
tion recovery. This is due to the careful 
front panel layout and the treatment of 
the panel edges, in addition to the in¬ 
herent driver damping preserved by the 
network design. I was surprised that 
these things could be so audibly effec¬ 
tive, and that there could be such dif¬ 
ferences in low-level detailing between 
this design and many others. 

I would not be so impressed with this 
design had I not already acquired plenty 
of experience with diffraction control 
during the design of my larger main 
loudspeakers. No matter how much I en¬ 
joy my large, full-range speakers, I am 
always rather sobered when I put up the 
little ones and hear what they can do. 
These speakers are limited due to their 

size. At very high playback levels the 
midrange starts to sound hard and 
glassy, and this is probably due to har¬ 
monic distortion generated by running 
out of linear excursion. This is more evi¬ 
dent with demanding music, such as the 
BIS CD of Vivaldi's Four Seasons, with 
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its bowed double bass and original 
instrument-type violins. With less de¬ 
manding music, such as the LP of The 
Doors' L.A. Woman, there is little prob¬ 
lem. On most material, the speakers will 
play far louder than is pleasant to hear 
for any length of time. 

WARNING! Before I summarize con¬ 
struction techniques, I must spell out 
legal limitations on the use of this design. 
I consider myself its owner, and I will 
permit no commercial use of it. This is 
because the University of California pro¬ 
vides state funds for educational com¬ 
puter accounts, and these cannot be used 
by students or others to earn money. De¬ 
signers are free to use my topologies as 
starting places for their own optimiza¬ 
tions, but if anyone manufactures my de¬ 
sign for profit, their profits may become 
the property of the University of Califor¬ 
nia. So, amateurs, enjoy this project. 

CONSTRUCTION. Two-views of the 
loudspeaker enclosure are shown in 
Figures 6a and 6b. The details of rabbeted 
joinery are included for those construc¬ 
tors who have access to a router. If you 
use any power equipment, be sure to 
read the user's manual and heed all the 
safety precautions. It is also a good idea 
to wear hearing protectors when work¬ 
ing around power tools, in addition to 
eye protection, so that you will still be 
able to enjoy your speakers when they 
are finished. 
My pair of speakers have removable 

front panels, which make it easier to 
make changes during development. If 
you wish, you can make the back panel 
removable and glue the front solidly in 
place. This should result in fewer panel 
resonances. 

BOX CONSTRUCTION. The dimen¬ 
sions are for panels composed of %-inch 
thick, "floor underlayment" grade par¬ 
ticleboard. This grade, while cheap and 
dirty, has the best internal damping for 
loudspeaker use. The only difficulty is 
making strong joints and living with its 
crumbly nature. 

For strong joints, I recommend the fully 
rabbeted construction. Straight joints are 
also practical as long as you use %-inch 
square stock to reinforce all comer joints. 
With rabbeted construction, reinforce 
the joints with triangular stock %-inch 
on a side, cut into l‘/2"-long glue blocks, 
added after assembly. Make 14 of these 
per cabinet. 

The removable panel, front or back, is 
supported on %-inch square stock glued 
inside the entire box opening to form a 
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FIGURE 6a: Front sectional view. 

ledge. This must be added carefully to 
provide a flat mounting surface, and I 
always add a gasket of %" vinyl elec¬ 
trical tape to the mating surface of the 
removable panel, cut out to clear the 
screw holes. 

Water-based carpenter's glue is ideal 
for joining the particleboard seams, as 
long as you observe precautions. Singe 
the boards are porous, pre-glue all joints, 
letting the liquid soak in and dry while 
the panels are still apart. Sand mating 
surfaces smooth, and then glue anew 
and assemble. The first coat seals the 
surface, allowing the second to bond the 
joint firmly. 

Add shaped stock to the cabinet's front 
edges for two reasons: rounded or bev¬ 
eled corners aid diffraction control and 
the crumbly particleboard edges will be 
sealed to avoid chipping. 
If you intend to veneer the cabinets 

with wood or a composite, the beveled 
corners are easiest to work with. If you 
paint the cabinets or cover them with a 
plastic wrap, then the quarter-round 
molding is convenient. Also, mounting 
the port in the rear panel helps to keep 

the front panel free of sound-scattering 
edges and results in cleaner treble. 

CUTOUTS AND MOUNTING. The 
driver mounting layout is shown in Fig. 
6c. Be sure to make a left and a right front 
panel for mirror-imaged speakers. If you 
center the drivers to simplify the work, 
the low-diffraction performance of these 
speakers will be impaired and neither 
the acoustic measurements nor the op¬ 
timized dividing network will be valid. 
Changing the box's outer dimensions 

will similarly vitiate the optimal quality 
of this design. Only the depth can be 
changed without causing problems, and 
you can increase the front and rear panel 
thickness by maintaining a constant in¬ 
ternal depth. 

Holes must be drilled and countersunk 
for the #8 flat head wood screws that se¬ 
cure the removable panel. Position the 
panel in the enclosure and drill pilot holes 
through the panel and into the mount¬ 
ing ledge, to make sure all the holes 
match. Next, enlarge the panel's holes 
with a clearance drill. [Stanley's "Screw¬ 
mate" does this job in one step.—Ed.] 



FIGURE 6c: Input terminal panel layout. 

The rear access panel cutout is low in 
the box so that an inadvertent tug on the 
cables will not bring the speaker tumbling 
down quite so easily. The port is mounted 
in the rear panel about one-quarter of the 
way down. My terminal panel is made 
of surplus aluminum screwed in from 
the inside, with added RTV sealer. The 
metal looks classy, but %" plywood or 
Masonite will work. The rear cutout pre¬ 
vents the five-way binding posts from 
protruding and protects them from 
damage. 

Neither of the prototype pairs of my 
speakers is bi-wired, so each has one pair 

of input connectors. Two pairs for bi¬ 
wiring are possible with a larger cutout, 
but would make the cabinets more vi¬ 
bration susceptible. In such a case, it 
may be preferable to mount the dividing 
network in an external box and use con¬ 
nectors which extend through the full 
wood thickness. 

LINING THE BOX. Line the interior 
of the box with 1" polyurethane foam 
plastic, except for the rear of the front 
panel. It turns out that this fills nearly 
one half of the box internal volume, and 
accounts for much of the reflex port 

lossiness. Perhaps ‘/z" foam would do 
just as well, but to me the midrange 
sounds better with the full amount. 
When purchasing the foam lining, try 

blowing through several samples to see 
how much the air resistance varies. 
Avoid those samples with little air re¬ 
sistance and those that you can't blow 
through. This test requires one to press 
his lips against the foam. 

Install the foam lining with care. Some 
factories stuff their boxes loosely with 
polyester or glass wool, which I consider 
to be a construction error for a ported 
enclosure. The air's velocity will drag the 
resistive material along with it, and low 
frequency energy will be lost to flexing 
the fibers. In addition, the material may 
buzz at some frequencies. 

My plan is to lay a square grid pattern 
of white glue on the inside surface to be 
covered with foam plastic, with a grid 
spacing equal to the foam thickness. 
Don't smear it out, because the glue 
bead must penetrate some distance into 
the foam to take hold. White (not carpen¬ 
ter's) glue is one of the very few ad¬ 
hesives I have found to work with ure¬ 
thane foam. 
Hold each foam panel firmly on its 

mounting surface while drying by 
weighting it with a book or two. Cut the 
next foam panel with a razor blade or a 
very sharp knife while the previous one 
is drying. This is more efficient than it 
sounds. Use a metal straightedge and a 
scrap wood cutting surface. 

DIVIDING NETWORK HINTS. The 
dividing network is quite a lot of cir¬ 
cuitry to stuff into a small enclosure, but 
it can be done. A parts layout is shown 
in Fig. 8. The mounting board just barely 
fits within the foam lining, and some of 
the circuit elements are mounted in two 
layers. Terminal strips having tall straight 
lugs, rather than eyes, make this possible. 

Inductor LI for the woofer is a Madi-
sound Sidewinder unit with a Ferrite 
core. All the others are Sidewinder air 
core units. L3 for the woofer can be any¬ 
thing, as it is a small value in series with 
a resistor. Some of the tweeter parts are 
wired piggyback on the tweeter net¬ 
work's inductor. A budget of 0.59 per in¬ 
ductor was allowed for in the design, but 
you needn't stick to this slavishly. 

Note that some coils are mounted flat 
and some are on edge. This achieves com¬ 
pactness and minimizes the mutual in¬ 
ductance between coils. Avoid laying out 
coils either all lying down, or all on edge. 
This maximizes mutual inductance. 

When building the crossover, pencil in 
the layout on the boards and drill for the 
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terminal strip mounting screws first, be¬ 
fore gluing the coils. Mount terminal 
strips at this time. Mix and match termi¬ 
nal strip sizes to get the right number of 
lugs. Mount the inductors with RTV sili¬ 
cone after snipping bobbin flanges to 
make straight edges for mounting ease. 
Use a generous, very strong bead on the 
edge-mounted units. The largest inductor, 
woofer LI, is mounted flat for support. 

Put the boards aside overnight to allow 
the silicone to set completely. The next 
day you can mount the components and 
wire the connections. It is easiest to strip 
and connect the coil leads before finish¬ 
ing the rest of the wiring. The flying lead 
pairs going into the board as well as 
those out to the woofer and tweeter 
should be arranged as individual twisted 
pairs, which keeps them from radiating 
and receiving each other's magnetic 
fields. Untwisted wires have a surpris¬ 
ingly large effect on the sound. 

ASSEMBLY AND TESTING. The 
crossover boards are glued to wood or 

fiber standoffs about 1" long by %" di¬ 
ameter. Empty thread spools will work, 
dowel stock or whatever you can find. 
This whole assembly can be glued or 
screwed onto the rear surface of the front 
panel, directly behind the tweeter. The 
standoffs prevent the coils from being un¬ 
duly influenced by the soft iron in the 
tweeter's magnet, so do not make them 
too short. 

A truly fastidious builder would mea¬ 
sure the inductance of all of the coils 
while they are in position behind the 
tweeter, and adjust their values down¬ 
ward if there is interaction with it. The 
author was not this fastidious. 

Teflon-insulated 18-gauge wire is ideal 
for the flying leads to the woofer and the 
tweeter. I crimped and soldered clip ter¬ 
minals onto these leads to avoid solder¬ 
ing to the woofer and tweeter tabs. The 
tweeter tabs must be bent back to allow 
the wiring to enter from the rear and clear 
the tweeter mounting hole with its wir¬ 
ing reliefs. 

Adjust the wires so that the flying leads 

do not rub against anything that could 
cause them to buzz, such as the back of 
the woofer magnet. Make sure the cross¬ 
over parts are either glued down or are 
supported away from the other parts by 
their leads. Tap the crossover boards to 
test for buzzing. 

A checkout is wise before installing the 
crossover networks. We know that a 
''node'' is a terminal where two or more 
components connect. It is a single node 
even if it consists of two terminals con¬ 
nected by a wire link, because all parts 

Continued on page 56 

RESOURCES 
Madisound Speaker Components 
8608 University Green 
PO Box 44283 
Madison, WI 53744-4283 
(608) 831-3433 
Peerless woofers, Son Audax tweeters, cross¬ 
over parts, custom wound inductors. 

A & S Speakers 
3170 23rd Street 
San Francisco, CA 94110 
(415) 641-4573 
Peerless woofers, Son Audax tweeters, 
ask about crossover parts. 

Meniscus 
2442 28th Street S.W. 
Wyoming, MI 49509 
(616) 534-9121 
Peerless drivers, crossover parts. 

Note: This list is not exhaustive. 
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FIGURE 8: Crossover layout. 

Continued from page 54 
of that node are at the same potential. 
Number each node on the wiring dia¬ 
gram, and make certain that each physi¬ 
cal node on the crossover board has all 
the correct parts connected to it. Also, 
check through the component list mak¬ 
ing sure each one is connected between 
the correct pair of node numbers. 
If your boards pass this test, your 

chance of success is very high. Now 
mount the boards and connect them to 
the drivers. As a conservative startup pro¬ 
cedure temporarily connect the boards 
with drivers to an amplifier and listen 
carefully. Make sure the woofers are 
receiving only lows and the tweeters are 
receiving only highs. After this, assem¬ 
ble everything and make a listening test. 
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When mounting the woofer, a good 
technique is to apply 1'4" x foam 
sealing tape to the rear of its mounting 
flange, and to insert small rubber grom¬ 
mets into the frame mounting holes. The 
driver can be mounted with small round¬ 
head wood screws with smooth shanks 
that just fit into the grommet holes, whose 
heads are slightly larger than the flange 
hole. This floats the mounted woofer on 
rubber, and it needn't be tightened down 
very hard to work. This minimizes vibra¬ 
tions conducted into the cabinet. 
The tweeter mounting is less critical 

as long as it seals, so I used foam tape 
behind each and put one half a rubber 
grommet under each screw head. 
Theories abound concerning how to 

support speakers on their stands. I just 
used low rubber stick-on chassis feet on 
the bottom of his enclosures, positioned 
near the corners to avoid the possibly 
flexing bottom panel. This location mini¬ 
mizes transmission of vibration from the 
enclosure to its mounting surface. Indi¬ 
vidual builders will doubtless try their 
own experiments with various supports. 
These speakers have been played sit¬ 

ting on chairs and on tripod stands. The 
chairs introduce audible coloration even 
if they are of open-back design. Stand¬ 
mounting the speakers will produce im¬ 
pressively neutral sound, although they 
aren't that bad on chairs, either. Further¬ 
more, the adage that one will hear all 

amplifier improvements through good 
little speakers seems to be true in this 
case, as well. You will be rewarded if 
your amplifier is in good shape. 

FINAL WORDS. I am unable to pro¬ 
vide copies of his optimization software 
to other users, so you needn't waste ink 
asking for one. More detailed questions 
about the optimization procedure will be 
answered in these pages, but be ready to 
get escorted past minima in higher di¬ 
mensional spaces. Not all of the tricks for 
arriving at this speaker's design will be 
divulged, but anyone may build a copy— 
for no profit. I wish prospective builders 
and listeners as much pleasure from this 
design as he has derived for himself. 
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FAX: (603) 924-9467 

24 Hours 

fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
«y 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 
fr 



Software Report 
Quick Box 

Reviewed by G. R. Koonce 

Quick Box by Sitting Duck Software, 
available from Old Colony Sound Lab, PO 
Box 243, Peterborough, NH 03458, (603) 
924-6371, FAX (603) 924-9467. $34.95 
plus $2 S/H. 

Quick Box is a software program for the 
IBM PC and compatibles. It allows the 
user to design speaker enclosures for non¬ 
equalized closed-box, vented-box, and one 
form of bandpass. Quick Box includes 
a library of speaker driver data that is ex¬ 
pandable to 200 entries and utilities. One 
utility supports the Hercules graphics 
software. 
This program is the work of Bill Fitz¬ 

patrick, the programmer at Sitting Duck 
Software. 

Requirements 

Quick Box is designed for any IBM-com¬ 
patible computer running DOS 2.11 or 
later, 384K RAM, and Hercules, CGA, 
EGA or VGA graphics card, and supports 
the H-P LaserJet as well as dot-matrix 
printers. A math coprocessor is not re¬ 
quired to run the program. 

All information in this review is based 
on running Quick Box on an AT-com-
patible with an EGA color graphics card. 
The graphs were generated on a printer 
emulating an IBM Proprinter. 

Manual 

The program manual is concise. It should 
be noted that it does not cover the topic 
of speaker enclosure design, since it as¬ 
sumes the user understands speaker ter¬ 
minology, such as Qtc Vas, and other 
like terms. 
The manual includes references to in¬ 

formational sources on enclosure design. 
Another feature is plenty of context-sen¬ 
sitive help screens, reducing the need to 
reference the manual. With a little prac¬ 
tice, program operation becomes quick 
and intuitive. 

Program Setup 

No special installation is required; Quick 
Box can be run from a back-up working 
copy, made from the supplied program 
diskette. Hard disk installation is also 
available and will allow the program to 
run faster. 

Three utilities are supplied that should 
be considered before starting: 

QBHERC: If you have a Hercules graph¬ 
ics card, you must run this utility first. 
It is located in the root directory. 

TURBOKEY: Allows control of the key¬ 
board response time on AT class comput¬ 
ers. See TURBOKEY.DOC file (in the 
UTILITY subdirectory) for instructions. 

QUICKEYS: Allows speeding up the key¬ 
board on XT class computers. See 
QUICKEYS.DOC (located in the UTILITY 
subdirectory) file for instructions. 

If you are running the program from a 
floppy diskette, do not write-protect the 
diskette. Start Quick Box by typing: 
QBOX < Enter >. 
I recommend you immediately config¬ 

ure the program to your printer by select¬ 
ing the Print option from the Main Menu. 
This will write the file SD-QBOX.INI to 
the disk, so when you start Quick Box the 
printer will be automatically configured. 

Menu Selection_ 

Once the program is started and the 
printer configured, you must specify a 
speaker driver before beginning enclosure 
design. From the Main Menu select either 
Driver (discussed later), or LibMgr. The 

library manager provides speaker driver 
data for use in enclosure design. Note, 
this is catalog data and may not accu¬ 
rately represent the characteristics of the 
driver you purchase. 

To load a specific driver's data into the 
program, highlight your choice and press 
the < Enter > key. This will select your 
driver and return you to the main menu. 
Once you have made a selection, the 
< F2 > key will Preview the data [Fig. I). 
The Main Menu screen provides useful 

information about your present status. It 
displays the name of any loaded driver, 
current vented-box (VB) and closed-box 
(CB) status, number of drivers in the li¬ 
brary, and the printer setup status. Press¬ 
ing <Esc> returns you to the Main 
Menu from other screens. Table I shows 
the assignments of the function keys 
when doing enclosure design. 

Dimension Ratios 

With the driver data loaded, select either 
design type: closed-box (CB) or vented-
box (VB). Selecting Closed will result in 
a screen similar to Fig. 2. The initial de¬ 
sign is for a CB with a Qrc of about 0.7. 
You can change this design using selec¬ 
tions found in box volume. 
The CB screen provides system and 

driver information and identifies the 
driver. The values for the impedance¬ 
corrector network are shown, to cancel 
the single impedance peak of a CB system. 

Load a driver 
Delete a driver 
Alphabetical sort 

45 drivers avail. 

<F2> To preview 
<F4> Band Pass 
<ENTER> To load 

Driver now loaded is: 

Dynaudio 17W75 
Dynaudio 21W54 
Dynaudio 24W75 
Dynaudio 30W100 
Dynaudio 30W54 
Focal 8N412 
Focal 8N515 
JBL 2235H 
Madisound 1052dvc 8/8 
Madisound 1054 
Madisound 5102 
Madisound 6102 
Madisound 6x9153 
Madisound 8154 

Driver Vented Closed ILibMgrI Print Exit Dynaudio 17W75 

Re 5.50 
Fs 39.00 
ZMax 0.00 
Qms 2.18 
Qes 1.12 
Qts 0.74 
Vas 18.80 
Le 0.45 
XMax 2.75 
Diamin 4.90 

Vented Al 
Vb [ B4 ] 
F3 

Closed 
(Qtc » .707) 

Closed 
(Qtc - .5) 

gnments 
118 Liters 
15 Hz 

SPL = 81.82 db @ Iw/lm 

FIGURE 1: Library Manager Preview of Dynaudio 17W75 driver. 
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This will compute and display the in¬ 
ternal dimensions of enclosures with var¬ 
ious amounts of over volume. The esti¬ 
mated driver volume has been included 
in these dimensions and the dimension 
ratios have been selected to spread out 
the standing-wave frequencies within the 
enclosure. 

Vent Volume 

You can return to the Main Menu, to get 
to Vented, or simply jump directly to VB 
design by pressing the <V> key. The 
screen will look somewhat like Fig. 3. 
Again, function key assignments are dis¬ 
played in Table I. 
Note that if you had entered an RG 

value in the CB screen it is not carried 
over to the VB screen; you must re-enter 
Rg if desired. With VB design, you can 
choose to select one of the various align¬ 
ments offered (the number offered varies 
with the driver) or create a modified de¬ 
sign using entry of VB or Fß. If you do 
enter a VB or Fß value, the VB screen is 
marked as modified so that you know it 
is not a standard alignment; a good idea. 
All of the VB designs are for a box Q 

of 7. On the VB screen, the driver is iden¬ 
tified, system information is provided, 
and inside dimensions for various enclo¬ 
sure over volumes are provided. While 
not included in the indicated VB, both 
estimated driver volume and vent volume 
have been added to the inside dimension 
data. I looked at the allowance for the 
driver on a few examples and it ranged 
from 2%-9%. Vent duct design informa¬ 
tion is provided along with the ability to 
change the vent duct diameter. 

Note that the indicated vent volume is 
for the total vent and the portion of the 
vent duct in the front panel has not been 
subtracted. This is generally of little im¬ 
portance unless the vent volume is rather 
large and the front panel portion is a ma¬ 
jor part of that volume. 

A Handy Feature 

While you are in either CB or VB design 
screens, if plot is ON, toggling key 
<F4> then <F2> will produce a plot 
of the small-signal frequency response of 

Driver Vented Closed | LibMgr Print Exit 

Closed Box Design 

Focal 8N515 

Vb <F10> 16.0 liter 
0.6 cu.ft 

Rg <F6> 0.2 ohms 

<F2> Do Plot 
<F4> Plot ON 
<F10> Change Vb 

<F6> Change Rg 

<ESC> Main menu 

<F1> Help 

Alpha 
Fs 
Fc 
F3 
Qts 
Qtc 

6.88 
27.3 Hz 
76.6 Hz 
75.4 Hz 
0.26 
0.72 

0.80 % 

-( Resonance Impedance EQ ]-
Ceq - 391.98 mfd 
Leg « 1.50 mh 
Req ° 9.36 ohms 

-<F9> Inside Dimensions-
0% over volume 8.3 10.4 13.1 
5* over volume 8.4 10.5 13.3 
10* over volume 8.5 10.7 13.5 

FIGURE 2: Typical closed-box design screen display. 

Driver Vented| Closed LibMgr Print Exit 
I_ 

Vented Box Design 
Standard B4 Alignment 

Focal 8N515 

Vb <F10> 28 liter —-
Fb <F8> 42 Hz -
Rg <F6> 0.2 ohms -

Vent: Diam 2.00 Length 3.32 
Vol 10 cu.in. 

<F2> = Do Plot <F8> = Change Fb 
<F4> = Plot ON <F10> = Change Vb 
<F6> = Change Rg <ESC> = Main Menu 

Use + or - to change vent diameter. 

<F1> Help 
—<F9> Inside Dimensions-
0*ov 9.8 12.2 15.5 
5*ov 9.9 12.4 15.7 
10*ov 10.1 12.6 16.0 

Box volume 0.99 cu ft 
Box frequency 
Added resistance 

Alignment options 
<1> Standard B4 
<2> SBB4 or BB4 
<3> QB3 or SQB3 
<4> SC4 or C4 

Selection resets Vb & Fb 

Select a number 

no 0.80 * 
SPL 91.03 db © iw/lm 

All calculations based on losses (QL=7). 

FIGURE 3: Typical vented-box design screen display. 

the system. This plotted graph will con¬ 
tain either a VB design, a CB design, or 
both, depending on the plot toggle status 
that is set on each design screen. In Figs. 
2 and 3, plot is ON, so pressing <F2> 
from either screen will produce a display 
similar to Fig. 4 showing both systems. 
The display was somewhat different on 

my screen in that only the +3dB, OdB, 
and -3dB horizontal lines were shown 
and no vertical frequency lines were visi¬ 
ble. When Sitting Duck told me this 
should not occur, I was able to get the 
missing lines to appear by adjusting my 
monitor. The lines are rather dim, so be 
on guard for a similar problem. 

The internal print routine will print an 
output similar to Fig. 4, except the options 
along the bottom are omitted. The driver 
is identified, the date is given, and the re¬ 
quired system data is shown, so that the 
plot represents all you need to print a 
complete design record. 

I do thank Sitting Duck Software for in¬ 
cluding the ability to send a form feed to 
the printer from the graph. This may seem 
like a trivial issue but I have a buffer 
between the computer and the printer 
which can hold several pages—making it 

mandatory that I be able to inject form 
feeds into the data stream and not be re¬ 
quired to manually advance the paper. 

TABLE 1 

CB AND VB DESIGN SCREEN FUNCTION KEY COMMANDS 

Key VB Screen CB Screen 
<F1> Help Help 
<F2> Does Plot Does Plot 
<F4> Toggles VB plot ON/OFF Toggles CB plot ON/OFF 
<F6> Enter/Change RG Enter/Change Rg
<F8> Change Fs

<F9> Toggle inside dimensions 
between 0, 5, & 10% and 
15, 20. & 25% over volume 

<F10> Change Vs Change^ 

Diagonal Driver 

Fourth-order bandpass (BP) enclosure de¬ 
sign is handled a little differently. Note 
that these enclosures are of the type cov¬ 
ered by Jean Margerand in "The Third 
Dimension: Symmetrically Loaded," 
Parts I and II [SB 6/88, p. 29 and 1/89, 
p. 27), where the rear volume is sealed 
and the front volume vented. 
To design a BP enclosure, you must en¬ 

ter the driver into the library. Select 
LibMgr from the main menu and then 
choose your driver. Pressing <F4> will 
provide a chart of design information, for 
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Focal 8N515 
- Uented Box Design -

Standard B4 Alignaient 
Uent diameter 2.8 inches 
Uent length 3.3 inches 
Uent volume 10.0 cu.in. 
Ub 20.1 Liters 

1.0 Cu.Ft. 
1714.9 Cu.in. 

Fb 42.2 Hz 
Rg 0.2 ohms 
- Closed Box Design -
Alpha 6.88 
Fs 27.3 Hz 
Fc 76.6 Hz 
F3 78.4 Hz 
Qts/Qtc 0.26/ 0.72 
Rg 0.2 ohms 
Ub 16.0 Liters 

0.6 Cu.Ft. 
976.4 Cu.in. 

<ESC> Main Menu 
FIGURE 4: Quick Box plot screen—menu options not shown on screen, see text. 

a BP design with OdB ripple, and a menu 
of options allowing various changes in the 
design—such as using two or four drivers 
in various combinations. 
Follow the excellent Help screen in¬ 

structions, available with the BP screen, 
to aid selecting the options and then 
display the information you need. No pro¬ 
visions are available for plotting the fre¬ 
quency response of a BP system. There 
is, however, the ability to design a cubic 

enclosure with a diagonal divider to form 
the front and rear volumes. 

Displays 

To enter a new driver for design, select 
Driver from the Main Menu. You may 
also modify the data for a library driver, 
after it is loaded, using the driver screen. 
Remember, the disk from which you are 
running must not be write-protected if 
you plan to save driver data to the library. 

The driver entry screen requires the 
following data entries: 
• Driver name — to identify the driver in 

the library and on the output screens. 
• RF —driver voice coil resistance mea¬ 

sured in ohms. 
• Fs—driver resonant frequency in Hz. 
* Qms~ driver mechanical Q at Fs. 
• QgS —driver electrical Q at Fs. 
• VAS —driver equivalent compliance 

entered in either liters or cubic feet. 
• Lg —driver voice coil inductance in 

mH. You can bypass this entry field 
with the arrow keys, but then you won't 
be able to save the data file to the 
library. 

• Diam —driver piston diameter mea¬ 
sured in inches. 

You may enter two optional pieces of 
information: 

* ^max~ the maximum resistance dis¬ 
played by the driver at Fs in ohms. 

* the maximum one-way linear 
voice coil excursion in millimeters. 
Once you enter this data the driver 

screen will display the following com¬ 
puted information: 
• Qts~ the driver total Q at Fs. 
• SPL —the driver efficiency in dB at 1W 
input @ IM. 

• Zobel — the series resistance and capa¬ 
citance to put across the driver in order 
to flatten its impedance at higher fre¬ 
quencies. 

• EB Product — the efficiency bandwidth 
product (EBP). This helps to indicate 
the driver suitability to VB and CB 

TABLE 2 

COMPARISON OF QUICK BOX WITH RESULTS BY CONVENTIONAL TECHNIQUES 

Focal 8N515 driver with added 0.212 Rc— driver Q rs = 0.256 

Closed-Box Design Vented-Box Design 

Quick Box Conventional Quick Box Conventional 

Qrc Fj Qrc F, Align Vg Fs F, Vg Fg F, 
0 581 0.71 75.4 0.71 75.5 QB> 0.848 42.7 52 0.938 41.1 51.3 
0.408 0.83 77.3 0.83 77.4 SBB4 1.050 27.3 62 1.14 27 3 62 5 
0.277 1.00 83.8 1.00 84.0 SC, - - - 1.06 28.8 60.8 

B., 0.992 42.2 49 1.65 43.2 43.2 

Audio Concepts AC7-8 driver with added 0.212 Rc—driver Qw  = 0.433 

Closed-Box Design Vented-Box Design 

Quick Box Conventional Quick Box Conventional 

^b Qrc Fj Qrc Fj Align Vg Fg F3 VB Fg F, 
0.976 0.71 65.0 0.71 65.7 SQBC 2.03 38.0 35 2.28 37.2 34.5 
0.617 0.83 66.7 0.83 67.0 BBj 1.38 40.0 41 1 46 40 0 40 6 
0.381 1.00 72.4 1.00 72.7 C. 2.00 37.7 35 2.20 36.8 34^6 

B< 1.93 38.0 35 1.78 37.4 37.4 

Dynaudio 17W75 driver with added 0.212 Rj—driver Qn  = 0.757 

Closed-Box Design Vented-Box Design 

Quick Box Conventional Quick Box Conventional 

Vb Qrc f3 Qrc h Align VB Fg F3 VB Fg F, 
0.896 1.01 40.2 1.0 40.5 Cj — — — 4.06 22.7 19.6 

B4 3.95 22.0 19 _ _ _ 

60 Speaker Builder / 3/92 



design, along with recommendations 
based on the EBP value. 

• SD —the effective cone area in square 
meters. 

• VD — if XMÄX was entered then volume 
displacement in cubic meters is also 
displayed. 

Driver Modifcation 

Any driver data, new or modified, can be 
entered into the driver library. Pressing 
< F2 > will add your newly defined 
driver or pressing < F4 > will overwrite 
the driver's library file. A good practice 
is to use unique driver names for the 
library file, this will prevent confusion 
with duplicate file names. I put two driv¬ 
ers in the library with the same file name 
and successfully deleted one without 
problem, but avoid this since you could 
delete the wrong driver. Once deleted, 
the file cannot be recovered. 

You can exit the driver screen after en¬ 
tering data for a new driver, when you first 
start the program, but you will not be able 
to design enclosures. Upon initial entry 
of a new driver, you must add it to the 
library before CB or VB design is permit¬ 
ted. If you wish to omit it later you can. 
While the use of multiple drivers was 

supported with the BP design, it is not of¬ 
fered for CB and VB design. This can be 
accomplished by defining or modifying 
the driver data to represent multiple driv¬ 
ers on the driver screen. 

For assistance in handling this modifica¬ 
tion, refer to Contributing Editor Robert 
Bullock's reply to David Del Zotto (SB 
2/87, p. 60) or my response to Herbert 
Meyers' query (SB 3/90, p. 3). 
With practice, using the various menus 

and screens, it becomes easy to accom¬ 
plish the design task you have in mind. 
On my computer all functions were han¬ 
dled quickly; I had only to wait for plot¬ 
ting or printing a frequency response. 

Nitpicks_ 

To have a software program do exactly 
what you wish, you'll have to write it 
yourself. What follows are things I would 
have done differently. That does not 
mean that Quick Box should be changed. 
1 list these and their consequences for 
your consideration and indicate how I 
worked around them, when necessary. 
1. Driver data entry—sometimes you 

are trying to evaluate a driver shown in 
a catalog with a minimum of data given. 
With the required data entries on the 
driver screen this causes a problem: 
A. R£—If you do not know R£, then 

make one up. You should not at¬ 
tempt to add Rg to VB or CB de¬ 
signs or use the Zobel or Resonance 
Impedance EQ values shown if you 
made up R£. 

B. Qjs and Qms~ If you are given only 
Qts for the driver, then enter 1.1 x 

Qrs f°r Qes ar*d 11 x Qrs for Qms-
The computed QTS should agree 

with your starting value. Again, do 
not expect accurate results with 
added Rc if you did not enter the 
actual 0^5- Also, efficiency, SPL, 
EBP, and Resonance Impedance EQ 
values will not be correct. 

C. L£—You may not know the driver 
voice coil inductance so you'll have 
to make up a value; something like 
0.5-lMHz is probably workable. 
Do not use the computed Zobel 
values if you estimate L£. 

D. Diam—If the true piston diameter 
is not known, put in a value about 
80% of the nominal driver diam¬ 

eter. Note that the computed SD 
and Vo values will not be accurate. 

E. Vxs—While Y,s may be entered as 
cubic feet or as liters, the number 
of data places is limited. When you 
must affix F to the end of cubic feet 
entries (and for small drivers) you 
may want to externally convert to 
liters and enter in liters. Conversion 
formulas are: liters times 0.035285 
equals cubic feet, cubic feet times 
28.34 equals liters. 

F. Clearing driver data—If a driver has 
been loaded into the driver screen 
there is no way to clear the screen 

In our case the egg came later. Working to improve the quality 
of our soft dome tweeters, it became apparent to us that Mother Nature 

had done her homework when she created the egg. 

The maximum strength of an egg shell is found at the pointed 

tip. This shape, which is defined as a catenary, or in French as a 

chainette, was applied to the dome profile on our new TWO25 A tweeter. 

By optimizing the stiffness of the diaphragm, our engineers ensured that 

the dome will act like a perfect piston at all frequencies, with no out-of-

phase breakup at the tip. 

Improving on the standard of quality we set with our one inch 

soft dome tweeter 15 years ago was no easy task. If you ask us whether 

it's possible to build a better tweeter than our new TWO25A, we could 

only respond that we are not counting our tweeters before they hatch. 

You simply cannot find _ — L— » 
a tweeter with lower distortion, I k 1A 

. - Espe 4 K Ef>— CORPORATION 
smoot her frequency response D

and better sound quality. Wilmington. MA Q1887

Available now at your local distributor... 

Fast Haply HGG1112 
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Focal 8N515 uith Rg = 0.2 ohns 21:02:58 11-26-1991 
Snail Signal Frequency Response — Janned B4 Butteruorth Alignment 
Driver Align Qts fs Uas cf F3 fb Mb cf Rg 
Unit 1 B4 j 0.256 27.3 3.897 43.2 43.2 1.463 0.20 

FIGURE 5: Focal 8N515 driver B4 response by alignment jamming—not produced by Quick Box. 

for new data. You simply overwrite 
the existing data being careful to 
cover all the items. 

G. Driver name—Be careful when en¬ 
tering data and modifying the driv¬ 
er's file name. You cannot tell for 
sure if the change was made, be¬ 
cause the color of the data field is 
the same before and after entry. 

H. Need to add to library—When you 
first start Quick Box and supply 
data for a driver, you cannot begin 
designing with the driver until it has 
been added to the library. I found 
this inconvenient. 

2. Duct diameter changes—For VB de¬ 
signs the vent duct diameter is made 
larger by the + key, which is a shifted 
key [not the gray " + " key—Ed.|. This 

may not cause you a problem, but I some¬ 
how fail to adjust quickly to this. 
3. Volume changes—While you can en¬ 

ter Yj5 as liters or cubic feet, on the VB 
or CB screens, you must change or enter 
Vg in liters. I prefer cubic feet to liters. 
The programs I write allow data entry in 
either liters or cubic feet, but thereafter 
insist on cubic feet. It is impractical to 
always allow entry using both dimen¬ 
sions, but you will have to think in liters. 
Also, as shown in Fig. 2, the Vs, dis¬ 
played in cubic feet, provides one decimal 
place for small enclosures. You should 
work from the liter number, or go to the 
plot function <F4> and use the cubic 
inch number, to get greater accuracy for 
small enclosures. 
4. CB design—The CB screen will not 

permit designs using an entered Qrc , 
which is how I like to work. You must 
change VB, in a trial-and-error fashion, to 
achieve your desired QTC . 
5. Printing CV and VB design screens— 

The layout of the CB and VB design 
screens are excellent for screen viewing. 
If you want to print them (using Shift 
PrtScn), you will get menu lists and 
boxes that do not add information. 

6. Printing driver data—To output the 
data for a single driver you must print the 
driver screen or, with the driver in the 
library, the preview screen. Again these 
are excellent screens for display viewing 
but they use printer ribbon unnecessarily. 
I recommend printing the entire driver 
library using the option provided with the 
Print screen. 

Performance Items 

Quick Box is a well-designed and fast pro¬ 
gram. When comparing its speaker de¬ 
signing features with other software pack¬ 
ages, it is a strong, capable performer. 

I picked three drivers from the library 
and compared the performance of Quick 
Box with my present design approach. 
Results are shown in Table II. The ex¬ 
pected slight differences in results are 
caused by rounding errors and reading 
data from curves; the only major differ¬ 
ence is the B4 alignment I discuss below. 

Some items are presented for considera¬ 
tion, on which I have a slightly differing 
personal opinion. Performance and capa¬ 
bility of the BP design was not reviewed 
because I do not have experience in this 
area. The following are comments about 
the quality of information generated by 
Quick Box: 

1. Zobels—The presented Zobel com¬ 
ponents should be taken as a guide and 
not used without testing. My views on 

.FM 

1 1 J 

1 Easy..Accurate..Elegant L 

'M 

Save and recall up 
to 10 response plots 

Built In 
Crossover & Box 
Calculators 

The Speaker Design Toolbox 
©r Friendly Loudspeaker Design Software for the Macintosh® 
' • <M I«! *■•>«■>■ Cimww* JI 

1st Order Butterworth (alcul 
2nd Order Butterworth Calcu 
5rd Order Butterworth Calcul 

let Order Serie* Calculator 

Resonance Compensator Calc 
Inductance Compensator Cal 

Iweeter Attenuator Calculate I dB per dwtston 
✓ 2 dB per dwtston 

5 dB per dlutslon 

I Delay Ranqe *1.5 msec 
I Delay Range-5.0 msec 
>Delay Range ?.5 msec 
i Delay Range-15 msec 
I Delay Range ■ 50 msec 

I Cncursion Range - 1.5 mm 
incursion Range - 5.0 mm 

./Incursion Range - 7.5 mm 
Cncursion Range - 15 mm 

® MacSpeakerz. from True Image Audio. 349 West Felicita Avenue, Suite 122, Escondido, California 92025 U.S.A. 
Fast Reply HGC544 
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why this is so are documented in my ar¬ 
ticle, "Crossovers for the Novice" (SB 
5/90, p. 26). 
2. The recommended EBP limits for 

driver use in VB or CB designs seem to 
be: CB only for EBP < 50; VB only for 
EBP > 100; and both VB and CB sug¬ 
gested for EBP 50 to 100. Not everyone 
will read EBP in quite the same way; for 
my opinion on this topic read "Trade-Offs 
in Closed-Box Alignment” (SB 2/84, p. 26) 
and see Reference 1 for the original work 
by Small. 
3. CB Resonance Impedance correc¬ 

tor—The CB design screen presents val¬ 
ues, for the series R-L-C conjugate net¬ 
work, to be placed across the CB system 
and result in a constant input resistance 
in the frequency range of the system res¬ 
onance. I tried a couple of library drivers, 
with code I had written some time ago. 
The resistor and capacitor values agreed, 
but the inductor value did not. I re-de-
rived the impedance conjugate network 
equations and solved one case by hand. 
The result agreed with my code. This, 
coupled with the fact that LEQ and CEq, 
developed by Quick Box, do not produce 
the required resonance of Fc, indicates 
there is some problem in the LEq com¬ 
putation. In addition, I found that if you 
modify the driver data affecting these 
components (R£ or Q's), then exit and go 
to CB design, only the R£ß value has 
changed. C£ß and L£ß should change, 
but do not. This is true even if you up¬ 
date the driver data file in the library 
before doing the design. I believe the 
Resonance Impedance EQ function of 
Quick Box is not presently working cor¬ 
rectly and should be revised. 
4. B4 Alignment—Each VB design 

screen starts with an alignment desig¬ 
nated as a Standard B4. I am not quite 
sure what this means. Normally the B4 

alignment for a box Q of 7 only occurs 
if the driver QTS is about 0.4. A charac¬ 
teristic of the natural B4 alignment is 
that Fj = Fs = Fb. It is possible to force 
drivers with a lower Qre into a B4 align¬ 
ment using Complex Alignment Jam¬ 
ming. Such jammed B4 alignments show 
a slight amount of passband ripple, but 
do meet the requirement of F3 = FB. 
Figure 4 shows the Standard B4 align¬ 
ment curve developed by Quick Box for 
the Focal 8N515 driver, used for the 
tabulated results in Table IL Note that F4 
does not equal FB. Figure 5 shows a 
jammed B4 alignment curve for this 
same driver and FB does equal Fß with a 
passband ripple of less than IdB. The B4 
jamming equations produce strange 
curves for driver QTS above 0.4 and are 

REFERENCE 
1. Small, R.H., "Suitability of Low-Fre¬ 

quency Drivers for Horn-Loaded Loudspeaker 
Systems, Audio Engineering Society Preprint 
No. 1251 (K-8). 

not useful. I question what the Standard 
B4 alignment, produced by Quick Box, 
really accomplishes. Perhaps Sitting Duck 
Software will supply this information. 

Recommendation 

Quick Box is a fast, capable design pro¬ 
gram for CB, VB, and one class of BP 
enclosure designs where electronic equal¬ 
ization is not employed. The program 
allows for user driver data entry, along 
with a driver data library which the user 
can expand to 200 entries. Provision is in¬ 
cluded to graph VB and CB small signal 

frequency responses and to print these 
graphs. User driver data entry requires 
information that the user may not have 
and creating some data values may be re¬ 
quired. A variety of useful information is 
provided with each design screen. 
I cannot explain what the Standard B4 

Alignment, provided for VB designs, 
really represents. Plus, the code gener¬ 
ating the Resonance Impedance EQ val¬ 
ues, developed for CB designs, needs to 
be revised. Overall, Quick Box consists 
of a single disk and a manual that pro¬ 
vides a lot of capability for the price. This 

Continued on page 86 
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Tools, Tjps & Techniques 

SLEUTHING "Q" 
Most speaker-design books tell you that 

Qrs = (Qes X Qms]/[Qes + Qms), but 
none that I have seen tell you how to find 
Qms, or Qes if you already know Qrs and 
one of the other Q parameters. For any 
of you who know two of the three Q 
values for your driver, here are the for¬ 
mulas to find the third Q value. 

To find Qrs: 

Qrs = (Qes x Qms) / (Qes + Qms) 

To find Qes: 
Qes = (Qms x Qrs) / (Qms - Qrs) 

To find Qms: 
Qms = (Qes x Qrs) / (Qes - Qrs) 

Gregg S. Irwin 
Whittier, CA 90601 

SUCCESSFUL CIRCUIT 
In Bruce Edgar's interview of Ken Kantor 
[SB 5/91, p. 22), he asked: "What is a preci¬ 
sion current source?" 

A broad reply to this question could in¬ 
terest SB readers. Figure 1 shows a circuit 
I've been using with great success when 
measuring loudspeaker parameters. 

Any voltage signal (DC or AC) fed to the 
input jack will be translated into an out¬ 
put current of the same waveform accord¬ 

ing to the simple relation i = e/10 where 
10 is the value of the precision output 
resistor (which you may change, if neces¬ 
sary) and e is the instantaneous voltage the 
50k trimpot delivers to pin 5. 
Applying a sinusoidal voltage source to 

the input and adjusting e to 0.5V RMS, you 
will get the 50mA AC constant current. 
I use this to drive my speakers under test, 
wiring them to the "hot" output lead and 
ground. 
Check the circuit with an RMS meter 

or read the voltage drop across the output 
resistor. In both cases, readings should 
keep constant even with output loads 
ranging from 0-250ÍI. 
Use only metal film resistors (%W) 

within + 1% or better, except for 4k7 
where ± 10% suffices. 

Homero Sette Silva 
Boa Vista—RR, Brazil 69300 

QUASI-12 CROSSOVER 
NETWORK 

In "Tools, Tips & Techniques" (SB 3/91, 
p. 68), Jerry Stump writes about the 
Ashley and Kaminsky AES article on 
crossovers. 1 Like Mr. Stump, this article 
caught my eye so I tried some of these 
techniques. 
To understand this crossover, we must 

recognize that these are "Quasi-12dB/oc-
tave" designs. They differ from "true" 
12dB/octave designs in significant ways. 

This difference is crucial to anyone at¬ 
tempting to use this design. Without tak¬ 
ing these factors into account, you may 
or may not get an electrical 12dB slope. 
The way these crossovers create a 12dB 

slope (as best I can tell) is by precisely 
' 'peaking' ' the Q of the LC network with 
a slight peak created just before the roll¬ 
off. Without it, the crossover is a classic 
6dB/octave network. Thus the "Quasi-12" 
designation. 
At first this relationship was not ap¬ 

parent to me. I had tried these crossovers 
in several speakers with varying degrees 
of success. They simply didn't "sound the 
same," speaker-to-speaker, or design-to-
design. They are immediately attractive, 
since the series networks all absolutely 
guarantee "correct" placement of the 
high- and low-frequency slopes, regard¬ 
less of the values you choose. So, it's vir¬ 
tually impossible to leave a sonic "hole" 
between two drivers, or to have them 
overlap (as with parallel networks). My 
problem was that even though I had fol¬ 
lowed design rules in the article, the sonic 
results did not seem consistent. 
To make a long story short, I looked at 

the frequency response of the cross¬ 
overs by measuring the crossover and the 
drivers together. I used an oscilloscope 
and sweep generator in the same net¬ 
work, replaced one or both of the driv¬ 
ers with noninductive resistors, and com¬ 
pared the results. It turned out the cross¬ 
over behaved differently dependng on the 
load presented. It was a true crossover 
chameleon. 
To make it work properly, I found it 

FIGURE 1: Silva’s current source device. 
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necessary to run the sweep with the driv¬ 
ers in circuit (and sometimes in the cabi¬ 
net), and then beginning with a slightly 
(50%) smaller cap than the chart (or for¬ 
mula) called for, I added caps until the 
response "bump" was exhibited on the 
scope. Typically, the bump for each 
slope was about 0.2dB. When it appeared, 
the slope of the rolloff changed dramati¬ 
cally. Without the frequency response 
"bump," the crossover is a 6dB/octave 
type. With the bump, it’s 12dB/octave. 
To use these crossovers effectively, it 

was essential to look at each individually, 
using a sweep generator and a 'scope. 
Without doing this test, it seemed im¬ 
possible to control the true response of 
the network, or to know whether it was 
6 or 12dB/octave. Also, the bump would 
be difficult to detect without the use of 
both instruments. 
Because each driver has slightly dif¬ 

ferent parameters, you cannot build the 
crossover with Quasi-12dB networks by 
counting on any driver-to-driver, model-
to-model, or brand-to-brand consistency. 
Each network must be built and tweaked 
for individual sets of drivers. 
Given your chosen value for L, your 

final crossover frequency will end up 
somewhere near the design value (usually 
within the octave), but not necessarily 
where you intended, or where the chart 
plots it. Surprisingly slight variations due 
to the actual impedance of the driver will 
cause the frequency to change, as will the 
trimmed value of C required to create the 
Quasi-12dB bump. The impedance of the 
drivers should be identical. If it is impor¬ 
tant to have an "exact" crossover center 
frequency, then always use a larger L than 
you calculated, and be prepared to spend 
lots of time alternating between trimm¬ 
ing wire from the inductor and adding 
those caps to find the bump, while watch¬ 
ing the ’scope. 
These crossovers do not sum "flat." 

Also, as with any 12dB/octave slope, a 
180° phase shift occurs between the high-
and low-pass. Even so, they might be 
closer to being flat, and therefore a bet¬ 
ter choice than guesswork or an approx¬ 
imated parallel network. This may not be 
a significant factor, but should be noted. 
With this crossover, you can’t use a 

simple series resistor, "pot," or rheostat 
to set driver "level." The driver imped¬ 
ance must be preserved or the crossover 
frequency will radically change. Always 
use a voltage divider made up of two re¬ 
sistors and the driver. The total resis¬ 
tance, including the driver, should be as 
close as possible to the driver alone. This 
allows you freedom to do a few tricks, 
such as using two drivers with different 
impedances, like a 40 tweeter with an 80 
woofer. (Tweeters almost always require 
a reduction in level to match the woofer.) 
You'll need a few resistors in parallel to 
get correct levels and preserve the 
impedance. 

AUTHORIZED 
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AT MCM ELECTRONICS 
WE HAVE WHAT YOU NEED 

■ SPEAKERS/DRIVERS 
MCM boasts one of the largest selections of 
speakers; including Pioneer, Pyle, Eminence, 
and EV. 

■ SPEAKER CABINET ACCESSORIES 

Including: Handles, port tubes, corner pieces, 
wall brackets, insulation, fasteners, terminals, 
L-Pads, and housings. MCM also has a 
complete line of speaker books and designed 
software. 

Call now for your free MCM Electronics 
Catalog #28, which contains over 17,000 
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Call Toll Free 1-800-543-4330 
or FAX 1-513-434-6959 
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Signets oxygen-free wire and gold plated 
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Audio¬ 
vector 3 

Audio¬ 
vector 6 

"... Because sound, quality and design matter" 

PBN Speakers presents to the U.S.A.: 
The AUDIOVECTOR Series 
From F3/Lyd, Copenhagen, Denmark. 

This is a seriesof quality handcrafted loud-speakers with a unique ability 
to convey music with careful attention paid to each design. 
Each model is available finished as well as in a complete kit. Each kit 
contains: 
• Drivers. 
• Assembled X-overs, using the finest components and technical design 

available. 
• Premeasured damping material. 
• Gold plated terminals, spikes and screws. 
• Cloth front grille. 
• Cabinet in ÑRFB board, with multilayer baffle, internal bracing and 

a finish of extreme high quality. Available finishes are: Black Stained 
Ash, Natural Beech, Black or White Piano Lacquer, and Grey. 
Options vary by model. 

• Fully illustrated assembly instructions. 

The series includes the following models: 
Audiovector 1, Audiovector 2, Audiovector 3, Audiovector 6, and 
Trapez Xi. 

Prices vary from $249 to $1 699 per kit. 
Finished models range from $298 to $1 825 ea. 
Please call, write, or fax formore information, test reports, and technical 
specifications. 

Exclusively by: 
PBN SPEAKERS 

6094 Via Regla, San Diego, CA 92122 
Phone 619-452-6230 Fax 61 9-271 -0924 
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audible, uíImoÍIom, ùi on encloAuAe,, 
Based on this most recent 
enclosure research, (¡KOTO has 
focused its development efforts 
solely on the front baffle, and 
introduces a l’/4 inch thick 
composite honeycomb panel. 

The outstanding rigidity of this 
panel is not its only advantage. 
82% of its volume is the air space 
between the honeycomb cells. 
Small ports machined through the 
inner surface of the panel to each 
cell allow this air space to act as 
part of the total enclosure volume. 
The 116 inch thickness also permits 
the formation of a separate tweeter 
cavity within the front baffle. 

Send your required baffle 
dimensions and (¡RfdfUÍ will 
send you pricing. 

OEM 
9737 Macleod Trail S., P.O. Box 42206 
Calgary, Canada T2J 7A6 Phone (403) 238-5012 

This crossover format is among the 
most sensitive to individual drivers I have 
used. While it does offer simplicity and 
low parts count, it can be tricky to align 
properly. Much of the above process (and 
more) is required for any type of cross¬ 
over network to yield accurate results. 
Since I first experimented with the 
Quasi-12 design, my preference has 
shifted to higher (24dB) or lower (6dB) 
order filters, and usually parallel 
networks. 

Randall Bradley 
Hannacroix, NY 12087 

REFERENCE 
1. Ashley, J. Robert and Allan L. Kaminsky, 

"Active and Passive Filters as Loudspeaker 
Crossover Networks," 39th Convention of the 
Audio Engineering Society, New York, Octo¬ 
ber 12, 1970. 

CONVERSION 
FORMULA 

Frequently when I read specs from 
speaker catalogs, I need to convert SPL 
(dB) to percentual efficiency no, and vice-
versa. Because using a hand calculator is 
boring, I developed a graphic method to 
accomplish this task. 
Using the scales depicted in Fig. 1 is 

easy: find the range of interest, enter the 
known variable in the proper scale, and 
read the corresponding value of the un¬ 
known quantity. 
For example, suppose you want the SPL 

level corresponding to a 2% efficiency. By 
hand, you can use equation (1) to get: 
112 + 101og0.02 = 112 - 17 = 95dB. 

SPLWB) = 112 + 101og[n w /100) (1) 

91 .8 101 8 111 80 
98 IM 6 118 68 
89 .5 99 5 189 58 
88 .4 98 4 188 48 
87 .3 3 97 187 38 
86 .25 2.5 96 186 25 
85 .2 95 2 185 28 
84 .15 1.5 94 184 15 
83 93 183 
82 .1 1 92 102 18 

No 
18 

SPL (dB) 
112 T 

No Z. 
188 

SPL (dB) No X 
92 t  1.8 

SPL (dB) 
102 T 

FIGURE 1 : Graphic conversion between SPL 
(dB) and reference efficiency (%). 
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Using Fig. 1, all you do is read the cor¬ 
responding value to 2% (central area) and 
promptly get the answer: 95dB. 

Homero Sette Silva 
Boa Vista—RR, Brazil 69300 

TV CART SUBS 
I use a method for building subwoofers 
I think you will find cheap and easy, but 
yields wonderful results. 

Start with a TV cart: the sort you can 
find at discount stores like Costco, Target, 
or KMart. They are made of particleboard 
and fake wood veneer, and are usually 
just one item in a line of similar products. 
Brand names vary, and they usually come 
in different sizes. I paid only $25 for one 
at Costco, years ago. Anyway they are 
usually cheap. 
They come with screws and casters, and 

are easy to assemble, but we can ignore 
the directions, since we want to add a front 
and back panel of thick plywood to make 
a complete box. Measure the openings 
carefully, being sure to account for the 
overhang of the trim pieces along the top. 
Your plywood panels should be recessed 
so that the outside top edge of the panel 
can be glued to the side of the trim pieces 
that face inward. Make two identical pan¬ 
els, making sure they are perfectly square. 
Next make holes for your woofer and 
tuned port in one of them. Remove the 
veneer where the new panels will be glued 
to the cabinet. Wood glue will work fine, 
but Liquid Nails is better. It is very strong, 
sets fast, and fills gaps for an airtight joint. 
Construct the box from the bottom up, 
keeping all the panels square in every di¬ 
rection. Use the screws that come with the 
kit to hold everything together. Put the top 
on to help align the panels, but don't glue 
it until you have caulked all the internal 
joints, installed some braces, and installed 
the binding posts. After the top is on you 
will have to reach inside and caulk the 
last joints. I put a sandwich bag "glove” 
on my hand, squirt caulk onto my fingers, 
and spread it by touch. 
I wanted a mono subwoofer, but I did 

not want to buy an electronic crossover 
or amplifier. I looked in the Madisound 
catalog for a dual voice coil woofer, and 
read their tables to find an alignment that 
fit the size of my box. In case you haven't 
seen a Madisound catalog, get one. For 
each of their house brand woofers, they 
provide a table of box sizes, port dimen¬ 
sions, f3 points, and so on, that make it 
easy to pick the right woofer for your 
cart. My box's net volume was 4.25fv and 
the panel was big enough for a 12" woofer, 
so I looked at the tables until I found one 
that could use all that volume. I bought 
the woofer, made a tuned port of the cor¬ 
rect diameter and length, and installed it. 
The crossover is second-order, "by the 

book,” and glued to the underside of the 
cabinet. No one can see it there, yet it is 
easy to access. I also put the binding posts 
there, so that speaker cables could be run 
underneath the carpet and then brought 
through a cut in the carpet up underneath 
the sub cabinet. That way the cables are 
invisible, as well. If you build a mono sub 
with dual voice coils, you can use flat, 
four-conductor cable, available at car 
stereo outlets. For grilles, front and back, 
use square molding. 

Size it carefully so that after grille cloth 
is wrapped around the edges, it will fit 
snugly into the recessed area between the 
trim pieces and sides of the cabinet. This 

eliminates the need for attachment de¬ 
vices and makes it easy to remove. 
Your result is a decent piece of furni¬ 

ture and deep bass, and it only takes a few 
evenings to complete. My sub is flat to 
30Hz and very efficient. To push this 
method farther, you could use other pieces 
of furniture for a similar result. For exam¬ 
ple, you could buy a matching bookcase 
and convert the lower shelves to a sub¬ 
woofer box or put tweeter and midrange 
units in the top half and use it for surround 
sound, or just to save space. 

David West 
Kent, WA 98031 b 

CROSSOVER RESPONSE 

■ PRINTING. 
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TERM-1™ Loudspeaker Development Software 

COMPUTER: 

MEMORY: 

GRAPHICS: 

• SYSTEM 
REQUIREMENTS: 

PORTED ENCLOSURE DATA 

type MAXIMAU Y FIAI DF SIGN 

4 0 Ohms 
200 Hz 

2000 Hz 
l8dB/Od 

Passive Crossover Design 

1st, 2nd and 3rd order 

High-pass, band-pass, low-pass and notch 

Linkwitz-Riley, Bessell, BEC, Butterworth, 

Chebychev 

Graphic circuit diagram 

Predicted network response plots 

Dynamic crosshair 

Common component substitution 

Impedance compensation network 

D-..e< (Z) 
CutoH [F11 
Cu»« [F2] 
Stop- Id81 

PASSIVE CROSSOVER DESIGN 

Type BUTTERWORTH 

TERM-1 ™ LOUDSPEAKER DEVELOPMENT SOFTWARE wos created by Wayne Harris in order to provide the 

audio enthusiast a means for developing high performance loudspeaker systems quickly and efficiently. 

High-resolution graphics, on-line help, and a menu driven format make this program extremely easy to use. 

IBM PC/XT/ATor 100% compatibles 

640k RAM 

CGA, EGA, or VGA (EGA or VGA required for color) 

Other Features 

Powerful database management 

Port design 

Enclosure layout and design 

Acoustic curve overlays 

On-line documentation (help) 

English/metric toggle 

High resolution color graphics (EGA, VGA) 

Independent full screen graphics (EGA, VGA) 

Epson dot matrix and HP Laser(et support 

User configurable screen colors 

Enclosure Design 

Sealed, ported, isoborik sealed and 

isobarik ported 

Multiple drivers 

Predicted enclosure response, power 

handling, SPL and cone displacement plots 

Library searches 

Dynamic crosshair 

User selectable axis 

PORTED 
MAINMENU 
CIRSCRN 
[max FLAT 1 
AFTER Nd 
FORCE Vb 
FORCE Fb 
FORCE F3 
USERSPEC 
PWRCAlC 
«MORE» 

Volume |Vb| 
Tvmng [Fb| 

Call Today! 1-800-366-2349 ext. 3026 
In Canada, Call Korbon: 1-416-567-1920 

In Europe, Fax: (49) 421-487-877 

DRIVER DATA 

Nome ROCKFORD FOSGATE PRO 154 

XQVRDCS 
1 MAINMENU 1 

CIRSCRN 
HlGHPASS 
BANDPASS 
IOWPASS 
NOTCH 
STANDARD I 
USERSPfC 
GRID TOG 
■MORE»_ 
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Get our FREE 149-page catalog 
of over 6,000 exclusive and hard-
to-find supplies for audio & video. 

800-522-2025 America 's most unique 
FAX- 914-246-1757 catalog for audio 4 video! 

MARKERTEK 
4Ä%sATs'as \VIDEO SUPPLY 

MARKERFOAM “ ACOUSTIC FOAM 
GIANT54”x54” 

■ I Immediate Shipping | 
^■H 2" Reg $29 95 Now $19.99 * 3" Reg 

$39 95 Now $29.991 KILL NOISE QUICK! 
High performance, full-size sheets of super high density Markerfoam. 
EZ mount. Blue or gray. Super-effective sound absorption for studios. 
Markerfoam offers best value, looks professional & is proven in studios 
worldwide Request Foam-Buyers Guide Catalog, specs & free samples 
today VISA, MC, AMEX, COD, PQ’s, QUANTITY DISCOUNTS. 

iOOE SONEX 
«■■■ ¿ /«mi // w*?? All the colors and sizes 

MARKERTEKJUMBO 
/z^ía SOUND ABSORB BLANKETS 

Heavy-duty 72"x80" padded blankets 
absorb sound wherever they're hung or 

r> draped Fabulous for stage, studio & field 
use. Top professional quality at a super 
saver pnce' Weight 6 lbs Black, $19.99. 

MARKERTEK BLADE TILES 
HIGH PERFORMANCE 
LOW, LOW COST! 

$3.49 per tile, 16x16x2". 
America's best acoustic tile 
value, only from Markertek 1 

Charcoal. Also available 16x 
16x3" as shown, $4.49 each 

MARKERSTIK ’ foam adhe¬ 
sive. FREE with any Foam pur¬ 
chase in this ad1 Limited offer 
A $5.95 per tube value 

CAfCf plus free 
JALE: ADHESIVE! 
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RAMSDELL AUDIO 

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. 

Re 
Le 
Xmax 
Vas 
Piston 

5.7Í7 
3.0mH 
±4mm 
1720 liters 
Dia. 23.3" 

Fs 18.5Hz 
Qts .275 
Qes .293 
Qms 4.16 
No 4.0% 

27" SUBWOOFER 
Polypropylene cone-

Double Roll Cloth Surround 

Retail $1,250. 
Call or write to: 
P.O. Box 76186 

St. Petersburg, FL 33734-6186 
(813) 823-8037 
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Technology Watch 
THE PARAMETRIC 
LOUDSPEAKER 

By Peter Muxlow 

It is not every day a new type of loud¬ 
speaker is developed, particularly not one 
based upon a totally different principle 
of sound radiation. Such is the case with 
the parametric loudspeaker, 1 which uses 
the nonlinearity of air compression/ex-
pansion to create a sound source with a 
highly directional sound beam. Never be¬ 
fore has an acoustic spotlight existed in 
the audible sound region. 

Because of its superior directivity pat¬ 
tern, the parametric loudspeaker is well-
suited for use in public address systems. 
With this setup, it is possible for one 
group of people to hear the sound it emits 
without disturbing a neighboring group, 
thereby eliminating the need for expen¬ 
sive sound barriers between them. 

Pain of Performance 

A sound wave is a small pressure distur¬ 
bance travelling through the air. For small 
changes in pressure (at normal loud¬ 
speaker levels), the change in volume for 
positive and negative values are identical. 
At high sound levels (120dB and higher), 
this relationship becomes nonlinear.* If 
large and equal, positive and negative 
changes in pressure occur in a mass of air, 
the volume change for pressure increase 
will always be less than the volume 
change for an equal decrease. If we take 
a high-amplitude ultrasonic wave of 
40kHz, amplitude modulate it at 1kHz, 
then at 40kHz + 1kHz and 40kHz-1kHz, 
the carrier frequency 40kHz radiates in 
the air. 

Because nonlinearity at high sound lev¬ 
els [Fig. 1] makes the air act as a ''recti¬ 
fier,” demodulation takes place resulting 
in the original modulating frequency of 
1kHz. The reproduced audio signal is 
highly directive because the "radiating di¬ 
aphragm” size equals the ultrasonic beam 
wavelength. 
The parametric loudspeaker does, how¬ 

ever, come with disadvantages. You must 

REFERENCES 
1. American Patent No. 4823908. 
2. M. Rafiq and C. Wykes, "The Perfor¬ 

mance of Capacitive Ultrasonic Transducers 
Using VGrooved Backplates," Measurement 
Science Technology 2, 1991, pp. 169-174, Printed 
in the UK. 

m3/kg 

FIGURE 1 : The effect on air volume as pressure 
increases. 

stop dangerous high-level ultrasonic fre¬ 
quencies from reaching listeners to pre¬ 
vent injury. Screening the loudspeaker 
radiator with an acoustic filter will pro¬ 
tect listeners. Soft 120mm-thick polyure¬ 
thane foam acts as a low-pass filter for 
ultrasonic frequencies and allows only 
the audio to pass through. The patent 
details a number of acoustic filters and 
their placement, and provides methods 
for focusing the ultrasonic beam with 
moveable reflective plates and parabolic 
reflectors. 
Another disadvantage of the parametric 

loudspeaker is its inefficiency. To obtain 
a audio level of 90dB, you must radiate 
140dB of ultrasonic frequencies. The pa¬ 
tent describes 120 ultrasonic transducers, 
9.7mm in diameter set in an array 130mm 
by 100mm. 
Despite these disadvantages, the main 

virtue—superdirectivity—ensures a prac¬ 
tical future in the audio spotlight. If you 
are interested in experimenting with 
parametric loudspeakers, you will find an 
excellent article in Measurement Science 
Technology2 to help you design and con¬ 
struct your own ultrasonic transducers. 

b 

FOOTNOTES 
* Large horns which have narrow throats be¬ 

tween the pressure chamber and the horn have 
this problem. This nonlinearity was first docu¬ 
mented by A.L. Thurus, R.T. Jenkins and H.T. 
O'Neil, 1935, Journal Acoustical Soc. January 
Vol. VI pp. 173-180. 
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Book Report 
The Audio Dictionary 

Reviewed by Gary A. Galo 
Contributing Editor 

The Audio Dictionary, 2nd Edition, by 
Glenn D. White. University of Wash¬ 
ington Press, Seattle and London, 1991. 
413 pages, paperback. Available from Old 
Colony Sound Lab, PO Box 243, Peter¬ 
borough, NH 03458. $19.95 plus $2 S/H. 

In 1989 I offered an enthusiastic review 
of the first edition of Glenn White's The 
Audio Dictionary (TAA 2/89 p. 40 and SB 
3/89 p. 49). This revised and expanded 
edition is a worthy successor. 
White has added over 500 new entries, 

expanding the book by over 100 pages. 
Many entries from the first edition have 
been revised. White has apparently taken 
previous criticisms to heart. 

In the first edition, under microgroove, 
he stated that Edison's LP record played 
for 40 minutes per side. I pointed out that 
this was incorrect; the actual playing time 
was 20 minutes per side. White has cor¬ 
rected this in the new edition. 

I also criticized his definition of bias, as 
related to magnetic tape recording. Al¬ 
though White stated that the high fre¬ 
quency bias signal reduced distortion, he 
didn't explain why. This has also been 
corrected in the second edition. His def¬ 
inition is expanded, and easily addresses 
any reservations I had originally. 

Improvements 

As in the first edition, White's revision 
contains a useful type of cross-referenc¬ 
ing. In each definition, he capitalizes any 
term which has its own entry. This makes 
it possible for you to acquire a substan¬ 
tial amount of knowledge on a subject by 
looking up all of the related terms. 
Two appendices have been added, and 

both are well done. The first covers mu¬ 
sical scales and tuning. White offers an 
explanation of the harmonic series and 
explains the concept of equal tempera¬ 
ment. The author raises an interesting 
question about how modern instrumen¬ 
talists play when they aren't accompa¬ 
nied by a piano (the piano is always tuned 
in equal temperament). 

Some musicians still believe that an un¬ 
accompanied violinist reverts to some¬ 
thing closer to just intonation. Audibly, 
if a string player performs in just intona¬ 
tion, the enharmonic tones don't produce 
exactly the same pitch. In other words, 

C-sharp is not the same pitch as D-flat. 
In any given key, the flats will sound 
"flatter" and the sharps will sound 
"sharper" when compared to equal 
temperament. 

Suggestions_ 

I find twentieth century string playing has 
reverted to equal temperament. It has 
become so familiar to the ears of per¬ 
formers and listeners, that most string 
musicians perform this way whether or 
not they're accompanied by a piano. 
Modern string players generally don't 
apply one tuning concept when they're 
performing Baroque string orchestra mu¬ 
sic, another for a Mahler symphony, and 
yet another for a Beethoven piano con¬ 
certo. Some string groups may argue this 
point, but I believe them to be exceptions 
rather than the rule. 
White's other new appendix is titled 

"Some Notes on the History of High Fi¬ 
delity." He covers some of the important 
advances in high fidelity and stereo re¬ 
cording, going back to the experiments of 
Bell Labs in the early 1930s. There's one 
very minor error. White says Edison in¬ 
troduced his long playing record in 1929, 
but the year was actually 1926. ’■ 2 Other¬ 
wise, it's a brief, worthwhile survey. 

Conclusions 

The Audio Dictionary is quite different in 
scope and purpose from J. Gordon Holt's 
The Audio Glossary (SB 2/92, p. 32). First, 
The Audio Dictionary doesn't cover subjec¬ 
tive terminology. Second, The Audio 
Glossary gives the reader brief, concise 
definitions without going into lengthy 
technical detail. It succeeds in its purpose. 

The Audio Dictionary, on the other hand, 
offers a more in-depth technical explana¬ 
tion, yet it is still written so the non-engi-
neer can understand the concepts. These 
two books complement each other nicely. 
White's second edition is an excellent 

update to an already indispensable ref¬ 
erence. You shouldn't choose between 
the two, both titles belong in your library. 

fe, 
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CIRCUIT 
BOARDS 

Old Colony's boards are made of top quality epoxy 
glass. 2 oz. copper, reflowed solder coated material 
torease 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) 3x 3" [4 75) 
High pass or universal filter or crossover. $10.00 
H-2: SPEAKER SAVER (WJ-4) 3V«x5Vt' [3:77] 

$13.25 
J-6: SCHROEDER CAPACITOR CHECKER (CT-10) 
3'/4X6" [4 78] $9.95 
K-3: CRAWFORD WARBLER 3'/4x3%" [1 79) 

$11.20 
K-6: TUBE CROSSOVER. 2x4W" [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% x 2%" [4 80) 

$11.25 
SB-D2: WITTENBREDER AUDIO PULSE GENERA¬ 
TOR 3'/z 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 2’/,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, beard 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 1O°/o of total cost: overseas, add 20%. 

ORDERS UNDER $10, PLEASE ADD $2. 

□ MC □ VISA □ CK/MO 

NAME MAGIC NO 

STREET & NO 

CITY STATE ZIP 

MC/VISA EXP 

QTY. PRICE 

_board(s) # :_ $_ 

_board(s) »_ $_ 

_board(s) *_ $_ e Shipping _ 

TOTAL $_ 

OLD COLONY SOUND LAB 
PO Box 243 Dept B92. Peterborough. NH 03458-0243 

(603)924-63^1 FAX (603) 924 946' 
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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Craftsman’s Corner 
He Did It! 

PHOTO 1: Though slender, this subwoofer’s 
voice belies substantial weight. 

Recently, I bought a pair of Magnaplaner 
SMGa speakers which I enjoy immensely. 
They are, however, a little weak on bass. 
After finding only high-priced subwoofers 
(of moderate quality) in retail stores, I 
bought four years of Speaker Builder back 
issues and decided to design and build my 
own subwoofer. The results cost less than 
$150 and the sound is magnificent. 
My design requires 10" Philips woofers 

(at $10 each) with 10 oz. magnets, paper 
cones, and foam surrounds. I modified 
them with epoxy and BBs per Brian 
Smith's article, "Adjusting Woofers for 
High Performance" (SB 6/89, p. 22), then 
added a twist of my own—a compound 
driver sub-enclosure which tightens tran¬ 
sients and lowers distortion. Instead of 
adding magnets a la Smith, I placed the 
driver magnets back-to-back. (It also 
helps to alleviate the speaker frames' 
tendency to vibrate at resonance.) 

The enclosure is a simple, tapered trans¬ 
mission line stuffed with Dacron. The 
top, sides, and back of the enclosure are 
waferboard sandwiches filled with sand. 
These enclosures are so heavy, they are 
sonically "dead.” I included internal wir¬ 
ing and terminal blocks on the rear (in a 
panel which unscrews from the front) to 
make the midrange- and tweeter-speaker 
installation easier. 
The crossover is an active fourth-order 

kit from Marchand Electronics. It is in¬ 
expensive (less than $150 for two chan¬ 
nels, the power supply, and a box) and 
simple to build. 
The idea of building something this 

good for so little money really is exciting! 
I was listening to a Russ Freeman CD of 

The Rippingtons, and just couldn't be¬ 
lieve what I was hearing. The bass was 
so loud and powerful, yet free of "boom" 
or "boxiness." On one cut, I put the vol¬ 
ume up louder than normal and hit play. 
A tidal wave of clean sound surprised and 
delighted me. 
I am not an engineer. I do not have a 

great deal of test equipment at my dis¬ 
posal, and this is only the second speaker 
I have ever built. I am an inexperienced 
builder who took low-cost materials and 
applied a simple design. After nearly 20 
years of auditioning and buying audio, I 
have never heard anything quite like the 
sound my own speakers emit (at any 
price). 

Edward Allen Thomas 
Shelbyville, Kentucky 

PHOTO 3: The horse's mouth: 10" Philips 
woofers. PHOTO 2: Apenthouse view of the Thomas tower. 
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SB Mailbox 

CROSSOVER ERROR 
Concerning the Fig. 1 from Mike Somers' 
"A Loudspeaker with Active Crossovers 
and Delay” (SB 1/92, p. 37), the ICI a-d 
has reversed inputs on all four segments. 
The corrected schematic appears in Fig. 1. 

MORE INFO PLEASE 
Chris Clarke's letter ( “SB Mailbox," 1/92, 
p. 72) from Wynberg, South Africa, was 
most helpful as I have been seriously con¬ 
sidering building a low-power amp with 
the TDA1520 chip. It looks like a natural 
for tweeter use in a multi-amp system. I 
am certainly interested in circuit boards 
if he has them available. 
His reference to the TDA1514 chip was 

even more intriguing, however, and any 
more information he might have would 
be greatly appreciated. For example, 
where is the link-omission error? What 
size heatsink was found to be necessary? 
Getting information from Signetics/Philips 
(in the US) is proving to be not so easy. 

Ron Neilson 
Howell, MI 48843 

CROSSOVER HELP 
I've been trying hard the past four 
months to build a crossover for my newly 
finished speakers. After much work, I 
came up with the design in Fig. 2, but to 
my surprise my speakers just don't sound 
as good as the temporary Radio Shack 
crossover I was using before. The bass re¬ 
sponse is better—a little boomy and not 

FIGURE 2: Diagram showing a Linkwitz-Riley 
crossover and 12dB/Zobel network with cross¬ 
over at 2.5kHz. Equipment is a Madisound 8" 
polywoofer Model #8152 and Dynaudio D-28AF 
tweeter. 

real tight—but the tweeter response is 
muddy and quieter than before. The over¬ 
all sound isn't as dynamic as before. 

I don't know where to go from here. Is 
my design at fault? Is there anything I can 
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FIGURE 1 : The corrected Linkwitz-Riley fourth¬ 
order crossover and the delay for one channel. 
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change or do differently? Or should I try 
a new design? Can anyone help? 

Matthew J. Masters 
Columbus, IN 47201 

Terry Cejka replies for Madisound: 

We modeled the drivers and your crossover design. 
As you can see from the graphs [Figs. 3 and 4] with 
the driver offset taken into account, if the drivers 
are wired in-phase, there will be an audible suck-
out around the crossover frequency. Therefore, you 
might try reversing the phase on the tweeter. This 
should flatten out the frequency response. 

WORTH THE WAIT 
I write in regard to Rick Bolen's request 
for crossover help on his E-V drivers (SB 
1/92, p. 75). 

I built a cabinet according to E-Ws last 
plan, updated in 1982, for the Patrician 
system a few years ago using plans I 
bought from Dennis W. Ehricke (309 W. 
Harvard, Visalia, CA 93227). He is a re¬ 
tired E-V executive who has a lot of other 
material on E-V products. I do not know 
the dates of the printed schematics. I 
would bet that Dennis could provide 
much of the information Rick seeks. 

I had the same experience that Rick had 
with the E-V customer assistance, but I 
received very valuable help from Joe Cat-
owitz, an engineer at E-V. My E-V driver 
supplier, Donald J. Berg (2921 Meridian 
East, Puyallup, WA 98371, (206) 845-
9764), was also quite helpful. He is an en¬ 
gineer, and I believe he has collaborated 
with E-V on some equipment. 
I had wanted a Patrician system since 

the '60s. |No mere copies of the Klipsch 
speakers of the era. Differences in sound 
were obvious to listeners then and were 

quite a topic of discussion amongst audio¬ 
philes who knew a lot more than me.) 
However, I had no room or stable envi¬ 
ronment for mega-cabinets until I retired. 
By then E-V had stopped making them. 
At the suggestion of David Helder of San 
Francisco Soundworks (269 Bartlett St., 
San Francisco, CA 94110), I used a Mar¬ 
chand XM 1 electronic crossover which 
he custom built to accommodate some of 
my weird requirements [Fig. 5). 

I use Parasound HCA-800II amplifiers 
to power the Patrician and the other chan¬ 
nel (a Thiele criteria vented box built from 
E-V plans with E-V drivers new and old 
inspired by the original companion to the 
Patrician); couldn't be happier with the 
beauty and realism of the result. Worth 
a 30+ year wait. 

D. S. Slack 
Tracyton, WA 98393 

ALTERING Q rs

In G. R. Koonce's article, "Improved 
Vented Box with Low Qts Drivers" (SB 
6/90, p. 23), the author examined em¬ 
pirically enlarging boxes and later tuning 
to extract lower bass. I have questions 
about altering the Qts of the driver itself. 

In a QBj enclosure, the G of a low Qrs 
woofer is too high to be attractive and the 
Vb is so small you can't fit the driver and 
a tweeter on the baffle. A three-way de¬ 
sign is out of the question. (For example, 
the Focal 7N515 has a Qts of 0.24, the 
fj is 60Hz, and Vb is 11.5 liters.) I pro¬ 
pose using these woofers by raising Qts 
to the point where a low fj and a large 
enough box size result. I would merely 
put four or five paralleled power resistors 
in series with the woofer and its imped¬ 
ance compensation, recalculate Qts and 
Qts, and proceed. (For example, 2.5ÍI of 
resistance—crossover inductors plus pure 
resistance—in series with the above 
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woofer raises Qrs to 0.33; then G is 40Hz 
and Vb is 27 liters. 

1. What are the unintended effects of 
adding this resistance, say up to 2 or 3Q? 

2. I realize that I will raise the imped¬ 
ance of the loudspeaker somewhat and 
reduce efficiency, but if I do this to 4Í2 
(or two paralleled 8Í2) drivers, do I care? 
3. I am naive about amplifiers—does 

adding this much pure resistance (say, up 
to 3ÎÎ) harm or change the speaker/ampli-
fier relationship? 
4. Are there guidelines for how much 

Qes and Qrs can be raised without bad 
effects? Is there a desirable relationship 
between Qrs and Qrs that should be 
maintained? 

5. I hope that paralleling several resis¬ 
tors will increase power handling, reduce 
heating, and minimize the inductance ef¬ 
fects of the resistors? Yes/No? 
6. What are the designers' and manu¬ 

facturers' intended uses for low Qrs 
woofers? 

In the fourth edition of the LDC, Vance 
Dickason discusses a subject of great in¬ 
terest to me, the use of commercially 
available vibration damping materials to 
tame enclosure/panel resonance. There 
he references the relevant articles in Voice 
Coil. It seems to me these articles belong 
in SB as well, don't you think? I'm not 
anxious to subscribe to two magazines 
from the same publisher to find out what 
I need to know. 
Thanks very much for any and all help. 

Keep up the great work—Speaker Builder 
is improving every year. 

Ray Montoro 
Plano, TX 75075 

Contributing Editor G. R. Koonce replies: 

Mr. Montoro has run into the problem that bothers 
all those trying to design vented box (VB) systems 
with low Q re drivers; even with a fairly low 
driver fs, the system's f3 is rather high. His basic 
question is: Will adding resistance in series with 
the driver to raise QH and thus QR produce a 
good VB system? 

I will address this question in three parts: first, 
my actual experience that relates to the problem, 
secondly with direct answers to Mr. Montoro's spe¬ 
cific questions, and finally what I have discovered 
you can do with low drivers to produce ac¬ 
ceptable VB designs. 

The math is very simple. If you add a resistance 
Rc in series with a driver of voice-coil resistance 
R£ you change the Q5 as follows: 

Qk' ” new Qes = Qrs x (kg + R £) I R f

Qrs' = new Qrs = Q-es' x Qms ' IQcs' + Qvrs) 

I will relate three actual experiences that bear 
on this topic. 

1. Mismatched drivers in a pair of Closed-Box 
(CB) systems: 

I once built with two 8Í2 drivers supplied by their 
owner which were badly mismatched. I felt the 

owner would want both boxes the same size so I 
decided to "fix" the lower QTS driver by adding 
resistance, about 1.5Q being needed. The boxes 
were built to match the higher QTS drivers and I 
tried the 1.50 with the lower Qn driver. The 
sound was bad! Experimenting showed that up to 
about 0.50 was OK, but over that the sound qual¬ 
ity decreased rapidly. With the 0.50 resistor the 
individual box sounded OK, but the pair did not. 
For those running into a similar problem, the cure 
was to introduce the loss in the box rather than 
electrically by adding resistance to the driver. I 
decided to try small, lossy ports in the box and 
started to drill holes in the back, the size picked_ 
sp it could easily be plugged with dowels! To_my 
surprise each hole produced a Q f, rise~of about 
0.1 andlhe sysIênrstiirbéhavêcTasa CB. With the 
righTnumber ¿Tholes the two systems matched and 

sounded fine. 1 don’t know the mathematics in¬ 
volved, but I have found this to work. 
2. Series-Connected Woofers: 
I build a lot of small systems with dual woofers. 

Many times I have tried hooking the two matched 
woofers in series rather than parallel to maintain 
a higher system impedance. Every time I have tried 
this, the bass was much better with the woofers 
in parallel, even though the math says it should 
not make any difference. I believe the sound is im¬ 
proved when the drivers are connected directly 
across the amplifier output. 

3. Added Resistance with VB Systems: 
I once tried adding resistance to an 80 10" VB 

system and retuning it to see the effect. This work 
was aimed at establishing the maximum crossover 
choke resistance I could use and not really correct¬ 
ing for driver Q re. I found that if 1 got the resis-
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tance over about 0.59 the bass lost punch; became 
less solid. 1 have used this limit in my choke selec¬ 
tion for years. 

How can it be that adding resistance between the 
amplifier and the driver could cause problems when 
the math does not indicate any problem? Some tube 
amplifiers have rather high output impedance and 
seem to work just fine. I believe there are three 
possible effects involved here. 
The first is that dynamic drivers are always spe¬ 

cified and tested as terminal-voltage-in vs. sound-
level-out. Even though we know it is the current 
that causes the cone motion, the manufacturer has 
gone to a lot of trouble to make the acoustic out¬ 
put flat based on input voltage. The T/S design align¬ 
ments make this same assumption. When you put 
resistance between the amplifier and the driver, 

then you form a frequency-sensitive voltage divider 
that will increase the driver output at the two im¬ 
pedance peaks displayed by the VB system and 
these are not normally good places to exaggerate. 
If the resistor is small the effects are not great, but 
when you talk about adding a resistor that is a large 
portion of the driver resistance, I believe you get 
frequency sensitive variations along with any loss 
of damping control. 
Next, it is common for power amplifiers to have 

feedback taken right at their output. This feedback 
sees the voltage generated by the driver and helps 
the amplifier control the driver motion. With added 
resistance you have again added a voltage divider, 
this time in the driver voltage fed back to the am¬ 
plifier. I suspect this may be part of the problem. 

Finally, for me, I have always preferred the sound 
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of VB systems built with low Q K drivers and do 
not want to raise Qn any more than I can. 

1 have no mathematics to support these concerns, 
but have built enough systems to consider them 
"rules." I never use woofers in series, VB or CB, 
and will not allow the choke resistance to get to 
0.59 for 89 drivers. I would love to hear from other 
speaker builders on this topic. 
Now to Mr. Montoro's specific questions: 
1. "What are the unintended effects of adding 

this resistance, say up to 2 or 30?" I believe I have 
already answered this to the best of my ability. 
2. "1 realize that I will raise the impedance of 

the amplifier somewhat and reduce efficiency, but 
if I do this to 40 (or two paralleled 80) drivers, 
do I care?" I believe that you will. I believe you 
can only put about half the resistance in series with 
a 40 driver before it would start to hurt the sound 
relative to what you could put in series with an 
80 driver. Also, 1 believe that driving paralleled 
woofers through any major resistance, is a bad 
choice. Usually low drivers have fairly high 
sensitivities so I don't think woofer sensitivity is 
the problem. 
3. "I am naive about amplifiers—does adding 

this much resistance (say up to 30) harm or change 
the speakers/amplifier relationship?” Yes, it does 
harm this relationship in both directions and is to 
be avoided. In the case of tube amplifiers, which 
are sometimes bothered by driving a load imped¬ 
ance higher than what they are rated for, raising 
the load impedance can be dangerous. 
4. "Are there guidelines for how much Qß and 
Qts can be raised without bad effects? Is there a 
desirable relationship between Qß and QTS that 
should be maintained?" The first part of this ques¬ 
tion has been answered from my experience as 
about 0.50 per 80 driver or Ro about 6% of nom¬ 
inal driver impedance. When we talk about the rela¬ 
tionship of to Qr we really mean the ratio 
of QB to QMS. After I had built about a dozen VB 
systems, I looked at this and thought I had a rela¬ 
tionship for the systems that gave the best results. 
After building many more systems that ratio was 
not sustained. At the present time 1 know of no 
ratio of Qes to QMS that produces better VB sys¬ 
tems. I still tend to like the damping to be in the 
electrical circuit and tend to go for low QES with 
a high Qms, but have heard fine systems built with 
relatively low QMS drivers. 

5. "I hope that paralleling several resistors will 
increase power handling, reduce heating, and min¬ 
imize the inductance effects of the resistors." Using 
parallel resistors will reduce the total circuit in¬ 
ductance and increase total power handling. The 
heat from each resistor will be reduced, but the 
total heat dissipated by the group will remain the 
same as for a single resistor of the same resistance 
as the group. 
6. "What are the designers' and manufacturers' 

intended uses for low QTS woofers?" There is no 
way I could know the intentions of designers and 
manufacturers. I do know that professional sound¬ 
reinforcement people like to build with low QTS 

drivers; partly because low QTS generally means 
a big magnet and thus high efficiency. This indicates 
two items you must look for when buying a low 
Qn driver. First, you want a very low f5 to re¬ 
sult in a system with acceptable i3. Second, you 
must be sure the sensitivity is reasonable. If you 
build using woofers with a sensitivity of 98dB at 

74 Speaker Builder / 3/92 



UB Small Signal Response — Qb = 7 — Qts = 0.240 02-05-1992 
Curve UB Type H = fb/fs Alpha f3/fs Qtce 
- QB3 Alignment 1.625 5.065 2.062 1.141 

FIGURE 6. Comparison of QB 3 and B 4 alignments for a driver with 
QTS = 0.24. 

UB Small Signal Response — Qb = 7 — Qts = 0.240 02-05-1992 

FIGURE 7. Comparison of QB3 and Be4 alignments for a driver with 
Qrs = 0.24. 

IM for 2.83V RMS input you will not find midrange 
drivers and tweeters to run with them and be forced 
to use horn upper-end drivers or biamp the system. 
This high sensitivity prevents me from using the 
drivers designed for professional application. 

Let me now address what the options are for the 
use of low Qrs drivers other than adding series 
resistance. Part of the problem is that most people 
tend to use these drivers in a QB, alignment. In 
my article which Mr. Montoro referenced, I tried 
to show how I was getting around this problem with 
a trial-and-error alignment approach. Since that 
time, I have been contacted by Mr. R. 0. Wright, 
Jr., who showed me there is a direct mathematical 
way to produce VB designs with improved perfor¬ 
mance over the QB, alignment. The technique is 
called Complex Alignment Jamming and Mr. Wright 
and I are finishing a manuscript for submission to 
Speaker Builder on this topic. Figure 6 shows how 
the Focal 7N515 driver, or any driver with a QK 
= 0.24, can be used in a "jammed" Butterworth 
B, alignment and how that alignment compares 
with the more standard QB,. A considerable ex¬ 
tension in fj is demonstrated by the B, alignment. 
A second alignment choice is demonstrated in 
Fig. 7, where the QB3 alignment is compared with 
a "jammed" Bessel Be 4 alignment. The Be, has 
nearly the same f3 as the QB3, but provides a very 
slow roll-off rate. At -6dB and - lOdB the Be, 
shows considerable advantage. The Be, alignment 
is very popular with professional sound-reinforce¬ 
ment people and is believed to offer lower distor¬ 
tion than the same driver in other alignments. I 
have never built using the Be, alignment, but I 
plan to give it a try. 
I thank Mr. Montoro for this opportunity to 

"push" the use of low Q re drivers as I believe 
they produce the best sound. I also want to en¬ 
courage builders to break away from the conven¬ 
tional QB,, BB,, and C, alignment curves as they 
cover only a very small portion of the "alignment 
space" available for VB design! What experiences 
are readers having in this area? 

_ CALSQD HELPS 
This letter is a follow-up of my letter in 
response to a letter of Herbert Meyers {SB 
3/90, p. 3) in which I pointed out that the 
phase-correcting portion of the Dynaudio 

SPEAK 

Acoustic Simulation Software 

- Design Revolutionary Loudspeaker Systems -

(A) 6th Order 
(B) Vented 
(C) Sealed 

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) 
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Off-axis Response 
More... 

Requires 
IBM AT class compatible 

computer with coprocessor 
and EGA monitor. 

Purchase.395.00 

Multi-User.995.00 

DLC DESIGN 
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Farmington Hills, Ml 48335 
(313) 477-7930 
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Myrage crossover was in fact a passive 
time-delay network and urged further in¬ 
formation on calculation of the properties 
of these potentially useful networks. This 
request has become moot by my recent 
acquisition of the CALSOD software 
(which OCSL distributes). I am now in a 
position to offer some specific comment 
to Mr. Meyers and to sing the praises of 
this amazing software (if one is consider¬ 
ing any design software, CALSOD should 
be first on the list; it does everything). 
While I was not (and indeed am still 

not) able to provide Mr. Meyers with 
formulas for computation of time delay, 
I can provide some general comment and, 
with the help of CALSOD, some specific 
and perhaps helpful data: 

By inspection these networks are pas¬ 
sive, all-pass filters derived by summing 
first-order and low-pass sections. There¬ 
fore, rule 1 is that there must be a (center) 
frequency (fo at which IMP,nducror = 

IMPcapac/ror = B/oad (driver)- If such a filter 
is terminated properly, i.e., constant re¬ 
sistance, it will have a flat amplitude re¬ 
sponse and introduce a time delay deter¬ 
mined by the properties of the low pass 
section. The lower the frequency (fo) at 
which IMP,nducior = R/oad (driver), the greater 
the delay. The delay is relatively constant 
from DC to somewhat below fo, then 
begins to diminish—reaching roughly 
25% of its initial value about three oc¬ 
taves above fo. While I haven't found for¬ 
mulas or tables that associate the delay 

P-C-B ARTWORK MADE EASY ! 
Create and Revise PCB Art in a Flash 

* For IBM's & COMPATIBLES 
* HERC, CGA, EGA, VGA, SUPER-VGA 
* AUTO GROUND PLANES 
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* CREATE YOUR OWN FILMS with 1X ART 
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* Generate 1X and 2X Artwork 
* Create PCB Art from Schematic Drawing 
* DOWNLOAD DEMOS from 24 hr. BBS ! 

PCBoards - layout program 99.00 
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PCBoards GERBER & EXCELLON Disk 49.00 

PCRoute - autorouter pgm. 99.00 
SuperCAD - schematic capture pgm. ...starts at 99.00 

Demo Pkg. - ( demos of all 3 programs ) 10.00 

REQUIREMENTS : At least 384Kfor PCBoards / 512KforPCRoute & SuperCAD 
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PCBoards 
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1 (800)473-PCBS/ (205)933-1122 

_ BBS/FAX (205)933-2954 
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with f and fo, simulation with CALSOD 
(which affords simulation and compari¬ 
son of both phase and amplitude of the 
driver and driver/filter combination) sug¬ 
gests that the network in the Myrage, ter¬ 
minated with 49 (and therefore having 
f = 796Hz) produces a delay of 0.37mSec 
at low f. This diminishes to 0.33mSec at 
600 and 0.94mSec at 5kHz. A similar net¬ 
work found on the D-28AF tweeter in 
some Dynaudio designs employs 6.8/rF 
caps and 0.39mH inductors for an fo of 
2930Hz (with a nominal termination of 
89) and a delay of about 0.075mSec at 
3kHz. Interpolation or extrapolation from 
these values should produce reasonable 
delay approximations for other fo. It must 
be emphasized that a constant, resistive 
termination of these networks is vital if 
the all-pass, flat-amplitude response is to 
be preserved (note the Zobel on the 
D-76s). Otherwise amplitude response 
will sag at frequencies where impedance 
is below nominal and be boosted at those 
where impedance is above nominal. Sim¬ 
ulation suggests that the uncompensated 
D-28 network is offensive in this regard. 
"Reverse engineering" of complex 

crossover circuits is merely one of the 
areas where CALSOD excels. Along with 
its capacity to model and optimize cross¬ 
over circuits which incorporate driver 
phase and amplitude behavior into real¬ 
istic acoustic models, it has adequate, 
simple routines for modeling low fre¬ 
quency behavior (closed box, vented box, 
PR, etc., with and without equalization), 
and the ability to incorporate user-defined 
transfer functions expands these con¬ 
siderably (one needn't understand the 
TFs, you merely calculate coefficients 
and copy them). For instance, one could 
incorporate the sound pressure TF for a 
symmetrically loaded alignment (given by 
Mr. Margerand, SB 6/88, p. 29) and the 
impedance TF for same (alas, not given) 
with a series cap and inductor and simu¬ 
late a sixth-order bandpass alignment; 
moreover, one could call upon CALSOD 

1 
PREVIEW 
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• 12C display 
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• Review of Analyser III 

• Medical laser technology 
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interference 

• Cellphones explained 
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to optimize the values of passive com¬ 
ponents to achieve a target alignment. 
While this software permits anyone 

with a little algebra to enter the arena of 
design on equal terms with the pros, there 
is a good deal of art in achieving a good 
CALSOD model of driver behavior (par¬ 
ticularly near the HF cutoff) and judge¬ 
ment is required in choosing functions to 
simulate diffraction loss (the 6dB step), 
rising high end, etc. I would like to sug¬ 
gest a CALSOD user group or some other 
mechanism (including articles in SB) to cir¬ 
culate good driver models and useful TFs. 

Robert Hesse 
Cambridge, MA 02442 

BANDPASS QUERIES 
I have been reading SB for a year now 
and I haven't seen anything on off-shoots 
of the vented/sealed designs. Are there 
any formulas available to the hobbyist for 
designs of sealed-vented bandpass (sixth¬ 
order), double-vented bandpass, or series-
vented bandpass? If so, can you provide 
me with any of them? 
I also have a question to either Bob 

White or Bob Bullock regarding the com¬ 
puter program "Passive Crossover." I 
don't have copies of SB 1-3/85 but I as¬ 

sume that Vance Dickason's Loudspeaker 
Design Cookbook 's crossover drawings are 
similar. What is the definition of RÄ and 
the difference between T-bandpass and C-
bandpass? Could you please clear these up 
for me? Thanks. 

David Samek 
Blue Earth, MN 56013 

Contributing Editor Bob Bullock replies: 

There are no simple formulas for bandpass systems. 
However, Old Colony sells a program of mine called 
BANDPASS BOXMODEL that allows you to model 
a wide variety of bandpass systems with passive 
and/or active equalization. It is easy to use this soft¬ 
ware to come up with a design for a given driver. 
Your question on passive crossovers is answered 

in my three-part series on "Passive Crossover Net¬ 
works" [SB 1-3/85). 

Briefly, C-bandpass and T-bandpass circuits are 
just two different topologies for realizing the same 
transfer function. The main difference is that the 
C-bandpass circuit generally provides more midband 
gain. Thus, it can sometimes be used more effec¬ 
tively to match sensitivities in three-way systems. 
The role of is to attenuate the midband gain 

so the bandpass and the low- and high-pass sec¬ 
tions combine correctly to provide an overall all-
pass response. 
The “gain cut" value is the amount attenuates 

the bandpass output. If your midrange driver is this 
much less sensitive than your woofer and tweeter 

then you do not need R4. In a few cases, the band¬ 
pass section does not supply enough gain to match 
the low- and high-pass sections. In this case a "gain 
error" is displayed. This means that you must supply 
this much additional gain in the bandpass section 
in order for the three sections to match correctly. 

BANDPASS BOXMODEL with 
Graphics (#SOF-BPB1B5G) is 
available from Old Colony (see 
ads in this issue for ordering in¬ 
formation) for $50 plus $2 S/H. A 
demo version (#SOF-BPB1B5GD, 
$5, plus $2 S/H) is usable as credit 
toward later purchase of the full 
package. 

ACOUSTICAL 
IMPLICATIONS 

May I take this opportunity to say how 
I have enjoyed reading SB over the past 
few years and I am very encouraged by 
the strong commitment shown by your 
readers and both the amateur and profes¬ 
sional authors. I found the article by Dick 
Campbell on MLSSA (SB 1/92, p. 26) to 
be particularly interesting and Dick has 
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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: (605) 881-9800 Fax: (605) 885-2508 
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When it comes to speaker 
stuffing choose a natural 

Wool 
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—currently specified in a top-of-the-line speaker 
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made a genuine contribution to the art of 
testing. Likewise Dave Moran (SB 1/92, 
p. 82) has a refreshingly objective attitude 
to the performance of commercial loud¬ 
speakers. Frequently they are as poor as 
Dave suggests. 
He is right to focus on frequency re¬ 

sponse as a primary parameter, if only be¬ 
cause so many examples are so dismal in 
this area. Assuming reasonable design in 
terms of directivity and driver integra¬ 
tion, dangerous assumptions I know, then 
an inability to throw a decently flat fre¬ 
quency response in the forward direction 
must be regarded as a major weakness. If 
serious variations are present, the speaker 
in question is acting as an unwanted and 
rather colored graphic equalizer. 

If the response varies a lot with axis, 
then nowhere is flat. Such a sonic disas¬ 
ter will be different to every listener, at 
every angle, in every environment. More¬ 
over, the acoustical implication is that this 
type of speaker has a discontinuous phase 
response imparting rapid shifts between 

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 two channels. The consequence is 
poor, unstable stereo imaging. 

For normal-sized, 2ft3 systems it is rou¬ 
tinely possible, with careful design, to gen¬ 
erate a well-integrated forward output. 
If this is measured in %-octave weighting, 
it might well deliver +2dB, 60Hz-
18kHz for a 15 ° included vertical window 
and a 40° horizontal window. If basically 
clean-sounding, such a design will sound 

FOREIGN READERS 

Due to the limitations of 
our Fast Reply program, 
we are unable to pro¬ 
cess requests for infor¬ 
mation from our foreign 
subscribers. 
HOWEVER, our advertisers 
would certainly like to 
hear from you directly 
via mail, phone, or FAX. 
Please don’t hesitate 
to contact them for the 
products I information 
you are interested in. 

neutral and well-balanced in a range of 
rooms. Even when measured under non-
anechoic conditions a good proportion of 
that intrinsic flatness and frequency con¬ 
trol will be clearly evident in the results. 

Large panel systems pose special diffi¬ 
culties due to the proximity effects which 
make assessment of test data difficult. 
Conversely this very fact also confirms 
David's findings that some large panels 
are often less accurate (by whatever def¬ 
inition you care to apply) than conven¬ 
tional boxes. A good system design of es¬ 
sentially flat frequency response and good 
driver integration will remain accurate 
under most conditions. 
Keep up the good work. 

Martin Colloms 
London NW6 IBA, England 

EFFICIENCY 
ALIGNMENTS 

I must first commend you on a truly fas¬ 
cinating publication. My colleagues and 
I, in the automotive audio industry, turn 
to the pages of SB for its technical insight 
into the formidable challenge of accur¬ 
ately reproducing what has been captured 
live onto recordings; a challenge further 

complicated by the grossly unpredictable 
acoustics of the automotove environment. 
In my endeavor to achieve realistic bass 
response, "Symmetrical Loading for Auto 
Subwoofers" (SB 6/90, p. 20) by Matthew 
Honnert, caught my eye. 
Further exploring the subject, I ref¬ 

erenced Jean Margerand's article, "The 
Third Dimension: Symmetrically 
Loaded," Parts 1 and II (SB 6/88, p. 29 and 
1/89, p. 27). His articles are extraordin¬ 
arily informative; however, there are a 
few questions I would very much like to 
have answered. 
Is there an upper limit to the amount 

that the reference efficiency of a driver 
may be increased? Or is it determined by 
the qualities of the driver, i.e., surround 
and cone materials, Xmax and so on? 

If not, what are the logarithms used to 
obtain the values on the tables? I would 
like to increase the reference efficiency 
of very low Fs/Qrs drivers + 10-12dB by 
extending the data range on the tables— 
if that much increase is possible. Attempt¬ 
ing these very high efficiency alignments 
for several low Fs/Qrs drivers has forced 
me to resort to a lower "S” table, while 
I could possibly have achieved a higher 
efficiency and a flatter response by using 
the higher "S" value table. Since most of 
my applications will be used strictly as 
subwoofers, the narrower bandwidth 
would be tolerable, even welcomed. 

Cabinetry for the custom builder. 
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The WD series 
is constructed of 
oak or walnut 
on all surfaces 

(except bottom) sanded smooth, 
ready to finish. Also available in 
lacquer finishes, natural oak, 
medium oak & walnut. This series 
comes with full or partial length 
grills and are available in 8 sizes. 

We know the goal of the 
serious listener is achieving 
maximum audio fidelity from your 
custom designed speaker system. 

laminates. Fronts and backs 
finished in black laminate. 
Cut-outs at nominal 
charge. 

Call or write for additional 
information. 

Our original 
series of 
cabinets & 
grilles are 
available 
fully 

At Grenier we’ve 
developed our 3 types 
of speaker cabinetry 

based on the 
fundamental principle 

that truly classic 
design dictates that 

form follow function. 

5901 Jennings Road, Horseheads, NY 14845 
Phone (607) 594 3838 

1Q 
assembled in 28 sizes in 

unfinished oak, walnut & color 

Our BV series is available 
in the same sizes and 
features as the 
WD series. 1 

Additionally, II»« 
the front ■^RhK HH 
vertical |H 
edges are 
beveled 
to produce 
and enhance the professional 
appearance on high end 
systems. 
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YOU DON’T NEED TO OWN * A COMPUTER TO RUN 
OUR PC COMPATIBLE SOFTWARE 

QUICK BOX 
ROOM 
LMP 
A-FILTER 
MMB 
WISP 
G’DAY MATE 

Vented, sealed and 4th order band-pass box design. 
Speaker/Listener placement in your listening room. 
Displays predicted response of your design. 
Active filter design. 
Batch file enhancement routines. 
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Is there a formula for determining a pre¬ 
dicted, normalized frequency response 
graph for an alignment? If not, are there 
any suggestions as to how I may depict 
a response graph on a computer screen, 
transposed onto a known typical response 
analogous to each "S” parameter, and 
then simply apply the frequencies to the 
bottom and the relative sound pressure 
levels on the side of the chart correspond¬ 
ing to the data calculated for a custom 
alignment? 
Is there a general consensus as to how 

low FL may be ''set" for a given driver, 
dependent upon either the alignment's 
"S" parameter or the Fs of the driver 
itself? Or is it assumed that the driver 
will, in fact, reproduce frequencies in the 
lower extremeties (20-25Hz) even with¬ 
out an Fs that low, and will merely ex¬ 
curse more since the drivers must excurse 
much less to reproduce any given fre¬ 
quency while symmetrically loaded? 
When designing multi-driver woofer 

systems, should I determine Fs, Qrs and 
Vas parameters for the alignment by 
simply adding the individual Fs values to 
one another, then dividing by the number 
of drivers—repeating this process for Qrs, 
then Vas? Or use a different approach? 
Most of my automotive applications for 

subwoofers are driven by mono-bridged 

BIG COVE RESEARCH 
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Why Your Magazine 
Doesn’t Arrive 

If you move and do not send us your new ad¬ 
dress in advance, your current issue is sent to 
your old address and may arrive after the 
Postal Service's six-month time limit on for¬ 
warding instructions has expired. If this hap¬ 
pens, the Postal Service sends us a notice say¬ 
ing, in effect, they have forgotten where you 
now live, along with a bill for 30c to pay for 
this information. Meanwhile, they have 
trashed your magazine. 
Since we have already paid for your de¬ 

stroyed copy, paid postage to attempt to 
deliver it to you and put a holding code in your 
computer record saying that we have no idea 
where you are, and further since we routinely 
act on the assumption that Murphy is over¬ 
active within most offices of the Postal Ser¬ 
vice , we send a first-class letter to your old ad¬ 
dress to determine whether you have, in fact, 
moved. We do this because from time to time 
some clerk mistakenly supposes a subscriber 
has moved and he or she has not. Then we 
write a nasty letter to the Postmaster sug¬ 
gesting the clerk is a vandal of sorts and how 
about paying for the magazine? So far, not one 
has sent any postage or even a repentant let¬ 
ter. Replies usually range from form to frown¬ 
ing to foaming. 
So please inform us early when you move. 

Peel off your label, put it on a postcard, write 
in your new address and send it to us. We can¬ 
not afford to send you a duplicate, unfor¬ 
tunately. If your copy becomes a Postal Ser¬ 
vice casualty, the replacement copy will 
cost $5. 
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amplifiers—usually high current mod¬ 
els—and I oftentimes use more than four 
drivers. With these high current ampli¬ 
fiers, all drivers are wired in parallel. Is 
there a reference in SB, or in another 
publication, that explains the calculations 
of series/parallel acoustic and voltage 
gains using these multi-driver systems? 

I realize that the box volumes, tuning, 
and enclosure construction are critical to 
achieving these precise alignments. Of 
particular concern, I understand, is the 
volume front (VF). I am sure that I should 
add an approximate amount to the net 
volume for the drivers when mounted in 
a push/pull or Isobarik configuration, as 
determined by the diameter; then add an 
equivalent vent volume. What values 
should I use for approximated equivalent 
driver volumes for drivers of 6", 8", 10", 
12", and 15" diameters? 
Afterwards, shall I add the ''mystical'' 

10-15% minimum overvolume, as do so 
many avid speaker builders? Or shall 1 
assume, after having accounted for all 
port, driver, and bracing volumes in my 
gross volume, that my figures are quite 
accurate enough? 
Concerning the tuning of the system; 

is tuning achieved by the same means as 
a bass reflex enclosure—by tuning to the 
low impedance trough between the twin 
impedance peaks? 

William D. Sanders 
FPO, AA 34080-2730 

STUFFING 8' TLs 
Just when you thought it was safe, here 
comes another question concerning the 
Dynaudio 30W54. 
I am a beginner speaker builder trying 

to gather my courage to start construction 
on my first speaker project, a transmis¬ 
sion line (TL) subwoofer using the 
30W54. After doing my research and cal¬ 
culations, I am still unsure about the op¬ 
timum length of my line. From past issues 
of SB, I have read many articles describ¬ 
ing the relationships of different stuffing 
materials and densities on optimum TL 
length. However, most authors advise 
"fine tuning" the line by adding or sub¬ 
tracting stuffing material to the completed 
line. This seems to suggest building the 
TL backwards. That is, figure my stuff¬ 
ing densities first, then build the line. 
Due to my limited resources, I am un¬ 

able to build a changeable prototype and 
test various length and density combina¬ 
tions. When I was about to scrap the 
whole project, I read Roger Sanders' reply 
to Gary Beckstrom ("Mailbox," SB 3/91, 
p. 89) where he showed a subwoofer 
design using 30W54 in a TL of 8'. Unfor¬ 
tunately, Mr. Sanders did not mention his 
stuffing strategies. 
In addition to this, Bob Bullock's re¬ 

sponse to Robert Hesse ("Mailbox," SB 

A Quality Texture Look 
Without Laminating Costs and Labor! 

Designed For Use On Speaker Cabinets 

RESTORES OLD WORN OUT SURFACES 

TEXTURELAC Spray finish produces a three-dimensional look that resembles a pebble, 

stucco or leather texture. It can be handled within 15 minutes of spraying and eliminates 

most sanding, spackling or extra paint operations. Dries to a hard mar-resistant and washable 

finish. 

—Can reduce production spray room material and labor costs by 70 percent or more— 

TEXTURELAC Is formulated for use on all wood, and composition woods, plastics and 

metal castings. It is available in most colors. 

for a trial order or swatch panel of TEXTURELAC with descriptive literature call or write: 

Abilene Research and Development Corp. 
PO Box 294, Hewlett, NY 11557 »(516) 791-6943«FAX (516) 791-6948 

Fast Reply HGG66 

Low Frequency Designer 3.0 
another creative design tool by SpeakEasy 

This is the latest version of SpeakEasy s 
loudspeaker modeling program. Analytically 
powerful, utterly friendly to use. and developed 
over the last 10 years by a working loudspeaker 
engineer. Low Frequency Designer lets you do 
real-world design efficiently and easily. 

High-pass systems 

Quickly design and 
optimize conventional 
sealed or ported systems. 

These advanced features make Low Frequency 
Designer stand out among the competition: 

Curve Fitting—Low Frequency Designer will 
automatically modify your driver and box 
parameters to best approximate your ideal 
response 
Curve Families—Low Frequency Designer 
will quickly step a parameter value over a 
given range to generate a family of curves. 
System Synthesis—Give Low Frequency 
Designer a desired response and it will 
calculate a set of system parameters for you. 
User Friendly -Low Frequency Designer s 

Band-pass systems 

Calculate and plot response and 
displacement for dual chamber 
systems with single or multiple 
vents 

Multi-driver systems 

Add a second driver to 
any system in a standard, 
push-pull or Isobarik 
configuration. 

pop-up windows and full mouse support make 
it quick and easy to learn and use. Pop up a 
HELP screen for immediate assistance from 
anywhere in the program. 

System Requirements 

■ IBM PC or compatible with 640K minimum 
■ CGA/EGAA/GA/Hercules or AT&T graphics 
• Epson or HP compatible printer support 

Math coprocessor and mouse support included1

This same powerful program is used by 
industry-leading loudspeaker manufacturers. 
Available now at $ 195 U.S. includes shipping 

Call or write for details or demo disk. Ask about our crossover design program, Filter Designer I 0 

SpeakEasy 46 Cook Street / Newton, MA 02158 USA / TEL 617-969-1460 / FAX 617-969-5833 
Fast Reply PGG45 
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XM9 
Electronic Crossover 

24dB/ octave 

Fourth-order active filter 
Single channel; on board level 

controls; RCA plugs for input/output 
Crossover frequency 20Hz-5kHz 

Easy frequency change with 
pluggable frequency modules 
3.2" X 4.1" glass epoxy board 

double sided, plated through holes 
polystyrene caps, metal film resistors 

XMS-B bare board with manual $14.95 
XMS-K complete kit with manual 39.95 
XM9-A assembled with manual 49.95 
XMS-FMK frequency module kit 1.45 
XMt-FMA frequency module assembled 2.95 
XMt-M manual only 2.95 

Write or call for more information about this and 
other electronic crossovers with 24 dB/Oct and 
48 dB/Oct slopes priced from $19.95 to $495 

Marchand Electronics, Inc. 
1334 Robin Hood Lane 
Webster, NY 14580 

(716) 265-4930 

Fast Reply PGG1068 

4 The SpcAkcR ExchA^qe’ 1tu L MILLMOflOUGH AVS . TAM RA. FL J3AO4 
(113) 137 4M0 / Pm (313) JU JIM 

■ Speaker Reconing 

■ Re-Foaming Kits 

■ Crossover Kits, and Mods 

by “Vans Evers” 

■ Grills made to specs 

■ Diaphragms, Mids + Tweets 

■ New Speaker Test Lab 

using LEAP-LMs 

Fast Reply HGG29B 

4/91, p. 80) showed a simulation of the 
behavior of a 30W54—also in an 8' TL. 

Could it be that 8' is generally agreed 

upon as being the optimum length for a 
TL enclosure using the 30W54? If so, how 
can such a line be stuffed? 

FIGURE 8: A prototype transmission line. 

Thomas Gillin 
Palm Coast, FL 32137 

Roger R. Sanders replies: 

Your concerns about line length and stuffing are 
understandable and fortunately, are easily resolved. 
Usually scientifically developed devices (like 

speaker enclosures) require precision in their design 
and execution. Interestingly, TLs are an exception. 
They are remarkably non-critical in the areas of 
cross-sectional area, line length, and stuffing density. 

Very briefly, a TL's purpose is twofold. First, it 
slows and delays the rear wave from the driver so 
at some low frequency it will have shifted the phase 

FIGURE 9: An example using the Dynaudio SIDE VIEW 
30W54. 
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180°. At this frequency it exits the line in-phase 
with the driver's front radiation. This augments and 
supports the deep bass (which will be falling due 
to lack of radiation resistance). Shifting the phase 
is the TL's way of extending the deep bass. 
Second, a TL minimizes resonances. A properly 

designed TL is tapered and stuffed with damping 
material. A typical box enclosure has two or three 
large resonances. The taper in a TL causes the line 
to have an infinite number of very tiny resonances. 
The damping material attenuates these so a well-
designed TL is nearly resonant-free {Fig. J). 
The general rule for line length expounded by 

Bailey, one of the early pioneers in TL develop¬ 
ment {Fig. 2], is that the length should be one-
quarter of the wavelength of the lowest frequency 
you want linearly reproduced. For example, a 32Hz 
sound wave has a wavelength of about 32' (divide 
1024 by the frequency to find the wavelength). One 
quarter of that is 8', so 8' is a commonly used line 
length. 

But line length is not critical. After all, the stuffing 
in a TL changes the effective length of the line 
(because it slows the propagation of sound), so the 
above formula is only an approximation in any case. 

Let's look at the extremes of line length. Long 
lines are large, so some designers have tried to 
shorten the line as much as possible to make TLs 
more compact. They run into problems when the 
line approaches about 6' because it decouples from 
the woofer at low frequencies. 

A properly operating TL has very tight control 
of the driver's excursion, which it damps heavily. 
Woofer excursion in such a TL is very small. But 
when the line is too short, it loses control and the 
woofer can have extremely large excursions. At 
some low frequency the excursion can be so severe 
that it can damage the woofer. This is not likely 
to be a problem with music, but is often trouble¬ 
some when you rapidly run through the FM band 
on an analog tuner, drop the tonearm on an LP, 
have excessive turntable rumble, or fast que tape. 

At the other extreme, a TL that is 12' long be¬ 
comes so large as to be impractical. Also, the 180° 
phase shift point in a 12' line is around 20Hz, and 
few drivers perform well enough at such low fre¬ 
quencies to effectively use such a long line. 

You can see that the range of line length lies be¬ 
tween 6' and 12'. 1 tend to lean toward shorter 
lines for smaller drivers, because these usually have 
higher fundamental resonances. Also, the only rea¬ 
son to use small drivers is for tight space consid¬ 
erations anyway. 1 use longer lines for larger woof¬ 
ers with low fundamental resonances. The Dyn¬ 
audio 30W54 is such a woofer, and it performs 
splendidly in transmission lines in the 8-10' range. 

Although some designers try, 1 am not aware of 
a precise way of determining stuffing density in a 
TL. Any method of calculating density is only useful 
for a specific type of material, because different 
materials (wool, polyester, foam, etc.) have different 
damping properties. A meaningful formula must 
somehow account for all these, and 1 have never 
seen it done. 
Even if you could devise such a formula, how 

would you accurately measure your work? For ex¬ 
ample, a common damping material is natural long-
fiber wool. In lines of large cross section, a value 
of one-half pound/ft3 is often stated in the literature. 
But just how do you determine what is 1ft3 in the 
crazy shapes we make into tapered lines? 

BUY THE ORIGINAL. 

Fast Reply HGG27 

$L195i 
10,000 Gauss 

The RTR 2401 25" Subwoofer 8Q Absolutely the finest 
handmade subwoofer the world has ever seen. Built by RTR 
in the 70 s, the last four have been in storage since 1984. 

Cast.. 

Magnet. 

Flux. 

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. 

.Aluminum Alloy Frame 

:.11 Lbs. Solid Alnico V-AB 

Total Weight.45 Lbs. 

Magnetic Assembly.30 Lbs. 

ARE YOU LISTENING 
TO THE BEST? 

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

ACOUSTICAL MAGIC COMPANY 
INSULATION EXPERTS 

1201 JAYNES DRIVE GRANTS PASS. OREGON 97527 
(800)654-4781 

OFFICE HOURS: 9-9 PACIFIC TIME 

$18.00 per quart $60.00 per gallon 
plus shipping 

Available in 5 gallon containers at large discount. 

Power Rating. 180 Continuous, 360 Peak 

Voice Coil.6 inch Diameter, Hand Epoxied, 

Heat Cured 
FS=10.8 QTS = .24 QES = 26 VAS = 29.3 FT3

Factory Authorized Service: Advent, B«I»C, Cerwin Vega, EPI, Genesis, 
JBL, & RTR • We Recone, Resurround, and Manufacture Custom 

Grilles for B»I«C, JBL, Marantz, Altec, & Cerwin Vega from $29.95 

Call for hard to find parts • Buy, sell, & trade Marantz and McIntosh tube equipment 

ESI -800-526-8879^ 
4931 A-1 South Mingo • Tulsa, Oklahoma • 74146 
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ACOUSTASTUF 
THE VERY BEST DAMPING MATERIAL 

AVAILABLE FOR SPEAKER SYSTEMS. 

COST IS $ 8.00 PER POUND. CANADIAN 

RESIDENTS ADD $ 1.00 PER LB. FOR 

SHIPPING. ÏE ACCEPT CHECKS, MONEY 

ORDERS, AND C.O.D.'S BY PHONE. 

" THE HATCHBACK " 

8" 2 WAY VENTED AUTOSOUND SYSTEM 

$ 450.00 COMPLETE KIT 

SPEAKER KITS 
WE NOW HAVE SIX SPEAKER SYSTEM 

KITS, INCLUDING TWO AUTOSOUND 

SYSTEMS. ALL KITS ARE COMPLETE 

WITH CABINETS, CROSSOVERS, AND 

ACOUSTA-STUF DAMPING MATERIAL. 

CALL OR WRITE FOR A FREE CATALOG. 

2610 SCHILLINGERS RD. « 488 

MOBILE, ALABAMA 36695 

(2051-633-2054 AFTER 5 PM CST 

Fast Reply PBB73 

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 'A BKAA7/S $ 9.95 

Hardbound with dust jacket, 
5 ¥« 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. 754 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. B92, Peterborough, NH 03458 
(603) 924-6371 / 924-6526 I FAX: (603) 924-9467 
Answering machine for orders only: (M3) 924-0371 
before 9:00 a.m., after 4:00 p.m. and weekends. 
Have all Information plus MC/VI8A available. 

To further complicate things, we usually arrange 
the damping material to produce a constant imped¬ 
ance. This means we stuff a little tighter near the 
driver than at the port. How much denser does it 
have to be to maintain constant impedance? Also, 
as you reduce the cross section of a line, you must 
reduce the damping density. How can you account 
for all these variables? 

Fortunately, it isn’t at all difficult to do subjec¬ 
tively. If the line is understuffed, it will sound 
"boomy," "hollow," "muddy," or any other sub¬ 
jective term to describe a speaker with poorly con¬ 
trolled midbass. If the line is overstuffed, it is clean, 
but lacks deep bass. 

I haven't found that the type of damping mate¬ 
rial matters. There are those who believe that wool 
is best, and I agree that it is very effective, however, 
it requires moth-proofing, is expensive, and must 
be supported with netting or dowels every 10" to 
prevent settling. As you will see shortly, the need 
for support makes it difficult to adjust. 
Polyester (Dacron®) fluff is commonly available 

from fabric stores (it's used to make pillows), and 
is cheap. Moths despise it and it doesn't settle. It 
is not as effective a damping material as wool, but 
this is not a problem—just use a little more to get 
the necessary effect. 
Other synthetics on the market work well, but 

are very expensive and you can get the same result 
with other materials. I used to use wool, but now 
I use polyester fluff. 
OK, you say, all this theory is fine, but I still 

don't know how to stuff a TL-tell me what to do! 
First, pick the length of line that best meets your 
needs. Eight to ten feet is a good compromise. Make 
your choice without regard to the type of damping 
material you plan to use. 

Build the enclosure, but before attaching the last 
side, stuff with damping material. To get the den¬ 
sity right, don't think in terms of stuffing the en¬ 
closure. Instead, think in terms of just lightly and 
gently putting the material in the line. Most builders 
use too much! 

I find the problem is getting the line completely 
filled with fluff while keeping the density low. I 
have to tease it out to get complete coverage without 
over-stuffing the line. 
You want the material a little denser behind the 

woofer than at the port. The way I do it is simple: 
I omit damping material in the last 2' of the line 
(near the port), very lightly put material in the mid¬ 
dle, and lightly stuff near the driver. 

Put on the last side of the enclosure. Go ahead 
and make it permanent-if necessary, you can ad¬ 
just the damping without taking it apart later. Com¬ 
plete the woofer system as though you were confi¬ 
dent that the stuffing is perfect. 

Hook it up and listen. I’ll bet it will sound clean 
with excellent bass extension just as you've built 
it. You probably won't have to adjust the density 
of the damping material. 

Occasionally things aren't quite right. If there is 
no deep bass, you need to remove some stuffing. 
If it sounds boomy, you need to add some. Ad¬ 
justments are easy. 

The critical damping material is placed directly ' 
behind the driver. By removing the driver, you can | 
put your arm into the enclosure about 3' through 
the driver opening and easily adjust the density. | 
You can now see why wool is hard to adjust—the 

The newest publication from 
the folks who bring you 
Audio Amateur and Speaker Builder 

Gläss Audio features the best vacuum 
tube designs for audio reproduction—past 

and contemporary. The new designs take 

advantage of improved components and 

control techniques that make the end re¬ 

sults far superior to anything possible dur¬ 

ing the early days of audio’s rebirth after 
World War II. 

That’s why tubes are having such a 

renaissance of interest as a perfectionist 

approach to good sound. And that’s why 

tubes are reappearing in original equip¬ 

ment, in high end consumer and profes¬ 

sional audio systems. 

Published quarterly, Glass Audio will in¬ 

form you about new innovations in the 

field and about parts sources. We’ll al¬ 

so include modification projects, reviews 

of technical basics and regular columns 

such as Tube Troubles, Tube Tips and 

much more. 

NAME 

STREET & NO 

CITY 

STATE ZIP 

MC OR VISA NUMBER EXPIRE 

AUDIO AMATEUR PUBLICATIONS 
PO Box 176, Dept. B92 

Peterborough, NH 03458-0176 
(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 
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support netting it requires every 10" prevents you 
from reaching deep into the enclosure. 

Replace the driver and re-test. Surely you will 
have it right. None of my readers/builders have ever 
reported having to make more than one adjust¬ 
ment—and most say their TL worked perfectly from 
the start. 

I hope this information has been helpful. If you 
have questions or problems, feel free to write to 
me through SB. It has always been my policy to 
support my readers. 

ON SPL FORMULAS 
I have a question about the formula for 
converting eta nought to an SPL in dB. I 
used the formula SPL = 112 + lOlog(eta). 
This doesn't seem to work correctly, even 
if I calculate eta as a function of the other 
parameters. 
For example, the Ramsdell Audio 27" 

driver has a published eta of 4%. This 
yields a sensitivity of 112 + 101og(0.04) 
= 112 + 101-1.4) = 98dB, which is 5dB 
lower than the published SPL of 103dB. 
Another example is the JBL E130. Eta 

is listed as 8.6%. 112 = 101og(0.086) = 
112+ 10(- 1.06) = lOldB, while the fig¬ 
ure given in "Intégrité: Rational Speaker 
Design" by Marc Bacon (SB 4/91, p. 25) 
is 105dB. 
I posted this question on Madisound’s 

Audio Projects BBS, but had no replies. 
Any help would be greatly appreciated. 

Dave Degelau 
Madison, WI 53703 

Contributing Editor Bob Bullock replies: 

The formula SPL = 112 + lOlog(eta) cannot be 
expected to be accurate for the purpose of convert¬ 
ing efficiency to sensitivity because it is derived 
from a formula for finding the steady state SPL in 
a room provided by a source of efficiency eta. 

In particular, the value 112 results from making 
certain assumptions about room absorption, room 
size, and source directivity. These values will not 
necessarily reflect the conditions under which the 
sensitivity measurement was made. For example, 
in the appropriate room the 112 might become 117, 
in which case the conversion for the Ramsdell 
driver would be exact. 

If you are interested in details, consult Chapter 
10, Part XXIV of Leo Beranek's Acoustics. (#BKAC5 
costs $27.95 plus $2 S/H from Old Colony Sound 
Lab, PO Box 243, Peterborough, NH 03458, (603) 
924-6371, FAX (603) 924-9467.) 

Quality Cabinet 
continued from page 23 

she is in my livingroom when my eyes 

are closed. The amount of information 

in the sound, such as the room acoustics 

where the recording took place, is evi¬ 

dent on good program material. I have 

(project Pro) 
Call For FREE Catalog 

Call (800) 800-3321 or (216) 425-8888 

Project Pro brings a complete line of electronic enclosures, 
hardware, and tools to both the professional project engineer 
and the hobbiest. 
Everything you need to bring ANY project from develop¬ 
ment to finished product. 

Electronic Enclosures 
* Aluminum 
* Steel 
* Plastic (ABS) 

Racks 

Custom Services 
* Fabricating 
* Screening 
* 72 hour-

turnaround 
Chassis 

Easteners 
* Nickel Plated 
* Black Zinc 

Tools 

1710 Enterprise Pky. Twinsburg, Ohio 44087 

Fast Reply MG 1406 

Audio Control industrial 

Affordable, I/3 Octave, Real Time Analyzer 
With Memories & SPL Display 

Under $1000 
Discrete ANSI class II filters 

Large, easy to read display-selectable STA  or SPL 

Made in USA 

Digital full screen SPL or 
bar graph with peak hold 

3 display speeds 

Freeze frame 

Peak hold 
on RTA 

Printer interface, 
internal battery, rack 
mount, case optional 

Balanced XLR. 
balanced 1/4" 

& BNC 

92 dB range plus fine sensitivity 

1. 2. 3. & 4 dB resolution 

Six nonvolatile 
memories, can 
be averaged 
& weighted 

• SA3050A with Mic $ 995 
• With Battery & 
Printer Interface $1300 

• Rack Mount $ 55 
• Soft Case $ 59 
• A/C Weighted Filter $ 44 In Maryland and DC: 301-948-0Ó50 • FAX: 301-330-7198 

Call TOLL FREE: 1-800-732-7665 
Fast Reply UGG 123 
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Products for the Constructor 
RACK CHASSIS 

SEND FOR NEW AUDIO CATALOG 

SESCOM, Inc. VISA & MC accepted. 
2100 Ward Of. 
Henderaon, NV 89015 U.S A 

702-565-3400 FAX 702-565-4828 
ORDERS 800-634-3457 

Fast Reply PGG499 

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 8%", softbound. 
BKD-4 $4.95 

Please add $2.00 S/H for first book, 75C each addl. 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B92, Peterborough, NH 03458 
(603) 924-6371 / 924-6526 / FAX: (603) 924-9467 
Answering machine for orders only: (M3) 924-®371 
before 9:00 a.m., after 4:00 p.m. and weekends. 
Have all Information plua MC/VIBA available. 

CALL OR WRITE FOR YOUR 
FREE CATALOG TODAY! 

enjoyed going through my CD and LP 
collection, playing favorite selections 
and hearing subtle details that were 
never apparent before. 

HAPPY BUILDING. The quality or 
lack thereof is immediately apparent in 
the recording. In other words, poor re¬ 
cordings sound even worse and excellent 
recordings are awe inspiring. Some of 
my CDs sound thin and have no depth 
at all. I finally understand all those terms 
like "soundstage,'' "air," "front-to-back 
placement," and so forth. Obviously, I 
am very pleased with the way they 
turned out. 
The pedal coupler and second ampli¬ 

fier were finished during the following 
winter and the bass is truly incredible. 
On the Kit and Coco CD In Time, several 
selections have really low bass that I 
never realized was there. 

I hope you will be able to use some of 
the ideas presented here on your next 
project. I was amazed how helpful and 
time-saving the use of jigs can be, espe¬ 
cially with a router. While not everyone 
may have room for or need a table saw, 
a router and router table are relatively 
inexpensive and allow you to perform 
many operations quickly that would take 
a long time by hand. Happy building! 

b 

Quick Box 
continued from page 63 

is a program I will use on a regular basis; 
definitely recommended. 

Bill Fitzpatrick of Sitting Duck Software 
replies: 

You can design either a closed or vented box 
after entering data for the driver. The driver 
need not be part of the library. The problem 
Mr. Koonce experienced was probably due 
toaO value for ZMAX. All information for the 
driver had to be present in order to design 
an enclosure. The program had been modified 
to automatically substitute 999 for ZAMX if 
0 has been entered; this removes any poten¬ 
tial problem. 

Mr. Koonce is correct in his observation 
that the Resonance Impedance Correction 
formulas were incorrect. This has been cor¬ 
rected and any Quick Box users with a 
QBOX.EXE file dated earlier than December 
1991 will receive a replacement disk if they 
send the original to me (Sitting Duck Soft¬ 
ware, PO Box 130, Veneta, OR 97487). I will 
send a corrected QBOX.EXE file to those who 
send in their registration cards. 

The Standard Bj alignment will be cor¬ 
rect if the Qr of the driver is near 0.4 but 
as the manual states, is to be considered a 
misalignment with other QT values. b 

BOXES 
& BINDERS 
FOR YOUR 

TECHNICAL LIBRARY 
THE BINDER: A "loose wire" heavy 
b<x>k binder cloth construction case holds 

twelve issues of your 
magazines in a read¬ 
ily accessible for¬ 
mat. The logo is hot 
stamped in silver on 
blue cover and spine. 

$12 EACH 
THREE OR MORE, 

$10 EACH 
Shipping: Postpaid in US. Canada and Caribbean, 
please add $4 for one, $2 for each additional binder. 
Overseas, please add $4 per binder. 

THE BOX: Library quality boxes. 4 'A 
X 9% X 12" high, brown woodgrain, 
folding corrugated boxes with label 
to identify contents. Holds 12 issues 

of Audio Amateur. 
Speaker Builder. 
Glass Audio or 
other valuable mag¬ 
azines in your tech¬ 
nical library. Each 
order supplied with 
preprinted labels 
for each magazine. 

$ 8 PAIR 
$12 FOUR 

Shipping: Postpaid in US Canada and Caribbean, 
please add $3 for each set of two. $1 for each addi¬ 
tional set of two. Overseas, please add $3 per set 
of two boxes 

QTY. PRICE 

_Speaker Builder binders @ $12 _ 

_Speaker Builder binders @ $10 (3+) _ 

_Boxes @ $8 (2) _ 

_Boxes @ $12 (4) _ 

POSTAGE _ 

TOTAL _ 

□ MC □ VISA □ CK/MO 

SPEAKER BUILDER MAGIC NO. 

NAME 

STREET 

CITY STATE ZIP 

MC/VISA EXP 

Audio Amateur Publications, Inc. 
PO BOX 576. DEPT B92 

PETERBOROUGH. NH 03458-0576 
(603) 924-9464 FAX: (603) 924-9467 

Answering machine for credit card orders only: 
(603) 924-9464 before 9:00 a.m., 
after 4:00 p.m. and weekends 

Have all information plus MC/VISA available. 
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Classified Advertising 

TRADE 
CUSTOM MADE CROSSOVERS, passive, active, 
audiophile tweeter protector, no active components 
in signal path, available for 4 or 89 or for odd imped¬ 
ances. For more info contact, CUSTOM SOUND. Box 
3853, Antioch, CA 94531 -3853, (510) 706-1752. T4/92. 

MYLAR FILM. Vz mil, genuine DuPont, 48" wide, $1 
per running foot; also ESL transformers ROGER 
SANDERS R1, Box 125, Halfway, OR 97834, (503) 
742-5023. T4/92 

MACH 1 ACOUSTICS introduces the TL100 and the 
TL2000 transmission line speakers. No risk in home 
auditions. TL100 MTM 2 6'/2" Bextrene midbass + 
1 polymide dome. $1,500/pr; TL2000 MTM 2 6'/î" 
polyglass + 1 Accuton, $3,000/pr; SUBASS 500 
Isobarik 10" subwoofers. $2,500/pr. Designed and 
tested with MLSSA, LEAP, and XOPT. MARK 1 
ACOUSTICS. RR2 Box 334A, Wilton, NH 03086, 
(603) 654-9826. T1/93. 

OMNIDIRECTIONAL ADD-ON SUPERTWEETER 
7 to beyond 20k, extremely smooth. G. MUELLER, 
RR 3 Box 541, Glen Gardner, NJ 08826, (908) 
537-6245. T3/93. 

(616) 534-9121 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

DVNRUDIO MOREL FOCRL ECLIPSE 
2442 28th St., S.W., Suite D, Wyoming, Ml 49509 

$$ I WANT IT ALL AND I WANT IT NOW —$$ — 
at a price I can afford! So Audio Research and Kreil 
are pretty good, right? But also pretty expensive. Try 
the best of both worlds in a price-busting way! Con¬ 
vert your Hafler, B&K, Adcom, or other amp to TUBE 
hybrid design. Design by Greg Miller. (818) 982-6477 
LAZARUS TUBE-HYBRID CONVERSIONS $799 

T1/93. 

BANDOR ALLOY DRIVERS now available in the 
USA. Call, BFW A/V SYSTEMS. (415) 961-0380. 

T4/92 

CABINETS, KEVLAR DRIVERS, CROSSOVERS 
etc SPEAKERWORLD TECHNOLOGY. (510) 
490-5842, FAX (510) 490-1961. T2/93. 

ORIGINAL QUALITY refoaming/reconing, (412) 
375-9203. T1/93. 

SPEAKER RECONING. All makes, models, stereo 
and professional. Fast service. Kits available, low 
rates. Refoaming $18. ATLANTA AUDIO LABS 
(800) 568-6971. T5/92 

PREMIUM GRADE PARTS for modifications and 
upgrades, MIT/Cardas chassis wires for wiring speak-
ers/electronics. MIT MultiCap, Solen cap, RelCap, 
WonderCap/ wire/solder products. Holco, Caddock, 
Resista, Vishay resistors and trim pots. Edison Price, 
WBT, Vampire, Cardas, etc. connectors. RAM tubes, 
silver contact toggle and rotary switches. Wide selec¬ 
tion of parts and accessories, prompt service, catalog 
available. MICHAEL PERCY, Box 526, Inverness, 
CA 94937, (415) 669-7181, FAX (415) 669-7558. 

T6/92. 

SPEAKER BUILDER CLASSIFIED ORDER FORM 

□ Private For Sale □ 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. ILLEGIBLE ADS WILL BE DISCARDED. 

Definition of a word: A series of letters with a space before and 
after. Count words, not letters. Any words over 50, 20 C per word. 
Trade ads are 90C per word and indicate number of insertions. 
Deduct 1O°/o for a 6 X contract in Speaker Builder. Payment MUST 
accompany ad. No billing. 

Magic No. 

NAME 

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. 

Please charge to my MasterCard/Visa: 
Ten dollar minimum for charge card orders. 

PHONE 

COMPANY 

STREET & NO 

CARD NUMBER ST ZIP CITY EXP DATE 
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WOOFERS REFOAMED to original specifications. 
Fast and inexpensive, guaranteed, professional work. 
Not a kit. Send stamped envelope for full details. 
NEVISONICS 650-B Baxter Ave , Louisville, KY 
40204. T3/92. 

DESIGN & INSTALL 
YOUR OWN CUSTOMM A/V OR MULTIROOM SYSTEM 

with our informative cataloge of installation 
supplies. Complete Systems, Parts, Text, 
Diagrams, & Full Technical Support—Cata¬ 
loge $3.00. FL Gladwin, P.O. Box, 221666, 
Carmel CA. 92922 or Call: 510-655-6653. 

LOUDSPEAKER COMPONENTS: Many of our ex¬ 
traordinary crossover components have never been 
offered to the home builder before, yet they are the 
foundation of some of the world’s finest loudspeaker 
systems. We feature Ohmite’s best precision wire¬ 
wound silicone-ceramic power resistors, magnificent 
polypropylene capacitors from Sprague and ASC, 
custom inductors, and a variety of other high-end nec¬ 
essities. Each of our exceptional products is chosen 
strictly on the basis of sonic quality, and although cost 
is no object our prices tend to be as good or better 
than our competitors! A subscription to our quarterly 
catalog is $3. A complimentary issue may be be re¬ 
quested NORTH CREEK MUSIC SYSTEMS Route 
8, Speculator, NY 12164, (518) 548-3623. T4/92. 

CUSTOM MADE POLYACOUSTIC FOAM speaker 
grilles—any size, thickness, design, color, or quan¬ 
tity. CUSTOM SOUND PO Box 463026, Mt 
Clemens, Ml 48046, (313) 463-5039 or Fax (313) 
463-1946. T4/92. 

FOR SALE 
Phase Linear 200 amplifier, 105W/channel, 2000 pre¬ 
amp, 5000 tuner, $600; Thorens TD125 turntable with 
Shure V-15V, $150. Larry Evers, Airport Rd., RR 4, 
Lincoln. IL 62656, (217) 732-6486. 

JBL midrange horns, 500Hz with Acoustic Lens with 
model 375 driver, magnet assembly weighs 30 
pounds, these have upgraded Beryllium diaphragms 
to extend HF response, included are aluminum dia¬ 
phragms which are flat to 10kHz, $300 each in pairs. 
Charles Goepel, 181 Berrywood Dr., Severna Park, 
MD 21146, (410) 647-9135. 

JBL L100 Century three-way speakers, very good con¬ 
dition, collector item, $375/pair. Tony Cheung, 805 
Camelot Dr., Salisbury, MD 21801, (410) 749-2771 
after 5:30 p.m. or leave message. 

CASP’er 
Computer Aided Sheet Planner 

Panel Cutting Software 
___ Optimizes, Files. Prints Layouts, Lists, 
, „ Labels and More! $249 + S&H 

_____ ROGER DRUMMOND 
10 Pike Street • Herminie, PA 15637 
Phone/Fax (412) 446-0159 

Pioneer A339 40W/channel amp, $185; PD7700 CD 
player, $250; JVC XL2-441 CD player, $155; Baby 
Advent Ils $145/pair; Shure ME97HE cartridge, un¬ 
used in box, $45; (all less than 4 months old). Steve, 
(703) 463-5675 7:30-9:30 p.m. EST. 

Kinergetics KBA-75 Class A power amp. 75W/chan-
nel, Gold Series, excellent condition, $700. Paul, 
(914) 528-1510. 

Pair Morel MDT-33, $65; Mallory 50V DC 51,000MF, 
$6 each; Mepco 50V DC 12,000^F, $2 each; Sprague 
50V DC 15,000gF, $2 each; Sangamo 50V DC 
12,000pF, $2 each; Mallory 50V DC 12,000MF, $2 
each; all used but working. Chris, (314) 993-1603 
before 10 p.m. CST. 

Ramsa power amp, balanced, 200W/channel, $550; 
Crown DC-300A-II, $425; two Altec 1270 stereo power 
amps, 200/400W/channel, 800W 80 mono each, 
$450 each; DB Systems rackmount preamp with tone 
controls, $400; Eumig preamp, $175; Tascam 122 
cassette deck, $450; Teac 25000, $550. David, (914) 
688-5024. 

Panasonic Leaf tweeter, EAS-10TH400A, $60/pair; 
Stax Gamma Pro earphone with SRD-7 adapter, 
$350. Brian, (213) 732-4532. 

Save hundreds of dollars 
on your speaker repairs. 

A highly innovative speaker surround system 
designed for you is now available. .All sizes. Easily 
installed & affordably priced at $27.95/pr. (ind. 
s/h ). No more costly repairs/freight. You can 
replace ruined surrounds yourself with the SAT 
system. ORDER NOW. TOLL FREE 1-800-747-3692. 

STEPP AUDIO TECHNOLOGIES 
PO BOX 1088, Flat Rock, NC 28731 

VISA/MC/Check/M.O. • 1-800-747-3692 

NEC AV-20 surround, $100; vintage KEF speakers, 
$200; Pioneer CD-700 disc, $75; Infinity speakers, 
$100; AKG and Azden phones, $50 each; Pioneer 
V5X 5000 tuner amp. $100; Advent sound control, 
$150; three Marantz amp units, $100 each; every¬ 
thing in good shape. Ed, (305) 891-2267. 

Technics SLPC-20, $175; Carver C-4000, $300; 
Phase Linear 4000SII, $175; Earthquake MD-5 cast 
mids, $140 retail, unused, $85/pair; ADC PSX-30 
phono cartridge, $150 retail, new, $35; Audio Tech-
nica PC550ML cartridge, $300 retail, new, $75; Apa-
ture interconnects, $200 retail, 1+2 meter, $85; 
Apature interconnects, $90 retail. Andy, (414) 
458-2057. 

Topaz Ultra Isolator power line isolation transformer, 
2.2KVA, 146dB common mode, 60dB normal mode 
rejection, less than 1% harmonic distortion, $350; 
Mogami Neglex 2534, $55/100'; back issues of Audio 
Amateur and Speaker Builder, people wanted to share 
bulk order of Jordan drivers. John, (703) 425-7482. 

Pair Audio Control C-131 Vs-octave equalizers, mint 
$750; Magnavox CDB-650 CD player, $125; older 
pair Accuton C2-11S, $150; newer pair Accuton 
C2-11S, purhcased 12/91, $250; four Focal 5K13-LS, 
$30 each; pair Swan Leda crossovers, $40. Leigh, 
13306 SE 9th PL, Gainesville, FL 32601, (904) 
378-7485. 

Two pair Dynaudio 30W-100S, 40 version, Fs-19Hz, 
Qts-0.41, 4" voice coil, 91 dB @ 1W, excellent con¬ 
dition, $150 each; prices firm including shipping. Paul 
Champlin, 1016 Quail Gardens Ct., Encinitas, CA 
92024, (619) 632-7463. 

Fine silver 20-gauge multi-strand, Teflon insulated, 
new, outstanding, $5.65/ft; toroidal transformers, 
2 X 20VAC/250VA, small, new, $20 each; nice675VA 
toroidal, 2 x 40VAC, new, eight, $80 each; Hitachi 
MOSFETs 2SK134/J49, new. matched. $5 each; 
some 2SK176/J56, new, $12 each. Randy, PO Box 
144, Hannacroix, NY 12087, (518) 756-9894 after 6 
p.m. 

Dynaudio D54, $40; Intel 8087 math coprocessor, 
$40; Hafler DH-110, $115; AudioQuest Indigo, 10 
foot/pair, $45; Gauss Bullet tweeters, 111dB @ 
1W/M, (loud), $75. Dan Patten, (801) 225-8577 home, 
(801) 224-8080 work. 

Paradigm 7se MK II speakers, oak vinyl finish, Premier 
W-30 stands, bought four months ago, excellent con¬ 
dition, $490. Northwest Ohio. Ron. (216) 677-0913 
leave message. 

KEF B-139 SP1044, mint, $200/pair; nice walnut 2ft3 

cabinets with black grille cloth, $100/pair; Realistic 
2 x 6” horn Piezo tweeters, catalog #40-1379, 
$25/pair; Richard Allen HP12B 12" woofer, cast 
frame, $40; smaller Advent loudspeaker, $40. Jerry 
Feldstein, (212) 364-3485 evenings, NYC. 

Carver CT-7 AM/FM sonic holography tuner/preamp, 
9 memory presets, remote control, A.C.C.D., multipath 
noise reduction, video input tape dubbing, $350; SAE 
A202 dual high resolution power amp, 100W/channel 
8«, 20Hz-20kHz to - 0.5dB S/N ratio - 110dB, $250 
or $550 both. Mr. Willes, (800) 227-3390 weekdays. 

Eton 1 " metal dome tweeters 25DTF250, new 
$120/pair, sell $65/pair postpaid. Alan Nettleton, (302) 
764-7479. 

Spectral DMC-10 Alpha, $1,000; mint matched Focal 
5" 5K013Lsand VIFA 1" D25AG-35S with grilles, $175 
or best offer; JBL 2380AS, $200/pair; Stereophile 1991 
and more, $25; Lazarus H-1 amp, $700 or best offer. 
Steve, (203) 397-3888. 

Test equipment, SWTPC multi-waveform audio gen¬ 
erator, 5Hz-100kHz, works fine, $35; Heathkit IM2410 
frequency counter, 10Hz-225MHz, excellent, $100; 
trades. Andy, (303) 781-5573. 

Audio Authority 431-432 speaker switcher with level 
matching, up to 32 pair, $225; Shure SM-80 Omni con¬ 
denser microphones, $375/pair; Focal 233 speakers, 
8", two-way Kevlar with oak cabinets, $425/pair. Paul 
Hughes, (707) 542-4406. 

Futterman tubes, twenty new 6LF6, seven 6LU8, 
$425; Dynaco wooden sleeve for preamp/tuner, fac¬ 
tory original, new in box, $95; Harman-Kardon Cita¬ 
tion IV preamp, excellent, $95; NYAL Minuet in a 
preamp, missing faceplate, lid works fine, $195; 
Sumiko Premier MMT tonearm, like new/box, $140; 
KEF B139 woofers, like new, $175/pair. Paul, 502-
9857 Manchester Dr., Burnaby BC, V3N 4P5 Canada, 
(604) 421-4692. 

Ampex 601-2 UHF portable stereo tube tape deck, 
carrying case, manual, mint, $650; Thorens TD150 
MK II, armless, large solid Teak base, undrilled arm¬ 
board, new $90, 3/i6" thick clear dust cover, fantastic 
bearing and motor, superb sound, barely used, pris¬ 
tine condition, $145; Dynaco PAS-2, excellent, $75. 
(703) 578-4929. 

For Advertising Information^^ 
call Rally Dennis at 

(603) 924-6710 
or write 

Audio Amateur 
Publishing Group 

PO Box 876 
Peterborough, NH 03458 
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Curcio Daniel preamp in C-J PV1 chassis, will also 
include original PV-1 boards, needs retubing, $300; 
NAD 1300 preamp, one year old, Stereophile Class 
C, very quiet, good phono section, $275; Fisher tube, 
integrated amp built from kit, needs work. $50. Ted 
Kastelle, 5576 Glenoak Ct., San Jose, CA 95129, 
(408) 446-3417. 

Luxman T-117 tuner, "one of the best sounding tun¬ 
ers ever, extremely sensitive and very low distortion," 
Stereophile, just checked and aligned, mint, if you 
listen to FM why not optimize the experience? $350 
or best offer. Jim, (203) 739-2869 anytime. 

Soundcraftsmen PM840 amplifier, 205W/channel. ex¬ 
cellent condition, signal-to-noise 106. MOSFET out¬ 
put stage circuitry, no current limiting circuitry, bridge-
able to mono for single subwoofer, original manual, 
$225. Bill Tidwell, (702) 385-7170. 

Webster antique wire recorder with some spools, $50; 
Hafler DH-100 preamp, new, $125; Premier MMT 
tonearm, new, best offer; Pickering V-15 AT2, old but 
unused, $5; oak stereo cabinets, beautiful finish, 
priced very reasonably, local only. Walt Fleming, 182 
Plain Hill Rd., Norwich, CT 06360, (203) 889-5018 5 
p.m. best. 

Yamaha T7 Analog FM stereo tuner, motor drive, 5 
pre-selects. $150; Sanyo Plus 55 series stereo pre¬ 
amp, $100; all plus shipping. S.H. Grycz, 2935 
Crehore St., Lorain, OH 44052, (216) 288-9480. 

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 

Gold-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 (1) 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 I inkwitz Riley “In Phase ’ design. 
Models for Snell and Magnepan speakers available. 

The renowned DB Systems preamps, power amps, 
tone controls, head amp, and phase inverter/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 
VlSA/MasterCard accepted 

WANTED 
Technics SB 7070 speaker systems. Cabinet must 
be in good condition. Margherita, (904) 392-0622. 

JBL 075, 2405 or similar Piezo tweeters. Steve, (203) 
397-3888. 

Audio Control SA-3050A spectrum analyzer. Paul 
Hughes. 425 Lincoln St., Santa Rosa, CA 95401, 
(707) 542-4406 

Regency HF 50-A amp plus owners manual or 
schematic, two Dyna MK II amps; Output transformer 
for Fisher 500C receiver; Sherwood mode A3MX 
multiplex adapter. S.H Grycz, 2935 Crehore St., 
Lorain, OH 44052, (216) 288-9480. 

Two pair Jordan modules. Larry Evers, (217) 
732-6486. 

Parasound C/PT 1000R or Adcom 575 preamp tuner, 
pair 5K013LS, four AC12 woofers, schematics with 
component values for Sub I crossover network, driver 
parameters for University C15W. J. Annal, (708) 
425-6719. 

Sony PCM-F1 or Nakamichi DMP-100 PCM proces¬ 
sors. Gene Clough, PO Box 36, Laveen, AZ 85339. 

Any electrostatic, magnetic planar or ribbon speak¬ 
ers, working or not; any Class A solid-state power 
amps, working or not. Paul, 502-9857 Manchester 
Dr., Burnaby BC, V3N 4P5 Canada. (604) 421-4692. 

Electronic 
by 

ACE AUDIO CO. 
• est. 1973 • 
RD3 Box 351 

Homer City. PA 15748 
write for free flyer 

Crossovers 

I am building a WAMM system and would be inter¬ 
ested in hearing from anyone who has information 
on the individual drivers used or crossover design in 
Wilson’s latest version. Paul Champlin, 1016 Quail 
Gardens CL, Encinitas, CA 92024, (619) 632-7463 
home, evenings. 

Wharfedale Diamond II loudspeaker, must be in good 
condition, walnut finish, call or write with price, de¬ 
tails. Walt Fleming, 182 Plain Hill Rd., Norwich, CT 
06360, (203) 889-5018 5 p.m. best. 

Sony TC-880-2, Va" tape recorder, second choices 
areTC-854-2orTC-756-2orTelefunken M12. Pierre 
Sprey, (301) 627-0525 call collect. 

Looking for Altec-Lansing model 411-8A 15" low-fre¬ 
quency speaker, got one of these you no longer need? 
Prefer single working unit, will consider pair or dam¬ 
aged unit. George (703) 434-5965, Ext. 274 days. 

One A431 output transformer or single MK II, for 
home brew project. Don May. 129 Glenridge Rd., 
East Aurora, NY 14052, (716) 652-6107 EST. 

THE CATSKILL AND ADIRONDACK AUDIO SO¬ 
CIETY invites you to our informal meeting. Join our 
friendly group of audio enthusiasts as we discuss life, 
the universe and everything! Toobers, Tranzzeestors, 
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! 

GREAT BASIN AUDIO SOCIETY A club for those 
interested in better recording and reproduction of 
music, who live in Northern Nevada and surrounding 
parts of California, Idaho and Utah. Everyone is wel¬ 
come to come to our monthly meetings, held in Reno 
on the last Sunday of each month. We also seek con¬ 
tributions to our quarterly newsletter, The Singing 
Sagebrush. For more info, contact the GBAS, c/o E.A. 
Barbour, 552 N. McCarran, #284, Sparks. NV 89431 
or leave a message on (702) 358-2019. 

LONDON LIVE D.I.Y. HI-FI CIRCLE meets quarterly 
in London, England. Our overall agenda is a broad 
one, having anything to do with any aspect of audio 
design and construction. We welcome everyone, from 
novice to expert For information contact Brian Sten-
ning, 081 748 7489. 

MEMPHIS AREA AUDIO SOCIETY being formed. 
Serious audiophiles contact J J McBride. 8182 Wind 
Valley Cove, Memphis, TN 38125, (901) 756-6831. 

PIEDMONT AUDIO SOCIETY Audio club in the 
Raleigh-Durham-Chapel Hill area is meeting monthly 
to listen to music, demonstrate owner-built and mod¬ 
ified equipment, and exchange views and ideas on 
electronics and speaker construction. Tube and solid 
state electronics are of interest and all levels of ex¬ 
perience are welcome. Kevin Carter, 1004 Olive 
Chapel Rd., Apex, NC 27502, (919) 387-0911. 

THE INLAND EMPIRE AUDIO SOCIETY (soon to 
become) THE SOUTHERN CALIFORNIA AUDIO 
SOCIETY—SCAS is now inviting audiophiles from all 
areas of Southern California and abroad to join our 
serious pursuit for that elusive sonic truth through our 
meetings and the IE AS’ official speaker. The Refrence 
Newsletter. For information write or call, Frank Man-
ique, President, 1219 Fulbright Ave., Redlands. CA 
92373. (714) 793-9209. 

CLUBS 
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 al¬ 
ways welcome. For a copy of our current newsletter 
and an invitation to our next meeting, write to: Rich¬ 
ard Thompson, 129 Newgate Rd., E. Granby, CT 
06026, (203) 653-7873. 

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 a SASE to: Barry Waldron, 1847 Country 
Club Dr., Placerville, CA 95667. 

THE PRAIRIE STATE AUDIO CONSTRUCTION 
SOCIETY. (PSACS) meets every other month. Meet¬ 
ings feature audio construction, design, and analy¬ 
ses. blind listening tests, equipment clinics, auto¬ 
sound. lectures from manufacturers and reviewers. 
PSACS, PO Box 482, Cary, IL 60013, call Tom, (708) 
248-3377 days, (708) 516-0170 eves. 

North Creek 
MUSIC SYSTEMS 

OHMITE SPRAGUE ASC 

Route 8, Speculator, New York 12164 
(518) 548-3623 

IFYOUAREan "Organ Music Lover” and like to test 
your audio system, SFORZANDO has room forafew 
more members. We have about three thousand 
“Live,” on-the-spot, cassette tapes that are not 
available 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. 

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. Corresponding 
member's subscription available. Call (313) 544-8453 
or write David Carlstrom, SMWTMS, PO Box 721464, 
Berkley, Ml 48072-0464. 
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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 in 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, plug-in filters, regulated 
power supplies. 
New catalog and price sheet. Free! 

Eng. Lab. 
11828 J«ftar*on Bl, Culver City, CA 90230 

PHONE (310) 397-9688 

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 

SPEAKER BUILDERS/AUDIOPHILES in the Mil¬ 
waukee. Wl area. I am a speaker builder with test 
gear looking to join or form an audio club. Anyone 
interested contact. Kirk Rontti, (414) 355-7509 leave 
message. 

LOS ANGELES AREA ARIA AND SWAN Loud¬ 
speakers Users Group. If you have built or plan to 
build any of the Aria or Swan loudspeakers and would 
like to meet for listening sessions or have any ques¬ 
tions or modifications that you would like to share, 
please call Geoffrey, (213) 965-9173 or Edward, (310) 
395-5196. 

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 or Nick Daniggelis, (206) 
323-6196. 

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. 

THE WESTERN NEW YORK Audio Society is an ac¬ 
tive, long established club located in the Buffalo area. 
We issue a newsletter and hold meetings the first 
Tuesday of every month. Our meetings attract many 
prominent manufacturers of audio related equipment. 
We are involved in all facets of audio—from building/ 
modifying to exposure to the newest high-end gear, 
and the chance to hear more types of music. For in¬ 
formation regarding our society, please write to WNY 
Audio Society, PO Box 312, N. Tonawanda, NY 14120. 

WASHINGTON AREA AUDIO SOCIETY Meetings 
are held every two weeks, on Fridays from 19:00 hours 
to 21:30 hours at the Charles Barrett Elementary 
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 exceptions 
please. If interested please call Horace Vignale, (703) 
578-4929. 

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. 

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. 

ARIZONA AUDIOPHILE SOCIETY Located in Met¬ 
ropolitan Phoenix is a growing and active club in the 
pursuit and reproduction of recorded music. New 
members are welcome. Meetings are last Tuesday 
of each month. Receive monthly newsletter and bi¬ 
annual journal. Club discounts with local high-end 
audio dealers. Send inquiry to Arizona Audiophile 
Society, PO Box 13058, Scottsdale. AZ 85267, or call 
Bob Williams, (602) 944-5929. 

AUDIO SOCIETY OF MINNESOTA, now in its 15th 
consecutive year! Serving the many and varied in¬ 
terests of audiophiles in the upper midwest. Monthly 
meetings, tours, audiophile concerts, special guests. 
For information and a sample of our latest newslet¬ 
ter, write ASM, PO Box 32293, Fridley, MN 55432 or 
call our 24 hour "Audio Hotline,” (612) 825-6806. 

NEW JERSEY AUDIO SOCIETY meets monthly. 
Emphasis is on construction and modification of elec¬ 
tronics and speakers. Dues includes monthly newslet¬ 
ter with high-end news, construction articles, analysis 
of commercial circuits, etc. Meetings are devoted to 
listening to records and CDs, comparing and A-B-ing 
equipment. New members welcome. Contact Bill Don-
nally, (201 ) 334-9412, RD2, Box 69D, Miller Dr., Boon¬ 
ton, NJ 07005: or contact Bob Young, (908) 381-6269, 
or Bob Clark, (908) 647-0194. 

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. 

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. 

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 cur¬ 
rent newsletter, write to: PO Box 18262, Wynberg 
7824, South Africa. We’ll be very pleased to hear from 
you. 

THE OREGON TRIODE SOCIETY We are dedicated 
to the art and craft of music, audio DIY projects, and 
quality sound reproduction. Our 125 + members meet 
8 times a year in the Portland area and our news 
magazine, Positive Feedback, has grown to 48 pages 
of challenging commentary, fun and information and 
is published six times annually. Ladies and gentlemen, 
you are cordially invited to join us. For information con¬ 
tact, David Robinson, 4106 N.E. Glisan, Portland, OR 
97232, (503) 235-9068 or Ian Joel, (503) 233-1079. 

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. 
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Moran in the Market 
DEEP-BASS TROLLING ~ 

By David R. Moran 

Separately and together, the three or so 
octaves we call bass—from somewhere 
below 20Hz up to, say, 150Hz—are often 
misidentified or mischaracterized. 

The upper part of this range, if boosted, 
can thicken male voice and all other 
sounds that are ''thickenable." Rock bass 
(except for kick drum at approximately 
45Hz) lies lower, in the 80-110Hz range, 
and can sound inexplicably deep, espe¬ 
cially over a car-stereo system. Aggregate 
rock bass reaching its loudest levels be¬ 
low 80-90Hz is not common, however. 
The octave below that point, down to 

40Hz, is what should be identified sim¬ 
ply as bass. Indeed, after he listened to 
the subwoofered Snells and then looked 
at a measurement of their response (see 
discussion and top graph of Fig. 1, SB 
2/92, p. 79), showing a room-related val¬ 
ley between 30 and 125Hz which in¬ 
cludes dips at 50 and 100Hz, speaker 
researcher Floyd Toole observed, "Hmm, 
I thought they lacked bass." (No, I am not 
going to drop his name every column, I 
promise.) When I countered with "But 
they have tons of it," he returned, "Low 
bass, yes, but I didn't hear much bass." 
The soul-shaking crack of a bass drum, 

as in a large orchestral work or a holiday 
parade, which up close can sound like the 
end of time, has its fundamental some¬ 
where around or just below 40Hz. (You'd 
swear it was DC, though, or at least 
5-15Hz.) Note furthermore that the scary 
and thrilling part of this concussion—its 
crackly leading edge—lies well into the 
treble. Most of the time, then, you must 
have good tweeters to have superb bass 

TABLE 1 

50Hz TONE 

Four 10" woofers with inductor: 
Loud level (OdB) 3% 2nd and 3rd HD 
Louder level ( + 8dB) 9% 3rd HD, 2nd 

harmonic much lower 

Loudest level ( + 9dB) 10% 3rd, 2nd 
harmonic much lower 

Single DR SW10 subwoofer: 

Loud level (OdB) 2% 2nd and 3rd HD 
Loudest level ( + 9dB) 6% 3rd, 2nd 

harmonic lower 

sonics. Such a loudspeaker system, if it 
can also deliver 35-40Hz clean and loud, 
is going to sound as if it has a superla¬ 
tive—and very low—low end. 
The majority of pipe organs (including 

monstrously sized ones) do not have truly 
low bass, i.e., below 35Hz, even when 
they sound thunderous and growly and 
have huge, towering pipes. Many produce 
little loud output below 50Hz. And in the 
rare instruments that do play the really 
shuddery stuff, it's sometimes produced 
by a woofer playing tones, not a pipe! Dif¬ 
ferent centuries, different motors. 
The octave below 35-40Hz is simply of 

another character. It sounds shuddery 
sometimes, more often just like thuds and 
thumps. Footfalls, heavy damped stage 
doors closing, steps and stomps, slowly 
beating helicopter blades: all such infor¬ 
mation lies in the realm of ± 20Hz. If you 
want to hear it right now, stamp your foot 
on a wooden floor, or kick a couch, desk, 
table, or similar large heavy object with 
your shod heel. Such sounds, when con¬ 
tinuous and loud enough and rolling 
through a cavernous cathedral, are indeed 
impressive: chest- and gut-shuddering. 

Low Concoctions 

From the very presence of bass overtones 
or harmonics, the human ear sometimes 
is able to make up the missing fundamen¬ 
tal, so when listening to 4" or 5" "woof¬ 
ers" or6" modular "subwoofers" wecan 
concoct lower bass. When actually there, 
on the other hand, bass levels have to be 
healthy, owing to the ear's progressive in¬ 
sensitivity. We are quite deaf to quiet low 
bass and especially to quiet very low bass; 
for instance, we don’t hear weather 
fronts. But also note that once thresholds 
are reached, a little change, a very few 
dB, may go a long way as far as the ear 
is concerned, and may have surprising 
impact and consequences. 

The cleaner and clearer the fundamen¬ 
tals—the lower the distortion, in other 
words—the more bass we sense and hear, 
as the true pitch comes through. So now 
let's turn to subwoofers, whose job this 
is. By the term subwoofer I refer to real 
ones, not the boxes that come with three-
piece systems. I mean ones that, playing 
the right CDs and broadcasts, provide 
"startlement," which may take the form 

of head-turning (as you try to figure out 
if that unlocalizable thump was the dog 
turning on his side, your child falling out 
of bed, or something in the basement), or 
jaw-dropping, or head-shaking. These are 
subwoofer experiences that make a dif¬ 
ference you subsequently don't want to 
go without. 

Low Reproductions 

In the latter 1970s I learned first-hand 
what proper equalization with infrasonic 
filtering (not, please, "subsonic") does for 
bass playback. The Allison Electronic Sub¬ 
woofer (ESW), designed by then-freelance 
engineer Mark Davis to make various 
Allison loudspeakers flat to 20Hz, with 
steep skirts below that point and above 
20kHz, worked superbly with any robust 
acoustic-suspension design. Still does, in 
fact. It was an absurdly precise, hard-to-
demonstrate, and somewhat expensive 
piece of gear, but it showed what hap¬ 
pened and could happen below 40-
50Hz—given the rumbly sources of the 
time. (As regular readers might suppose, 
I believe any phase distortions due to in¬ 
frasonic filtering are audibly unimportant 
to the ear.) 

Ten years after the ESW, in the later 80s, 
I got to hear and review my first Velodyne 
subwoofer, a powered, distortion-cancel¬ 
ing, equalized design (their 12-incher in 
this case). What a powerful treat that was. 
It performed just as claimed, and is an ad¬ 
mirable achievement of clever engineer¬ 
ing. When it played back some quiet 19Hz 

TABLE 2 

24Hz TONE 

Four 10" woofers with inductor: 

Loud level ( - 3dB) 5% 3rd HD, 2nd 
harmonic lower 

Louder level (-2dB) 10% 3rd HD, 2nd 
harmonic much lower 

Loudest level (OdB) 30% 3rd, 2nd har¬ 
monic much lower 

Single DR SW10 subwoofer: 

Louder level ( + 2dB) 3% 2nd and 3rd HD 
Loudest level ( + 3dB) 4% 3rd, 2nd 

harmonic lower 
Max level ( + 4dB) 7% 2nd and 3rd HD 
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FIGURE 1: The Vs-octave frequency response of a single Definitive Research SW10 subwoofer 
system measured outdoors, taken at two different angles. Response above 40Hz is affected 
by the 20 k« input impedance of the amplifier used (DR recommends 50kQ; see text). Plotted 
from 20Hz-5kHz at 5dB/division. 

organ pedal, I remember that my dog, 
Woofer, was certain there was something 
hovering overhead outside the house. 

Like many audiophiles for the last cou¬ 
ple of years I've also been awaiting the 
advent of the Allison SW20, with twin 
10" woofers, inversely mounted to 

achieve the hard-to-surpass low-distortion 
low-frequency performance of the com¬ 
pany's IC20 loudspeaker. 
Although larger and more expensive 

subwoofer designs abound in the market¬ 
place, I habitually focus my interest on 
such as these, which are both affordable 

and of a size which a listening room and 
a non-audiophile spouse can accommo¬ 
date with the least upset. 

Cylindrical Sounds 

Into this educational journey through the 
realm of very low bass comes now the 
Definitive Research SW10 (20013 Rain¬ 
bow Way, Cerritos, CA 90701, (800) 554-
0150). How very nice that this new prod¬ 
uct, based entirely on simple, straight¬ 
forward science, humbly conceived, de¬ 
signed, executed, and fairly priced, does 
what it claims: delivers clean low bass at 
high levels. The DR SW10 comprises two 
separate units in the form of rigid, vented 
cylinders, made of recycled-paper lami¬ 
nate with MDF end pieces, each cylinder 
containing one ultra-long-throw ( ± 10mm, 
or more than %") 10" woofer. Cabinet di¬ 
ameter is 14.5" and height is 27", with 
four thin 2.5-inch bolts to screw into the 
base and create each cylinder's stand. 
Plain-looking, the tube is covered in black 
knit cloth, and the standard cabinet top 
is matte black with walnut trim, although 
various dressier wood-veneer tops are 
available at extra cost. 
The DR SW10 pair includes a required 

stereo (two-channel) passive speaker-to-
line-level equalizer module, which you 
drive in parallel from your current speak¬ 
ers' amp and then feed the output to a 
separate 40-300W/channel, 50kfi input-

Continued on page 94 

CAPACITORS -
• Polypropylene 
• Mylar 
• NP Elec. 

INDUCTORS -
• Air Core 
• Ferrite Bobbin 
• 20 - 14ga. OFC 

RESISTORS -
• Wire wound 
• Non - Inductive 

5 W - 25 W 

ACCESSORIES -

• Terminal cups 
• Gold posts 
• Speaker cabinets 
• Wire & connectors 
• Grill cloth & 

fasteners 
• Black screws 
• Port tubes & trim 
• Spikes & cones 
• Damping materials 
• Design books 
• Much more! 

MENISCUS - 2442 2 St. S.W. - Wyoming, MI 49509 
(616) 534-9121 Fax (616) 534-7676 

SPEAKERS -
AUDIO CONCEPTS 
CERA-TECH 
□YNAUOIO 
ECLIPSE 
ENTREE’ 
ETON 
EMINENCE 
FOCAL 
MB 
MADISOUNO 
MAGNAT 
MOREL 
POLYDAX 
PEERLESS 
SCAN SPEAK 
SWAN 
VERSA/TRONICS 
VIFA 
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ÍW Rt w sw 
FIBERGLASS & WOVEN CARBON DRIVERS 

BY VERSA-TRONICS 

Only Versa-Tronics Presents: 
• 4", 5-1/4", 6-1/2", 8", 10” and 12" Woofers 
• Die Cast Alloy Baskets 
• Rubber Surrounds 
• Aluminum & Kapton Voice Coil Formers 
• Excellent Damping 
• 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, OH 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 

ITC Electronics Speaker Center 
2772 W. Olympic Blvd 
Los Angeles, CA 90006 

(213) 388-0621 

10 Bellam 
San Rafael, CA 94901 

(415) 459-2213 

Versa-Tronics inc._ 
Amherst, NH 03031 



Continued from page 92 

impedance, dedicated power amp (pref¬ 
erably with gain controls) for driving the 
SWIOs. Obviously in this kind of design 
it is essential to observe ground hygiene. 
The EQ box has a benign input imped¬ 
ance of 400Í). Note there is no highpass-
ing crossover anywhere in the system to 
relieve bass strain on your main speak¬ 
ers; this is an augmentative subwoofer 
system only. 

Price for the DR SW10 pair in standard 
finish is $480 (Eastern US) or $500 (West¬ 
ern). Quite the bargain, I would judge, for 
something that so entirely fulfills its prom¬ 
ise. A bass-potent CD and a thorough in¬ 
struction manual are included. The prod¬ 
uct is sold factory-direct, with a 30-day 
money-back guarantee and a five-year man¬ 
ufacturing-defect warranty. Other mod¬ 
els from Definitive Research include the 
SW12, a slightly thinner, vented 7' cylin¬ 
der with a 12" subwoofer, and the fright¬ 
ening-sounding InfraBass Reference. 
The SW10 2tt frequency response is 

said to be 20-40Hz ± IdB when used with 
an amp of the suggested input impedance 
(see measurements). Other bandwidth, 
crossover, and EQ configurations are 
available, most at additional cost. Mini¬ 
mum loudspeaker system impedance is 
specified as 7Q. 

Listening Session 

There is not much to report, really. The 
DR SWIOs worked just splendidly, ably 
producing clean, loud rumbly tones when 
such was the input, without requiring a 
humongous amp. Good show, I wrote in 
my notes. Get out your "Rite of Spring." 
The subwoofers were able to take plenty 
of power, too. I sited them both in and 
out of corners, with the expected differ¬ 
ences of room gain (loudness level). I was 
very pleased to learn they can also be 
used on their side—don't stick the woofer 
end right into a corner, naturally—which 
means greater versatility for less-obtru¬ 
sive placement behind or beneath fur¬ 
nishings. After the audition I was eager 
to get to measurements. (Shouldn't I be 
sprinkling this paragraph with amusing 
sonic descriptions involving "transient 
speed," "neutrality," "fast response," 
"uncolored blending," and so on?) 

Frequency Response 

Figure 1 shows the gratifyingly flat ‘A-oc-
tave frequency response of a single SW10 
system outdoors, taken at two different 
angles (vent side and nonvent side, there 
being no axis to speak of). It meets spec, 
to put it mildly, and the result speaks for 
itself: ± IdB or so from 20-40Hz, and ex¬ 
tending with the nonrecommended amp 
I used (see below) flat to 90Hz. The usual 
test protocols were observed: precision 
flat pink noise, continuous spatial averag¬ 
ing with the AKG microphone 7-9' away, 
32-42" high (seated ear height), and 
±10-15° horizontally. 

FIGURE 2: The top is the unequalized response of a single DR SW10, measured as in 
Fig. 1; below, is the derived response curve of the equalization module. 

It is not easy to measure reliably out¬ 
doors under 80Hz even in a large quiet 
field: it's hard to hear what's going on and 
hard to get signal lOdB above the noise 
without overdriving. I managed, though. 
Note the graph in Fig. 1 necessarily ends 
at 5kHz. Also note that the dbx RTA-1 real¬ 
time analyzer/PC does not measure much 
below 20Hz, so I cannot comment about 
the SWIO's likely good performance for 
the last few infra-audio hertz, the range 
where the vent's own slug of air is what's 
hitting (vibrating) the air and producing 
the response. The manufacturer's speci¬ 
fied -3dB point lies below 20Hz. At the 
other end, with the amps I was using, 
which have input impedances in the 20kil 
range, the response extends an octave or 
so higher than the specified 40Hz. This is 
how I would want to order the system 
anyway (why chop off so much of the 
woofer's output?). If you would be con¬ 
cerned about this extended out-of-spec 
behavior, and, for example, already have 
enough 60-100Hz from your main 
speakers, the input impedance of the amp 
for the DR SW 10s is something to pay at¬ 
tention to. 

Figure 2 (top) shows the raw or unequal¬ 
ized response of the SW10, and below it 
is the derived response curve of the lit¬ 
tle equalization box, which uses a simple 
RC network to knock down the natural 
60-70HZ resonance. The lack of an induc¬ 
tor anywhere in the system must help 
contribute to the low distortion of the 
sound. 

Harmonic Distortion 

Harmonic distortion was measured play¬ 
ing tones in a listening room, with no EQ 
module in line. The power amp stayed 
well below clipping even at the highest in¬ 
put levels, but the room sure buzzed. 

Again the extraordinary results spoke for 
themselves, although I did feel making a 
comparison was important. So a single DR 
SW10 subwoofer in its cabinet was mea¬ 
sured against a single loudspeaker system 
cabinet containing four beefy, entirely re¬ 
spectable 10" Culver Tonegen woofers fed 
by a phased-array (non-paralleling) cross¬ 
over with inductors. 

For each system the front- and side-wall 
augmentation was identical. Distance to 
the floor was 4" for the DR SW 10 and ap¬ 
proximately 10" for the Culver Tonegen 
system, so boosting of the bass levels at 
these wavelengths by the floor was 
slightly different. Mike position was iden¬ 
tical in each situation. All figures are 
rounded off. For this setup, the OdB listed 
happened to equal 87dB SPL, but that's 
a meaningless figure, i.e., nothing can be 
extrapolated or inferred from it. (For these 
frequencies, a pair of speakers is going to 
give 4-6dB more output in most rooms 
with most stereo spacings, anyway.) 
Even if one gives these data the most 

charitable interpretation, for example tak¬ 
ing into account the conventional woofers' 
poor saturating inductors and the slight ex¬ 
tra gain from the floor augmentation for 
the vented, cylindrically cabineted sub¬ 
woofer, it seems clear that one DR SW 10 
subwoofer is at least twice as "good" as 
a conventional woofer. 

Nice job, Definitive Research, nice sub¬ 
woofer. When I have more means, I'm 
probably gonna get me some. 

Definitive Research has announced a forth¬ 
coming company name change. In addition, 
the company will no longer offer the SW10 
with the black top and walnut edges. Surfaces 
offered include walnut l$530f oak l$580), 
and rosewood l$630). Add $20 each for level 
control and an additional $30 each for 
18dB/oct. Shipping charges are extra.—Ed. 
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3C DUAL VOICE COIL SUBWOOFERS 

ese cast frame subwoofers are going 
set worldwide standards for the 
lustry. Large diameter voice 
ils and heavy magnet 
uctures combine to 
rate subwoofers that 
r capable of handling 
> high powered 
iplifiers that are 
pular today. Flexible 
iders and foam sur-
jnds provide maximum cone 
ivement to easily reproduce low 
ss. Parts Express is your source for 
IC subwoofers. 

3C COMPRESSION DRIVERS I BBC SPEAKERS] 

C compression horns 
built to handle the 
igh treatment and 
h power levels of 
slic address and 
ge monitor use, but 
ir outstanding tonal 
ality also makes them 
table for use in studio 
nitors. These 
npression drivers will 
>n be in demand by all knowledgeable stereo enthusiasts. Parts Express 
s these rugged compression drivers now. 

EMINENCE WOOFER 

1INENCE 

Eminence is known worldwide for their 
musical instrument speakers. Now Eminence 

X " applies their years of experience to manufac-
gw* turing high quality replacement home stereo 

speakers. Ribbed paper cones, vented pole 
pieces and extended bump plates are just a 
few of the outstanding features incorporated 
into these exceptional speakers. Eminence 
speakers are available from Parts Express for 
as little as $23.50. 

INTRODUCES 

I BBC SPEAKERS I 
BBC Speakers, founded in 1945, is dedicated to the design and 
manufacture of superior loudspeakers and exponential horns. BBC 
bases its production on the work of a small number of collaborators 
who are specialized in the field of audio. The result is speakers of 
uncompromising excellence known throughout Europe. One look 
and you will see that BBC is dedicated to advancing technological 
standards in the manufacture of loudspeakers worldwide. For 
loudspeaker components that will be state of the art in the 21st 

century, check into BBC Speakers at Parts Express. 

I BBC SPEAKERS | 

BBC TWEETERS 

BBC manufactures extremely efficient 
tweeters for use in studio monitors and 
home stereo speakers. Features such 
as mylar film diaphragms and cast 
aluminum frames set these Italian 
made tweeters apart from all others. 
The high sound pressure levels that 
these tweeters produce with minimum 
input is simply amazing. Shop 
Parts Express for BBC tweeters. 

I BBC speakers! 

BBC CAST HORNS 

BBC high frequency horns are cast of 
aluminum for durability and good 
looks. Exponential design yields 
excellent horizontal and vertical off 
axis response. These superior quality 
horns are designed to complement 
BBC’s bolt-on compression drivers. 
If you are looking for high frequency 
horns of uncompromising quality, look 
no further than Parts Express. 

POLYDAX MDA 100 MIDRANGE 

PYLE MIDRANGE HORN 

This well known midrange horn by the 
American manufacturer, Pyle, features a 
non-resonant, high density urethane horn 
body and a ferro fluid cooled voice coil. 
Built in phasing plug forms an acoustically 
accurate dispersion pattern. Famous Pyle 
quality midrange available from Parts Express 
for as low as $17.95. 

)LYDAX WOOFER MIDRANGE 

is audiophile quality 6-1/2" 
ofer/midrange has a long throw 
ce coil designed especially for low 
quency reproduction. Polydax's 
ovative Velbex rubber surround 
iterial allows for free cone movement 
d will outlast conventional foam 
•rounds. Parts Express has a large 
ection of Polydax woofers starting 

Polydax combined all of their unique 
innovations into the design of the MDA 
100 midrange, their first release in the 
new Prestige series. There has never 
been a more advanced midrange. 
TPX cone, Norsorex surround and 
phasing plug, pure titanium voice coil 
former, Supra magnet structure and 
more. A wide range of Polydax tweeters, 
midranges and woofers are available from 
Parts Express at very competitive prices. 

CALL FOR A 
FREE CATALOG 
1-800-338-0531 

Parts Express Int'l. Inc. 340 E. First St. Dayton, Ohio 45402 S24 i : 
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