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More affordable than ever. 
WBT - Recognized worldwide as a leader in quality and technology 

All products made in Germany! 

Dealer inquiries welcome! 

OEM quantity prices available! 7 models of RCA type Plugs 

In 1985, WBT developed the first RCA type plug machined from a 

single piece of metal, it also featured an adjustable locking mechanism. 

Since then, WBT has continued to refine the art and science of 

connection. From a single idea has developed an impressive array 

of audio connectors. Today, WBT is known worldwide for the best 

connectors in the industry. 

Full line of 
CE compliant connectors 
Available in Topline, Midline 

and Economy versions. 

3 models of Single banana Plugs 

WBT-USA - 2752 South 1900 West - Ogden Utah 84401 

801-621-1500 - Fax 801-627-6980 - www.wbtusa.com 

Do you have our 12 page color catalog? 

A new GE compliant power 

bridge/binding post assembly for 

use with "biwired" loudspeakers. 

Available in copper or silver. 

WBTconnectors feature: 
• High Machining Tolerances 

•Multi-Layer Gold Plating 

• Unique Patented Designs 

• Teflon™ Insulation 

• High Copper Alloys 

NEW! 4 models of Sandwich Spades 

6 models of RCA type Sockets 

7 models of Binding Posts 

Including CE & Economy types. 
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Good News 
□ NEW GENERATION 
Burnett Associates, North American dis¬ 
tributor for RCM Akustik of Germany, 
announced ROM's Generation II Deto¬ 
nation! Series subwoofer amps with 
crossover. Available in both 100W/4Í2 
and 150W/4Q, these amps come com¬ 
pletely assembled and ready to mount 
in the back of the subwoofer speaker 
box. Features are remote control vol¬ 
ume, variable Linkwitz-Riley LP 
crossover, adjustable bass boost and 
phase control, crossover bypass switch, 
subsonic filter, satellite filters, auto 
on/off/standby, toroidal transformer, a 
solid, one-piece chassis/heatsink, and 
more. Burnett Associates, LLC, PO Box 
26, W. Peterborough, NH 03468, (877) 
924-2383, FAX (603) 924-3392, E-mail 
dear2@prodigy.net, Website 
http://pages.prodigy.net/dear2/audio. 
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PARTS EXPRESS CATALOG 

Parts Express has released its latest 

catalog, containing 284 pages of raw 

loudspeaker drivers for home and automo¬ 

tive applications as well as home theater 

and honre automation products, alarm 

systems for home and car, test equipment, 

chemicals, telephone products, wire, 

connectors, instructional books and 

videotapes, speaker design software, 

cellular phone accessories, stage lighting, 

and pro sound equipment. 

You can order the free catalog from 

Farts Express, 725 Pleasant Valley Drive, 

Spnngbo-o, OH 45066-0611, 

800-338-0531, www.partsexpress.com. 
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SOFTWARE 

Plus shipping & handlint). 
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Plot vent "pipe" resonance. 

Create box drawings with 
dimensions & parts lists. 
Driver test procedure. 

Include passive 

network response. 
Handles multi-criver 

& isobaric designs. 

Print schematics and 
component lists. 

Graphs can include 

box response 

Estimate ESR & OCR. 

Parallel-series value 
calculator. 

Color code decoder. 

save' save 

Plus shipping a handling. Fax 616-641-5738 * Email: sales@ht-audio.com 

Both include 
illustrated 
mancas 

• Easy-to-use Design Wizard. 
• Inc'udes database with specs 

for thousands of drivers. 

• Box types: closed, vented. Be 
vented, bandpass and PR. 

• Import data from CLIO, IMP. 
LMS. Smaart, MLSSA & TEF. 

• Nina performance graphs. 

BassBox 6 Pro: $129° 

BOTH 

BassBox 

and X«over 

for $199'and 

save $29! 

Design 2 & 3-way passive 
crossover networks, 

filters and L-pads: 

list. 2nd, 3rd. 4th-orders. 
impedance equalization. 

Includes database w/ specs 

for thousands of drivers. 

Four performance graphs. 

X«over 3 Pro: $99' 

Designed for 
Windows 
95/98 

/(WXISTECH 
Harris Technologies. Inc. 

Post Office Box 622 
Edwardsburg. Ml 49112-0622 U.S.A. 

Tel 616-641-5924 

with BassBox Pro 
State-of-the-art loudspeaker enclosure 
design software tnat is easy to use and 
has many professional-strength features. 

For more X 

/ information visit \ 

us on the internet at 

www.ht-audio.com 

k or contact us J 
\. below, y 

Major Credit Call for a free 
Cards Accepted 4-page brochure 

with X-over Pro 
Versatile passive network design soft¬ 
ware for crossovers, filters, impedance 

EQ and L-pads with DCR/ESR estimator. 
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D BLUMLEIN BIOGRAPHY 
The Inventor of Stereo studies the life and works of one of 
Britain's most important inventors, Alan Dower Blumlein. 
Blumlein produced numerous patents, breaking entirely 
new ground in electronics and audio engineering. He is 
also known for the “H2S” blind bombing radar. The 
448-page book provides detailed knowledge of all of 
his patents and the process behind them, while giv¬ 
ing an in-depth study of his life. Included are 100 
black & white photos. Available from Old Colony 
Sound Lab, PO Box 876, Peterborough, NH 
03458, (603) 924-6371, FAX (603) 924-9467, 
E-mail custserv@audioXpress.com. 

SPEAKER LINE 

The TFA Series is the latest line of loudspeakers from Sine Audio Engineering. Each system is op¬ 

timally designed to deliver accurate, uniform and flat frecuency response and perfect phase/time 

characteristics at high SPLs, according to the company. They are built with components using cast 

aluminum frames, Mylar"1 and Kevlar" reinforced cones, and edgewound aluminum voice coils. In 

addition, all are compact, lightweight, and durable for effdent, easy portability. Each cabinet is 

constructed with void-free cross-laminated Baltic birch plywood, dadoed joints, and extensive inter¬ 

nal bracing, and finished with a waterproof, scratchproof, and dent-resistant coating that adds 

extra stiffness, reducing cabinet resonance. Sine Audio, W. 22nd St., Ste. B, New York, NY 10011, 

(212) 243-1028, FAX (212) 243-1063, E-mail sineaudio@aol.com. 
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O IN-WALL SYSTEM 
Atlantic Technology’s System 10 is a high-perfor¬ 
mance in-wall loudspeaker designed for home the¬ 
ater and music reproduction. It is configured as a 
D'Appolito array with a central swk/eling 1" silk 
dome tweeter, a front-panel high-trequency level 
control that can boost or cut tweeter output by 2dB, 
and the tweeter is flanked by two iong-throw 61/2" 
injection-molded graphite (IMG) woofers. These 
drivers include powerful motors, high-excursion 
half-roll rubber surrounds, and magnetic shielding. 
Atlantic Technology, 343 Vanderbilt Ave., Nor¬ 
wood, MA 02062, (781) 762-6300, (781) 762-6868, 
Websitewww.atlantictechnology.com. 
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The Driving Force In Loudspeakers 
Quality, Durability, Value, Variety & Availability are a few reasons to select from one of our loudspeaker manufacturers. 

Image Communications proudly supplies: 

◄mage 
|c om mu nlci t Ion» | 

Image Communications 
1801 Morgan Street 
Rockford, Illinois 61102 
815.490.4390 ♦ 1.800.552.1639 
Fax: 815.490.4391 

A Koty Company E-Mail: Dave_Armon@woodsind.com 

Amphenol 
( Formerly Alcatel Components) ^FerroSound 

CM*™ 
4 K*ry Company 

Connectors 

WALDOM AUDIO 

Hoods’ 
A Katy Company 

In the world of sound, Image Communications continues to supply quality, high performance audio to professional 
and custom installers and sound contractors. We continue to strive to be your key supplier with affordable pricing 
impeccable response time and orders shipped within 48 hours of confirmation. Call us for a free catalog today! 
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About This Issue 
For readers who have been clamoring for more horn coverage, Louis C. 

McClure, Sr., offers his experimental work with horns, testing throat size in 
the construction of a midrange version. “An Exponential Midrange Horn” (p. 
10) provides a good tutorial on how to determine the horn parameters (throat 
area, rate of flare, and so on). 

In the second part of his transmission lines analysis (p. 18), A. Monk takes 
a closer look—with measurements and graphed responses—at the many com¬ 
plexities affecting system response. You’ll gain an appreciation of the concept 
of decomposition and the effects of fiber-stuffing density in a TL line. 

We consider the articles we publish gems, but some shine more brightly 
than others. A case in point is Hans J. Klarskov Mortensen s experimental 
work on single-ended acceleration feedback (“Acceleration Feedback Sys¬ 
tems," p. 28). 

Are you sometimes baffled by manufacturers’ driver sales sheets when se¬ 
lecting drivers? In the second part of this “Navigating Speaker Design” series, 
Mark Wheeler provides the key to help you decode these driver parameters 
provided by manufacturers (“Sleuthing Driver Parameters,” p. 34). 

You may be asking yourself the same question that author Jesse Knight 
probes in this issue: “Do I Need a New Speaker Cable?” (p. 38). In answering 
this question, he shows you how to make a 60' length of cable that addresses 
the problems of cable inductance and resistance. 

Also in this issue, columnist Barry Fox reviews the recently released biog¬ 
raphy of Alan Dower Blumlein, which details his amazing inventions of stereo 
for recordings and movies, as well as ground radar in WW1I (“Book Reviews,” 
p. 55). 

Designed by Menno Vanderveen, 

these impedance matching toroidal 

transformers utilize the same 

technology as PLITRON's acclaimed 
wide bandwidth toroidal output 

transformers for tube amplifiers. 

Part Number 

Step-up Rabo 

Power. Nominal 

Input Nominal Power 

Secondary Inductance 

Effective Sec Leakage Induct. 

Primary DC Resistance 

Secondary DC Resistance 

Eff Sec Internal Capacitance 

-3dB Power Bandwidth. Start 

w/ Rep in-series 

Pn Imped W/Rep. 10Hz 

Electrostatic Speaker Cap 

Resonance Freq 2nd order 

□ factor 

-3db Hi Freq. Bandwidth 

Eff Pn Impedance @ 20kHz 

Size 00 X H (mm) 

Pnce US / Can. 

PAT-4134-ES 

1:75 

80 watts 

4 ohms 

1600 H 

22 mH 

0.1 ohms 

273 ohms 

800 pF 

35 35 Hz 

0.515 Hz 

18 10 ohms 

1 nF 

25.29 kHz 

0.642 

22.74 kHz 

1.013ohms 

140x66 

$234/$322 

PAT-4133-ES 

1:50 

80 watts 

4 ohms 

719 H 

15 mH 

0.1 ohms 

190 ohms 

700 pF 

35.35 Hz 

1.051 Hz 

18.26 ohms 

1 nF 

31.52 kHz 

0 601 

2614 kHz 

2.272 ohms 

140x66 

$206/$284 

3J2 0 
e-mail:fechinfo@plitron.com 

1-800-PLITRON (1-800-754-8766) I 
Tel. 416-667-9914 FAX 416-667-8928'* 

fA 

PLITRON 
MANUFACTURING INC 

8, 601 Magnetic Drive 
Toronto, Ontario, Canada M3J 

We specialize in audio transformers Since 1983 
PlitTon has supplied toroidal transformers to 

h'gh-end equipment manufacturers 

Specifications 
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LEGAL NOTICE 
Each design published in Speaker Builder Is the intellectual property of its 

author and is offered to readers for their personal use only. Any commercial 

use of such ideas or designs without prior written permission is an infringe¬ 

ment of the copyright protection of the work of each contributing author. 
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Editorial 
OUT, OUT, DAMNED DOT 

Nearly everyone in the North American 
electronics establishment seems to me con¬ 
tent to sit, seemingly happily and perma¬ 
nently, between two stools. The situation 
concerns the unhappy choice Michael Fara¬ 
day made in choosing a quantity for that re¬ 
lationship between two layers of metal sep¬ 
arated by nearly any dielectric that we refer 
to as capacitance. We refer to these units as 
microfarads, which isn’t exactly the way it 
is with capacitance. Faraday’s farad is very, 
very large in relationship to the compo¬ 
nents we normally use. 

'Hie microfarad is actually one millionth 
of a farad: 10’6 farads. Notice the minus 
sign before the exponent, which means 
that the number is smaller than one. We 
represent the micro with the 12th lower¬ 
case letter of the Greek alphabet, the p, 
which is equivalent of our “m.” We do not 
use the “m” for micro because it has al¬ 
ready been taken by the next less small 
mathematical quantity, the thousandth, or 
milli (10 }). Which is why when writing 
about microfarads we do not designate a 
capacitor as being 40mF. Unless we mean a 
40,000pF device. We don’t generally do 
that since we seem to have this passionate 
devotion to the little Greek p and its deci¬ 
mal derivatives. 

At least in North America we do. We also 
have a positive, abhorrent aversion for the 
perfectly respectable mathematical repre¬ 
sentation for numbers which are in the bil¬ 
lionths, namely the nano. No, we would 
rather resort to the creaky, circumambulat¬ 
ing, ditsy business of slicing up micros with 
decimals. What sense decimals make when 
talking about billionths escapes me. It is ei¬ 
ther laziness, ignorance, the herd instinct, 
or perverseness, take your pick. 

Any quantity' of farad slices that come in 
billionths can be designated as nanofarads. 
These are units which are 109. The whole 
extent of decimated farads in this range, 
from 0.001 pF to 0.999pF, is more properly 
and easily designated as 1 nF to 999nF. The 
most often used 0.1 pF as a bypass for op 
amps is far more easily written lOOnF— 
same number of characters, and without 
the Greek letter (Alt 0181, on your com¬ 
puter keypad). 

Fortunately North American electronics 
practitioners have made some small 
progress in the last three or four decades or 
so since we have, at least, abandoned “ppF” 
as a way of designating picofarads. Pretty 
generally we have accepted the fact that a 
trillionth of a farad (10 12) is properly re¬ 
ferred to as a pico. Thank goodness we 
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have graduated from referring to these de¬ 
vices as accumulators or condensers, 
which we did for decades (shades of the 
Leyden jar). 

Another major problem with this lazy' 
decimation habit is the fragility of the little 
dot required for decimals. Some, who are 
obviously afraid the little decimal will get 
lost in the nineteenth copy of the schemat¬ 
ic, put another zero in the lineup just to 
protect the puny little thing: as in 0.001 pF. 
If you love redundancy, help yourself. 
However, isn’t InF better? I submit it is not 
just better, it is a lot better. 

It’s easier to think of these generally 
used designators as three sets of threes. 

Larger -• p n p -* Smaller 
000 I 0001 000 

In this simple way, you never need use a 
dratted decimal—that is, unless we can all 
agree on some of the larger units of elec¬ 
trolytic capacitance for smoothing low 
voltages such as a millifarad: ImF meaning 
lOOOpF. but that might confuse everyone. 
However, we should be able to manage a 
ImF, realizing that the lowercase “m” al¬ 
ways means milli or thousandths. Then, of 
course, we could move on to IcF, the cen¬ 
tifarad, or 100,000pF. This change would 
be very' helpful on power supply schemat¬ 
ics where the space around capacitors is 
usually limited. I’ll be happy if we can all 
agree to just start using the nano regularly. 
Perhaps this reluctance is part and parcel 
of the U.S. fear of that “foreign conspiracy” 
known as the metric system, which is stan¬ 
dard in most of the civilized world today. 
But not here. It cost NASA a Mars satellite 
the other day. 

If you argue that decimailed farads are 
like Gary Galo’s (one of our regular contrib¬ 
utors) favorite, the current flow issue, in 
that the millions of textbooks have all 
adopted the “mistake,” and it would be just 
too expensive and difficult to start chang¬ 
ing all the literature at this stage of our exis¬ 
tence, then I do not believe the issues are 
comparable. We have made the change 
from the old micro-micro farad of the thir¬ 
ties and forties. We could easily begin 
changes in the books, catalogs, and spec 
sheets starting in the new century. Most of 
the European electronics press already has 
this style in place. 

One historical note might be in order 
here. We honor Faraday and other discov¬ 
erers of electronic properties by designat¬ 
ing such quantities with a number and the 
capital letter of their surnames. Faraday’s 
pF, Henry’s pH and mH, Nicolo Volta’s IV 
or pV. Poor Georg Ohm has the misfortune 
to have a name whose capital is too similar 
to the zero, so the elders resorted to the 
good old Greeks again, picking the omega. 
Q, to designate the ohm. When we spell 
these quantities, however, the proper use 
is lowercase, which indicates that we re 
talking about a quantity, not the distin¬ 
guished person. 

It is time to stop decimating the farad. 
The standard math notation for these little 
quantities is much more economical, ratio¬ 
nal, logical, and also neater. These maga¬ 
zines will continue to convert those ugly 
decimals to their proper designators. 1 
hope you will spend some time thinking 
through the change and adopt it for your-
self.—E.T.D. 

QUANTIFICATION FOR ELECTRONICS 

LESS THAN ONE 

TRILLIONTHS 

PIC010'12

ampere 

farad pF 
henry 

hertz 
ohm 

volt 
watt 

ONE AND LARGER 

ONES TENS 101

A 

F 
H 

Hz 

Q 

V 
W 

BILLIONTHS MILLIONTHS THOUSANDTHS 

NANO W9 MICRO KT6 MILL110’3

pA mA 

nF gF mF 

pH mH 

HUNDREDTHS TENTHS 

CENTI10’2 DEC110’1

pV mV 
pW mW 

HUNDREDS 102 KIL0 103 MEGA106 GIGA109

kHz 

kQ 

kV 
kW 

MHz 

MQ 

MV 
MW 

GHz 

Note: The discoverers of these units are lowercased referenced quantities. The letter representing them is capitalized, 

except for Georg Ohm whose unit is designated by the Greek letter Q, omega. 
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VOLUME 4 & BREADBOARD SUPPLEMENT 

10th Anniversary Specials 
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The Parts Connection's Catalog - Volume 4 & BreadBoard “Clearance” 

Supplement are here, packed with our regular selection of high quality 

component parts, tubes, wire and cable, connectors, audio books, 

capacitors, resistors and more. As well, we have added dozens of new 

products and expanded existing product lines on 100+ pages. 

You can download a FREE copy of The Parts Connection’s Catalog Vol. 

4 & BreadBoard from our Web Site, OR you can order a copy for $5 

postage paid, REFUNDABLE with your first order. Call, Write, Fax or 

E-Mail us to place your order. 

The TPC Catalog Volume 4 features new products from: 

Assemblage • Sanyo - Oscon • Nichicon Muse • Blackgate • 

Jensen • Audio Cap • Exotica Cap • Elna • Valve Art • Western 

Electric • AWT • Tesla • Ei • Etc. 

^BreadBoard 
The Parts Connection's FREE Bulletin for 

News, Specials, Overstock & Clearance Items! 

Published Quarterly, this issue features clearance items from Draloric, Roderstein, 

Panasonic, Solen, Philips, Siemens, Gold Aero, RAM, Ruby Tubes, Golden Dragon, 

Sovtek and many, many more. Nearly 1200 different parts in all. Prices discounted from 

25% to 78%! 

idioquest ígoÚHws Serving Speaker Builders Since 1988. 
The Parts Connection has been providing Speaker Builders with the highest quality audiophile parts for 
more than 10 years. Below is a small sample of our 1000's of available products: 

nputs AESÆBU (XLR); S/°DIF (RWBNC Coax; Toslink Optical) isolated via 2 
je-bandwidth SMT pulse transformers. 
ayer PCB wth ground/pewer planes featuring both SMT and ttiru-hole parts. 
tted art encapsulated toroidal transformer; low ESR/ESL filter capacitors: 
ra-fast, sott lecovery dioces; 11 regulated power supply stages (4 adjustable/7 fixed) 
/stai 24 bit 96kHz CS8414 nput rece ver; “socketed” PMD-100 HDCD Digital 
er/Deccder optional “plug-ir" Burr Brown DF1704 96kHz digital filter); 
rr-Broun 24 bit PCM 1794 (not Delta-Sigma) DAC chips 
alog Device?- (AD844, AD811) and Burr Brown (OPA134, 0R\627) op amps 
ll-of-Fcme parts quality Panasonic HFQ, Wima, Holco, Kimber, Caddock, 
nyo OS-COM, MultiCap, EAR, Soundcoat, Linear Technology, Scientific 
Aversions, Talema, Neutrik, etc... 

IAC 2.6 
gital Processor Kit 

Starting at 
$699 USD(Kit) 
$749 USD(Assembled)^ 

Upgrade Available 
(S159 kit S209 installed) Toll Free Order Line 1-800-769-0747 

(U.S. & Canada only) 

VISA 

httfrAurw.sonicfron'iers.Mm/TPC 

THE PARTS ' 
CONNECTION 

2790 Brighton Road. Oakville, Ontario. Canada L6H 5T4 TPC@sBricfrantiers.cum 

(905) 829-585E r S(905) 829-5388 

MasterCard. 

LOUD 
SPEAKER 
DESIGN 

Reader Service #26 



The author constructed this large-throat horn as one of two midranges for his giant bass 

horn. Readers following this tutorial will learn a lot about how to determine horn parame¬ 

ters (throat area, rate of flare, and so on). 

Pam 

An Exponential Midrange Horn 
By Louis C. McClure Sr. 

R
ecently, I needed a midrange 
horn capable of generating suf¬ 
ficient output to match a large 
bass horn 1 had built, and I in¬ 

tended the entire unit to be horn loaded. 
The bass horn has a 12"-deep cavity in 

front, in which I planned to install the 
midrange. However, the 12" depth limit¬ 
ed the overall length of the midrange 
horn to a maximum of 8", since I also 
needed to fit the driver and rear cham¬ 
ber, which is 4" deep, into this cavity. 

DESIGN-FREQUENCY CHOICE 
I performed a frequency-response check 
of the bass horn, and found that it had a 
mass rolloff at 390Hz. Therefore, I initial¬ 
ly chose to make the design (cutoff) fre¬ 
quency of the midrange horn 200Hz. 

I located a 6W driver (the MCM 55-
1585) that seemed well-suited to my 
needs. It is similar to the Focal Audio " 
7K, with a frequency response oT 

the formulas as given in the Audio Cy¬ 
clopedia for exponential horns. Techni¬ 
cally, mine is not a horn, but a direc¬ 
tional baffle. The difference apparently 
is that the throat of a baffle is equal to 
or larger than the cone or diaphragm 
of the driver. However, I shall refer to 
the device as a horn in this article. 
The requirements for my horn were as 

follows: 

• maximum length, throat to mouth, 8"; 
• design (cutoff) frequency7, 250Hz. 

HORN DESIGN 
Following are the steps for calculating 
the dimensions and contour of the 
horn: 

1. Determine the ßare constant, 
“M”. Using the formula M = 
nF/13,548, (where F is the cutoff fre¬ 

quency7), M = 0.2318866. 
100Hz-14kHz, a QTS of .55, a QES of .58, 
a of ,23ft3, an Fs of 111Hz, and an 
SPL of 94dB/Wm. It also has a woven 
Kevlar® cone, a corrugated surround, 
and a phasing plug, and it sells for 
$49.95. 

I planned to use a square-horn format, 
with a throat area approximately equal 
to the square of the maximum diameter 
of the surround. Since this diameter is 
5.5", the throat area is 3O.25in2. 

My calculations for a horn with this 
throat area and a design frequency of 
200Hz showed that the required length 
of the horn would be 12.2", and the 
minimum mouth area 287in2. Adding 
the 4" minimum depth of the rear cham¬ 
ber to the calculated length of the horn 
made it 4.2" too long to fit into the 12" 
deep cavity. 

10 Speaker Builder 7/99 

PHOTO I: Frontal view of the horn, 
mounted on an adjustable rear chamber. 2. Determine the initial throat area, 

Hence I was forced to in¬ 
crease the design frequency of 
the horn to 250Hz, which, with 
the throat area of 3O.25in2, re¬ 
sulted in a horn length of 7.8" 
(Photos 1 and 2). The rear 
chamber is 4" thick overall, 
which is the minimum thick¬ 
ness required to accommodate 
the driver. With these given pa¬ 
rameters and space limitations, 
I proceeded to design and build 
this midrange horn. 

To design the horn, I used 

PHOTO 2: Side elevation of 
the horn. 

A. As described previously, I chose 
to make the throat area equal to the 
square of the diameter (5.5") of the 
driver surround I planned to use, 
and this I calculated to be 3O.25in2. 

B. If you prefer to make the throat 
area in accordance 
with the formula for a 
restricted throat, you 
may use the formula St 

= 8 X F,x Q,„ X V.ç for 
your driver. My driver’s 
Fsof 111Hz, QES of .58, 
and of 23ft3 would 
produce a throat area 
of 11.85in2. 
One of my objectives 



in designing and building this large-
throat horn was to determine the effect 
of throat size on the tonal quality of the 
sound. 

Regardless of the throat size you 
choose, the design procedure is the 
same. 

3. Determine the minimum cross-sec¬ 
tional area of the horn mouth. To 
properly reproduce the design frequen¬ 
cy of the horn, each side of the square 
mouth should be equal to 14 wavelength 
of the design frequency. (As mentioned 
previously, for my design I assumed a 
square-horn format.) For a circular for¬ 
mat, use the diameter of the mouth to 
calculate the cross-sectional area to de¬ 
termine design frequency. 

In my case, the design frequency was 
250Hz. The wavelength of 250Hz = 
13,548/250 = 54.192". One-quarter of 
this (54.192/4) = 13.55" on each side, 
and 13.552 yields the minimum mouth 
area of 183.6in2. 

4. Determine the cross-sectional 
area (Sx) of the horn from the 
throat to the mouth in 3A" incre¬ 
ments. (Alternatively, you may use %", 
1", or any other convenient increment.) 
The formula for determining Sx at a 
given point x inches from the throat is: 
Sx = logc(M x x) x St, where St is the ini¬ 
tial throat area. 

To use this formula, proceed as fol¬ 
lows: 

A. Use the value M (0.2318866 in my 
case) as determined in step 1. 

B. Multiply M by the distance (in inch¬ 
es) from the throat. If you used %" incre¬ 
ments, you would multiply M x %" (or 
.75"). In my case this would equal 
0.2318866 x.75, or.1739. 

C. Using your scientific calculator, 
find the natural log (loge) of .1739, 
which is 1.1899544. 

D. Multiply 1.1899544 x the initial 
throat area, St. In my case, I used %" in¬ 
crements, because this corresponded 
with the thickness of each layer of the 
core. This gave a throat area of 30.25in2, 
which produced an area of 35.996in2 at 
%" from the throat (toward the mouth). I 
rounded off the area to two significant 
figures, giving a cross-sectional area of 
36.00in2. 

E. Continue this process for each %" 
increment from the throat until the 
cross-sectional area equals or exceeds 
the value obtained in step 3- (In my case, 
at a minimum of 7.8" from the throat, 
the cross-sectional area is 183.6in2.) 

I suggest that as you calculate the 

TABLE 1 

CROSS-SECTIONAL AREAS 

DIST. FROM THROAT CROSS-SECT. SO. ROOT % OF SO. ROOT AREA 

(INCHES) AREA (INCHES2) OF CROSS-SECT. OF CROSS-SECT. AREA 

0 30.25 5.5 2.75 
.75" 36.00 6.00 3.00 
1.5" 42.83 6.54 3.27 
2.25" 50.97 7.14 3.57 

3.0" 60.65 7.79 3.89 

3.75" 72.17 8.50 4.25 
4.5" 85.88 9.27 4.63 
5.25" 102.20 10.11 5.05 

6.0" 121.61 11.03 5.51 
6.75" 144.71 12.03 6.02 

7.5" 172.20 13.12 6.56 
8.25" 204.91 14.31 7.16 

9.0" 243.83 15.61 7.81 

CROSS-SECTION 
OF AUTHOR'S HORN. 

(Vertical Side Elevation) 

B-01327-1 

FIGURE 1: The vertical side elevation for the large-throat midrange exponential horn. 
I used V«" increments in the vertical height (not to scale). This corresponds to the 
thickness of V MDF, and also to the increments used to calculate the dimensions in 
Table 1. 1 shortened the horn to 8" to fit into the cavity in the bass horn. 

FIGURE 2: Vertical side-elevation with center line. 
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cross-sectional areas for your case, you 
also prepare a table of these similar to 
Table 1, as determined in steps 1-4. This 
table will be useful later when you deter¬ 
mine the measurements and contour of 
the horn, as shown in Figs. 1 and 2. 

SIDE-ELEVATION DRAWING 
Figure 1 represents the vertical side ele¬ 
vation of the horn, which you can use to 
determine the overall sizes of the layers 
to be made, and the angles at which to 
cut the edges. 

To plot the side elevation, or contour, 
of the horn, I used a large sheet of W 
quadrille-ruled paper. In order to make 
the dimensions of the horn compatible 
with this graph paper, 1 used decimals. 

I began by drawing a vertical line 
down the center of the sheet (C/L in Fig. 
2). Then I drew 13 horizontal lines %" 
apart, from near the top of the sheet to 
the bottom. These lines represented the 

You will use the vertical side-eleva¬ 
tion drawing (Fig. 1) later for determin¬ 
ing the overall size of each layer and the 
proper angle for cutting the edges of 
each. I also used Fig. 1 to make a pat¬ 
tern for building the gluing and assem¬ 
bly jig, which I’ll describe later. 

CONSTRUCTING THE CORE 
The core is required for holding the sides 
of the horn in position for assembling 
and gluing. Refer to Table 1 for the di¬ 
mensions for cutting individual layers of 
the core. Use the dimensions listed in 
column 3 to cut out the blank layers for 
the core. Cut out a blank square for each 
layer, beginning with the largest (the 
mouth) and continuing up to the small¬ 
est (the throat). This also results in the 
most efficient use of the material. 

1 used %" MDF for making the core, 
since it is uniform in thickness, flat, easy 
to work, and economical. It also lent it-

the layer width and the angle of the 
edge. 

After cutting all the layers, stack and 
align them carefully, with the largest 
layer on the bottom, and the smallest on 
top. I fastened them together using IVè" 
long nails, but you can glue them togeth¬ 
er if you prefer. This completes the con¬ 
struction of the core. 

As an aside, you could also use the 
core as the basis for building a form for 
molding a fiberglass, plastic, or concrete 
horn. However, you would need to 
cover the outside of the core with a thin 
sheet of metal and seal it. 

GLUING AND ASSEMBLY JIG 
The gluing and assembly jig is necessary 
for laminating together the individual 
panels of the horn. 'Hie jig forms the cur¬ 
vature of the side panels and holds them 
in position while the glue is drying (Fig. 
3 and Photos 5 and 6). 

top and bottom sur¬ 
faces of the layers of 

PHOTO 3: Measuring the angle for cut¬ 
ting the edges of the layers of the core, 
using a parallelogram-type protractor. 

PHOTO 4: Transferring the angle 
to the table saw. 

MDF material used to build the core that 
served as a mold for the horn. 

For each of the distances shown in 
column 1 of Table 1, I measured with a 
pair of dividers the values shown in the 
fourth column (% the square root of the 
cross-sectional area), and marked off 
these distances on the appropriate hori¬ 
zontal lines of my drawing to the left 
and right of the center line. This proce¬ 
dure ensures symmetry about the verti¬ 
cal axis. I then connected the points on 
the horizontal lines with straight lines, 
because this made it easier to measure 
the angles when I cut each layer of the 
core. This defined the contour of the 
core and the dimensions of each of its 
layers. 
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self perfectly to my initial calculations for 
the area of the cross-section of the horn 
and the vertical side-elevation drawing 
(Fig. I). so that the %" thickness of the 
MDF corresponded exactly with the di¬ 
mensions in Table 1 and Fig. 1. 

After cutting out the square layers, 
refer again to Fig. 1 to determine the an¬ 
gles at which to cut the edges of each 
layer. You can use a parallel-type protrac¬ 
tor to measure the angle of the edges 
from the vertical side-elevation drawing 
(Photo 3). Then transfer each angle to 
the table saw (Photo 4) to cut that partic¬ 
ular layer. Measure the overall width and 
angle of each layer very carefully. All four 
sides of each layer should be cut at the 
same setting of the table saw for both 

You can make the jig from three short 
pieces of 2" x 4" stock and one 2" x 6" or 
2" x 8" piece. In discussing the vertical 
side-elevation drawing (Fig. 1), I men¬ 
tioned that you could also use it as a pat¬ 
tem for making the jig. 

I made a template using the contour 
of one side of Fig. 7 as a pattern, and 
transferred this form to a thin sheet of 
aluminum, cutting out the pattem with a 
pair of tin snips. I made the template ap¬ 
proximately 2" longer than the side of 
the horn, from the throat to the mouth. 

I placed the template on a piece of 
2x4 material, aligning the straight edge 
with the straight edge of the 2x4, 
marked out the pattern on the 2x4, and 
cut out three pairs of these concave and 



Swans /K / kit 
with room friendly performance 

Great news from Swans! 

“...explicit, easy to listen to, effort¬ 
less, seamless and stunning.” 
Ernie Fisher 
Swans M1 Speaker Systems Review 
INNER EAR REPORT 
VolumelO, #3 1998 

SWANS 
sPEAKEK SYSTEMS 

The step beyond the limits u O 
RT1C Tweeter F5 Bass-midrange Filter 

New beautifully cabinets for Swans M1 k ts 
are available in three finishes: piano black, 
solid walnut and rosewood veneer. 
Totally rresistible! 

The Swans M1 speaker system is a two-way oass-reflex des gn. 
The front baffle is very narrow with rounded edges to reduce 
cabinet difraction for better clarity and imaging. The internal 
panel and corner reinforcement substantially reduce unwanted 
cabinet vibrations. A flared port is mounted on the rear baffle for 
smooth transition from the port to cabinet boundaries. This pro¬ 
vides I near bass performance and absence of port noise. The 
heavy-duty go d plated binding posts are mounted directly on 
the rear panel to enable easy cable connection. 

The 5-incb oaper/Kevlai cone woofer has a rubber surround, 
cast aluminum frame and a magnetically shielded motor system 
This driver utilizes a centrai phase plug to avoid air compres 
sion, imoroving frequency response and dispersion. These key 
features greatly contribute Io the Mi's clear transparent sound 
and effortless dynamic performance. 

The tweerer is a high-tech planar isodynamic design that 
employs Neodymium magnets and extremely light KaptonOfilm, 
witn flat aluminum conductors. 

This un»t provides an immediate and precise response to any 
transients in original signal, and gives the M1 an exceptional 
ab lity tc reveal the true dynamics of instruments with a comolex 
high frequency spectrum. 

The crossover is a second order Linkwitz-Riley type resulting in 
an in-phase connection of the drive units. The crossover fre¬ 
quency between the two drivers is 3 3 kHz and only high quali¬ 
ty polypropylene capacitors are used. Eacn fiter has it’s own 
dedicated board mounted on a special 'ubber interface to 
reduce vibrations and microphonie phenomenon. The filter 
boards are spaced inside the loudspeaker with the inductors 
positioned at right «angles to minimize the interaction. 

Swans M1 kit includes: 
- 2x F5 paper/Kevlar bass-midrange drivers. 
- 2x RT1C isodynamic tweeters with sealing gaskets, 
- 2x dedicated tweeter crossovers, 
- 2x dedicated bass-midrange crossovers, 
- two flared ports, 
- two pairs of heavy duty gold plated terminals. 
The drawings of the cabinet shown here represent general 
dimensions required for optimum bass performance. Rounded 
corners are advisable as they improve imaging and clarity. 
Actual fimsn and appearance is a matter of personal taste. 

Price $410 delivered without cabinets; 
$660 delivered with cabinets 

Warranty 3 years. We accept VISA. 

ACOUSTIC TECHNOLOGY 
INTERNATIONAL INC. 

15 WEST PEARCE STREET UNIT 2&3. 
RICHMOND HILL 

ONTARIO L4B 1HB CANADA 
Tel: (905)-889-7876 Fa; t905)-889-3653 

www.dulcet.com 

0.75 mH 

4 70 

-250-H 

Right view of the cabinet with acces-
soriesf right side panel removed) 

for more info please 

Call: (905)-889-7876 

SPECIFICATIONS 

8 ohms 

Dimensions,HxWxD 

50W nominal, 
90W music 
310x180x250 mm 

60Hz-35kHz.±2dB 
55Hz-40kHz.-3dB 
86 dB 

Frequency response 
(1m,half space) 
Sensitivity. 1W/1m 
(100Hz-8kHz averaged) 
Nominal impedance 

Amplifier requirements: 
30W recommended minimum. 

I (7.2 ohms minimum at 250 Hz) 
Power handling 
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convex formers on my band saw. I kept 
each set together, labeling them A, B, 
and C. When gluing the pieces of panel¬ 
ing together (see the next section), I 
took care to keep each matched pair of 
formers together, as well as aligning 
them end-wise. 

I made a base for the formers from a 
piece of 2" x 8" material, approximately 
2" longer than the width of the horn 
mouth. I positioned the concave por¬ 
tions of the formers at right angles to and 
centered upon the base, and nailed each 
one in place. This completed the con¬ 
struction of the jig. 

ASSEMBLING THE HORN 
Each side of the horn consists of three or 
more thin sheets of plywood glued to¬ 
gether in the jig. The sides are curved, 
rigid panels, corresponding to the cur¬ 
vature of the core on which you will as¬ 
semble them. I recommend forming the 
sides of at least three thicknesses of %" 
plywood, or four layers if they are thin¬ 
ner. Generally, the more layers you use, 
the less the tendency to “spring back” 
when you remove them from the jig. 

When cutting the pieces of ply¬ 
wood, be sure to cut the material so 
that the grain of the outside surface of 
each piece is parallel to the mouth of 
the horn. Failure to do this may result in 
breaking the pieces when they are 
clamped into the jig, or in excessive 
spring-back when they are removed 
therefrom. (Experience is such a won¬ 
derful teacher!) 

Cut the pieces of plywood approxi¬ 
mately 2" longer than the width of the 
mouth of the horn, thus providing suffi¬ 
cient length to overhang the ends of the 
adjacent panels when placed on the 
core. Also, cut the panels approximately 
1" wider than the length from the throat 
to the mouth of the core, along the side 
of the horn. You can take these measure¬ 
ments directly from the core assembly. 

You will need six C clamps to hold 
the panels in the jig. Be sure you have 
these on hand before you start to glue 
the panels {Photo 6). 

APPLYING THE GLUE 
Assuming your sheets of plywood have 
a finished side, turn that side of the first 
piece toward the core. Apply glue to 
the back of this piece, and then place 
the second piece over the first. Again, 
apply glue to the second sheet, and 
place the third on top of the first two. 
Whether you are using three or four 
pieces, be sure to place the finished side 
of the last sheet upward, since this will 

© 

© 

GLUING AND ASSEMBLY JIG 

B-01327-3 

FIGURE 3: Gluig and assembly jig. 

PHOTO 6: The gluing and assembly jig in use. 

PHOTO 5: The gluing 
and assembly jig. 

become the outer 
face when the horn is 
completed. 

Align the edges of 
the newly glued pan¬ 
els and secure them 
in position with a 
small wire nail driven 
through the center of 
each end to prevent 
them from slipping or 
shifting with respect 
to each other when 

O CONVEX MEMBER 

©CONCAVE MEMBER 

© BASE 

X PER PATTERN 

you place them in the jig. Center the 
glued panels on the jig, and place the 
convex sections of the jig on top, imme¬ 
diately above and aligned with the con¬ 
cave sections below. 

Attach a C damp to each end of the 
center set of formers, and tighten slight¬ 
ly. Then apply clamps to the ends of the 
other pairs of formers, tightening them 
(and the first pair) incrementally and 
firmly to prevent buckling of the panels. 

If you have only one jig, this would 
be a good time to take a long break to 
go fishing, golfing, or do something else. 
Don’t try to rush the process! Let the 
glue dry thoroughly before removing 
the panels from the jig. I recommend 24 

hours for each panel. Repeat this whole 
process for each of the three remaining 
panels. 

After the first panel has dried, remove 
it from the jig. Turn the core assembly 
upright (mouth downward) and place a 
W spacer beneath its mouth to allow W 
overhang of the panels at the mouth. 
Trim off this excess after you assemble 
the horn. 

ATTACHING PANELS TO THE CORE 
There will always be a slight amount of 
“spring-back’" when you remove the pan¬ 
els from the jig. When attaching the pan¬ 
els to the core, I used three wood 
screws, #8 x 1W long, to secure them. I 
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3 *0 .00 rm 

146 .00 mm 

281.00 mm 

MADISOUND SPEAKER COMPONENTS, INC. 
8608 UNIVERSITY GREEN 

P.O. BOX 44283 
MADISON, Wl 53744-4283 U.S.A. 
TEL: 608-83 i-3433 FAX: 608-831-3771 

e-mail: info@madisound.com 
Web Page: ht:p:/www.madisound.com 

A NHT 1259 
High Performance 12" Woofer 

Madisound Speakers is pleased to offer the Now Hear This custom made woofer. 
The unique characteristics of the NHT 1259 allow it to be used in relatively small 
sealed enclosures, producing deep and accurate bass to 25Hz. The large voice coil and 
long excursion insure that this woofer will provide superior transient response with ex¬ 
ceptional power handling. The bumped backplate and raised spider prevent bottoming 
at maximum excursions; the heavy cast frame minimizes energy transfer to the enclo¬ 
sure; and the polypropylene cone with rubber surround promise long term durability in 
any environment. This woofer is an exceptional choice for any high-end home or auto¬ 
sound system and can also handle the most demanding A/V system. 

Simulated Response Curve with 6dB crossover:12.0mH inductor 
3.5 cubic foot sealed enclosure with 100% filling_ 

NHT 1259 Specifications 

Fs 16.5Hz 
Nominal Impedance 4 ohm 
Mmd 128.0 Grams 
Cms 696.48 m/n 
Vas 238.4 Liters 
Rscc 3.52 0 

i Leap Krm 3.277 mO 
Leap Kxm 10.063 mH 
Leap Erm 0.772 
Leap Exm 0.743 
vcL 1.06mH®. IK 
Bl 9.574 Tm 
Qms 2.680 
Oes 0.533 
Ots 0.445 

1 Voice Ceil Height 34 mm 
Air Gap Height 8 mm 
Xmax 13.0 mm Peak 
SD 0.0491 m3
Surround Rubber 
Cone Material Polypropylene 
Magnet 59 oz. 
Voice Coil 50 mm 
Music Power 300 Watts 
Sensitivity 90 dB 2.83V/lm 

_ Price_ $150.00 



PHOTO 7: Using a fine-tooth rasp to trim the 
ends of a side panel mounted on the core 
assembly. 

PHOTO 8: The completed core (left) and 
the horn produced using the core. 

put the first screw in the center of the 
panel, midway from the throat to the 
mouth, and centered end-to-end. I 
screwed this in snugly to pull the panel 
firmly against the core Then I placed an¬ 
other screw above the first, toward the 
throat, and a third in line below these 

Sound Clearing House 

Wide variety of 
raw drivers with 
complete specs. 

Kit K08T20 

$160/Pr. 

11 high 

performance 

kits from $67/Pr. 

1-888-3-Speaker 
http://www.Speakerpage.com 
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two, toward the mouth. These screws 
hold the panels firmly in place for trim¬ 
ming and fitting. 

After installing the first panel and se¬ 
curing it in place, I used a utility saw to 
trim the excess from each end. Then I 
used a fine-tooth wood rasp to trim the 
ends flush with the adjacent sides of the 
core {Photo 7). You must trim the ends 
flush with the adjacent sides of the core 
assembly to ensure proper fitting at the 
corners of the horn. Take your time 
when fitting these panels—remember 
that haste makes waste! 

After the next panel has been formed 
and dried, install it on the opposite side 
of the core from die first panel, attach it 
as before, and trim and file off the excess 
in the same way. 

Install the two remaining panels in the 
same manner, with the first two still in 
place. Trim the excess, and file flush 
with the outer surfaces of the two origi¬ 
nal panels. After the trimming is com¬ 
pleted, the comers should fit snugly with 
no gaps between die panels. 

FINAL STEPS 
Remove the last two panels that you in¬ 
stalled. Apply glue to the edges of the 
two original panels, and then reinstall 
the last two. Be careful not to allow glue 
to get onto the core! A strip of masking 
tape applied to the core is useful to pre¬ 
vent this. 

After gluing the panels in place, I used 
wire nails to fasten their comers together. 
Be careful to avoid placing the nails 
where they might interfere with trim¬ 
ming the excess from the mouth or 
throat later on. 

Allow the horn to dry for 24 hours 
before removing it from the core assem¬ 
bly {Photo 8). Before removal, mark 
around the inside of both the throat and 
the mouth of the horn where the core 
and horn meet. Also place a %" spacer 
along the outside of the mouth, and 
make a mark around the mouth as a 
guide for trimming the edges of the 
horn mouth. 
Now remove the screws from the 

panels, and lift the completed horn from 
the core. Trim the throat and the mouth 
as required. 

To mount the horn on the rear cham¬ 
ber, I cut out an 8" x 8" x %" collar, 
traced the pattern of the outside of the 
throat on the collar, and cut a hole in its 
center to fit over the outside of the 
throat. Then position the collar flush 
with the outside of the throat and glue it 
in place. 

This completes the construction of 
the exponential midrange horn. Finish it 
as you please by sanding and applying 
stain and varnish to the outside. You can 
fill the holes in the sides with paintable 
putty and sand them smooth. 

You can now admire your handiwork. 
I think you’ll agree that it was an interest¬ 
ing project, and if you are happy with 
the sound and wish to use it in a stereo 
system, you can start all over and build 
another! However, most of the work has 
already been done: you have already 
made the calculations, the side-elevation 
drawing, the core, and the gluing and as¬ 
sembly jig. Have fun! 

In Part 2, I will describe another horn 
built according to the conventional for¬ 
mula. with a smaller throat area. 
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The second part of this series on transmission lines takes a dose look at driver response 

and the factors that affect performance in a TL system. 

Part 2 

Transmission Unes: »i»», 
By A. Monk 

T
he TL’s system (Im) response is 
complex both in magnitude and 
in phase. Figure 13 shows the 
slope, peaks, and nulls that de¬ 

fine the system, and each wiggle has a 
meaning. Change the line length or the 
fiber in the line, and the signature 
changes. The quantity of interacting vari¬ 
ables is the reason it is so difficult to de¬ 
fine a mathematical model for the TL. To 
cut this Gordian knot requires a new 
view of the TL, not as a linear extension 
of the response of a piston driver, but of 
decomposition. 

DECOMPOSITION 
By decomposition, I mean the view that 
the TL’s system response is composed of 
two separate signals: the near-field 
woofer response and the TL’s terminus 
near-field response. This in itself is not 
very revolutionary. However, if you as¬ 
sume the two signals can be viewed in 
isolation, you have cut the knot of com¬ 
plexity. The signals must be defined as 
vectors—phase and magnitude compo¬ 
nents—and the TL’s system response as a 
vector summation. 

I shall next attempt to validate the as¬ 
sumption of decomposition. As a first 
step, consider how a dynamic driver acts 
in a TL line. If for the moment you ig¬ 
nore the driver’s phase component and 
look at the magnitude-versus-frequency 
response, you are back in familiar territo¬ 
ry. Driver response is defined by the T/S 
parameters and constrained by the enclo¬ 
sure volume, resulting in an alignment. 
The same holds for the TL, and this is 
shown in Fig. 14 as computed responses 
overlaid with measured data. 

The graph is a small-signal simulation 
of a driver for a closed box QTC = 0.707 
alignment versus a critically damped, 

Qtc = 0.50 alignment. The dashed line is 
the response of a KEF Bl 10 driver in a 
0.914m line. 

Note that the measured data and the 
Qt(. = 0.50 alignment data have very sim¬ 
ilar responses; they differ only in the low 
end of the attenuation slope. This is an 
indication of the large-signal nonlinearity 

problem3 that has profound implications 
for modeling the TL as a linear-phase pis¬ 
ton-driver model, but for the present dis¬ 
cussion, it can be swept under the rug. 

Figure 14 shows that the TL woofer’s 
response is equivalent to a critically 
damped system, and that you can use a 
PC driver-simulation program to predict 

FIGURE 13: TL 
0.914m system 
response; Dtr = 
8; Dacron 
HoloFill II fiber. 

FIGURE 14: TL 
near-field versus 
dosed-box; QTC = 
0.50. 
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the applicability of a specific driver for a 
TL design. 

So you can use the data of Fig. 14 to 
do a first cut at a TL design using the KEF 
Bl 10 driver. At 64Hz, the attenuation 
slope is — lOdB, and assuming that you 
can realize a terminus gain of about 
lOdB, you can compute the line length 
of 1.7m by using the TL’s FR equation. At 
90Hz, the necessary gain for a OdB sys¬ 
tem response would be 5dB, and the line 
length 1.2m. 

Referencing the impedance data, it is 
evident that the FR was shifted lower in 
frequency, so you can adjust these line 
lengths to approximately 1.4m for FR = 
50Hz, and 0.96m for FR = 70Hz. 

This last figure is quite close to the 
measurement for a TL = 0.914m line. 
Please note that I made a lot of assump¬ 
tions in deriving this result: fiber charac¬ 
teristics at the Fr frequency, phase linear¬ 
ity for the driver, and TL line-terminus re¬ 
sponse for the line length. Any of these 
can drastically change the result. 

phase at the -10/-8dB mark, will result in 
a OdB relative level when the fiber mass is 
optimized. At FR, response is much more 
complex than the rather simplistic formu¬ 
la in Q&E TL Design suggests. 

The important point to realize from 
this discussion is that the TL woofer’s re¬ 
sponse is equivalent to a QT( =0.5 align¬ 
ment, i.e., a critically damped system. 
This is why the TL has good transient-re¬ 
sponse characteristics, as was shown by 
Bailey’s pulse data. A second point is that 
to define a mathematical model of a TL, 
you can use the gain and phase data 
from a PC simulation for a critically 
damped system to define the driver’s 
near-field response. 

The basics of a TL (as shown in Fig. 
15) consist of the woofer response, the 
terminus response, and the combined 
system response. I have added the interi¬ 
or response to examine the assumption 
that the back of the woofer’s response 
has some relationship to that of the line 
response. 

I have previously stated that you can 
understand the IT system response (Im) 
only as a vector sum of the woofer and 
terminus responses. Instead of going into 
the mathematics, I’ll use the experimen¬ 
tally measured data at the FR frequency 
to illustrate this concept. This will also 
make it obvious why phase information 
is crucial in a TL design, and why you 
must use a measured parameter instead 
of a computed value. 

THE WOOFER NEAR-FIELD RESPONSE 
Figure 16 shows the phase and magni¬ 
tude response for the KEF Bl 10 driver in 
a 0.9144m line. The phase plot is quite 
linear from 10-300Hz; however, the 
slope’s starting angle is about +10°, and 
this value is very much driver-level and 
magnetic-circuit-design dependent. 

Note that for FR = 65Hz, the phase 
angle = -92.4°, and the magnitude = 
-6.4dB. Titis defines the woofer vector at 
Fr. Note that the phase data is measured, 
and to relate it to the PC-simulation data, 

FIGURE 17: Vec¬ 
tor representa¬ 
tion of woofer 
near field at FR. 

Near 
Field 

TERMINUS 

Vx component B-1524-17 

TABLE 2 

FREQUENCY DIB

65Hz 8.0 
65Hz 12.0 

65Hz 16.0 

MAGNITUDE 

-6.4dB 
-6.4dB 
-6.4dB 

PHASE 

-92.4° 

-83.8° 

+95° 

near optimum 
past optimum 

way past optimum 

PURE NUMEROLOGY 
As a contrast to the above derivation, 
consider the following equation that sup¬ 
posedly relates the driver’s cone area and 
T/S parameter Q rs to the TL’s parameter 
of cross-sectional area to define the stuff¬ 
ing density. In his TL design book, ’ Larry 
Sharp gives a formula that relates driver 
Q|s to the line-stuffing density: 

D ^.xQu) 05

SD 

No proof is offered for its validity, and 
if you assign variable values to the quan¬ 
tities, the results arc logically incompati¬ 
ble. This is pure numerology, with no re¬ 
lation to acoustic physics. 

I have shown the empirical derivation 
of driver-type computability with a line 
length. First you compute the driver’s Qtc 

= 0.5 response from its T/S parameters. 
Then, noting the frequency where the at¬ 
tenuation slope crosses the -lOdB mark, 
you define the FR limit. The terminus vec¬ 
tor sum, with the driver’s magnitude/ 

FIGURE 15: The TL model. 
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you must do a Hilbert transform. Figure 
16 also shows that every point of the 
woofer’s response must be viewed as a 
complex number composed of magni¬ 
tude, as shown in the bottom graph, and 
phase as shown in the top one. This is il¬ 
lustrated in Fig. 17. 

Table 2 shows the phase angle's de¬ 
pendency on tlie fiber mass, and Figure 
17 shows the graphic representation of a 
single point of the data in Fig. 16 as a 
vector: 

Vj = m¡ + a¡ 

Thus the magnitude and phase angle 
can be viewed as a continuum of vector 
arrows. 

Such a continuum forms an array des¬ 
ignated by capital letter V (nl:n2), with 
the numbers in parentheses defining the 
size of the array. The mathematical ma¬ 
nipulation of this representation of the 
data as a complex number array defines 
the matrix computation. For a single 
point, this is graphically illustrated in Fig. 
17. Tlie addition of the near-field woofer 
and terminus responses is thus a process 
as illustrated in Fig. 18. 

THE TERMINUS RESPONSE 
Tlie near-field terminus response in Fig. 
79 is given for a line-stuffing value close 
to optimum. If you compare Fig. 19 to 
Fig. 7 (Part 1), you see the drastic 
change that fiber produces in the termi¬ 
nus response. 1 will discuss later the de¬ 
tails of the progressive change in the 
bandwidth. 

Note that for FR = 65Hz, the phase 
angle = +13-9°, and the magnitude = 

+14.9dB. This defines the woofer vector 
at Fr. To see the dependency of the 
phase on the fiber mass, look at Table J. 

Figure 18 shows how the single vec¬ 
tor representing the near-field woofer is 
added to the vector representing the ter¬ 
minus response to form the vector of the 
TL’s system response. 

I hope you can appreciate that the 
concept of decomposition defines the 
TL’s complexity as a rather simple vector 

TABLE 3 

Vector Sum 

Magnitude 

Vx component 

near optimum 

past optimum 
way past optimum 

s 
S 

FREQUENCY 

65Hz 

65Hz 
65Hz 

MAGNITUDE 

+14.9JB 
+15.5dB 

+15dB 

PHASE 

+13.9° 
-7.7° 

-162° 

FIGURE 18: Vec¬ 
tor representa¬ 
tion of woofer 
and terminus 
near field at FR. 

8.0 

12.0 
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TABLE 4 

SAMPLE CODE SEGMENT 

V(l:np,3) = A(1:np,5)./sin(A(l:np,12),x(pi/180)); 

X(l:np,2) = V(1:np3).xcos(A(l:np,3),x(pi/180)); 

V(l:np,4) = V(l:np2) +V(l:np,3); 
X(l:np,3) = X(l:np,l) + X(l:np,2); 
V(l:np,5) = sqrt((V(l:np,4). 2) - (X(1 :np,3). 2) ) ; 

calculates V2 

(scaled phase) 

calculates the 

x-component 

V3 = V1 + V2 

V3 magnitude 

Dtr LF -3DB 

1.0 35Hz 
6.7 32Hz 

12.0 18Hz 

TABLE 5 

HF -3DB NOTES 

120Hz LF -3dB ignoring the peak 

120Hz 

120Hz 

FIGURE 19: The 
TL near-fied ter¬ 
minus response 
for a line DTR = 
8; Dacron 
HoloFill II fiber. 

FIGURE 20: FR 
gain for DTR > 
optimum. 

FIGURE 21: 
Interior; DTR = 1. 

summation. At the same time, it defines 
the fundamentals of a mathematical 
model. 

The mathematics of computing the 
TL’s system response requires a matrix 
format wherein the vector array is desig¬ 
nated by a capital letter and the variables 
by small letters. Since each vector array 
can contain about 1000 data points and 
each TL vector is a product of another 
vector, the number crunching is formida¬ 
ble and requires a computer. The sample 
code segment in Table 4 shows it is a 
very simple mathematical process. The 
code describes what the TL does acousti¬ 
cally. The result is shown in Fig. 13 the 
IT system response at Im. 

THE TL SYSTEM RESPONSE 
Figure 13 shows a typical TL line re¬ 
sponse for an optimally stuffed line. The 
magnitude at FR is close to OdB, indicat¬ 
ing that the function of gain/phase at FR 
of the near-field woofer response is 
matched by that of the terminus, and 
that the vector sum can result in a OdB 
gain at FR. Marker #2 is near the null as¬ 
sociated with the first harmonic. If the 
woofer’s QTC = 0.5 response had extra 
gain, then you could increase the DTR 
value to minimize the nulls associated 
with the TL’s system response. An alter¬ 
native is to use a Helmholtz resonant cav¬ 
ity tuned to the first harmonic. 

I will briefly touch upon these varia¬ 
tions later on in the article. They are very 
technical implementations that go be¬ 
yond the basic TL design concepts. 

Figure 20 shows the typical effect on 
system gain when DTR > optimum. As 
the terminus phase shifts past the opti¬ 
mum angle, the gain at FR drops. But 
also note that the harmonic peak/null re¬ 
sponse decreases, since the attenuation 
has increased for the higher frequencies. 
The one exception is the sharp -5dB 
null at about 130Hz, the shifted phase 
transition. 

In the following section I'll examine 
the response variations for the terminus 
versus stuffing density. This then leads to 
the exploration of the heart of the TL— 
the fiber characteristics that define the 
phase changes documented in the previ¬ 
ous section. 

INTERIOR LINE RESPONSE 
Before considering the variations with 
Dtr of the terminus response, I would 
like to clear up a misconception. Most 
amateurs would assume as self evident— 
since the woofers’ back response is that 
of the front {Fig. 15) with a 180° phase 
difference—that the signal at the top of 
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the line would be some facsimile of the 
near-held woofer response. 

The TL throws you a curve, however, 
showing how dangerous “self-evident” 
assumptions are. For the unstuffed line, 
the interior response as shown in Fig. 21 
is that of a resonant cavity with clearly 
defined harmonic structure. As the line-
stuffing density is increased (Fig. 22), die 
line-length harmonics are attenuated, 
and two characteristics of the interior re¬ 
sponse are defined: the high-frequency 
slope knee is a constant defined by WX, 
and the LF -3dB slope point shifts lower 
in frequency. Figure 23 shows the trend 
for Dre = 12. Also see Table 5. 

From the data of Figs. 21-23, it is ob¬ 
vious that the interior of the TL line’s re¬ 
sponse is not a facsimile of the woofer, 
but a resonant phenomenon, and that 
the woofer acts only as an energy source 
to excite the line resonance. In short, the 
interior response tends toward a pres¬ 
sure-type phenomenon. 

TERMINUS LINE RESPONSE 
The terminus response (Figs. 24-27) is 
considered from the unstuffed line up to 
and slightly past the optimum. The re¬ 
sponse is that of a bandwidth signal, the 
low end of which is defined by the line 
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FIGURE 25: 
Interior; DTR = 
6.7. 

FIGURE 26: 
Interior; D rR = 
12. 

FIGURE 27: 
Interior; = 
16. 

length, while the high end approaches 
an approximately three-octave-wide 
-3dB point. 

Note that the phase is quite linear in 
the region of DTO >1 to slightly above op¬ 
timum for the specific TL line length, as 
is the gain bandwidth curve. As the fiber 
density increases past the optimum, as 
shown in Fig. 27, the phase exhibits a 
nonlinearity in phase change, a cusp¬ 
type discontinuity. 

You should by now have a good un¬ 
derstanding of the signal characteristics 
of the TL and the relationship of line 
length to the !4X resonant frequency FR. 
This should allow you to consider the 
question of the 14-lambda and »-lambda 
line as presented in Table 4.2 of the 
Loudspeaker Design Cookbook? 
Suppose you have a friend who 

comes along and states: “I have read that 
the »X system is better than the »X. de¬ 
sign. Bobby, who is an expert in TL de¬ 
sign, says that the »X is more efficient 
and that I can make the line seem short¬ 
er just by stuffing it more. He has read 
that the ‘hybrid TL' does this all the 
time. Bobby helped me design my sys¬ 
tem for 10.6' (3.3m) for an 80Hz re¬ 
sponse, but my RS meter shows the re¬ 
sponse down by about lOdB at 80Hz. 1 
was hoping you could look at it with 
your fancy MLS measurements and tell 
me what’s wrong.” 

He hauls a 10.6'-long TL into my living 
room for measurements. I suggest that 
we should try to define the resonant fre¬ 
quency of the line by measuring the un¬ 
stuffed line. On opening the TL, I find 
the line has blocks of egg-crate foam for 
stuffing. He explains that since anechoic 
rooms use the stuff on their walls, he 
thought it would be good for killing the 
high frequencies in his TL. Paraphrasing 
Alice In Wonderland, things are getting 
stranger and stranger. 

On measuring the unstuffed line, we 
get a slope knee at about 26Hz, and har¬ 
monics at 52Hz, 78Hz, 104Hz, 1.30Hz, 
and so on. I show him the results and 
explain that the 3.3m line has a reso¬ 
nance frequency, FR = 26Hz, and that 
the second-harmonic peak is at about 
80Hz, his supposed tuning frequency 
for the »X line. Thus the 10.6' line is act¬ 
ing as a »X, not a »X line. My former 
friend becomes very angry, saying that 
Bobby the TL expert designed his TL as 
a Vik, and therefore my measurement 
must be wrong. 

Well, the moral of this story is that 
you should not believe everything that 
you read, and the only expert you 
should believe is Mother Nature. The 
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FIGURE 29: Studio-monitor step 
response. 

analogy of the musical instruments (in 
Part 1) showed that the TL line has a 
natural resonance frequency that is Yik, 
and though you may mathematically cal¬ 
culate Yi- or %-wavelength line lengths, 
the acoustic physics do not change; the 
TL line has a resonant frequency defined 
by Yik. 

FIGURE 28: 
TL step 
response. 

TRANSIENT-RESPONSE 
CHARACTERISTICS 
The transient response of a speaker is 
quite difficult to define. When you hear 
it, you know it, but it is difficult to mea¬ 
sure, since no single phenomenon de¬ 
scribes it fully. It is usually defined as rise 
and fall time for a square pulse, but since 
speakers are imperfect transducers, they 
have difficulty reproducing a pulse. 

Figure 28 is the step response for a 
time-adjusted IT. The rise time is that of 

TABLE 6 

PEAK Dtr GAINAT PHASE LF-3DB HF-3DB PHASE 

FREQ. F„ TRANS 

76Hz 1 OdB -50° NA NA 150Hz 

96Hz 6.7 -3dB +15° 0Hz 150Hz 170Hz 

124Hz 12 -4dB +11° 58Hz 300Hz 170Hz 
155Hz 16 -4dB -162° 64Hz 300Hz 64Hz 
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• Cumulative spectral decay (watertail) 0 □ 
■ RTA1/3 Octave Analysis 
■ IASCA Score calculator 
• RT60 Analysis, Reverberant Decay 
• Time History, Equivalent Level (Leq) 
■ Quality Control Plug-in 
•Help On-Line 

CLIOLite is also available from 
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FIGURE 30: Closed-box impedance; QTC = 0.5. 

Tone burst resp. 50.0 Hz, 3 periods 
—-Output 

FIGURE 31 : Closed-box transient response; QTC = 0.5. 

FIGURE 32: Closed-box impedance; QTC = 0.707. 

Tone burst resp. 50.0 Hz, 3 periods 
C-Output 

B-1524-33 

FIGURE 33: Closed-box transient response; QTC = 0.707. 

the tweeter followed by the response of 
the woofer. A more typical step response 
(Fig. 29) is that of a studio-monitor speak¬ 
er for a step signal. The drivers are not 
time-adjusted, so you see three distinct 
pulses. However, it is significant that 
each component has a large negative fall¬ 
time pulse component, which is an indi¬ 
cation of pulse-decay ringing, i.e., that 
the system is not critically damped. In 
Fig. 22, the woofer’s negative pulse ex¬ 
tent is truncated, so you can’t tell what 
the fall-time pulse ringing would be, but 
the indication is that it is considerable. 

You can simulate the low-frequency 
transient response of the system by con¬ 
sidering the response of a gated sine for 
a specific alignment: vented versus a QTC 
= 0.707 sealed system. For the TL, the 
woofer’s response loading is approximat¬ 
ed by a Qtc = 0.5, the transient response 
for a critically damped closed box. Such 
response data is presented in Figs. 
30-35. Pay particular attention to the re¬ 
sponse at the point where the impulse 
(dashed line) stops. 

Note that in these figures there is a 
90° phase shift between the input 
(dashed line) and the output at the 
falling edge. The critically damped re¬ 
sponse will have some overshoot for 14 
of a cycle, then very rapidly decay to 
zero. In the step response of Fig. 28, this 
is represented by the negative tail. 

Also note that the falling edge has a 
140% negative overshoot and requires 
over 114 cycles to settle. This data pro¬ 
vides some understanding of why the 
very linear impedance and the minimiz¬ 
ing of the impedance peak of the TL data 
is important. 

This concludes Part 2. Using experi¬ 
mental data, I have established the validi¬ 
ty of the decomposition model, and also 
have defined the woofer’s response and 
that of the TL terminus. You have now 
gained an insight into the fiber-stuffing 
density effects, providing you with a 
good foundation for examining what 
fiber mass does in the TL line. Part 3 will 
examine the fiber characteristics that 
will define the optimum stuffing density 
for the TL. fe 

REFRENENCES 
3. Wolfgang Klippel, "The Nonlinear Large Signal 
Transfer Characteristics of the Electrodynamical Loud¬ 
speaker at Low Frequencies," AES preprint 3049 (H-7). 
4. Larry D. Sharp, Quick and Easy Transmission Line 
Speaker Design, Mahogany Sound, 1993. 
5. Vance Dickason, Loudspeaker Design Cookbook, 
Audio Amateur Press. Old Colony Sound Lab, P.O. 
Box 876, Peterborough. NH 03458,1995. p. 75. 
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Impedance 

FIGURE 34: Vented-box impedance. 

Tone burst resp. 50.0 Hz, 3 periods 
□-Output 
V-Input 

B-1524-35 

FIGURE 35: Vented-box transient response. 

III AR I OR YOURSI I I 
The film capacitors chosen by many 
highly acclaimed manufacturers for 

use in their very best designs. 

-H—e—V—t—A—N—B-

M usiCap ® 
'If you want see-thru, high 

definition, detail and listenability, 
try the MusICaps. ' 

Joe Roberts. SOUND PRACTICES, Issue 6 

Illi UI I IMAI I CAP 
The most naturally revealing capacitor. Film 
and toll polypropylene construction. 
Optimized for critical speakers and vacuum 
tube electronics. Silver-plated leads. Values 
from .01 to 1 OpF. Precision made In USA. 
To experience MusICaps for yourself, contact: 
• Welborne Labs 3034706585 
• Madisound Speaker Components 608-831 -3433 
• The Parts Connection 800-7690747 
• Michael Percy Audio Products 415669-7181 
• Handmade Electronics 610-432-5732 
• Anchor Cross CoJokyo. Japan 81-3-32O3-56O6 
• Trevor Lees Audio. Australia 61-3-9853-2315 
• Wilmslow Audio. England 4401455286603 
• Tang Hill International Lid.. Taiwan 8862-2-5813605 
• Hong Kong Bush, Hong Kong 852-25253227 
• Audio Parts. Korea 82-2-3272-2704 
• Well Audio Lab. Singapore 653380368 
• OEMs contact Hovland Company at : 

ph 209-9664377 • fax 209-9664632 
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CALL TO ORDER THE 1999 SOLEN CROSSOVER 
COMPONENT CATALOG FOR S8.00 PACKAGED 
WITH THE COMPREHENSIVE 1 999 SOLEN 
SPEAKER DRIVER COMPONENTS CATALOG 

CROSSOVER ANO SPEAKER PARTS 
Metalized Polyester Capacitors, 1.0 pF to 47 pF, 160 VDC, Non Polar 
Electrolytic Capacitor, 22 pF to 330 pF, 1OO VDC, Power Resistors 
10 W, 1.0 Q to 82 Q, 8 Í1 L-Pads plus all the hardware and supplies 
to complete any speaker project. 

SOLEN HEPTA-LITZ INDUCTORS 
Air Cored Inductors, Litz-Wire Perfect Lay Hexagonal Winding 
Values from .10 mH to 30 mH 
Wire Size from 1.3 mm (16AWG) to 2.6 mm (10 AWG) 7 Strands 

SOLEN FAST CAPACITORS 
Fast Capacitors, Metalized Polypropylene 
Values from 0.10 pF to 330 pF 
Voltage Rating: 630, 400, 250 VDC 

Tel: 450.656.2759 
Fax: 450.443.4949 

Email: solen@solen.ca 
WEB: http://www.solen.ca 

SOLEN STANDARD INDUCTORS 
Air Cored Inductors, Solid Wire Perfect Lay Hexagonal Winding 

Values from .10 mH to 30mH 
Wire Size from 0.8 mm (20AWG) to 2.6 mm (10 AWG) 

4470 Avenue Thibault 
St-Hubert, QC 
Canada J3Y 7T9 

Solen crossover components -
used by the most discriminating 
loudspeaker manufacturers. 

HARDWARE: 
POWER RESISTORS. 
L-PAQa CABLE, 
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Here's a postscript to an article we published a decade ago. This Danish designer presents 

some groundbreaking work in the area of distortion-canceling feedback in small systems. 

Acceleration Feedback Systems 
By Hans J. Klarskov Mortensen 

T
hose who take an interest in 
this rather remote corner of 
audio design may remember my 
article in SB 1/9O1 in which I de¬ 

scribe a DIY way of experimenting with 
acceleration feedback in relatively small 
bass systems. Since the publication of 
that article, I have discussed the idea 
with quite a few people, but I do not 
claim that servo control of woofers is 
the “best" in any meaning or aspect of 
the word. 

As I outlined in the article, the com¬ 
mercial success of the idea has been lim¬ 
ited—to put it mildly. However, there are 
very' ambitious systems around, e.g., En-
tech s massive VSW-1 system, and it 
seems that the idea simply won’t die. 
One reason for this could be that it is an 
interesting technical challenge with a 
certain promise. 

All sorts of objections to it could be 
raised, but I do not intend to discuss 
them here. If you are interested, you can 
read along and experiment as you 
please. Sometimes the desirability of be¬ 
longing to a club is inversely proportion¬ 
al to the size of that club’s membership-
just to rephrase a film star’s words in 
technical lingo. 

THE FEEDBACK ADVANTAGE 
The main advantage of feedback in loud¬ 
speaker design is the possibility' of mak¬ 
ing a relatively small speaker play low 
frequencies at reasonable sound levels 
with reasonably low distortion. The 
costs include added circuit complexity 
and a need for potent power amps with 
lots of power and voltage swing. Since 
feedback in loudspeakers is worthwhile 
only at low frequencies, most feedback 
systems make do with two power ampli¬ 

fiers: one for low frequencies and the 
other for the middle and high ranges. 

Of course, this increases both com¬ 
plexity and cost—though the need for 
elaborate passive crossover networks is 
eliminated. In many contexts, these 
problems are very' minor, and they are 
easily outweighed by the improved quali¬ 
ty of the low frequencies. There are, 
however, situations when it would be 
nice to make do with just one amplifier— 
for example, in small PC speaker systems 
or small compact monitor systems. An¬ 
other possible customer could be the se¬ 
rious audiophile who likes neither active 
crossover networks in the very sensitive 
lower-midrange frequencies nor several 
different-sounding amplifiers. 

After I published the article in SB 
1/90—and a somewhat revised version 
in the Danish magazine High Fidelity— 
I was contacted by a small company 
that wished to develop a very compact 
monitor system, specifically one with 
only a single power amplifier, but with 
the possibility of manipulating the line¬ 
level signal. Could I do that, please? 
I promised to try. This is what I came 
up with. 

SIMPLE SINGLE-AMPLIFIER 
SERVO SYSTEM 
My first thought went along the lines 
suggested by D. De Greef and J. Van-
dewege in their article “Acceleration 
Feedback Loudspeaker”2 (the schematic 

FIGURE 1: Block diagram of De Greef and J. Vandewege's acceleration feedback sys¬ 
tem. (Reprinted with permission from Electronics and Wireless World.) 
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FILTERSTAGE LEVELADJ SUMMING AMPLIFIER 

• DIY Kits 
• Drivers 
• Resistors 
• Inductors 
• Capacitors 
• Binding Post 
• Design 

Assistance 
• Technical 

Support 
• Anechoic 

Testing 
• Spikes 
• Wire, Etc. 

-J 
Ki‘only $ 450. per pair $1100. per pair with enclosures 

The Paradox-3 has a 93db sensitivity and an 8 ohm impedance 
making it ideal for low powered tube amp applications. 

The fast drivers yield high dynamics and an extremely high level 
of detail while the first order cross-over and closely mounted drivers 
give a seamless driver integration. 

The 6.5” woofers have a polymer chassis to minimize transmitting 
resonances into the enclosure through the frame. 
The treated paper cone produces a natural, warm sound unmatched by 
woofers using exotic materials. 

The Paradox-3 has a frequency response of +/-2db and a -3db 
down point of 35 Hz. 

The enclosure is .75” MDF with .75” MDF bracing, Oak veneer, 
and solid Oak comers. It can be ordered nude ( un-stained ) or in a 
black laquer finish. 

It also has adjustable 2-way reversible floor spikes designed for 
carpeted or flat surface floors. 

The kit comes complete with everything: tweeters, woofers, ports, 
oxygen free copper wire, foil inductors, Axon capacitors, binding 
post, floor spikes, solder, screws, heat-shrink, instructions, wiring 
diagrams, and cabinet prints. 

With the Paradox-3 you also get unmatched performance for your 
dollar. Nothing at this price point performs like this. 

FOCAL 
components 

CFA 
INDUCT 

AEON 
c RAVEN 
0 R tweeters 

GR Research 
2412b 10th St. 

Wichita Falls, Tx. 76309 

Ph. 940-723-7900 
fax 940-723-2266 

Mon. - Fri. 10am - 5pm central time 
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of their project was reprinted in my arti¬ 
cle in SB). 

De Greef and Vandewege use just 
one power amplifier for the whole sys¬ 
tem. The serious drawback is that it re¬ 
quires a very complicated filtering cir¬ 
cuit that must be tailored absolutely in¬ 
dividually to each drive unit with its ac¬ 
celerometer. Figure 1 is the block dia¬ 
gram of De Greef and Vandewege’s sys¬ 
tem. Despite the very careful tailoring of 
the compensation networks, it goes al¬ 
most without saying that a lot of phase 
shift and other things are more or less 
out of control. 

However, the feedback system is 
worthwhile only below, say, 100Hz, so 
the trick is to exploit its benefits in that 
frequency range and prevent it from in¬ 
terfering with the rest of the audio range. 
This is to some extent what De Greef 
and Vandewege did, but since I am a 
great one for simplicity in audio design, I 
went for a much simpler solution. 

I retain filtering as the first stage after 
the preamp. The filter is a simple 2-way 
6dB/octave electronic crossover net¬ 
work that separates the low frequencies 
from the mid-to-high frequencies. I 
chose a first-order network here because 

IS ELECTRONICS AND/OR COMPUTER TECHNOLOGY 
YOUR PROFESSION OR HOBBY? 

If so, Elektor Electronics is Just the magazine for you! Since 1977, it has been 
publishing construction projects at professional level as well as informative 
articles about the developing world of elec-

READER/. 

tronics and computers. 
The world of electronics is in constant flux. 

What is new today may be obsolescent in a J 
very short time. Of course, the basics do Ik 
not change, but applications do. Elektor IP' 
Electronics is quick to respond to the k 
changing face of electronics and to adapt /J 
itself to the varying needs of its readers, ! 
It contains fairly easy as well as more 
complex construction projects on a 
wide variety of electronics subjects, £ 
from audio & hi-fi through com- JE 
puters and microprocessors to y 
test and measuring instruments. 
Moreover, each issue contains 
a FREE 16-page supplement 
dealing with one subject only, such 
as Microcontrollers, Audio & Hi-fi, Test & 
Measurement, Computers, and others. 

Make sure you are kept informed regularly about the 
changing world of electronics by taking out a subscription (price, airmailed, 
$US67.00 per year) by writing or faxing to 

Elektor Electronics 
World Wide Subscription Service 

Unit 4, Gibbs Reed Farm 
Pashley Road, Ticehurst 

East Sussex, England TN5 7HE 
Telephone +44 580 200 657; fax +44 580 200 616: 

e-mail wws.subscription@virgin.net 
Apart from the magazine, the company also produces software diskettes, pro¬ 
grammed chips, printed-circuit boards. CD-ROMs, and publishes books on 
electronics and computers. All these are available from 

Old Colony Sound Lab 
PO Box 876, Peterborough NH 03458-0876 

Telephone (603) 924-6371; fax (603) 924-9467 
e-mail custserv@audioXpress.com. 

it is steep enough, provided the -3dB 
point is sufficiently low. A filter of this 
type is also a good choice because you 
can easily make it with great phase and 
response accuracy. 

After this simple filter stage, the mid 
and high ranges are directed to a sum¬ 
ming stage and then passed on to a con¬ 
ventional power amp. Ute low-pass sec¬ 
tion is connected to the servo loop, 
which is responsible for both distortion 
reduction and increased linearity in the 
low-frequency range, as well as for flat¬ 
tening out the peaks that result from an 
excessively high speaker Q, as I ex¬ 
plained in my original article. 

After the servo loop, the low-frequen¬ 
cy signal is fed into the summing stage, 
the level controls of which make it possi¬ 
ble to achieve perfect linearity around 
the initial first-order filter’s -3dB point. 
The advantage of this arrangement is 
simply that feedback is applied only to 
the low-frequency range below about 
100Hz, and you need only one power 
amplifier to drive the whole system. 

The crossover network in the more 
complete loudspeaker system can be a 
conventional passive network. The 
crossover frequencies of this network 
have no bearing on the purely electronic 

FURTHER SOURCES 
In the interest of science I have reprinted all the refer¬ 
ences from the original article, plus some new literature 
I have found. The list is still not complete, though. 
1. Siegfned Linkwitz, “Loudspeaker System Design,” 
Electronics and Wireless World. May and June 1978. 
2. Jean Hiraga, “Le Préamplificateur SRPP." Selection 
de L'Audiophile. Tome 1 : L'Electronique, Paris, 1985. 
3. R. Conell, “Feedback in Loudspeakers,” Elektor 
Electronics, April 1987. 
4. Elbert Hendricks. “Et EMK-MFB Bashojttaler 
System,” High Fidelity. No. 11 and 12,1979, Copen¬ 
hagen, 1979. 
5. JA. Klaassen and S. H. de Koning, “Motional Feed¬ 
back With Loudspeakers." Philips Technical Review, 
Volume 29,1968, No. 5 
6. Arthur Brown, “Servo-controlling the AR1 SB 3/89. 
7. H.W. Holdaway, “Design of Velocity Transducer 
Systems for Stable Low-Frequency Behavior,” IEEE 
Transactions on Audio. September-October, 1963. 
8. W. Holle, “Gegenkopplung an Lautsprechern." 
Funk-Technik, Nr. 18,1952. 
9. Richard E. Werner, “Loudspeakers and Negative 
Impedances," IRE Transactions on Audio, July-
August. 1958. 
10. Robert L. Tanner, “Improving Loudspeaker 
Response with Motional Feedback," Electronics, 
March 1951. 
11. Hans J. Klarskov Mortensen, “Basgengivelse— 
pro et contra 3. Del,” High Fidelity, March 1993, 
Kobenhavn. 
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manipulations of the line signal. Thus, in¬ 
sofar as the circuitry described here is 
linear with respect to the speaker sys¬ 
tem’s actual woofer, the quality of the 

speaker is all that matters. You might say 
that the integrity of the speaker is un¬ 
harmed—apart from the very slight 
change of woofer parameter caused by 

the tiny accelerometer. But since this in¬ 
volves the addition of only a few grams 
of extra mass to the woofer’s cone, in 
most cases you can neglect it. 

Save $4005°° 
by building your own Cavendish ' active reference system, comprised of a pair of loudspeakers, 

each of which contains: 
One Manger full-range sound transducer. Mangers are simply the best. Operating from 170Hz to 33kHz as a true point source bending 

wave driver, the Manger is renowned throughout Europe for its utterly natural sound and transient perfection. Two decades and millions of dollars of 
research have "built-in “ perfection into these drivers. Rise time only 0.014 milliseconds; ringing is non-existent; waterfall plots unmatched; dispersion 
carefully controlled. These drivers have no audible timbre of their own, reproducing original events with unmatched precision. The Mangers are located in 
a head unit which can be swiveled and tilted to achieve desired alignment, or which can be detached from the subwoofer section for wall mounting for home 
theater. 

A pair of purpose-built 10” subwoofer drivers operating from 170Hz to the infrasonic region. Although they operate in total volume of only 
40 liters, these drivers’ 19 Hz resonance, large magnets, and robust construction allows them to generate prodigious amounts of controlled, dynamic bass 
with superb transients. The drivers operate on opposite sides of a sealed enclosure, joined together by a bracing system designed to cancel inertia effects for 
an extremely quiet box. They are located near the floorfor predictable room gain and extension to nearly 20 Hz. at full volume. 

One Cavendish’ dual amplifier/active crossover combo unit. The units feature RCA(unbalanced) and XLR (balanced) in/out for dais 
chaining for large venues or home theater as well as speaker level inputs, a large toroidal transformer, dual precision levei controls for bass and treble, 
separate rectifier/regulator sections for each amplifier, and 2 x 200 W of amplification per loudspeaker. Crossovers are 3rd order, w ith each unit 
specifically designed to complement the Manger / woofer combination, yielding excellent frequency and phase response. Bandwidth is K»kHz. full power 
THD 0.001%, input impedance lOkohns, S/N ratio 1 lOdB. input sensitivity 500mV. Finished in high gloss black with white lettering. 

Kit plans and instructions for building what is easily the most sophisticated DIY system on the planet. Your system will 
feature Manger's legendary transparency on a fully adjustable mount, dual 10” air movers in the bass, and 400W of amplification/box in an easy-to-build 
(no crossover wiring required!) shape designed to match both traditional and modern décor. 

The Cavendish will be shown to dealers in finished form at the 2000 WCES in Las Vegas. You can save nearly 60% of 
M.S.R.P. by buying in kit form directly from us. For more information about it now please contact us at: 

B&R Acoustique Toll-free (888) 825-8888 Fax (450) 635-7526 www.techmdb.com E-mail: techmdb@MSN.co 
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A PRACTICAL EXPERIMENT 
Unfortunately, the project never reached 
completion. The company that had re¬ 
quested the design went bankrupt, or 
perhaps lost interest, hut before that, I 
did manage to set up a small experiment. 
I used a ScanSpeak 21W/8554 drive unit 
in a 22-ltr cabinet. 

For the initial electronic crossover net¬ 
work, I chose a -3dB point at around 
130Hz. This means that the range in 
which the servo system is active is very 
small indeed, thus making the filtering 
and control of the inevitable phase shift 
much easier to handle. A problem in all 

feedback systems is high-frequency 
phase shift: if there is too much, it ren¬ 
ders the system unstable. In my own de¬ 
sign, these problems occurred around 
250Hz, and needed quite careful atten¬ 
tion. My experimental circuitry is shown 
in Fig. J. 

RESULTS 
Figure 4 shows the low-frequency per¬ 
formance of the experimental setup, 
measured “by hand” with a Bruël & 
Kjaer condenser measuring microphone. 
(This was before computer-based sys¬ 
tems became economically possible for 

amateurs.) For more details, consult the 
Further Sources box. 

COPYRIGHT 

To the best of my knowledge this approach to 
single-amped feedback systems is new, so if you 
would like to use it commercially, please contact 
me at Hans.klarskov@skolekom.dk. 

REFERENCES 
1. Hans J. Klarskov Mortensen. “An Acceleration Feed¬ 
back System,’ SB 1/90 
2. D. De Greet and J. Vandewege, “Acceleration Feed¬ 
back Loudspeaker." Electronics and Wireless World, 
September 1981. 
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: (901)756-6831 

TEXAS 

Rick 
(915)676-7360 

UTAH 

Wasatch Audio 
Edward Aho 

i (801) 364-4204 

WASHINGTON 

Pacificnorthwest Audio Society 
Ed Yang/Gill Loring 
Box 435. Mercer Island, WA 98040 

i (206) 232-6466/(206) 937-4705 

ARGENTINA 

Buenos Aires Audio Club 
Willy Pastrana 
Rincon 476, Buenos Aires 1081 

i (011)54-943-0007 
Figaro 
Esteban Bikie 

: Esparta 1680,5000 Res. 
: Olivos Cordoba 
: (011)54-51-68425" 

AUSTR ALI A 

Melbourne Audio Club 
i Don Monroe 
i PO. Box 27 
I Forest Hill 
Í Victoria 3131 
: E-mail ptrallen@melbpc.org.au 
i Website www.vicnei.au/~macinc 

BELGIUM 

West Europe Lowther Club 
i Victor Meurisse 
i Avenue Plissart, 16 
; Brussels 1040 

(011)32-2-736-7394 

BRAZIL 

Audio Club de São Paulo 
Av. Ver. José Diniz 3135 cj 92 
Campo Belo, São Paulo, SP 04603-020 
(011) 530 1472, FAX (011)530 8465 

: E-mail techmark@dialdata.com.br 

CANADA 

Montreal Speaker Builder Club 
Andrew McCrae 

; 4701 Jeanne Mance 
Montreal, PQ H2V 4J5 

i (514) 281-7954 
Toronto Area DIY Speaker Club 
Michael Mansor 

i (416)626-9132 
: E-mail james.lcr@sympatico.ca 

CHILE 

Christian Bargsted 
Presidente Kennedy 3650 
Apt. 101, Vitacura, Santiago 

: (011)562-207-0673 
FAX (011) 562-538-0638 

I E-mail centroac@chilnet.cl 

FRANCE 
Sound Reinforcement Club of Paris 
Laurent Bonnet 

11 rue de la fontaine du but, Paris 75018 
: Phone/FAX (011 ) 33-1 -42-23-71 -47 

GERMANY 

ESL Builders Group 
i Gunter Roehricht 

Bühlerstr. 21, Böblingen 71034 
Profi Club Visaton 
Bettina Schaaf 

i Visaton Lautsprecher 
: OhligserStr. 29-31, Haan 42781 
: (011)49-2129-522-0 
; FAX (011) 49-2129-522-10 

HOLLAND 

Lowther Club Holland 
Bert Doppenberg 
Brinkersweg 16,8071 GT Nunspeet 
Phone/FAX (011 ) 31 -341 -254500 
Audio Vereniging Midden 
Nederland 

Hans van Veenhuizen 
Ir.P. Calandstraat 12,3841 KA Harderwijk 
(011)31-341-416599 

INDONESIA 

Silo Ultac Audio Society 
: Febri Arianto 

PO Box 6567/SMS, Semarang 50065 
(011)62-811-280060 

: FAX (011) 62-24-7621647 
Tube Audio Enthusiasts 
Ignatius Chen 

; Setrasari 7, Bangdung 40152 
i FAX (011 ) 62-22-213277,62-22-210408 

E-mail dutar@digicron.com 

ISRAEL 

Audio Center 
i c/o Kobi Cohen 

11, Hayey Adam St., Tel-Aviv 67499 
: (011)972-3-696-5054 

E-mail audio_c@inter.net.il 

SOUTH AFRICA 

Hi-Fi Club (Cape Town) 
Chris Clarke 

i PO Box 18262, Wynberg 7824 
i (011)27-21-7618862 

E-mail chrisc@iafrica.com 
i Website http://users.iafrica.eom/j/je/ 

jessica/hificlub 

I TURKEY 

Istanbul Hi Fi Club 
i Adnan Arduman 
: (011) 90-216-310-44-70 
: FAX (011) 90-216-343-42-01 

UNITED KINGDOM 

London Live DIY Hi-Fi Circle 
Lance Dow 

: E-mail dow@ram.co.uk 
Website http://www.geocities.com/ 
CapeCanaveral/9170/index.htm 

: If you would like your club to appear, please 
: submit contact information (address, 

; i phone/FAX numbers, E-mail address, and 
i i website) to: 

Audio Amateur Corporation 
: ; PO Box 876 
i I Peterborough, NH 03458-0876 
H FAX (603) 924-9467 
: i E-mail editorial@audloXpress.com 



Don't be misled by manufacturers' sales hype when you go shopping for new 

drivers. Remember: caveat emptor. 

Part 2 

Navigating Speaker Design: 
Sleuthing Driver Parameters 
By Mark Wheeler 

A
mateur loudspeaker builders 
usually suffer from the limita¬ 
tions of having neither the facil¬ 
ities nor the budget to design 

and manufacture their own drivers. Bud¬ 
get constraints are also likely to limit the 
number of driver options you can pur¬ 
chase and test for a given project. Fur¬ 
thermore, rarely do you have any oppor¬ 
tunity' to listen to sample drivers in any 
application at all, let alone one bearing 
any similarity to that which you intend to 
build. The result is that you must rely 
heavily on the data provided by manufac¬ 
turers when selecting drivers. 

Manufacturers’ data comes in two 
basic forms: actual numerical data or 
sales hyperbole. The former varies in 
quality. At best, some manufacturers pro¬ 
vide tightly defined test data with stated 
conditions and tolerances. At worst, 
some suppliers provide vague promises 
of “frequency range” or “music power 
handling. ” The latter kind of sales data is 
completely useless, and if that is all that’s 
available, I wouldn't buy products from 
such vendors. 

DECODING SALES PITCHES 
Sales hyperbole may actually be far 
more useful than it may first appear, l he 
language and content may provide a 
good indication of the designer’s philos¬ 
ophy if the literature originates from the 
manufacturer (or a local market transla¬ 
tion of the manufacturer’s own material) 
rather than from an importer or other in¬ 
termediary'. The original design priori¬ 
ties are likely to be those most heavily 
emphasized, and if they coincide with 
those of your project, their drivers 
might be suitable for your short list. 
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Conversely, philosophies that appear 
contradictory to those of your planned 
project would indicate you should avoid 
such products. 

Many designers develop an instinct for 
manufacturers’ sales literature that often 
proves uncannily accurate. Alongside the 
usual tables of Thiele/Small signal param¬ 
eters and thermal specifications, there is 
usually a brief (or sometimes not so 
brieD treatise on the reasons why the 
product is the best of its class by such a 
wide margin that any customer would be 
foolish to look elsewhere. Some imag¬ 
ined examples: 

"The Plunkk Eight-O die-cast chassis 
supports a massive magnet. The Plunkk 
Eight-O also features an edge-wound 
copper voice coil on a smelt-proof for¬ 
mer bonded to the composite fiber cone 
with adhesives developed by NASA to re¬ 
sist reentry temperatures. It is the best 8" 
bass driver in the universe.” 

“The Silkko 2020 uses the latest 
damped mineral-loaded coco-polymer 
super-hysteric cone for total freedom 
from resonances, developed using laser 
interferometry. The soopa-gloop damped 
neoprene inverted roll surround pro 
vides freedom from reflected travelling 
waves. It’s the 8" driver with the clean¬ 
est midrange in the universe.” 

“The Tankk Titanium 20 has an ultra-
lite titanium cone; Superflexx™ sur¬ 
round; six-nines purity copper voice coil; 
and silver litz lead-out wires. No other 8" 
driver in the universe is more musical." 

The Plunkk Eight-O probably has high 
sensitivity, high power handling, high fs 
and powerful dynamics. So if a smooth 
and even frequency response, low col¬ 
oration, and low frequency extension 

are your goals, then look elsewhere—per¬ 
haps at the Silkko 2020. 

The Silkko 2020 claims to be clean,” 
which probably means low coloration 
and neutral frequency response, suitable 
perhaps for small studio monitoring and 
orchestral works. But the trade-offs to re¬ 
duce all forms of unevenness and col¬ 
oration may have limited its capacity to 
handle fast dynamic swings. 

The Tankk 200 may have excellent 
resolution of low-level information or 
“inner detail,” to use the bizarrely mo¬ 
lested language of hi-fi consumer-maga¬ 
zine reviewers. It might “image” well, 
constructing precise audio virtual images 
of instrument positioning. But if you de¬ 
sire to fill a large room with dub reggae, 
you’d be better off plonking the Plunkk 
on your short list. 

You have probably been doing this in¬ 
tuitively for years. Perhaps you also 
match the drive units in a system by a 
similar process. 

Optimizing system bass response and 
loading from published and measured 
parameters are familiar tasks to Speaker 
Builder readers, but there are many 
more diverse nuggets of invaluable de¬ 
sign information lurking among the 
small-signal parameters 

RESOLUTION AND DYNAMICS FROM 
T/S PARAMETERS 
Some manufacturers (e.g., Focal) publish 
a figure for cone-assembly acceleration, 
symbolized by the uppercase Greek let¬ 
ter Gamma, T, with the units ms-2.A-1 
(ms = meters per second; A = driver ac-
celertion per unit of current applied). 

Simply put, this figure indicates the 
rate at which the drive unit’s moving 



parts can accelerate when a given signal 
is applied to the voice coil. 

In audio terms, this translates as the 
small-signal resolution of the motor sys¬ 
tem. The faster the cone accelerates, the 
closer it can translate the electrical wave¬ 
form into movement; i.e., the more accu¬ 
rately it can reproduce an analog of the 
electrical signal. My own experience 
backs this up, and I confirmed it with a 
little experiment: I tried two drivers 
from the same manufacturer having dif¬ 
ferent “acceleration" figures but other¬ 
wise similar construction (same chassis, 
magnet, and cone material) and specifi¬ 
cations, working within their intended 
passbands. The passbands were further 
defined by active crossovers. 

Driver A worked out to be approxi¬ 
mately T = 650 ms-2.A-1 , while driver B 
was approximately T = 390 ms"2. A-1 . 
Both were described as bass/midrange 
units, but I used them only as 
200Hz-2.4kHz midrange units in order 
to minimize the effects of their very dif¬ 
ferent bass response and power han¬ 
dling. 1 auditioned each only in mono, in 
an active system with level matched in 
each case. Driver A sounded more de¬ 
tailed and more transparent, but espe¬ 
cially more dynamic. 

It was as though driver B were subject 
to some compression. But driver B has 
less acceleration because it has a lower 
Bl product as a result of a longer voice 
coil for sealed-enclosure applications and 
much higher power handling. Driver A 
has a shorter voice coil for reflex boxes 
and a slightly higher sensitivity that 
trades off against its lower power han¬ 
dling. In the restricted application tested, 
driver A was consistently superior in lis¬ 
tening tests. 

The manufacturer makes these two 
versions of the same drive unit for very 
different applications, and it is unlikely 
that you could choose between them for 
a particular project. I use the example to 
illustrate the difference in musical quali¬ 
ties between two different acceleration 
capabilities when all other factors are 
controlled. With a specific magnet, a 
smaller-diameter and shorter voice coil 
will have a higher Bl product and hence 
higher acceleration, but larger-diameter 
and longer voice coils are needed for 
higher power handling, so “you pays 
your money and you makes your 
choice.” 

CONE MATERIAL 
Many other factors affect perceived reso¬ 
lution, although to a lesser extent than 
the motor system. Cone material, for ex-

Millennium-
The clear path to sound perfection 

SEAS introduces the new Excel Millennium soft 
dome tweeter, a design breakthrough that redefines 
high frequency transducer performance. 

The Millennium incorporates our revolutionary 
Hexadym* magnet system and features: 

• completely open construction that eliminates all internal resonant cavities. 

• total venting of dome, surround, and voice coil into the rear chamber. 

• 5(X)Hz resonance frequency and 1mm linearcoil travel. 

• a very low stray magnetic field-ideal for home theater applications. 

*Patent pending. 

Available at: 
Madisound Speaker Components 608-831-3433 
www.madisound.com 

Solen Inc. 514-656-2759 
www.solen.ca 

Zalytron Industries Corp. 516-747-3515 
www.zalytron.com 

Visit the SEAS web site at www.seas.no 
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Paperback edition just $24.95. 

■■ 

Order Online 

Reader Service H100 

The author is a physicist/audio design engineer with over 20 years 
experience in the research and development of audio products. 
His WinSpeakerz and MacSpeaksrz software applications are 
used widely throughout the audio industry as a tool for simulating 
the response of loudspeakers before prototypes are actually built. 

voudspeæ® 

Amazon.com John |_ Murphy 
B.S .M.S . AES. IEEE. ASA 

For all hobbyists, students and 
engineers seeking an overview of 
the technology of loudspeakers. 

The book begins by introducing the con¬ 
cepts of frequency, pitch and loudness 
and proceeds to develop the idea of a 
loudspeaker as a system. Topics such as 
loudspeaker design tradeoffs, spatial load¬ 
ing, diffraction loss, cavity effect and 

.. enclosure construction are covered. A 
I i complete chapter is devoted to the sub¬ 

ject of crossover design. 

Order by Phone 

Old Colony Sound Lab: 888-924-9465 

True Audio: 800-621-4411 
International Phone or Fax: 423-494-3388 

» New Speaker Book! 
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V_/oustasheet' 
Damping Material 

TYPICAL TRANSMISSION LOSS 

Improve the imaging and clarity of your speakers by reducing cabinet resonance and 
baffle diffraction. Transform the acoustics 
of your listening room with bass traps. Make 
your car or studio whisper quiet. Coustasheet, 
a .083" thick, 1 lb. per sq. ft. loaded vinyl, will 
do all this for only $2.98 per sq. ft. (12 min.) 
plus $5 handling. 

FREE SHIPPING in USA 
Build $538.00* bass 

traps for only $75.00** 
Bass traps can do more to tighten the sound 
and smooth the bass response in your lis¬ 
tening room than other devices that cost 
several times more: equalizers for example. 
With Coustasheet you can tune the trap to 
your problem frequency band and adjust 
the width of that band. A Coustasheet bass 
trap can absorb lower frequencies too. They 
work by vibrating with the standing waves 
that cause huge peaks in in-room bass 
response, absorbing the excess energy. 
Booklet with plans $10.00 or FREE with 
32sq.ft. Coustasheet order. 

‘List price of 8sq. ft. bass traps made by 
RPG, Inc. 

"Typical cost of materials to build traps with 
enclosures similar to RPG’s. Build them into a 
room without enclosures for only $55.00. 

Gasoline Alley, LLC 
1700 East Iron Ave., Salina, KS 67401 
1-800-326-8372 or 1-785-822-1003 

Fax: 1-785-827-9337 
E-mail: morrison@midusa.net 
Web: www.gasolinealleyllc.com 
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ample, has long been associated with 
this aspect of driver performance be¬ 
cause of different stiffness and break-up 
modes. Cone-material influence is easily 
identifiable by using similar chassis/ 
motor assemblies with different cones. 
The elasticity of the cone renders the ac¬ 
celeration figure meaningless at higher 
frequencies, since the cone ceases to be¬ 
have as a single piece at the instant cur¬ 
rent is applied. 

Modern stiff materials, such as vari¬ 
ous reinforced composite fibers includ¬ 
ing carbon fiber and Kevlar®, do extend 
the piston-like behaviors of the cone as¬ 
sembly to ever higher frequencies (in 
contrast to floppy old lightweight paper 
cones with annular rings) to encourage 
controlled break-up with increasing 
frequency. 

Within a given set of operating limits, 
most especially the upper frequency 
limit required, faster-accelerating (that is, 
with a higher gamma figure) drivers usu¬ 
ally sound more dynamic and musical 
than their otherwise similar counter¬ 
parts. Many of the early attempts at heav¬ 
ily coated, low-coloration cones gained 
notoriety in Britain for sounding slow 
and undynamic compared with their 
paper-coned immediate predecessors. 

In the relentless pursuit of neutrality 
above all else, these drivers had indeed 
been neutered and neutralized. Accelera¬ 
tion is just one of the factors you must 
balance among many, but for music re¬ 
production it should be high on the list 
of priorities for a given operating range. 

Acceleration is calculated by the for¬ 
mula 

T = Bl/Mms (acceleration = magnetic 
product divided by moving mass) 

Hence, big magnets, short voice coils 
and gaps, and small, lightweight cones 
inevitably lead to higher cone-accelera¬ 
tion capabilities. At first glance, they also 
correlate with higher sensitivities, but 
there are more factors at work, so a driv¬ 
er with higher sensitivity is not necessari¬ 
ly a faster-accelerating driver. 

T does not allow comparison of driv¬ 
ers with different areas operating over 
different bandwidths. It does not give 
any indication of the effect of driver size. 
It is possible to have a T range from 500 
ms^.A 1 to 1,500 ms-2.A 1 in 4" drivers 
and from 200 ms-2^ 1 to 6(X) ms 2.A 1 in 
8" drivers within the same manufactur¬ 
er’s products. How will these integrate 
with one another? Given their differing 
upper-frequency limits, how can they be 
compared? 

If motor-acceleration T is a useful indi¬ 
cator of small-signal dynamics, one step 

further might be a useful indication of 
overall dynamics. Such an indication 
might arise from a drive unit’s ability to 
accelerate air (while the cone is acting as 
a piston). Multiplying cone acceleration 
by cone area provides "air-volume accel¬ 
eration,” T.a expressed in m-V-A'1: 

T.a = Bl.a/Mms 

Hence, big magnets, short voice coils 
and small magnet gaps, and large, light¬ 
weight cones inevitably lead to higher 
air-volume acceleration T.a capabilities. 

ACCELERATING AIR 
“Ah! looking at that equation, isn’t it just 
expressing efficiency?” demands cynical 
reader from stage left. 

No it is not; it is about accelerating air, 
not just moving quantities of air. I have 
ignored various factors, including any 
consideration of compliance or friction. 
Actually, the factors involved are broadly 
similar, so usually one does tend to fol¬ 
low the other as night follows day. But 
there are many major exceptions, and 
two drivers from the same manufacturer 
may have similar efficiencies, but quite 
different air-volume acceleration T.a. 

The correlation between air volume 
acceleration and audible dynamics is 
very strong. I tried diverse drivers from 
several manufacturers, and they fitted 
the hypothesis without exception: 
• bass/mid speakers that scored T.a 
above 12 m5s-2.A-1 seemed to repro¬ 
duce full orchestral scale and uncom¬ 
pressed recordings reasonably effort¬ 
lessly; 

• those with T.a above 9 m3s-2 A-1 are 
also reasonably good in both scale and 
transient impact, particularly with 
smaller-scale ensembles of all musical 
genres; and 

• those with T.a below 7 mJs-2.A_| 
sounded dull or compressed. 
A few drivers scored Ta between 15 

m^s^.A'1 and 20 m5s-2.A-1 , and these 
proved to be outstandingly dynamic, al¬ 
though many suffered coloration be¬ 
cause of big, light, paper cones. The 
Focal Audiom 7K midrange driver with T 
= 1220 ms-2.A-1 and T.a = 20.1 mss-2 .A_| 
managed low coloration with high accel¬ 
eration-factor T and air-volume accelera¬ 
tion T.a, and demonstrated that all these 
goals are worthwhile without compro¬ 
mise—the sound is lively, musical, and 
very dynamic. 

PARAMETERS IN SYSTEM DESIGN 
Many system builders play safe with the 
bass and midrange drivers of three-way 
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systems by choosing them from one 
range of one manufacturer. There are 
many good reasons why this is a useful 
and safe practice. Ute drivers should in¬ 
tegrate well, because the same designers 
will have used similar design goals and 
priorities. Most cone materials have their 
own coloration signatures, so to play 
safe, these also should be matched. 

One other observation that arose dur¬ 
ing these trials concerns drive-unit 
matching in systems. I tried only a few 
combinations because of limited avail¬ 
ability. Poorly matched air-volume accel¬ 
eration between drivers in a system, es¬ 
pecially between bass and lower 
midrange, did not sound homogeneous, 
and the system sounded ill timed, a bit 
like an ensemble of good musicians in 
the early stages of rehearsal of an unfa¬ 
miliar piece. 

If the driver with the higher Ea was 
the bass driver, the music seemed to be 
running away with itself, but if the one 
with the higher Ea was the midrange, 
the bass sounded turgid and lagging be¬ 
hind. When the Ea was similar for both 
drivers, the system sounded more coher¬ 
ent, whether or not it was at the faster 
end of the range. 

Being able to put numbers to a phe¬ 
nomenon, however much they may be 
ball-park figures rather than precise mea¬ 
surements, will allow amateur system de¬ 
signers to be even more informed at the 
planning stage of their system building. 

All these figures indicate a drive unit’s 
performance under small-signal condi¬ 
tions. As the applied signal increases, 
other factors begin to affect perfor¬ 
mance. Large-signal driver effects in¬ 
clude: voice-coil length and heating; 
pole-piece gap height and shape; and 
cone-excursion limits. Large-signal sys¬ 
tem effects include bass-loading type and 
passive crossover-component behavior, 
in addition to the effects in each driver. 

So home-system builders can derive 
more than just hyperbole and bass align¬ 
ments from manufacturers' literature. 
Cone-assembly acceleration T gives a use¬ 
ful idea of driver-resolving power within 
a given passband, whether you call it 
“inner detail" or “microcontrast.” Air-vol¬ 
ume acceleration E a provides amateur 
designers with one more tool to con¬ 
tribute to system integration and “dynam¬ 
ic shading. ” These are just two more con¬ 
siderations to ponder when you leaf 
through the manufacturers’ specifications 
to select the drivers for your next project. 

Part 3 examines some aspects of the 
construction of boxes in which to put 
your chosen drivers. 

NEW! 

• 12" Sub woofer 
• Gold anodized Aluminum 
Cone. Santoprene edge 

• fe 16 Hz 
• Qts .29 
•Vas 250 L 
• SPL 87.7 dB 
• X-max 12mm 
• 60 oz. Magnet 

Itroductoryprice : $299.00 

Contact us for this and more 
exciting products! 

Phone 616-534-9121 
Fax 616-534-7676 
infb@meniscusaudio .com 
www.meniscusaudio.com 

ECLIPSE 
ALUMINUM CONE 
SUB WOOFER 

MEN»IS«CUS 
MENISCUS AUDIO GROUP , INC. 

4669 S. Division Ave. 
Grand Rapids, MI 49548 
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BIG IMPROVEMENTS 
NOW COME IN SMALL PACKAGES. 
INTRODUCING FERROFLUID 

RETROFIT KITS. 
Now OEMs who hove already enhanced 

speaker performance with FerroSound can add 
ferrofluid packets to their retrofit kits. 

These small, convenient packets enable ser¬ 
vice centers and retrofitters to apply ferrofluids 
correctly into replaceable diaphragms in the 
field. Results: fewer problems and more profits 
all along the line. 

© 1997. FenoSound and 

Each kit contains the right amount and 
type of ferrofluid for your speaker, a wicking 
cloth to extract remaining fluid, instructions, 
and a material safety data sheet. So add per¬ 
formance and profit to your speaker retrofits 
by calling FerroSound today al 603/883-
9800 —or fax 603/883-2308 

(¿FerroSound 
The Solution Is Loud And Clear' 

Ferrofluidics Corporation, 40 Simon Street, Nashua, NH 03061 

related graphic are registered trademarks of Ferrofluidin Corporation. 
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Here's another perspective on the speaker-cable controversy. This author shows you how to 

construct your own with low resistance and low inductance. 

Do I Need A New Speaker Cable? 
By Jesse W. Knight 

I
 did not set out to make speaker 
cable. Quite frankly, I believed 
enough had been said already; how¬ 
ever, my current project led me to 

realize that this was not true. I was mis¬ 
taken in my belief that 0.3Q of cable re¬ 
sistance would affect the woofer re¬ 
sponse only near the lower f,. 

A STICKY MESS 

perfect solution. This dome is so differ¬ 
ent from any driver I have worked with 
that I decided to try many network de¬ 
signs with it over a long period of time. I 
designed a variable capacitor and vari¬ 
able inductor network to determine the 
best way to use it. I was rewarded with 
better sound than I ever expected, at 
very low cost. During this time some in¬ 
teresting problems arose. 

Variable networks introduce variable 
resistance, and this becomes a huge 
problem. Some network-driver combina¬ 
tions are extremely sensitive to resis¬ 
tance. Changes of 0.2Q produce audible 

changes that are easy to measure. 
Ironically, the most sensitive I 

encountered was a conventional 
350Hz third-order Linkwitz-Riley 

low-pass with a Pyle 12" woofer. Even 
worse, added resistance produced a 
100Hz peak, not the expected small 

change at the lower f,. Low-resis¬ 
tance inductors and cable became a 

liigli priority. 

INDUCTANCE CONSIDERATIONS 
On the other hand, cable inductance was 
less of a problem as long as it was the 
same in both channels. Past experience 
with series networks suggests that it may 
be important to prevent high-order dis¬ 
tortion products stemming from the 
woofer and its network from entering 
the mid and tweeter circuits. Keeping 

PHOTO 2: Final design, with Radio 
Shack gold series 278-311A connectors 
soldered to Radio Shack automotive #8 
Megacable for strain relief. Heater hose 
covers the connection to the six-conduc¬ 
tor braided THHN #12 wires. To avoid 
tangles, two of the three wire pairs have 
been coiled prior to braiding. 

All too often my speakers end up in my 
woodworking shop, and the sawdust 
and plaster dust sticks to the midrange, 
adding mass. I needed a cleanable, inex¬ 
pensive dome with no sticky treatment. 

The Vifa 3" dome turned out to be a 

PHOTO 1 : An early design for the 
cable, using home-made terminals 
without strain-relief wires. Strain¬ 
relief wires without terminals are 
shown on the other end. 
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cable resistance and inductance low al¬ 
lows the amplifier to damp these distor¬ 
tion products. 

It should be noted that the use of fer-
rite-core woofer-network inductors with 
a no-feedback amplifier will produce 
plenty of driver intermodulation at high 
power. With highly damped amplifiers, 
iron-core inductors may actually lead to 
lower distortion because of lower resis¬ 
tance and better woofer damping. I had 
no trouble finding these interactions 
with an old tube-model distortion analyz¬ 
er saved from the scrap heap. Capaci¬ 
tance and dielectric effects proved, as ex¬ 
pected, not to be problems. This led me 
to a cable design (Photo I') that has very 
low resistance (0.064Í1 for 60') and fairly 
low inductance. 

IT'S A LONG WAY 
My cable run is 60', allowing the CD play¬ 
er and amplifier to be in a dust-free area. 
The crossover is often at the listening po¬ 
sition, so I can hear changes immediate¬ 
ly. This dictates the use of #8 wire that is 

PHOTO 3: Exploded model of wiring and 
braiding technique. 



reasonably flexible so I can easily move 
the crossover while operating. 

Single-conductor #12 stranded wire of 
type THHN is available at low cost for 
use in conduits. Braiding six single con¬ 
ductors yields a two-conductor cable 
that is equivalent to #7 wire for as little 
as 27« per foot {Photo 2 and exploded 
Photo 3). Once braided and terminated, 
there is no way the cable can unwind, 
and a moderate degree of flexibility re¬ 
sults from the braiding. For a small addi¬ 
tional cost, I used short lengths of Radio 
Shack #8 fine-strand single-conductor 
Megacable to provide color coding (red 
and black) and greater flexibility at the 
terminations. 

TESTING TERMINATIONS 
In an all-out war on resistance, I believe a 
good look at terminations is essential. 
Ironically, huge connectors don’t offer 
any advantage over carefully soldered 
small, gold-plated Radio Shack lugs sell¬ 
ing for under a dollar each. I tested all 
connectors for harmonic distortion and 
rectification as well as resistance, and I 
even checked frequency response. At 
worst, the behavior was equal to one 
inch of #12 stranded wire. 

I partially ground down one Radio 
Shack gold lug to the copper base and 
put it in salt water for six weeks. The 
copper corroded where exposed, but 
no blistering took place, which indicat¬ 
ed a good plating job. Photo 4 shows 
the test cable I used to check termina¬ 
tions. I did not investigate gold binding 
posts, but I suspect the least expensive 
ones are a good investment if you’re in a 
damp climate. 

A small soldered terminal lug will out¬ 
perform the largest crimp-on connector. 
If the small lug will not accept all the 
strands of a large wire, I simply solder 
the remaining strands to the outside of 
the lug {Photo 5). Note that the rubber 
boots supplied with the smallest lugs 
will not fit over Megacable. All the lugs I 
used were designed for crimping. 

Soldering these is easy, provided you 
always use a vise to hold the wire end 
you’re terminating straight up. This pre¬ 
vents solder from flowing onto the part 
of the lug that’s in contact with the bind-

ABOUT THE AUTHOR 
Jesse W. Knight has designed speakers for home and 
church use. He has installed sound reinforcement and 
recording systems for court houses. His work on a six 
mile submarine pcwer cable installation involved sepa¬ 
rating submarine cable facts from fiction, resulting in an 
on time project that was within budget. 
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Venturi, EPI, E-V, Cerwin-Vega, 
Infinity, JBL Pro & Consumer 

REPLACEMENT GRILLES for 
Altec, B*I*C, Cerwin-Vega, JBL 
& Marantz, Plus CUSTOM Work 

WE SELL Grille Cloth, Dust Caps, 
Adhesives, Cones and Spiders. 

REFOAM KITS FOR MOST 
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slightly higher). Repair Kit For 
Two Speakers Includes Shims, 
Dust Caps & Two Adhesives 
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4732 South Mingo / Tulsa, Oklahoma / 74146 

Accuracy, Stability, Repeatability 
Will your microphones be accurate tomorrow? 

Next Week? Next Year ? After baking them in the car ??? 
ACO Pacific Microphones will! 

Manufacturered to meet IEC, ANSI and ASA standards. 
Stainless and Titanium Diaphragms, Quartz insulators 

Aged at 150°C. 
Try that with a “calibrated”consumer electret mic! 

ACO Pacific, Inc. 
2604 Read Ave., Belmont, CA 94002 

Tel:(650) 595-8588 FAX:(650) 591-2891 e-mail acopac@acopacific.com 
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DEF 
SPECTRA 
Dynamics PANELS 

Box 526, Inverness, CA 94937 

You need at least 2 
Deflex panels for a 
pair of small bookshelf 
speakers. 4 panels for 
a pair of Tannoy 6's, 
and at least 6 panels 
for larger cabinets 

Once you have 
gained access to the 
inside of the cabinet, 
remove foam and/or 
wool damping from 
the inside of the 
speaker (if fitted) 

Now sit back and 
listen to the extra 
detail in sound, and 
far less distortion 
when played loud 

Place the flexible 
Deflex panel thru' the 
speaker cut-out and 
stick to the inside of 
the cabinet using the 
recommended 
adhesive 

© 
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(416)669-7181 Fax (415) 669-7558 
mpercy®svn.net 

The simplest and most cost effective way 
to upgrade your existing system 

MICHAEL PERCY AUDIO 

Some Of Our Other Products: 
‘InflnlCap, Hovland, Rel-Cap, Solen, 
SCR/AHON, premium film capacitors. 
’Kimber, Cardas, MIT, XLO, Acrotec, 
cast copper, and silver chassis wire. 

‘Precision resistors from Vlshay, Mills, 
Caddock, Holco, Roedersteln, Klwame. 
‘SOLO Copper Foil Air Core Inductors 
for no-compromlse crossover designs. 
‘Cardas, Edison Price, Vampire, WBT, 
binding posts, banana plugs, etc. 
‘Tubes, IC’s, & lots of other stuff. 

Ask for FREE catalog today! 
PDF by email or printed copy by poet 

What the experts have to say... 
" a marked improvement was obvious from the first few 

bars of REM's Automatic for the people album " 
HI-FI News & Record Review - Marchi 994 

M Deflex panels seemed to give greater tightness and 
control, improved internal clarity, and pitch definition -

all without deadening the sound in any way " 
Audiophile - January 1994 

. the result was sharper imaging, wider dynamics 
and a more natural sound “ 

CHOICE VERDICT 
Sound Quality ■■■■■ 
Value for money ■■■■□ 
HI-FI Choice - January 1994 

". But one things for sure - the Deflex panels are 
no gimmick They work ..." 

Audio Video - November 1994 
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ing post. Solder flows onto 
gold very quickly. The key is 
to maximize the surface area 
of the connector-wire inter¬ 
face for a strong low-resistance 
connection. All rosin-core sol¬ 
ders are equally effective 
whether they are lead, antimo¬ 
ny, or silver. I believe the only 
important issue in choosing 
solder is that lead is toxic. 

MECHANICAL 
CONSTRUCTION 
CONSIDERATIONS 
Making the two Megacables 
different lengths produces a 
less bulky connection, since it 
staggers the solder connections. I divid¬ 
ed the other end of the Megacable into 
three bundles of strands so I could solder 
each # 12 wire separately. This requires a 
40W large-tip iron. If you have a 100W 
iron, you can solder all three #12 wires 
at once. In Photo 6 the connections are 
taped, and in Photo 2 a piece of heater 
hose has been pushed over the connec¬ 
tions for a neater appearance. Finally, I 
forced silicon rubber into the hose to 

PHOTO 5: Details of wire connections: 
boots have been left out of position to 
show soldered connections to the gold 
terminals. All three of the blue THHN wires 
have been soldered to the black Megaca¬ 
ble, but only one of the yellow THHN wires 
has been connected to the red Megacable 
to show how the Megacable strands are 
divided for easier soldering. 

WIRE TESTS 
keep it in place. 

For the lowest inductance, you must 
braid three wire pairs as shown in Pho¬ 
tos 2 and 3- If you are making a lot of 
cable, it is best to buy two 500' spools of 
THHN #12 wire of different colors (blue 
and yellow in my case) to prevent confu¬ 
sion. Otherwise, you should mark the 
neutral wires with black tape. It is not 
necessary to braid the wires any tighter 
than shown in the photos. 

PHOTO 4: A test setup used to test losses 
in connectors. The small twisted wires 
were connected to a high-gain oscillo¬ 
scope to sample the voltage drop across 
six Radio Shack 278-316A and two 278-
334 terminals. 

THHN wire is made for 60Hz use. so it is 
reasonable to wonder about dielectric ef¬ 
fects at high frequencies. 1 do not have 
the equipment to detect even' conceiv¬ 
able effect, but based on the testing I 
could do, I found no evidence for nonlin¬ 
ear effects. In the worst-case scenario, a 
speaker cable is driven by a nonfeedback 
amplifier with a 16Í2 output impedance 
and loaded with a 16£2 speaker. In this 
case, any cable capacitance will be 
shunted by 8Q. When you use an amplifi¬ 
er with feedback, the total impedance 
the capacitance sees drops to a fraction 
of an ohm. 

My test exaggerates any potential di¬ 
electric effects by driving one end of the 
60' cable at 80V pk-pk through a 150Q 
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carbon resistor at 20kHz. The THD mea¬ 
sured 0.09%, which is the floor for the 
test setup. Looking at the distortion ana¬ 
lyzer output, I was unable to find any¬ 
thing except the signal-generator third 
harmonic and some AM radio interfer¬ 
ence, despite the fact that the cable was 
contained in a grounded steel garbage 
can with the lid on. Without the can, in¬ 
terference was so great that no meaning¬ 
ful measurements could be made. 

This led me to ponder why people 
who worry about dielectric effects in 
speaker cables do not shield them in 
multiple coaxial copper water pipes 
grounded every foot. Regardless of drive 
impedance, broadband interference 
swamps dielectric effects. I had already 
learned this in working with micro¬ 
phone cables, but I just wished to dou¬ 
ble-check. 

INDUCTANCE 
My cable has more inductance than a rib¬ 
bon cable, but the resistance is much 
lower. To achieve the same low resis¬ 
tance with ribbon cable would be ex¬ 
pensive, and capacitance might actually 
be a problem with the large number of 
parallel wires. Ribbon cables are ideal for 
moderate-length runs under carpets. My 
60' cable has a loss at 60kHz of 0.4dB, 
which is less than the loss of the Haller 
amplifiers used to drive the cable. Ampli¬ 
fier damping at audible frequencies is 
not seriously degraded by the cable. 

AMPLIFIER LIMITATIONS 
In designing the DH 200 and DH 120 am¬ 
plifiers, Haller put a premium on stability 
by decoupling the speaker load with a fil¬ 
ter at supersonic frequencies. Needless 
to say, starting the high-end rolloff just 
above the audio spectrum is controver¬ 
sial, but I have found nothing to fault in 
these amplifiers. Series resistors in the 
preamp decouple its inputs and outputs 
as well. I have definitely heard the tran¬ 
sient intermodulation and ringing that re¬ 
sults from instability in other amplifiers 
that were “faster," and it is nasty. The ef¬ 
fect of my 60' cable on a 20kHz square 
wave is quite small compared to the ef¬ 
fect of the amplifiers used. Given this, I 
don’t see a need for a greater number of 
conductors in my cable for use with 
these amplifiers. 

While this cable takes time to con-
struct, it appears to completely fill my 
needs. Resistive losses in the 60' length 
are so low that you can completely ig¬ 
nore them. Listening tests with various 
networks indicate that it is transparent 
for 4-8Í2 loads. !►> 
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Ask SB 
A PAIR OF GEMS 

As the owner of a pair of Ceminis, I'd like to thank 
Mr. D'Appolito for developing this terrific configura¬ 
tion ("Test Drive the Dynaudio Gemini," SB 7/97, p. 
38). Although it's now clear that the Geminis do 
not meet all of the design objectives in Mr. D'Ap-
polito's 1983 AES paper, they do provide very good 
imaging and throw a wonderfully deep and wide 
soundstage. I, like Mr. Florian, was surprised at the 
apparent shortcomings revealed by the measure¬ 
ments. Several questions come to mind: 

1. Do the ripples between 3-15kHz significantly 
affect the subjective sound quality (and how)? Can 
the addition of rounded corners to the cabinets min¬ 
imize this effect? If so, what radius do you suggest? 

2. What causes the 2.5kHz peak in the woofer? 
Can it be corrected? 

3. What subjective effect should the "bizarre verti¬ 
cal polar response" cause? (I have noticed no prob¬ 
lem in the stand-up-sit-down test on my speakers. Is 
there any chance the tweeters are wired backwards 
on the tested units? I found the crossover wiring a lit¬ 
tle confusing at first) 

4. Would a third-order crossover provide im¬ 
proved measured and/or subjective results? (Per¬ 

haps a modified or redesigned crossover could be 
the basis of a follow-up article.) 

In short, I love the sound of my Geminis, but if 
there's room for improvement, I'm "all ears.” 

I would also like to suggest that future articles 
include more comments on the perceived sound, 
as this is the main reason for buying or building 
high-quality speakers. 

Hugh James 

Hamilton, Ontario, Canada 

Joe D’Appolito responds: 

1. The on-axis ripples are due in large part to 
diffraction off the vertical edges of the enclosure 
which arrive at the listening location about 
0.3ms after the primary' wave off the driver di¬ 
aphragm. This can lead to a subtle smearing of 
sound. Almost all loudspeakers exhibit this level 
of diffraction. In the Gemini, the ripples de¬ 
crease rapidly as you move off-axis in the hori¬ 
zontal plane. 

You can answer the question yourself by 
comparing on-axis sound with slightly off-axis 
sound. You must be careful, however. The far¬ 

ther off-axis you are, the less diffraction effect, 
but then you must contend with the tweeter 
high-frequency fall off. 

There are only two ways I know to produce 
a truly diffraction-free system: get a true point 
source or place all drivers flush on an infinite 
baffle (or at least on a very large wall). For edge 
rounding to be effective in reducing diffraction, 
the radius of the round must be comparable to 
a wavelength. At 3kHz this works out to a ra¬ 
dius of about 4.5". 

2.1 did not measure the individual driver re¬ 
sponses in the Gemini. The peak is probably due 
to the woofer, but without this data I cannot say 
with certainty where the peak is coming from or 
whether and how it can be corrected. 

3. The “bizarre vertical polar response” is 
best heard by placing the Gemini on its side and 
moving in a horizontal arc. You will hear it. 

4. In practice, odd-order crossovers do not 
work well with the MTM geometry, notwith¬ 
standing my paper. The problem is caused by 
the time offset between the tweeter and woofer 
pair when mounted flush on the same baffle. 
This requires a greater than 90° phase shift be¬ 
tween drivers to get flat response. Dynaudio 

Manufacturer of Loudspeakers for 50 years. 
Traditional fabrication, 
basket in aluminum and paper cone 

Serie Mélomane 
170 medium high. 200 • 19000 Hz. 101 d3 • 215 RTF 
64 • 60 to 10000Hz ± 2dB. • 98 dB. • 45W RMS power. 
215 double cone 60 to 19000Hz ±2dB • 98dB • 45W RMS 
power. Full range or medium use, perfect for tube amp. 285 
RTF • 35 to 8000 Hz ± 2 dB. • 98 dB. • 70W RMS power 
GN 400 A • 23 to 4000Hz • 99dB. • 120W RMS power. Al¬ 
nico motor 3.5Kg. GN 400 EXC with electromagnetic motor 
98dB. Hom for 1" motor. 500Hz to 20KHz± 2dB. 

Technieal information and special fabrication 
upon request. 
DISTRIBUTORS WANTED 

8‘Unyyi‘POX is not only a product line 
E-maH?supravox@ wanadoo.fr ’'your partner. 

sut^Vox 
9 Route de Tours 
37 150 BLERE-FRANCE 
Tel: 33 (0) 2 47 23 55 44 

FRANCE 
La haute fidélité Intégrale 
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tried to get around this with an all pass net¬ 
work. This leads to a very linear phase response 
on-axis (which is good), but also messes up the 
vertical polar response (w hich is bad). 

All designs involve compromises and trade¬ 
offs. Dynaudio made its choice. If I designed a 
system with these drivers. 1 would use higher-
order (second or fourth) in-phase crossovers 
and give up linear phase for better polar 
response. 

If you love the sound of your Geminis, don’t 
let a few measurements scare you off. 

SWAN'S SONG 

Back in 1988, an article on the Swan IV Loudspeak¬ 
er (Issue 4/88, p. 9) by Joe D'Appolito was pub¬ 
lished in Speaker Builder. Having heard a Swan IV 
loudspeaker system that a friend constructed from 
that article, I am now interested in building a set 

One of my concerns is the availability, or, more 
properly, nonavailability of the electronic crossover. 
Having seen an article on the XVR-1 Electronic 
Crossover in SB 2/96 (p. 18), I wondered whether it 
would serve as the electronic crossover for the 
Swan IV, especially since the XVR-1 can provide 
bass boost for such sixth-order bass reflex woofers. 

Both the Swan IV and XVR-1 appear to be ex¬ 
ceptionally well designed audio components. Will 
they work well together? 

Also, since two 10O-ltr enclosures are too large 
(wide and deep) for my listening room's decor, is 
there a way that the Swan IV bass enclosure could 
be made smaller while maintaining low frequency 
cutoff but sacrificing some SPL output? 

Finally, have any improvements been made to 
the Swan IV satellite speakers? 

M. L Piccione 

Hazelton, PA 

Joe D'Appolito responds: 

With regard to the Swan IV electronic crossover, 
the XVR-1 is an excellent substitute for the origi¬ 
nal Pedal Coupler. It will provide the necessary 
low-frequency boost plus the 200Hz crossover. 
The high-pass crossover is first-order; the low-
pass is second-order Linkwitz-Riley. The woofers 
must be connected with reverse polarity. 

As I explained in my original article, the opti¬ 
mum enclosure volume for the two 12" woofers 
is 140 Itr. We already reduced this to the mini¬ 
mum of 100 Itr. If you require a smaller box, 
you can use just one 12" unit or perhaps two 8" 
or 10" units. In any event, the woofer needs to 
be redesigned. A pair of 8" Focal 8V416js will fit 
in about 60 Itr. 

There have been no formal updates to the 
Swan IV. The design is now over ten years old. 
Were I doing a Swan IV today. I would certainly 
explore newer drivers. That said, the Swan IV is 
a classic design that still competes well against 
today’s designs. 

HOW TO BREAK IN 
SPEAKERS 
Would someone please advise me on the art of 
breaking in a new loudspeaker-the best frequency, 
amplitude, and length of time it takes to get the 
beast "settled in"? 

AJ. Steen/Renkon 

Hemet CA 

Dennis Colin responds: 

Since I haven’t purposefully compared sound be¬ 
fore and after break-in, I can't comment on rec¬ 
ommended amount. But since the purpose is to 
“exercise” all of the speaker's components, you 
should use a full-spectrum signal such as pink 
noise or wide-range music. 

Pink noise is good for consistency, but should 
be slightly tilted down toward the upper end. 
since, compared to woofers, tweeters can usually 
handle less than 10% of the power. In SB SW-
pp. 38-39 (“Swans Ml Kit Review”), 1 used tone 
controls to achieve about 8dB less spectral densi¬ 
ty at 20kHz than at 20Hz, about a 6.3 to 1 power 
ratio. Note: do not use white noise, such as from 
an FM tuner between stations. White noise has 
flat power per Hz bandwidth, which means 500 
times more power in the top octave (10-20kHz) 
than in the bottom (2O-4OHz). The de-emphasis 
in FM tuners lowers this somewhat, but chances 
are if you crank it up to see the woofer cone 
move, you'll see tweeter smoke first! 

Any music with a wide frequency range is 
good for break-in; the question is how loud. 1 
recommend connecting an AC voltmeter across 
the speaker(s) and allowing about 10V peak 
readings; this would be 25W across 4Í2. Of 
course, the average power is much lower, so 
there should be no risk to even small drivers. 
Yet 25W peaks will move the woofer a surpris 
ing amount, not to mention your ears! 

Regarding the latter, in my Swans M1 review 
I didn’t wish to hear loud pink noise for two 
hours, so I butted the two speakers together 
front to front, and drove them in opposite 
phase. This canceled much of the sound and 
also allowed the greatest woofer cone motion-
about W  peak-peak with only 1W average 
noise per speaker. 

Here’s my proposed simple test to deter¬ 
mine both audibility and sufficient duration of 
break-in: 

1. Alternately, listen to each of a pair of 
speakers with the same signal and with the 
speakers next to one another to make sure 
they're well matched. 

2. If so, then break in one unit for a short 
time, say a half-hour. 

3. Repeat *1. If there’s now a noticeable dif¬ 
ference or more than before break-in, repeat *2 
and *1 until there is no further change in this 
difference. 

MORE 
FOR LESS! 
RCM Akustik of Germany 

Proudly Announces 
GENERATION TWO 
of its famous DT series 
SUBWOOFER AMPS 
with CROSSOVER 

STILL FEATURING: 
• Auto on/off/standby 

• Adjustable crossover 50-150 Hz 

• Thermal & overload protection 

• Subsonic filter 

• Satellite filters 

• GREAT SOUND 

• PROVEN RELIABILITY 

PLUS NEW: 
• Remote control volume (use optional) 

• Toroidal transformer 

• Switchable bass boost: 0, +3, +6 db/30 Hz 

• Adjustable phase 0-180 degrees 

• Crossover bypass 

• Class G (high efficiency) 

• Switchable 115/230 VAC (specify cord) 

• 2 year warranty 

PLUS LOWER PRICES: 
• DT1 OOH 100W/4 ohms ONL Y SI89 
• DT11011150W/4 ohms ONLY $219 

USA, please add $9.95 S/H. 
AK, HI, Canada, others add $19 95. 

MC • Visa • Disc • Amex • Check/m.o. 

"Why should you consider paying a little more 
for an RCM amp? Good question. In a word, 
value. RCM means great sound, great features, 
great dependability. We sell only one thing, and 
that’s RCM amps. We don't try to price-compete 
with the big companies, because we can’t We 
focus on doing one thing well, and that's pro¬ 
viding sub amps that will bring pleasure for a 
long, long time." -Jack Burnett 
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Email dear2@prodigy.net 

Visit our NEW DESIGN at 
http://pages.prodigy.net/dear2/audio 

Reader Service #66 

Easy Mount 
in Back of 
Sub Box! 

Speaker Builder 7/99 43 



4. Then break in the other unit for the same 
total time. 

Of course, this takes more than twice as 
long, but you will have performed a valuable 
research experiment! 

PORTS: HOW LARGE? 

I have worked out a design and have determined a 
range of vent-tube lengths and corresponding di¬ 
ameters. What I'd like to know now is whether 
there is some worked-out theory to determine an 
upper bound on the area of the vent? I've heard a 
rule of thumb (for a circular cross section) that the 
diameter should be no larger than three-fourths of 
the speaker's diameter. But I would like to have a 
more analytical basis-probably involving the 
Helmholtz frequency (fB), certain box dimensions, 
and so on. I believe the question comes down to: 
at what point does the vented box stop acting like 
a Helmholtz resonator? 

Eliot 

Eliot@mathtechinc.com 

Dick Pierce responds: 

This is actually a very interesting problem. Al¬ 
most all work that’s been done on the proper 
sizing of vents has concentrated on determining 
the minimum vent size. This is because of the in¬ 

creased particle velocity in the vent as the diam¬ 
eter becomes smaller and the attendant nonlin¬ 
ear effects that might result. 

However, very little consideration has been 
given to what might be a reasonable upper limit 
to vent diameter. The problems at this end are 
sometimes a little more subtle, and sometimes 
obvious. Let’s look at some of those issues. 

For a Helmholtz resonator to work requires 
two reactive acoustical elements: an acoustical 
compliance, supplied by the volume of air in the 
box; and an acoustical mass, supplied by the 
port. As you may know, the acoustical mass in 
the port is directly proportional to the length of 
the port and inversely proportional to the 
square of the port's diameter. This is why when 
you increase the diameter of the port, you must 
increase its length to maintain the same acousti¬ 
cal mass. 

But to behave as an acoustical mass, the air 
in the port must essentially be moving as one. 
Implicit in this is the requirement, then, that all 
port dimensions must be substantially smaller 
than a wavelength of sound. As one of the di¬ 
mensions starts to approach a wavelength, the 
port no longer acts as an acoustical mass, but 
begins to exhibit the behavior of an organ pipe 
or even a transmission line. Not all the air is 
moving in the same direction, and the port no 
longer behaves as a single mass. 

So, clearly, we have a set of limits imposed 

by the requirements that the port act as a single 
lumped acoustical element. The diameter must 
be small enough so that it is a tiny fraction of a 
wavelength in the region of the Helmholtz reso¬ 
nance. At the same time, port length resulting 
from the diameter must also be a tiny fraction 
of the wavelength at these same frequencies. 
Using an arbitrary notion of “tiny” as less than 
'/io of a wavelength, this would suggest that the 
largest dimension of a port operating at 50Hz 
(wavelength is 20') would be a 2'. 

I would, personally, adopt an even more con¬ 
servative figure, such as l/is or */» the wave¬ 
length. suggesting that a port tuned to 50Hz 
should not exceed about 16" in length. This is 
because the port is not just acting at 50Hz, but 
over a substantial range of frequencies above 
and below this. Imagine, also, that a 2' long port 
will exhibit its first standing-wave resonance at 
the low frequency of only 250Hz, where the out¬ 
put of the port increases substantially. 

A second consideration is that to act as an 
acoustic mass, the port must form an obvious 
■tube’’ connected to the enclosure. This might 
seem overly obvious, until you consider that if 
the port cross section had the same area as one 
wall of the enclosure, it would simply look like 
an increase in the enclosure size, not a port 
adding an acoustical mass to the system. So an¬ 
other restriction on the maximum diameter of 
the port is based not on the driver’s diameter, 
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but the physical dimensions of the enclosure: to 
act like a port, it must look like a port. 

A third consideration is one of real estate. As 
we mentioned, die larger the port diameter, the 
longer the length must be for a given acoustic 
mass. After a point, the length will be long 
enough that you now have a problem finding 
where to put the port. 

At die other end of the limit-consideration 
of the minimum diameter-1 suggest tiiat things 
are not as neat and tidy as some of the litera¬ 
ture might suggest. Usually, as mentioned, the 
criteria used is to limit the particle velocity to 
some small fraction of the speed of sound to 
limit potential nonlinear motion. However. I 
don't recall either a rigid theoretical study nor 
careful measurements confirming the existence 
and magnitude of these suggested effects. 

Further, the maximum particle velocity will 
occur for a given SPL only at the Helmholtz res¬ 
onance Fb, and is reduced on either side of that. 
It is at Fb, remember, where the port is produc¬ 
ing most of the system's acoustical output, and 
the output from the driver is at a minimum. 
Outside of the range of Fb. more and more of 
the system's output is from the woofer, and fess 
from the port. Rest assured that the nonlinear 
behavior of even the best woofers is far worse 
than all but the tiniest of ports at the kinds of 
sound pressure levels where the port velocity 
might be an issue. 

So, to summarize the answers to the ques¬ 
tions you posed: make sure the diameter of the 
port is small enough so that the largest resulting 
dimension is substantially smaller than the 
wavelengths over which the port is expected to 
operate as a port: make sure the port is not so 
big so that it merely appears as an extension of 
the cabinet volume; and make sure the port is 
small enough to fit in the enclosure. The first 
two criteria are the result of considerations of 
the physical behavior of ports, while the third is 
a practical construction issue. 

ARIA UPDATE 

With regard to the Aria 5 speakers ("Test Drive,” SB 
6/98, p. 44; see also "Kit Report," SB 4/92, p. 40), 
first, let me express my greatest appreciation to SB 
and to Mr. D'Appolito for his design of the Aria 5 
and other related speakers. I started to build a set 
of Aria 5 speakers in 1991, but due to my busy 
schedule did not finish them until about 1W years 
later. I have been greatly enjoying the speakers 
ever since. 

I built the speakers to the published specifica¬ 
tions, but made a few minor changes to the enclo¬ 
sure, making it out of MDF, and then applying a 
hardwood veneer for a beautiful finish. I also built 
matching stands, which produced a very elegant¬ 
looking speaker system. But the most noticeable 
addition was a small internal enclosure around the 
tweeters. 

During the initial listening tests, I noticed that 
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FIGURE 1 : Aria 5Ti crossover. B-asksb-1 

the plastic face plate of the tweeter vibrated se¬ 

verely at certain resonant frequencies. The vibra¬ 

tions could be easily felt by placing my fingers on 

the front of the face plate, and were quite severe 

when listening to recordings with strong tenor vo¬ 

cals. I used %" Plexiglas’ to create a small enclo¬ 

sure behind the tweeter, which took up negligible 

volume within the cabinet. The tweeter enclosure 

eliminated the noticeable vibrations in the tweeter 

face plate, and greatly improved the high frequency 

sound quality and imaging. 

Shortly after I purchased the original drivers 

(T90K and 5K013L) and crossover components, I 

heard about the titanium T90Ti version, but decid¬ 

ed to complete what I had started. Like other read¬ 

ers, I have noticed the slight harshness in the TK90 

tweeter, and have been interested in upgrading to 

the T90TÍ. A few years ago I purchased some T90Ti 

drivers, but am just now getting around to upgrad¬ 

ing my Aria 5 speakers. 

After searching through the last several years of 

SB to find the Aria 5Ti crossover, I noticed that 

there has been little or no mention of the Aria 

speakers in recent years. Are the Aria speakers con¬ 

sidered to be totally "out-dated?" 

In preserving Mr. D'Appolito's years of research 

and the quality of the Aria, I wish to maintain the 

exactness of the original Aria designs. Thus, I am 

facing some questions, and hope that you can pro¬ 

vide the answers. 

1.1 have included the crossover schematic (Fig. 

I) from SB 1/93 ("58 Mailbox," p. 62). Is this the 

correct crossover for the Aria 5Ti? If not, what is the 

latest version? 

2. Why has the bass equalization to correct for 

diffraction loss been removed in the Aria 5Ti? And 

what are the effects? 

3. Without the bass equalization, does the Aria 

5Ti need a subwoofer? I have been very satisfied 

with the bass response of the original Aria 5, and 

did not plan to add a subwoofer. Does the Aria 5Ti 

have as adequate, or should I say, surprisingly suffi¬ 

cient, bass response as the original Aria 5? 

4. How does the absence of the base equaliza¬ 

tion affect the integration with a subwoofer such as 

the Aria 10? 

5. What type (or specific model) of subwoofer is 

recommended for the Aria 5Ti? What crossover fre¬ 

quency and slope are recommended? 

6. In 58 6/92 ("58 Mailbox," p. 58), Mr. D'Ap-

polito included a frequency-response plot of the 

Aria 5TÍ down to 200Hz. What does the frequency 

response look like below 200Hz? Is a frequency 

plot of the full frequency range available? 

7. In 58 5/92 ("SB Mailbox," p. 51), Mr. D'Ap-

polito stated that the crossover was simplified to 

reduce phase shift. What are the trade-offs, or dis¬ 

advantages, in trying to add the diffraction loss 

equalization to the Aria 5Ti? 

8. What is the crossover for the Aria 5/Accuton 

with the Accuton C2-11? Is this design more cur¬ 

rent, and how superior is it to the Aria 511? Is there 

a more current version of the Aria 5? 

9. Has Mr. D'Appolito experimented with ex¬ 

panding the mid-tweeter-mid configuration to in¬ 
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dude the subwoofers for a woofer-mid-tweeter-
mid-woofer configuration? Is this idea worth explor¬ 
ing? What are the advantages and disadvantages? 

10.1 have not seen any ads for the Focal 5K013L 
or T90TÍ drivers in some time. These drivers are ex¬ 
cellent. Have they been discontinued or replaced? I 
realize that there couid not be a direct replacement 
for these drivers in the Aria 5 designs (luckily, I have 
already purchased the drivers), but has Focal come 
out with a higher-quality replacement for these drv¬ 
ers that could be used in similar designs? 

Again, many thanks to Mr. D'Appolito and SB for 
the excellent work and for the assistance that you 
provide to your readers. I am excited about getting 
back into experimenting with and building speakers. 

Paul Smith 

Plano, TX 

Joe D'Appolito responds: 

The responses below are numbered to corre¬ 
spond with your numbered questions. 

1. This is the most recent crossover. 
2. The original Aria 5 crossover accomplished 

the crossover function and diffraction loss with 
two circuits. Later analysis showed that a simple 
change in the crossover Q could accomplish 
both functions with a substantial reduction in 
the number of parts. 

3. The .Aria 5 and the AriaSTi have been de¬ 
signed as near full-range stand alone systems. 
Bass response is the same as in the original and 
extends down solidly to the mid-40s. 

4. See 2 above. 
5.1 do not recommend a subwoofer with the 

Aria 5.1 would use a closed box with the same 
drivers if you plan on a subwoofer. 

6. See 3 above. 

7. This question is based on a misunderstand¬ 
ing of the latest crossover. It is now moot. 

8.1 do not have a copy of the Aria5/Accuton 
crossover in my files. I believe the C2-11 has 
been replaced with the C2-12. If I were design¬ 
ing an Aria5/Accuton today, I would use the 
C2-23. 

9. I see little advantage to a three-way 

W/M/T/M/W arrangement unless the woofer-to-
midrange crossover is quite high (800Hz or 
more). The upper woofer is less than optimally 
loaded, so bass power is sacrificed. Lobing error 
is much less of a problem at more typical 
crossover frequencies in the 3OO-4OOHz range. 

10. The 5KO13L and T90Ti are alive and 
well. There is now a TC90TDX also. !t> 
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SB Mailbox 
CORRECTED CROSSOVER 

Philip Abbate 
Duluth, GA 

The schematic for the diamond cross¬ 
over (.SB 5/99, "'Ilie Diamond Nearfield 
Monitor,” p. 36, Fig. 3) has a mistake in 

it. The R2 value is shown as 16Q; it 
should be 1.5, or 1R5Q. 
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FIGURE 1: Corrected crossover. 

THREAD OF ANALYSIS 

In SB Mailbox (SB 4/99, p. 53), Mr. 
Jenkins has expanded his argument 
with some new published data that the 
speed of sound in fiber does not 
change. He also addresses the question 
in a form that I’m the opponent in the 
debate: “If Mr. Jakulis has a problem 
with the experiment not producing the 
results he wishes, he can question the 
competence of the person making the 
analysis.” 

I wish that we could have communi¬ 
cated directly and perhaps avoided the 
apparent misunderstandings. The issue is 
not my beliefs but data that has been in¬ 
vestigated by widely accepted academic 
researchers, such as R.H. Nichols, "Flow 
Resistance Characteristics of Fibrous 
Acoustical Materials,” J. Acoust. Soc. Am., 
vol. 19, #5; R.A. Taub, “Fiber-Tangle In¬ 
teraction with an Airflow,”/ Fluid Me¬ 
chanics, vol. 27 pt. 3; Z. Esmail-Beguin 
and T.K. Naylor, “Measurements of the 
Propagation of Sound in Fiberglass,”/ 
Acoust. Soc. Am., vol. 25 #1: and L.J.S. 
Bradbury, “The Use of Fibrous Materials 
in Loudspeaker Enclosures,”/AES, April 
1976, vol. 24 #3. 

Also consider the derivative results as 
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pertaining to the TL: R.M. Bullock, “A 
Transmission Line Model Woofer 
Model,”/AES 2384 (D-6), and J. Back-
man, "A Computational Model of Trans¬ 
mission Line Loudspeakers,” JAES 
3326(2TD1.12), where the concept of 
the change of speed of sound in the fiber 
mass is central to the argument. Thus, 
Mr. Jenkins' hypothesis that "there is no 
delay in the pulse transmission time due 
to wool filling” is at odds with the above 
data and not with my beliefs. 

I have pointed out some inconsisten¬ 
cies in the data that Mr. Jenkins used to 
buttress his argument; however, I hope 
that I have not questioned his compe¬ 
tence or integrity. Consider Mr. Jenkins’ 
statement that "The most interesting 
commentary comes from readers who 1) 
don’t for the moment believe that your 
data is any good.” Let me offer the fol¬ 
lowing observation of the apparent in¬ 
consistency in the Fig. 5 data that Mr. 
Jenkins has offered as proof. 

For a 50" (1.24m) line, the fundamen¬ 
tal resonance would be about 68Hz, thus 
it would not support a 40Hz signal. The 
Fig. 5 data does not correspond to a TL 
response, and with a wool fiber density 
of 0.49 lb./ft3, the attenuation would be 
greater than 15dB. This is not the case 
with the shown data, unless the signals 
are of a different scale which is not made 
clear. Thus the conditions under which 
the data was obtained are not explained 
and the data is apparently inconsistent 
with the fiber mass attenuation as well as 
with the change of speed of sound in the 
fiber mass. 

In this debate my view is that Mr. 
Jenkins has a double standard to meet; 
not only must his data be convincing, 
but he must also show where the above-
mentioned authorities have made the 
mistake in the conclusions reached A 
comprehensive analysis of the TL would 
be the icing on the cake since disregard¬ 
ing the speed of sound change resulting 
in the frequency shifts of the line har¬ 
monics would make the analysis of the 
TL so much simpler. 

E. Jakulis 
Avon, MA 

Don Jenkins responds: 

Mr. Jakulis has correctly pointed out that a 
number of “widely accepted academic re¬ 
searchers” have decided that a fiber-filled trans¬ 
mission line reduces the internal sonic velocity 
from that of free air. I can not disagree with 
that observation. 

On the other hand. I can point out that over 

the past year of making an extended series of 
experimental evaluations trying to prove this 
"widely accepted fact,” I was unable to do so. 
My final test configuration used in this series fol¬ 
lowed a minimalist approach by using only time 
and distance as the analytical parameters. After 
starting with resonant mode and microphone 
probe techniques, I came to the conclusion that 
resonant mode analysis, including microphone 
probe methods, which rely on resonant, or 
standing wave, modes, may be misleading in die 
interpretation of the measurements. Obviously 
there are others, almost exclusively 1 might add. 
who disagree with this observation. 

I can only offer my test results for review 
and leave the acceptance or rejection of the re¬ 
sults and conclusions to the reviewer. These lat¬ 
est results are contained in a new report that 
may be published by Speaker Builder. A sum¬ 
mary of these results can be stated as: Three dif¬ 
ferent experimental methods were used to mea¬ 
sure the transit time for a compressive wave 
front to move through a heterogeneous medi¬ 
um of air and fiber, all using a direct time dif¬ 
ference and distance measurement. Wool and 
Acousta-Stuf, both at the magical loading density 
of 0.5 Ib/ft3, were evaluated. In none of these 
cases was any significant reduction in the trans¬ 
mission velocity measured (all within 3% of free 
air velocity). 

I have supplied Mr. Jakulis with the full re¬ 
port of these tests and asked for his commen¬ 
tary. I have also proposed that he configure a 
test, using the direct time of transit technique, 
that will show the anticipated reduction in ve¬ 
locity. If the “widely accepted fact” of velocity 
reduction is indeed a fact, then it should be easy 
to demonstrate this with a simple direct time of 
transit and distance measurement. 

In response to Don Jenkins’ letter (SB 
4/99, p. 60), I’m attempting to explain 
the differences in our experimental re¬ 
sults. I have measured what I consider to 
be the steady-state sound velocity in a 
lossy acoustic (stuffed) transmission line 
(Table /). I use this data in a transmis¬ 
sion line simulation program that plots 
SPL, which presents a steady-state view 
of the speakers' performance. In Jenkins’ 
article (SB 7/98), he measured the reso¬ 
nant frequency of a stuffed pipe to deter¬ 
mine the velocity of sound. The result¬ 
ing velocity he obtained was steady state 
and was in substantial agreement with 
my results. 

I have included a diagram of my latest 
test arrangement for measuring phase 
differences using Lissajous figures to 
identity 90 and 180° phase shifts (Pip. 1 >. 
I measured the wavelength of sound in 
the "stuffed” line and have calculated the 
sound velocity from that and the sound's 
frequency. 
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TABLE 1 

STEADY-STATE VELOCITY MEASUREMENT ON STUFFED LINE 

Freq. 

40.0Hz 

56.6Hz 

80.0Hz 
113.1 

160.0Hz 
226.3Hz 

320.0Hz 
452.5Hz 

640.0Hz 
905.1Hz 

1280.0Hz 

1810.2Hz 

Mike Pos1 

Inches 

13%, 
7 

20%, 
12% 

20% 
24%, 
24%, 

19% 

23% 
17 

7%, 

8%, 

Mike Pos2 

inches 

46 
45% 

43 

30%, 
33% 
34% 

39%, 
31% 

32% 

23%, 
12% 

12 

Phase diff, 

degrees 

90 
120 

90 

90 
90 

90 
180 

180 

180 
180 

180 
180 

Pos2 - Pos1 

32%, 

38% 
22%, 
17%, 

13 
10%, 

15 
12% 

8% 
6%, 
4%, 

3%, 

Wavelength 

Calculation 

130.5 

115.5 
89.5 

69.6 

52.0 
40.5 

30.0 
24.5 

17.5 
12.76 
9% 

7% 

Vel. 
Cal. 

435.1 

544.8 

596.8 
655.5 

693.3 
763.8 

500.0 
923.8 

933.3 
962.4 

986.7 
1168.7 

FIGURE 1 : Author Mattern's test setup. 
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Test data and a plot of the results (Fig. 
2) are also included. As you can see from 
the plot, the stuffing causes a very signifi¬ 
cant reduction in steady-state velocity at 
the bottom end of the audible spectrum. 
Also, the plot shows the steady-state ve¬ 
locity to approach the velocity of a bare 
line at high frequencies. At high frequen¬ 
cies the velocity is unimportant as the 
sound is highly attenuated. 

In Don Jenkins’ second letter (p. 54), 
he talks of testing with a single 50Hz sine 
pulse. A 50Hz sine pulse has a continu¬ 
ous spectrum extending from DC to over 
100Hz. This does not provide a 50Hz 
steady-state forcing function. 

In another test he uses an exponential 
burst of 10 cycles at 40Hz. This is a little 
like using a single sine pulse since the 
stuffing is reacting to the previous weak 
pulses while the mikes are comparing 
the last stronger pulses. This is a step— 
but not good enough—toward a steady¬ 
state comparison. Why not use ten or 
more pulses of equal amplitude? 

John Mattern 
Baltimore, MD 

Don Jenkins responds: 

Mr. Mattern has asked two questions regarding 
the letter that appeared in SB 4/99. The first 
question asks why use a single sine pulse of 
50Hz rather than a continuous wave. 

The object of the tests being reported was to 
determine the velocity of sound in the fiber-
filled tube by direct measure of the time of 
transit of the compressive wave front over a 
specific distance. Sound is a change in pressure. 
The velocity of the initial compressive wave, 
seen as a pressure rise of variable amplitude 
and rate, is the parameter to be measured. For 
the tests described. I used a microphone, which 
is a sensitive pressure transducer. Since only 
the velocity was of interest, additional cycles 
were not needed. 

The second question is about the use of 10 
cycles at 40Hz, increasing in amplitude during 
the pulse train. A part of the Bradbury theory 
that describes how the velocity of sound is re¬ 
duced by the fiber in the sound transmission 
path requires that the fiber mass be in compres¬ 
sive wave coherence with the air. This means 
that the individual fiber “tangles” accelerate and 
decelerate along with the air molecules. This is 
how Bradbury develops the increase in bulk 
density for the fiber-loaded line. 

Since the inertia of the fiber is several orders 
of magnitude greater titan the air, it may be as¬ 
sumed that a single pulse transmitted through 
the filled medium will not set the fiber in oscilla¬ 
tory motion. This is the reason the Bradbury 
theory shows that the velocity reduction is more 

effective at low frequencies than high frequen¬ 
cies. At the higher frequencies, the inertia mass 
is simply too high to allow synchronous oscilla¬ 
tion with the air. 

The thought behind the 10 cycles, increasing 
in amplitude with each cycle, was to allow' the 
fiber to come to phase equilibrium with the air, 
a condition required for the Bradbury theory to 
be effective. 

Both questions ask why not let the system 
come to equilibrium by using more cycles. Once 
the system starts to reflect transmitted energy 
back to the source, the initial wave front posi¬ 
tions will shift to new positions depending on 
the transmitted frequency, the length of the line, 
the closure characteristics of the line end, and 
the attenuation of the reflected energy due to 
the fiber. Since the object of the test was to only 
determine the initial time of transit, more cycles 
were not needed. 

TL DESIGN 

I was very interested and pleased to see 
John Mattern’s Tapered Line design in SB 
3/99 (p. 28), particularly since I was be¬ 
moaning the fact that I had seen no 
other designs since David Weems' in ’87. 
Mr. Mattern’s design is an intriguing vari¬ 
ation on the partitioning, especially if 
you prefer a more compact enclosure. 
But my inclination is to have as few 
bends in the line (hence single partition) 
as possible, thus allowing the pressure 
waves a smooth flow within the enclo¬ 
sure. As with previous designs, the taller 
boxes eliminate the need for stands, but 
they still need spiked feet. My previous 
designs have all vented to the floor via a 
port of the area of the bass cone. 
You have probably seen Castle 

Acoustics’ commercial realization of this 
type of loading. Their more recent de¬ 
signs have the ports vent via a plinth 
with a small gap all the way round. I was 
intrigued by this and made several in¬ 
quiries. 

Tony Seaford of Marton Music, who 
has designed and manufactured many 
speakers, was very helpful. Briefly, re¬ 
search showed that measured and audi¬ 
tioning tests revealed that improvements 
were gained by' having a resistive termi¬ 
nation for the port. The gap between the 
cabinet and plinth on the Castle Howard 
is 3.5mm. Tony Seaford suggests restrict¬ 
ing the final area to approximately 10% 
of the cone area. 

I have tried this on previous designs 
and found it very' beneficial (certainly 
with the particular drivers). The bass 
was at least as deep but tighter and bet¬ 
ter defined, and mid seemed clearer and 
sweeter. 

“We tried a box of 1-3/4" #8 prelubricated flat 
heads with nibs from McFeely’s, which quick¬ 
ly became our favorite fastener." Speaker-
Enclosure Screws, Robert J. Spear and 
Alexander F. Thornhill, Speaker Builder. 2/94 

We re so sure you'll love 
our Square Drive Screws we 
will practically pay you to try 
them. Return this ad with $5 

y j) and we’ll send you our famous 
Try-Pack" Sampler of 100 

screws (25 each of #8 x 5/8,8x1-
1/4, 8 x 1-1/2 and 8 x 2), a driver 

bit for your drill, our catalog listing 
350 types of Square Drive screws, 

T/ and take $5 off your first order of 
$25 or more, or $10 off your first 
order of $50 or more! (Limited time 
offer. Available in USA only.) 

Our Samples Are Better Than 

JQFREE 

C19M McFwy I All Rights Reseñe 

CMcFEELY'5 
^SQUARE DRIVE SCREWS 
PO Box 11169* Dept SB6F 

Lynchburg • VA • 24506-1169 
_ Reader Service »83 

Flectrnnin Crossovers 
Tube 

Solid State 
Powered 

Passive Preamps 
46 Step Attenuator 
Power Amps 
100% MOSFET 

MB301 
300W 

MOSFET 
Monoblock 
Balanced 
XLR 

& Standard 
RCA 
Inputs 

All available as kit also 
Free Catalog: 

Marchand Electronics Inc. 
PO Box 473 

Webster, NY 14580 
Phone (716) 872 0980 
FAX (716) 872 1960 

info @ marchandelec.com 
www.marchandelec.com 

Reader Service »28 
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Are you 
inspired 

to build 
your own 

equipment? 
Old Colony Has 

•BOOKS 
•SOFTWARE 
•PC BOARDS 

•TEST 
EQUIPMENT 

•KITS 

to help you! 
CALL 

1.888. 
924.9465 

TO GET 
YOUR FREE 
CATALOG! 

Watch for the 2000 
catalog available in 
late October 1999! 

OLD COLONY 
SOUND LAB 
PO BOX 876 

PETERBOROUGH, NH 

03458-0876 USA 

phone: 603-924-9464 

fax: 603-924-9467 

e-mail: 

custserv@audioXpress.com 

Fund the Old Colony 
catalog on-line at 

www.audioXpress.com! 

So the above and forthcoming proj¬ 
ects have ports on the bottom panels 
equal to the cone area, which vent via a 
plinth. In order not to restrict the gap 
too much (10% cone area), the plinths 
have their exit area on the sides, allow¬ 
ing gaps of only around 6mm, which I 
think is better than being too narrow! 

RD. Lewis 
IJandeilo, Wales 

John Mattern responds: 

Mr. Lewis questions the impact of the numerous 
bends in my TL design. I have traded simplicity 
of construction and power handling for size in 
my design. Construction difficulty is the major 
disadvantage. Early tests with 3" pipe elbows in¬ 
dicated that there was little, if any, effect of 
bends at low frequencies. 

One of the objects of my design is to cross 
over to the cone's rear at roughly 60Hz. The 
taper increases the loading on the back of the 
cone making the port radiation stronger, but it 
also makes the crossover more difficult to 
achieve. The design requires an acoustical 
crossover with substantial attenuation at and 
above the frequency where the port is out of 
phase with the wave from the cone's front (ap¬ 
proximately 200Hz). 

The bends might actually be helpful to the 
extent that they discriminate against 200Hz 
compared to frequencies below 60Hz. This effect 
is small at best as the predicted and measured 
200Hz dips are nearly equal. The simulation 
program neglects the bends. 

I can assure Mr. Lewis that reflections at the 
bends are not coloring the sound. Pressure re¬ 
sponse with the mike very close to the cone is 
smooth and flat from the mid base to the 
woofer cut off. Most unevenness is coming from 
without the cabinet as a result of floor, wall, and 
ceiling reflections. Also, there is the usual loss 
caused by diffraction around the narrow enclo¬ 
sure. hi the last version, the effect of wall reflec¬ 
tions is minimized with absorbers beside the 
speakers, and the diffraction loss is compensat¬ 
ed in the crossover network. 

A large bass driver in a large box may not 
need to use the back wave to achieve deep 
bass. In this case, a 11 that absorbs all the back 
wave may produce the best result. [But then, 
by definition, wouldn't the design be an infinite 
baffle? -Ed.] fe> 

SAY YOU READ IT IN 

Speaker Builder 

Audio Amateur’s 
Music Mart 

Audio Amateur’s MUSIC MART is a special marketplace sec¬ 
tion designed for advertisers of recorded music and related audio ac¬ 
cessories, such as record cleaning & maintenance products, cassette 
tapes, storage units, and more. 

ONE GREAT RATE—THREE GREAT MAGAZINES 

Advertise in the MUSIC 
MART to reach over 34,000 
audiophiles that want and 
need your products. Your ad 
will run simultaneously in 
Audio Electronics, Glass Audio, 
and Speaker Builder. Call today 
to reserve your space in the 
next available issue. 

(800)524-9464 • (603)924-7292 • FAX: (603)924-9467 
E-mail: advertising@audioXpress.com 
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Music Mart 
Sí (Clascal lÀerorô 
A Classical Record takes pride in 
offering its customers a selection 
of over 150,000 titles of the 
highest quality vinyl. We 
specialize in Audiophile, 
Classical, Opera, Instrumental, 
Jazz... We also have our own line 
of Historical CDs. We invite you to 
visit us at 547 West 27th. 
St. Suite 680 NY, NY 10001. 
Open 10-5 Monday to Saturday 
(212-675-8010) Catalogue 
available. 
e-mail Aclassrec@aol.com or 
check out our online site 
www.classicalrecords.com. 
Collections purchased. 

THE TREASURE ISLAND OF LPS. 

Established 1989 

Reader Service #6 

Shelf 
Help 
for 
Audio 
Philes 
treedesigns.com 
(800) 867-4676 

for a FREE brochure 
Reader Service »29 

VINYL-ZYME GOLD 

Your record cleansing friend for 
the next millennium. 

Vinyl-zvwi Gold is formulated 
with only natural enzymes; it 

contains no alcohol or man-made 
chemicals. Vinylcv/nc Gold 

digests oils, removing bacteria and 
fungi, leaving your grooves 

cleansed and non -attractive to 
dust, microorganisms and other 
forms of contamination. Next 
time, don't take a bath, -zyme it! 
For records that sound like GOLD 

BUGGTUSSEL, L.L.C. 
1701 B. Vanderbilt Ave. 
Portage. MI 49024 USA 

(616)321-9660. 
klblair@iserv.net 

www.buggtussel.com 

Reader Service »20 

Yardsale 
GUIDELINES 

1. For subscribers only. Include your account number with each 
personal-ad submission. 

2. This service is for subscribers to sell or find audio-related per¬ 
sonal equipment or supplies. Submissions not related to audio 
will be discarded. Businesses, organizations, and non-sub¬ 
scribers should contact the advertising department to place 
their paid ads in the classified advertising section 

3. All personal-ad submissions must be printed out via typewriter 
or computer. Illegible or questionable submissions will be dis¬ 
carded. 

4. We will not be responsible for changing obvious mistakes or 
misspellings or other errors contained in ads. 

5. We will not handle any submissions over the phone. 
6. Please do not call to verify acceptance, or inquire about the 

status, of your submission. We cannot personally acknowl¬ 
edge receipt of submissions. 

7. It is entirely up to the magazine's discretion as to when your 
free ad will appear in Speaker Builder. 

8. Each ad submission will be used one time only. It will be dis¬ 
carded after publication. 

9. Maxmum 50 words (no accompanying diagrams or illustra¬ 
tions or logos will be used). Submissions over 50 words will 
be oiscarded. A word is any collection of letters or numbers 
surrounded by spaces. 

10. Each submission must be clearly addressed to “Yard Sale" 
and the name of the magazine. 

11. Submt your ad to Speaker Builder, Yard Sale, PO Box 876, 
Peterborough, NH 03458. Or send by Fax to 603-924-9467. 
(Please be advised that smudged, illegible faxes will be dis¬ 
carded.) Or, by E-mail to editorial@audioXpress.com. 

12. Noncompliance with any of these guidelines will result in your 
free personal-ad submission being refused for publication. 

Speaker Builder 7/99 53 



Speaker Builder Back Issues 
A Testing Unit for Speaker Parameters • Variable-Volume Enclosure • 
Thiele/Small Theory, Pt 1-3 • Easy to Make Enclosure Using Concrete Blocks • 

The Tractrix Horn: Good Dispersion From an Old Design • Diffuser Port for Small Boxes • 
Mini-Speaker Made From PVC Tubes • Closed vs. Vented Box Efficiency • Interview with 
P.G.A.H. Voigt • Dual 8” Symmetrical Air Friction Enclosure • Thiele/Small Calculator 
Computation • Thiele/Small Parameters for Passive Radiators • 

1981 

Transmission Line Theory • Thiele/Small Sixth-Order Alignments • The Quad 63 
• Table Saw Basics • AR-1 Mods • Active Crossover and Phase • Three Trans¬ 

mission Line Speakers • A Beginner's First Speaker • How Passive Networks Interact with 
Drivers • Horn Loaded Heil • Phase Correcting Active Crossover • Wind Your Own Induc¬ 
tors • Series and Parallel Networks • High Performance Corner Speaker • Using Zobels to 
Compensate for Driver Characteristics • 

1982 

Building the Two-Way Dynaudio • A Crossover That Offsets Speaker Imped¬ 
ance • Using a Calculator for Box Design • Choosing a Calculator • A Simple 

Peak Power Indicator • A Small Horn Speaker «Audio Pulse Generator • How to Use 
Speaker Pads and Level Controls • An Easy-to-Build Voltmeter for Speaker Measuring • 
Nomograms for Easy Design Calculations • Interview with KEF’S Raymond Cooke • Build a 
Simple Wattmeter • A New Type of Speaker Driver • 

Build an Aligned Satellite/Woofer System • BOXRESPONSE: A Program to Cal¬ 
culate Thiele/Small Parameters • Casting with Resins • A Phase Meter • An In¬ 

terview with Ted Jordan • Building the Jordan-5 System • Self-Powered Peak Power Indi¬ 
cator • Closed Box Design Trade-offs • How to Build Ribbon Tweeters • Build a Dual Mea¬ 
surement Impedance Meter • A High-Power Satellite Speaker System • Build and Use a 
White/Pink Noise Generator • Sound Pressure Level Nomographs • 

OUT OF PRINT, some single issues still available at $7 each • 

The Edgar Midrange Horn • Sand-Filled Stands • Crossover Networks: Passive 
and Active • 5-sided Boxes • A 2 x 4 Transmission Line • The Free-Volume 

Subwoofer • Notch Filters • By-Wiring the LS3/5A • A Push/Pull Constant Pressure Sys¬ 
tem • Current and Power in Crossover Components • The Unbox (Egg) • Upgrade Speak¬ 
erlab’s S-6 Crossover • Measure Speakers with Step Response • A Gold Ribbon System • 
A Visit with Ken Kantor • A Tractrix Horn Design Program • Reviews: Audio Concepts “G”: 
Seven TL Midranges: Focal's Model 280; the Audio Source RTA-ONE • 

Electronic Turns Counter • Two-Way Design • Minimus-7 Mod • 
Dome/Midrange/Tweeter Array • Plotting Complex Impedances • A Driver De¬ 

sign Primer • A Cabinet Primer • Tuning Up Old Systems • Low-Cost AR-3 Upgrade • Elec¬ 
tronic Time Delay • Enclosures Shapes and Volumes • Minimum-Phase Crossovers • Spot 
Sound Absorbers • How to Add a Subwoofer • The Swan IV System • Sub-Bass Power 
Boosting • The Unline: A Short TL • Active Filter Computer Design Program • Low-Cost 
Two-Way Ribbon • Amp-Speaker Interface Tester and Construction Plans • The QB3 Vent¬ 
ed Box is Best • A Pentagonal Box System • Keith Johnson Profile • Sheathed Conductor 
ESL • A Symmetrically Loaded System, Pt 1 • Ceramic Enclosure • Inductance Measuring 

Technique • Polk 10 Mods • 

I Acceleration Feedback System • Cylindrical Symmetrical Guitar TLs • Compact 
¡Integrated Electrostatic TL, Pt 1-3 • Minimus-7 Super Mod • The Show (Bass 

Horn) • A Small Two-Way System • Helmholtz Spreadsheet • Heresy Upon a (Klipsch) 
Heresy • Beer Budget Window Rattler • Contact Basics • MDT Mini-Monitor Speaker Sys¬ 
tem «Titanium + TPX + Polypropylene = Fidelity «Tom Holman, Skywalker, and THX, Pt 1-
2 • Bud Box Enclosure • Klipschorn Throat Riddle • Modular Three-Way Active Speaker • 
CD Speaker System • SPEAKER DESIGNER Software • Symmetrical Isobarik • Novice 
Crossovers • Triamplified Modular System • Magnetic Crosstalk in Passive Crossovers • 
Mitey Mike Loudspeaker Tester • Symmetrical Loading for Auto Subwoofers • Improved 
Vented Box with Low Q rs Drivers • BOXMODEL Woofer System Design Software • Four 
Eight By Twos • Dynaco A-25 Mod • Klipschorn Throat Revisited • 

1983 

1984 

1985 

1986 

1988 

1990 

Students Building Systems • Servo Subwoofers • An Apartment TL • L-R 
Crossover for the Swan IV • More or Less Power • New Guidelines for Vented 

Boxes • The Pipes • Macintosh's Wave and Sound Programs • Creating Professional 
Looking Grilles • Octaline Meets D'Appolito • Using Radar to Measure Drivers • Deep Bass 
for GMC • PSpice LF Response Calculating • Pipe and Ribbon Odyssey • The Delac S-10 • 
Infrared Remote Volume Control • Backloaded Wall Horn Speaker • Mod for the Minimus 
7 • Simplifying Cabinet Assembly • Fibrous Effects on TLs • The DOALs • Loudspeaker 
Cable • Speaker to Ear Interface • Speaker Sensitivity to Errors in T/S Parameters • TL 
Speaker Evaluation • Cable and Sound • Kit Reports: Little V; Audio Concepts’ Sub-1 • 

Rumreich on Box Design & Woofer Selection • MLSSA • Double-Chambere' 
Reflex by Weems • Active Crossover and Delay • Electrical Circuit Bandpas 

Enclosure • A Dreadnaught System (satellite swivels) • Designing Real-World Two-Wa 
Crossovers • 20-foot Ribbon Dipole Speaker • Biamping the Sapphire II • Capping Passiv 
Crossovers • A High Quality Speaker Cabinet • 1/3-Octave Noise Source • Disappearin 
Loudspeaker • The A&S Soundoff Winner, Pt 1-2 • Alignment Jamming • Marc Bacon' 
“Danielle”, Pt 1-2 • Double-Chambered Isobarik Bass • Ferguson’s Pickup Installation 
Electronic Counter for Coil Winding • Oakley on Speaker Placement • Making Your Roor 
Hi-Fi, Pt 1 • More on Dust Caps • Spreadsheet for Nonoptimum Vented Box Design 

Acoustic Resistance Tuned Enclosure • 

1991 

1992 

Waslo's IMP, Pt 1-3 • Quasi-Monotonic Vented Alignments • Making You 
Room Hi-Fi, Pt 2-3 • A&S Soundoff Winner, Pt 3 • Flexible Dipole Woofer • Th 

Simpline • Stalking F3« A Bi-Structural Enclosure • A Sixth-Order T/S Subwoofer Design 
Speaker Enclosure Screws • Electric Bass Tri-Horn • Prism V Satellite/JBL Subwoofer, F 
1-2 • Fitduct: Program for Designing Duct Software • Compact Coincidental Point Sourc 
Speaker • IMP: Measuring T/S Parameters • KIT REPORT: Rockford’s Beginner Soft 
ware/Driver Paks • SOFTWARE REPORT: Low Frequency Designer 3.01 • Three Affordabl 
Measurement Microphones • Two Ways to Realize a Dream • Matching Driver Eff iciencie 
• Two-Woofer Box System • Designing a Dual Voice Coil Subwoofer • SOFTWARE RE 
PORT: Blaubox 1.2 • Tale of Three Speaker Projects • A&S Sound-off 1992 • Monolit 
Horn • Orbiting Satellites • Real-World Three-Way Crossovers • The Simplex • Living wit 
a Speaker Builder • The IMP Goes MLS • 

1993 

Sanctuary Sonics • Modular Active Crossovers • A Full-Range Open-Baffl« 
System • An Evolving Magnepan MG-1 • Low-Frequency AC-To-DC Converter ■ 

A Compact Bass Guitar Speaker • Measuring Speaker Impedance Without a Bridge • Ths 
Dynapleat • The Danielle II • The Birdhouse: A Sound-Reinforcement Subwoofer • The 
Linear-Array Sound System • A Revised Two-Way Minimonitor • Exploring the BUF 12¿ 
with Pspice • Signet's SL280B/U • Time Response of Crossover Filters • Converting Radic 
Shack's SLM To Millivolt Use • Acoustic Distortion and Balanced Speakers • Microphonr 
Response Correction with IMP • More About the Birdhouse Bandpass • A16Hz Subwoofe 
• D.H. Labs Silver Sonic Cables • The System III Loudspeaker «Exploring Loudspeake 
Impedance • IMPcycling • The Linear-Array Chronicles • Book Report: Loudspeake 
Recipes, Book One • The Woofer Test • A Large Ribbon You Can Build • Loudspeakers, Z 
Short History, Pt 1-2 • Absolute SPL Sensitivity Measuring with IMP «The Dampinj 
Factor: One More Time • Cliffnotes for Loudspeaker University • Software Report: The 
Listening Room for Macintosh • Book Report: The Theory and Design of Loudspeake 
Enclosures • A 15” Transmission Line Woofer • Inductor Coil Cross Talk • Quick Homi 
Theater on a Budget • Silk Purses: A Two-Way Salvage Design • Audio Phase Inductor • 

The T-Rex Minisubwoofer • High Quality Use of Motorola's Piezo Driver, Pt 1 
The Achilles: A Two-Way Automotive Transmission Line • Driver-Offset-Relater 

Phase Shifts in Crossover Design, Pt 1-2 • The Linear-Array Chronicles. Pt 3 • From Sa< 
to Sparkle: A SAAB Story, Pt 1-2 • A Compact Two-Way PA, Pt 1-2 • The Baekgaart 
Crossover Technique • Rebuilding the KLH-9 Power Supply • KIT REPORT: Audax o 
America A652 • Satellites For a New System • Box Models: Benson Versus Small • PROD 
UCT REVIEW: Sapphire III Reference Monitor • The Simpline Sidewinder Woofer • Fo 

There ’s More D® 

1994 

1995 

NAME 

STREET & NO. 

CITY STATE ZIP 

Please send me the following back issues of Speaker Builder 

□ 1998 $32 □ 1997 $32 □ 1996 $32 □ 1995 $32 

□ 1994 $32 □ 1993 $25 □ 1992 $25 □ 1991 $25 
□ 1990 $25 □ 1988 $23 □ 1986 $20 □ 1984 $18 

□ 1983 $18 □ 1982 $18 □ 1981 $18 

SHIPPING BACK ISSUES 
UPS: Domestic ground service by value of order: 

Less than $60.00 - S4.50 S131.00-220.00 - S8.50 
$61.00-130.00 - S6.50 $221.00+- $10.50 

Canada: Add $6.00 per year. 
Foreign Air: Europe add additional 40% of total order. 

Other destinations: 50% of total order. 
Foreign Surface: Add additional 20% of total order. 

Rates subject to change without notice. All remittance in US $ only drawn on a US bank. 
Make checks payable to Audio Amateur Corp. 

—) Check or Money Order □ 
J 

Discover 
VISA 

□ MC 
□ American Express 

DISCOVER/MC/VISA NO. EXP. DATE 

Total Enclosed S_ 

Speaker Builder Post Office Box 876, Peterborough, NH 03458-0876 • (603) 924-9464 • FAX (603) 924-9467 



Book Review 
THE INVENTOR OF STEREO: 

THE LIFE AND WORKS OF ALAN DOWER BLUMLEIN 
Reviewed by Barry Fox 

THE INVENTOR OF STEREO 
The Life and Worte of 

Robert Charles Alexander 

The Inventor of Stereo: The Life and 
Works of Alan Dower Blumlein, by 
Robert Charles Alexander. Focal Press. 
421 pp., £29 99, $56.95 (available 
through Old Colony Sound Lab, PO Box 
876, Peterborough, NH 03458, 603-924-
9464, (Fax) 603-924-9467, custserv@ 
audioXpress, com). 

In the early 1930s, EMI’s Laboratories in 
London, and Bell Labs in New Jersey, 
were working on hi-fi and stereo record¬ 
ing. Arthur Keller was the driving force 
at Bell, and Alan Blumlein pushed the 
boundaries at EMI. In those days, before 
electronic publication made the world a 
global village, neither team knew what 
the other was doing. 

Neither spared a thought to the fact 
that what they were doing was commer¬ 
cially pointless, either. Worldwide unem¬ 
ployment meant that few people could 
afford one lo-fi loudspeaker, let alone 
two. But each lab was a hothouse for 
ideas, with far-sighted management able 
to see that today’s blue sky research 
earns tomorrow’s revenue. 

THE EARLY YEARS 
Alan Blumlein had started working in 
1924 with International Western Electric 
(ironically a division of Bell Labs) and he 
stayed with the company for five years, 
developing electrical measurement and 

to page 58 

Speaker Builder Back Issues Continued 
lused Arrays: Minimizing Room Effects • A Flexible Four-Way System • Extending IMP: A 
3rogram Set • CD REVIEW: My Disc From Sheffield Lab • The Freeline: An Open-Pipe 
Iransmission Line • Comipute'-Aided Bass Horn Design • A Mike/Probe Preamp For 
Sound-Card Measurements • Tour-Posfe- Speaker Stands • Mining For Gold On the 
Madisound BBS • SOFTWARE REVIEW: CLIO Test System • The Waveguide Path to Deep 
3ass, Pt 1-3 • Stereo Bass: True or False? • A Morning Glory Midrange Horn • Testing a 
Simple Focused Array • PRODUCT REVIEW: LinearX s pcRTA • A Self-Powered Sub¬ 
woofer for Audio/Video • Your Car’s (ano Living Room’s) Bass Boost • Driver Temp and 
r/S • SOFTWARE REPORT: SoundBlaster 16 • A Push-Pull Planer Speaker Quest • PC 
Sound Overview • Des gn a Three-Way TL with PC AudioLab, Pt 1 • PRODUCT REVIEW: 
\udio Control C-101 • SOFTWARE REVIEW: Electronics Workbench • 

A Dual-Baffle Balanced Reverberant Resoonse • The Super Simpline • Build an 
Active Crossover Networ* • Speaker Design and the Internet • SOFTWARE RE¬ 
VIEW: Pyle Pro Designer V 1.0« Design a Three-Way TL with PC Audiolab • 

Make A Better Speaker Cable • The XVR-1 Two-Way Electronic Crossover • Baekgaard Re-
/isited • SOFTWARE REVIEW: X’over 2.0 • BOOK REPORT: Advanced Speaker Systems • A 
Pilgrim’s Progress • The Squatline, HDOLLP & All • The Adria: A Satellite Subwoofer System 
■ Capacitors: Why They Matter • Measuring Driver Flux Density • SOFTWARE REVIEW: 
Room Design Powersheet • T-Rex: A Cuarter-Wavelength Reflex Transmission Line • 
Choosing the Best Filter Coi s • Tubufar Speakers • A Push/Pull Planar Speaker Quest, Pt 2 • 
SOFTWARE REVIEW: MAC SLM: A Sound-Measurirg Tool for the Macintosh • True Bass • 
Reflecting on Echoes and the Cepstrum • The Convertible Monitor • The Opposite Moduli 
OM) Speaker Cabinet • A Modest-Cost Three-Way Speaker System, Pt 1-3 • SOFTWARE 
REVIEW: Visual Ears • Should v»u Download Your Woofer? • The Aftershock Subwoofer • 
Duality Issues in 'ror-Core Coils - Low-Cost Stroboscopic Spider Analysis • BOOK REPORT: 
The Loudspeaker Design Cookbook. 5th Edition • 9Hz in a Barrel • Time Frequency. Phase, 
and Delay • Inductors fo- Crossover Networks • A Mus dan’s Speaker • A Simple Phase 
Tester • An Eight-Inch Subwoofer Test Box • SOFTWARE REVIEW: TopBox 1.0 • 

Dynamic Cha'acteristics of Driver Impedance • Mitey Mike Goes Mobile • Mon¬ 
itors for Nonenvironment Rooms • Software Review: Netcalc • The Pre-Cut 

Speaker • Waveform Phase Distortion • Active Equalization of Loudspeakers «Building a 
Toy Soldering Iron • Software Review: JBL Speakershop 1.0 • LF Wavelengths: An Update 
• My First Upgrade and Other Disasters • Simple Surround Speakers • An Engineer's View 
—The Ideal Loudspeaker • Measuring Loudspeaker Impedance • Product Review: Audio¬ 
Control Spectrum Analyzer • A Shielded Trio • Side Saddle: A New Two-Way • Product 
Reviews: Speaker-Knife, Spectra Plus Pro Edition 3.0 • An Insulated Diaphragm Electro¬ 
static • Mitey Mike II • Of Mass and Resistance • A Speaker Builder’s Travel Guide • Book 
Report: Ultimate Auto Sound • Active Shelving Room Equalization • Book Report: Design¬ 
ing, Building and Testing Your Own Speakers • Enhancing Ambience with an Auxiliary 
Speaker • Isobarik Tower • The Phase Redeemer • Product Review: Woofer Tester • Test 
Drives: Audax A651 Loudspeaker, Dynaudio Gemini, Newform NHB Speakers • 
Crossovers and Resistors • From Caterpillar to Butterfly • Driver Reports: Morel Tweeters, 
Audax Drivers, Two Woofers from Scan-Speak • The Snail Horn • Low-Budget Two-Way 
with Top-Mounted Tweeter • Filters: Plain and Simple • Rebuilding the AR-3A, Pt 2-3 • 
The Karlson Speaker Enclosure • Book Report: Loudspeakers: AES Anthologies, Vols. 1-4 
• Simple High-Quality Computer Speakers • Doing the Daline • Music on the Beach • 

IThe B-Line • Double-chamber Reflex Enclosure • An Isobarik Tower—The Se-
Iquel • The Reference Monitor • The Pyramids • Snail II: Redefining the Folded 

Horn • Does Wire Directionality Exist? • Rebuilding the AR-3a, Pt 4-6 • Snail III • Mini¬ 
mum Phase, High-Order Filtering • A Powered Subwoofer • Computerized Loudspeaker 
Placement, Pt 1-2 • The Seismic Stack System • Testing Front-Panel Damping Materials • 
Product Reviews: Tact RCS 2.2 Digital Room Correction System, CLIOLite • After¬ 
thoughts on Aftershock • Audio Video Revisited • Dangerous Music • Test Drives: Aria 
5/Raven R-1 Kit, Audax A652 Loudspeaker Kit, Marchand Electronics XM9 Crossover, 
Dual 5” Vifa Kit, ACI Titan Subwoofer Kit • The Force, Pt 1-2 ♦ Real Backseat Bass • What 
Really Happens in a Stuffed Line? • Focused Array Electrostatic, Pt 1-3 • Designing a Di¬ 
pole Monster. Pt 1-3 • Mining the Complex Impedance • Software Review: ETF 4.0 • Driv¬ 
er Reports: Audiom TLR & 7K2, Peerless CSX 217 H Woofer, Scan-Speak’s 18W/8546, 
Tweeters from SEAS, Peerless CSX 257 H • Book Reports: Music, the Brain, and Ecstasy; 
Testing Loudspeakers • The Minisnail • Saving Aging Foam Cone Surrounds • Modeling 
for Designing Passive Crossovers • 

1996 

1997 

1998 

Speaker Builder 7/99 55 



Classifieds 
VENDORS 

DIGIFLEX GOLD INTERCONNECTS 
Your CAÑARE SOURCE 

Offering a Complete Line of Audio, Video and 
-► Speaker cables utilizing 

/CANARI Cable & Connectors 

DEALER A CLUB GROUP INQUIRIES INVITED! 

518-822-8800 «e-mail: sound&videoQhaveinc.com 

Ipn 350 Power Avenue 
U II 117LU Hudson«NY» 1 2534-2448 

BUILD/UPGRADE using SPHERICAL or 
EGG-SHAPED Composite enclosures 

Speaker 
ENCLOSURE COMPANY 

Visit http://menibers.aol.coni/UltSpeaker 

E mail: Kmetaverso9aol.com Tel.(909)981 8866 Fax (909) 9460173 

_U Welborne Labs 
1999 Catalog Now Available 

Vacuum tube preamplifiers and power amplifiers, passive 
linestages, phonostages, power filters and more. 

Lowther Drivers and Cabinets 
High efficiency drivers and enclosures for low powered 
single-ended amplifiers. 

Parts and Supplies 
Hovland MusiCaps, Rei MultiCaps, Jensen paper in oils 
Kimber Kap, Solen, Blackgate & Elna Cerafines; Caddock 
Holco, Mills & Resista; KR Enterprise, Svetlana, Sovtek 
Western Electric, Golden Dragon, Ram Labs; Cardas 
Goertz, Neutrik, DH Labs, Kimber Kable, Vampire; Alps 
Noble & Stepped Attenuators. We also have enclosures 
books, software and circuits. Call for our 1999 catalog 
$ 10 (US/Canada), $ 18 (International). Visa/Mastercard OK. 

tel: 303.470.6585 fax: 303.791.5783 
e-mail: wlabs@ix.netcom.com 

website: http://www.welbornelabs.com 
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SILVER SONIC" 
High Performance Audio Cables 

You can afford the best! 

Silver Sonic T-14 Speaker Cable 
Silver Sonic BL-1 Series 2 Interconnect 
Silver Sonic D-110 AES/EBU Digital 

Silver Sonic D-75 Digital 

D.H. Labs, Inc. 
612 N. Orange Ave., Suite A-2 

Jupiter, FL 33458 
(561) 745-6406 (phone/fax) 

www.silversonic.com 

FOR SALE 
AudioClassics.com buys, sells, trades, repairs 
high-end audio. (607) 766-3501, 3501 Old 
Vestal Rd, Vestal, NY 13850. 

Electrostatic 
Loudspeaker 
Components & 
Information 

Parts for the DI Y ESL 
Enthusiast 

From: Barry Waldron's 
ESL Information exchange 

2820 Miller Way 
Placerville, CA 95667 

(530) 622-1539 
Website: www.jps.net/eslinfo. 
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WANTED 
AudioClassics.com buys, sells, trades, repairs 
high-end audio. (607) 766-3501, 3501 Old 
Vestal Rd, Vestal, NY 13850. 

AD INDEX 
RS# ADVERTISER PAGE 
55 ... AB Tech Services .50 
90 . . . ACO Pacific, Inc.39 
89 . . . Acoustic Technology Int’l.13 
78 . . . Allison Technology Corp.46 
88 . . . Antique Electronic Supply .41 

Audio Amateur Corp. 
*.Back Issues.55 
*.Classifieds.56, 57 
*.Glass Audio Subscription .44 
*.Joy of Audio Electronics .32 
*.Loudspeakers For Musicians . . .48 
*.Music Mart.52 
*.Old Colony Sound Lab .52 
*.Speaker Builder Back Issues . . .54 
*. WebSite .3 
*.Yard Sale Section .57 
33 . . . AudioControl Industrial .23 
23 . .. Audiomatica srl .25 
4 . . . . B & R Acoustique.31 
66 . . . Burnett Associates.43 
85 ... Crosstech Audio, Inc.45 
*.Elektor Electronics.30 
70 . .. Ferrofluidics Corporation.37 
81 . .. Gasoline Alley LLC .36 
16 . .. GR Research.29 
3 . . . . Harris Technologies, Inc.4 
73 .. . Hovland Company.27 
22 ... Image Communications.5 
82 . . . Jasper Audio .47 
67 . .. Liberty Instruments, Inc.50 
•.Madisound Speaker Components .15 
9 . . . . Mahogany Sound.49 
28 .. . Marchand Electronics, Inc.51 
18 . . . Martin Sound Products .46 
83 . .. McFeely’s Square Drive Screws . .51 
11 ... MCM Electronics .21 
12 . . . Meniscus .37 
21 ... Michael Percy Audio Products ... .40 

RS# ADVERTISER PAGE 
15... Morel Acoustics USA .CV4 
30 ... Mouser Electronics .49 
19 . . . Parts Express Int’l., Inc.CV3 
32 .. . Plitron Manufacturing, Inc.6 
66 .. . RCM Akustik .43 
69 . . . Reliable Capacitor.45 
31 . . . SEAS USA.35 

Solen, Inc. 
43.Crossover Components.27 
24.Speakers & Components.19 
41 ... Sound Clearing House.16 
27 . . . Speaker City USA .41 
*.SpeakerWorks.39 
51 . . . Supravox .42 
26 .. . The Parts Connection .9 
100 . . True Audio.35 
65 . . . WBT-USA.CV2 
45 . .. Zalytron Industries Corp.17 

MUSIC MART_ 
6 .... A Classical Record .53 
20 . . . Buggtussel LLC.53 
29 . . . J&P Enterprises/Tree Designs ... .53 

CLASSIFIEDS_ 
*.Audio Classics Ltd.56 
*.DH Labs, Inc.56 
56 .. . ESL Information Exchange .56 
*.HAVE, Inc.56 
*.Sonny Goldson .57 
*.Ultimate Speaker Enclosures ... .56 
95 . . . Welborne Labs.56 

GOOD NEWS/NEW PRODUCTS_ 
137... Atlantic Technology .5 
135... Burnett Associates, LLC.4 
*.Old Colony Sound Lab.5 
*.Parts Express.4 
136... Sine Audio.5 

56 Speaker Builder 7/99 



Altec horn speakers, woofers, horns, cross¬ 
overs, 515, 515B, 515C. Horns: 805, 1005, 
1505A/B, 311-90, 329, 604, 605; 288B/C, 288-
16 G/H. Larger corner speakers and console 
speakers, Laguna, Paragon; Western Electric 
horns, woofers, drivers, parts; Tannoy dual 
concentric, Goodman, E-V Patrician. Sonny, 
(405) 737-3312, FAX (405) 737-3355. 

FOR SALE 
Acoustat electrostatic loudspeaker panels, 
(4) 9 X 48, 8 X 48; transformers, 1: 240 low 
frequency, 1:60 high frequency; high voltage 
capacitors, poly 0.1 pF, 4000V DC. Ask for 
prices. Tom Russell, (972) 690-9894, 
FAX (972) 783-2257. 

One pair of Swans M-1 speakers, factory as¬ 
sembled CES show demos, $500/pr; one pair 
of Apogee LCR shielded center or main 
speakers, 2 x 6.5 woofers, 4" ribbon, $650/pr. 
John, (330) 928-4169 after 4pm EST. 

Vintage Yamaha NS 690 Ils 3-ways. Beauti¬ 
ful veneer, acoustic suspension design, very 
sensitive with open and detailed sound. 
Loves tubes! Also, H.H. Scott LK-72 integrat¬ 
ed tube amplifier with fresh 7591 outputs. 
Matching LT-110 tube tuner. All in VG to 
Ex condition. Dan, (816) 436-0362, or 
danshifi@aol.com. 

Two pair Dynaudio T-330D Esotar tweeters, 
new, unused, tested for purity, $175/ea. 
Includes shipping. Daryl, (530) 265-2575, 
E-mail datara@yahoo.com. 

Denon amp 200W/ch, $400; Harman Kardon 
PT2500 tuner preamp, $200. Both for $550, 
both in mint condition. Nick (559) 583-6511. 

New: Vifa M22WR09 8" woofers, $49/ea; 
Vifa P13WH 5" drivers, $19/ea; Motorola 
4x10 horns with KSN1086 drivers, $16/ea; 
Sledgehammer steel core inductors, $40/10; 
air core inductors, $19/12; Vifa tweeter 
grilles, $2/ea; MG45 metal grilles for 514" 
driver, $3/ea. Used: SEAS P1 REX 8" 
polypropylene woofers, $15/ea. Rick, 
(610) 693-6167, audioarts@enter.net. 

Two Scan-Speak 21W8551 woofers tested 
only (will provide T/S parameters), $65 each; 
two Audax TÍ100DT $10/pr, used; two Allison 
2.5" dome mids, $40, O.B.O. (old handmade 
design); seven Dayton 514" shielded mid¬ 
bass woofers $60 all. 
Contact snicson@aol.com. 

Pioneer PDR-99 CD recorder/player/trans-
port, list $2000, as new, in box, $595; Draper 
Envoy home theater motorized movie 
screen, 120" diagonal, 1.3 gain, $500; JBL 
2418H 1" horn drivers, $200/pair; JBL 3110A 
800Hz crossovers, $175/pair; Counterpoint 
SA20 amp, $800; SA20 with SA220 update, 
$1050. David, (914) 688-5024. 
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telephony equipment, while it mutated 
into the International Standard Electric 
Corporation and then Standard Tele¬ 
phones and Cables. 

During this time Blumlein filed several 
patents, establishing a routine which 
thankfully means that although he wrote 
very few articles or technical papers, a 
total of 128 patent specifications gives us 
permanent access to Blumlein’s original 
thoughts. The glory of patent law is once 
a patent has been granted, no one can 
change the wording. So mental process¬ 
es are frozen in time. 

By 1929, at the age of 25, Blumlein 
had become bored with telephony and 
joined the research team of the Colum¬ 
bia Graphophone Company led by Sir 
Isaac Shoenberg. His joining brief was to 
find a way round the Maxfield and Harri-
som patents on electrical recording 
owned by Bell Labs. Another British 
company, HMV (The Gramophone Com¬ 
pany), was also looking for ways round 
Bell’s monopoly. 

Blumlein cracked the problem, and 
went on to design a completely new 
electrical recording system. In 1931 The 
Gramophone Company and Columbia 
Graphophone merged to form Electric 
and Musical Industries, or EMI. The new 
company gave Blumlein a bonus for his 
work. 

By then he was working on binaural 
stereo for loudspeaker reproduction, 
not restricted headphone listening. 
While Bell Labs experimented with lines 
of loudspeakers, Blumlein used two 
speakers and the baffle effect of the 
human head to fool the brain into think¬ 
ing the sound was coming from a wide 
spread of different directions. Blum-
lein's now famous patent UK 394,325, 
filed in 1931, explains how the system 
lets the ears register low-frequency 
phase differences and high-frequency in¬ 
tensity differences. 

The original patent text is a model of 
clarity which contrasts starkly with the 
incomprehensible rubbish which mod¬ 
em inventors often write, either because 
they do not understand how their inven¬ 
tions work, cannot explain it, or hope to 
disguise old ideas with new verbiage. 

Blumlein also needed a way of record¬ 
ing both channels from a stereo micro¬ 
phone pair in the single groove of a disc. 
He did this with the 45/45 system of cut¬ 
ting the different signals on each wall of 
the groove. In 1933 he made several test 
recordings of “Walking and Talking.” 
The next year he was allowed into EMI’s 
Abbey Road Studios to cut stereo discs of 
Ray Noble’s dance band and Sir Thomas 
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Beecham conducting the London Phil¬ 
harmonic Orchestra. 

FILM, TELEVISION, AND RADAR 
In 1935 Blumlein moved onto film, split¬ 
ting the optical soundtrack of 35mm 
film into two parallel half tracks to cap¬ 
ture stereo. He made a series of test 
films, including fun stunts and playlets. 
Decades later, it needed only a small 
modification of a standard Dolby stereo 
projector to play back the originals 
(once they had been transferred from 
the old, explosive, nitrate stock to safety 
acetate!). Then, with all things stereo 
sorted, but no commercial market in 
sight, Blumlein moved on to television. 

In the mid-1930s the British Govern¬ 
ment was being lobbied by John Logie 
Baird to adopt his mechanical spinning 
wheel system, and decided to issue an 
open challenge: anyone was welcome 
to try to come up with a better system. 
EMI and the Marconi Radio Company 
joined forces, again under Shoenberg, to 
develop an all-electronic system, which 
used 405 scanning lines. Blumlein was a 
key figure in the TV team, patenting 
vital building blocks such as waveform 
synchronization by line and frame puls¬ 
es. But Baird continued to improve his 
system and he was a great self-publicist. 

To settle the matter once and for all, 
the Government licensed both systems 
for a trial period towards the end of 
1936. Transmissions were broadcast for 
two hours a day, with the Baird system 
used one week and Marconi-EMI’s the 
next. In 1937, the Baird system was in¬ 
evitably rejected, and Marconi-EMI’s all-
electronic TV became the UK standard. 
Although it was shut down in the war, 
the same system re-started and re¬ 
mained working until 1985, after 20 
years of parallel running with Europe’s 
new 625 line TV. 

By now the situation in Germany was 
deteriorating, and to some people war 
seemed inevitable. But in the climate of 
appeasement, preparing for war was an 
unpopular policy. The EMI team were 
quietly moved over to highly secret mili¬ 
tary research on radar. There is good 
reason to believe that the British Gov¬ 
ernment encouraged the development 
of electronic TV as a way of ensuring 
that the electronics industry would de¬ 
velop high-frequency, high-power ampli¬ 
fier tubes and cathode ray display 
screens, which would be needed for 
radar. 

Blumlein also worked on highly direc¬ 
tional microphones for pinpointing the 
sound of incoming aircraft. 

FATAL ACCIDENT 
By 1940 the EMI team had Airborne In¬ 
terceptor radar working to let British air¬ 
craft track German invaders. The next 
project was H2S, a scanning radar that 
produced a map of the ground. In June 
1942 the EMI team, including Blumlein, 
was flying in a Halifax bomber to test 
H2S, with the then-new Magnetron mi¬ 
crowave amplifier. The plane crashed, 
killing all on board, probably because of 
faulty servicing. 

The accident was kept secret, as was 
Blumlein’s death. No one wanted Ger¬ 
many to know what a blow the Allied re¬ 
search project had suffered. 

With postwar austerity, hi-fi, stereo 
recording, and two-channel film re¬ 
mained a very low priority. When the 
stereo LP standard was set by the RIAA 
in 1958, Blumlein’s 45/45 system was 
wrongly attributed to Westrex, the Bell 
Labs subsidiary. In the UK, Percy Wilson, 
writing in the then-outspoken Gramo¬ 
phone magazine, was furious. 

The reason for the RIAA’s gaffe was 
simple. No one, outside a small circle of 
engineers in the UK, had heard of Alan 
Blumlein or his achievements. A British 
engineer, Ben Benzimra, set out “to raise 
this man from the dead," as he put it, 
and started to collect information for a 
biography. Benzimra became ill and 
died, and the job was taken over by a 
Francis Paul Thomson of Watford. 

For literally decades, Thomson collect¬ 
ed every available piece of information 
on Blumlein. He contacted all Blumlein’s 
associates and wrote open letters to 
technical magazines asking for private 
papers and personal reminiscences. All 
those who had known Blumlein and 
wanted to see him honored jumped at 
the chance. Initially Thomson had the 
full support of Blumlein’s family, too. 

But as time wore on, it became obvi¬ 
ous that Thomson had developed an ob¬ 
session with collecting information (not 
just on Blumlein but other inventors, 
too) and was out of his depth on the 
technology. He had worked briefly at 
EMI as a lab assistant, but then gone off 
to write books on banking and tapestry. 

As suspicions grew, Thomson be¬ 
came increasing paranoiac over any in¬ 
quiries about his progress on the Blum¬ 
lein book. He would reply with legal 
threats, rambling irrelevancies, ques¬ 
tions, and offensive rudeness. He 
claimed raids on his home trash cans 
and personal attacks. 

By the ’80s and ’90s Thomson's priori¬ 
ty had become to stop anyone else from 
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Book Review 
THE CAR STEREO COOKBOOK 

Reviewed by Dennis Colin 

The Car Stereo Cookbook, by Mark Rum-
reich. Available as part #BKMH27, for 
$24.95 from Old Colony Sound Lab, PO 
Box 876, Peterborough, NH 03458, 
(603) 924-6371, FAX (603) 924-9467, E-
mail custserv@audioXpress.com, 296 
pp., shipping wt. 2 lb. 

Take it from one who’s played with car 
audio since 1963, this book is both 100% 
correct and comprehensive. Each sub¬ 
ject listed in the table of contents is a 
well-written and -illustrated discourse 
which not only describes a spectrum of 
appropriate systems, but also explains 
the fundamental electroacoustic princi¬ 
ples (such as wavelength relations, bass 
port function, and Ohm’s law). 

Chapter 1 (“Before You Begin’’) cov¬ 
ers basic considerations such as available 
products and options, and solutions to 
common problems (low volume, muddy 
bass, and so forth). 

Chapter 2 (“Connectors, Supplies, 
Tools, and Techniques”) describes and il¬ 
lustrates a wide variety of connectors 
and tools, teaches correct soldering, and 
explains meter use, how to make a 
speaker polarity tester using a flashlight 
battery, and many handy tips. 

Chapter 3 (“Speakers and Speaker Proj¬ 
ects”) covers the gamut of available driv¬ 
ers, including surface-mount tweeters, 
coaxial units, and high-performance “sep¬ 
arates” (also called component speakers). 
Tlie author describes various installations, 
including doors, dashboards, and kick 
panels, with their relative pros and cons 
regarding response smoothness, sonic in¬ 
tegration, and imaging. He also describes 
simple crossovers for add-on tweeters 
and resistive attenuators. 

Chapter 4 (“Subwoofers and Sub¬ 
woofer Projects”) is by far the largest 
chapter. Starting with configuration op¬ 
tions (speaker-level crossovers, bi- and 
tri-amping, amps with built-in cross¬ 
overs, crossover types, and amp bridg¬ 
ing), this chapter proceeds to the main 
topic—enclosures and drivers. First, the 
author discusses the pros and cons of 
free-air, sealed, ported, bandpass, and 

transmission line enclosures, 
and then explains driver Thiele/ 
Small parameters, with emphasis 
on comparing woofers for 
sealed, ported, and bandpass ap¬ 
plications. 

Of particular interest is the au¬ 
thor’s use of the parameter fob = 
VQts He “Y5 “ fob indicates how 
low the relative bass response 
would be in a gigantic box”; it’s 
a means to compare woofer fA in 
a trunk or other approximate in¬ 
finite baffles (“free air”). Another 
parameter he defines is Vof = Vas 
XQ2« 

Fourteen graphs follow, each 
a family of six curves showing 
normalized responses for sealed, 
ported, and bandpass enclo¬ 
sures. These use the parameters 
fob and Vof. I checked some of 
the vented alignments against published 
alignments from a reputable manufactur¬ 
er, and, well, they aligned. The graphs 
are sufficiently detailed, wide-range, and 
accurate to design most any bass enclo¬ 
sure with neither a computer nor a math 
degree—very nice! 

Then a simple formula for determin¬ 
ing the ported box resonance frequency 
follows: fb = 0.39 f()b. Also shown is the 
calculation for port length: L = (2117 D2 
+ - 0.732D, where L = length, D 
= inside diameter (inches), and Vb = box 
volume (ft5). 

The chapter also describes in detail 
multiple driver systems (parallel, push-
pull, and isobarik), as well as numerical 
examples, construction issues, bracing, 
and damping. Finally, the author address¬ 
es system adjustment by ear. 

Although this chapter is complete 
enough to include non-trunk woofer lo¬ 
cations, I would have preferred to see 
more detail about their advantage in clar¬ 
ity (tonal and transient) over the usual 
trunk placement (See "Real Backseat 
Bass,” SB 7/98). But this is no criticism of 
the book; Mr. Rumreich gives you every¬ 
thing you need to design any specified 
woofer, so it’s up to you to find the best¬ 

sounding location within your labor and 
aesthetic-acceptance budget (as I have 
been for 36 years). This chapter is equal¬ 
ly useful for home woofers, and by itself 
is worth the price of the book. 

Chapter 5 describes head units, cover¬ 
ing aftermarket options, format (CD, and 
so on), functions, wiring, adapters, and 
installation. The rest of the chapters—en¬ 
titled “Amplifiers and Amplifier Proj¬ 
ects,” “Equalizer Projects,” “Biamping 
and Crossovers,” “CD Changer Projects,” 
“Accessories,” and " Battling Noise”—like¬ 
wise cover the remaining topics compre¬ 
hensively. with much detail, illustration, 
explanation, and an abundance of wiring 
diagrams. 

Overall, this book is a welcome oasis 
of knowledge and affordable car stereo 
solutions amidst a desert of info-barren 
hype in the car stereo magazines (“You 
need 900W into 3-18" woofers and the 
rest of the $10,000 installation!”). And 
Mr. Rumreich’s comprehensive descrip¬ 
tion, explanation, and wide spectrum 
(simplest through advanced) of solutions 
will enable you to have first-rate mobile 
sound with a modest budget. 

As an old car-stereo fanatic, I highly 
recommend this book. 
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Tools, Tips & Techniques 
JUNK TO TREASURE 

By Angel Luis Rivera 

While driving through Sarasota, FL, I 
spotted some speaker boxes, ready to be 
picked up by the garbage man. I pulled 
into the driveway and glanced at the 
speakers, which were MCS Series sys¬ 
tems from J.C. Penney, but the boxes 
were in pieces, battered and damaged 
beyond repair. The 12" woofers’ plastic 
dustcaps, emblazoned with the PYLE 
logo, were broken. Still the woofer, 
midrange, and tweeter drivers looked 
promising. 

I wondered whether they worked as I 
walked up to the front door, knocked, 
and a man the size of a small building an-
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swered. ‘May I have those speakers if 
they are being thrown out?” I asked. 
“Help yourself,” he gruffly replied. 

TREASURE I 
Loading the speakers into my station 
wagon, I almost immediately regretted 
taking them, as the chipboard fell apart 
and crumbled, making a mess. All the 
way home I chided myself for picking up 
what was “obviously” hopeless garbage. 

When I got home, I took the boxes 
apart and threw out the “wood.” I unfas¬ 
tened the drivers and hardware, amazed 

ously, were crushed and broken, so I re¬ 
moved them and tried repairing them 
with glue, but to no avail. I realized all I 
needed was something light, plastic, 
rigid, airtight, and inexpensive to use in 
place of the dustcaps. I found the perfect 
material at SCOTTY'S for 89 cents—a 
plastic yard sale sign. 

I measured the diameter of the dust¬ 
caps and used my compass to draw out 
two circles on the yard sale sign. I cut 
them out with scissors, glued them in 
place, and voilà! My new-found woofers 
now give evidence of their pedigree by 

at the quality of the drivers and the 
midrange and tweeter level con¬ 
trol switches. 1 was also pleased 
with the inductors used through¬ 
out the crossover networks; they 
appeared to be of good quality and 
some were even air-core coils. Un¬ 
fortunately, the magnets had been 
knocked off one of the midranges 
and both of the tweeters, while 
the magnet on the midrange dome 
was fairly large, and the whole 
unit looked well built. 
But the shocker was the 

woofer: a huge magnet with a 
vented pole piece! Closer inspec¬ 
tion showed the cone was made 
of heavy coated paper with a rub-
bery-foam-like surround. The 
whole woofer reeked of quality 
construction. 

For those of you contemplating 
running out and buying these sys¬ 
tems just to get your hands on the 
PYLE woofer, I seriously doubt 
that these were the original 
woofers, judging from the shape 
of the boxes when I found them. 
Most likely the owner damaged 
the original woofers and replaced 
them with the PYLE drivers. I test¬ 
ed them with an AA battery and, lo 
and behold, they worked! 

Fite dustcaps, mentioned previ-

FICURE 1: IMP graph of YA speaker. 

FIGURE 2: IMP graph of RD speaker. 
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FIGURE 3: KEF crossover. 

hooked 

great heat had passed through there. 
Holy smokes (pun intended), I’m 
surprised it hadn’t caught on fire. 

PHOTO 1 : The 
PYLE drivers. 

their newly acquired bright yellow-let¬ 
tered dustcaps: one reads “YA,” the 
other “RD” {Photo I). And they work 
beautifully (Figs. 1 and 2)! 

PHOTO 3: The refurbished KEF 
speaker. 

FIGURE 4: Crossover response of KEF drivers 
(low-frequency). 

PHOTO 2: Crossover (left outside the 
enclosure) connected to speaker posts. 

MODIFICATIONS 
My challenge now was to restore 
these speakers to working condi¬ 
tion. But I wished to do more than 
that—I preferred to modify them 
and demonstrate what is possible 
for the home hobbyist to accom¬ 
plish, with as little expenditure as 
possible, some investment of time, 
effort, and a bit of resourcefulness. 
1 replaced the blown electrolytic 

capacitor with Mylar caps and by¬ 
passed the other electrolytic caps 
with small-value Mylar and polyester 
capacitors I had on hand. I then 

up the crossovers to their 
respective drivers and to 
Bill Waslo s IMP and 

plotted their respons¬ 
es (Figs. 4 and 5). 
They were identical 
in response and ap-
peared undamaged— 

apparently that first 
blown capacitor served 

as a “fuse" that “blew” 
and protected the 
rest of the cross¬ 
over components 
downstream. 

I left the modi-

TREASURE II 
As luck would have it. the very next day 
I was driving with my wife (in her car 
this time) close to home and spied a gen¬ 
tleman cleaning out his garage: several 
speaker boxes were at the front of the 
pile. I hung a quick U-turn, pulled up 
alongside the pile of throwouts, and 
squinted in the direction of the boxes. 
“What does the logo say?” I asked my 
wife. “Oh, I don’t know,” she replied, 
“It’s spelled K-E-F.” 

I needed to hear no more! I jumped 
out of the car and spoke to the owner, 
who told me neither speaker was 
working but 1 was welcome to 
them. I drove home and a 
few minutes later I re¬ 
turned with my handy lit¬ 
tle station wagon. 

This time my find was 
the KEF Carina 11—two 
7.5" woofers Hanking a 1 
dome tweeter in a D’Appolito 
configuration. I’d hit the jack¬ 
pot! The boxes were in fair 
shape, although one of 
them had become wet. 
The particleboard thick¬ 
ness was a skimpy W 
for such fairly large 
boxes (23%"H x 11%"W 
X 9'2"D). They couldn't 
pass the knuckle-rap test, 
being pretty resonant. 

I removed the drivers, 
woofers had nice rubber surrounds with 
plasticized paper woofer material, mod¬ 
erate-size magnets, and stamped metal 
frames. I tested each driver with a bat¬ 
tery' and music, and to my delight found 
that they all worked. The tweeters were 
quite sweet sounding. 

I turned my attention to the cross¬ 
overs (Fig. 3). The tweeter filter was a 
third-order circuit with one of its capaci¬ 
tors blown up like a firecracker. The 
woofers were wired in series with a 
Zobel circuit parallel to them and a coil 
and capacitor in series. 

The capacitor values were easy to de¬ 
duce but not so with the resistor and 
two inductors—I would need to remove 
these from the circuit to measure their 
values and it wasn't worth the effort, so 
they shall remain a mystery'. Polyester 
fiberfill had actually melted and hard¬ 
ened into a glob of plastic around the 
first capacitor and a coil, suggesting 
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Book Review 
Continued from page 58 

writing a biography of Blumlein, even 
though he had no hope of producing 
one himself. In the last years of his life 
(he died earlier this year), Thomson 
threatened to bum all the material he 
had collected. It is still unclear what 
has become of the vast collection. No 
one has ever had any way of knowing 
what he collected, anyway. 

THE FINISHED PIECE 
So how was Robert Alexander able 
to write a book? After an initial tan¬ 
gle with Thomson, he gave up even 
trying to access the material which 
the self-styled biographer had squir¬ 
relled away. Instead, Alexander 
sought the assistance of EMI’s 
archivists, read everything that 
Blumlein had written in his patents, 
and even arranged for them to be re¬ 
typed and posted on the Internet 
(www.jayjaybee.com). He also went 
to a string of libraries and museums, 
including the Imperial War Museum 
in London, the Newspaper Library, 
the Patent Office records, the Royal 
Airforce Museum, and the British Li¬ 
brary of Recorded Sound. Over a pe¬ 
riod of five years, and despite Iltom-
son's solid obstruction, Alexander 
managed to put together a definitive 
collection of all available factual 
information. 

Focal Press, a publisher of techni¬ 
cal books, had never previously han¬ 
dled a biography, but made an excep¬ 
tion. The result is a definitive biogra¬ 
phy which provides long overdue 
documentation of Blumlein s life. En¬ 
gineers, unless they are nit-pickers, 
will surely welcome it. So will anyone 
with an interest in audio and electron¬ 
ics history’. But this book is not an 
easy read and is unlikely to spark 
mass market interest. 

Personally, I have always believed 
it would be impossible for anyone to 
write one book that tells the human 
story of Alan Blumlein, while at the 
same time doing justice to his engi¬ 
neering achievements. That is why 
there are around 60 biographies of 
Thomas Edison. Reading this book 
does not change my mind. But Robert 
Alexander has done what no one else 
has done, and I salute him for it. fe> 

fied crossovers outside the en¬ 
closures (Photo 2) for ease of 
access, further experimenta¬ 
tion, and possible additional 
modification later on. but also 
to facilitate future multiamping. 
Multiamping, in turn, will con¬ 
fer additional flexibility’, allow¬ 
ing me to wire the woofers in 
parallel for greater efficiency, if 
I so desire. Nor would I be lim¬ 
ited to these woofers and 
tweeters if I can find superior 
drivers that would work well in 
these particular enclosures. 

I have a GSI two-way second-
order electronic crossover that 
crosses over at 2kHz. My friend. 
Matt Hamilton, and I will be ex-

FICURE 5: Crossover response of KEF drivers 
(high-frequency). 

perimenting with this unit in conjunc¬ 
tion with the passive networks to see 
what effect this has on response and 
sound quality when the two are, in ef¬ 
fect, cascaded together. 

Each woofer and tweeter is connected 
to its own set of dedicated speaker posts 
(Photo 2) (six posts per side) for ease of 
connection and adaptability, as referred 
to previously. I even replaced the origi¬ 
nal speaker binding posts’ washers, 
which appeared to be made of some an¬ 
odized metal, with stainless-steel types to 
avoid possible rectification effects. 

I used the original enclosures as en¬ 
doskeletons and added ' " particleboard 
around all six sides of the boxes, making 
each top, bottom, side, front, and rear 
baffle about 1.25" thick. The original ex¬ 
ternal box size did not include a *4" lip 
around the front and rear baffles, which 
I sanded down so both front and rear 
baffles were then flat. The new external 
dimensions are 25-1/s"H x 13-l/s"W x 
10%"D after modification. Corners are 
rounded to minimize diffraction effects 
(Photo 3). 

FINAL TOUCHES 
Matt stated that because particleboard is 
porous and breathes, the enclosures 
should be sealed on the inside. I used 
primer sealant to accomplish this. I 
sanded the exteriors with an orbital 
sander until that particleboard was as 
smooth as glass. I applied a lacquer¬ 
based wood-sealant that dried quickly 
(in one hour), which allowed successive 
coats to be applied within relatively 
short periods of time. 

1 finished them with Formby’s Tung 
Oil (oil/polyurethane), which couldn't 
be easier to apply: put on a rubber glove 
to protect your skin, pour the Tung Oil 
onto a cotton rag (for example, a T-shirt 

or pajamas) and spread it on; it glides ef¬ 
fortlessly and goes on smoothly. 1 must 
say that for particleboard boxes, they' 
sure look beautiful. In addition, the new 
boxes are heavier, denser, more rigid, 
airtight, better braced, and consequently 
far less resonant. 

I filled and covered the back of the 
stamped metal woofer frames (which 
were thin and “hollow”) with silicone 
caulk. The original unmodified frames 
rang like a bell when struck by a finger¬ 
nail or plastic or metal tool—now they' 
are nicely damped and are relatively 
dead. They produce a “thunk” when 
struck and do not ring. The silicone also 
serves double duty as a gasket to decou¬ 
ple the woofers from the cabinet, as well 
as working as a sealant for an airtight fit. 
I laid the stock drivers flat on top of the 
original baffle. 

I figured I’d go KEF one better and re¬ 
cessed the speaker drivers in their new 
cabinets so that they' are now flush with 
the baffle front. Actually, Matt and 1 mis¬ 
calculated and routed out a larger area 
for the woofers than called for, but I 
used this to advantage and siliconed 
around the woofers to further decouple 
them from the box. These maneuvers 
should help cut down on resonances 
even more and further improve imaging 
and sound quality. It also gives the 
speakers a distinctive look. 
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PARTS '7 Built H
—EXPRESS Mvselfl" 

ELECTRONICS & MORE IWI V III 

By using technology previously only available to high end speaker 
manufacturers, we are able to offer audiophile speaker 
cabinets at reasonable prices. Now you can build an 
audiophile quality speaker system without expensive 
woodworking tools or hours of labor. We have developed a 
series of cabinets designed by audiophiles and computer 
manufactured. The cabinets are made of 1 " MDF (medium 
density fiberboard) to reduce cabinet resonance and 
coloration. They are precision milled with a CNC router to 
incredible exacting tolerances. Dado and slot joinery are 
used throughout to provide incredible strength. Internal 
braces reduce unwanted cabinet resonances. All you have to do 
is assemble, glue, and finish to your liking. 

Blank Baffles: The cabinets come with pre-cut baffles for 
standard drivers. Blank baffles are available for you to rout 
yourself for flush mounting or custom drivers. 

formance MDF 

#300-728 S89.95 

Step 3 
Fill screw holes with putty let dry 
and sand. Apply your veneer or 
laminate. 

Step 1 
Assemble cabinet on your wotkbench 
and pre-drill and countersink screw 
holes. Modifiy driver holes if 
necessary at this time. 

Step 2 
Brush Polyurethane glue (available at 
most home centers) on both sides of 
all joints. Assemble cabinet (clamp if 
possible) and install screws. 

Step 4 
Varnish or paint cabinet to your liking. 
Install crossover, rear 
terminals and drivers. 

Note: All of our MDF cabinets are 
shipped "knocked down " ready to 
assemble. They include detailed 
assembly instructions and 
finishing recommendations. 

#300-718. 
#300-713 (Blank Baffle, 1" MDF) 

$69.50 ^ each 
.S7.95each

#300-714... 
#300-713 (Blank Baffle. 1" MDF) 

3 Cu. Ft. Subwoofer Cabinet 
Finally, a nigh quality, high per-

subwoofer cabinet at an afford-

.55 Cu. Ft. Cabinet 
This is the perfect cabinet for any single 6-1/2" 
woofer and 5-1/4" single or dual woofer arrange¬ 
ment. .55 cu. ft. internal volume including 1" MDF 
Dado brace. 1 " front baffle pre-cut to accept 
6-1/2" woofer and tweeter. Internal dimensions: 
6-1/4" W X 15-1/2" H X 10" D ♦External dimen¬ 
sions: 8-1/4" W X 17-1/2" H X 12" D ♦Woofer hole: 
5-5/8" ♦Tweeter hole: 3" ♦Net weight: 20 lbs. 

.25 Cu. Ft. Bookshelf Cabinet 
Reminiscent of the classic British mini-monitor, this 
cabinet is well suited as a compact 2-way audiophile 
system or home theatre setup. .25 cu. ft. internal 
volume. Includes 1" Dado brace. 1 " Front Baffle is 
pre- cut to accept most 5 - 6 in. mid/woofs and 
tweeters. 100% 1" MDF Construction. Internal 
dimensions: 5" W x 12-3/4" H x 7" D ♦External: 7“ 
W x 13-3/4" H x 9" D ♦Woofer hole: 4-5/8" 
♦Tweeter hole: 3" ♦Net we ght: 12 lbs. 

.75 Cu. Ft. Dual Woofer Cabinet 
Build the popular D'Appolito style dual woofer speaker system. 
The front baffle is pre-cut to accept two 5-6" mid/woofs and one 
tweeter. Popular tall European style cabinet with two internal 
braces to help eliminate unwanted panel resonance. .75 cu. ft. 
internal volume including 1" braces. Internal dimensions: 6-1/4" 
W x 21-3/4" H x 10" D ♦External dimensions: 8-1/4“ W x 23-3/ 
4" H x 12" D ♦Woofer holes: 4-5/8" ♦Tweeter hole: 3" ♦Net 
weight: 26 lbs. 

1 Cu. Ft. Esoteric Speaker Cabinet 
When completed, this cabinet will rival audiophile systems costing 
thousands! Designed to accept dual 6-1/2' mid/woofs and a cen¬ 
ter tweeter in a D'Appolito configuration, or buy the optional blank 
front baffle to design your own system. Two internal braces to help 
eliminate unwanted cabinet resonance. Internal dimensions: 6-1/ 
4" W x 21 3/4" H x 13-3/4” D ♦External dimensions: 
8-1/4" W x 23-3/4" H x 15-3/4" D ♦Woofer roles: 5-5/8" ♦Tweeter 
holes: 3" ♦Net weight: 31 lbs. 

able price. This cabinet utilizes 3/4" MDF (me¬ 
dium density fiberboard) not particle board. MDF 
has far superior sound deadening characteristics 
than particle board, plywood, or OSB. 3 cu. ft. cabi¬ 
net is perfect for 10"-15" subwoofers. Internal Dado 
brace to reduce cabinet resonance. Inside dimen¬ 
sions: 16-1/2“ W x 14-1/4" H x 22-1/2" D ♦Outside 
dimensions: 18" W x 15-3/4" H x 24" D ♦Woofer hole: 
11-1/8" ♦Net weight: 43 lbs. 

#300-704... 
#300-703 (Blank Battle, 1" MDF) 

#300-708. 
#300-707 (Blank Baffle, 1 " MDF) 

S46-80each
S5.95each

S59.80each
.57-95^ 

S34.50 ^ each 
.$3-95^ 

TO ORDER 
CALL TOLL FREE 1-800-338-0531 725 Pleasant Valley Dr.. 

Springboro, OH 45066-1158 
Phone: 513/743-3000 ♦ FAX: 513/743-1677 
E-Mail: sales@partsexipress.com 

KEY CODE: SBM Reader Service #19 



Twenty Years and More... 
The 1978 C.E.S. in Chicago was the very first time that Morel Acoustics USA, Inc. 
presented their product to the public. It became clear, early on, that the loudspeaker 
industry was in need of high quality speaker drivers. Shortly thereafter we introduced 
several drivers and established the MDT-28/30 as one of the most popular and highly 
demanded tweeters on the market. 

Through the course of the years Morel brought many unique and innovative products 
to the speaker industry. The introduction of the 3" voice coil in a 5" basket, using 
hexagonal shaped aluminum wire, utilizing a double magnet system and ducted 
design woofers and mid-basses are a few examples of the company’s breakthroughs. 
Also introduced were the Integra concept (single motor system for both the tweeter 
and woofer) and the Push-Pull 8" and 10" subwoofers (dual motor system, dual voice 
coils with a single cone). 

Integra Push-Pull Double Magnet 

Morel Acoustics USA, Inc. has come a long way since 1978. Currently, the company has 
a diverse line of exciting products which includes over 40 models of tweeters, midranges, 
mid-basses, woofers and subwoofers. Being a leader in the field of speaker design, for 
our 20th year anniversary we are scheduled to launch several new products that are sure 
to attract attention. 

Standard Hexatech 
Voice Coil Voice Coil 

Morel 
Voice Coil 

Standard 
Voice Coil 

Typical double magnet ducted woofer. 

For further information please contact: 

>» 
morel 

J 

morel acoustics usa, inc. 
414 Harvard Street 
Brookline, MA 02446 USA 
Tel: ++ 617-277-6663 
Fax: ++ 617-277-2415 
E-mail: sales@morelusa.com 
Website: www.morelusa.com 
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