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Perfect Harmony

The dream of a wonderful “bi-wire” system is now reality.

WBT has a perfect contact system!

This system allows the use of spade terminals
and banana plugs AT THE SAME TIME in any
combination with or without the

NEW WBT-0725 Biwire Bridge in place.

You don‘t need to worry that this system conforms
to CE and other international safety standards, you
don’t need to know about the Patented features.
Pay no mind to the Made in Germany precision.
Don’t bother reading the rave reviews. Don't fret
the fact that you can change from spades to
bananas and back again on your speaker cables.

Your only requirement is the enjoyment of
perfect harmony, in both function and fidelity!

WBT-USA - 2752 South 1900 West - Ogden Utah 84401 - 801-621-1500 - Fax 801-627-6980 - www.wbtusa.com

More affordable than ever.

WBT - Recognized worldwide as a leader in quality and technology.

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.

WBT connectors feature:
«High Machining Tolerances 7 models of RCA type Plugs

*Multi-Layer Gold Plating 3 ’ e ' é’ é.‘ &’ e
»Unique Patented Designs ’ { \' é : 7 &

e Teflon™ Insulation i

«High Copper Alloys

] 1
All products made in Germany ! 6 models of RCA type Sockets

Dealer inquiries welcome!

OEM quantity prices avaifable! . =

Silver Solder (4% Ag) e

o " '
o L /2,’0,( P_j
The art 0& coRnel
2 e
Quality Tools and Accessories N

P g
WBT-USA - 2752 South 1900 West - Ogden Utah 84401 T "’~
801-621-1500 - Fax 801-627-6980 — www.wbtusa.com
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FOSteX

S%Nm

For High End Systems

Over the years, Fostex has earned a reputation for engi-
neering innovative speaker systems. Now, for the first
time, the same high quality components that comprise
these systems are available direct from Fostex on-line at
www.stl4.yahoo.com/fostex.

<RP Tweeter

The RP tweeter family employs a Regulated Phase Full Surface Drive
diaphragm, which offers wide dynamic range and superb frequency response.
models: FT 7RP - 80 watts, FT 33RP - 60 watts

Fostex offers a scaled magnet dome nweeter with excellent high
frequency response and a state-of-the-art soft dome mveeter employ-
ing a UFLC diaphragm. The FT271) is suitable for AV applications.
models: FT 27D - 40watts, FT 48D - 50watts

< Horn Super Tweeter

Front battle mounted, the horn super tweceter features Alnico magnets and
delivers high etficiency and high transient response.
models: FT 66H - 70watts, FT 96H - 50watts, T 90A - 50watts, T 925A - 50watts

o
FE Series ,
The FE Scries offers a line of full-range speakers designed specifically for
AV applications. Their super-low magnet leakage of 0.15 gauss climinates
video noise when placed in close proximity to video monitors

modecls: FE 87: 3" - 5 watts, FE 107: 4" - 5 watts, FE 127: 4" - 22 watts,
FE 167: 612" - 33 watts, FE 207:8" - 45 watts

[ 1
FW Series
FW Series woofers feature die-cast aluminum frames with composite cones and large ferrite
magnets. Perfect for high performance applications where super-low frequencies are required.

models: FW 108: 4" - 17 watts, FW 168: 612" - 34watts, FW 208: 8" - 34 watts,
FW 800: 3112" - 150 watts, FW 127: 412" - 50 watts, FW 187: 7" - 100 watts, FW 227: 812" - 100 watts

Sigma Series
The Sigma Series is highly suitable for horn-loaded speaker systems. These

tull-range speakers provide high efticiency with excellent sonic performance.
models: FE 108% 4" - 5 watts, FE 168Y 612" - 27 watts, FE 2083, 8" - 34 watts

FOSIBX www.fostex.com

Fostex Corp. Of America @ 15431 Blackbumn Ave.e Norwalk, CA 90650 » Tel: 5629211112 Fax: 562-802-1964
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Good News....

B ATLANTIC TECHNOLOGY'S SYSTEM 270
SPEAKERS AWARDED THX SELECT CERTIFICATION
Atlantic Technology* announces that its System 270-home
theater speaker system has been awarded THX Select
certification. The six-piece system, now designated Sys-
tem 270 THX, has a redesigned center-channel speaker to
comply with the home-theater performance standards set

R s

O ZALYTRON CATALOG

Zalytron's new 1999 catalog contains over 100 pages of
information on such product lines as Cabasse, Seas, =
Focal, Audax, and more. Zalytron Industries Corp., 469
Jericho Turnpike, Mineola, NY 11501, (516) 747-3515,
FAX (516) 294-1943, E-mail zalytron@juno.com,
Website www.zalytron.com.

by LucasFilm’s THX* Home Program. All other compo-
nents remain the same. This added refinement brings THX
Select performance to consumers at a more affordable
price. Atlantic Technology, 343 Vanderbilt Ave., Norwood,
MA 02062, (781) 762-6300, FAX (781) 762-6868, Website
www . atlantictechnology.com.

Reader Service #141

Reader Service #136

2 NEW COLORFUL PYRAMID FOAM PANELS
NetWell Noise Control announces the release of brand new col-
ors of their popular Pyramid Acoustic Foam Panels. These 2’ x
2’ hunter green and burgundy red panels are perfectly symmetri-
cal, balanced and seamless in their installation. The NRC values
on the 3” thick Pyramids peek past 1.00, offering absorption rates
of up to 80% of unwanted echo. Samples available upon request.
NetWell Marketing, Inc., 6125 Blue Circle Drive, Minnetonka, MN
55343, (612) 939-9845, (800) 638-9355, FAX (612) 939-9836,
Website www.asknetwell.com.
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Design Loudspeaker Boxes

with BassBox Pro

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

Design Crossover Networks

32Dt
SOFTWARE

V2K callily

with Xeover Pro
Versatile passive network design soft-

ware for crossovers, flters, impedance
EQ and L-pads with DCR/ESR estimator.
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For more
information visit
us on the internet at
www.ht-audio.com
or contact us
below.

mhreatages
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Major Credit Call for a free

Cards Accepted 4-page brochure

ARISTECH

Harris Technologies, Inc.
Post Office Box 622
Edwardsburg, M1 49112-0622 U.S.A.

& isobaric designs.
Tel: 616-641-5924
BassBox 6 Pro: 3129'00. *Plus shipping & handling. ~  Fax: 616-641-5738 « Email: sales@ht-audio.com

1999 by Harris Technologias. Inc. All rights reserved wordwids. BassBor 15 @ trademark of Harris Tech. Other Irademarks belong to Iheir regpective companies. Harris Tech reserves the right to make changes without nofice

* Easy-to-use Design Wizard.

* Includes 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.

* Nine performance graphs.

* Print schematics and
component lis:s.

« Gsaphs can include
box response.

« Estimate ESR & DCR.

» Parallel-series value
celculator.

» Cclor code decader.

X-over3 Pro: $99-90" o croping & nanding
Reader Service #3

* Plot vent “pipe” resonance.
* Create box drawings with
dimensions & parts lists.
« Driver test procedure.
« Include passive
network response.
 Handles multi-driver

* Cesign 2 & 3-way passive
Crossover ne*works,
filters and L-pads.

* 1st, 2nd, 3rd, 4th-orders.

* Impedance equalization.

* Includes database w/ soess
for thousands of drivars.

« Four serformznce graphs.
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B LOUDSPEAKER & ROOM ACOUSTICS

MEASUREMENT SOFTWARE
AcoustiSoft, Inc., has released version 5.0 of

its popular ETF Audio & Acoustical Measure-
ment Software. ETF 5 professional-quality
Windows 95/98/2000-compatible program
measures loudspeaker and room-acoustics
parameters that affect the quality of critical
listening environments, such as recording
studios, editing suites, high-end audio listening
rooms, commercial and home theaters, and
more. The new program can be purchased
directly from the program’s web site for
$199.95 (US). A demo program may also be
downloaded from the web site. AcoustiSoft.
Inc., Oshawa Center, PO Box 30621, Os-
hawa, Ontario L1J-8L8, (800) 301-1423, E-
mail sales @etfacoustic.com, Website www.
etfacoustic.com.

Reader Service #135

C CUBE DESIGNS >
Ambiance Acoustics has rolled out two new
crossoverless loudspeakers—Super Cube
and Hyper Cube. The new Super Cube adds
five speaker drivers for a total of nine drivers.
The new Hyper Cube takes the Super Cube’s
design approach several steps further,
employing 16 drivers. Ambiance Acoustics,
(858) 485-7514, E-mail rjsalvi@calcube.com,
Website www.calcube.com.

Reader Service #137

B MULTIPURPOSE MINI-MONITOR
B&W Loudspeakers announces the B&W LM 1
Leisure Monitor, a compact two-way whose
sonic refinement is reflected by its unusually
contemporary, unique industrial design. The
ultra-compact two-way, which stands less than
a foot in height on a footprint just 5.5 x 7.5”, is
available in five high-tech color-schemes. The
LM 1 employs a long-throw/high-output 5”
bass/midrange driver that exploits its computer-
modeled, fourth-order-aligned vented enclosure
to achieve bass extension to 65Hz. Despite its
specified sensitivity of 91dB SPL at 1mviW, itis
rated for a full 100W of power handling,
permitting it to fuffill the very wide dynamic
demands of modem music and A-V sources.
B&W Loudspeakers of America, 54 Concord St.,
North Reading, MA 01864-2699, (978) 664-
2870, (800) 370-3740, FAX (978) 664-4109.
Reader Service #138

B STEREO SOUND FOR SMALL SPACES
At CEDIA Expo '99, Niles Audio Corporation introduced an
innovative rew ceifing-mounted speaker. Designed to solve
one of the hardest audio installation challenges custom in-
staliers confront, the CM650S Stereo Input Speaker deliv-
ers stereo sound in areas where there is ony enough space
to install a single speaker. The CM650S] is built around a
62" dual voice-coil woofer and two %” ultra-wide dispersion
tweeters housed in a faceplate that delivers both left and
right channels, making it possible to provide “stereo sound”
through a single speaker. Niles Audio Corperation, PO Box
160818, Miami, FL 33116, (305) 238-4373, FAX (305)
238-0185, Website www.milesaucio.com.

Reader Service #139

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:

Loudspeakers

i 0" ~Noice (AA
((beyma)) M o P AUDEO  Electro-oice QA)

SOTOROLA WNO.

McCauley oA S E L EN 1 LI M
— Image Communications
® 501 Morgan Street
‘ m a e Rockford, IHinois 61102
haE_h W 815.490.4390 ¢ 1.800.552.1639
Fax: 815.490.4391
AXoty Compony E-Mail: Dave_Armon@woodsind.com
\
aich =B ReeET
{ Formerty Alcatel Components) éFe'Toso un d ‘-R@ 0.'l
Epilome” Gl renn WALDOM AUDIO
AKetyCompeny
(g%m ° q_. Indu-t:rla-. @ mds
e Connectors 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!

Reader Service #22
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About This Issue

Bill Fitzmaurice has generated much reader interest with his Snail series of
folded-homn designs. His latest effort is called the Doppelganger Snail (p. 10),
which features a pair of identical 10” drivers in the same cabinet. Following the
Snail tradition, this model delivers big sound from modestly sized drivers and
cabinet.

Design two horns that are basically identical, with the only difference being
the throat opening size and the design frequency. What would you expect the
results to be? For the details, read Louis C. McClure’s experiment starting on
p. 24 (“An Exponential Midrange Horn™).

Chances are, you probably already have most of the equipment and parts
you need to put together an impedometer. Dick Pierce explains this low-cost
method for accurately measuring loudspeaker impedance (“The Impedometer,”
p- 28).

Which cabinet designs are most effective in converting electrical energy to
sound energy in our speaker systems? To answer this question, Mark Wheeler
enlisted the aid of a group of audiophiles to participate in a series of listening
tests. Their findings are detailed in “Navigating Speaker Design: Listening to
Walls™ (p. 32).

Sometimes, designing a simple passive crossover can be anything but. What
started out as a search for a simple solution to a particular problem turned into
a study on the bass directionality problem. You'll be entertained and enlight-
ened by this exchange between two audio veterans—Charles Hansen and
G.R. Koonce (“Mating Subs and Satellites via Passive Crossovers,” p. 38).

Also in this issue, speaker expert Vance Dickason tests a 5” woofer from
Peerless of Denmark (“Driver Report,” p. 58), and John Badalamenti displays
an attractive-looking center-channel loudspeaker for his surround-sound system
(“Showcase,” p. 61).

SCAN SPEAK

5.57
REVELATOR

NEW!

¢ 5.5” Reference mid/woofer

¢ Non Resonant paper cone
and rubber edge.

¢ SD-1 Magnet system

o Fs 30Hz

e Qts .27

e Vas 281L

e SPL 85.5dB

» “Grasshopper” chassis

» Long throw voice coil

Introductory price : $175.00 15W/8530K00

Contact us for this and other
new Scan Speak products!

MENeIS CUS

MENISCUS AUDIO GROUP, INC.
4669 S. Division Ave.
Grand Rapids, MI 49548

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

Reader Service #12

6 Speaker Builder 8/99

Speaker Builder.

The Staff

Editor and Publisher
Edward T. Dell, Jr.
Regular Contributors
Joseph D’Appolito Robert Bullock
Richard Campbell John Cockroft
David Davenport Vance Dickason
Bill Fitzmaurice Gary Galo
G.R. Koonce Richard Pierce
Bill Waslo

Vice President
Karen Hebert

Dennis Brisson Assistant Publisher
Swain Pratt Associate Editor
Betsy Graves Managing Editor
Marianne Conway Editorial Assistant
Tina Hoppock Graphics Director
Diane Luopa Assistant Graphics Director
Laurel Humphrey Marketing Direcior
Kelly Bennett Customer Service
Kim Cloutier Customer Service

Advertising Department
Jeanne Duval Director
Beverly Poirier Account Representative
Laura Tremblay Account Coordinator

The peculiar evil of silencing the expression of
an opinion is, that it is robbing the human race;
posterity as well as the existing generation;
those who dissent from the opinion,
still more than those who hold it.

JouN STuaRT MiLL

LEGAL NOTICE
Each design published in Speaker Builder is the intellectus! property of its
suthor and is offered to readers for their personal use only. Any commercial
use of such ideas or designs without prior written pemmission is an infringe-
ment of the copyright protection of the work of each contributing author.

SUBSCRIPTION/CUSTOMER SERVICE INQUIRIES
A one year subscription costs $32. Canada please add $8. Over-
seas rate is $52 per year.
To subscribe, renew or change address write to the Girculation De-
partment (PO Box 876, Peterborough, NH 03458-0876) or tele-
phone (603) 924-9464 or FAX (603) 924-9467 for MC/Visa/Dis-
cover charge card orders. E-mait: custserv@audioXpress.com.
For gift subscriptions please include gift recipient's name and
your own, with remittance. A gift card will be sent.

EDITORIAL INQUIRIES
Send editorial correspondence and manuscripts to Speaker
Builder, Editorial Dept., PO Box 876, Peterborough, NH 03458-
0876. E-mail: editorial@audioXpress.com. No responsibility is
assumed for unsolicited manuscripts. Include a seff-addressed
envelope with retun postage. The: staff will nof answer technical
queries by telephone.

ADVERTISING RATES & SCHEDULES
Contact Advertising Department, Speaker Builder, PO Box 876,
Peterborough, NH 03458, 603-924-7292, FAX 603-924-9467,
E-mail advertising@audioXpress.com.
Printed in the USA. Copyright © 1999 by Audio Amateur Corporation
All rights reserved.

Speaker Builder (US USSN 0199-7920) is published every
six weeks {eight times a year), at $32 per year, $58 for two
years; Canada add $8 per year, overseas rates $52 one
year, $93 two years; by Audio Amateur Corporation,
Edward T. Dell, Jr., President, at 305 Union Street, PO Box
876, Peterborough, NH 03458-0876. Periodicals postage
paid at Peterborough, NH and an additional mailing office.
POSTMASTER:
Send address change to:
Speaker Builder, 305 Union St.
Peterborough, NH 03458-0876




Speaker Builder.

THE LOUDSPEAKER JOURNAL

VOLUME 20 NUMBER 8 DECEMBER 1999
FEATURES
Doppelganger Snail
page 10 BY BILL FITZMAURICE.........covveenrvvennrsesnrssssesssssssssessssnsssssnssssssssessssesssssssanens 10
Part 2
Exponential Mid-Range Horn
BY LOUIS C. MCCLURE ....eeoreeoeveeeeseeeieeseesaesesssesssssssesssssssssssssssssssansssnssenes 24
The Impedometer
BY DICK PIERCE c...vrvveeeeeeeeveeesesesesssssesessssssssssssssssssssssssssssessasssesssssanssnsses 28
Part 3
Navigating Speaker Design: Listening to Walls
BY MARK WHEELER .......coocviiverieeiceeeaeessensesssssesss s sassse s ssessesssssessensensans 32
Mating Subs and Satellites via Passive Crossovers
BY CHARLES HANSEN and G. R. KOONCE ............couuiveveineereenmaessesseseesaessessensens 38
| It DEPARTMENTS
— =t GOOD NEWS ...ttt 4
EDITORIAL
BY EDWARD T. DELL «eurveinirnirnreetieeiitiitareerecrnrrnsrnstnrnssnssessessassnsansassassasssssnses 8
SBMAILBOX ..ottt s s sb e eene 52
DRIVER REPORT
CSX 145 H from Peerless
BY VANCE DICKASON ...cvuiiieiiereirtieemeinieeiectiernesensensernsenssressisssnsessssassonssansenses 58
SHOWCASE
Nardeaux Center
BY JOHN BADALAMENTI ..vvierieiuirieiiiieeierrenseesesnnseernsresssssnsassssinsensensensanenss 61
IN EVERY ISSUE
CLASSIFIEDS ..ottt sne e 56
AD INDEX ...ttt ssenennas 56
YARD SALE.......ooioiieeeectere et sne st 57

page 38

EDITORIAL— Send letters, questions, and comments to: Speaker Builder, Editorial Dept., PO Box 876, Pe-
terborough, NH 03458 USA, FAX (603) 924-9467, E-mail: editorial@audioXpress.com.

Be sure to reference the issue, title, author, and page number of the article or letter in question; and if
you request an answer from an author, please include a selt-addressed envelope (and your FAX number
and/or E-mail address, if applicable), with a loose stamp or postal coupon.

Due to the volume of correspondence, we cannot personatly acknowledge or respond to each letter or
query. All letters to the editor will be considered for publication unless you indicate otherwise. Speaker
Builder reserves the right to edit your letters or technical queries for length and clarity.

Author guidelines are available by sending a self-addressed lope with loose p to the

above address.

CIRCULATION— For subscriptions, renewals, back issues, or address changes, write to the Circulation De-
partment (PO Box 876, Peterborough, NH 03458) or call (603) 924-3464 or FAX (603) 924-9467. E-mail:
custserv@audioXpress.com

ADVERTISING — Address advertising inquiries and information requests to the Advertising Department,
Audio Amateur Corporation, PO Box 876 Peterborough, NH 03458-0876, voice (603) 924-7292, FAX (603)
924-9467, E-mail: advertis ng@audioXpress.com.

0LD COLONY SOUND LAB— For product information and ordering, contact Oid Colony Sound Laboratory,
PO Box 876, Peterborough, NH 03458-0876, voice (603) 924-6371 and (603) 924-6526, FAX (603) 924-
9467, E-mail: custserv@audioXpress.com.

Speaker Builder 8/99 7



Editorial

AMATEURING: A FRESH VISION

For the Love of It, Amateuring and Its
Rivals, by Wayne Booth, 1999, Universi-
ty of Chicago Press, 237 pp., $22 (Avail-
able from Old Colony Sound Lab, PO
Box 876, Peterborough, NH 03458, 603-
924-9464, Fax 603-924-9467, E-mail
custserv@audioXpress.com)

An elderly retired professor of English
from Chicago’s distinguished university
has written a book that has redefined for
me the meaning of the word amateur.
Of course, he is an English professor
after all, and words are his business. But
his main theme is music, music made by
amateurs.

After nearly 30 years of using and pro-
moting the word and practice of ama-
teurs, I find it both startling and delight-
ful to have a new dimension added to a
word I use a great deal.

Wayne Booth believes that amateur
should also be a verb, and that any activi-
ty done for the passionate, unquestion-
ing, irrational love of it should be called
amateuring. (Microsoft Word has just
redlined that neologism, telling me that
MS's minions consider it an error.)

Dr. Booth is a fiercely devoted music
lover, especially chamber music, and
preferably music made with strings. At
31 he took up the cello. By any rational
standard this was a foolish thing to do.
Unless one signs on to play a stringed in-
strument before the age of six, one is
doomed to amateurism eternally. No ca-
reer in music will be possible, no star-
dom as a performer, no concert tours,
and no fat fees for entertaining concert
audiences around the globe.

Booth has been playing with chamber
groups of all sizes for over 50 years. Ap-
propriately, his book is titled For the
Love of It. His subtitle is far more telling:
“Amateuring and Its Rivals.” He begins
with a chapter of definings.

His proposed dictionary entry reads:
“Am-a-teur (am'a-choor, -toor, am’a-
tur)[F.fr.L, amator lover, fr. Amatus,
pp. Of amare to love]. n. 1. One who

By Edward T. Dell, Jr.

practices an art or science or sport for
his own pleasure, rather than as a profes-
sion. 2. One who does something with-
out professional skill or ease.”

Booth’s major theme is the angst at
not playing well, but being unable to
stop playing. His descriptions of the
joys of the experience of playing with
others are exquisite. Anyone who reads
this magazine has had such moments
just listening to music, live or repro-
duced. Words never do such exalted
moments justice.

His book is far more than praises for
making music, even though made badly.
His thesis is that giving up doing some
activity which you genuinely love to do
is a defeat for our humanity. In short,
Booth believes that anything humans do
for the love of it is worth doing badly.

His book is a severe indictment of a
society that worships competitiveness
and winning above all else, a society that
rewards the star and despises the “loser.”
Our landscape is littered with disasters of
what happens to the bright and famous,
of the corruption of steroids and money
in sports, of bribed Olympic officials and
injured ice skaters.

The book is not all diatribe. It is also a
stunning exploration of the joys of
music performed. He describes amateur
groups always searching for the essence
of what Beethoven or Brahms really had
in mind in a masterpiece. He believes
that those original visions of the com-
posers may never have been fully real-
ized—but that all the versions performed
are a dizzying variety of approximations.
Yet, he sees all of these, done for love,
as valid music making.

The author’s first two chapters are
autobiographical. In Chapter 3 Booth
looks at human motives in choosing
what we do. It is a thoughtful discourse
that can help any reader begin to under-
stand why he or she has chosen an ac-
tivity. He graphically examines the all
too often choices following disappoint-
ment over our lack of skill or the per-

fection we dreamed of, of mindless
gaming, watching television or the end-
less spectator activities offered all of us.
The performance of the star, the skill of
the winner, leave us too often feeling
diminished.

Chapter 3 is an insightful examination
of the relationship of loving an activity
and doing it for other reasons, and an es-
pecially acute survey of what money
often does to amateurs. Chapter 4 exam-
ines the balance between the power of
failure and the strength of a loved activi-
ty. Chapter 5 takes up the question of
teaching versus loving. How teachers
evaluate the passion a student may have
against the teacher’s ideas of success. For
those of us who are older, Booth’s
thoughts on how aging affects an ama-
teur’s relation to a passionate activity are
reassuringly familiar and enlightening.

Booth takes time out to reflect wryly
on his severe difficulties in writing about
his amateuring, over against his prolific
output as a professional writer about his
chosen field, literature. The remainder of
Booth’s book is a sustained series of
chapters on the intense and surprising
pleasures—I could say ecstacies—of music
itself. Especially illuminating is his won-
derful meditation on how playing trans-
forms listening.

For the Love of It is one of those rare
books that has the power to permanent-
ly change the way you look at life. Al-
though its main theme is music making,
it is also a perceptive examination of per-
sonal values. It will certainly enhance
your ideas about the emotional intrica-
cies and motives of music making. I find
myself searching through catalogs for
chamber music. I hear the cello, espe-
cially, with deepened respect for a Casals
or a Rostropovich. It is also a book that
should enlighten and reinforce the love
most of the readers of this periodical
have for pursuing audio excellence. It
certainly captures precisely the motives
which have sustained us as a staff since
the periodical came into being. &
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This author’s latest project derives its name from its two identical horns occupying one cabi-

net. The design is no illusion; it delivers genuine performance for sound-reinforcement

applications.

The Doppelganger* Snail

By Bill Fitzmaurice

efore I describe the next in
the Snail series of folded
homs, 1 would like to thank

been unable to respond to all Your let:
ters, but I would like to answer here

QUESTIONS ANSWERED
First, one reader, while appreeis
my work, questioned how T
apply for a patent on a horn ¢
likening it to a tuba in design. Act
perhaps credit for the horn style
sound-producing apparatus should bé

awarded to Joshua, circa 2,500 BC.

The then residents of Jericho could
have attested to the efficacy of horns
where dB levels are concerned. But |
was not trying to patent the concept of
horn-loading.

My patent application referred to the
vented driver chamber, which directs
the vent output as well as the driver
front wave into the horn throat. I re-
searched patents going back 20 years,
but was unable to find that anyone else
had done that, or at least had patented it.
As it turns out, I didn’t search back far
enough. One James F. Novak applied for
and was granted a patent in September
1955. His concepts were virtually identi-
cal to those 1 independently developed
40 years later. For reasons unknown, his
designs apparently never made it into
mass production. If anyone has any in-

* Doppelganger: German for “Double
Walker.” A ghostly counterpart of a liv-
ing person. — Ed.
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PHOTO 1: Doppelganger with pole-
mounted high-frequency section.

formation about James Novak and his
cabinetry, please forward same to me
c/o $B.

Another writer wished to know if I'd
design a Snail for an 18” driver for sub-
woofer usage. The answer is, probably
not. All my designs are for speakers
that I myself have used on stage, and I
have no need for cabinets with capabil-
ities beyond that of Snail II (SB 3/98),
which, as shown in that article, is quite
capable of doing sub duty. Snails don’t
need big drivers for big sound (see the
MiniSnail, $B 8/98). My intent with
Snails is to get more power from less
size, in both driver and cabinet, which
brings me to the story of the Doppel-
ganger Snail (Photo I).

SHRINKING THE EQUIPMENT

Only four years ago my larger PA sys-
tem had a sub, a woofer, and a
mid/tweeter horn on each side of the
stage, driven by three amps totaling
750W%/8Q, plus another 200W for my
monitors. The ten-space rack required
to carry all those amps and their asso-
ciated paraphernalia weighed in at
over 100 lb. Once I brought my Snail
Iis on line, I was able to go two-way,
allowing removal of one amp (and 25
Ib) from the rack.

Then I came up with the MiniSnails,
which have proven so versatile that I
found myself using the big Snail II
horn system only two or three times a
year for the largest gigs. Since the Min-
iSnail gives me all the power I need
from my 175W/channel Carver PM-
175, 1 decided to find a way to replace
the Snail I horn-biamped system with
cabinets efficient enough so the Carver
alone could drive them and still make
them as loud as my biamp rig.

This would enable me not only to dis-
pense with another amp and a cross-
over, but also to reduce my rack to six
spaces, thus taking up less cargo space
and lowering the rack weight to only 40
Ib. At my age, losing weight is a priority;
since I can’t seem to accomplish that
goal with my body, at least I can do it
with my equipment.

You can gain more efficiency in two
ways, one of which is simply to make
the cabinet larger, allowing for a longer
horn with a greater mouth area. Since
my Snail II setup already strained my
band’s cargo capacity, not to mention
my back, larger was not better. In fact, I
wished to make it smaller and lighter.
The other way to increase SPL/watt is
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’ mouths, doubling the mouth
area available to the bass-rich
vent outputs.

Notice that the rear-chamber
vents are not ducted as in previ-
ous Snails. Minimal (approxi-
mately 10in2) throat cross-sec-
tions lower the f; of the cham-
ber so effectively—from 75Hz
without the horn to 30Hz with
it—that ducts are unnecessary.

Another departure from for-
mer Snails is that the horn taper
is not quite hyperbolic. When
plotting out the horn, I noticed
that the resulting shape was very
close to circular. With only a
slight alteration to the taper, I
was able to make the flare of the
horn plates a perfect semicircle.
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This might cause a slight loss of
response, but two benefits out-
weigh any possible negatives.
| First, laying out circular parts is

20.0

FIGURE 1: The Doppelganger’s response graph (dB SPL/1m/2.83V input, f, = 30Hz/3.80, F,
[box resonance] = 48Hz/24Q).
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TABLE 1
VALUES FORFIG. 1
FREQUENCY DB
16 NA
20 70
25 78
3 87
40 94
50 94
80 96
100 98
125 100
160 107
200 108
250 110
320 113
400 110
500 109
640 110
800 108
1k 100
1.25k 100
1.6k 98
2.0k 103
2.5k 108
3.2k 115
4.0k 18
5.0k 118
6.4k 116
8.0k 115
10.0k 110
12.5k 12
16.0k 12
20.0k 105
f-—30H2/3.8Q2
l?r—(Box resonance) 48Hz/24Q2

to reduce impedance. A 4Q system
would instantly give me another 3dB of
sensitivity (more about this later). The
amp manufacturers are wise to the im-
pedance trick to gain more power,
most of today’s professional amps, in-
cluding my Carver, will run happily into
4Q2, and many are rated stable with two-
ohm loads.

Since 4Q professional drivers aren't
common, I decided to use two 8Q driv-
ers in parallel, and the desire to reduce
cabinet size and weight led me to decide
on 10” drivers. I knew a smaller cabinet
using 10s instead of 15s would likely
lead to some loss of response below
100Hz as compared to the Snail II, but I
could accept that since at larger gigs |
use my Siamese Snail (SB 2/99) for the
bass, and it is so powerful that reinforc-
ing requirements in the PA are minimal,
if required at all.

SIMILAR RELATIVES

The resulting Doppelganger is similar to
the Siamese Snail, with two identical
horns residing in one cabinet. Each driv-
er's front wave feeds its own rapid-flair
throat for maximum efficiency in the
midrange. The drivers’ rear waves share
a common rear chamber that is vented
into two slow-flare throats for maximum
bass sensitivity. While each front wave
exits its own mouth, whose small size ac-
centuates the midrange by minimizing
phase-cancellation effects, both drivers’
rear waves combine to exit both

vastly simpler than laying out a
hyperbolic shape. Even more im-
portant, since a circular shape re-
sists acoustic pressures with a minimum
amount of material, it is possible to use
Y plywood for the horn plate.

As in the Mid-Ranger, this cabinet uti-
lizes café-style doors for protection from
the elements while traveling and as
waveguides when “open for business.”
They give about a 2dB boost in SPL from
150-300Hz, although from 1kHz-
1.5kHz, they cause diffraction losses,
also about 2dB. With relative power and
excursion requirements being as they
are, I'll gladly trade off 2dB at 1kHz for
an additional 2dB at 150Hz.

DRIVER CHOICES

Choosing drivers for this project came
down to two economical possibilities.
First was the Carvin PS-10 (an OEM from
Eminence), with specs of fg = 57Hz, Qg
= 0.5, V5 = 2.5ft3, an SPL of 95dB, a re-
spectable 200W rating, and an attractive
price of $49.95. The other nominee was
the Eminence 10” cast (available from
MCM, Cat. #55-965), with f; = 55Hz, Qg
= .25, V¢ = 1.85ft%, an SPL of 98dB, and
a 150W rating. At about $70, it was still
reasonably priced.

The higher Qg and V4 indicated that
the Carvin would have better bass, but
the Eminence cast had the 3dB higher
SPL in its favor. Also, everything I'd read
about horns said that a low-Q. driver
would work better than one with higher
Qrs- Unable to decide on one model of
driver, I finally did the only logical thing
by ordering both.

Speaker Builder 8/99 11



As in every Snail before it, the Doppel-
ganger gave me the opportunity to dis-
pel another myth about hom cabinetry.
Upon testing the prototype with pairs of
each model of driver installed, [ found
that there was no advantage to using the
lower-Qq drivers. The response curves
of the different drivers were virtually
identical, with the only significant differ-
ence being a 2dB advantage across the
bandwidth to the Eminence cast. So in
the final version, my pair of Doppel-
gangers contain one of each driver.

The response graph (Fig. 1) reflects
the mixed-driver version; when using a

pair of PS-10s, you can expect a 1dB de-
crease in sensitivity, while a pair of Emi-
nence-cast 10s should give about 1dB
more, with minimal variation in the re-
sponse curve.

As long as I was changing my bins, [
figured I should try something new for
my high-frequency section as well. While
my JBL 2426s work reasonably well,
with 110dB/W SPL, they're power hun-
gry (their 16Q impedance requiring 4V
to obtain 1W), and they roll off above
12kHz. I'd had good results with Motoro-
la piezos, so I decided to try an array of
KSN1176 drivers. To achieve my desired
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view; for clarity, not
all parts or details
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TABLE 2

Part descriptions Note: Numbers for the items
refer to circled numbers on Figs. 2-4. Not all parts
are shown in figures; see text and photos for full
parts descriptions. Except as noted in the text, the
recommended material for all parts is %" plywood,
5-ply or more.

1. Sides

2. Top, botlom

3. Back

4, Baffle

5. Large hom plate

6. Large hom plate brace

7. Access door flange

8. Access door brace

9. Hom reflectors

10. Small hom refiector plates

11. Port hom plate brace

12. Small hom plate

13. Port hom plate

14. Small hom plate brace
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SPL level of at least 112dB/2.83V, | went
with six drivers per side, along with a
seventh mounted at a 90° angle to the
array for side projection.

ENDING THE ARGUMENT

On the continuing controversy over im-
pedance load/number of drivers versus
SPL, I have read countless explanations
as to why using two drivers gives a 6dB
boost in SPL for constant-voltage input.
In theory, these permutations make
some sense, but my gut always told me
they didn’t ring true. To put an end to
the controversy, at least in my mind, I
first measured this cabinet with only one
speaker wired in, and then with two.
With the same 2.83V input, the rise in
SPL with the 4Q load versus 8Q, two
drivers versus one, was 3dB.

I measured Fig. 1 outdoors on a deck
with a 2.83V input, to give a direct com-
parison with other cabinets with regard
to voltage rather than wattage input. The
graph is plotted using Ys-octave points
(for which I thank Louis McClure for his
4/99 SB article, “Plotting Y5-Octave Fre-
quency-Response Curves”). If there is an
inherent defect in using very small horns
to gain high SPLs, it is in the roughness
of response, which makes an equalizer,
preferably Ya-octave, an absolute necessi
ty. In using a Ys-octave response-graph
system, the setup is greatly simplified.
setting the equalization (EQ) sliders in-
versely to the chart, in this case, using
106dB as the zero dB baseline.

PHOTO 2: The baffle with channels routed
for cone clearance.

Since 160Hz lies at 106dB, its slider is
set to flat. 100Hz lies at 98dB, so its slider
is boosted by 8dB, while the 4kHz slider
is set at —12dB, and so on. This gives a
neutral-response starting point for setting
the EQ, with additional tweaking as re-
quired for room-acoustics correction and
feedback control.

If you analyze the chart, 94dB sensitiv-
ity trom 40-060Hz is quite respectable, es-
pecially from a pair of drivers with these
specs. It results from the box frequency
of 30Hz and the loading of the vent out-
puts by the slow-tapering throats. At
100Hz, horn loading of the front waves
begins, getting the SPL up to over
100dB; from 250-800Hz, you see¢ a
greater than 110dB output, with woofer
rolloff starting at 1kHz.

PIEZO DRIVERS

Prior to designing the high frequency
section, | tested the piezo drivers for
polar response. The KSN1176 has the
widest horizontal dispersion when it is
mounted horizontally. I also wired six
drivers in parallel and arranged them in
every conceivable positional array 1o de-
termine the best mounting configuration
for horizontal dispersion. In every case



Swans 77 kit

Great news from Swans!

New beautifully cabinets for Swans M1 kits
are available in three finishes: piano black,
solid walnut and rosewocd veneer.

Totally irresistible!

The Swans M1 speaker system = a two-way bass-reflex design.
The front baffle is very narrow with rounded edges to reduce
cabinet diffraction for better clarity and imaging. The internal
panel and corner reinforcement substantially reduce unwanted
cabinet vitwations. A flared port is mounted an the rear baffle for
smoath transition from the port to cabinet boundaries. This pro-
vides linear bass perfarinance and absence of port naise. The
heavy-duty gold plated binding posts are mounted directly on
the rear panel to enable easy cable connection.

The 5-in¢h paper/Keviar cone woofer has a rubber surround,
cast aluminum frame and a magnetically shielded motor system.
This driver ulilizes a central phase plug to avoid air compres-
sion, improving frequengy response and dispersion. These key
features greatly contribute to the M1’s clear transparent sound
and effortiess dynamic performance.

The tweeter is a high-tech planar isodyramic design that
employs Neodymium magnets and extremely light Kapton®film,
with flat aluminum conductors.

This unit pravides an immediate and precise response to any
transients in original signal, and gives the M1 an exceptional
ability to reveal the true dynamics of instruments with a complex
high iraquency spectrum.

The erameaver is a second orde!”Linkwitz-Riley type resulting in
an n-phase connaction of the drive units. The crossover fre-
quency between the twa drivers is 3.3 kHz and only high quali-
ty pelypropylene capacitors are used. Each filter has it's own
dedicated board mounted on a special rubber interface to
reduge wibrations and microphonic phenomenon. The filter
boards are spaced inside the loudspeaker with the inductors
positioned at right angles to minimize the interaction.

Swarls 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 terminats.

The drawings of the cabinet shown here represent general
dinrensions required for optimum bass performance. Rounded
corners are advisable as they improve imaging and clarity.
Actual tinish and appearance is 3 matter of personal taste.

Price: $410 delivered without cabinets:
$660 delivered with cabinets.
Warranty 3 years. We accept VISA.

“Loudspeaker
with room friendly performance
“...explicit, easy to listen to, effort-

less, seamless and stunning.”
Ernie Fisher

Swans M1 Speaker Systems Review
INNER EAR REPORT

Volume10, #3 1998
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SPECIFICATIONS ==
Frequency response  60Hz-35kHz,+2dB I——
{1m,half space) 55Hz-40kHz,-3dB
Sensitivity, IW/1m 86 dB ;
(100Hz-8kHz averaged) for more info please
Nominal impedance 8 ohms

Call: (905)-889-7876

(7.2 ohms minimum at 250 Hz)

Power handling 50W nominal,
90W music
Dimensions,HxWxD 310x180x250 mm
ACOUSTIC TECHNOLOGY
Amplifier requirements: INTERNATIONAL INC.

15 WEST PEARCE STREET UNIT 283
RICHMOND HiLL
ONTARIO L48 1H6 CANADA
Tel: (905)-880-7876  Fax: (205)-880-3653
www.dulcet.com

30W recommended minimum.

Reader Service #89



where the drivers were mounted side by
side, there were huge peaks and valleys
in the polar response as phase aberra-
tions either boosted or cancelled output
at various frequencies.

The final vertically arranged array of
horizontally mounted drivers gave the
best polar response and widest horizon-
tal dispersion (120° average) of any of
the combinations I tried. I used a seventh
driver mounted at 90° to the array to
cover the “dead spot” close to the side of
the PA. This driver is mounted vertically
to narrow its dispersion so it will not
conflict with the main array.

PHOTO 3: The “high-tech” compass.

The KSN1176 is advertised as having
response down to 1.8kHz, but as you
can see, it’'s more like 2.5kHz before
these piezos start to rock. They really
can’t match a good dynamic driver like
the JBL2426 in the midrange. But from
3.5kHz to over 16kHz, this array screams
with 2 minimum SPL of 110dB, and
peaks of 118dB.

Now consider that a JBL 2426 and its
horn lens cost me about $325 eight
years ago; seven KSN 1176s will set you
back only about fifty bucks. Also consid-
er that with this kind of efficiency, this
horn array needs practically no power to
drive it, making unnecessary a second
amp for biamping, and an electronic
crossover as well.

As to possible impedance problems
with so many drivers, check out the im-

14 Speaker Builder 8/99

pedance portion of Fig. 1. Truly high-im-
pedance devices, even seven piezos in
parallel, never go less than 10Q within
the audible bandwidth. There is still the
risk of their going to a capacitive load at
very high frequencies, so to preclude
any problem, I series-wired them
through a 2Q resistor.

CONSTRUCTION

[ built the prototype mainly from %" ply-
wood (the exceptions are noted in the
text and parts list). As always, you may
opt for heavier materials to ease joinery,
although the Snail’s self-bracing design

makes it unnecessary as far as
strength goes. All dimensions are
approximate, since actual material
thicknesses are seldom if ever as
specified. You may alter dimen-
sions as required to accommodate
your materials, making sure to mea-
sure the actual sizes required once
you've drawn the part locations on the
sides and baffle.

All joints are butted, fastened with dry-
wall screws and construction adhesive.
Use plenty of adhesive, since the joints
must be airtight. 1 used screws of 1”7 to
156"—longer ones where necessary for
holding power, shorter ones where re-
quired to prevent penetrating the panels.
The nominal size for most joints is 1%”. I
drilled and countersank all screw holes.

Start by cutting out the baffle (Fig. 2),
marking the driver locations on its rear.
Drill holes for the driver-mounting T-
nuts, and rout a ¥%"-deep channel to pre-
vent the cone from slapping against the
baffle during long excursions (Photo 2);
alternatively, you can use a %" or %”
spacer.

The next step is to make a compass
(Photo 3). This is simply a piece of wood

about 20” long and 2” wide. Insert a dry-
wall screw close to one end. Then drill
14" holes through the board at distances
equal to the radii of the arcs you will
draw with the drywall screw as a center.
To use the compass, press the screw
point hard into the center for the arc you
wish to draw, and use a pencil peoint in-
serted through the appropriate hole to
draw the arc (Photo 4).

On the baffle front, draw the locations
of all the straight parts first; the duct-
throat plates have such a shallow arc that
you may approximate their positions
with straight lines. Use the compass to

PHOTO 4: Tracing arcs on the baffle with
the compass, using an extension board
to locate the center.

draw the 19”-radius arc of the horn
plates. To do this, clamp the baffle to an-
other piece of plywood that will serve as
a drawing extension (Photo 4). Draw an
arc from the junction of the small horn
plate and the horn reflector plate (12
and 10, respectively, in Fig. 2); draw an-
other from the point where the horn
plate ends at the baffle edge. Now place
the compass point where these two arcs
intersect and draw an arc between the
small horn reflector plates (parts #10)
and the baffle edge. This is the small
horn plate.

Repeat the process for the 18%” small
horn braces, and repeat again all steps
for the second horn. Note that the small
horns are located off-center; they are not
symmetrically placed on the baffle. Also,
to minimize phase cancellations in the
throat, the throat hole in the baffle is not
centered over the driver.

BAFFLE HOLES
Cut holes in the baffle for the driver




Znom 8.0 ohm
Zmin 5.9Q0@3.1KHz
Re 55 ohm
Le 0.1 mH
fs (free air) - Hz

fs (baffied) 13340 Hz
Qms (baffled) 2.70

Qes (baffled) 3.66

Qts (baffled) 1.55

Mms (baffled) 030 g

10 3

The 810435 is a 1" textile dome
tweeter with a neodymium
magnet. The tweeter is 2-1/16"
square and 9/16” deep. The
voice coil is ferrofluid cooled.

The small size lends itself to use
in small A/V systems, MTM's
and speaker arrays. We recom-
mend a minimum crossover fre-

quency of 3000Hz.

Price Each $18:-70 $13.00
Cms 0.05 mm/N
Sd 6.2 cm?
BL 20 N/A
Vas - Itrs
Xmax - mm
Sensitivity

2.83V/1m 90.1 dB
Longterm Max
System Power 80 w

kg

Magnet weight

830377 5” Shielded Woofer

Znom 8.0 ohm
Zmin 6.3Q@345Hz
Re 57 ohm
Le 1.1 mH
fs (free air) 558 Hz
fs (baffled) 544 Hz
Qms (baffled) 2.29
Qes (baffled) 0.40
Qts (baffled) 0.34

85 g

Mms (baffled)

110
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The 830377 features the unique
Nomex fiber cone. The cones
are made by a non-pressed air
dried method, retaining the origi-
nal structure of the fibers, result-
ing in a stiff non-resonant cone.
The die cast basket, Nomex
cone and shielded magnet sys-
tem culminates in speaker with
exceptional clarity and detail for
any A/V or home speaker sys-
tem.
Price Each $40:45 $28.00

Cms 1.01 mm/N
Sd 91 cm
BL 6.4 N/A
Vas 11.6 ltrs
Xmax 2 mm
Sensitivity

2.83V/1m 893 dB
Longterm Max
System Power 100 w

0.23+0.1 kg

Magnet weight

=
e

Znom 8.0 ohm
Zmin 5.8Q@259Hz
Re 54 ohm
Le 0.1 mH
fs (free air) - Hz

fs (baffled) 940 Hz
Qms (baffled) 5.50

Qes (baffled) 1.36

Qts (baffled) 1.09

Mms (baffled) 034 g
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**NEW** 1?221’1255 Shielded Speakers at Introductory Prices

810435 1” Dome Tweeter | 812978 1” Dome Tweeter

The 812978 is a textile dome
tweeter with the “Wide Angle”
face plate and shielded magnet.
The dished out face plate con-
trols directivity through out the
frequency range of the tweeter
and not just the high end fre-
guencies. This economical high
quality tweeter is a good choice
for any A/V application.

Price Each $24-45 $17.00
Cms 0.08 mm/N
sd 6.2 cm?
BL 2.8 N/A
Vas - Itrs
Xmax - mm
Sensitivity

2.83V/1m 88.6 dB
Longterm Max
System Power 100 w
Magnet weight 0.1+.07 kg

L

30378 6.5

LLJI

500

1000 3oce Sess 10004 zoooo

8 ' Shielded WOOFER

The 830378 features the unique
Nomex fiber cone. The cones
are made by a non-pressed air
dried method, retaining the origi-
nal structure of the fibers, result-
ing in a stiff non-resonant cone.
The die cast basket, Nomex
cone and shielded magnet sys-
tem culminates in speaker with
exceptional clarity and detail for
any A/V or home speaker sys-
tem.

Price Each $44-80 $29.00
Znom 8.0 ohm Cms 0.54 mm/N
Zmin 6.1Q@259Hz  Sd 143 cm?
Re 5.7 ohm BL 6.2 N/A
Le 11 mH Vas 15.1  ltrs
fs (free air) 599 Hz Xmax 4 mm
fs (baffled) 574 Hz Sensitivity
Qms (baffled) 344 2.83V/1m 88.6 dB
Qes (baffled) 0.76 Longterm Max
Qts (baffled) 0.62 System Power 100 W
Mms (baffled) 144 g Magnet weight 0..23+0.16 kg

an

Madisound Speaker Components, Inc., P.O. Box 44283, Madison, WI 53744 USA

Tel: 608-831-3433, Fax: 608-831-3771; info@madisound.com
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PHOTO 8: Completed small-
horn assembly.

throats and ports as shown
on the baffle diagram. Cham-
fer the throat-hole edges.
Drill recesses in the baffle for
the T-nut heads so that they
will not protrude above the
baffle surface; install the T-
nuts. Also cut the ports,
which occupy the area be-
tween the drivers, the cabi-
net side, and the small horns
(Photo 5).

In a fashion similar to laying
out the baffle, fashion the
small hom-brace pattem (Fig.
4), cutting it out, preferably on a band-
saw, and then using it to trace three
more braces—seven for two cabinets
(Photo 6).

The parts that mount on edge to the
baffle are cut to a consistent 3%” width;

PHOTO 7: Small horn braces with brading blocks at-
tached and sanded to contour.

—
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FIGURE 3: Cabinet side view; for clarity,
baffle attachments are not shown.

16 Speaker Builder 8/99

e /!

< [

s 18

PHOTO 9: Reflector plates attached to the
baffle; these may be made in two pieces
as on the prototype, or in one piece as
shown on the bzffle diagram (see text).

for the sake of precision, it’s a good idea
to rip enough stock to make all these
parts at once, without changing the rip-
fence position on your table saw. From
either 34" stock or plywood, cut out the
small horn-brace blocks, measuring 212"
square, which are first instalied and then
sanded sa they taper to match the braces
(Photo 7)

To these assemblies, attach the small
horn plates. These are made from %" ply-
wood; flex the sheet prior to cutting to
determine the easier flexing axis. Cut the
plates a good inch longer than the mea-
sured distance required, overhanging the
excess at both ends. After the adhesive
has set, saw the assemblies and sand
them to match the outlines drawn on the

L]

A

port horn brace,
attached to the
rear of the re-
flector brace.

Reader Service #24 -



» AIRBORNE

A The Process

>» ATC

» AUDAX

» DYNAUDIO

» ETON

» LPG

>» MIOREL

» PEERLESS

» SCAN-SPEAK

» SEAS

» VIFA When designing a loudspeaker, the imtial

> VOLT driver considerations anc} final driver choice
can make or break a project. To ensure your
Success - you want the most complete
information and specifications at your finger

COMPONENTS: tips - the 2000 Solen catalog.

SOLEN HEPTA-LITZ
AND STANDARD
{NDUCTORS AND
CAPACITORS - THE
CHOICE OF MANY
HIGH-END SPEAKER

Order the 2000 Solen catalog - containing
a wide selection of quality drivers - with
complete manufacturer's spec sheets, as
well as applications in detail on woofers,
with predicted response in different sealed
and vented enclosures. It is a vaiuable

ALY e L AR, resource that will flush out the possibilities
in your designs
HARDWARE: f — With your order we will also throw

in our components catalog FREE -
it's full of a wide selection of speaker
hardware and crossover parts

POWER RESISTORS,
L-PADS, CABLE,
ABSORBING AND
DAMPING MATERIALS,
GOLD SPEAKER
TERMINALS, GOLD

BANANA PLUGS AND e S e e e = = S S S S s S S e S oS S e 1
BINDING POSTS. GRILL Order the 2000 Solen Catalog for $8.00, I
= }

FASTENERS, PORT refundable on your first order over $50.00. :
TUBES AND TRIM ) _ ]
RINGS, PAN HEAD Fax 450-443-4949 or mail this coupon today, i
SCREWS, SPIKES or call with your request, 450-656-2759 \
AND TEE NUTS WITH i i
| |

ALLEN HEAD BOLTS | Name Payment Method !
AND PLENTY MORE... i i
I Address :

: Payment Enclosed - Cteck or Money Order )

t [}

[} ]

CuUsTOM : :
COMPUTER AIDED : Siate/Proy VISA | Mastercard :
CROSSOVER AND | ZiyPostal Code Card No |
CABINET DESIGN i 1
1 Country Card Expiry Date |

) |

1

: Tel Email Signature |

1 ]

d

HOW TO BOOKS L i S e T S T e ST o e TS o e e e BT e TR AR = e

SOLEN INC. Tel: 450.656.2759

4470 Avenue Thibault Fax: 450.443.4949
St-Hubert, QC Email: solen@solen.ca
Canada J3Y 779 WEB: http://www.solen.ca




PHOTO 13: PVC cutting jig.

PHOTO 14: PVC damped to the cutting jig.
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PHOTO 11: Using two clamps to bend a
port horn plate into place while it is
screwed to the small-hom assembly.

baffle (Photo 8), remembering that the
asymmetric design of the horn will result
in two differently shaped assemblies.

Attach the throat reflector plates to
the baffle (Photo 9), followed by the
braces for the port horn plates and the
small hormn assemblies (Photo 10). (In the
photos, the reflector plates are in two
picces because I was using up some
small scraps. You may instead make the
reflector plates of one larger piece of
wood, as shown in Fig. 2.) Once in
place, the small horn braces that over-
hang the ports can be trimmed away
with a saber saw.

You should also cut the port horn
plates, made from 3" plywood, along
the easier-bending axis. You bend them
as you screw and glue them to the baf-
fle. First attach them to the small horn
assemblies (Photo 11), and then to their
remaining braces, using plenty of adhe-
sive on the joint with the baffle to en-
sure an airtight seal; they will easily bend
to the proper shape as they are screwed
in place.

Finally, attach the small horn dividers
to the baffle. Make these just long
enough to extend from the mouth hole
to the edge of the baffle, with both ends
chamfered. They are also asymmetrically
located, placed about %" off center in
the throat, so that phase cancellations
caused by reflections within the throat
will occur at different frequencies in ei-
ther half of the throat, minimizing the
cancellation effects (Photo 12).

THROAT REFLECTORS

The curved throat reflectors are made of
6” PVC that you quarter lengthwise and
then cut at right angles. PVC is perfectly
safe to work with if you follow common-
sense precautions. First, always screw or
clamp it to a board or jig when cutting it

PHOTO 15: Squaring the PVC edge prior
to making the second cut.

PHOTO 16: Marking quartered PVC at
one end.

PHOTO 17: Marking the other end of the
throat reflector.

PHOTO 18: The completed throat reflec-
tor in place.

with a table saw. PVC will close tight on
a blade if you attempt to cut it length-
wise in one pass. so set the blade height
so it does not quite cut all the way
through, and complete the job with a

urility knife.
Rz18 3/4"

CENTER OF
@ PART
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FIGURE 4: Small horn brace (part 14).
Note how an 18%"-radius arc is drawn
from points A and B; the intersection of
these arcs determines the point from
which the arc of the brace is drawn. The
same technique is used to lay out the
parts on the baffle.
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Let’s Revive the
Aria Five!!

Zalytron is having a
special Aria 5 Sale

$399

for parts.

Cabinets and damping
optional.

The Aria 5 has been a classic Joe D'Appolito
design for quite a while. It is one of the most
popular small speakers we have ever carried.
The current version is quite an improvement over
the original. It features the new Focal TC90/TDX
Tweeter and the Focal 5K0136 5" Woofer.
Together they make a much better sounding
speaker than the first generation. Zalytron has
purchased giant quantities of both these models.
This allows us to offer a special price and make it
affordable to all customers that would like to
experience this wonderful sound.

ZALYTRON INDUSTRIES CORP.
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501
TEL. {(516) 747-3515 FAX (51 6) 294-1943

Our warehouse is open for pick-up 10 AM to 8 PM daity, Saturday 10 AM to 5 PM
UPS orders shipped same day * Minimum order $50.00

Call or Write for our latest catalog malled FREE in the USA. Canada $5 P&H. Worldwide $10 P&H
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PHOTO 19: Three “half-moons” drawn on
a cabinet side.

To get a good 90° edge on a quartered
picce of PVC, use a jig such as pictured
in Photo 13. The curvature of the round-
ed parts matches the inside curve of the
PVC, which is either clamped (Photo 14)
or screwed to the jig. When you feed the
PVC through the saw, always handle the
jig, never the PVC, to keep your hands
away from the blade. After you've cut

PHOTO 20: Using 2 guideboard and
clamps to hold the baffle and side togeth-
er while being screwed and glued.

PHOTO 21: Tracing the large horn braces.
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one edge, use a square to ensure an ac-
curate 90° cut on the second edge
(Photo 15). Finally, you achieve a further
measure of safety, as well as smoother
cuts, if you use an abrasive blade instead
of a toothed blade when you are cutting
the PVC.

With pieces of quartered PVC about
5” long, trial-fit the reflectors and trim
them to size on a bandsaw, marking on
each piece the required width at cither
end (Photos 16 and 17). A precise fit is
not required; when the cut piece is with-
in about a %” tolerance, glue it in place
with hot-melt glue, using the glue to fill
the voids between the piece, the brace,
and the horn (Photo 18).

Once you've completed the baffle,
move on to the sides (Fig. 3), drawing
the parts locations and using the com-
pass again to draw the 14%”-radius arc
for the large horn plate and the 14%” arc
for the brace. On one side, also draw
two more arcs to the inside of the horn,
one with a radius of 13%”, and the other
with a radius of 12%”, as well as two
straight lines parallel to the baffle, one of
them one inch and the other two inches
inside the baffle (Photo 19). The middle
line of the three “halfmoons” (the dot-
ted line in Fig. 3) is the cutline for the
driver-access door; cut it out (from one
side only!) with a jig-saw, starting with a
plunge cut.

Attach the baffle to the cabinet sides,
ensuring an accurate joint by first clamp-
ing a straight guide board to the joint line
and clamping the baffle to it while you
drive in the screws (Photo 20).

LARGE BRACES

Next form the pattern for the large homn
braces, with radii of 12%” and 14%”.
These are best made from %" or %” ply-
wood for ease of driving screws into
them edgewise, although you may use
12" if you're careful. Cut the pattern
about 2” longer than a perfect quarter
circle, so that when two braces are
screwed together to form a semicircle,
you can overlap the ends.

When tracing the pattern to obtain a
total of eight braces per cabinet, the
outer edge of one brace can form the
inner edge of the next to simplify cutting
(Photo 21). Trim four braces lengthwise
to fit in place on the cabinet sides, and
install them. Overlap and joint the other
two pairs, placing them over the braces
already in the cabinet to make sure they
are the correct overall length, and attach
them to the baffle evenly spaced in the
cabinet.

A simple brace of 3" plywood or

World Radio History|

PHOTO 22: The fitted brace that spans
the access door opening.

PHOTO 24: The completed large horn-
brace assembly; note how the interior
braces are lapped.

PHOTO 25: Holding the large horn panel
in place during assembly.



PHOTO 26: Pulling the large horn panel
in place with clamps.

stock about 2” wide runs from the baffle
to the horn brace on the solid side, while
a shaped brace (Photo 22) connects the
baffle and access-door flanges on the
other. Another piece of %" plywood also
about 2” wide connects these two braces
(Photos 23 and 24), both to stiffen the
cabinet and to hold the sides apart at the
correct distance. Make sure that the
brace at the door is flush with the flanges
so that the door will lie flat against it
when in place.

The large horn plate is next, '4” ply-
wood cut 45%” long and slightly narrow-
er than the cabinet interior width for
ease of assembly (or you can use luan un-
derlayment, which is often referred to as
14”, but may be as thin as 5.5mm). Flex it
before cutting to determine the better
axis on which to cut. Glue and screw it
in place with screws about every 47 It
attaches first to one end of the baffle, is
held down by a long clamp as the screws

PHOTO 28: View of the baffle just prior
to attaching the cabinet back.

tween the homn plate and the baffle so
they are flush, with the edges slightly

are driven (Photo 25), and is finally at-  rounded.
tached to the other end of the baffle,
again using long clamps to pull it into  DAMPING AND WIRING

PHOTO 27: The ’drivel: chambeér. .

place (Photo 26). Sand the joints be-  Attach the top and bottom and the cor-

" Measurement
Microphones
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other computer
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metal diaphragm lab mics
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PHOTO 29: Optional casters on the cabi-
net rear, and flange on the cabinet front,
with aluminum corner edging all around.

PHOTO 31: Kitchen-cabinet latches
hold the cafe doors closed.

PHOTO 32: The high-frequency box.
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PHOTO 33: Holes in the high-frequency
box for side-fire tweeter, pole-mounting
socket, and handle.

ner reflectors—again quartered and
chamfered 6” PVC glued with hot-melt.
Line the rear chamber behind the horn
plate with acoustic foam, and install the
drivers (Photo 27). Attach about 18” of
16-gauge speaker wire to each driver,
leading the free end of each through the
ports (Photo 28). Use another piece of
wire to connect the two wires to each
other, making sure to maintain polarities.
When you install your choice of jacks
on the back (when to do this depends on
how you plan to finish the cabinet and
the attachment method of the jacks),
align them just over the port openings; in
use, the lower jack is for the signal input,
while the upper one serves as a tap for
the signal to the high-frequency section.
If you intend to finish the cabinet with
cither carpet or laminate, apply the fin-
ish to the driver-access cover and back
prior to assembly. For a painted finish,
assemble the parts first and then paint. If
you attach handles using nuts and bolts,

PHOTO 34: Two high-frequency boxes
clamped together for transport.

they also should go on before you attach
the access cover. Rim the access flange
with neoprene weatherstripping and
screw the cover in place with screws no
more than 4” apart for an airtight seal.
Make sure you also screw the cover to
the brace.

A cabinet this large really needs cast-
ers, and you can get away with buying
only two per box by putting a plywood
extension on the cabinet’s lower front
(Photo 29). Since it is cut to the same
height as that of the casters, this exten-
sion flange keeps the cabinet stable
when in use, and also serves to acousti-
cally couple the cabinet to the floor. Tip-
ping the cabinet back allows you to roll
it easily; a handle at the top rear of the
box helps with this.

If you opt for the cafe doors (Photo
30), attach them to the cabinet with
piano-style hinges, and use kitchen-cabi-
net catches (Photo 31) to secure them
for transit. Finally, to mount the high-fre-
quency driver, attach a 136” pole mount-
ing socket to the cabinet top, either re-
cessed-style or flush mount.

THE HF BOX

The high-frequency box is just that: a
simple box (Photo 32); no special care is
required in its construction. Make it just
large enough to house the driver array.
When built from %” plywood parts, the
dimensions are: top and bottom, 6%” x
812" sides, 19%” x 81%”; and back, 6%” x
18%”. If you use a socket-pole mount,
drill a hole in the bottom for it. A side-

PHOTO 35: Side-fire tweeter aligned ver-
tically to minimize interaction with the
main array.



fire tweeter requires another hole, while
a hole on the cabinet back serves as a
handle (Photo 33). A final hole is needed
for a jack.

Finish the box as you wish, wire all
the drivers in parallel, connecting them
to the jack through a series-wired 2Q
10W resistor, and screw them in place. If
you wish, you may place two boxes face-
to-face for travel, held together with
clamps (Photo 34). The pair strapped to-
gether weighs less than 10 Ibs! When set
atop the bin, aim the front of the box to-
wards the main body of the audience,
and the side-fire (Photo 35) either inside
the PA towards the “dead spot” directly
in front of the stage, or to the outside if
there is seating at the side of the stage.
For maximum versatility, consider using
side-fires on both sides of the box, with
switches to engage them as desired.

Aluminum 138” mounting poles are
available commercially, but they aren’t
cheap; I made my own from 1%” (inner
diameter) copper pipe. You should
carry two different lengths of poles. For
gigs where the cabinets are elevated on
a stage, a 6” ar 8” mounting pole will be
sufficient to get the high-frequency
boxes above the heads of the audience,

but when the bins must be placed on
the floor, a 3" pole may be required.
Also note that placing the bins at the
edge of a stage will rob response below
100Hz, so for maximum bass on a stage,
pull them back from the edge a couple
of feet.

PERFORMANCE

When I completed and tested this sys-
tem, | found the average SPL/2.83V from
80Hz to 16kHz to be 2dB higher than my
Snail I[/Top Box combination. As expect-
ed, I lost a few dB below 80Hz, but 1 fig-
ured that with the Siamese Snail on my
bass, I could live with that. The test, as is
usually the case with new equipment,
came not in a controlled environment,
but at a live gig. And what a gig! We
were playing outdoors at the Laconia NH
Bike Week Tattoo Contest, with the roar
of 75,000 Harleys as our customary ac-
companiment.

I run my sound from the stage, using
LED meters at every gain stage to check
on levels, so I must make an educated
guess at how loud things are out front.
At this gig in past years, with the Snail
II/Top Boxes and 550W, I'd run it at a
0dB input to the power amps, but to be

safe with the new setup, and despite
having only 350W to power it with, I de-
cided to start off at —3dB, prepared to
crank it a bit more if management de-
sired it louder. Well, sure enough, we'd
only plaved one song before the promot-
er came over to my end of the stage and
yelled in my ear to be heard over the
roar of the bikes nearby:

“Hey, could you do us a favor? It’s a lit-
tle too loud. Can you turn everything
down a bit? Especially the bass; some of
the neighbors have complained.”

Success. »
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MCM Electronics

650 Congress Park Drive

Centerville, OH 45459

1-937-434-0031

FAX 1-937-434-5450

talk @ memelectronics.com

(Carvin PS-10 and Eminence 10" casi)

Old Colony Sound Laboratory
PO Box 876

Peterborough, NH 03458-0876
603-924-6371

FAX 603-924-9467
custserv@audioXpress.com
(Loudspeakers for lAusicians)

CROSSOVER AND SPEAKER PARTS
Metalized Polyester Capacitors, 1.0 uF to 47 pfF, 160 VDC, Non Polar
Electrotytic Capacitor, 22 uF to 330 uF, 100 VDC, Power Resistors

10W, 1.0 Q to 82 Q, 8 Q L-Pads plus all the hardware and supplies
to complete any speaker project.

CALL TO ORDER THE 2000 SOLEN CROSSOVER
COMPONENT CATALOG FOR $8.00 PACKAGED
WITH THE COMPREHENSIVE 2000 SOLEN

SPEAKER DRIVER COMPONENTS CATALOG

Solen crossover components -
used by the most discriminating |

loudspeaker manufacturers.

—

Values from .10 mH to 30 mH

SOLEN FAST CAPACITORS

Values from 0.10 uF to 330 pF
Voltage Rating: 630, 400, 250 VDC

SOLEN INC.

4470 Avenue Thibault
St-Hubert, QC

Canada

J3Y 779

SOLEN HEPTA-LITZ INDUCTORS
Air Cored Inductors, Litz-Wire Perfect Lay Hexagonal Winding

Wire Size from 1.3 mm (16AWG) to 2.6 mm (10 AWG) 7 Strands
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)

Fast Capacitors, Metalized Polypropylene

Tel: 450.656.2759
Fax: 450.443 4949

Email: solen@solen.ca
WEB: http://www.solen.ca
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How does changing the throat size of a horn affect the sound? This author investigates by

building this midrange model.

Part 2

By Louis C. McClure, Sr.

n Part 1 of this article (§B 7/99), |

described a method of designing

and constructing a midrange ex-

ponential horn for use with a 6%”
driver. The horn I had built used a large
(30.25in?) throat, designed to equal the
square of the diameter of the cone and
surround of the driver It resulted in a
considerably larger throat than is cus-
tomary for such a horn.

The conventional formula for the size
of the throat is usually stated as .8F x
Qys X Vg, Which, for the driver I used,
would have resulted in a throat area of
approximately 11.85in2, Since the throat
size [ actually used in the horn was ap-
proximately 30.25in2, this represents a
considerable increase.

After building the large-throat horn, |
was curious to see what a midrange ex-
ponential horn—designed according to
the conventional formula—would sound
like by comparison. I therefore decided
to build another horn with a throat area
of 11.85in? and a design frequency of
350Hz.

I could not use the small-throat horn
and the same cutoff frequency (250Hz)
because the resulting overall length of
the horn (11.75”), when added to the 4”7
minimum depth of the rear chamber,
would not fit into the 12"-deep cavity of
the bass horn I was building. Therefore
the midrange horn could be no longer
than 8”, and to make this possible, it was
necessary to increase the design frequen-
cy to 350Hz. The mouths of the two
horns are almost the same size (Photas 9
and 10).

THE DESIGN PROCEDURE
In making the calculations for the small-
throat midrange horn (the method is de-
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scribed in greater detail in Part 1), vou
must first determine its design frequen-
cy. In this case, it is 350Hz. The rate of
flare (“M” factor) s determined by the
formula M = 4n x (design frequen-
¢y)/13548. For this design, then. M =
12.560 x 350/13548 = .324640.

To calculate the cross section S of
the horn at any given distance x from the
throat. the formula is

S, = log (M x x) x S,

where M = .324640, x = distance (in
inches or fractions thereof) from the
throat, and §; = initial throat arca

The throat area is calculated with the
formula

S, = 8F¢ X Qug X Vu

Where S, = area of throat at a distance x
from throat, F = free-air resonance of
driver, Qg = electrical Q of the driver
(T/S parameter), and V,¢ = equivalent
volume of air to equal resistance of the

PHOTO 9: Large-throat horn (left) and
small-throat horn (right) shown for com-
parison purposes.

cone and voice-coil mass, the stiffness of
the suspension including the surround
and the spider (T/S parameter).

For my horn, using the MCM Cart. No.
55-1585 driver, the T/S parameters were:
Fg = 111Hz, Qg = .58, and V¢ =.23ft3.
Thus, S, = .8x 111 x.58 x .23 = 11.85in>.

To determine the length of the horn
along the center line, you must make
cach side of the mouth equal to % wave-
length at the design frequency. Continue
to make the calculations at equal inter-
vals (12", 3", or 1”) until the mouth area
equals or exceeds the minimum required
cross-sectional area.

Since the design frequency is 350Hz,
you must determine the cross-sectional
area of the mouth to reproduce this fre-
quency. Since each side of the mouth of
a square horn must equal or exceed %
wavelength at the design frequency,
you must continue the calculations of



cross-sectional areas until you
obtain at least the minimum re-
quired area.

Because the design frequen-
cy is 350Hz, the wavelength of
350Hz would be equal to
13548/350, or 38.71”. This
means that for a square horn,
the mouth must be at least one
quarter of this value, or 9.68",
and 9.68” squared equals
93.65in?. In my case, this result-
ed in a horn length of approxi-
mately 63%”. However, I carried
the expansion out until I
reached a length of 8”, which
corresponds to a minimum fre-
quency of 268Hz for the mouth.

You must continue calculating the
cross-sectional areas until you obtain a
result of at least 93.65in2. You may, of
course, continue to calculate greater
lengths if you so desire. 93.65in? would
be the theoretical minimum cross sec-
tion for this horn. Extending the length
would produce a larger mouth, allow-
ing the horn to operate at a lower
frequency.

In my case, I desired a length of 8”, so
that when added to the 4” depth of the
back chamber, it would fit into the 12”-

deep cavity in front of the bass horn.

You can construct the table of cross-
sectional areas and the vertical side-cleva-
tion drawing in the same manner as de-
scribed in Part 1. These two items will
be very useful when you cut the pieces
for the core assembly.

After constructing the table of cross-
sectional areas (see Table 1 in Part 1)
and the side-elevation drawing (Fig. I
and Photo 2 of Part 1), you are ready to
proceed with the physical construction
of the horn as described in Part 1. The
construction techniques are identical.

PHOTO 10: Comparison of the cores for the small-throat horn (left) and the large-throat homn (right).

TESTING, TESTING

In order to test the two horns, 1 built an
adjustable rear chamber that you can in-
crease in volume from approximately
1ft3 to .32ft3 (Photo 11). For the pur-
poses of this test, I used .23ft3, the
same as the stated V 5 of the driver.

The adjustable rear chamber, made of
15” MDF, is approximately 22"H x 14”"W
x 4”D overall. You make the adjustment
by moving a snug-fitting plunger into the
chamber.

The driver is mounted near the bot-
tom end of the chamber, with its face re-

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 floor for 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 level 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, with each unit
specifically designed to complement the Manger / woofer combination, yielding excellent frequency and phase response. Bandwidth is 100kHz, full power
THD 0.001%, input impedance 10kohms, S/N ratio 110dB, 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.com
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cessed into the chamber’s face in order
to create a flat surface. The seal consists
of a strip of %" x A" weatherstrip foam
placed on the rear flange of the horn
around the throat.

To conduct the impedance and fre-
quency-response checks, I attached a
shelf to the front of a 6" stepladder, ap-
proximately 4’ above the ground and fac-
ing upward at approximately an angle of
15-20° from the vertical. I placed the sys-
tem in the yard to prevent unwanted re-
flections (Photo 12).

I installed the large-throat horn on
the chamber, using elastic tie-down
cords to secure it. I then ran a Y%s-octave
impedance test on the unit, as well as a
I3-octave frequency-response check
(Photo 13).

Then I repeated the tests with the
small-throat horn and plotted all the re-
sults on %" quadrille-ruled paper (Fig. 4).

When I reviewed the results of the fre-
quency-response checks, it occurred to
me that had I used 1-octave instead of ¥-
octave intervals, the frequency response
of the two horns would be almost identi-
cal. For instance, the response is virtually
the same at 250Hz, 500Hz, 1kHz, 2kHz,
and 4kHz. It is clear that the differences
in the response of the two horns would
not have shown up if I had used 1-octave
intervals. The primary reason I prefer the
use of Ys-octave intervals is that it pro-
duces a higher resolution than either the
Y2-octave or 1-octave intervals.

I inserted an 80uF capacitor between
the amplifier and the driver. Since the
driver is a nominal 8Q unit, this provided
a 6dB rolloff at 250Hz, which should pro-
tect the driver from possible damage at
very low frequencies.

PHOTO 11: Adjustable-volume rear chamber.
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FIGURE 4: Frequency response and impedance graph. The solid line represents the
large-throat hom, and the dashed line the small-throat horn. Horns were measured

under identical conditions.

LISTENING TESTS

I removed the horn, and fed a music sig-
nal to the driver. The sound was very
natural, clear, and uncolored. Then I re-
installed the large-throat horn. Again,
the music sounded fine, but the output
increased approximately 4-5dB. Other-
wise, it was essentially identical to the
sound produced by the driver without a
horn attached.

After installing the small-throat horn, I
repeated the same subjective listening
test, using the same music, the same
volume setting on the amplifier, and so
on. I had expected the horns to sound
similar, but was I mistaken. The small-
throat horn sounded harsh, strident, and
very much like a megaphone!

Since this was a purely subjective
test, I invited several of my friends to

make the comparison between the two
horns. Some were music teachers or
musicians, and others had considerable
experience with quality audio systems.
Some were younger, which meant that
their hearing acuity was better than that
of older persons. They all unanimously
agreed that the large-throat horn sound-
ed much better.

As a result of these subjective tests, I
will use the large-throat horn in the
large bass-horn system I am currently
building. After examining the response
curves, I plan to cross it over at 12dB
per octave at 250Hz.

As I mentioned previously, the bass
horn I am building has a mass rolloff at
390Hz. I had hoped to cross over to the
midrange at 200Hz, but the space re-
quirements precluded my making the

AL L

PHOTO 12: The improvised test setup using the rear chamber.




horn that long. However, [ see no real
problem with crossing over at 250Hz,
the design frequency of the large-throat
horn, and crossing over to the tweeter
at 3.5kHz. However, this could change
depending on further development of
the system.

Throat area is an important factor in
the design of a horn. Bass horns typical-
ly have a mass rolloff below 500Hz.
However, most of the music is con-
tained in the midrange, which is there-
fore very critical to the faithful repro-
duction of music, as well as being pri-
marily responsible for the reproduction
of the human voice.

Designing and constructing these
midrange horns has resulted in raising
more questions than providing answers.
Could it be that there are other parame-
ters not being addressed—parameters
that would explain why two speakers
with similar frequency response would
not sound alike?

I have no qualms about others dis-
agreeing with my own personal views.
However, I would welcome theories as
to why two horns would sound so dif-
ferent when they are designed and con-
structed the same way, with the only

differences being their throat areas and
design frequencies. Could it be that re-
stricted throats are primarily applicable
to bass horns rather than midrange
ones? Or could the large-throat horn be
considered a directional baffle instead of
a horn, even though it is designed ac-
cording to the accepted formulas for ex-
ponential horns?

PHOTO 13:
Conducting
the impedance
check of the
driver.

Perhaps some of you would enjoy
building a pair of horns such as those
presented in this article, testing them
for yourself, and sharing your experi-
ences and results in Speaker Builder,
thus possibly shedding some light on
the whys and wherefores of the unex-
pected results I have described In any
case, | hope you have fun! ]

tmker) Needs!

NEW

MCM. o0 ssizer

100 Watt Subwoofer
Amplifier Module

eAuto turn—-on

*12dB continuously variable 60Hz~160Hz crossover
sFully enclosed rear panel

*Required opening:8%" x 8%", depth 3%"

oCall for quantity pricing.

For over 20 years, MCM has been a leading supplier to audio enthusiasts,
professional autosound installers and repair centers. Our broad selection,
competitive prices and huge inventory make us the best source for speaker
components. Discover the MCM Difference, Call today for FREE LITERATURE!

5 1-800-543-4330

at W W WM C

Order #50-6265

*Speaker level inputs with satellite outputs and line level inputs
*100W RMS output into a 4ohm load (85W RMS @ 8ohm)

You must provide code when ordering: o)/ 3451

Prices eftective from November 17 to December 31, 1999

MCM ELECTRONICS®

650 CONGRESS PARK DR.
CENTERVILLE, DH 45459
A PREMIER FARNELL Ccmpany

SOURCE CODE: SB58
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Serious impedance measurement requires a hefty outlay of cash for the right equipment.

Try this quick, inexpensive, but accurate method for occasional usage.

The Impedometer

By Dick Pierce

n oftasked question is “What’s

a simple way to measure the im-

pedance of a loudspeaker or

driver?” The answer depends
upon many things, such as what equip-
ment you have at your disposal, how
much work you wish to put into the en-
terprise, and so on. I'll present one
method that gives reasonably accurate
results requiring a bare minimum of test
equipment.

WHAT IS IMPEDANCE?
Simply stated, it's the obstacle to cur-
rent flow provided by an electrical cir-
cuit to the imposition of an AC electrical
signal. It is like resistance in that sense,
but different in that it is almost always
(in these applications) frequency-depen-
dent (its value is different at different
frequencies), and it is “complex” (mean-
ing that, mathematically, it is a vector
quantity, consisting of a resistive and a
reactive part).

The law governing the relationship be-
tween DC resistance, voltage, and cur-
rent, known as Ohm's law, is:

E=1IxR

where E is the impressed voltage in volts
across the resistance R in ohms, resulting
in a current I in amperes flowing through
that resistance. Simple high school alge-
bra allows us to rearrange this basic equa-
tion. To solve for resistance, divide both
sides by the current  and simplify:

E_IxR E_o
1o

Similarly, to solve for current, divide
both sides by R and simplify:
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AC impedance, voltage, and current fol-
low the same basic rules:

E=IxZ

where E is now the impressed voltage
magnitude in volts impressed across the
impedance magnitude Z in ohms, re-
sulting in a current magnitude of I in
amperes flowing through that imped-
ance. And, as above, we can rearrange
equations:

Z=—=;1-=

— e

E
Z

The AC impedance, as mentioned pre-
viously, is a complex value: it is vector
sum of the resistive (or “real”) and reac-
tive (or “imaginary”) components of the
impedance. That vector sum is comput-
ed as:

ZMag ZVIR2+XZ

where R is the resistive portion and X is
the reactive portion. (In this context,
real and imaginary have very specific
mathematical meanings: an imaginary
number is not one that exists only in
one’s imagination; rather it is a number
that has the square root of negative one
as one of its factors.)

Because of the energy storage proper-
ties of the reactive portion, the instanta-
neous current flowing through the im-
pedance is not in step or in phase with
the instantaneous voltage across it.
Rather, it precedes or follows the volt-
age by some amount dependent upon

the ratio of reactance to the resistance,
specifically:

$=tan’ 15
R

where @ (the Greek letter phi) is the
phase angle, usually expressed in
degrees.

It should be noted that in the grand
scheme of things, both the resistance R
and the reactance X can take on any
value—positive, negative, or zero. How-
ever, in the case of loudspeaker imped-
ance, R will never be negative, and al-
most certainly never 0, while X can be
positive (inductive), negative (capaci-
tive), or 0.

Looking at the equation for the imped-
ance phase angle, this means that the
phase angle of the impedance will al-
ways be inside the range of —90° to
+90°. (Indeed, it is quite unusual to find
the impedance phase to be outside the
range of £70°.) The fact that the real or
resistive portion of the impedance is al-
ways positive ensures that the imped-
ance phase angle never exceeds these
90° limits. (For those with a more techni-
cal inclination, that means that the entire
impedance is confined to the right of the
imaginary axis in the complex s-plane.)

Basically, all you need to do is put a
voltage across the unknown impedance,
measure the current going through it,
plug the numbers into the equation

Z=—
[
and out pops the impedance, Z.
In principle, this is absolutely correct,
but in practice, it is more difficult. The
main reason is the range of typical val-



ues for the impedance of most loud-
speakers and drivers (from a few ohms
to a few dozen ohms) combined with
the sensitivity of most common mea-
surement instruments.

Imagine putting 10V across an 8Q
loudspeaker. Ohm’s law says that the cur-
rent going through that speaker will be:

1=
R

= 10Volts
8Q

I=1.25 Amperes

While 1.25A is a convenient current to
measure (it’s large enough to ensure rea-
sonable accuracy with many common
meters), it is a /ot of current to put
through the voice coil, and that poor
speaker and the people near it will be
subjected to a rather deafening level of
sound. Additionally, it does pose some
risk of damage to some drivers.

MEASUREMENT SCHEMES
A common assumption is that you need
two meters: one to measure voltage
placed across the impedance and one to
measure current placed in series with
the impedance. Then, by Ohm’s law:
72-E
I
However, this poses some problems.
As mentioned previously, it requires a
hefty amount of current to get enough of
a reading to be dependable. Most com-
monly available meters that measure AC
current well aren’t very sensitive. There
is also the issue of calculating for each
and every frequency being measured.
Another method that seems to have
escaped many people’s attention is the
“impedometer,” which is nothing more
than a calibrated constant-current
source. When properly set up, no calcu-
lation is required, and it is reasonably ac-
curate over a wide range of impedances.
Another advantage is that it requires less
equipment than other methods. I will
discuss the impedometer method here.

TEST INSTRUMENTS

Very little is required for a properly
working impedometer. The require-
ments are:

1. AC sine-wave generator. This can
be either a function generator (usually an

instrument with the capability of sine,
square, and triangle waves, and often
with pulse output as well) or a Wien-
bridge or twin-T audio oscillator. The
major requirements are stable AC out-
put, stable frequency, reasonably low
distortion (less than 1%), flat frequency
response over the audio bandwidth, and
reasonable voltage output (10V or more
into 1k<Q is good).

A lot of new instruments are accept-
able—function generators by B&K,
Tenma, Leader, and others can be had,
but often cost several hundred dollars
new. Their performance is generally
more than good enough, and they are
versatile instruments for other purposes
as well. Often they have frequency
ranges far in excess of what’s needed,
such as 0.02Hz-2MHz, but that’s okay.

On the other hand, you can often find
used equipment that is very serviceable
as well as inexpensive. I have seen excel-
lent units for under $100 from the likes
of Wavetek and Krohn-Hite. In working
order, they have superb specifications
and are ideal for this sort of use. Their
distortion is not the lowest (because, like
other function generators, they synthe-
size the square wave from the triangle

output), but, for impedance and frequen-
cy-response measurements, they are su-
perbly accurate for audio use.

One of the all-time best sine genera-
tors is the venerable HP 200 audio oscilla-
tor, which I have seen at swap meets and
even at yard sales for as low as $5. They
have good frequency response, good sta-
bility, and high output voltage (5V into
600£). There are several variants; the
200 AB and 200 CD are the most com-
mon and both are equally good.

Look for examples from General Radio
(GR or GenRad), as well. You can pur-
chase the GR1309-often for $50—and
tune it to have very low distortion—
under 0.05%—while the 1304 will do
20-20kHz without range sweeping and
has high output voltage as well. Be pre-
pared for a little tune-up work, such as
cleaning and lubing dial shafts, or maybe
replacing a tube and an electrolytic ca-
pacitor or two. Otherwise, these units
last absolutely forever. I cannot recom-
mend them too highly.

2. AC voltmeter. This can either be
an analog or digital unit. Ideally, it
should be capable of reading down to
about 10mV full scale with reasonable
accuracy. It must also have flat frequen-
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DEFLEX

SPECTRA Z/50) UISTHIE
' PANELS

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

Z

You need at least 2

Deflex panels for a
pair of small bookshelf
@ speakers, 4 panels for
Q a pair of Tannoy 6's,
and at least 6 panels
for larger cabinets
7 —C=o

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)

Place the flexible
Deflex panel thru' the
speaker cut-out and
slick 1o the inside of
the cabinet using the
recommended g

adhesive

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

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 - March1994

“...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 1984
"...the result was sharper imaging, wider dynamics
and a more natural sound...”

oy EEEEN

mw money HEED

HI-FI Choice - January 1904

“...But one things for sure - the Deflex panels are
no gimmick. They
Audio Video - November 1994
Some Of Our Other Products:

*IntiniCap, Hovland, Rei-Cap, Solen,
SCR/AZON, premium film capacitors.
*Kimber, Cardas, MIT, XLO, Acrotec,
cast copper, and silver chassis wire.
*Precision resistors from Vishay, Mills,
Caddock, Holco, Roederstein, Kiwame.
*SOLO Copper Foll Air Core Inductors
for no-compromise crossover designs.
*Cardas, Edison Price, Vampire, WBT,
binding posts, banana plugs, etc.
*Tubes, IC’s, & lots of other stuff.

" MICHAEL PERCY AUDIO

Box 526, Inverness, CA 94937
(415) 669-7181 Fax (415) 669-7558
mpercy@svn.net
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cy response over the audio

: |

range. A

Unfortunately, the sensi- 1KQ switcH
tivity requirement elimi- Ac
nates most “passive” VOMs @ @ voLT.
(volt-ohm-milliammeters), . DYV o E —
including the ubiquitous WAVE CALIBRATE DRIVER

. GENERATOR RESISTOR

and venerable Simpson 260 /(
(which is truly unfortunate,
because the three different B-1354-1
vintages I have all have ex- | [IGURE 1: Connecting the impedometer.
cellent frequency response _

to well beyond 50kHz on
the 2.5V AC scale; sigh).

Equally unfortunate is the fact that
many hand-held DVMs (digital volt-
meters) have poor high-frequency re-
sponse, often showing significant errors
as low as 500Hz.

Generally, most meters that advertise
themselves as “true RMS” have adequate
frequency response.

Again, turning to the used or surplus
markets, there are treasures to be had.
The Hewlett-Packard 400D has all the
needed sensitivity (1mV full scale), wide
frequency response (below 10Hz-
1MHz), excellent linearity, and availabili-
ty. Again, I have seen them for as low as
$25 in serviceable condition, and even
arrived 30 seconds too late one day as [
saw 20 of them being crushed at a local
landfill! Again, they may need new ca-
pacitors here and there and an occasion-
al new tube, but little else is needed to
keep them going. Most of the HP 400 se-
ries are equally useful. Look also for me-
ters from GR, Ballantine, B&K, and oth-
ers. Heath also made an AC millivolt-
meter that is quite useful.

3. 1kQ resistor. This need not be any-
thing fancy. A noninductive carbon or
metal film, 12W 5% resistor is really all
you need. This will turn your oscillator
into a current source.

4. 4, 8, or 10Q precision noninduc-
tive resistor. This is used to calibrate
the impedometer. It can be any value
that’s close to the impedance you ex-
pect to measure. Just make sure it's non-
inductive (film resistors work here) and
that you know its resistance accurately
(a 1% or better tolerance is ideal). You'll
need only a small (Y2W is probably fine)
resistor.

5. Frequency counter. Not essential,
but considering that the frequency dial
calibration on many oscillators and func-
tion generators can be considerably off,
it’s useful to have. You can pick up a
digital frequency counter on both the
new and used market for not a lot of
money. Remember that the accuracy is
directly proportional to the reciprocal of

the needed accuracy: if you require
YioHz accuracy, you must wait ten sec-
onds to get there.

6. Oscilloscope. Not essential, but
useful for several things, such as verify-
ing that nothing is being distorted. Con-
nected as an X-Y scope, it can help you
unambiguously find the exact resonant
frequency and also enable you to (via a
rather laborious procedure) estimate the
phase angle of the impedance. If you're
going to get a scope, get one that has X-
Y capability with no less than 10mV/cm
on both axes. Scopes fitting the bill can
be found for anywhere from $50 used to
many tens of thousands of dollars. Look
for an old HP 130, the best audio scope
for the least money around. There are
some big-ass Tektronix 500 series that
are huge and cheap; also look for 400 se-
ries, and scopes by Philips and others.

7. Miscellaneous. If you're going to
be doing this a lot, buy a metal box,
some good five-way binding posts, and
some high-quality switches to make your
life easier. Use good-sized wire, because
a 12Q of parasitic resistance in your test
harness is a %€ that won’t be there
when you connect your crossover.

MAKING AN IMPEDOMETER
The actual connection is very simple
(Fig. . If you need more signal level,
you can insert an amplifier between the
oscillator and the 1kQ resistor.

Calibration is simple: connect the cali-
bration resistor to the output (via the
switch, if you've constructed it that way,
or just hook the resistor where the
speaker would be connected). Adjust the
output of the oscillator and the gain of
the meter until you get a reading in some
convenient units that is the same as the
resistance of the calibrator. For example,
if the oscillator was putting out 1V into
the 1kQ resistor, you’d probably find
that the voltage across an 8Q calibrator
was almost exactly 8mV.

Fine, now you know that your impe-
dometer has a calibration factor of
ImV/Q. This is because you have cali-



brated your AC current source for 1mA
output. Remember Ohm's law:

Z- :E
I

I=1mA, so Z (chms) = E (millivolts)

You might prefer to adjust it for a
higher level, such as 10mV/Q. You see
here the need for an oscillator with a
nice high output voltage, because you
might wish to measure the impedance at
several different current levels. (I have a
laboratory amplifier that’s capable of
more than 100V at 100mA into a 1kQ
load. This is very useful for measuring
drivers at reasonably high current levels.)
It’s a good idea to check the calibration
across the entire frequency range.

MEASURING IMPEDANCE

To actually measure the impedance,
make sure your setup is calibrated, then
disconnect your calibration resistor and
connect your speaker. Dial the oscillator
to the desired frequency and then read
the impedance. It’s that simple.

If you prefer to know the impedance
across the whole frequency range, it’s
good to measure it at Y3 octave inter-
vals. This will be enough to plot a pret-
ty accurate graph of the impedance
curve. Here are the standard %5 octave

frequencies:
20 200 2060
25 250 2500
31.5 315 3150
40 400 4000
50 500 5000
63 630 6300
80 800 8000
100 1000 10000
126 1260 12600
159 1590 15900

To find a resonance, look for a fre-
quency where the impedance is at a
maximum. In a typical loudspeaker sys-
tem or a bass-reflex enclosure system,
you'll find several such maxima. Record
them all. Look for other “critical points”
such as minima in impedance.

An oscilloscope can be useful here.
Connect the X-axis to the oscillator out-
put (shown as “X” in Fig. I) and the Y-
axis to the same place as the AC volt-
meter (*Y"). Adjust the gain of the X-axis
so that the trace takes up nearly the
whole width of the screen. The Y-axis
gain can be similarly adjusted, but you’'ll
need to keep changing it as the imped-
ance changes.

You’'ll notice that, over most of the
range, the trace is an ellipse aligned

along a line going from the lower left to
the upper right (f it goes in the oppo-
site direction push the switch on the
scope labeled “phase invert™). The ellip-
tical shape indicates that the impedance
has both a reactive and a resistive com-
ponent. In fact, you can measure the
phase by measuring the relative “open-
ness” of the ellipse, though 1 won’t go
into that here.

What #s important is that at some fre-
quencies, the ellipse closes up into a line.
This indicates the impedance is purely re-
sistive, and will occur at the exact center
of a resonance, so it is a reliable way of
finding the resonant frequency.

The trace can also tell you other
things. If the ends of the ellipse are flat-
tened or distorted, it’s likely you've ex-
ceeded the output voltage capability of
your oscillator or amplifier. Sorry, only
one way to fix it: turn it down and recali-
brate your impedometer. If the traces
show a figure-eight shape, especially
near and at resonance, you're likely look-
ing at some nonlinearity in the driver it-
self. Finally, if your trace looks fuzzy or
has lots of little wiggles on it, you have
an electrical interference problem that
you'll need to cure.

CONCLUSION
The impedometer method provides a
simple, inexpensive, reliable, repeatable,
and reasonably accurate way of measur-
ing loudspeaker impedance, assuming
you use reasonable instruments and take
care to check and maintain calibration.
There are certainly more streamlined
methods, including new computer-based
applications that are fast, very detailed,
and accurate. Not everyone can afford
such a solution, not everyone has the
time, and not everyone needs that level
of sophistication. The impedometer
method is useful for occasional measure-
ments, and the equipment needed is
quite useful for an entire array of audio
measurements. )

SAY YOU
READ IT
IN .

INTRODUCING FERROFLUID
RETROFIT KITS.

Now OEMs who have already enhanced
speaker performance with FerroSound can add
ferrofluid packets o their retrofit kits.

These small, convenient packets enable ser-
vice centers and retrofitters to apply ferrofluids
correcily into replaceable diophragms in the
field. Results: fewer problems and more profits
all along the fine.

BIG IMPROVEMENTS
NOW COME IN SMALL PACKAGES.

© 1997, FerroSound ond related grophics ore registered trodemorks of Ferrofluidics Corporation

Each kit contains the right amount and
type of ferrofluid for your speaker, a wicking
cloth 10 extract remaining fluid, instructions,
and o material safety data sheet. So add per-
formance and profit to your speaker retrofits
by calling FerroSound today at 603/883-
9800 — or fox 603/883-2308.

& FerroSound |

The Solution Is Loud And Clear”
Forrofluidics Corporation, 40 Simon Streat, Nashua, NH 03061
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In the third part of this series, the author shares his findings on how effectively loudspeakers

convert energy into music.

Part 3

By Mark Wheeler

nce upon a time, a handful of

people with nothing better to

do were persuaded by this

slightly obsessed speaker
builder to participate in some listening
experiments. It was autumn or winter,
so they couldn’t go rock climbing, and
they offered to participate. After all, a
succession of afternoons listening to
their favorite music seemed like a good
idea at the time.

Several of these listeners were used to
regular doses of live music, both ampli-
fied and au naturel. A couple of them
had serious hi-fi systems of their own,
and others played musical instruments,
sometimes even quite musically. These
young men and women were all accus-
tomed to my asking them to spot the dif-
ferences between two apparently similar
bits of hi-fi equipment, or two record-
ings, or even between two capacitors.

EXCESS ENERGY

At the time, I was occupied with the
problem of unwanted energy in loud-
speakers, a phenomenon that has been
the staple diet of numerous book chap-
ters and journal articles for many years.
Ever since I was a teenager interested in
music and hifi, I have been struggling
through a major philosophical dispute
with this whole idea of unwanted ener-
gy. I clearly recall being taught in school
about the conservation of energy—that it
is neither created nor destroyed, but
merely transformed.

I've looked very carefully at my loud-
speakers. I've walked all the way around
them many times. 1 have picked them
up, turned them over, and inspected
them from every angle, and the only
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place where I can

see energy entering
them is via the input
terminals. I am pretty
sure about this, and
am also confident

that the rules of
physics are not being

broken. I have gone
to great lengths to en-
sure that the expen-
sive electrical energy
delivered by my am-
plifier does not con-

tain any “unwanted
energy.” Therefore,
any phenomenon ob-
served as energy not
employed in the busi-
ness of making music
is not so much un-
wanted energy as di-
verted energy.

When it was deliv-
ered to the loud-
speaker input termi-

FIGURE 1: Simplified “clamped plate” panel reso-
nance sequence to third order.

nals, this energy was
the opposite of un-
wanted energy. This was once the elec-
trical energy that contained the very nu-
ances of a violin bow upon the strings,
the thwack of stick on snare-drum skin,
the wail of overblown tenor sax... you get
the idea.

Some of that useful energy becomes
diverted into a more destructive activity.
Perhaps it should be called “delinquent
energy,” but it has no free will to choose
to become destructive, so I'll call it “di-
verted energy.” Somewhere between
input terminals and acoustic output, this
energy is diverted from its purpose of

-

—
otal speaker output
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FIGURE 2: Sound output of loudspeaker
with square pl‘ywood panels, smoothed
and simplified for clarity.



transmitting music into the realms of dis-
tortion, coloration, and information loss.

A number of established manufactur-
ers have attempted to ensure that as
much as possible of this electrical ener-
gy is converted to sound energy with-
out being diverted. One direction from
which to approach this is to reduce the
moving mass that the electrical energy
must drive. These attempts have often
been very successful, but they are also
expensive to execute. They include
various historic ultra-low-inertia drivers
like the lonofane, as well as ribbon,
electrostatic, and some “plasma” tweet-
er designs.

REDUCING MASS

Moving-coil loudspeaker types get their
share of the attention. Various approach-
es to design and construction have at-
tempted to minimize the side effects of
applying force to that moving mass. One
obvious method is to reduce moving
mass as far as possible by using exotic
cone/dome materials. Another common-
ly applied method increases the mass to
which the movement is referenced.

One notable commercial approach
has in been KEF's models, which have
included pairs of bandpass bass drivers
designed to work as a closed mechanical
system isolated from the supporting
structure. The bass drivers share a com-
mon axis and are connected by a steel
bar so that the momentum of each mov-
ing mass is balanced by the other within
their operating bandwidth.

KEF has also included compliant mid-
bass driver mountings on several models
for years. More radical commercial at-
tempts to ensure the path the energy
takes from input terminals to music have
included the Roksan Darius loudspeaker,
with its exoskeletal stand and compliant
tweeter suspended on springs from the
front baffle.

The Naim SBL (separate-box loud-
speaker) lives up to its name by featuring
for each woofer and tweeter separate
driver enclosures mounted directly to an
external steel chassis/stand. The Naim
SBL effectively couples the drive units to
the metal stand while using compliant
gaskets to isolate them from the box.
This separates the driver frames from the
big problem zone of the bass-cabinet
panel areas.

The drive units are isolated from one
another, but are accurately referenced to
ground through the steel stand, so most
of the electrical energy imparted to each
drive unit is converted into music. This
means that the energy has a very direct

path, with few opportunities to stray
into delinquency. The musical impact of
this speaker is quite stunning, and was a
real surprise when I first heard a pair sev-
eral years ago.

All these attempts to make moving-
coil loudspeakers behave effectively
cost serious money, since construction
techniques are complicated and thus
labor-intensive by mid-market stan-
dards. The resulting products remain in
a niche at the top of the market. The
$3500 Naim SBL, for example, looks
like a very small, paper-coned, 8” bass-
driver, two-way loudspeaker, so it re-
mains a product with a limited market.
However, labor costs do not concern
those who build their own. To find out
how these kinds of ideas actually affect
the sound quality, I set up a series of
listening tests.

THE LISTENING TESTS

The intention of these “listening panel”
experiments was to find out which as-
pects of loudspeaker design and con-
struction have which audible effects,
and, further, which of those effects con-
tribute to ensuring that a good propor-
tion of the desirable musical energy will
be expended in achieving its original
purpose, rather than being sidetracked
into antisocial coloration (Fig. 1). The
measured responses of these panel tests
are shown in Fig. 2.

The usual habit of speaker builders is
to attempt to ameliorate the problems
caused by this energy once it has already
been diverted from its musical purpose.
This often results in converting it into
heat by the friction in lossy masses of
damping materials. Instead, I intended to
investigate which approaches to loud-
speaker system design do the most effec-
tive job of ensuring that more of the ex-
pensive amplifier energy becomes
music. A good place to start seemed to
be that old chestnut: cabinet wall-brac-
ing. We began by asking the following
questions:

* Does loudspeaker-enclosure wall brac-
ing have any useful effects?

e What is the nature of those effects,
and are they in respect of the diverted
energy?

» Does the bracing merely help reduce
the effects of diverted energy, or does
it actually help maintain the original
purpose of the loudspeaker?

¢ Does it matter where the bracing is?

e Does it matter what the bracing is
made of?

¢ Does it matter how the bracing is fixed
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into the cabinet?

* Do the enclosure’s wall materials have
any noticeable effect on the efficacy of
the bracing?

Lacking any test gear more sophisticat-
ed than a sound-level meter and several
pairs of ears, the series of sociable “lis-
tening panels” took shape.* They oc-
curred over a considerable period of
time, beginning more than a decade ago,
and were conducted entirely out of cu-
riosity, with neither commercial backing
nor particularly rigorous scientific
method. Indeed, in scientific terms, their

methods and results would be invalid. Al-
though the results should be read as ac-
counts of amateur dilettantes playing
around at their hobby, the experiments
were conducted in a spirit of open-mind-
ed curiosity, and their outcomes have
been demonstrated as consistently re-
peatable in the intervening years.

INITIAL TRIALS

Our trials began fairly casually in pursuit
of instant gratification of “what if...” types
of questions. As these vague forays into
uncharted territory appeared to be in-
creasingly conclusive, it became obvious
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that a2 more thorough methodology
would be needed if the results were to
have any more utility than developing
personal prejudices.

Many commercial boxes have very lit-
tle bracing, and these seemed ideal can-
didates for “before and after” compar-
isons. More important for this exercise
was to establish whether any pattern
would emerge that distinguished be-
tween different designs of cabinet rein-
forcement and different combinations of
materials. We asked:

» Does the bracing act as a chassis on
which the cabinet is constructed?

e Does bracing serve to stiffen cabinet
walls, reducing their potential to be ex-
cited by vibration?

* Does bracing serve to make cabinet
walls function as smaller panels (as the
old “clamped plate” theory often im-
plies), reducing the amplitude of vibra-
tion, but increasing its frequency?

e Does bracing serve to damp cabinet
walls, reducing the amplitude of exci-
tation by friction losses?

The answers to such conundrums
have already been pursued by a number
of researchers, who reached a variety of
often conflicting conclusions, despite
using equipment and methods much
more sophisticated than our own. The
range of their conclusions may indicate
the variety of their original hypotheses
under test. Our exercise hoped to begin
without any hypothesis more elaborate
than “Bracing in loudspeakers may have
some kind of effect that might be useful
in contributing to a loudspeaker’s ability
to reproduce music.”

A number of existing loudspeakers
were suitably butchered. Their construc-
tion materials varied between veneered
chipboard, veneered fiberboard, ve-
neered softwood, and solid hardwood.
Each speaker was auditioned by a group
of victims against a single reference that
was chosen for its consistency above any
other quantities. Each group included

“The ideas that prompted these experiments have often
arisen from combinations of the ideas of other people.
These ideas have been mercilessly plagiarized and
hurled into the melting pot together. Considerable re-
search has been conducted over the years into the be-
havior of individual panels. Some of this earty-published
research misleadingly assumed the loudspeaker-cabinet
wall/panel to be a “clamped plate,” but later research has
demonstrated this was not the case (Chapter 7 of Martin
Colloms' book High Performance Loudspeakers has an
excellent summary and includes references well worth
pursuing). Cabinet-wall analysis has become more so-
phisticated than the old trick of covering panels with pow-
der and watching it move when a signal is applied!



the owner(s) of the speaker to be modi-
fied. For each example, the same group
would listen to the same speaker in its
before, after, and in-between versions.

The same music would be played for
the same group. The music would sim-
ply be the familiar favorite recordings of
group members, plus some “difficult”
pieces that had previously separated
speaker sheep from speaker goats. Part-
nering equipment would obviously be
identical, as would position, volume set-
tings, temperature, time of day, and zero
alcohol.

RESULTS

The point of the exercise was to estab-
lish the subjective effect of each modifi-
cation. The information from each panel
member remained expressed in the form
of opinions. Although some attempts
were made to ascribe collective numeri-
cal values to various aspects of subjective
performance, 1 rejected these attempts
because the most useful information
seemed to arise through the opinions of
the listeners.

Attempts to quantify such qualitative
data were marked by a tendency to-
wards homogeneity and by the loss of
the nuances of listeners’ opinions, but
the numerical scores which group mem-
bers awarded to particular performance
parameters were used to validate the
opinions.

All the listeners in all the groups noted
significant differences between exam-
ples of different bracing types and mate-
rials. The locus of the affect lay predomi-
nantly in the articulation of each speak-
er. Complex wideband music was de-
scribed as more affected than simple
solo or small ensemble pieces. Bass con-
tent (both amplitude and frequency)
seemed almost proportional to the mag-
nitude of the effect, e.g., “dub reggae”
produced the clearest listener comments
compared with more ambiguity in the re-
sponses to a string quartet.

The noted differences were generally
in the nature of clarity and the ability to
differentiate between certain aspects of
the music and the performance. Fre-
quency-response sweeps showed no
discernible changes, and I did not have
access to cumulative spectral-decay
measurements.

I have not explored hypotheses to ex-
plain these differences, although they
may be due to a reduction in the “noise”
of cabinet coloration. They may also re-
sult from improvements in the rigidity of
the drive-unit mounting, implying that its
position in space is better defined at

audio frequencies. The main problem
with hypothesis generation under these
circumstances is that cach change is only
one change in a system, and its effects
may be interdependent with other as
pects of the system.

INFLUENCE OF MATERIALS

One of the most interesting resuits, par-
ticularly for the home builder, was that
in most examples the influence of mate-
rials was greater than that of design or lo-
cation of bracing structures. The effects
of wood and types of composite board
were consistent and repeatable in this re-
spect, demonstrating a hierarchy of cf-
fectiveness. The resuits of the two metals
tested (aluminum and steel) were too in-
consistent to draw any useful conclu-
sions. Mid-panel front-to-back or side-to-
side braces were ineffective enough to
elicit no comments regarding consistent-
ly observed differences.

The listeners found that vertical
braces had more effect than horizontal
or even circumferential ones. All the ex-
ample speakers had longer vertical than
horizontal dimensions, so this last find-
ing may reflect this fact. A number of de-
signers, including Robin Marshall (for-

merly founder and designer at Epos
Loudspeakers and subsequently designer
at Mordaunt Short Loudspeakers), have
reported the greater effectiveness of
bracing the long dimension of a panel
rather than the shorter, because this
pushes the first and subsequent panel
resonant modes to higher frequencies.
Our experience supports this.

The choice of adhesive was found to
be as critical as the choice of bracing
material. The success of each material
was consistent among cabinet types and
materials, the differences between them
varying in magnitude similarly to the
fundamental differences caused by
adding bracing. The popular PVA wood
glue (often known as “white glue”)
proved to be one of the least effective
with every type of wood or composite
bracing material.

Hot-melt craft glues were sufficiently
inconsistent in performance to make
conclusions dangerously speculative.
Two-pack hard-setting adhesives were
the most successful, including epoxy
types. One that repeatedly outperformed
the others was Evo-stick Aerolite 300,
purchased as formaldehyde powder that
must be mixed with water and a formic-
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acid hardener. Domestic use of such ma-
terials is potentially hazardous, but it did
sound good.

HARDWOOD SUPERIORITY
High-density hardwoods consistently
outperformed lower-density woods or
particleboard. Inexpensive softwood,
e.g., red deal, was virtually ineffective as
cabinet bracing. The performance of var-
ious forms of particleboard depended on
the material of the cabinet walls, but
they were always outperformed by high-
density hardwoods. Aluminum and steel
gave inconsistent results, varying wildly
from excellent to worse than no bracing
at all. Indeed, the metals were the only
materials for which the brace design, in
relation to each cabinet, was the more
important factor.

Especially curious was the finding that
very thin strips of the best hardwood ex-
ample performed almost as well as more
substantial pieces, depending on loca-
tion. After discovering this, we conduct-
ed comparisons between some hard-
wood samples with the masses equal-
ized. We used a denser material with a
thinner section to ensure that its mass
was distributed across each panel in a

manner similar to a lighter wood. The
denser examples still bettered the less
dense, but this approach factored out dif-
fering masscs.

We tried the hardwood braces using
increasingly thin sections to find out
whether there was a cutoff point in their
effectiveness. When we attached thin
strips to the rear of the driver baffle, we
observed one of the most dramatic differ-
ences. These braces, only Y4” thick, were
joined with the two-pack adhesive, con-
necting between the drive-unit bolts (T-
nuts) and the lower comers of the front
baffle where the stand is located on the
outside. The result was so outstanding
that we tried additional samples.

BRACING MY SYSTEM
The thin-brace series of experiments cul-
minated in modifications on my own fa-
vorite active speaker system, a pair of
80-1tr 18mm MDF enclosures already
substantially braced horizontally with
MDF. The baffle was alrcady braced with
the same MDF as the cabinet, and the ad-
ditional hardwood braces were merely
4" thick.

At the time, this was my main audio
system, to which I listened almost every

day before the modification without
noticing any shortcomings. The differ-
ences were clearly detected by the listen-
ers, who all described the same phenom-
ena: vocal lines were clearer and easier
to follow, individual instrument parts
could be followed more explicitly in
large ensembles, and bass-heavy entries
became less likely to overwhelm other
more delicate instruments. I'd be embar-
rassed if this ends up sounding like a
consumer hi-fi magazine product review,
50 here is a summary of the observations:

¢ bracing had a significant and repeat-
able c¢ffect on loudspeaker perfor-
mance;

e the effect was described in similar or-
ders of magnitude as driver selection;

¢ materials seemed to be more signifi-
cant than any other factor;

e adhesives were as influential as the
bracing material itself;

¢ hardwoods consistently outperformed
softwood and particleboard;

e a hicrarchy appeared to exist even
among hardwoods, roughly propor-
tional to density (even when mass was
equalized);

» metals deserve more research, being at
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the extreme ends of the observed ef-
fects;

¢ brace-thickness differences seemed not
as significant as material differences;

e in our samples, vertical braces were
more effective than any other types
tried;

o circumferential bracing was less effec-
tive, despite being the most common
advocated; and

¢ mid-panel-to-mid-panel braces across
the cabinet void were the least useful.

CONCLUSION

The home builder has considerable influ-
ence over the effectiveness of the loud-
speaker in the domain of cabinet con-
struction. Common practice in the mass-
market commercial world may have as
much to do with the wisdom and tradi-
tions of furniture manufacture than es-
tablished acoustic criteria. However, the
cost of wooden-cabinet manufacture is
likely to direct larger manufacturers to
concentrate their research on other
methods of construction, which may
bring about improvements over anything
you can achieve at home.

Our experiments do indicate that re-
ceived wisdom may be suspect regarding
traditional cabinet construction. Cabinet-
bracing tests did demonstrate specific au-
dible differences. The types of bracing
proved to be more significant and more
clearly noted than has often been de-
scribed previously. The differences were
similar in nature to those often observed
between high-quality raw drivers. This is
one area where both the small manufac-
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Sometimes two heads are better than one. Here, this veteran duo investigates how a

passive crossover affects bass directivity.

Passive GCrossovers

By Charles Hansen and G.R. Koonce

INTRCDUCTION, BY CHARLES
HANSEN
y stereo system speakers con-
sist of a pair of NHT Super-
Ones and an SW2P-powered
subwoofer. The subwoofer
amplifier (SA2) is not built into the
speaker, but is a separate unit, with a
variable low-pass (LP) active filter and
polarity switch. I suppose this approach
was easier for NHT than redesigning the
original version of the speaker, the SW2,
with its built-in passive crossover (CO)
It also gives you greater flexibility, since
you can add an additional sub to the am
plifier by using the SW2Si slave speaker
(no internal CO).

A problem arises with my present
setup when I need to test power ampli-
fiers for Audio Electronics and Glass
Audio. For a proper audition, 1 need to
connect the amplifiers to a set of full-

range speakers to evaluate their sterco
imaging and soundstage and their overall
response from low bass to high treble.
To do this, I need to trundle the units
over to my cousin, who happens to have
two of the original NHT SW2 sub-
woofers, and connect the test amplifiers
to his own NHT system.

This is all well and good, since we
have a great time doing it, but with fami-
ly obligations and work, it is not always
easy to set up a mutually convenient au-
dition schedule. Also, if the amplifiers
are particularly massive and fragile, like
the Atma-Sphere M-60 Mk. II OTL tube
amps I once tested, it becomes quite a
physical chore.

Looking for a solution, I sent an e-mail
to G.R. Koonce, asking if it were possi-
ble to design a simple passive crossover
that I could connect between my power
amplifier and the SuperOnes and

PHOTO 1: Internal view of crossover.
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SW2P/SW2Si pair. Herewith is our trail
of e-mails, beginning with his first reply,
which shows the complexity of what I
thought was a simple request.

G.R. KOONCE 5/19/99:

What does it take to match the Super-
One 86dB/2.83V/m? It should be simple,
but it is not, because:

1. Manufacturers list the SPL in differ-
ent ways. Some show power sensitivity
(actually efficiency) in dB/W/m, while
others show voltage sensitivity as
dB/2.83V/m. The two are equal for an
8Q woofer. You also get different results
depending on whether the manufactur-
ers do the test at a single frequency or
wideband. Any variation in cone mass or
magnet strength results in a value differ-
ent from the catalog value.

2. Then there is the diffraction-spread-
ing loss (DSL). At high frequency, a
speaker box radiates only into the for-
ward hemisphere. When the frequency
drops to where the box width matches
the wavelength, the box becomes omni-
directional, and you get a theoretical 6dB
drop in forward on-axis response. If the
satellite upper end stops at 400 to
800Hz, then probably only the woofer
will see DSL. My experience for a floor-
standing box is that up to a 3dB correc-
tion for DSL sounds natural, while a full
6dB sounds unnatural.

3. There is the matter of personal
taste. Many speakers are designed with
the midrange suppressed a couple of dB
to give a laid-back or “Cambridge”
sound. If the midrange level matches the
bass level, this results in a higher-pres-
ence *California” sound, which I think is
more realistic.



4. The resistance of the woofer LP CO
network will cost about 0.5dB in woofer
sensitivity.

This all indicates that the woofer sensi-
tivity should be in the 86.5dB-89dB/
2.83V/m range. Run the input imped-
ance curve for the SuperOne from
100Hz-2kHz. We need data to design a
SuperOne high-pass (HP) CO.

C. HANSEN 5/19/99:
My NHT SuperOne speakers are spec’d
as follows:

e 2-way, 7.4-ltr acoustic suspension, (no
port or duct);

¢ 6.5” woofer, 1”7 ferrofluid-cooled dome
tweeter;

» Crossover: 2.2kHz. 6dB/octave high-
pass, 12dB/octave low-pass;

* Response: 57Hz-25kHz +3dB;

* 86dB/2.83V/m, 25W min, 150W max;

e 8Q nominal, 6Q min;

¢ Outside dimensions 11.65” H x 7.25"
W x 8.5” D.

The bottom of the woofer flange is 2"
above the base of the cabinet exterior.
Both drivers are flush-mounted and on
center. [ use them on 24” speaker stands.

GRK 5/20/99:

The fact that the SuperOne has its
woofer mounted at the bottom is good
news. The SW2 could replace vour
speaker stands. In addition, you can slide
the SuperOne forward and back a little
to change the time delay between the
woofer and the rest of the system, which
can have a great effect on sound.

Based on the impedance curve of the
NHT boxes, we could try to pick a
crossover frequency that matches the
DSL to the SW2 box width and stays
away from the SuperOne crossover. The
fact that the SuperOne crossover is up at
2.2kHz is also good, since it should not
bother the impedance down in the
500-800Hz range. For the crossover de-
sign, we need the SuperOne impedance
showing both magnitude and phase. The
SW2 sensitivity of 89dB/2.83V/m should
be a good match for the crossover.

CH 5/21/99:

I don’t know whether you need this in-
formation, but the SW2P subwoofer is
spec’d as follows:

* 1.76ft3 vented (duct tube with a ta-
pered mouth);

¢ 10” long-throw polypropylene cone
woofer;

¢ Response: 25Hz-500Hz +3dB;

¢ 89dB/2.83V/m, 50W minimum, 200W
maximum;

¢ 602 nominal, 42 minimum;

o Qutside dimensions 16” H x 16”7 W x
16" D.

The 150W subwoofer amplifier (sepa-
rate, not built into the box) has an ad-
justable 35-150Hz third-order LP filter. It
also has a selectable 12dB/octave HP fil-
ter for the satellites, but I don’t use it, be-
cause it adds coloration to the highs that
I don't care for. I run the SuperOnes di-
rect from my power amplifier.

GRK 5/22/99:

The impedance of a system with a cross-
over does vary quite a bit, mainly at low
frequency, because of the driver’s mo-
tional impedance and box effects. A
closed box should have a single high-im-
pedance peak at some low frequency,
and then another anomaly near the
crossover frequency. The phase below
the low-fequency (LF) peak should be in-
ductive, and then it should go capacitive
for a while just above the peak. Then it
will rise through zero and go inductive
with the transition near the 6Q imped-

ance minimum around 200Hz.

Once you near the 2.2kHz crossover,
there is no way to predict the phase.
This is why doing a passive crossover to
the SW2 in the 80-100Hz range is so
challenging. Hopefully, the impedance
is fairly flat and resistive in the 500-
800Hz region.

For a realistic “California” sound with
proper midrange presence, we wish the
woofer to match the SuperOne, and the
SW2 sensitivity of 89dB/2.83V/m should
work well. A vented box such as the
SW2 has two peaks in its LF impedance,
and the frequency of the minimum im-
pedance will be between them. The fact
that it goes to 500Hz is a definite plus.

CH 5/23/99:
Enclosed is data for the SuperOne im-

TABLE 1
CROSSOVER VALUES VS.
FREQUENCY
FCO 250HZ 300HZ  350HZ  400HZ
Li(mH) 63 525 45 39
Cl(uf) 643 536 459 402
L2(mH) 59 50 424 37
C2(uF) 682 568 487 426
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For the past 22 years, Speaker City
U.S.A. has been a leading supplier of
speakers, kits, and components to the
audio industry. We pride ourselves on the
quality of product we represent and the
excellent service we offer. Have a look at
our web site at www.speakercity.com.

ATVu.£8. . 300-505-9924

115 S. Victory Blvd.
Burbank, Ca 91502
Voice: 818-846-9921
Fax: 818-846-1009
www.speakercity.com
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FIGURE 1: SuperOne satellite-speaker impedance magnitude

and phase.

pedance and phase from 10Hz-20kHz
(Fig. 1), using 0.1 for sensing current. |
captured the sine waves on my Pico
ADC-216 DSO, and inverted the scope-
current waveform to correct the polarity
difference, which gave me the time be-
tween sine zero-crossings (A ps) to calcu-
late phase angle. Scope ground is at the
speaker’s black terminal, which is the
“low” side of the voltage across the
speaker and the “high” side of the series

8-1560-1

current-sensing resistor. Since both
scope channels share a common input
ground, this results in an inverted cur-
rent waveform.

The boxes for the SW2Si and the
SW2P are the same, with only a driver
and no crossover. The earlier SW2 has
the passive crossover. 1 can get directly
to the driver from the binding posts. As
far as I know (from the published specs
for all three SW2 variants), they use the

! )
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Hear what Daniel Queen has to say about this exciting upgrade to the
popular loudspeaker testing microphone, Mitey Mike,
“One seldom finds a low-cost microphone that provides

high quality performance and yet can be used with
confidence in so many difficult circumstances.”

[ Voice Coil, 8/99)

No longer simply a tool for loudspeaker testing, Mitey Mike Il is also a compact
low-distortion, self-powered microphone suitable for performance, recording and

sound reinforcement applications.

Mitey Mikel

B-1560-2

FIGURE 2: SW2 subwoofer impedance magnitude and phase.

same driver.
I will run a set of impedance-phase
curves for the SW2P box I have.

GRK 5/24/99:

The SuperOne data seems to be closest
to a “resistor” in the 250-500Hz range,
though with some phase angle. With the
SW2 going to 500Hz as the data indi-
cates, there is a good possibility of mat-
ing the two with a passive CO.

Purchase the Mitey Mike Il preamp as a kit or assembled in one or two-channel

versions. The microphone capsule and wand can be purchased calibrated for test-
ing or uncalibrated for performance and field recording applications.

To find out more, call customer service at 888-924-9465
or e-mail to custserv@audioXpress.com

Old Colony Sound Laboratory, PO Box 876 Dept VC9, Peterborough, NH 03458-0876 USA Phone: 603-924-9464 Fax: 603-924-9467

MICROPHONE
SINGLE-CHANNEL
PREAMP
Kit (unassembled) $119.00 Calibrated
Assembled

Call for other purchasing options

MICROPHONE
CAPSULE AND WAND

Uncalibrated  $139.00

|
$149.00 (disk supplied) $179.00 !
i

VISIT US ON-LINE AT www.audioXpress.com ;
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We need the impedance and phase of
the SW2P or SW2Si without the cross-
over. You also must drive the subwoofer
directly (without the power amplifier
and its active crossover) and see whether
it really goes to 500Hz with a sound you
like. Keep in mind that as the CO moves
up in frequency, the placement of the
SW2 versus the SuperOne becomes criti-
cal. The best effect, again, will be with
the SuperOnes sitting on the SW2, doing
away with their stands.

CH 5/24/99:

Enclosed is the SW2 impedance and
phase data at the voice coil, from
10Hz-1kHz (Fig. 2). The test setup is the
same as for the SuperOne.

GRK 5/25/99 AM:

I will start to work on a CO design based
on the impedance and phase data for the
SW2 and SuperOne. The normal ap-
proach would be to measure the re-
sponse and impedance for both boxes
and export the data as files. Then a mod-
eling program would predict the
acoustic response of the pair and let you
develop a CO. We don’t have this option.

We must work the “old” way. You
must make each portion of the system
look like a resistor. If you think of a driv-
er as being a series resistor and inductor,
then you can put a conjugate network,
called a Zobel, across it to make it look
like a constant resistance. Unfortunately,
because of eddy currents, a driver really
looks like a series resistor and a semi-in-
ductor whose impedance rises as the
square root of the frequency. The Zobel
developed by the equations may not
work well, so sometimes you must play
with the Zobel values by trial and error.

Once you get the loads nearly resis-
tive, then you can use filter theory to
produce an LP and HP that does what
you want. We will start with a second-
order, which lets us manipulate the
shape of the response near the CO fre-
quency by playing with the Q of the net-
works. This gives you some flexibility (or
more variables, depending on how you
look at it).

The second-order has the problem, in
theory, that it produces a null right at
the CO frequency. The recommended
cure is to invert the connection to the
upperend drivers. This ignores the fact
that what you really care about is the
acoustic CO shape. When designing the
celectrical filters, you ignore the driver re-
sponses (magnitude and phase) and the
cffect of the physical separation be-
tween them. In the old days, we devel-

oped the Zobels, designed the LP and
HP, and then tweaked the component
values and driver polarities—and in a
case like yours, the sub position—until
we achieved acceptable sound. Sonre-
times you must go back and start over
with a different CO frequency or order.
This is what you are in for.

I will calculate the starting values for
the Zobels and HP and LP, but the proba-
bility is low that they will work right
away. It will help if the SuperOnes sit on
the SW2s, since we are making the sub
into a woofer, and its position will now
affect the imaging. You can add or sub-
tract capacitance, and add or remove
turns from the inductors to vary the ini-
tial values by 10% to 20%. Since you have
an LC bridge, making measurements is
casy. Doing it once may be fun. About
the fourth time, you can see why com-
puter design or the electronic active
crossover is so popular.

GRK 5/25/99 PM:

I have gone through the computations
and have the initial CO values. Both the
SuperOne and the SW2 impedances indi-
cate the CO should be in the 200-500Hz
range. The higher the frequency, the
smaller the CO components, but the
lower the frequency, the less the effects
of placement on the SW2. Table I lists
the values for four frequency choices. All
the designs are second-order Butter-
worth CO sections.

First the Zobels. These are the same
for any CO frequency. What you might
do is look at Z_ in the 200-500Hz range
and see that these Zobel values give near-
ly a resistive input (phase less than £10°)
of about 7Q for the SuperOne, and 6.6
for the SW2.

The SuperOne Zobel is 7€ in series
with 25pF. The SW2 Zobel is 7Q in series
with 20uF. The resistor wattage should
be half the average wattage you plan to
put into the system. The capacitor volt-

age should be
V= ,/7Wpcak

where W__. = peak power (watts).

The CO for the SuperOne is C1 in se-
ries with the input, then L1 in shunt
with the Zobel. The resistance of L1 is
not as critical as it is with the SW2, and
probably up to 0.8Q is okay. Air core
would be the best choice, but the
biggest Perfect Lay Winding type offered
is 5.5mH and 0.63Q.

The CO for the SW2 is L2 in series
with the input, then C2 in shunt with
the Zobel, The coil should have low re-
sistance—an absolute maximum of (.4€2.

Electronic 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
AS #28

SALE! 25

= ADHESIVE!
MARKERFOAM™ ACOUSTIC FOAM
GIANT 54” x 54~

N
r Immediate Shipping
2" Reg. $29.95 New $19.99 » 3" Reg
$39.95 Now $29.99. KILL NOISE QUICK!
“ High performance, fuli-size sheets of
super high density Markerfosm. EZ
mount. Blue or gray. Super-effective sound absorption for studics.
Markerfoam Dffers best value, looks professional & is proven in studios world-

wide. Request Foam Buyers Guide/Catalog, specs & free samples today.

7, MARKERTEK JUMBO

SOUND ABSORB BLANKETS
Heavy-duty 72"x80" padded blankets
absorb sound wherever they're hung or
0 draped. Fabulous for stage, studio and

=" field use. Top professional quality at a super
saver price! Weight: 6 Ibs. Black $19.99

MARKERTEK BLADE TILES™
HIGH PERFORMANCE - LOW, LOW COST!!!
America’s best acoustic tlle value
only from Markertek!

$3.49 per tile, 16"x16"x2", charcoal or blve
$4.49 per tile, 16™x16"x3", charcoal or biue
$5.49 per tile, 16"x16"x4", charcoal.

MARKERSTIK™ FOAM ADHESIVE
FREE with any foam purchase in this ad!
Limited offer. A $4.00 per tube value.

SONEX

All the colors and sizes
plus great prices!

America’s most unique catalog featuring 328 pages of over
6,000 exclusive and hard-to-find supplies for Pro Audio,
Broadcast Video, Audio Visual & Multimedia production.

MARKERTEK =

VIDEO SUPPLY

4 High St., Box 397, Saugerties, NY (USA} 12477
800-522-2025 » Fax: 914-246-1757

Web: www.markertek.com « E-Mail; k@markertek.com
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FIGURE 3: Schematic of crossover, NHT SuperOne (satellite) and NHT SW2 (sub).

Buy the Madisound Sledgehammer
steel-core inductors, which stay linear
out to high currents. Stay away from the
available ferrite bobbin-core coils, which
I have tested, for they take only a couple
of amps. Even though you may have
wound power-converter cores, 1 would
be careful about winding your own in-
ductors. 1 tried all sorts of cores, and
most don’t work. The core for a CO
must have very low permeability (the
coils take almost as much wire as an air
core), or they will saturate and distort. 1
think the problem with the present fer-

rite bobbin cores is that their permeabili-
ty is too high, and therefore they won’t
take any current without distorting.

Some CO coils are wound on plastic
bobbins with a slug of ferrite in the cen-
ter hole. When you punch out the slug,
the inductance drops only to ¥ or % of
the inductance level with the core in
place. Also, remember that the core ma-
terial must be good over the entire audio-
frequency range. If you get the big steel
cores from Madisound, you can unwind
them to any value you wish.

By the way, to arrange two coils so

they do not crosstalk, you must situate
the lines through the centers of the two
cores so they are at right angles in both
planes. If the two coils (assuming both
are steel-core) are lying side by side, then
just rotating one 90° horizontally so they
lie on the same plane will not do it. If
they are side by side, you must rotate
one up through 90° so its core is vertical,
and the lines through the core centers
are neither parallel nor intersecting.

You will also need a bunch of 20uF
Mylar caps and a couple of other smaller
values to put in parallel to make the re-
quired total capacitance. Because of the
low CO frequencies, you are playing
with larger cap values than I normally
work with. There are cheaper and small-
er nonpolar electrolytics, but I have
never liked their sound. For woofers, |
have had success with 67% nonpolars in
parallel with 33% Mylars.

CH 5/27/99:

I was surprised I needed a larger Zobel
on the SuperOne than the SW2. I took
the SuperOne apart, and here are the CO
values:

Tweeter: 5.5uF 100V NP electrolytic
and 3.3Q 10W in series, with 10Q 10W
shunt across the voice coil. Based on
your judgment of the sound of NP caps, I
may replace the 5.5uF NP with one of
the film types and see whether there is
any improvement. Size is an issue, since
the CO board is mounted on the Super-
One terminal cup, and must fit through
the opening in the rear of the box.

Woofer: inductor in series, with 8uF
NP 100V and 8Q 10W Zobel across the

mounting your speakers.

Jasper Audio Circle Jig Model 200

If you build speakers then you need to own the Jasper Circle Jig. Our jig
mounts to 20 different models of plunge routers including Porter Cable,
Bosch, Ryobi, Skil, DeWalt, Freud, Sears, Makita, and Hitachi. The
Model 200 will generate circles from 2 1/4 inches to 18 3/16 inches in
1/16 inch increments. It is the perfect tool for creating cutouts and flush

The Model 200 sells for $49.95 plus $6.00 shipping in the US
If you have questions contact us toll free in the US at {877-229-7285)
Outside of the US call [713-681-9912)
3612 Mangum Road #101
Houston, TX 77092

Fax [713-681-0576] e-mai: jaspera@flash.net Web site: www.jasperaudio.com
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FIGURE 4: Impedance and phase for SuperOne with GRK Zobel network.

voice coil. The inductor core is a laminat-
ed iron bar 7.5 x 6mm cross-section and
4cm long, with a nylon bobbin. The coil
is wound with AWG-20 magnet wire. |
disconnected the woofer-coil positive
lead and measured 7.6uH from the bind-
ing post to this lead. That seems way 100
low, given the amount of iron and num-
ber of turns. My L-C meter may be fooled
by the R-C sneak circuits still connected.
If the value is important, I can unsolder
one end of the inductor and measure it.

(See Fig. 3 for a schematic of the pro-
posed complete system, including the in-
ternal CO in the SuperOne.)

I wonder if you could band-pass (BP)
the 6.5” woofer in the SuperOne?

GRK 5/27/99:

I was also surprised that the SuperOne
required a larger Zobel cap than the
SW2, but according to your impedance
data, it has a higher voice-coil induc-
tance. The difference in the HP and LP
values is because the SuperOne is a bit
lower in resistance—if the Zobel works
correctly!

On the SuperOne CO, the HP is first-
order, followed by a fixed L-pad. The val-
ues you give do not sound unreasonable.
The LP is also first-order with a Zobel. I
suspect the reason the Zobel for the
whole box comes out so high is that we
are seeing that input inductor. 1 have
never before tried to Zobel a whole box
and then add an HP, so things may go
astray. I simply took the data you sent
and assumed it was a woofer. The 7.6uH
coil value is not reasonable. For a first-
order at 2.2kHz, the inductor should be
about 0.6mH. { don’t think we need this
value for the present approach.

We need additional components (an
HP) on the SuperOnes, since we plan to

use it only from the new external CO fre-
quency up. The SW2 will handle the
lows up to this new CO frequency, mak-
ing them into a three-way system.

You do raise the point that you could
modify the CO on the woofer of the Sur
perOne into a BP, and make this woofer
into a midrange. I would try the way we
are now going for two reasons: first, the
most difficult CO network to design is

the BP when you lack response data
(magnitude and phase) for the driver;
second, you could no longer use the Su-
perOnes as stand-alone speakers.
Hopefully, based on your impedance
measurements, we have taken the inter-
nal CO into account, but, as I noted pre-
viously, I have not tried this approach
before. The internal CO may interact,
but I hope to avoid this by keeping the
external CO frequency very low.

CH 6/15/99:

1 received the parts from Madisound last
week. I installed the 25uF, 7Q Zobel on
the SuperOne and ran the impedance
test you suggested (Fig. 4). There is a less
than 10° phase angle from 135Hz-
750Hz. Impedance varies from 7.1Q at
150Hz to 9.992 at SO0Hz.

Next, I installed the 25uF, 7Q Zobel
on the SW2, and ran its impedance test
(Fig. 5). There is a less than 10° phase
angle from 145Hz-750Hz. Impedance
varies from 6.4Q at 150Hz to 7.9Q at
550Hz.

I will build up the complete crossover
for one channel, using the 250Hz values,
and test it ASAP. I can borrow a Radio
Shack analog sound-level meter. Is this

Precision Acoustic Measurements
Require Precision Microphones

PS9200KIT™ $1650 USD

A complete IEC and ANSI traceable Type 1 Measurement
Microphone System 2 Hz to 40 kHz, 15 dBA to 160 dBSPL
*14 inch capsule *4012 Preamp *PS9200 2 Channel PS
*AC adaptor *WS1 windscreen *SC1 die cut storage case.
Options: 511E Calibrator; 1 & % inch mics; and Gain for
DRA’s MLSSA and other board level products.

ACO Pacific, Inc.

2604 Read Ave. Belmont, CA 94002 USA
Tel: (650) 595-8588 FAX: (650) 591-2891
e-mail acopac@acopacific.com

ACOQustics Begins With ACO™
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suitable for running response tests? If
necessary, I can move the whole test
setup out to the back yard to eliminate
room effects. 1 have the CBS test CD-1,
and the Stereophile CD-3 test CD, which
has chromatic scales and warble tones.
(Both of these CDs are available from
Old Colony Sound Lab, 1-888-924-9465,
as P/N CDI1 and CDSTPH3, respectively.)

GRK 6/17/99:

The impedances you report with the Zo-
bels do not sound too bad. It would be
nice if the magnitudes stayed more con-
stant, but at least they stay resistive. The
design for the SW2s predicted 6.6€2, so
the LP may be about right. However, the
design for the SuperOnes predicted
about 7€, and it looks as though 8Q may
be closer to the mean. This would indi-
cate the HP cap drops to about 7 of
what I sent you, and the inductor be-
comes % larger, so correct the design
from 7Q to 8Q. I would probably start
with the original values, though.

Give the CO networks a try and see
how they sound. You can simply bread-
board them with clip leads until things
are working. Work with two systems,
s0 you can listen in stereo. Getting the

FIGURE 5: Impedance and phase for SW2 with GRK Zobel network.

system to image properly is important.
The COs are sufficiently simple that
playing with them both should not be a
problem.

The RS SLM (Radio Shack sound level
meter) is useful if you know what you
are measuring! The key is the test signal.
In a room with sinusoids, you will find
about a 20dB variation as you move

Hands-on
technology for those
who want more

from their audio

Electronits
Try a copy of Audio Electronics
FREE for 30 days and sign up
for a subscription at only $23.00 for 1
year (that’s six issues in all.) If you
choose not to subscribe, you simply

return your invoice marked “cancel.”
You are under no further obligation.

Yes! 'l try Audio Electronics
for $23.00 for 6 issues in all (1 year).

(Canada add $6.) Overseas: $47 (6 issues)

NAME

STREET & NO.

oy ~ STAE i3

Call 1-888-924-9465 or
VISIT US ON-LINE AT www.audioXpress.com!
Audio Electronics, PO Box 876, Peterborough, NH 03458-C876 USA Phone: 603-924-9464
Fax: 603-924-9467 E-mail: custserv@audioXpress.com
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around the room with low frequencies.
You might find the level in a corner to
be higher than that at a distance of 1m
from the box. Assuming the SW2s and
SuperOnes are flat over the range we
plan to use them (not always a good as-
sumption), then you should only need to
get the electrical inputs to each of them
to achieve the proper second-order But-
terworth shape. This neglects placement
problems, and so on. In theory, you
should start with the SW2s in proper po-
larity, and the SuperOnes inverted. From
there it is a matter of experimenting.

Another way to find out the right
phase and show the “best” sound you
will attain is to implement an active
250Hz second-order CO! and drive a sub
and the SuperOne with the two channels
of one amplifier, so you know that the
gains and inversions match. If you can’t
make that sound right, the chances are
poor of doing it with a passive CO.

You can test the LP and HP into a re-
sistive load of about 6.6Q (subs) and 7Q
(SuperOnes). If they don't work correct-
ly into the resistive load, something is
wrong with the coils or caps. If they
work into the resistors, but not the
speakers, then we have some more
work to do in compensating the speaker
impedances.

Since you are building only one set of
speakers, I would work by ear in your lis-
tening room. Only if things are a mess
would I resort to back-yard testing. Test-
ing a finished system is a fine art and can
be really misleading. Joe D’Appolito has
published a book on just doing acoustic
tests.? Unless you wish to learn all the ins
and outs of that topic (and invest in the
test equipment), [ would try to avoid
acoustic testing. If you intend to learn



about acoustic testing, then buy Joe's
book; it is very good.

CH 6/22/99:

I built up a set of your suggested 250Hz
crossovers. That was 5.9mH and 68iF on
the sub (I used the stock 6.0mH with
70uF). The SuperOne was 6.3mH and
64pF (I used the stock 6.5mH with
64.7uF). The Zobels are the same as in
the impedance-versus-frequency test. |
made sure the inductors were at right an-
gles to each other, in two different
planes, and as far apart as possible.

I previously used the single sub in the
comer. With two subs out on the floor
and closer to my listening position, the
bass is just as pronounced, and I think a
little better defined, but with a slight bit
less LF extension. There is just a bit of a
dip in the room response on the warble
tone centered at 125Hz.

GRK 6/22/99:

Listen to the subs alone. They should
sound okay, with good definition. Also
listen to the SuperOnes alone to see if
they are contributing bass. You also
should verify that both subs and both Su-
perOnes sound the same.

When you pull the sub out of the cor-
ner, you will probably lose extension
and amplitude. It sounds as though the
two subs produce about the right level,
which is good. It is very hard to predict
room effects. Many sources state that a
sub in the corner produces the
smoothest response. However, as you
have already discovered, you need them
out by the SuperOnes, since they are

now woofers going to 250Hz. If the HP
and LP seem to working correctly, the
125Hz problem is probably a room ef-
fect. Normally the only cure is place-
ment of the boxes.

CH 6/23/99:

I placed the SuperOnes on top of the
SW2s, with their grille boards in the
same plane, which produces a very bal
anced sound. Listening to just the Super
Ones shows they are now virtually de-
void of bass. The SW2s by themselves
have a smooth bass response, which ex-
tends into the low mids.

I tried changing the SuperOne Zobel
by the 78 ratio you suggested, without
any convincing reason not to use the
original values. In fact, everything from
the SuperOne sounds very nice.

The 125Hz dip seems to be sub-place-
ment related. I can change the dip fre-
quency by changing the spacing be-
tween the subs—the 125Hz is with them
placed about 7” apart. If [ put the two
subs side by side in the middle, the bass
dip goes away, but then the directional
differences between satellite and sub in
the low mids is noticeable. I guess 1 have
some more placement work to do on the
two-sub setup. A single sub in the comer
is easy to deal with by comparison.

Interestingly, the dip frequency does
not scem to change with my listening
position. Even standing behind them, |
hear pretty much the same bass re-
sponse. This is much different from my
usual single-sub-in-the-corner setup,
where listening position greatly affects
the bass amplitude versus frequency.

Back to the crossover—I measured
volts versus frequency at a constant 0.1A
current using a bilateral current-source
amplifier 1 built to make life easier with
all this impedance measurement. It uses
a cookbook bilateral current source cir-
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cuit from the National Semi Apps Manu-
al,> with an LT1010 high-current buffer
inside the overall feedback loop to in-
crease the output-drive capability. It is
modeled after my curve-tracer-adapter
base-current step generator,? but with a
10Q output resistance for 100mA/V. It
can also provide a voltage output by
opening the positive-feedback loop.

In addition to the log of frequency in-
tervals, I recorded the frequency where
the overall impedance peaked (47Hz),
where the volts at the satellite and sub
were equal (240Hz), and anything ¢lse
that looked interesting,.

[ intend to route a couple of PC
boards for the caps and resistors, and to
package each channel in an enclosure
with input/output terminals.

GRK 6/23/99:

Clearly the COs are working, but I don’t
think your data gives the true story. The
AC bilateral current-source approach is
handy for measuring impedance, but it is
not the way to measure a CO. The CO
design is based on a 0 source, not what
a current source offers. Also, the speak-
ers are generators, and the Qs of the sys-
tem depend on the resistance across the
voice coil, which should be a minimum.
Thus you need the 09 source when test-
ing and playing. I think some of the
peaking will go away when driven by a
low-impedance source.

For the fun of it, I would repeat the
test with the CO driven by an amplifier
(voltage type), holding about a fixed 1V
output. I think the LP and HP responses
may look even better.

I would also be interested in what you
find in terms of imaging and overall
sound with two subs as woofers playing
stereo, versus the single sub in the cor-
ner. Many articles say there is no imaging
at low frequencies, but many other arti-
cles say there is!

I have no specific recommendation on
the 125Hz dip except to play around
with speaker placement. You might im-
prove it if the room is not symmetrical
with respect to all the walls. If your lis-
tening position will permit it, try the sys-
tems at a slight angle to the rear walls
and not equidistant from the side walls.

GRK 6/28/99:

I do not agree that your bilateral current
source has 10Q output impedance in cur-
rent mode. Yes, there is a 10Q resistor in
series with the output of the LT1010CT,
but the positive feedback will raise the
output impedance to a very high value;
i.e., a current source. This means that

when testing the CO, the HP and LP can
crosstalk with each other, and any inter-
nal voltage generated by the drivers will
not be damped, but passed to the other
network. Will this make a difference?

I suspect the CO measurements will
be different with a voltage source, and it
is a worthwhile exercise to compare
these, since I have never tested the re-
sponse of a CO driven by a high-imped-
ance source. We know that the perfor-
mance of a speaker system, basically the
woofer, varies according to the source
impedance with which you drive it. That
is why a low resistance in the LP coil is
so important. Back in the 1950s, Altec
made mono tube amps with adjustable
R, knobs. They had a combination of
voltage and current feedback that
changed R, while keeping the gain
constant. They would even let R, go
through zero to negative values, all while
staying stable.

I tested one set to negative R, and
the output level went up as you added
load! The woofer bass quality definitely
changed as you turned that knob. When
we design the box for a woofer, the coil
resistance is factored into the design.

I have measured the input impedance
of a full system both with my impedance
meter, which has an output impedance
of about 5k (to act like a current source),
and with the Audiosuite tester, which is
a 10Q2 source (a 10Q sampling resistor in
series with a voltage-amplifier output).
These agree. Sometimes the peaks near
the driver resonance are a little different,
but I always wrote this off to the fact
that Audiosuite is a “sampled” tester,
which does not test continuously with
frequency, but as a set of linearly spaced
frequencies.

If a network is linear, it would seem
that it should be independent of how
you measure it. It should measure the
same gain no matter how you apply a
specific voltage across its input termi-
nals, but with those drivers acting as gen-
erators, I'm not sure. You have raised an
interesting question, and I'm curious as
to what you find. It would answer
whether it is valid to test via a current
source should you have to do any CO
work in the future.

CH 6/29/99:

If you don’t mind turning this into a sci-
ence project, I think I will run the same
CO impedance data five ways—the
LT1010 constant-current source, and the
original method using my 80W power
amplifier and series resistors of 0.1, 1€,
10Q and 100Q. I'll send you the data as



soon as I finish. I'll ignore phase for now
and measure only voltage and current
magnitudes. I also wish to play some
more with speaker placement. I am quite
satisfied with the overall sound of the
system, but I believe I can detect bass
imaging (by unplugging one of the
SW2s) down to about the 65Hz “C™.
Next I'd like to do some controlled tests
for bass imaging.

I didn’t mean to imply that the current
source had a 1092 output impedance.
That is the current-setting resistor, set be-
tween the negative and positive feed-
back points. It determines the output
current per input volt.

GRK 6/29/99:
Yes, I think some experimenting would
be useful. Along with measuring Z; | with
the five approaches, I would also record
the LP and HP outputs so you have their
gain curves. When measuring with a
voltage drive, you should watch the level
when you get to high frequencies. I've
found that even 100W amplifiers don’t
like high frequencies, and sometimes fry
at just a few watts. Even if the amplifier
likes it, the tweeter may not. I certainly
would stay at 1V or less and turn it down
if it sounds too loud.

Let me know what you find. It is an
interesting challenge to linear-network
theory.

CH 7/1/99:

In the CO test trials, [ measured the CO
input voltage and current, and the volt-
ages at the SuperOne and SW2 inputs.
Connections to the speakers were
short—3’ of #12 Monster cable from the
amplifier, and less than 1’ from the CO to
the speakers. I calculated Z_, LP gain,
and HP gain. Are the results in line with
what you expected?

I am just about done with the first
crossover enclosure. I used a Ten-Tec
aluminum box. I mounted L2 on the top-
front-left, and L1 on the bottom-mid-
right, turned 90° from L2. There is a steel
tie bar (%6” x Y16”) running across the
chassis, about ¥2” from L2. I measured
the inductance change due to this bar,
and it was about 0.06mH (1%).

GRK 7/2/99:
I just found an article in Audio® that tries
to explain why you get a suckout at
some bass frequency, based on the spac-
ing of your two subs. I don’t understand
the mechanism yet, but possibly it will
give some idea of how to at least partially
fix it.

There are two things to worry about

when you bring a magnetic material
close to a crossover coil. One you have
covered—the inductance change. The
other is Q. With air-core coils, you can
destroy the Q with little change in induc-
tance. With your steel-core coils and the
low crossover frequency, I doubt the
steel tie bar is a problem.

Certainly the long steel-core coils and
most air-core coils used for crossovers
have very long return paths. Someone
tested the air-core coils, and in a Speaker
Builder article® noted that side-by-side
coils had bad crosstalk even with 6” be-
tween them. [ loved the ferrite-bobbin-
cored coils when the good ones were
available (coils still are available, but they
sound bad and won't take any current),
since they had a much shorter air retum
path and were less sensitive to other
coils and iron objects nearby.

[Note by CH: I asked my friend Kapal
Gandikota, an engineer who really un-
derstands electromagnetic theory,
about the possibility of an inductance
drop in L2 due to the steel tie bar. His
reply follows:

Inductance is directly proportional
to the cross-sectional area of the gap,
and inversely proportional to the
length of the gap. The effective area of
the gap includes the fringing of the flux
lines. If the gap length is too great, then
the fringing effect is large, and the
measured inductance may be much
larger than the anticipated or calculat-
ed value.

In some cases, especially when the air
gap is long and magnetic length (i.e.,
the length of the core) is very long in
comparison to the core’s width and
breadth, small reductions in air-gap
length can lead to a large reduction in
Jringing effect. This can sometimes re-
sult in a small reduction of inductance
(contrary to expectation) and vice-
versa. However, this (fringing) effect
does not come free. The flux density in
the gap is lower than in the core, mak-
ing the stored energy in the gap less for
the same core-saturation flux density.]

I was trying to make the point that
crossover coils have rather low Qs,
which you must take into account when
testing them. With low Q, the imped-
ance peak does not occur at the resonant
frequency defined by the L-C values, and
I was curious as to how you correct for
this in your LC meter. I'm not sure this is
a problem until the Q becomes very low
(single digit), but I raised the issue. When
I test coils for effects of nearby objects, 1
just watch for a change in inductance
and don’t really note which way it goes. |
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must watch for this in the future and see
what I get with different coil types.

I guess [ am not surprised that there is
an image at the lower frequencies. They
claim if you get the crossover down to
80Hz or below, you can't locate the sub,
but I have never been convinced of that.

I haven’t had time to study your test
data in detail yet.

GRK 7/3/99:

[ looked at your tables, and the results
are very interesting. Within the limits of
test accuriacy, it appears to me that the
gains of the LP and HP are independent
of how you measure them, or at least the
differences are slight (Fig. 6). The cur-
rent source measurement even agrees
with your previous data.

CH 7/9/99:

I heard a fairly strong double-frequency
tone right near the 255Hz sine-wave test
frequency during both the 0.1 and 1Q
resistor tests. It was definitely not com-
ing from the drivers, but from behind
the speakers. It went away when 1 un-
plugged the sub. Fiddling with the en-
closure cover reduced it. It was coming
from the L2 inductor in the CO, the one
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in series with the sub. It is mounted on
short plated-steel standoffs, so I will
look into that issue after the tests are
complete.

For these tests, I used the right-side
CO-its CO frequency is 255Hz, versus
239Hz for the left one.

GRK 7/10/99:

[ don’t like those steel standoffs you used
for mounting your coils. I prefer an insu-
lator with a small-diameter brass screw
to minimize any eddy-current effects. 1
normally use short pieces cut from
wooden dowels.

CH 7/12/99:

I’ve already changed the L1 and L2
standoffs to brass, and the screws to
nonmagnetic stainless steel. I wasn’t
very smart to use more magnetic metals
in a magnetic circuit. 1 no longer have
the overtone.

I will also do more imaging-direction
tests with one set of satellite/sub speak-
ers. | can use my signal generator on
tone burst at low frequencies and a back-
ground 400Hz tone to set a baseline HF
direction. I can then plot apparent
acoustic LF angle versus frequency, as
compared to the fixed HF signal direc-
tion. Does this seem reasonable? I don't
think I need the crossover. I can feed the
400Hz to the satellite and the LF bursts
to the sub.

GRK 7/12/99:

I don’t see any problem with your
image-direction test approach, but I'm
not sure it addresses the “problem.” 1
don’t think anyone is claiming that you
can’t form an image at low frequency. |
believe work has been done to show
that at low frequency the ears pick direc-
tion by arrival time. The point that peo-
ple seem to make about not requiring
two subs is that there is no low-frequen-
cy directionality in the recorded
(source) material. I don’t know whether
this is due to the type of mikes used, or
even whether it is true, but that seems
to be the claim. Your test may produce
interesting results, but I don’t think it
will silence those claiming one sub in
the corner is best.

CH 7/13/99:

I ran a directional imaging test on the Su-
perOne and SW2 with several people.
(The hardest part was getting them to un-
derstand what I intended them to hear.)
The first test was with the sub 60° to the
left and the satellite on center. I fed a
fixed 400Hz tone to the satellite from my

sine-wave generator, and connected my
function generator to the sub. I set it for
0.5s sine bursts at 1s intervals. Unfortu-
nately, the “pop” between bursts gave a
directional clue, so that even down to
50Hz I sensed it was coming from the
left. 1 switched to a continuous LF tone,
but the room effects were distracting.

The best results came by using the fre-
quency-sweep mode, narrowing down
the sweep-range boundaries until the
sweep's lower frequency was clearly
nondirectional, and its upper frequency
clearly directional.

I could hear the bass shift from nondi-
rectional to directional between 60 and
65Hz. Some of the others thought it was
a bit higher, but everyone heard obvi-
ous directional imaging by 75Hz. The re-
sults with the sub positioned 60° to the
right were the same. One person said
the 400Hz on-center tone was distract-
ing, and that the results were better
without it.

GRK 7/14/99:

Your directionality test results are inter-
esting. It seems as though the 80Hz num-
ber everybody seems to use should be
more like 6G0Hz. I'm not surprised that
the edge click with the pulse gave direc-
tion, since 1 believe arrival time is the
key to low-frequency imaging. They
claim that at high frequency (I think
1k-2k was the dividing point) the direc-
tional information is in the relative phase
of the two signals.

CH 7/14/99:

In retesting, the HP and LP network
gains were essentially the same as the
prior data (Fig. 6). There were variations
in the impedance results of up to 10% (at
the minimum), but when 1 tried to plot
them, the graphs weren't visually much
different. Figure 7 is a plot of the test
using the power amplifier with 0.1Q se-
ries resistance. The maximum imped-
ances resulted with both the current
source and the 100Q series resistor, and
were about 7% higher.

GRK 7/14/99:
I received and looked at your latest data.
It appears, within the limits of test accu-
racy, that the SW2’s woofer is linear.
Also that its impedance peak is the same
no matter what source resistance you
use in the measurements. This agrees
with the data on my two small woofers,
and 1 think it also agrees with linear net-
work theory.

The data for the complete system still
shows some variation, but I can’t see any



trend in it. There is still a tendency for
the high-resistance source to show a
slightly greater impedance, but it is not
consistent. I would think the variations
are measurement limitations, and we
have no proof at this time that the sys-
tem impedance is a function of the
source impedance used to measure it.

GRK 8/2/99:
After giving Fig. I some thought, I be-
lieve it should look like a closed-box
speaker in series with an inductor.
Therefore, what I described last time
would have inductance added to it and
tend to look inductive most of the time,
and at the normal zero points. The shape
of the magnitude peak does look better.
Figure 1 shows that at high frequency
the SuperOne’s Z,, magnitude drops to
about 6.5€), whereas Fig. 7 shows that
the revised system drops to 3Q. The rea-
son is probably the Zobel across the Su-

FIGURE 6: .
HP and LP

network

gains.

)]

perOne’s input. This is doubtless no
problem for most amplifiers, but it could
become one if you tried to drive a sec-
ond set of speakers on the same amplifi-
er. I suspect that a small inductor in the
Zobel, making it a series L-C-R, would
cure this. The inductor would take the
Zobel out at perhaps 4k, so for 7Q it
might be about 300pH. I don’t think you
need to try this unless you would like to,
but we should mention the problem.

I don’t believe a coil in the 200-
300puH range would change the HP re-
sponse by any major amount, since it is
more than a decade away from the CO
point. The Zobel network would now
have a resonance at about 1.8k, but the
Q would be around 0.5, so I don’t think
this would cause a problem. As with any
resonant circuit, readers should be cau-
tioned that if they try this, they should
test it carefully. They should also make
the inductor as small as required to get
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the system high-frequency impedance
up to where they intend it to be.

CONSTRUCTION

The schematic for the final crossover is
shown in Fig. 8. The parts cost for both
crossovers was $235, and the parts list
appears in Table 2.

TABLE 2
CROSSOVER PARTS LIST
DESIGNATION  VALUE, MADISOUND
DESCRIPTION PN
C1-C3,C6-  20p 150V M20
Ce,C1 Carli mylar
C4-C5 4u7 150V M47
Carli mylar
C10 10 100V 10MFD
Mitsubishi mylar
Lt 6m5 Sledgehammer  SL6.5
inductor
L2 6m0 Sledgehammer  SL6.0
inductor
R1-R2 7Q2 15W 5% non- 15R7
inductive WW
DC ELEC-
TRONICS
J1,43,J5 Red 5-way goid 7012
binding post
J2,J4, J6 Black 5-way gold 7013
binding post
Ten-Tec MW-10 MW10
enclosure
96" nylon tapped 887
spacers
6” x 6” single-side  22-261
PC board
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I used a 10.1"W x 4.4"H x 6.5”D Ten-
Tec enclosure for each crossover. Figure
9 shows the chassis layout top and side
views. I mounted L2 on the top-front-left,
and L1 on the bottom-mid-right, turned
90° from L2. The capacitors and resistors
are mounted on one 6” x 6” single-sided
blank PC board. I routed tracks on the

PHOTO 2: Crossover connected to
speakers.



copper with my Dremel™ router.

As you may recall from the text, I orig-
inally used steel screws and standoffs for
the two inductors, which caused a prob-
lem, so I changed to plated-brass stand-
offs and stainless screws. These are spe-
cialty items, so you could try nylon spac-
ers instead. Make sure you use nonmag-
netic stainless or brass hardware. The
300-series (Austenitic) stainless steels are
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nonmagnetic. The 400-series (Ferritic
and Martensitic) grades are magnetic.

I used tapped nylon spacers to mount
the boards to the chassis, with ten short
6-32 nonmagnetic stainless screws, and
the holes have sufficient clearance for a
flat washer.

I used 16-gauge speaker wire from the
six jacks to the board. The inductor leads

FIGURE 9:
Crossover
chassis
layout.

B-1560-9

are connected directly to the board.
Photo 1 shows an internal view of one of
the finished crossovers, and Photo 2
shows the crossover connected to the
NHT SuperOne and SW2 speakers. &
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AUTHOR UPDATE

There is an error in your publication
(5B 7/99) regarding the website
which complements my book (The
Life and Works of Alan Dower
Blumlein, p. 55). You published
this website as www jayjaybee.com.
This is, in fact, the URL for the web-
site constructors. The correct URL is
www.doramusic.com/blumlein.

You may be interested to know
that this site currently contains 60%
of Alan Blumlein’s patents and will
be updated so that all 128 patents
will be there by the end of Novem-
ber. I also intend to have all of Blumlein’s
binaural recordings available as down-
loadable .ra3 or MPEG3 files as well as
the binaural film clips (which were the
world’s first “stereo” films). These
should be ready by late December.

Robert Charles Alexander
Watford, England

SOUND-SPEED TESTS

Don Jenkins' experiments reported in SB
7/98 (“What Really Happens in a Stuffed
Line,” p. 32) indicate that the speed of
sound through 0.66 Ib/ft? polyester stuff-
ing is about 68% of its free-air speed at
frequencies near 150Hz. Bradbury’s
analysis predicts a value closer to 50%.
Jenkins asks whether any other SB read-
ers have made similar tests.

In a forthcoming article on transmis-
sion-line loudspeaker system design, I in-
tend to address the behavior of stuffing
materials in detail. At this time I will just
make four brief statements:

1. As Bradbury noted, measuring
sound speed through fibrous materials is
difficult and uncertain. My own tests of
0.5 Ib polyester in a three-foot pipe con-
firm a value of about 0.68 in the 150Hz
region.

2. Yes, the general effect is real. It is
well-documented in technical literature.

3. Yes, effective speed is frequency
dependent.

4. Yes, relative sound speed does in-
| - =
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FIGURE 1: Bailey 1972 simulation. Rela-
tive sound speed varied from 0.8 to 0.4.

fluence the response of transmission-line
systems, but not nearly as much as you
might think.

With regard to the last point, remem-
ber that Bailey’s transmission line is a
damped, nonresonant design. It is not a
tuned pipe. Pipe output contributes to
system output over a range of perhaps
two octaves, but its contribution
amounts to less than 3dB, and exact
phase relationships are not critical.

To illustrate this observation, I set up a
computer analog of Bailey's 1972 com-
mercial transmission-line system. This
was derived from dimensions and fre-
quency-response tests reported by Geof-
frey Letts in his 1975 honors thesis at the
University of Sydney School of Electrical
Enginecring.

The graph in Fig. / overlays four fre-
quency-response curves corresponding
to relative sound speed values of 0.8,
0.63, 0.5, and 0.4. Sound speed is held
constant; it does not vary with frequen-
cy. For this particular design, a value of
0.8 gives the closest match to measured
response. It is obvious that the low-fre-
quency cutoff of this well-behaved trans-
mission line is not dictated by effective
pipe length even though Bailey may have
believed this was the case.

In terms of sound speed, it also turns
out that there is no magic stuffing ma-
terial for transmission lines. You can use
fiberglass, polyester, cotton, wool, Acous-
ta-Stuf, and so on. Once packing density
has been set for acceptable passband rip-

[ailbox

ple, sound speed pretty much takes
care of itself. This is not an opinion.
It is based on measured perfor-
mance.

G. L. Augspurger
Perception Inc., Consultants in Acoustics
Los Angeles, CA '

STUFFING EFFECTS

Ketil Parow’s article on the All-Fun
Horn (SB 5/99, p. 10) was really
great. It was a perfect balance of
“how to build one just like mine”
and “here is the mathematical basis
for the design so you can build your
own.” More of this type, please!

Rick Schultz’ Rhino article (SB 5/99,
p. 26) was also dear to my heart, since
horns and transmission-line speakers are
my two passions. Especially intriguing
was Rick’s claim that he could design a
TL based on Thiele/Small parameters. |
Unfortunately, the article did not include
the formulas Rick used to derive his de-
sign. Could you please try to impose
upon him to share with all of us the for-
mulas he has derived for calculating
length, volume, aperture, and so on, '
from T/S values?

I am sure it would not compromise
even pending-patent applications, since
designs for noncommercial use (with for-
mulas) have been published using patent
info from Bose and Polk, to name just
two. Since others John Cockroft comes
quickly to mind) have not been able to
relate TL performance to T/S parameters,
I am sure the publication of Rick’s for-
mulas could lead to quite a bit of experi-
mentation and debate—to the delight of
us all.

I T S R

Mark Parker '
Hancock, NH

Rick Schultz responds:

Thank you for your comments. I also enjoy SB’s
articles, but the letters section is the best free
exchange of ideas I have come across. Qur pas-
sion for stereo/HE speakers is not an exact sci-

|

1}




ence, and this exchange is vital to improving
our home systems.

The SB 5/99 issue is truly exciting, particular-
ly Marshall Leach’s 1979 JAES preprint and re-
view of his recent book. Mr. Parow’s article
about his Lowther horn was a nice contrast to
my discussion of compression and oscillation
horns. 1 know the DX3 can work in a quarter-
wave system built for sensitivity and have better
loading with flatter aperture output.

The letters in SB 4/99 contained an exchange
between Jakulis, Mattern, and Jenkins. Jenkins’
point is that the speed of sound through enclo-
sure air is unaffected by stuffing. Although the
airstuffing mixture has been considered homo-
geneous in the past, it is not. It is a complex het-
erogeneous “blob.” 1 suspect the stuffing itself is
heterogeneous due to variations in length and
diameter. The various materials in the blob have
different effects on sound. This complex blob
blurs, broadens, and reduces quarter-wave
(and harmonic) resonance while damping
midbass output from the aperture.

The blob certainly adds mass (inertia) to
the acoustic system. It probably produces a
drag on compression waves passing the solid
material. It may produce less drag on oscilla-
tion waves, or it may oscillate itself; 1 don't
know which. I doubt diffraction around the
fibers is a consideration due to the small di-
ameter of the material compared to wave-
length. Stuffing is a frequency-dependent
load. |

Stuffing adds inertia to the inertia of the
aperture. That means my calculated aperture
area (Sa) would increase for a stuffed system.
The blob has its own compliance characteris- |

—

Y

Qs This is why stuffed enclosures are usually
trial-and-error. If only the effects of stuffing

could be measured without the interference of

an enclosure. See Fig. 2 for a proposed experi-
ment, with test driver TSP using the standard
density of stuffing (0.5 Ib/ft3 polyester or 0.25
Ib/ft? fiberglass) at increasing lengths from the
driver. Figure 3 is a variation for testing densi-
ty. Measure TSP as density increases over a prac-
tical fixed length (5?). Perhaps you can test
wool, polyester, Acousta-Stuf, and fiberglass. The
results will probably depend upon the driver's
free-air Qqy, o you should test several different
drivers. I don’t have the equipment to do
this...is anyone inclined to try this?

There is an excellent JAES preprint titled
“Loudspeakers on Damped Pipes” Parts 1 and 2.
Mr. G. L. Augspurger, Perception Inc, has devel-
oped a very precise model of the effects of

0.7#M3 0.9#/t3

0.5#/ft3 11#M3

FIGURE 3: A proposed experiment to mea-
sure the effects of stuffing density on driv-
er Thiele/Small parameters. As in Fig. 2,
the stuffing is set as a dome of material.
The radius of the dome is the same for
each measurement, perhaps 5. The
amount of stuffing within this dome varies
to provide the stated densities, which
apply to most material, but the values for
fiberglass should be halved.

tic. My calculated air volume (Ve) would re-
quire 2 smaller air-stuffing blob. Light stuffing
(less than 0.5 1b/ft> polyester or 0.25 lb/ft?
fiberglass) has slight effect on efficiency and sen-
sitivity. However, moderate or heavy stuffing
will change everything.

In stuffed systems, the driver is interacting
with a new inertia and blob compliance. It is no
longer in “free air.” Stuffing must alter driver

damping material in a transmission line (see
“Sound-Speed Tests,” previous page). It also
models unstuffed quarter-wave systems. While
my emphasis is on efficiency, his is on nullfree
response comparable to an infinite baffle. I sus-
pect the best quarter-wave system lies some-
where between our models. [These articles on
T1 design by Mr. Augspurger will appear in up-
coming issues.—Ed.}

I believe | am on the right path, but
the Rhinos have some problems. I know
I can improve them. | prefer to hold
back the details of the design until it is
improved. It would be nice to find a
sponsor to help with this process. My
main obstacle is the cost of drivers and
time/expense of testing. 1 have had

—

FIGURE 2: A proposed experiment to measure
the effects of stuffing material on driver
Thiele/Small parameters. Though the diagram
is two-dimensional, the stuffing is set as a
dome of material. The density of the material

should be as uniform as possible.

some very bad results on my past and
current projects, but 1 have learned
much. With two more projects, I think |
will have unstuffed quarter-wave sys-
tems nailed down. (I am not sure of the
economic value of my model, but with
my oldest child off to college, I do not
want to jeopardize the value of my in-

tellectual property.)

TL TANGLE

I was eager to read “Transmission Lines:
The Real Story” when $SB 6/99 arrived.
However, I found the article so confused
and confusing that I thought some clarifi-
cations were in order. First, I find aston-
ishing the author’s assertion that a
nonoptimally stuffed transmission-line
speaker is really not a transmission line.
Would he assert that an imperfect car is
not a car?

His similar statements about ported
speakers are also baffling. Whether re-
ferred to as bass reflex, ported, or vent-
ed, they are all functionally and physical-
ly identical; i.e., they all consist of an en-
closure and some kind of port that func-
tion together as a Helmholtz resonator
used to extend the bass response.

Calting all pre-Thiele/Small ported
speakers boom boxes seems an unprov-
able assertion and a disservice to all the
designers who toiled away with their
rules of thumb and their many experi-
ments. No doubt some designed awful
speaker systems, but others succeeded
by dint of hard work and a measure of
luck to design some good ones. The au-
thor’s statement seems especially
bizarre when he later proposes a nonan-
alytical, empirically based design tech-
nique for transmission lines.

The author also states that vented
speakers by necessity must ring and
have poor transient response. Both
these statements are somewhat mislead-
ing. I simulated the following system:
speaker £, = 30Hz, Q¢ = 0.37, V=49
Itr, cabinet volume = 27 ltr, cabinet tun-
ing = 30Hz, and cabinet Q = 10. The im-
pulse response looked so perfect that it
wasn’t even worth reproducing. Figure
4 shows the step response of this sys-
tem, while Fig. 5 shows the same system
with the port blocked off, i.e., a sealed
system of the same volume.

The ported system has a bit more
overshoot and just a hint of ringing. The
alignment of the sealed system is very
close to critically damped, and if its tran-
sient response can be characterized as
very good, it would be difficult to charac-
terize the transient response of the port-
ed system as bad. It would not be clear
to me that the difference between the
two would be audible without a double-
blind test.

The author also makes a cryptic com-
ment that vented designs have a Q. of
one. Because he doesn't define the vari-
able, we don’t really know to what he
refers. It can’t be the cabinet Q, because
that is usually made as high as possible.
As both Thiele and Small showed, the
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Ported Step Response

monic series.

A pipe open at both ends
has a fundamental reso-
nance with a node at its

o
[\

middle and two antinodes

008§ 0 N7 015

o:: | at each opening, which is a

wavelength twice the bore

length. If a flute has a fun-

damental resonance at

FIGURE 4: Ported step response.

twice the bore length as
the author asserts, it is most
likely because the large
hole that you blow across
to sound a note makes the

cabinet Q can be infinite without caus-
ing response problems. Q. would not
seem to be the system Q, because that is
variable, depending upon the box vol-
ume and tuning as selected for a specif-
ic driver.

The author errs in his

flute look like a pipe with
two open ends.

The author also states that a TL has a
different response from an organ pipe
because it is excited at its closed end,
whereas organ pipes are excited at their
open ends. This statement is also mis-

descriptions of musical
instruments. He seems to
imply that the clarinet’s
fundamental resonance is

Sealed Step Response

at four times the bore

length because of the in-

strument’s bell, and that
the flute's is at two times

the bore length because

of its lack of a bell. These
assertions, along with
Fig. 5 (assuming it at-
tempts to show reso-

FIGURE 5: Sealed step response.

Seconds

nance in a pipe with one
closed end), are false.
The author also incorrectly asserts that
organ pipes have resonances at all inte-
gral fractions rather than just at odd inte-
gral fractions. Some do and some don’t;
it depends on the design of the pipe.
First, let's clarify how a closed-end
pipe resonates. At resonance, a standing
wave will develop in the pipe. Sound is a
compression wave, and at some point or
points along the standing wave there will
be a node (or nodes). This is a place
where pressure change is at a maximum
and velocity change is at a minimum.
Between the nodes will be antinodes,
where pressure change is at a minimum
and velocity change is at a maximum. At
resonance, there will be a node at the
closed end of the pipe: by definition,
there can be no velocity at the blocked
end. There will be an antinode at the
open end. The longest wavelength that
can satisfy these boundary conditions is
four times the pipe’s length. The next
shortest wavelength that satisfies these
criteria is three-fourths the pipe’s length,
and the next are at %, 7%, and so on. Thus
we see the real reason for the odd har-
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leading. A simple experiment will prove
my point.

Take a short length of pipe—a piece of
15" or ¥%” copper water pipe about a foot
long works very nicely for this experi-
ment. Block one end off and blow across
the open end to make it sound. You will
hear a distinct note whose wavelength is
four times the pipe’s length. Hence we
see that even when excited at its open
end, the pipe will still resonate at the
same frequencies. It has no choice—its
resonance is determined by its geometry,
not the spot at which it is excited.

The author also confuses things by
using the term harmonic in an uncon-
ventional way. He calls the first harmon-
ic that frequency that is twice the funda-
mental, but in virtually all cases, the first
harmonic is considered to be the funda-
mental frequency. I could cite so many
examples of this that it would become
boring, but let me mention one. Sym-
metrical waveforms are always consid-
ered to have odd harmonics, and their
harmonics are at 1, 3, 5,... times the fun-
damental frequency. Thus, the peaks

shown in the response in Fig. 7 would
be considered the 1%, 30 5t hammon-
ics in common parlance.

The author also mentions the TL has a
line response with a —18dB slope. This
detail is confusing, because he doesn’t
specify over what frequency range this
response variation occurs. Inspection of
Figs. 7 and 8 clearly shows that the re-
sponse is 12dB/octave, which makes the
line a second-order system.

While I have many criticisms of the au-
thor’s presentation, I do not wish to
leave the impression that I intend a
wholesale condemnation of his work. I
suspect that readers will learn many valu-
able tips about designing TLs as this se-
ries continues.

Roy Mallory
Bedford, MA

A. Monk responds:

Thank you for a stimulating letter. The TL has
historically provoked strong opinions, and I
hope your observations will result in equally
strong analysis by other readers. If your obser-
vation that the article is confusing is upheld,
then 1 have failed in my attempt to define the
TL's characteristics. 1 hope your opinion is some-
what premature, since only the first part has
been published and you will temper your judg-
ment when you have a chance to read the com-
plete presentation.

Perhaps my attempt to answer the objec-
tions you raise will permit me to clarify some
points that were abridged in the first part and
help other readers with what appears to be
confusing.

1 needed an accurate, yet nontechnical, defin-
ition of the TL to differentiate it from similar de-
sign methodologies which were grouped under
the Y4 lambda category. The article is about
defining it, but initially I chose to go with the
statement that the TL is what Bailey did when
he built and characterized the first TL line. The
critical design issue is the concept optimization
of the TL’s response, i.e., a cusp-type response
and minimization of the phase-angle response at
the shifted Fy.

Had 1 initially used this definition, which
gives a very precise quantification of an opti-
mum TL line length versus fiber density/type re-
sponse, it would have amounted to gobbledy-
gook. This cannot be understood without an
analysis of the fiber characteristics in the line.
From this concept it follows that any line not
optimized cannot be considered to have Bailey’s
defined TL response.

Perhaps you have an alternate definition; if
so, | would be interested in hearing it. By all
means publish your analysis; the TL literature
will benefit. If your objection is based on logic



or a theoretical model, then we are in disagree-
ment. since in my criteria a concept must be sup-
ported and conform to empirical data. Your
statement that “The author’s statement seems es-
pecially bizarre when he later proposes a nonan-
alytical. empirically hased design technique for
transmission lines” is a misunderstanding of the
proposed model as hased on experimental data.

However, if your preference is for a simula-
tion mathematical model, I have included a ref-
erence 1o ). Backman’s paper which includes
such a model. It is well worth the time to study
it; however, you need some familiarity with
mathematics as well as computer modeling to
understand it; thus it is beyond the scope of the
majority of amateur speaker builders. In my
view the problem with this model is that the
mathematical model has not been verified and
corrected by experimental data, as the author
points out at the end of the paper.

Your primary objection seems to be tied to
the vented box design and performance charac-
teristics and the “hoom box™ nomenclature used
for the response of the bass reflex. This was Bai-
ley's characterization and used for the bass re-
flex hefore the Thiele and Small analysis for the
woofer was defined and from whose work the
vented box evolved. Thus the lumping of bass
reflex. ported. and vented as Helmholtz variants
is misleading both historically and analytically.
As to the poor transient response of the vented
box, this is somewhat controversial, hecause
there is no accepted definition in the amateur
community of transient response and how we
perceive it. I attempt to illustrate this question
in the second part, but I suspect that you will
not be very happy with the responses shown.

Your responses for a step response of sealed
and ported designs is very interesting and, in
my opinion. contrary to your statement that it
very well illustrates the poor transient response
of the ported box. After the initial positive peak.
the data for the ported box shows a very large
negative peak and a smaller positive peak be-
fore settling out. This is the classical example of
a ringing response, i.e., poor transient response.
The given plot for a sealed response has no ex-
tended energy storage; i.e., it is a crifically
damped system.

I used the analogy of the woodwind instru-
ments to illustrate the concept of resonance as
related to the geometry of the pipe. 1 did not in-
tend to draw a rigorous correlation to the TL.
Each must be analyzed by its characteristics as
defined by experimental data.

1 have taken the data on the clarinet and the
flute from the chapter of The Physics of Wood
Winds from “The Physics of Music,” a Scientific
American preprint. If 1 have misquoted, the
fault is mine, but it has very little bearing on the
TL analysis.

I'm guilty of idiosyncratic usage of the term
harmonics, but I would not change it, since the
mathematics of calculating the fundamental and

relating to the nulls and peaks was, in my view,
consistent and useful, and I could not think of a
more appropriate term. To define the harmonic
response of the TL line by nulls versus peaks is
even more confusing, since the system response
peak will not correspond to a line-related reso-
nance peak.

The Helmholtz absorption nomenclature is
not useful. While my usage is a deviation from
the academic definition, you should be able to
make the mental translation if you so choose.
Sorry for the confusion, but the subject matter is
not epistemology or adherence to a particu'ar
academic jargon.

You bring up an interesting example in the
resonance of the pipe blocked at one end. Your

ability to analyze its resonance by aural spec-
trum analysis is much finer than mine, since 1
must rely on instrumentatior:, but it is an experi-
ment I have done and describe in the third part
of the TL article, where 1 examine the question
of whether the TL can be classified as a
Helmholtz. My opinion is no. The data signa-
tures are distinct. and, again, each type must be
defined by the experimental data correlation.
Generalizations are unproductive.

Thank you for a thoughtful and detailed let-
ter. | suspect that our disagreements are superfi-
cial. since we hoth seem to value verifiable data
over subjective assertions. B
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Yard Sale

FOR SALE

Sherwood subwoofer, design uses 10” driver
and 10” passive radiator. Cabinet is 16” x 15”
x 12”. Very good condition, asking $45 plus
shipping. Radio Shack/Gennexxa Pro 7AV
speakers (shielded Mimus 7&rsquo’s). Asking
$32 ea. Greg (519) 745-1579, E-mail
gnawrock @ hotmail.com.

Boulder Ultimate preamp ($4500), $1800.
Mach 1 Acoustics Reference DAC ($2400),
$540. Two Mach 1 Acoustics Isobarik sub-
woofers, each sub contains two Eton 11-580
11" woofers, $270 plus shipping each. Marc
(603) 860-3085

Denon amp, 2000W/ch, $400. Harman-Kar-
don PT2500 tuner/preamp, $200. Both for

$550, both in mint condition. Nick (559) 583-
Acoustat electrostatic loudspeaker panels, 6511.
four 9” x 48", two 8” x 48”; transformers,
1:240 low frequency, 1:60 high frequency;
high voltage capacitors, poly 0.1uF, 4000V
DC. Ask for prices. Tom Russell, (972) 690- i
9894, FAX (972) 783-2257. - L
Eclipse 1238R woofers, new, in boxes,
$100/pr.; Legacy ribbon tweeters, new,
$80/pr.; Eclipse AC-12 woofers, $50/pr. Bill,
(606) 341-3841.

“Say You
Saw Itin
Speaker Builder”

Speaker Builder 1990 to 1998, $120 postpaid.
New Peerless 4'2” poly midrange TO105
$50/pr.; Philips 2” dome mid AD02110
$30/pr. new; Audax 34mm dome mid
HD13D34H, $30/pr. new; Seas 76mm dome
mid H304 $50/pr. new; eight 4” woofers, 40-
1022, like new, $10/each. Manuel (505) 898-
5967

CLASSIFIED INFORMATION

Three classified advertising categories are available in Speaker Builder

© VENDORS: For any business or professional private party
selling equipment, supplies or services for profit.

@ FOR SALE:
© WANTED:

For non-subscribers to sell personal equipment or supplies.
For non-subscribers looking to find equipment or services.

HOW TO ORDER AN AD

REGULAR CLASSIFIED (ads without borders):
$1.00 per word. $10.00 minimum.
Deduct 5% for a 8X contract.

CLASSIFIED DISPLAY (all ads with borders):
1”7 $65.00, 2" $115.00, 3" $150.00
Deduct 10% for a 8X contract

with your ad and mailed to Speaker Builder, c/o AAC Classified Dept., PO
Box 876, 305 Union Street, Peterborough, NH 03458-0876. Ads can also be submitted by
FAX (603) 924-6230 or by E-mail, advertising@audioXpress.com (faxed and E-mailed ads must include
MC, Visa, Discover or AmEx payment).

A word is any collection of letters or numbers with a space (a sfash (/) is counted as a
space) on either side. All hand-written ads must be block printed on the classified order form (please
contact us to obtain a form). Please circle or underline all words to appear in bold. Submit copy by mail.
tax, E-mail or on disc (QuarkXPress, Wordperfect, Microsoft Word 2.0 or 6.0 or Word for DOS). If
submitting by disc, include a list of fonts and graphics used and a printout of your ad.

AAC Classified Dept., PO Box 876, 305 Union Street, Peterborough, NH 03458-0876 FAX 603-924-623C
ALL ADS SUBJECT TO RUN AT DISCRETION OF PUBLISHER / AD DIRECTOR

CoDrive* has arrived!

A new loudspeaker designed for

BIG AGGURATE
BASS!

Patented transducer utilizes compression and di-
rect radiation for stunning bass quality. High effi-
ciency design with excellent transient response for
pro applications and tube amps. 12" and 15” with
or without enclosure and amplifier.
Smaller sizes coming soon!

For sales or licensing inquiries: 978-887-8899
CoDrive, 18 Johns Lane, '_I’opsﬁeld, MA 01983
www.codrive.com

FOR SALE

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

Bruel & Kjaer 2203 sound level meter with 4145
microphone, in working order, $400 USD. Cart
Lavertu (514)-396-8574.

Audio Concepts “GEM” monitor-type speakers
in lighter oak finish. Near mint, $600, nego-
tiable. David (801) 731-2123 AM, or E-mail
sndrsut@aol.com.

Speaker Builder 1985-1994, $25 plus ship-
ping. AR3a's, $100. Attractive, solid, home-
made speaker boxes 12 x 18 x 40, $40, pick-
up only. Electrovoice 664 mike, $20. (828)
862-5567 (NC).

WANTED

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
homs, woofers, drivers, parts; Tannoy dual con-
centric, Goodman, E-V Patrician. Sonny, (405)
737-3312, FAX (405) 737-3355.

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

VISIT OUR
WEBSITE

www.audioXpress.com

or E-mail us at
custserv@audioXpress.com
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Driver Report

CSX 145 H FROM PE

By Vance Dickason

This Driver Report focuses on a driver
from the Peerless (Denmark) CSX series,
the 5” Model CSX 145 H.

Features: CSX-series products have a
stamped surface-mount frame (one of
the nicest stamped frames in the indus-
try), composite sandwich paper cone, in-
verted dustcaps, aluminum shorting ring
for lower distortion, flat linear compli-
ance spider, and rubber surround. The
CSX 145 H is a 5” woofer with a 26mm
diameter voice coil suitable for mid-
bass/midrange applications and as a
small woofer in a two-way speaker.

PHOTO 1: The Peerless CSX 145H.

Measurements: With the LMS analyzer,
I produced the free-air impedance curve
shown in Fig. 1. 1 then transported this
data to LEAP software to produce the T/S
parameters given in Table 1. After verify-

LESS

ing that the sample data correlated well
to the factory specification sheet, I used
this information to create a sealed-box
computer simulation in a 0.08ft3 box
(50% fiberglass fill), and a 0.21ft3 vented
box tuned to 53Hz. Figure 2 shows the
response of both enclosure types simulat- |
ed at 2.83V. The sealed enclosure yielded
an f; of 102Hz at a —3dB phase angle of
92° (box Qq of about 0.7), while the
vented box produced an f; of 51.3Hz.
Figure 3 depicts the associated group-
delay curves for both simulation designs.

I increased the input voltage of the
simulation to a level which would pro-
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FIGURE 3: Group-delay curves for Fig. 2 (solid = sealed,
dot = vented).
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FIGURE 2: CSX 145 H 2.83V box simulation (solid = sealed,

dot = vented).

FIGURE 4: CSX 145 H box simulation at 21V (sealed) and

15V (vented) (sclid = sealed, dot = vented).
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FIGURE 5: Cone-excursion curve for Fig. 4 (solid = sealed,
dot = vented).
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FIGURE 6: CSX 145 H on- and off-axis frequency response (solid = 0°, dot = 15°,

dash = 30°, dash/dot = 45°).
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FIGURE 7: CSX 745 H SPL comparison for two samples.

TABLE 1
PEERLESS CSX 145 H PARAMETERS
SAMPLE A SAMPLE B FACTORY

fs 52.6Hz 52.1Hz 48Hz
Reve 592 5.92 6.1
Qus 199 204 1.78
Qg 0.41 0.40 0.42
Qrg 0.34 0.34 0.34
Vis 891tr 9.11tr 1251tr
Sens. 87.8dB 87.9dB 87.5dB
Xyuax 4.5mm 4.5mm 4.5mm

with an 11”7 x 6%%” baffle to produce the
on- and off-axis curves shown in Fig. 0.
The woofer gives a smooth response to

duce a cone-excursion maximum equal
to Xyax + 15%, defining the linear oper-
ating envelope for the product. SPL, as
shown in Fig. 4, increased to about
103dB for the sealed box with a 21V
input, and 101dB at 15V for the vented
box. The vented box was limited due to

the excursion below 40Hz exceeding
the Xy, + 15% criteria (Fig. 5). The CSX
145 has a long voice coil for a 5” driver
and produces somewhat higher output
levels than many of the 5” drivers previ-
ously featured in this column.

I mounted the driver in an enclosure

5kHz, with a 6dB peak in the response at
9kHz. Off-axis response at 30° indicates
that a crossover as high as 3.5kHz would
work well for this driver and yield a very
flat response. Figure 7 compares the SPL
of both samples, showing a good match
out to 8kHz. >

Yardsale

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. lllegible 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.

GUIDELINES

7. |t 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. Maximum 50 words (no accompanying diagrams or illustra-
tions or logos will be used). Submissions over 50 words will
be discarded. A word is any collection of letters or numbers
surrounded by spaces.

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

Submit 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.

10.

1
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Showcase

THE NARDEUX CENTER CHANNEL

By John Badalamenti

| To complement the Nardeux N-300

loudspeakers (“Tools, Tips & Tech-
niques,” S8 3/99, p.58) for home-theater
Dolby surround sound, you need the
Nardeux center loudspeaker for a per-
fect match. I started with the idea of a
common design, but soon realized that [

| needed the intervention of Joe D’Appoli-

to, who suggested a design that was the
ideal way to go. With a 3-way system, [

| could pack four drivers into the specified

dimensions.

LOADING THE CABINET

Photo I shows the crossover assembilies.
The low-pass crossover is mounted onto
one board (Photo 2), while the mid- and
high-pass are mounted onto another
board (Photo 3). Each crossover board is
mounted inside each side of the cabinet
for weight distribution. The crossover
specs are show in Fig. 1.

The internal wiring is 16AWG and
I8AWG D.H. Labs silver-plated pure cop-
per wiring. Note the “Blackhole” mount-
ed in place inside the cabinet and the
Dacron lightly placed all around internal-
ly (Photos 2 and 3).

The cabinet is loaded with FOCAL
shielded drivers. The midbass drivers are
7K4411Bs (two units). The midrange
driver is the 5K413S, and the tweeter is
the T9OTdAxB. The loaded cabinet weighs

PHOTO 2: Low-pass
crossover mounted
on left side.

PHOTO 1: Low-
pass crossover
network (left),
mid and high
crossover net-
work (right).

PHOTO 3: Mid- and high-pass crossover
network mounted on right side.

in at a hefty 65 Ibs. The overall measured
impedance at the banana input terminal
is 9.8Q. The finished cabinet (front and
rear) is shown in Photos 4-6. The cabinet
specs are shown in Figs. 2 and 3.

According to Joe's test results, the fre-
quency response is flat within *1dB—
making it the perfect center-channel
speaker for the Nardeux N-300s. The
cabinets’ response is as low as 45Hz.

The high-quality cabinet construction
is by Zalytron Industries. Note the beauti-
ful red-oak finish to match the front-chan-
nel speakers. 1 purchased all crossover
parts and drivers from Zalytron.

I believe this is an excellent project
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4 E
o 7K44118B P | center
e . channel
- without
1t = grille.
+ L3 | 1] :
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M 2.7mHT1 2pF ELSEAN
C5 (o]} R3
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5.6uF 10pF  26210W
T 0.22mH
T9OTdxB
PHOTO 5:

B-1521-1

FIGURE 1: Crossover design.

for anyone sceking state-of-the-art perfor-
mance with a reasonable, realistic ap-
proach. The assembly was not very diffi-
cult; with some practice and some basic
hand tools, any novice can enjoy the re-
wards of amateur speaker building. So
impress yourself and many others for
many years to come by building some-

With
grille
installed.

thing you can be proud of. ::I:T:::‘;
If you have questions on this subject 99 of cabinet.
my e-mail address is j.badalamenti@ Note vent
worldnet.att.net. ports and
This Nardeux Center Channel is dedi- Axon
cated to the NARDEUX STEREOMATIC terminal
302S from Loches France and my broth- posts.

er, Andrew, who inspired me from the
beginning with stereo equipment and a
whole lot more. =)

Mid and tweeter
on centerline

i

2 | ; FIGURE 2:

‘ r‘ . Cabinet
T — P '—,:‘— ............... — x specs (front
[ ’ [ | view).

67—
(interior)

Badalamenti center channel top view.
i Line rear, sides. top or bottom (not both) with Black Hole.
2 Line rear of mid/tweeter sub-enclosure with Black Hole.
Fill sub-enclosure with lightly compressed high loft Dacron.
All material 3/4” MDF except front baffle
N Front baffle 1” MDF

B1521.3 |l[¢————— 23"

Badalamenti center channel front view.
All material 3/4” MDF except front baffle.
Front baffle 1” MDF, edges rounded.

All drivers shielded.
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2 Ports 271D, 5.75” long
offset from woofer centerline

L,

Black Hole —— #///////////’/

; \Mid/tweeter FIGURE 3:

{ [Seb enclosure Cabinet

; l specs (top
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ELECTRONICS & MORE

PABTS. 1o

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
densily 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.

Step 1 Step 2 Step 3 Step 4

Assemble cabinet on your workbench Brush Polyurethane glue (available at Fill screw holes with putty let dry Varnish or paint cabinet to your kiking.
and pre-drill and countersink screw most home centers) on both sides of and sand. Apply your veneer or Install crossover, rear

holes. Modifiy driver holes if all joints. Assembile cabinet (clamp it laminate. terminals and drivers.

necessary at this tima. passible) and install screws.

.75 Cu. Ft. Dual Woofer Cabinet
.25 CU. Ft. BOOkShelf Cabinet Build the popular D'Appolito style dual woofer speaker system.

- o - . ) The front baffle is pre-cut to accept two 5-6" mid/woofs and one
Reminiscent of the classic British mini-monitor, this tweeter. Popular tall European style cabinet with two internal
cabinet is well suited as a compact 2-way audiophile braces to help eliminate unwanted panel resonance. .75 cu. ft.
system or home theatre setup. .25 cu. ft. internal internal volume including 1" braces. Internal dimensions: 6-1/4"
volume. Includes 1" Daao brace. 1" Front Baffle is W x 21-3/4" H x 10" D ®External dimensions: 8-1/4" W x 23-3/
pre- cut to accept most 5 - 6 in. mid/woofs and 4" H x 12" D ®Woofer holes: 4-5/8" ®Tweeter hole: 3" ®Net
tweeters. 100% 1" MDF Constructian. Internal

di ions: 5" W x 12-3/4" H x 7* D ®External: 7 weight: 26 bs.
imensions: 5" W x 12-3/4" H x 7" xternal: 7"

W x 13-3/4* H x 9* D ®Woofer hole: 4-5/8" #300-714 ......ccoeeeirereererrrerrerreeraneneees $959.80
o Tweeter hole: 3" ®Net weight: 12 Ibs. #300-713 (Blank Baffle, 1* MDF)

#300-704 ......cvnrnunnenrernnnnnnns $34.50,,
#300-703 (Blank Baffle. 1" MDF) ......c.ceeeueses $3.95

.55 Cu. Ft. Cabinet

This is the pertect 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 eWoofer hole: #300-713 (Blank Baffle, 1" MDF)
5-5/8" ¢ Tweeter hole: 3" ®Net weight: 20 Ibs.

#300-708 ....vcovrrererrrernrnnens $46.80_, 3 Cu. Ft. Subwoofer Cabinet

—" Finally, a high quality, high per- - m
#300-707 (Blank Baffle, 1" MDF) .............. SS.QSEACH formance MDF subwoofer cabinet at an afford- ¥4 e S

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 eOutside
dimensions: 18" W x 15-3/4" H x 24" D eWoofer hole:
11-1/8" ®Net weight: 43 Ibs.

#300-728 .......coovevrereesersneinnennnns $89.95

EACH
$7.95_, .,

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 eWaofer holes: 5-5/8" & Tweeter
holes: 3' ®Net weight: 31 Ibs.

#300-718 ....cccvriirimnrennsnnccnnnsseessenneens $69.50

EACH
EACH

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

EACH

calOER  1-800-338-0531 EEn

KEY CODE: SBM Reader Service #19
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WA DR A \/
Titanic 1200 Subwoofer AN

The Dayton Loudspeaker
Company assembied a team of
the best speaker designers in the industry with one
thought in mind ... to build the finest AV subwoofer

Dayton Loudspeaker Co.°
on the market! These engineers were chosen

l l 1200 because of their expertise and pioneering designs

of long excursion, high output subwoofers. A dozen prototypes were buiit and rigorously tested
before we were satisfied with the final design parameters. With specifications like 16Hz Fs, 14mm
Xmax (linear), 30dB SPL (2.83V) and 350W power handling, we're sure you will agree that this
subwoofer is truly, Titanic!

Only the finest components are utilized: a heavy cast aluminum basket, a talc filled
polypropylene cone, SantopreneR rubber surround, an ultra high power voice coil assem-
bly with a high temperature resistant ApicalR former, and quality, high tech adhesives to
hold it all together. All of these components cost more, but are worth it!

TN,
1

Lets talk Performance!
The 12" Titanic was designed primarily as a sealed box woofer. One possible design is a 3 cubic
foot sealed box with 50% fill. This design produces deep, accurate bass to 25Hz. You will be over-
whelmed by the incredibly realistic low frequency that this driver will produce. Go ahead, put the T/S
parameters into your favorite box design program and see for yourself what the Titanic 1200 can do!

I

| Try it for 30 days ... If you don't feel
this is the best A/V subwoofer
you've ever heard, we'll refund your
money! The Titanic 1200 is covered
by our 5 year warranty. \f"/‘

; U oNLY

TAANIC 25

Subwoofer Cabinet

This cabinet was designed 1o make the
Titanic woofer “Sing.” 3 cu. ft. cabinet with
a substantial 1" MDF braces to couple ali
cabinet sides and help eliminate unwanted
pane! resonance. One inch thick MDF
(medium density fiberboard) is acoustically
superior to particle board, plywood, and
OSB. Dado and Slot joinery coupled with
screws and polyurethane glue (not
included) make this cabinet virtually
"Dead.” The MDF exterior is easily painted
or veneered to your liking. (Finishing
Instructions Included Free). Inside
dimensions: 17-3/4" cubed ®Exterior
dimensions: 19-3/4" cubed ®Woofer hole:
11-1/8" ®Net weight: 50 Ibs. ®Shipping
knocked down.

FREE
CATALOG
CALL TOLL FREE

1-800-336-053

725 Pleasant Valley Dr.,

Springboro, OH 45066-1158

Phone: 513/743-3000 @ FAX: 513/743-1677
E-Mail: sales@partsexpress.com

KEY C

Aasx FO;g .
#300-7
W

Thiel-Small Parameters
#Power handling: 350 watts RMS, 450 watts max. ®Voice coil diameter: 2° ®Voice coil tnductance:
1.96 mH #Nominal impedance: 4 ohms ®DC resistance: 3.66 ohms ®Frequency response: 16-400 Hz

®Magnet weight: 84 0z. ®Fs: 16 Hz ¢ SPL:90dB 2.83V/1m &Vas: 9.8%4 cu. ft. #Qms: 8.22 ¢Qes: .42 ¢Qts:
.407 #Xmax: 14.2 mm ®Net weight: 14.6 Ibs. ®Dimensions: A: 12-1/8", B: 11-1/8", C: 6-9/16", D: 6°, E: 2-3/4

250 Watt Class D Subwoofer Amplifier

Perfect mate for Titanic Subwoofer X\[\/\’li_
High efficiency amplitier < ONLY
Made in the U.S A 80
Advanced Class-D Topology 28%9;?,;
Reliable/stable operation 2#300_795

Low distortion

High pass filter for satellite speakers
All subwoofer amps are not created equal!
Tooay you have many choices when it comes
to an amplifier for your next subwoofer project.
In our quest, we nave seen them all and tested
many. The heart of any subwoofer system is
the amplifier; do you really want to trust your
“Audiophile grade” subwoofer system ta an
amplifier made in Crina? This American
made, TRUE 250 WATT amp produces earth
shaking bass, especially when mated wath our 12" Titanic subwoofer. Class D
amps are near'y 95% efficient creating less heat making them more reliable
and stable whi'e producing less distortion. This amp features bath high and
low level inputs, phase reversal switch, ievel contral, auto on/off (activated by
input signal), and a second orcder (12dB) electronic low pass filter that 1s con-
tinuously variaole fram 40 to 160 Hz. It also features a 6dB high pass fiiter
(90Hz @ 8ohm) output for satellite speakers. The amp has overload and fuse
praiection for years of reliable use. The highly efficient aniplifier sums the ught
and left stereo inputs to a mono output, so that only one amp is equired per
system. Rated power output: 250 watts Into 4 ohms @ 0.1°% THD. Signal to
noise ratio: 100dB (A-weighted). Dimensions: 10" W x 10" H x 2-1/2" D . Net

_ wewmht: 4 Ibs.
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