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4VS - Loudspeaker Cable 
2 V I3.5awg Ultra-Pure copper 
$3.00 per foot 

4TC - Teflon* dielectric 
2 X 13.5awg Hyper-Pure copper 
$7.00 per foot 

4PR - Loudspeaker Cable 
2 x I4awg copper 
$1.40 per foot 

Discover for yourself the profound difference proper cables can make 
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With KIMBER KABLE your treasured recordings will come to life 

Flowery prose and verse will not replace a personal audition of these superlative cables 

offering for the first time a commanding performance of the original 

801-621-5530 - fax 801-627-6980 2752 South 1900 West - Ogden Utah 84401 -
www.kimber.com 



CONNECTION THE AUDIO HOBBYIST’S DEFINITIVE PARTS SOURCE 
--- -

Order your FREE copy of 

The Parts Connection’s 

Catalog - Volume 4 

& BreadBoard Supplement! 

The Parts Connection’s Catalog - Volume 4 & Summer ‘98 BreadBoard “Clearance” 
Supplement are here, packed with our regular selection of high quality component 
parts, tubes, wire and cable, connectors, audio books, capacitors, resistors and more. 

As well, we have added dozens of new products and expanded existing product lines on 

100+ pages. To order your FREE copy of The Parts Connection’s Catalog Vol. 4 & 
BreadBoard, please Call, Write, Fax, or E-mail us at the address and numbers listed 
below. 

The TPC Catalog Volume 4 features new products from: 

Assemblage • Sanyo - Oscon • Nichicon Muse • Blackgate • Jensen • Audio Cap • 
Exotica Cap Elna • Valve Art • Western Electric • AWT • Tesla • Talema • 
Ei & many more! 

10th Anniversary Specials 

The Breadboard is the Parts Connection’s FREE Bulletin for 
News, Specials, Overstock & Clearance Items! 

Published Quarterly, this issue features clearance items from 

Draloric, Roderstein, Panasonic, Solen, Philips, Siemens, 

Gold Aero, RAM, Ruby Tubes, Golden Dragon, Sovtek and 

many, many more. Nearly 1200 different parts in all. Prices 

discounted from 25% to 78%. 

sæ «m« F. - «5 

THE PARTS ' 
CONNECTION 

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

^7 □ O Mm’,Ca'” ® E3 KINBERKABLE • |udio(ïp CADDOCK ggJSSitecB nichicon PRISMA SOLEN H 

NOBLE Erotica |n fini Cap" GOBRlz ■••■■œo'- /HultiCap DH LABS Vampira audioquest Discovery 

Toll Free Order Line 1-800-769-0747 HI S. & Guinda onlyl VISA 

2790 Brighton Road, Oakville, Ontario, Canada L6H 5T4 

(905) 829-5388 TPC@sonicfrontiers.com 

(905) 829-5858 

http://www.sonicfrontiers.com/TPC 
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Good News 

WORLD-WIDE MOREL 
Morel announces a line of products that 
include over 40 models of tweeters, 
midranges, midbasses, woofers, and sub¬ 
woofers. These products, as well as a wide 
range of car loudspeakers, are specially tai¬ 
lored to your needs by featuring the compa¬ 
ny’s unique designs and high technology. 
Morel Ltd., PO Box 712, Ness Ziona, 70400, 
Israel, (+972) 8 9301161, FAX (+972) 8 930 
1312,7 Rival St., Tel Aviv, 67778, Israel, 
(+972) 3 687 0804, FAX (+972) 3 639 1371 ; 
414 Harvard St., Brookline, MA 02146, (617) 
277-6663, FAX (617) 277-2415, E-mail 
morelusa@gis.net. 

Reader Service #134 

Reader Service #136 

- HOME-THEATER ADDITION 
Niles’ vdeo-shielded HD-CTRBX free¬ 
standing center-channel speaker employs 
a 5’4" mica-filled polypropylene wocfer 
and ElastoDynarric™ tweeter. Housed in 
a ported, black-ash woodgrain finish 
enclosure, it features a high-frequency 
switch, dialogue imelligibility switch, gold-
plated five-way binding posts, and a fre¬ 
quency response of 45Hz-21 kHz, ±3dB. 
Recommended amplifier power is 
10-15W, and sensitivity is 90dB for 2.83V 
of pink noise. Niles Audio Corp. Inc., 
12331 -30 St., Miami, FL 33186, (305) 
238-4373, FAX (305) 238-0185, Weosite 
www.nitesaudio.com. 

(602) 820.54 1 1 FAX (800) 706.6789 

(
Where can I find a 6550 
replacement audio tube? 

FIND EVERYTHING YOU NEED | 

WITHOUT BEING TAKEN FOR A RIDE. < .ill or lax today 

lor our new 60 

page EREE caí a log 

of vintage tubes, 

hard to lind parts, 

hooks and supplies. 

We have everything 

you need to build 

new or repair classic 

audio equipment at 

prices you haven’t 

seen in decades. 

6221 BOUT 
TEMPE, AZ 

H MAPLE AVENUE 
U.S.A. 852B3 

Reader Service #88 

O A CENTER-CHANNEL FIRST 
Westlake Audio has introouced the Lc265.1 , 
¡its first center-channel speaker for use in 
either home-theater or high-quality stereo sys¬ 
tems. Features include a three-way design 
that offers wide response, and you can posi¬ 
tion it either vertically or horizontaiy. It con¬ 
sists of ported dual 6" woofers and a 5" 
midmnge, combined with a coaxially-mounted 
1 " dome tweete' that contains a frequency 
response o' ¿8hz-18kHz ±3dB. The cabine: 
is available in a satin walnut hardwood veneer 
finish, and b magnetically shielded, which 
allows it to be placed on or near vwo moni¬ 
tors. Westlake Audio, 2696 Lavery 'Ct Jnit 
18, Newbury Park, CA 9" 320-' 591 , (805) 
499-3686, FAX i805) 498-2571 , Website 
www.westlakeaudio.com 

Reader Service #135 
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The Driving Force In Loudspeakers 
Quality, Durability, Value, Variety & Availability are a few reasons to 
select from one of our loudspeaker manufacturers. 

Image Communications proudly supplies: 

NEW! 

KRODIOn 

NEW - Hot From Brazil! 

EMINENCE 

® Electro-Voice 

McCauley 

A Katy Company 

Image Communications 
5235 West 65th Street, Unit D 
Bedford Park, Illinois 60638 
1-708-563-4950 ♦ 1-800-552-1639 
FAX 1-708-563-4956 
E-Mail: lmageWald@aol.com 

^FerroSound 

JJ^JeLEMCS 
A Katy Company 

University 
Sound 

WALDOM AUDIO 

lllWoods 
A Katy Company 

In the world of sound, Image Communications continues to supply quality, high 
performance audio to professional and custom installers and sound contractors. We 
continue to strive to be your key supplier with affordable pricing, impeccable response 
time and orders shipped within 48 hours of confirmation. Call us for a free catalog today! 
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Turnkey 500WRMS subwoofer amp with full feature 
set... ready to drop in your enclosure. 

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, P0 Box 
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paid at Peterborough, NH and an additional mailing office. 
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When you—or your spouse—remodel a 
room, you’ll probably determine you must 
modify your sound system as well. Philip 
Abbate found himself in that situation and 
relates his experiences in downsizing his 
subwoofer setup (to a 12" driver) without 
suffering any performance loss (“After¬ 
thoughts on Aftershock,” p. 10). 

Since audio and video are familiar bed¬ 
fellows, it’s no wonder how greatly the 
video experience is enhanced by good 
audio. In “Audio Video Revisited” (p. 12), 
Patrice Pelletier constructs and tests a 
tweeter/woofer combination for use with 
his VCR. 

Along with riding a motorcycle without a 
helmet and running with scissors, listening 
to your favorite tunes can also be hazardous 
to your health. And it doesn’t necessarily 
need to be heavy metal music, either. Jesse 
Knight takes an interesting look at the fac¬ 
tors that may damage hearing (“Dangerous 
Music,” p. 16). 

Getting the sound to the listener in a fo¬ 
cused array setup requires creativity, pa¬ 
tience, and also some carpentry skills. Bill 
Waslo shows you how to build the curved 
frame to support the electrostatic arrange¬ 
ment (“Focused Array Electrostatic, Part 
2,” p. 22). 

The “Boys of the Dipole Design” are 
back. This time they disclose the measure¬ 
ments and test results for the enclosure, 
which takes advantage of the dipole features 
that maximize the best bass sound (“Design¬ 
ing the Dipole Monster,” Part 2, p. 34). 

Craig Stark (son of tape and computer 
guru of the same name) teams with Joe 
D’Appolito to assemble and test the Aria 
5/Raven loudspeaker kit (“Test Drive,” 
p. 44). 

Also in this issue we’re pleased to present 
G.L. Augspurger’s review of what promis¬ 
es to be the definitive work on testing loud¬ 
speakers by our own Joe D’Appolito 
(“Book Report,” p. 54). 

Speaker 
Builder 

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. 

John Stuart Mill 
Speaker Builder is published 

eight times a year in the interest of 
high-quality audio reproduction. 

LEGAL NOTICE 

Each design published in Speaker Builder is the intellectual property of its 

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

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

ment of the copyright protection of the work of each contributing author. 

SUBSCRIPTION/CUSTOMER SERVICE INQUIRIES 

A one year subscription costs $32. Canada please add 
$8. Overseas rate Ls $52 per year. 
To subscribe, renew or change address write to the Circu¬ 
lation Department (PO Box 876, Peterborough, NH 
034580876) or telephone (603) 924-9464 or FAX (603) 
924-9467 for MC/Visa/Discover charge card orders. E-
mail: 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, Peterbor¬ 
ough, NH 03458-0876. E-mail: editorial®audioX-
press.com. No responsibility is assumed for unsolicited 
manuscripts. Include a self-addressed envelope with re¬ 
turn postage. The staff will not 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 © 1998 by 
Audio Amateur Corporation 

All rights reserved. 

Tel:423-622-1 505 Fax:423-622-1 

LGT is an OEM manufacturer of high performance audio amplifiers, either turnkey 
with a hill feature set, or as pre-fabricated PCB assemblies. The high efficiency of 
Class-D is available in several configurations and output levels. Heatsinking 
requirements on all models are minimal. Contact Terry Taylor for full details and a 
developer kit. 
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PUT 
THE PIECES 
TOGETHER 
AND 

SAVE THOUSANDS OF DOLLARS 
duplicating 

ANY high-end electrostatic 
loudspeaker (ESL) by using our parts Sp 

supplies! 
It’s fast and easy 

to create die ESL of your dreams using 
our modem hi-tech 

construction methods. 
Any size, shape, or design is possible with 

minimum effort and the 
curved see-throughs are a snap. 
We are the worlds largest supplier 
of ESL parts, components, mods, 

repair parts, exotic circuits, trade secrets, 
and obscure technical information. 

Our high volume purchasing 
power allows us to stock 

over 70 hard-to-find parts Sp materials 
at the lowest possible prices. 

Everything from the 
KIMMEL DIRECT-DRIVE AMP 

to a complete line of 
true ESL transformers 

EVEN AN AIRCORE MODEL I 
(and it's not a toroid] 

Plus all sundry items such as Mylar® 
film, bias supplies (3 models), 

conductive tape, powder coated perforated 
metal, etc. WE HAVE IT ALLI! 

SEND $19.95 TODAY 
and receive our 

latest catalog/start-up manual plus a 
years worth of the 

ELECTROSTATIC FORUM. 
YOU SAVE $15.05 plus you also receive 

a 10% DISCOUNT COUPON! 

Make all checks payable to: 

ÊD fl V I D LUCAS 924 HULTON ST. 
OAKMONT, PA 15139 

Guest Editorial 
VIRTUALITY 

By Perry Sink 

It was an Indian-summer afternoon in September 1995. I was driving south on 
Cicero Avenue near Chicago’s Midway 

Airport when 1 saw what was, for me, the 
first public proclamation of a new era in tech¬ 
nology. More importantly, it was a sign that 
the way we communicate was about to 
change forever. 

It was a Southwest Airlines billboard. One 
thing about it was different than any ad I’d 
seen before: at the bottom, it read http:// 
www.southwest.com. I recognized it as an In¬ 
ternet address and thought, ‘The Internet is 
now officially for everyone, not just grad stu¬ 
dents and computer hackers!” 

And in only three years’ time, that obser¬ 
vation has proven correct. Now every ad in¬ 
cludes a web address! The World Wide Web 
is arguably the most significant social devel¬ 
opment this decade. I ask friends, “Do you 
have an E-mail address?” and if not, their re¬ 
sponse is almost invariably “But I’m going to 
get one soon.” Isn’t it ironic that computer lit¬ 
eracy, once a domain exclusively for nerds, is 
now the “in thing,” and those who don’t have 
a computer are considered nerds? Isn’t it in¬ 
teresting that Bill Gates, computer nerd ex¬ 
traordinaire, is (for better or worse) the most 
famous captain of industry today? 

At a dinner several weeks ago with three 
other couples, one person mentioned his 
plans to purchase his first PC. The discussion 
turned to megahertz, CD-ROMs. CRTs, gi¬ 
gabytes, kilobaud, and memory without 
missing a beat. What’s remarkable is that all 
eight people at the table more or less under¬ 
stood all of those terms. High technology has 
become so widespread and inexpensive as to 
carry along even the average “man on the 
street” in its feverish pace. 

Electronic communication has created a 
vast microcosm which simply did not exist a 
decade ago. I dare say that few people ten 
years ago anticipated the level of connectivi¬ 
ty that has now become possible in such a 
short time. Who would have guessed that 
something as vast as the World Wide Web 
would be readily available to nearly anyone 
with a $ 1,000 computer and $20 a month for 
unlimited usage? Who would have guessed 

that in 1998 a student with a PC and a 
modem might instantly have, at his or her fin¬ 
gertips, more research information than is 
available at an entire college library? 

A PEEK AT THE FUTURE 
What does this have to do with building 
speakers? Anyone who’s been in the audio 
industry long enough can attest to the fact 
that commercial speaker systems improved 
drastically between 1980 and 1990. Speaker 
Builder magazine itself had a part in this. 
SB published practical implementations of 

Thiele and Small theory in a systematic, step-
by-step fashion. It established a demand for 
complete specifications and parameters from 
manufacturers so that much of the guesswork 
was eliminated. Hobbyists oand manufactur¬ 
ers were no longer willing to plunk down $40 
for a woofer just because the McGee catalog 
said it had “butt-kicking bass”; they now de¬ 
manded proof and documentation. 

Computer-design programs emerged, 
taking advantage of the education which 
builders now had and further increasing the 
designers’ speed and accuracy. Tools such 
as FFT and MLSSA became a reality, and 
today, with a few hundred dollars of hard¬ 
ware and software, the hobbyist has more 
sophisticated tools than the largest manu¬ 
facturers of only a few years ago. Technol¬ 
ogy levels every playing field for those who 
participate. 

What’s the next step? It won’t be long be¬ 
fore you can visit a manufacturer’s website 
and download actual measurement data on 
any driver in its catalog. Imagine remotely 
simulating and optimizing an entire design, 
including room acoustics, plotting frequen¬ 
cy, impulse and phase-response curves, and 
polar patterns, prior to purchase. You print 
out the bill of materials, which shows the 
cost, and the display asks whether you’d pre¬ 
fer to pay via Visa or Mastercard. Sounds 
crazy, but someone will do it. (Maybe they 
already have!) 

The PC will also become the centerpiece 
of the home entertainment system. Beyond 
its obvious ability to play CDs, it also has 
tremendous digital signal processing poten-
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tial. Why spend $1,000 on a dedicated D/A 
converter if a $50 piece of software running 
on your PC could do the exact same thing? 
Why would you buy or build a “traditional” 
active crossover when you could accomplish 
the same thing with a soundcard, and digital¬ 
ly compensate for every nonlinearity? 

Then there is the music itself. Right now, 
a 56k modem provides about one-fourth of 
the data capacity necessary to transmit com¬ 
pressed hi-fi music in real time. Digital tele¬ 
phone lines surpass that somewhat, but new 
methods of transmission within telephone 
networks will be an order of magnitude bet¬ 
ter. Cable companies, in some locations, now 
offer Internet service via cable TV lines. The 
speed is more than ten times what is neces¬ 
sary for music. We’re also witnessing the 
emergence of Internet service via satellite. 
We’re not far from listening to real-time 
music via the Internet! 

CROWDED AIRWAVES 
I bet every reader knows at least one person 
who has tried (very hard) to “make it” in the 
music business, and failed. I can list a half¬ 
dozen. And it’s not that they lacked skill. In 
most cases they were just as talented as the 
artists on the Top 40, but the fact of the mat¬ 
ter is there just wasn ’t mom for them! 

Consider how often you hear the same old 
songs on the radio, over and over and over 
again. Sometimes you hear the same ten- or 
twenty-year-old song several times a day! 1 
believe I read somewhere that Paul McCart¬ 
ney is worth $900 million. I’m not criticizing 
him for that, but doesn’t it seem as though 
there should be room for more musicians in 
such a diverse world? 

After considerable thought and numerous 
conversations, I believe I know why. It’s 
simply because operating a radio station is 
very expensive—usually thousands of dol¬ 
lars per day—and there’s bandwidth for only 
about 20 FM stations in any given area. Sta¬ 
tion managers can’t afford to take risks, so 
they play only the music they know people 
like, and introduce new music slowly and 
cautiously. So there simply isn’t room for 
very many people with musical gifts to ex¬ 
press themselves and be heard. 

Within five years, much of this will have 
changed. The entire music industry—and 

ABOUT THE AUTHOR 
Perry Sink spent three years designing speakers at 
Jensen and is now sales manager at Synergetic, a com¬ 
pany specializing in factory automation networking. He re¬ 

mains active with the Illinois audio club, PSACS (Prairie 
State Audio Construction Society). He and his wife Laura 

are the proud parents of a baby boy, Cuyler Marshall, bom 
on Aug. 25,1998. 

He can be reached at perry_laura@interaccess.com. 

broadcasting industry—will experience a 
massive transformation because of the Inter¬ 
net. The revolution will begin as soon as 
quality real-time audio is transmitted and re¬ 
ceived via the web, probably one to two 
years from now. It is already possible to 
download music from the Internet; it’s just 
terribly slow. But when we can all connect at 
560k instead of 56k, watch out! 

“Virtual radio stations” will pop up every¬ 
where. “WebRadio” operators, not wanting 
to pay royalties to big record companies and 
organizations such as ASCAP, will play 
music with royalty-free agreements—and, of 
course, supply listeners with information on 
how to purchase the “unknown” artist’s en¬ 
tire album, downloadable right from their 
website. A disc jockey (webmaster) will sim¬ 
ply set up a schedule a week in advance, 
which will then automatically link to music 
sites throughout the week and provide 24-
hour commercial-free programming. Got a 
special request? Coming up instantly! (Of 
course, it’s only a matter of time before live 
video is included in this, too!) 

This will help live music, because the bar 
or jazz club, whether halfway round the 
world or down the street, will broadcast that 
night’s band over the Internet, inviting you to 
come on down and see and hear it live. If 
you’re busy, you might simply record the 
show, complete with video, on your hard 
drive for later viewing. 

The easy accessibility of recorded music 
will not make music less valuable. Rather, it 
will, like the radio which preceded it, serve to 
make the real, live performance all the more 
valuable. And in the same way that technol¬ 
ogy puts the hobbyist on equal footing with 
the large manufacturer, it will give the local 
artist potential access to the same large audi¬ 
ence as the Rolling Stones. 

I’m sure music-industry executives, awak¬ 
ened and alarmed by this grass-roots move¬ 
ment, will appear before Congress. They’ll 
lament their fate and urgently press the gov¬ 
ernment to do something about it. There will 
always be opposition to progress. Depart¬ 
ment stores and franchises were once illegal 
in some places. Galileo was nearly burned at 
the stake. The record companies tried to out¬ 
law DAT and add a “duplication tax” to cas¬ 
sette tapes. 

Many times, wonderful new inventions 
and technologies have been purchased and 
“buried” by companies whose existing in¬ 
vestment was threatened. There will always 
be those digi-phobes holding on to the status 
quo. but they’ll eventually go the way of the 
LP record. The old technology may be 
quaint, nostalgic, charming, and even sur¬ 
prisingly good, but a thing of the past, never¬ 
theless. There’s nothing more powerful than 
an idea whose time has come. 
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OF NOTE IN 
Audio Electronics 

Issue 4, 1998 

• New Approach to Lineamps 
• Optimizing the S/PDIF 
• A Passive Preamp 
• The Zen Cousins 
• Product Review: 

Marantz PMD32O 

VIRTUAL AUDIO 
The biggest trend in the audio industry dur¬ 
ing the next five years will be the integration 
of the PC and the Internet with music and 
audio reproduction. You might start thinking 
of your CPU as a receiver. The soundcard 
will be your preamp. DSP software will 
serve as a crossover and time/frequency-do-
main equalizer. Your CD-ROM, of course, 
will be your CD player, and the zip drive will 
replace your tape deck. Think of websites as 
radio stations, and join a chatroom for a 
round-the-clock virtual audio hobbyist club. 

Having worked as a professional in both 
the audio industry and the computer industry. 
I must say that the audio industry moves 
much too slowly in developing and using 
new technology. In audio, many so-called 
“new ideas” are really just recycled old ideas. 
But as audio merges with virtuality, watch 
out! Remember the impact the CD had when 
it came out 15 years ago? The next wave of 
technology will bring even greater changes 
as the PC permanently alters our definition of 
“hi-fi.” 

The audio hobbyist will be empowered in 
ways never dreamed of 20 years ago. The 
Heathkit builder has given way to the pro¬ 
grammer, the hardware specialist, and the 
web surfer. The power of the hobbyist’s tools 
has expanded exponentially. As we strive to 
embrace change, we’re in for an exciting 21st 
century, with genuinely new innovation in 
communications and digital signal process¬ 
ing beyond our present imagination. 

Meanwhile, those of you who are still a bit 
intimidated by computers need to remember 
that action conquers fear. Undoubtedly, we 
all have a friend or two who would be more 
than happy to take us by the hand and show 
us the wonders of modem technology, if only 
we’d ask. And those of us who are in the 
know need to remember what it was like be¬ 
fore we knew—everything seemed hopeless¬ 
ly complicated until someone patiently 
taught us. 

Coming up next century: The guy who 
said we could never have the true sound of a 
concert hall right in our homes is in for a sur¬ 
prise. Viva Virtuality! 

Speaker Builder 6/98 9 



AFTERTHOUGHTS ON 
AFTERSHOCK 

By Philip E. Abbate 

One Saturday 1 was awakened by the 
sound of loud music and hammer¬ 
ing. I wondered whether my wife 

Monica was trying to show me what it is 
like when I wake her with the same 
sounds. To my amazement, I walked into 
my listening room and there she was, 
taking out the wall of the adjoining 
room. Most wives would complain if 
your speakers are blocking their way; 
mine just made the room larger to 
accommodate me. 

What a difference enlarging a 14' x 
15' room into 14' x 27' makes. The 
system deserved the new room after 
all I have done to it in the last few 

crossover and also of Aftershock (SB 6/96). 
The little room was OK with a pair of JBL 
LE14 bass drivers in 50 Itr boxes running on 
a passive crossover, but in the big room I 
began to miss the low. low bass Aftershock 
once provided. 

BUNGEE EFFECT 
I turned Aftershock off a few months 
ago because I could no longer handle 
the “bungee distortion” the Altec 
421 8H LF drivers were generat¬ 
ing. I call it bungee distortion 
because the very short Xmax 

region of its underhung voice coil 
propels the cone into an incredibly 

months. Some of the major changes were the 
elimination of the triamp electronic 

PHOTO I : The Alusión 12" driver in the 
Aftershock subwoofer enclosure. 
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pricing. 

ORDERS ONLY! 1-800-595-9924 
115 S. Victory Blvd., Burbank CA91502 
(818) 846-9921 FAX (818) 846-1009 

www.speakercity.com 
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long and uncontrolled stroke as though it 
were bungee jumping. 1 was looking for 
another 15-incher with which to replace the 
Isobarik Altees when I came across the 
AlumaPro drivers in the Parts Express cata¬ 
log. They looked massive and expensive. 

I called AlumaPro’s Matthew Honnert, 
who brought attention to the Xmax limita¬ 
tions of the Altec (“Aftershock Objections,” 
SB 1/97. p. 43), to see whether AlumaPro 
had a 15" driver that could take the place of 
the Isobarik Altees. AlumaPro does not 
make 15" woofers, but Matt said his mid-tier 
Alusión 12" woofer would probably do the 
job, so I tried one. 

This driver is very substantial, using a 
cast frame made by Eminence for its profes¬ 
sional-series sound-reinforcement speakers, 
and an aluminum cone with a treated foam 
surround. The voice coil appears to be 2". 
This driver is a piston (most are, 1 believe. 
—Erl. ). with an Fs of 28Hz. a QIs of 0.61. a 
V„. of 3.4 ft3, and an Xm„Y of 10mm. I mod-
eled the driver with Boxmodel 1 in 
Aftershock’s 111 -Itr ported box tuned to 
25Hz. It looked workable even without the 
sixth-order alignment (Fig. /). 

To install the 12" driver in the Altec’s 
15" hole, I fabricated an adapter ring from 
%" MDF. My first listen was with the 
Woofer Wizard equalizer/crossover (also 
available from Old Colony) set to 
Aftershock’s sixth-order alignment (about 
+9dB of gain at 20Hz in the circuit). The 
Alusión is a 4Q driver, and the Isobarik 
Altees are 8Í2 each. I used one of the amp’s 
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FIGURE I : Real and predicted SPL seem to agree. Room gain 
and side-wall reinforcement not accounted for in the prediction. 
Measured @ 1 W/4Q/1m. Dash = measured response; solid = 
Boxmodel prediction. 

channels to drive the Alusión, 
expecting the impedance difference 
to compensate for the volume 
change, but it needed to be turned 
up about 3dB louder than the 
Altees. 

I imagine that the Altees at a low 
volume are more efficient than the 
Alusión. The difference would be 
that the Alusión does not compress 
at loud volume, and the Altees do. 
The Altees sound great as bass-gui¬ 
tar-amp speakers for music produc¬ 
tion (which is where they are head¬ 
ed), but as a hi-fi subwoofer, they 
just don't have the Xm for low dis¬ 
tortion at low frequencies. 

THE ALUSION ADVANTAGE 
One advantage of the Alusión over the 
Altees is that it has less midrange leak-
through. I think this is due to its lack of the 
rising response the Altees display because 1 
was using the Woofer Wizard to force them 
to operate in a region where they were not 
intended to go. I thought I needed a higher-
order crossover on the top side of 
Aftershock with the Altees, but with the 
Alusión, the Woofer Wizard's pseudo 18dB 
low-pass filters sounded adequate. 

I added a little more gain to the Woofer 
Wizard and adjusted its equalizer for as lit¬ 

tle peaking as possible on the 20Hz high-
pass section, which turned out to be about 
2dB at 25Hz. Then when I listened, the 
Alusión provided a pleasing concussive 
bass that I could cross over as high as 
165Hz (the limit of the Woofer Wizard; 
however, it was modified at the time of this 
trial) without hearing the harshness the 
Altees had when 1 brought them above 
70Hz. This single woofer in a 4 ft3 ported 
enclosure had more deeper, cleaner bass 
than the two 15" Altees. 

After a couple of weeks of getting used to 

this new driver. I measured its 
room response near the floor and 
one of the side walls with the 
Audio Control third-octave real¬ 
time analyzer. I was rather 
impressed with the smooth rolloff 
at both the top and bottom of the 
spectrum (Fig. I, again). 

Photo I shows the adaptor ring 
and the 12" woofer mounted in 
Aftershock. 1 could get it only to 
105dB with pink noise before the 
speaker started making some 
minor sounds of distress. This 
noise would be audible only if you 
were hammering the speaker unit 
with band-limited pink noise and 
had nothing over 165Hz playing 
through the system, since actual 

music would mask this noise. 
What about Aftershock? Well. I will use 

it with the Woofer Wizard, although I think 
it will work fine without an electronic 
crossover as the low-frequency-effects 
speaker in my Dolby Digital® system. . 
when I get it. 

REFERENCE 
1. Boxmodel and the Woofer Wizard are available from 
Old Colony Sound Laboratory, PO Box 876, 
Peterborough, NH 03458, 603-924-6371, FAX 603-924-

9467, E-mail custserv@audioXpress.com. 
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AUDIO VIDEO REVISITED 
By Patrice Pelletier 

I read with great interest Mark Zach-mann’s article, “Simple High-Quality 
Computer Speakers” (SB 8/97) and 

would like to share my own experience. 
Playing movies on a hi-fi VCR can be sur¬ 
prisingly demanding for a TV mini monitor; 
I blew mine during a plane crash. So I decid¬ 
ed to build a new and more rugged one. 

There are not many choices for shielded 
speakers, so I too chose the excellent Vifa 
M13SG-09-08. But for a complement, I 
used the Seas 25TAF/DTV. a shielded, fer¬ 
rofluid-equipped metal-dome tweeter. Table 
1 summarizes the measured Thiele/Small 
parameters of the woofer after a 48-hour 
break-in. 

SIZE AND CONSTRUCTION 
Adding 0.3Q series resistance and using the 
new Qts resulted in a closed box of 4.4 Itr 
with a Qtc of 0.7 and an f3 of 96Hz, or a 9 In¬ 
vented box with an f3 of 56Hz. Since I 
wished to reuse the original TV brackets, the PHOTO I : The crossover: the high-pass section with a single coil (left), and the 

low-pass section with two coils (right). 

ABOUT THE AUTHOR 
Patrice Pelletier, now 39, has worked for Bell Canada in 

Montreal as a computer communications technician 
since 1981. Since the age of 15, he has been fascinated 

by speakers. Building oudspeakers for friends and elec¬ 
tronic components for himself is his preferred hobby. 

box needed to be compact and lightweight, 
so I opted for the closed box. 

I built it with regular 11/16" particleboard 
covered with black Formica® to match the 
TV set. Height and width are essentially the 
speakers’ dimensions, plus space for a possi¬ 

ble grille. I chose the depth to complete the 
volume requirements, allowing space for the 
crossover and Dacron® stuffing effect. I 
mounted the tweeter flush, but not the 
woofer. Once finished, the overall dimen¬ 
sions were 6 1/8" W x 11" H x 7 7/8" D. 

FIGURE I: Frequency response and imped¬ 
ance of the boxed M13SG-O9-O8. 

FIGURE 2: Frequency response and imped¬ 
ance of the boxed SEAS 25TAF/DTV. 

W 5:mi X“1 B:“'" » 

FIGURE 3: How the speakers combine 
at 1m. 
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FIGURE 4: Crossover filter. FIGURE 5: Electrical response. 
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"SHIELD" FILL BESIWSE SEtlCtD fit 300 mZ. 

response. 

GRAPHICS 
Figure I is the basic 2.83V/lm SPL fre¬ 
quency response (FR) of the boxed 
M13SG-09-08. The close-miked response 
below 270Hz was spliced to a gated IMP 
MLS response. Note the 5.5dB step from 
400Hz to I kHz, shown partially equalized 
in Fig. 1, SB 8/97, p. 12. Figure 2 is the 

TABLE 1 

MEASURED T/S WOOFER PARAMETERS 

M13SG-09-08 #1 #2 MANUFACTURERS 

Fs 53.8 55.8 54.0 

Qæ 0.452 0.455 0.46 

Qms 1.71 1.75 1.50 
Qts 0.358 0.361 0.35 

Re(Q) 5.45 5.45 5.60 

V^fL) 10.6 9.73 12.0 
Le(mH) 0.66 0.67 0.70 

SPL (dB) 88.8 88.9 88.0 

basic 2.83V/Im SPL FR of the boxed Seas 
25TAF/DTV. There is a bump at 2.5kHz 
and a suck-out at 4kHz that are typical of a 
high-frequency diffraction artifact (mount¬ 
ing the tweeter off-axis in mirror-image 
might have yielded a smoother FR). 

Figure 3 shows how the speakers com¬ 
bine at Im using the 3kHz crossover fdter 
of Fig. 4, and Fig. 5 is the crossover’s elec¬ 
trical response necessary to equalize the 
step of the woofer and to pad and protect 
the tweeter. Figure 6 is the complete FR at 
2.83V/lm spliced at 300Hz. The average 
SPL is 84dB, essentially flat from 150Hz-
20kHz, with two minor incidents at 1kHz 
and 4kHz. 

In Fig. 7, you can see that the hole at 
4kHz is partially filled “off axis,” confirming 
a diffraction effect. Figure 8 is the FR at 2m 
(who listens to music at Im?). Compared to 
Fig. 3, the response is smoother, and the 

PHOTO 2: Unfinished box (left) and finished box (right). 

bump at 1kHz is not there anymore. This 
may be due to the earlier truncation of the 
pulse response removing some small echoes. 
Note that the slopes combine at -6dB and 
their rate is around 18-24dB/octave. Revers¬ 
ing polarity produces a sharp null as in a 
fourth-order Linkwitz-Riley crossover. 

2:SIZE 3:»ïE 4:IIWT 5:IKB1 6:«KR2 7:HINM 8:GAIN DATA * ZHESEEMSEE 
40% 61.2kHz PROBE 1 NONE SH2N45 
acquired: 23:46:09 11^06/1997 

FIGURE 7: Measurement confirming a dif¬ 
fraction effect at 4kHz. 
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FIGURE 8: Frequency response at 2m. 
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FIGURE 9: System impedance. 

2:ÎIZE 3: RAI E ClINT 5:*R1 6:«R2 7:H!NDM 8:GAIN DAIA hc, Iff AUDIO ANALYZER, 
40% 1.92kHz PR06E2 5 120 MM 

FIGURE IO: The QTS for the complete 

system. FIGURE I I: Enclosure dimensions. 

Figure 9 is the system impedance, the 
minimum being 5.7Í2 at 285Hz, with 
smooth amplitude and phase variations—an 
easy load for any power amp. Figure 10 
shows a Qts of 0.65 for the complete system, 
a little overdamped due to the slightly over¬ 
sized depth, and Fig. 11 shows the enclosure 
dimensions. 

LISTENING 
In my regular system, the presentation is 

smooth and detailed, with a good and sta¬ 
ble stereo imaging. Voices sound very fa¬ 
miliar. Compared to my Sapphire II (SB 
8/90, p. 56)/Sub-l reference system, very 
low deep bass is missing, but this is not at 
all annoying, since the smooth-rolloff, 
1ow-Qts closed-box system integrates 
well with the room and compensates for 
it. The power handling is excellent, and 
the sound remains clean at high levels. 

Used as TV monitors, they easily re¬ 

veal differences in quality of channels or 
programs. Watching video with “full 
sound” is very entertaining, but for me the 
best part is using them with my hi-fi 
VCR. I enjoy watching films at realistic 
levels and not needing to turn down the 
volume during the special effects. Finally, 
if you wish to add a single passive sub¬ 
woofer, the Madisound dual-coil 
1252DVC would seem to be an excellent 
candidate. fe 
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DANGEROUS MUSIC 
By Jesse W. Knight 

Q
uite frankly, I wish that what 1 am 
about to express were not necessary. 
We hear of new dangers to life and 

limo every day, and to add music is disturb¬ 
ing at best. Fortunately, here you can mea¬ 
sure die factors that produce the danger. 

By returning to the old concept of high fi¬ 
delity, which is to re-create live music with 
the same spectral balance (tone), dynamic 
range (PPPP-FFFF in musical notation), 
peak level (volume), and freedom from dis¬ 
tortion that you hear in the concert hall, you 
can safely enjoy acoustical music. At lower 
levels, processed music is dangerous, requir¬ 
ing a more technical approach. 

DEAFENING NOISE 
CNN recently broadcast a story on deaf¬ 
ness. Baby boomers (President Clinton in¬ 
cluded) are becoming deaf in record num¬ 
bers, and loud music and a noisier world 
were cited as the causes. All of us are at 
risk, and those who are speaker builders can 
be an important part of the solution, since 
we have the knowledge and the tools to un¬ 

derstand one cause of this epidemic. 
A good objective is to limit exposure to 

sound-pressure levels (SPL) of over 90dB 
(Table /). This means holding peak levels 
to 9()dB for hard rock and heavy metal, or 
100-l05dB for classical listening. Com¬ 
pressed music contains more SPL/hours 
than uncompressed music, and therefore is 
dangerous at lower peak levels. 

Classical music with wide dynamic 
range produces fewer SPL/hours and there¬ 
fore is safe at higher peak levels. During 
soft passages in the music, your ears recov¬ 
er a bit, as well. Spectral balance is the 
other important factor in hearing loss, and 
here the treble is much more dangerous 
than bass. 

Remaining considerations are moral and 
ethical in nature, and while very important, 
have little to do with hearing loss. Criticiz¬ 
ing music on moral grounds stamps it as 
“banned in Boston,” often increasing sales. 
The examples below will give you a hint of 
the slippery slopes involved in music 
criticism. 

band center frequency, Hz 

FIGURE I : Damage-risk contours for one 
exposure per day to one-octave (left-hand 
ordinate) and one-third-octave or narrower 
(right-hand ordinate) bands of noise. This 
graph can be applied to individual band levels 

that are present in broadband noise. (Used 
with permission from Encyclopedia of Science 
and Technology: "Acoustic Noise,” McGraw-
Hill, Vol. 1, p. 80, 1997.) 

THE GOOD AND THE BAD 
Music snobs have for years tried to con¬ 
demn rock music by saying it is the work of 
the devil, that it lacks structure, or that it is 
too repetitive. If you say that old music is 
better than new, you have neglected the “fil¬ 
ter of time” that quietly lets inferior music 
be forgotten. Try listening to all 200 or so 
Bach cantatas if you doubt me on this. I pick 
the cantatas because they have all been 
recorded—good, bad, and indifferent—pre¬ 
senting old music unfiltered by time. 

Being a church musician has exposed me 
to all manner of arguments, ad nauseam. 
These arguments don’t hold up when care¬ 
fully examined, and most of the ethical 
problems are not new. Mozart wrote some 
songs that, sung in English, would be right 
at home on South Park or Beavis and Butt¬ 
head, two recent TV cartoon shows that 
offer something to offend everyone. 

Rock artists have written sacred music 
and many songs of exceptional sensitivity, 
while opera provides some extremely bad 
examples, to say the least. Schubert’s song 
“Der Erlkönig” was as terrifying to 19th 
century German kids as today’s worst horror 
movies are to ours. There is music from all 
periods that is unsuitable for children; how¬ 
ever, today it is much more available to 
them, since they have economic means in 
excess of their ability to choose wisely. I 
will leave this question to theologians, psy¬ 
chologists, and child-care professionals. 

There is a theory that classical music rais¬ 
es the IQ of young children, and music ther¬ 
apy has growing support in medicine. Re¬ 
search will, I believe, find much music 
good, and give solid guidance that is sorely 
needed. 

LOUDNESS LEVELS 
Ironically, the hazard to the ears posed by 
much modern music has been largely over¬ 
looked or underestimated. Most rock record¬ 
ings and performances have only one dy¬ 
namic level—very loud. Classical perfor¬ 
mances may reach high levels for a limited 
time, but then the sound levels drop off. 
You can prove this by graphing a CD’s 
recording level as displayed on your cassette 
recorder’s VU meter. The CD time-code 
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readout provides the time base of the graph. 
I measured the level versus time for the 

first movement of Bruckner’s 9th Sympho¬ 
ny (see sidebar), since many regard this as a 
particularly bombastic work. By doing so, I 
think I was testing symphonic music that is 
a good deal more of a heating risk than the 
average symphony. I found that the average 
level is about lOdB below the peak levels. 
For approximately 15% of the time the level 
was -28dB or lower. It is interesting that 
late Romantic composers tended to write 
softer passages than earlier composers. 

I suspect that at least during a live perfor¬ 
mance, the risk to hearing is restricted to the 
musicians and maybe the first few rows of 
the audience. If you further assume that a 
concert goer is exposed only to one or two 
concerts per week, the risk is negligible. 
Hearing damage is cumulative just like 
damage from X-rays (Fig. 7). 

TABLE 1 

AUDIBILITY 

10dB—a whisper 
20dB—quiet conversation 

30dB—normal conversation 
40dB—light traffic 

50dB—a typewriter 

60dB—a noisy office 
70dB—normal traffic; a quiet train 
80dB—raucous music; the New York subway 
90dB—heavy traffic; thunder 

100dB—pneumatic drill 

110dB—rock band on stage 
120dB—jet takoff (at 100m) 
130dB—jet engine (at 25m) 

What’s more, consider that during a typi¬ 
cal concert season, many works will not 
reach the sound levels typical of the late ro¬ 
mantic works such as the Bruckner. Operas 
are longer, but the limitations of the unam¬ 
plified voices keep levels much lower than 
symphonic works. 

LISTENING AT HOME 
When you listen at home to classical record¬ 
ings, the danger is increased because listen¬ 
ing time typically is not limited to three to 
six hours a week. Worse, homes are in gen¬ 
eral not as quiet as a concert hall. In order to 
hear the softest passages of the music, you 
turn up the volume, thus making the loudest 
passages more dangerous. 

To me, the absolute level of music is not 
what makes it dramatic; rather, it is the dy¬ 
namic range and artistic content. Many 
sources give a maximum dynamic range of 
60dB for music. If you build a quiet listen¬ 
ing room where you can hear 35dB SPL, 
then the loudest music need be no higher 
than 95dB SPL. 

Going back to the Bruckner symphony, it 
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becomes evident that you will be exposed to 
more than 90dB only about 25% of the time. 
In a less quiet room, turning up the volume 
lOdB to mask background noise both in¬ 
creases the peak level to 105dB SPL and 
lengthens the time you are exposed to more 
than 90dB to around 50%. Hearing damage 
is now a possibility if you listen for long pe¬ 
riods (Fig. 7). 

You can also limit exposure to excess 
sound levels by playing music of limited dy¬ 
namics at a lower level. It is easy to forget 
that to make a good recording, the engineer 
will adjust the record level during the loud¬ 
est passage of the music to the highest level 
the recording media will handle without dis¬ 
tortion. Not doing this reduces the number 
of bits on a CD, thus increasing noise and 
distortion. The listener then must use the 
volume control to re-create a realistic level 
for each recording. For example, a Mozart 
symphony played by a 30-piece orchestra 
should not be as loud as a late Romantic 
symphony using 120 musicians. 

EXCESS TREBLE 
Excess treble levels from stereo systems can 
also damage hearing. This can happen in 
stages, so it is vital to recognize the early 
warning signs. Never assume that a speaker 
system has a flat response based on T/S pa¬ 
rameters, driver or room measurements, and 
so on. Tweeters and midranges often need to 
be padded down several dB. 

I think the best way to monitor this is fre¬ 
quently to attend live unamplified concerts. 
Recordings that utilize close-up micro¬ 
phones may not incorporate the treble losses 
incurred by the sound as it travels from the 
stage to your seat. Assuming you sit 33' 
from the instruments, losses at 10kHz will 
vary from about 2.8 to less than IdB, de¬ 
pending on both temperature and humidity 
in the hall. 

This confirms an old observation that hot, 
humid conditions give a brighter sound. Hot 
and dry is the most lossy for highs. Any 
concept of a correct absolute balance is 
blown away. 

In balancing recordings, conductors tend 
to favor the brighter sound at the podium 
over that which the audience hears. Telare, 
at least in the few samples I have tested, has 
resisted this practice. If you start sensing 
that the live music is too soft, turn your 
home stereo volume down. If the highs 
sound weak in the concert hall, turn down 
the treble control when you get home. 

This is far better than waiting for the next 
indication of deafness, tinnitus. An equalizer 
allows for a better match, but requires much 
patience to use correctly. When using good 
drivers, I find tweaking the crossover a 
more effective way to equalize a system. 

LISTENING TECHNIQUE 
I am going to indulge now in a hypothesis 
that is far from complete and may be some¬ 
what inaccurate, but I am at a loss to ex¬ 
plain my listening technique in more con¬ 
crete terms. It is based on the well-known 
principle that your brain goes to great 
lengths to make a consistent and sensible 
picture of your environment. Your ears 
(and brain) are conditioned by whatever 
you hear most; in other words, your brain 
tries to normalize what you are currently 
hearing so that it agrees with what you have 
heard in the past. 

Distortion or response errors in a stereo 
system produce sounds that are not heard 
under normal circumstances. This results in 
stress known as listener fatigue, because the 
brain is working so hard to fit what is heard 
to a known pattern of sound. Electronic dis¬ 
tortion correction is not a part of the brain's 
extensive algorithms that effortlessly remove 
the effects of sound reflecting from the walls 
near someone who is speaking to you. 

Your hearing, a product in part of 
100,000 years of natural selection, does a 
good job of saber-tooth-tiger detection as a 
result. Unfortunately, speaker builders have, 
by necessity, an adaptive process to com¬ 
pensate for ear wax and aging that seems to 
turn up the treble in the brain to maintain a 
constant sense of the sounds around you. 

For example, after removing a large 
amount of ear wax, you will hear too much 
treble until your brain resets. I can only play 
around with an equalizer for a few minutes 
before this process starts. Wrong then starts 
to sound right. 

1 have learned to sense this happening 
after years of contemplating the problem. 
Unfortunately there is no "bypass switch" I 
know of to turn the ear into a stable measur¬ 
ing device. Conditioning to excess treble is 
fully reversible if caught early, before actual 
damage is done. Treble addicts betray them¬ 
selves by suggesting that live music is not 
bright enough, that something was wrong 
with the performance. 

TASTE FOR NOISE 
Rock music is often compressed to the point 
where the only drop from peak level is the 
fade-out at the end of the song—and the all 
too short break before the next song. Many 
compression algorithms are available, and 
the ones that sound the loudest become the 
favorites in many rock studios (teenage taste 
for noise “rules”). 

Sometimes clipping is used to make a 
recording even louder than the effects of 
compression alone. The devices that do this 
are called “toys,” which raise the RMS level 
relative to peak as well as adding greatly to 
the high-frequency content. To add insult to 



Subwoofer 
Amplifier 
150/200 Watts 

Madisound is pleased to offer the KG-5150 
Subwoofer Amplifier with Electronic Crossover for 
powered subwoofer systems. We have worked hard to find 
an amplifier that has an adjustable electronic crossover and 
has continuos power of 150 watts into 8 ohms or 200 watts 
into 4 ohms. We are confident that we now have a product 
that can meet the demands of both home theater or high end 
audio systems. Powered subwoofers are a versatile 
addition to your audio system. With the variable crossover 
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• Discrete high current drivers and 
output devices 

• LED power indicator 
• Woofer volume control 
• 50Hz to 150Hz continuously 

adjustable low pass 12dB electronic 
crossover 

• Low and High level input, summed to 
mono signal 

• Low and High level output 
• Phase inverter switch 
• Master power switch 
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signal 
• Thermal protection auto shutoff 

Specifications for KG-5150 Subwoofer Amplifier 

Power output @ 8 ohms / 4 ohms 150W/200W 
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Item Size Ft3 S/V f3 W 

Madisound 1252DVC 12” 3.5 s 30 75 

Madisound Swan 305 12" 4.25 V 28 200 

Eclipse W1238R 12" 3 V 28 200 

Peerless 831727 10" 2.25 V 30 220 

Peerless 850146 10" 3.1 V 27 220 

Peerless 831857 12” 6 V 24 220 

Scan-speak 21W/8555 8” 1.8 V 31 100 

Scan-speak 25W/8565 10” 3 s 34 100 

Scan-speak 25W/8565-01 10” 3.5 s 28 100 

NHT1259 12” 3.5 s 29 300 

Vifa M26WR09-08 10” 2.2 s 35 130 

Dynaudio 30W100 12” 5.5 s 30 130 

Dynaudio 30W100XL 12” 4.5 s 37 130 
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injury, the live reference for rock is almost 
always too loud. 

Like prohibition, legislating sound-pres¬ 
sure levels in discos has not been a success. 
Drinking alcohol and smoking increases the 
damage done by loud music, partly through 
vitamin-B depletion and reduced awareness 
that the music is too loud. At high levels, 
sound becomes drug-like in its action on the 
body and mind. You become conditioned to 
a given level, and then want more to get the 
same "high.” 

After a period of time, the collective lis¬ 
tener’s high-frequency hearing is reduced, 
and the musicians respond by cranking up 
the treble more and more. It is a perverse re¬ 
ality that treble is cheap and bass expensive 
in the world of speaker manufacture. A 
point of no return is eventually reached 
where the listener cannot return to a concert 
hall and enjoy acoustic music without a 
hearing aid. 

I am aware of no other art form that de¬ 
stroys your ability to enjoy earlier forms of 
the art. Certainly there are art forms that at¬ 
tempt to discredit earlier art, and deconstruc¬ 
tionist philosophies (Nietzsche's Hammer of 
Questions comes to mind) that ask us to 
throw away old dogmas so we can freely 
test new thoughts. No matter how much 

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

Gasoline Alley, L.L.C. 
1700 East Iron, Salina, KS 67401 OS 
1.800.326.8372 

Nietzsche you read, you will not go blind 
any faster than reading any other book. You 
might repent your sins, leave the church, or 
decide to accept more than one view of life. 
Hearing loss is often permanent, and a high-
fidelity hearing aid is an oxymoron. 

Anyone listening to or playing loud rock 
should obtain a sound level meter and limit 
levels to 90dB or lower. Bear in mind that 
live levels for rock music are often in the 
vicinity of 1 lOdB, a level that is only safe 
for a few minutes a day. 

COMPARING TWO WORKS 

To assess the risk of listening at a 105dB 
peak level, it is necessary to plot linear SPL 
rather than dB. which is logarithmic. I com¬ 
pared two musical pieces: Bruckner’s 9th 
Symphony and Anthrax’s Spreading the Dis¬ 
ease (Figs. 2 and 3). (For the sake of clarity, 
in Fig. 3 I plotted the music out of se¬ 
quence—by ascending level.) 

Risk is often defined as being the product 
of linear level (Y-axis) and exposure time 
(X-axis) for broadband noise. Therefore, you 
can regard the risk as the area under the plot 
of the music. The recommended daily limits 
are eight hours at 90dB. 24 minutes at 
103dB, and 16 minutes at 105dB. 

The first movement of the Bruckner 
piece—23.25 minutes—uses up only one-
third of your daily sound allowance, indicat¬ 
ing that you are probably at no risk from lis¬ 

tening for an hour at this level twice a week. 
Calorimeter measurements— which mea¬ 
sure true energy levels over time, regardless 
of frequency or waveform— indicate that 
the Bruckner is less dense, suggesting that 
only a quarter of your allowance has been 
consumed. 

Anthrax, with a very high energy level, 
consumes your entire daily allowance in 
23.25 minutes. After an hour of listening at 
this level, you are likely to increase the level 
by 3dB or so to compensate for the tempo¬ 
rary deafness that results, thereby getting the 
maximum safe dose every 13 minutes. 

Hearing damage is a given. There is noth¬ 
ing exceptional about die Anthrax recording; 
any highly compressed music is dangerous 
at this level, and it need not be heavy metal. 

—JWK 

10 

-25 

Tin e 

FIGURE 2: Peak sound-level graph, as displayed by VU-meter. 

Tin e 

FIGURE 3: Sound-level comparison of Bruckner and Anthrax pieces; the graph is linear 
for SPL power. 
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FOCUSED ARRAY 
ELECTROSTATIC, PART 2 

By Bill Waslo 

In Part 1 I presented the concept and goals of my experimental Focused 
Array Electrostatic (FAE) design. I fol¬ 

low up in this article with technical infor¬ 
mation about measurements and construc¬ 
tion—I encourage readers to use or discard 
the techniques presented here to improve 
upon the design. 

CONSTRUCTION 
I will not discuss the construction of the bass 
cabinets, about which there is nothing 
remarkable. Were I to start over, however, 1 
would make each tower narrower and as a 
single unit with inner dividing walls, rather 
than as a stack of separate modules. 
Designing a box such as this should not pose 
any particular problems. The only other 
advice I would offer is to be sure to brace 
very securely any large inside surfaces 
between walls. 

Constructing the frames that hold the ESL 
panels in the curved arrangement was easier 
than planning how to do it. The frame was 
made from pine, and the design was based 
on the dimensions of inexpensive wood 
pieces available at the local building supply 
house. All the pieces were cut using a con¬ 
tinuously adjustable hand miter saw that 
could accommodate boards of 5.5" width. 

I designed my FAE for a focus distance 
of 5' (every panel is designed to be 60" 
from the listener’s ear). In practice when 
listening, the speakers seem much closer 
than I had envisioned. It may be advisable 
to design for a longer focus distance, 

PHOTO 2: Small wood frame pieces and tools awaiting assembly (Photos by Darek Ball). 

although this would result in less effective 
echo minimization. 

The sides are made from lumber of about 
5.5" X 0.75" X 48" (sold as 6" x 1" x 4'). To 
make the arcs for each side of the frame, I 
cut nine pieces (Fig. 8), and used the miter 
to make the 94° angle cuts at the ends, 
which causes the entire assembly to assume 
the arc shape when put together. 

The side pieces connect to each other, left 
side to right side, using horizontal pieces of 
about 1.5" x 0.75", cut to a length of 15.25". 

I used #8 x 1 W' square recess construction 
screws—along with the screws’ mating bit 
in a cordless electric drill/driver for quick 
construction—and wood glue. The side 
pieces also connect end-to-end and are glued 
and screwed to the ends of the horizontal 
pieces. This is sketched in Fig. 9, in which 
only the ends of the horizontal pieces are 
shown (the lengths extend perpendicular 
from the page). 

I predrilled each of the side pieces so that 
the horizontal pieces—connected near the 

frame). FIGURE 9: Interconnection between side pieces. 
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corners of the “front” (8.25") edge of the 
side pieces using the screws—provide a 
mounting surface recessed W  from the 
front, for mounting the electrostatic panels. I 
also predrilled near the comers of the back 
(9") edge so that the horizontal pieces lie 
nearly flush with the back surface. Photo 2 
shows some prepared wood pieces and tools, 
ready for assembly into the frame. 

FRAME ASSEMBLY 
When connecting a new side piece to an 
adjoining side piece already connected to the 
horizontal piece, I tilted the new piece slight¬ 
ly down from the intended seam. Then I 
drove the screw at a slight angle (but perpen¬ 
dicular to the new side piece), so that the 
new piece pulled tightly against the already 
connected piece {Photo 3). Some care was 
required to minimize any “twist” that devel¬ 
oped in the frame during assembly. I tried to 
match the left and right side pieces at each 
section to lessen accumulated imbalances in 
the two sides. The completed frame resem¬ 
bles a curved ladder {Photo 4). 

After assembling the frame, I used an 
electric sander with coarse paper to round 
off all of the exposed comers. This is a prac¬ 
tical operation with a soft wood such as 
pine. I then used fine sandpaper to smooth 
the outside of the frame and applied several 
coats of polyurethane. The overall appear¬ 
ance is quite nice and. with the addition of 
grille material, should be quite presentable. 
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FIGURE 10: Base assembly for ESL frame. FIGURE I I : Installation of the diaphragm to the curved tweeter frame. 

To mount each frame, I made a simple 
stand using a 2ft2 piece of white laminated 
particleboard as a base and lengths of 3.5" x 
0.75" (4" x 1") pine (Photo 5). At each side 
of the frame I used an 8" vertical length to 
connect (using screws and wing nuts) to the 
front bottom of the frame and a 48" vertical 
length to connect to the back (at the fourth 
cell from the top). These two lengths con¬ 
nect at the bottom to a 12.25" length that I 
had mounted on its 1" wide surface, run¬ 
ning front-to-back on the particleboard base 
(Fig. 10) and affixed with construction 
screws. 

FILLING THE CURVE 
I used materials from David Lucas to assem¬ 
ble my ESL panels and followed the tech¬ 
niques (with some variations of my own) 
given in the directions supplied (though I 
was aware of most of these techniques from 
previous reading and discussions). The insu¬ 
lating spacer material, as mentioned earlier, 
was adhesive foam, which indeed makes for 
fast assembly. I won't describe in detail the 
construction method, because David Lucas 
considers the techniques proprietary. 

I had some problems with the small pan¬ 
els twisting and bowing, which limited the 

PHOTO 7: Panels and wiring in place. 

amount of high-voltage bias I was able to 
use to under 1.5kV. This affects the speak¬ 
er’s overall sensitivity. 1 think that with 
larger panels that are normally made with 
the foam dielectric, this is not a problem, 
since the tensions would probably balance 
out over the larger area. But for these small 
panels, the more rigid construction of solid 
dielectric may work better. If I were to do 
the project over, I would probably try Roger 
Sander’s technique using solid plastic 
dielectric instead. 

For the midrange stators, I used powder-

coated perforated aluminum, precut at my 
request to 14.25" x 7.125" by the Lucas 
company. The Lucas method of making 
electrical contact to the graphite-treated dia¬ 
phragm served well, but to connect to the 
stators, 1 simply used #4 nylon screws (with 
the heads mounted between the stators) to 
hold grounding lugs to the outside of the sta¬ 
tor, providing a solid, easily connected con¬ 
tact for the stator connections. I put these 
screws at the comers and isolated that sec¬ 
tion of the cell with the foam insulating tape 
so that the diaphragm was not installed over 
the small areas where the screws were used. 

The panels go together in a relative¬ 
ly short time (Photo 6), and none of the 
steps involved in Lucas’s process are diffi¬ 
cult. But you must keep your mind on what 
you are doing. If you miss a step, there is 
usually no going back and fixing it—you 
need to disassemble the cell (a messy affair 
involving solvents and sometimes gently 
applied heat to salvage the perforated alu¬ 
minum) and start over. 

More times than I care to admit, I expe¬ 
rienced slightly late revelations (“Oops, 
forgot to pull the backing off an insulator,” 
or “didn’t put the contact on the 
diaphragm,” or “forgot to put the nylon 
screw in the stator”) and had to disassemble 
and start again. Making a few large cells 
would be a quick process, but making the 
18 smaller ones required several days. 

I used the supplied foam from Lucas for 
the insulators in the cells, as recommended. 
But I mounted the finished panels to the 
frame using horizontal strips of the less-
expensive double-sided foam tape available 
from most office-supply stores (you can 
order rolls of this for best cost efficiency 
and because a moderate amount is used). 
This tape is also useful for tacking down 
the high-voltage wiring used to connect the 
panels to each other or to the crossover and 
bias supply. I used normal light-gauge 
stranded hookup wire here (there is very lit¬ 
tle current conducted in an ESL), and used 
the tape to space the wires from each other 
and to keep them from lying directly on the 
frame (Photo 7). 
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DICTABLE OPERATION. 

CRAWL OUT OF THOSE PRIMITIVE SPEAKER 
BOXES YOU'VE BEEN FUSSING WITH AND TRY 
TO ENVISION THE IDEAL LOUDSPEAKER - A 
MASSLESS SYSTEM THAT WOULD IMPART 
ACOUSTICAL MOVEMENT TO THE AIR IN EXACT 
DUPLICATION OF ITS ELECTRICAL INPUT WITH 
NO MOVING PARTS. 

WE INVITE YOU TO ESCAPE THE TWILIGHT ZONE 
OF PREHISTORIC SPEAKER TECHNOLOGY AND 
JOIN THE AGE OF ENLIGHTENMENT - IONIC AND 
PLASMA LOUDSPEAKERS.' MOVE THE AIR WITH 
NO MOVING PARTS.' HEAR MUSIC THE WAY IT 
SHOULD BE HEARD, NOT FROM AN OUTDATED 
MECHANICAL CONTRAPTION, BUT FROM THE 
PURE VIBRATION OF AIR. THE SAME VIBRA¬ 
TIONAL SOURCE EQUIVALENT TO MUSICAL 
INSTRUMENTS OR HUMAN VOCAL CORDS. 

T 

I KNOW IT SOUNDS IMPOSSIBLE AND I EXPECT 
A CROP OF "IFS" AND "BUTS" AS YOU ARE 
PROBABLY SAYING TO YOURSELF: "BUT HOW 
CAN SOUND OR MUSIC BE PRODUCED IF THERE 
ARE NO MECHANICAL PARTS VIBRATING THE 
AIR?" 

A VALID QUESTION THAT IS ONLY COMPOUND¬ 
ED BY THESE FACTS: I. IONIC AND PLASMA 
SPEAKERS USE NO BOXES OR ENCLOSURES. 2. 
THEY USE VERY FEW PARTS. 3. THEY CAN BE 
BUILT ON YOUR KITCHEN TABLE. 4. THEY ARE 
VERY INEXPENSIVE TO BUILD. 

5. MOST OF THE PARTS CAN BE OBTAINED 
FROM COMMON LOCAL STORES SUCH AS 
BUILDING SUPPLIES, RADIO SHACK AND/OR 
ELECTRONIC SURPLUS. 

ALL OF YOUR QUESTIONS ARE ANSWERED IN 
OUR LATEST PRODUCT: THE IONIC/PLASMA 
PACKAGE. WE COVER ALL ASPECTS FROM 
BOTH A HISTORICAL PERSPECTIVE TO AN 
OBSCURE FRENCH DESIGN. CONSTRUCTION 
METHODS AND THEORETICAL INFORMATION 
ARE EXPOSED AND EVERYTHING IS PACKAGED 
IN A SPECIAL PLASTIC CASE. THIS IS THE MOST 
COMPLETE SOURCE OF IONIC AND PLASMA 
INFORMATION IN THE UNIVERSE.' 

SEND $99. TODAY FOR THE IONIC/PLAS-
MA PACKAGE! AND YOU WILL ALSO 
RECEIVE A FREE SPECIAL BONUS REPORT: 
IONIC/PLASMA CONSTRUCTION SECRETS. 

WE ACCEPT ANY FORM OF CHECK OR MONEY ORDER 
IN US DOLLARS. NO CREDIT CARDS, CODS. OR FOR¬ 
EIGN ORDERS (EXCEPT CANADA). US POSTAL MONEY 
ORDERS SHIP IN 24 HOURS. FREE SHIPPING AND 
INSURANCE ON ALL ORDERS. THERE ARE NO 
IONIC/PLASMA PACKAGE BROCHURES. THIS AD IS 
IT! 

NOTE: YOU MUST BE AT LEAST 18 YEARS OLD TO ORDER. ALL 
SALES FINAL. ALSO. WE ASSUME YOU HAVE A GENERAL OR 
BASIC WORKING KNOWLEDGE OF ELECTROSTATICS. HIGH 
VOLTAGE. AND ELECTRONICS. WE ASSUME NO RESPONSIBIL¬ 
ITY FOR THE USE OR MISUSE OF OUR PRODUCTS. 

MAKE ALL CHECKS PAYABLE TO: 

OAKMONT, PA 15139 
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FIGURE 12: In-room frequency response over 335ms 
for FAE system. 
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FIGURE 13: Same measurement on conventional 
three-way loudspeaker. 

FIGURE 16: Time energy curve of FAE system from 
the listening position. 

TWISTY TWEETER 
I devised the method for making the curved 
tweeter panel myself. There may be a better 
or easier way to do it, but this technique 
worked rather well. I calculated the curva¬ 
ture I wanted and made a pattern on a piece 
of poster board, then traced it on the edges 
of four 15" pieces of pine, two per tweeter. 
Then I used a belt sander to shape the pine to 
follow the traced contour. 

I used these shaped sides to make a small 
frame to be mounted between the side pan¬ 

els in the center cell of the large ESL frames. 
The shaped pieces of pine formed a contour 
that would curve outwardly when mounted 
in the large frames, so the tweeter sound 
would spread laterally. I then mounted a 
piece of hardware-store light-gauge perfo¬ 
rated aluminum onto the curved edges of 
the small frame, using office-supply foam, 
and applied the insulator foam tape to the 
outer surface of that mounted aluminum 
stator—and was careful to remember to add 
the contact screw and lug! 

For the curved dia¬ 
phragm, the lateral dis¬ 
tance between insulator 
spacers should be 
reduced because the 
diaphragm film will 
tend to stretch toward a 
straight path in some 
regions between the 
spacers. That brings the 
film closer to the contin¬ 
uously curved stators 
and could limit high 
voltage or SPL handling 
in the tweeter. An extra 
continuous-strip spacer 
running left to right in 
the middle of the curved 
stator, along with small¬ 
er spacers distributed in 
the remaining space, 
seemed particularly 
helpful. 
To install the di¬ 

aphragm over the 
curved surface, I made 
another construction 
frame, this one with a 
flat surface (Fig. 11), to 
allow the tweeter frame 
to be inserted into it. 
Then, I treated the 
Mylar diaphragm with 
graphite and stretched it 

across the opening in the construction 
frame. Next, I exposed the adhesive on the 
insulator foam which was on the mounted 
stator, and pushed the curvature of the 
tweeter frame gently into the Mylar 
stretched over the construction frame. 

When all of the foam tape had been 
pushed into diaphragm material, I cut 
around the periphery of the Mylar on the 
construction frame and applied the heat 
shrinking to the film now stretched across 
the insulator. The remaining part of the 

FIGURE 14: Same as Fig. 12, but with 12th-octave 
smoothing applied. 

FIGURE I 7: Time energy curve of conventional 
three-way system. 

construction was similar 
to the process used for 
the midrange panels, 
except the operations 
were performed on the 
curved surface rather 
than a flat one. 
When completed, the 

tweeter included the 
contoured frame on 
which it was made. I 
mounted this frame into 
the large frame using 
wood screws to the 
insides of the side 
pieces. This allowed the 
tweeter’s position to be 
adjusted relative to that 
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Swans /hz kit 
with room friendly performance 

The Swans M2 is a floorstanding model 
that features several technological 
achievements and sound quality dis¬ 
tinctions. 
The speaker system is a two-way bass¬ 
reflex design with MTM driver configu¬ 
ration. The front baffle is very narrow 
with rounded edges to reduce cabinet 
diffraction for better clarity and imaging. 
The internal panels and corner rein¬ 
forcement bars substantialy suppress 
unwanted cabinet vibrations. The bot¬ 
tom part of the cabinet is sealed and 
can be filled with sand or bad shot for 
better stability and further performance 
improvement. A port is mounted on the 
rear panel. 
The drivers used in the Swans M2 rep¬ 
resent a new high performance design 
from Hi-Vi Research. The 5-inch 
paper/Kevlar cone bass-m:drange has 
a rubber surround, cast aluminum 
frame and a magnetically shielded 
motor system. This driver utilizes a cen¬ 
tral phase plug to avoid air compres¬ 
sion, improving frequency response 
and dispersion. The extremely rigid 
cone is hand coated with a special 
dampening compound to further maxi¬ 
mize its performance. The cone is cou¬ 
pled to a selected grade rubber sur¬ 
round, this provides break-up free oper¬ 
ation and very low distortion even at 
high power levels. These key features 

greatly contribute to the Swans M2's clear transparent sound and 
effortless dynamic performance. Swans M2 delivers amazing bass 
without runing in “doubling" or Doppler distortion problems. 
The tweeter is a high-tech planar isodynamic design tnat employs 
Neodymium magnets and extremely light Kapton® film, with flat alu¬ 
minum conductors. 
The vibrating element of the tweeter is almost weightless in compari¬ 
son to a conventional dome driver. This unit provides an immediate 
and precise response to any transients in original signal, and gives 
the Swans M2 an exceptional ability to reveal the true dynamics of 
instruments with a complex high frequency spectrum. 
The crossover is a second order Linkwitz-Riley type resulting in an in-
phase connection of the drive units. The crossover frequency 
between the two drivers is 3.3 kHz and only high quality polypropy¬ 
lene capacitors are used. Each filter has it's own dedicated board 
mounted on a special rubber interface to reduce vibrations and micro-
phonic phenomenon. The filter boards are spaced inside the loud¬ 
speaker with the inductors positioned at right angles to minimize the 
interaction. 
Swans M2 provide very even acoustic power dispersion. The impor¬ 
tant horizontal early reflections that create spatial impression and add 
to the overall presentation have the same even spectral balance as 
the direct sound, these are crucial features of a good budspeaker. 
On the contrary, the vertical dispersion is well controlled in the 
midrange and high frequency domain in a 15° arc symmetrically to the 
reference axis. While 15° create adequate room for adjusting a lis¬ 
tening position, the floor and ceiling reflections are well down in ampli¬ 
tude. This feature greatly contributes to the clarity of sound and imag¬ 
ing of the system. 
Swans M2 kit includes: 
- 4x F5 paper/Kevlar bass-midrange drivers, 
- 2x RT1C isodynamic tweeters with sealing gaskets, 
- 2x dedicated tweeter crossovers, 
- 2x dedicated bass-midrange crossovers, 
- two ports and two Swans logos. 
- two pairs of heavy-duty gold plated terminals. 
Cabinets are not included. 
For those who are interested in a home theater set up, the instructions 
and parts for correspondent central channel speaker are available. 
The drawings of the cabinet shown here represent general dimen¬ 
sions required for optimum bass performance. Rounded corners are 
advisable as they improve imaging and clarity. Actual finish and 
appearance is a matter of personal taste. The system should be 
installed on adjustable spikes and slightly tilted back to aim tweeter 
axis at listening position. 
Retail price: US$ 530.00 ( delivered ) 
Delivery in US within 4-6 days. 
Warranty 3 years, 30 days money back guarantee. 

The step beyond the limits 

SWANS 
SPEAKER SYSTEMS 

ACOUSTIC TECHNOLOGY 
INTERNATIONAL INC. 

15 WEST PEARCE STREET UNIT 243, 
RICHMOND HILL 

ONTARIO L4B 1H6 CANADA 
Tel: (905)-889-7876 Fax: (905>-889-3653 

www.dulcet.com 

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

53Hz-20kHz,±2.5dB 

87.5 dB 

4 ohms 
THD less than 1% 

At 90dB SPL. 100Hz-10kHz, 1m 
Power handling 

Dimensions,HxWxD 
(without spikes) 

80W nominal, 
150W music 
920x190x230 mm 

361/4x71/2x9 inches 

Amplifier requirements: 
30W recommended minimum. 
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FIGURE 18: Power cepstrum to 10ms of FAE, from 
listening focus. 

FIGURE I 9: Waterfall plot of FAE for a window 
length of 4ms. 
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FIGURE 20: Impedance of combined tweeter and 
midrange sections. 
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FIGURE 2 I : Harmonic distortion of FAE at 80dB 
SPL, with Temme normalization. 

of the midrange panels 
during alignment, for 
best frequency and pulse 
shape response. 

ALIGNMENT AND 
MEASUREMENTS 
Aligning Focused Array 
arcs is a time-consuming 
process. First you must 
define the listening posi¬ 
tion and make sure that it 
allows for proper place¬ 
ment of the arcs and of 
the woofer units. A tape 
measure is recommend¬ 
ed for this. Just connect¬ 
ing all the cables, con¬ 
nectors, amplifiers, and 
power supplies—all in 
proper polarity—can 
take over an hour. 

Then, you must adjust 
the toe-in of the arrays, 
as well as the forward/ 
backward tilt and the 
overall distance from the 
listening ear position for 
each speaker. You can 
make a pretty good 
approximation of the _ 

Testing Loudspeakers 
by Joe D’Appolito 

ONLYw * 
Ask for your FREE catalog! 

1 -888-924-9465 

— 

Announcing the most comprehensive book yet on 
the subject of loudspeaker testing. Author Joseph 
D’Appolito, loudspeaker designer and consultant 
and frequent contributor to Speaker Builder maga¬ 
zine brings his considerable experience and knowl¬ 

edge to the professional loudspeaker designer. More 
than a simple “how-to” approach, the book demon¬ 
strates the principles involved in loudspeaker testing 

OLD COLONY SOUND LABORATORY 
PO Box 876, Dept. B98, Peterborough, NH 03458-0876 • USA 
Phone: 603-924-6371 • Fax: 603-924-9467 • E-mail: custserv@audioXpress.com 

by specific examples. 
BKAA45. 
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toe-in and tilt of the speakers by directing a 
flashlight, held next to your ear, toward the 
panels and looking for the reflection in the 
center of each of the panels. But this 
involves quite a bit of sitting down and get¬ 
ting up unless you have help moving the 
arrays. You can mark and adjust the focus 
distance with an appropriate length of 
dowel rod. 

Some kind of measurement gear is rec¬ 
ommended to align this kind of system, as 
you will likely need to adjust the relative 
levels of the drivers to make up for variances 
in panel sensitivities due to construction 
methods and design choices. A measure¬ 
ment system may also be required to config¬ 
ure correctly the relative polarity of all the 
drivers, and aid in fine-tuning the tilt and 
toe-in. These adjustments can be made by 
changing transformer taps in the ESL sec¬ 
tion or by adjusting the sections in the elec¬ 
tronic crossover. 

Figure 12 shows the measured in-room 
response, including about 300ms of acquisi¬ 
tion time (far beyond the typical quasi-ane-
choic limit of around 5ms) of one of the 
FAE arcs and its woofer tower. I measured 
at the defined listening position 5' away, 
with the microphone over the listening chair 
(sofa) that would be used, because I was 
interested in approaching the actual in-use 
response rather than in just making a “mar¬ 
keting” plot. As you can see, room reflec¬ 
tions still manage to corrupt the response, 
even in the focused array system. But com¬ 
pare this with the same measurement made 
on a three-way cone system under the same 
conditions (Fig. 13). 

Figure 14 shows the same data as given 
in Fig. 12, but with 12th-octave smooth¬ 
ing applied to better approximate the per¬ 
ceived response and to reveal the underly¬ 
ing data. Figure 15 shows the same data 
again, but with the time window limited to 
only 10ms (and no smoothing). 

The full-band time-energy curve of the 
FAE system, measured in-room and at the 
listening position, is shown in Fig. 16. The 
energy drops quickly by about 20dB, and, 
amid several distinct reflections, the rever¬ 
beration of the room (and the rest of the 
house) becomes evident and then decays. 
For comparison, the time-energy curve of 
the conventional three-way is shown in 
Fig. 17. 

The power cepstrum (reflection) plot of 
the FAE, over an analysis quefrency of 
10ms and with gain of 4, is shown in Fig. 
18. The only predominant feature is a sin¬ 
gle reflection at about 4.7ms; this same 
reflection can also be seen in the time ener¬ 
gy curve of Fig. 16 (the first distinct line 
after the main impulse). A similar reflec¬ 
tion is also evident (though much stronger) 

$499. PAIK $399. PAIK 

PISPE 

TEN KITS 
TO SVIT 
EVERVONE! 
CHOOSE 
FROM THE 
SINGLE 
ITHPFCT^ 
(6"V 3 6") 
AT $199. PAIR 
TO THE 
MONSTER 
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(36"y72") 1 
AT $1,099. 
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SEND 
$2.00 
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ITflFHET 
BROCHVRE 
PACKAGE. 
MXKE CHECKS 
PXyXBLE TO: 
DXVID LUCXS 

JINGLE DOVBLE 

SAVE 
THOUSANDS OF DOLLARS 
WITH ANY OF OUR KITS! 

INDULGE 
YOURSELF IN DISCOVERING 

THIS MYSTERIOUS 
TECHNOLOGY 

THAT HAS NO EQUAL IN 
MUSICAL REALITY 

ASSEMBLY 
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FIGURE 22: Two-tone intermodulation spectrum in 
midrange. 

FIGURE 23: 3-D intermodulation stepped frequency 
plot in midrange. 

for the simple three-
way system’s data 
(Fig. 17). The reflec¬ 
tion interval of 4.7ms 
corresponds to a 
sound-wave travel dif¬ 
ference of 5.3' (i.e., the 
reflection path is 5.3' 
longer than the direct 
wave’s path). This 
appears to be caused 
by my computer’s cab¬ 
inet, which I have set 
on a worktable, level 
with and several feet to 
the left of the micro-

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

If so, Elektor Electronics is just the magazine for you! Since 1977, it has been 
publishing construction projects at professional level as well as informative 
articles about the developing world of elec¬ 
tronics and computers. 

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

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

Elektor Electronics 
World Wide Subscription Service 

Unit 4, Gibbs Reed Farm 
Pashley Road, Ticehurst 

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

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

Old Colony Sound Lab 
PO Box 243, Peterborough NH03458 

Telephone (603) 924-6371; fax (603) 924-9467 
e-mail audiotech@top.monad.net 

phone position, for 
performing the measurements. Other than 
this peak, the cepstrum result is quite 
uncluttered. 

GOOD BEHAVIOR 
A cumulative spectral decay (waterfall) plot 
made from the first 4ms of the FAE’s 
impulse response is shown in Fig. 19. The 
electrostats are well behaved and show little 
in the way of resonance problems, though 
the response irregularities and decay discon¬ 
tinuities around 3kHz suggest a need for fur¬ 
ther crossover work. 

The impedance curve of the electrostatic 
tweeter/midrange section is shown in Fig. 
20. This curve is for the circuit using sepa¬ 
rate transformers and external dividing 
components. The curve is quite mild and 
does not present a difficult amplifier load, 
in contrast to the severe impedance dip that 
results if one of the large stepup transform¬ 
ers is pushed to a high turns ratio and 
inflicts its load at the upper end of the 
audio band. 

Total harmonic distortion (Fig. 21) was 
measured at a level of 80dB SPL (without 
gating) and normalized using Temme’s 
method (by which each harmonic is inverse-
weighted according to the response at its 
frequency, relative to the response for the 
fundamental frequency, to minimize the 
effect of frequency response on the distor¬ 
tion measurement). In a measurement of 
individual distortion components, second 
harmonic predominated below about 
100Hz, but was approximately equal to third 
harmonic at higher frequencies. 

Figure 22 shows an intermodulation 
spectrum for two tones at 80dB SPL and 
spaced 200Hz apart, centered at 1,5kHz (the 
range covered by the midrange panels). The 
third-order product levels are higher than I’d 
like, and may be a result of the limited bias 
voltage used for the ESL panels. Figure 23 
is a similar measurement in which one tone 
is held at 2kHz and the other is stepped from 
500Hz to 3kHz, showing the intermodula-
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FIGURE 24: Two-tone intermodulation spectrum from 
tweeter. 

tion product patterns 
for the top 60dB of 
output range. A plot 
similar to Fig. 22, but 
for the tweeter range, 
is shown in Fig. 24, 
showing good perfor¬ 
mance from the small 
70.7V transformer. 
Coherent averaging 
was used in these three 
acoustic measurements 
to minimize effects of 
room noise. 

FIGURE 26: Response and level variation as array is 
approached from focus. 

The vertical directiv¬ 
ity effect of the FAE 
curved midrange and 
tweeter section is 
shown in Fig. 25, in which the 
response curve for the FAE (sin¬ 
gle transformer crossover ver¬ 
sion) is shown for four mi¬ 
crophone placements. Figure 26 
shows you the midrange response 
effect of moving the microphone 
toward the array over a two-foot 
range, demonstrating the unusual 

FIGURE 25: Response variation 
with vertical position. 

result that the level drops in this range as 
the microphone moves closer to the speak¬ 
ers (farther from the focus). 

In the final installment of this series, I 
will discuss my listening tests and describe 
the sound of this focused array electrostat¬ 
ic system. bp 

SOURCE 
David Lucas 
924 Hdlton St., Oakmont, PA 15139 

FAX 412-828-0422 

HIGH PERFORMANCE ELECTRONIC CROSSOVER NETWORKS 
THESE COMPONENTS AVAILABLE FULLY ASSEMBLED OR AS KITS 

XM9 Crossover Network • 24 dB/octave 
slope • fourth-orcer constant-voltage 
design • Outputs in phase • Low noise • 
Controls on circuit board or panel • 
Settable crossover frequency from 
20-5,000 Hz. 

XM16 Crossover Network • 48 dB/octave 
slope • Eighth-order constant-voltage 
design • Outputs in phase • Low noise • 
Controls on circuit board or panel • 
Settable crossover frequency from 
20-5,000 Hz. 

XM26 Tube Electronic Crossover provides 
smooth tube audio, fourth-order design, 24 
dB/octave slope, for both channels. 
Includes time-delayed power supply for 
long tube life and no transients during 
power-on/power-off. Plug-in frequency 
modules set crossover between 20 and 
5,000 Hz. Quality components throughout. 
(Shown with cover removed.) 

PS24 Open Frame Power Amplifier 
Power supply with toroidal power 
transformer, rectifier, and one or two 
PM21, PM22, or PM23 (MOSFET) Power 
Amplifier Modules —all in one compact, 
power package! 

PM21 and PM22 Power Amplifier Modules 
provide 75 watts RMS into 8 ohms • Com¬ 
plementary Darlington output stage • Inte¬ 
grated-circuit driver circuit • Over-current 
and over-temperature protection • Class A 
or Class AB operation. (PM22 shown.) 

WRITE NOW FOR FREE LITERATURE ABOUT THESE AND OTHER MARCHAND PRODUCTS 
SEND YOUR NAME AND ADDRESS TO: MARCHAND ELECTRONICS, INC. 

P.O. Box 473 • WEBSTER, NY 14580» PHONE (716) 872-0980» FAX (716) 872-1960 
Web Page: http://www.marchandelec.com E-mail: phil@marchandelec.com 
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DESIGNING THE DIPOLE 
MONSTER, PART 2 

By Timothy E. Sandrik 

Part 1 (SB 5/98) described the experiences 
of the author and his friends in designing, 
building, and exhibiting the Dipole Monster 
for the Western Michigan AES Loudspeaker 
Design Challenge in May 1997. 

Like most designers, our instincts led 
us to begin by picturing the best box 
for our speaker. In the past, members 

of the team have built close to 100 sealed, 
ported, and bandpass enclosures seeking the 
“right” kind of bass. With each of these, the 
room proved to be one of the most influen¬ 
tial factors affecting the low-frequency 
sound quality. 

Room resonance, or stand¬ 
ing waves, cause strong col¬ 
oration and masking. In other 
words, if you compare the 
input signal to the speaker 
(delayed to compensate for the 
speed of sound, of course) with 
the signal at the listener’s ear, 
they are likely to differ in 
amplitude, frequency, and 

in its typical environment, could deliver a 
signal to your ears with less noise from 
reflections and resonances? 

Siegfried Linkwitz of Audio Artistry 
believes that increasing the ratio of direct 
(signal) to reflected (noise) sound with a 
carefully designed hybrid dipole results in 
a more accurate signal for the listener. 
Shannon Dickson of Stereophile seems to 
agree in describing his listening impression 
of Audio Artistry’s Dvorak (Vol. 19, No. 
4, April 1996). We also agreed, and, given 
the freedoms and sponsorship for this proj¬ 
ect, we were able to pursue a hybrid dipole 

design with few compromises. 

ROOM INTERACTION 
Many designers assume that a dipole inter¬ 
acts strongly with a typical room. While it is 
true that the rear radiation matches the front 
radiation in amplitude, the total energy the 
speaker delivers is about two-thirds less than 
that of a similarly proportioned boxed 
speaker. It is only when the rear radiation 
reaches the listener as a strong early reflec¬ 
tion that a dipole is troublesome. 

Keep in mind that most speakers are 
increasingly omnidirectional as the room 

phase. You can see this in the 
waterfall, or cumulative spec¬ 
tral-decay plot, of a loudspeak¬ 
er measured at the listening 

A B 

FIGURE 2: 6" driver configurations. 

D 
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position in a typical room. 
This brings us to recording and playback 

theory, on which we’re far from experts, but 
our instincts tell us that for many recordings, 
the electrical signal at the input terminals of 
the speaker should be translated into an 
acoustic signal at the ear. We considered 
reflections and resonances as noise. 

SYSTEM ACCURACY 
You can judge the accuracy of systems 
designed to be linear, which include ampli¬ 
fiers, preamplifiers, and loudspeakers, by 
these criteria: distortion, bandwidth, fre¬ 
quency response, phase response, and sig-
nal-to-noise ratio. 

Amplifiers, for example, are expected to 
achieve their performance specifications 
under typical operating conditions. On the 
other hand, a loudspeaker is often consid¬ 
ered adequate if it measures well in an ane¬ 
choic chamber, which is not a typical operat¬ 
ing environment. So, what if a loudspeaker, 
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becomes increasingly reverberant (as fre¬ 
quency decreases); hence they interact very 
strongly with a room. Below 500Hz, most 
boxed speakers will have front and rear radi¬ 
ation that are nearly matched, as well as 
matched radiation to the side. 

Research has shown that noise or tones 
can mask a signal that extends to higher fre¬ 

quencies, or limit its perceivable dynamic 
range. You can draw the conclusion that 
excess reverberation at low frequencies can 
limit the perceivable dynamic range in 
music reproduction at all frequencies. 
Measuring the reverberant response of typi¬ 
cal loudspeakers in most rooms indicates an 
obvious excess of low-frequency energy. 

If you agree with our conclusions and 
think it is important to maximize the ratio of 
direct-to-reflected sound, then you might 
well use a dipole design, which requires 
smaller amounts of more localized room 
treatment to achieve the desired ratio of 
direct-to-reflected sound. 

THE MTM ARRAY 
We began the design of the hybrid-dipole 
midrange and treble portion of the speaker 
by examining the focused main lobe of the 
MTM array. As an aid in selecting drivers 
and optimizing the array, we developed a 
model that allowed us to explore filtered 
arrays of drivers. Early in the process we 
began to consider the question “If narrow 
vertical radiation is desirable, why not also 
have narrow horizontal radiation?” Bill 
Dudleston of Legacy Audio was able to 
answer this question with a demo of his top-
of-the-line Whisper. 

To summarize our impressions, a narrow 
horizontal pattern—combined with the prop¬ 
er toe-in—places off-axis listeners in a posi¬ 
tion so the nearer loudspeaker is more atten¬ 
uated than the farther one. This stabilizes the 
center image for the off-axis listener. 

Modeling arrays with midranges on all 
four sides of the tweeter yields interesting 
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results. The radiation pattern is focused hori¬ 
zontally and vertically, and has less off-axis 
vertical lobing than an MTM. To illustrate 
how the vertical radiation pattern can vary 
with different driver arrays, the arrange¬ 
ments in Fig. 2 are simulated in an infinite 
baffle (Figs. 3-6). 

The patterns are normalized to demon¬ 
strate radiation pattern independent of driver 
response. You can see that the single 6" 
(Fig. 3) yields the smoothest radiation pat¬ 
tern over the typical operating region of 6" 
drivers, while the MTM+ (Fig. 5) offers a 
good blend of smoothness and focused radi¬ 
ation. Given that our design must be a three-
way maximum, the midrange drivers must 

share a crossover tap, so it was important 
to find an unfiltered array with focused radi¬ 
ation and minimal lobing inherent in the 
arrangement. Starting with the MTM+ array 
was an obvious choice. 

ACHIEVING CONSISTENCY 
We considered consistency (with frequency) 
of the radiation pattern as important as being 
narrow. Most designs achieve consistency at 
the expense of focus. We wished more of 
each. With greater consistency, we could 
expect better off-axis frequency and power 
response. 

Consistency occurs when the radiator 
remains in constant proportion to the wave-
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length of sound. In other words, the driver 
needs to shrink with increasing frequency. 
While this is the case in almost every speak¬ 
er, it is apparent that most speakers have 
sharp transitions between radiator sizes. In 
our design, we made smooth transitions 
between radiator sizes a priority, and thus 
we have interesting treatments and crossover 
responses. 

The MTM+ array has a narrow but incon¬ 
sistent radiation pattern. Figure 7 is the mea¬ 
sured radiation pattern of an MTM+ array of 
Audiom 7k drivers, 11" center-to-center hor¬ 
izontally and vertically, in a 468 in2 dipole 
baffle, with each driver driven equally 
(frontal radiation only). You can see that it 
is very inconsistent and quite narrow above 
3kHz. 

To widen the pattern at high frequencies, 
we sought ways to make it smaller at high 
frequencies without making the crossover a 
four-way. Our first attempt involved cover¬ 
ing half of each Audiom 7k driver with felt 
to filter high frequencies from the outsides 
of the cone. (Felt stretched in front of a driv¬ 
er will slightly attenuate high frequencies.) 

Figure 8 demonstrates the result. A com¬ 
parison with Fig. 7 shows that this worked, 
but not that well. There followed a long 
search for the right material in the right 
amount to “tune” the radiation pattern. 

WHITE FOAM 
Further attempts included more felt, various 
cushion foams, acoustic foams, and cloths 
covering all or part of the drivers in the 
array. The best results for the horizontal pat¬ 
tern were achieved by covering the two side 
drivers with 4" of white foam from a fabric 
store—the type of foam used for making 
seat cushions. 

Figure 9 is radiation-pattern data taken 
on center axis of the array horizontally. 
Again, the plot shows only frontal radiation. 
In it you can see that the pattern has become 
very consistent and wider at high frequen¬ 
cies. These results were almost unbeliev¬ 
able, so we confirmed the data more than 
once. On-axis, the foam attenuated the out¬ 
put of the two side drivers as shown in Fig. 
10. Some may accuse us of cheating by 
using acoustic filters; however, the foam’s 
attenuation differs with the angle (exactly 
how is not yet part of our data). 

If you have an intuitive understanding of 
radiation pattern, you might guess that the 
result of this great horizontal arrangement is 
a compromised vertical pattern. The awk¬ 
wardness of the speaker prevents a thorough 
documentation of the vertical pattern at this 
time, though we were able to take enough 
data to realize the vertical pattern suffered 
as predicted. 

We applied some of the same trial-and-
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error acoustic filtering with little improve¬ 
ment to the vertical pattem. We then decided 
to eliminate the lower vertically aligned 
midrange, and to wire the side drivers in 
series with each other, and in parallel to the 
top midrange in the array. This significantly 
improved the vertical pattern with no sacri¬ 
fice of the horizontal pattem. 

Since documentation is not available, a 
simulation will illustrate this effect. For 
the simulation, we introduced the following 
simplifications: 

1. The effect of the acoustic filter is approxi¬ 
mated as a first-order filter applied at 
1.5kHz to the side drivers. 

2. The side drivers each receive 0.7 times the 
input signal of the top driver in the 
three-driver array (approximates series¬ 
parallel wiring). 

3. The fact that the drivers are in a dipole is 
ignored. (Relative differences in the 
“main” lobe will be similar—besides, a 
real-world dipole is tough to model.) 

FOUR-DRIVER ARRAY SIMULATION 
Figure 7/ is a simulation of the four-driver 
midrange array, and Fig. 12 is a simulation 
of the three-driver array. You can see that 
the pattem is wider and more consistent off-
axis with the three-driver array. Considering 
that at a distance of more than 8', the typical 
vertical listening window is less than 18°, 
the midrange array is capable of covering 
this with good response. 

We chose the Raven R1 ribbon primarily 
for its excellent transient performance, but 
the fact that it is a narrower horizontal radia¬ 
tor allows more bandwidth off-axis. To keep 
the pattern narrow around the crossover, we 
built felt hom/absorbers into the midrange 
acoustic filters. These rest against the face¬ 
plate of the tweeter and “flare” into the 
acoustic filters in front of the midranges 
(Fig. 13). The absorbers provide some load¬ 
ing to the tweeter, raising its efficiency 
around crossover, and they also provide 
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some directivity control. We constructed and 
tested many clay horns, but this simple felt 
arrangement is the most consistent and 
involves no faceplate reconstruction. 

Two Focal 12726S woofers per speaker 
first handled the low frequencies. Creative 
construction techniques and optimization of 
materials made it possible to use four of 
these drivers per speaker. Placing them all 
near the ground gained nearly a 6dB boost at 
low frequencies. Each driver had a published 
linear excursion of 9mm, and with the total 
surface area, these were capable of about 
103dB of output at 30Hz (per speaker) with¬ 
in their published 9mm excursion. 

The physical size of the “driver,” made 
up by the group of 12" woofers, determined 
the radiation pattem, and there was little we 
could do at such long wavelengths to control 
it. An absorber or barrier intended to control 
radiation must be comparable to the wave¬ 
length of sound to be controlled. At the 
higher frequencies (above 200Hz) the 
“kink” in the cabinet, which helps it stand, 
acts like a phase plug, widening the pattern 
in front of the baffle. At low frequencies, the 
dipole baffle is the sole controlling factor of 
the radiation pattern. 

BRINGING IT ALL TOGETHER 
Bringing the bass cluster, midrange array, 
and tweeter together mainly involved com¬ 
paring individual radiation patterns and 
choosing crossover points to make a system 
with the most consistency. In the region 
from 5kHz-8kHz, the midrange array and 
the Raven RI (with the various acoustic fil¬ 
ters and pattern controls) match very closely 
in pattern. We chose the crossover to be 
around 6kHz. The drivers are time-adjusted, 
and the filters result in a minimum phase 
response. 

The filter on the Raven RI is a fourth¬ 
order, minimum-phase, high-order filter, 
which grows steeper to fourth-order around 
2kHz for added protection. The filter on the 
midrange is the most complex, since it must 
compensate for three 96dB/W drivers oper¬ 
ating below 2kHz, one driver above 2kHz, 
and dipole baffle effects. 

The Audiom 7k array begins to radiate 
widely below 500Hz, so the I2V726S clus¬ 
ter is brought up to almost 500Hz to help 
keep the pattern narrow. Fortunately, the 12" 
woofers move very little at these frequen¬ 
cies, and their first noticeable breakup is 
around 1kHz. 

Below 150Hz, the dipole baffle attenu¬ 
ates the output of the system. The low f3 
was determined by choosing the system 
efficiency and then cutting the output of 
the 12" drivers to compensate for 
6dB/octave dipole baffle rolloff. 
Essentially, four 12" woofers in our baffle 

90 

B-1258-6 

-*-1016 
-*-1280 
-*-1613 
-*-2032 
— 2560 
— 3225 
— 4064 
— 5120 

FIGURE 6: Four vertically 
aligned 6" drivers (line source 
11 " and 24" center-to-center— 
Fig. 2D). 

B-1258-7 

-*-1016 

-*-1280 

-*-1613 

— 2032 

— 2560 

— 3225 

— 4064 

— 5120 

FIGURE 7: Audiom 7k 
dipole MTM+ array. 

38 Speaker Builder 6/98 



have a voltage sensitivity (2.83V) at 30Hz 
of around 92dB. 

Above 30Hz, the drivers are attenuated 
with a very large inductor to maintain the 
92dB efficiency to 150Hz, where the atten¬ 
uation is stopped by the addition of the right 
amount of parallel resistance to the induc¬ 
tor. The goal is to have a filter slope that 
exactly opposes the rolloff of the system. 
Figure 14 demonstrates this graphically. 

MEASUREMENT TECHNIQUES 
Comprehensive measurements of a loud¬ 
speaker are always difficult. The best mea¬ 
surements are achieved in a good anechoic 
chamber. Although we have access to a 
large chamber, it is not an audio chamber, so 
its usefulness extends only to about 200Hz. 

My favorite technique is to measure 
speakers in an open warehouse or parking 
lot, with a microphone on the ground 
10-20' from the speaker. This eliminates 
reflections that alter the response in the 
midrange, in exchange for some inaccuracy 
above 10kHz. The complete radiation pat¬ 
tern was measured with LAUD in the park¬ 
ing lot at DCM Loudspeakers in Ann Arbor 
one cool day this summer after truck traffic 
had diminished. 

We took data every 10° horizontally 

around the speaker (on the vertical axis of 
the tweeter). Since the speaker is horizontal¬ 
ly symmetrical, we averaged the data from 
the left half of the speaker (190°-350°) with 
the corresponding data from the right half 
(10‘-170o) to reduce error. 

The radiation pattern is described by two 
plots, both of which are normalized to 

describe radiation pattern independent of 
system frequency response. Figure 15 is the 
third-octave radiation pattern from 
640Hz-16.255kHz. Figure 16 is an octave¬ 
band radiation pattern, which covers more 
bandwidth. 

You can see that the pattern becomes 
pretty wide below 640Hz. We would have 
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liked to narrow the pattern there, but this 
would have involved a larger baffle, without 
a kink, which would not have been possible 
without giving up efficiency, bandwidth, or 
dynamic range. In other words, we would 
have needed to eliminate a 12" woofer to 
afford the weight of the additional structure. 
You will also notice—to the side of the baf¬ 
fle—that there aren’t the usual deep nulls 
characteristic of a dipole. The strangely 
shaped baffles and acoustic filtering, as 
well as the outdoor noise level, all had a 
part in this. 

Figure 17 is the on-axis frequency 
response of the speaker. The plot is com¬ 
posed of three measurements. Above 
10kHz, the data is from the anechoic cham¬ 
ber at Michigan Technological University 
(MTU). Below 200Hz. data is from a sine-
swept ground-plane measurement at MTU. 
The remaining data is from the ground-plane 
measurement made at DCM. Figure 18 is 
the impulse response of the system as mea-
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sured outdoors. From the top plot of this fig¬ 
ure, you can see that the presence of reflect¬ 
ing surfaces is minimal. The lower impulse 
is the same, only gated closely to show 
detail in the directly radiated sound. 

WONDERFUL SOUND 
Listening to this speaker is amazing! We’re 

too young to consider our ears golden, and 
our hours logged listening to the speakers 
are still few, but we have heard few systems 
that make an impression like this one. 
Whether it is the limited room interaction, 
the awesome transient ability, or the sheer 
dynamic range capability, they sound great. 
Off-axis, the image loses a little detail, but 

remains unusually centered. 
Originally, we had planned to provide 

detailed plans so you could build your own 
set, but frankly, we wouldn’t recommend 
your doing so. It could be built far more 
simply, and something this good should be 
customized for the owner—we wanted ours 
to look like a race car. Following is a list of 
considerations that are keys to matching or 
exceeding the performance of our system: 

• Space the midranges 5.5" above and to 
each side of the tweeter’s center. 

• Recess the rear of the tweeter face plate ló" 
behind the rear of the woofer frame for 
time adjustment. 

• Find foam 3"—4" thick to filter the side 
midranges with the same transfer 
response as Fig. 10. To find the transfer 
function of the foam, place the driver in 
a large baffle, measure its response 
without the foam, then repeat the mea¬ 
surement with the foam. Most mea¬ 
surement packages will find the 
transfer function between two curves. 
Mathematically, you’d subtract the 
curve without the foam from the curve 
with it if the curves are in dB SPL. If 
the curves are expressed as pressures 
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TABLE 1 

CROSSOVER PARTS LIST 

R1,R2,R7 60 

R3 300 
R4, R5 150 

R6 2.50 
R8 220 
C1 3.9pF 

C2, C5 30gF 
C3 10pF 
C4 6pF 
C6 4.7pF 

C7 300pF 
L1 1.5mH 
L2 3.0mH 

L3 1 .OmH 
L4 0.5mH 

L5 0.25mH 
L6 18.0mH 

(not dB), divide the curve with the 
foam by the curve without. 

• Form the tweeter hom/absorber with four 
layers of felt, carefully attach it to the 
tweeter face so it is not blocking the 
tweeter, and secure the other side to the 
foam absorbers. You’ll know if it’s 
right if your response is flat. 

• Use the same crossover. Figure 19 is the 
crossover schematic, and Table 1 is the 
parts list. 

• Be sure to use an air-cored inductor for the 
18mH in the woofer circuit. It would 
probably be more cost effective for 
most designers to perform dipole baffle 
compensation actively. 

• The upper baffle is about 468 in2, and the 
lower baffle is around 1300-1400 in2. 

The spacing we used between the center 
of the mid-tweeter array and the woofer 
cluster was based on the unused four-driver 
midrange array. The upper array can, and in 
most cases should, be moved closer, verti¬ 
cally, to the woofers. Also, an unkinked 
lower baffle will help to narrow the radiation 
pattern where the midranges cross over to 
the woofers—and you don’t need to use two 
separate baffles. 

A bit of final advice: take time to do it 
right. For us, this speaker was a learning 
experience, and a well-financed one. 
Skipping a step here and there will result in a 
very complicated and expensive “pretty 
good” speaker. Before you get started, 
though, get in touch with the student AES 
section at MTU and see what they’re up to 
this year. 

In Part 3, I’ll deal with enclosure and 
vibration matters. fe> 

R8 

—r— C7 

FIGURE 19: Crossover schematic. 

B-1258-19 

Precision Acoustic Measurements 
Require Precision Microphones 

PS92(M)KIT'$1650 USD 
A complete IEC and ANSI traceable Type 1 Measurement 
Microphone System 2 Hz to 40 kHz, 15 dBA to 160 dBSPL 

inch capsule *4012 Preamp *PS9200 2 Channel PS 
*AC adaptor *WS1 windscreen *SC1 die cut storage case. 
Options: 51 IE Calibrator; 1 & ‘A inch mies; 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 
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Aria 5/Raven R-l, Zalytron, 469 Jericho 
Tpke.. Mineola. NY 11501, (516) 747-3515, 
FAX (516) 294-1943. Price: $1170 with cab¬ 
inets, $770 without. 

The Aria 5/Raven R-l kit is a modification 
of the Aria 5 design from Focal that has been 
on the market for several years. Like the 
original Aria 5, the Aria 5/Raven was 
designed by Joseph D’Appolito and uses a 
pair of 5'4" Focal 5kO13L woofers in the 
MTM alignment that bears his name. In 
place of the Focal T-90 tweeter is a Raven R-
1 ribbon driver. This most recent version of 
the Aria 5 is an extraordinarily smooth, 
detailed, and accurate speaker that has been 
a pleasure to review. 

THE KIT 
The kit as it arrived from Zalytron consists of 
a pair of cabinets, four Focal 5'4" mid¬ 
woofers, two Raven R-l tweeters, eight 
pieces of hookup wire, two binding posts, a 
sheet of Black-Hole™ self-adhesive multi¬ 
layer acoustic foam (an optional upgrade 
present in the review sample), a bag of 
assorted parts, and a schematic. While those 
who have built speakers before may require 
no further assistance, the neophyte would 
certainly benefit from some additional docu¬ 
mentation. 

Since novices are one of the primary audi¬ 
ences for a kit, this one should include, at a 
minimum, a parts list, a basic description of 
the system, and a suggested crossover layout. 
A printed-circuit board would be an excellent 
addition, as well. For those uncomfortable 
assembling the crossover themselves, how¬ 
ever, Zalytron can provide you with an 
assembled crossover for a nominal charge. 

To say that the cabinets are solid is an 
understatement. Though fairly small (20.5" x 

SYSTEM SPECS 
Drivers: Two Focal 5kO13L 5'4", one Raven R-1 

Crossover: Fourth-order Linkwitz-Riley (acoustic) at 
2250Hz, second-order electrical 

Frequency response: 100Hz-20kHz ±1.5dB, -3dB 
at45Hz 

Sensitivity: 91.5dB 

Kit Review 
ARIA 5/RAVEN R-1 

By Craig Stark 

are hand-made to order by the folks at 
Zalytron (Photo 1). 

In keeping with the sonic excellence of the 
drivers and cabinets, the parts quality is 
excellent. All coils are air-core, all caps 
polypropylene, and all resistors appear to be 
noninductive. The two resistor values includ¬ 
ed (5Q and 7.5Q) allow for two different 
tweeter response curves: “flat” and “sloped.” 
According to the supplied response curves, 
the 7.5Í2 resistor results in approximately 
3dB worth of attenuation. 

The kit I received included “high end” 
hookup wire to run between the binding 
posts and the crossover (eight solid conduc¬ 
tors) and between the crossover and the driv¬ 
ers (four solid conductors). Unfortunately, 
the time required to prepare and attach the 
supplied wire increased the total assembly 
time by a factor of nearly three relative to 
using conventional high-quality zip cord. 
Additionally, the incredible stiffness of the 

wire can cause undue tension on the solder 
joints, potentially breaking connections 

(in fact, one broke during shipment). 
While many will argue for the 

sonic benefits of various exotic 
speaker cables over the more pedes¬ 

trian zip cord, I doubt that any such 
benefits could be heard in the W-V 

PHOTO I : View of the Aria 5/Raven kit 
showing the cabinet, drivers, and assembled 
crossover using the supplied cable. 

10" x 11.5"), each cabinet tips the scales at 
over 40 lb without the drivers installed. The 

lengths used in the Aria 5/Raven. Given the 
added time, frustration, and the greater 
chance of failure inherent with the supplied 
cables, you would do better to simply discai d 
them and reach for a trusty spool of more tra¬ 
ditional cable. 

heft is the result of the IW MDF (two layers 
of %") used throughout the cabinet. Box 
vibrations, therefore, are not much of a con¬ 
cern with these cabinets, which came unfin¬ 
ished with an oak veneer on all but the back 
and bottom sides (teak and rosewood are also 
available). 

Two ports are located on the back of each 
box along with a standard five-way binding 
post. Grilles are black and ’4" deep and held 
in place with standard fasteners. The front 
baffle is rounded to reduce diffraction 
effects, though the effects of the 1" quarter¬ 
rounding are probably more cosmetic than 
acoustic. Overall fit-and-fmish of the cabi¬ 
nets is quite good, especially given that they 

ASSEMBLY 
Assembly of the kit was fairly straightfor¬ 
ward. The supplied foam was easy to cut 
using an X-acto knife, and it attached without 
difficulty using the built-in adhesive. Since 
this is a vented design, the foam is meant 
only to absorb internal reflections and not to 
alter the effective box size through adiabatic-
isothermal conversion. Therefore, I placed 
the foam (as best I could) on one of each of 
the parallel surfaces. 

With no guidance given for crossover lay¬ 
out, I generated my own (Photo 2), designed 
to minimize the interactions between the two 
coils, while remaining compact enough to fit 
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HIGH EFFICIENCY PURE RIBBON TWEETERS 

ORCA is sincerely proud of introducing these exceptional high frequency transducers from France. The 
RAVEN tweeter is a true ribbon tweeter, possibly the purest transducer available today. In a dome tweeter 
the signal is carried through the voice coil wire, and the sound is radiated by the domeattached to the voice 
coil. Here, the carrier of the electrical signa, and the radiating diaphragm are one and the same part: the 
ribbon itself. Furthermore, the RAVEN ribbon is 100% pure conductive material, no metalized film. To have 
an idea of the high frequency performance of the RAVENs, imagine that the moving mass here is about 30 
times less than a high quality dome tweeter. The music comes through effortless, almost immaterial. The 
special and massive NeFeB magnet of the RAVENs is five times more powerful than a conventional magnet. 
The result: the RAVEN RI is capable of 118 dB peak with no measurable distortion (R2:120 dB). At 10WRMS, 
that is continuous power now, RI reaches 105 dB with less than 1% distortion, and R2,107 dB. The RAVENs 
come with a specially designed matching transformer (very low distortion, low loss and wide bandwidth) 
for optimum coupling with your power amplifier. Now look carefully at the decay of these units ! 

RAVEN RI 
KGS 1.14 
LBS 2.5 
92 X 80 mm 
3.63 X 3.15 in. 
Moving mass: 
0.0061 g 
0.0002 oz. 
dB/W/m 95 
2 KHz to 40 KHz 

RAVEN R2 
KGS 2.22 
LBS 4.9 
166 X 76 mm 
6.54 X 2.99 in. 
Moving mass: 
0.013 g 
0.0005 oz. 
dB/W/m 98 
2 KHz to 40 KHz 

RAVEN TRANSDUCERS are distributed worldwide 
exclusively by ORCA Design & Manufacturing Corp. 
1531 Lookout Drive, Agoura, CA 91301 - USA 
TEL (818) 707 1629 FAX (818) 991 3072 
E-Mail: orcades @ aol.com 
OEMs, stocking distributors and importers inquiries 
welcome. Goods now in stock in America. 
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PHOTO 2: Detailed view of the assembled crossover. Coils are positioned to minimize in¬ 
terference. 

in the small (7" x 8.5") space available at the 
bottom of the box. I mounted the compo¬ 
nents on a piece of heavy-gauge cardboard (a 
thin sheet of plywood or a printed-circuit 
board would work at least as well) using sil¬ 
icone to attach the capacitors and silicone 
reinforced with nylon ties to attach the coils. 

Since I required the option of removing 
the crossover to fix any errors or to audition 
the system using the alternate tweeter resis¬ 
tor, I attached the assembled crossover with 
two small nails. Given the very limited 
access afforded by the mid-woofer hole, this 
was no easy task. While glue would provide 
an easy (but permanent) method of attach¬ 
ment. a set of pre-drilled holes for crossover 
mounting would be a nice improvement to 
the kit. 

With the crossover and foam in place, all 
that was required to complete assembly was 
drilling a number of pilot holes in the cabinet 
for the screws used to mount the drivers and 
binding posts. With this done, the drivers and 
binding posts fit nicely into their recessed 
openings, and with screws in place the speak¬ 
ers were ready. Total assembly time was 

TESTING THE ARIA 5/RAVEN 1 LOUDSPEAKER KIT 
By Joseph D’Appolito 

Author’s note: / must state at the outset that I designed this kit for 
ORCA Design and Manufacturing, the distributor of the Focal and 
Raven drivers used in this kit. It will be interesting to compare the 
results of my tests with the original design data. 

I ran a series of impedance, frequency response, and distortion 
tests on the ARIA 5/Raven 1 kit constructed by Mr. Stark. Figure 
7 is a plot of system impedance. Below 200Hz you can see the 
classic double-peaked curve of a vented system. The minimum 
impedance of 5.20 at 54Hz indicates the resonant frequency of 
the vented box. 

An overall minimum impedance of 4.4Í2 occurs at 240Hz. The 

final minimum at 2350Hz has a value of 4.9Í2, which qualifies the 
ARIA 5/Raven 1 as a 50 system. Impedance phase ranges from 
-40° to +29° over the full audio range. This should be a relatively 
easy load for most amplifiers. 

FREQUENCY RESPONSES 
Figure 2 shows the 1 m on-axis frequency response of the ARIA 
5/Raven 1 compared against the prototype built and tested during 
the design of this kit. Both curves are a composite of quasianechoic 
response data above 220Hz taken with the microphone placed on 
the tweeter axis at 48", combined with near-field woofer and port 
data below 220Hz to get the complete curve. 

FIGURE I : System impedance. 
FIGURE 2: Full-range response of ARIA 5/Raven 1 kit and 
prototype. 
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approximately 45 minutes per cabinet using 
zip cord to connect the drivers to the 
crossover, and approximately two hours 
using the supplied cable. 

LISTENING TESTS: METHODOLOGY 
I primarily auditioned the Aria 5/Ravens on 
two systems: my home system and that of a 
friend. My system is located in a 14' x 20' 
room ( speakers placed along one of the short 
walls) with a 10' acoustically treated ceiling 
and a carpeted floor. No other acoustic treat¬ 
ments are currently in place. The system con¬ 
sists of a Denon CD player being used as a 
transport, an outboard DAC of my own 
design (using Burr-Brown PCM 1702s and a 
POOGE-5 output stage), a preamp based on 
the Welborne Labs hybrid linestage, and a 
Borbely 60W MOSFET amplifier. 

For direct comparison with the Arias, my 
current speakers are three-ways of my own 
design using a side-firing NHT 12" woofer, a 
pair of Scan-Speak 6.5" mid-woofers, and a 
Focal 1" tweeter. My friend’s system is in a 
15' square room with plush carpet and a back 
wall that opens into another room. He uses a 
Technics CD player as a transport, an Audio 
Alchemy DTI and DDE. and a preamp of our 
design (based on AD812 op amps), and he 
had both a Bellas 1 (MOSFET based) and a 
Pass Zen amplifier on hand. 

For comparison to the Arias, he provided 
a pair of Signet bookshelf speakers. In both 
listening environments, the speakers were 
placed on stands to raise the tweeter to 
approximately ear level. Source material var¬ 
ied widely over the weeks of listening, rang¬ 
ing from Mozart to The Modem Jazz Quartet 
to Metallica. 

LISTENING TESTS: RESULTS 
Phenomenal. Once we found the optimal 
speaker locations, the sound emanating from 
the Aria 5/Ravens was nothing short of phe¬ 
nomenal. Detailed and accurate without 
sounding “clinical." the Aria 5/Ravens were 
a joy to listen to and never became fatiguing. 

While the original Aria 5s had the reputa¬ 
tion of being excellent speakers marred only 
by a slight harshness in the high end, the high 
end produced by the Ravens was smooth and 
effortless. The midrange was equally as mel¬ 
lifluous with no hint of harshness or strain to 
be heard. Imaging was superb, and the sys¬ 
tem overall has a smoothness and clarity that 
few speakers possess, especially those that 
Speaker Builder readers can so readily build. 

The low moving-mass of both drivers, 
when coupled with the solid boxes and a 
crossover designed to keep the drivers' inher¬ 
ent resonances and breakup modes out of 
play, produced excellent cumulative spectral 
decay and step response measurements (see 
D’Appolito’s Figs. 3 and 4). No doubt these 
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FIGURE 3: Cumulative spectral decay. 

Sensitivity Excess Group Dig - ns (dly:0.B5 ns)(High) 

FIGURE 5: Excess group delay referenced to the tweeter. 

S-1246-4 

FIGURE 4: System step response. FIGURE 6: Horizontal polar response (-60° = 60° left). 

The plot of the kit response is normalized to Im distance to 
get system sensitivity. The prototype response is offset by lOdB 
for easy comparison. Both curves are admirably flat, but there 
are subtle differences possibly due to small differences in kit 

driver responses relative to the drivers used to design the ARIA 
5/Raven I. 

The kit’s on-axis response is flat within ±1.6dB from 
60Hz-20kHz. This compares very well with the prototype 

Manufacturer of Loudspeakers for 50 years. 

SU'P^VOX 
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Z.A. des Grillionnières, 34, rue de la Morinerie, 
37 700 St. PIERRE des CORPS - FRANCE 
Tel: 33 (0) 2 47 32 9100 Fax: 33 (0) 2 47 32 9955 
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FRANCE 

La haute fidélité Intégrale 

Traditional fabrication, 
basket in aluminum and paper cone 

Serie Mélomane 
170 medium high. 200 • 19000 Hz. 101 dB • 215 RTF 
64 • 60 to 10000Hz ± 2dB. • 98 dB. • 45W RMS power. 

215 double cone 60 to 19000Hz ±2dB • 98dB • 45 RMS 
power. Full range or medium use, perfect for tube amp. 

285 RTF • 35 to 8000 Hz ± 2 dB. • 98 dB. • 70W RMS 
power GN 400 A • 23 to 4000Hz • 99dB. • 120W RMS 

power. Alnico motor 3.5Kg. Horn for 1" motor, 500Hz. 

Technical information and special fabrication 
upon request. 
DISTRIBUTORS WANTED 

SUiP^VOX is not only a product line 
.. .it’syour partner. 
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response properties are one of the sources of 
the exceptionally clean sound. 

While harmonic-distortion levels below 
1% are not only typical but expected from 
audio components, loudspeakers rarely 
achieve this across the board. Perhaps this is 
why we rarely see distortion measurements 
made on loudspeakers (or at least why 
they’re not often advertised). For the second-
and third-harmonic-distortion levels (Figs. 
10 and //) to remain below 1% from 100Hz 
on up (going just above 1% at the crossover 
point) is quite an accomplishment. For the 
highest level of IM distortion to be 0.2% for 
the woofer and 0.5% for the tweeter is equal¬ 
ly impressive. Both give a clue to the source 
of the smooth, uncolored sound. 

A LOOK AT THE LOWS 
The several criticisms to make about the Aria 
5/Raven speaker are all relatively minor. To 
begin with. 1 would be remiss if I did not 
point out that deep bass is not the Aria 
5/Raven’s strong suit. C-0 organ pedals. 
1812 Overture cannon shots, and even less 
extreme examples of the lower end of the 
spectrum are not generated in all their glory. 
When compared with my current speakers, 
the foundation provided by the bottom two 
octaves was notably absent, and bass afi¬ 
cionados will certainly wish to augment this 
speaker with a subwoofer. 

However, you can hardly expect a loud¬ 
speaker using two 5'4" drivers to reach too 
deeply into the low-end. With approximately 
one-third the surface area of a 12" woofer, a 
pair of 5'4" drivers simply cannot move that 
much air. That said, the Focal 5'4" mid¬ 
woofers, in the vented alignment of the Aria 
5, move a surprising amount. While not 
earth-shaking, the bass on the Aria 5s was far 
from anemic. When placed to take advantage 
of room-gain, the bass was quite reasonable 
for a speaker of any size—a real accomplish¬ 
ment for a small loudspeaker. 

Despite the use of a D’Appolito alignment 
(designed to reduce vertical lobing), the 
sound quality was quite sensitive to the 
height of the stands used. While the horizon¬ 
tal polar response is excellent (Fig. 6), the 
vertical response is far less ideal (Fig. 7} and 
may contribute to this effect. Whatever the 
source, stands that place the tweeter at ear¬ 
level are a requirement for the Aria 5s. 

Additionally, while the sensitivity was 
high enough to be adequately driven by the 
low-wattage Pass Zen amplifier, the speakers 
notably did not sound their best when 
attached to the Zen. Whether the somewhat 
complex load presented by either the phase 
(-40" to +29°) or the magnitude (4.4Í2-18Í2) 
of the impedance was the source, the single-
ended Zen, with its 1Í2 output impedance, 
was not the ideal amplifier for these speakers. 
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PREMIUM HIGH POWER 12dB PASSIVE 
CROSSOVER NETWORKS 

We manufacture and supply the loudspeaker industry with the highest 
quality crossover networks.The components such as polypropylene fast 
capacitors, perfect lay air cored inductors, and printed circuit boards are 
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(No resistors to distort sound quality) 
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30 Francine Lane Staten Island N.Y. 10314 
Phone (718) 370-8399 Fax (718) 370-8297 
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Í DEFLEX 
SPEC I R A ílCOlJgídC 

° PANELS 
The simplest and most cost effective way 

to upgrade your existing system 

You need at least 2 
Deflex panels for a 
pair of small bookshelf 
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a pair of Tannoy 6's, 
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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 
stick to the inside of 
the cabinet using 
recommended 
adhesive 

Now sit bac* and 
listen to the extra 
detail in sourd, and 
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What the experts have to say... 
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Hi-Fi News & Record Review - Marchi 994 
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all without deaden.ng the sound in any way..." 
Audiophile - January 1994 

"...the resuit was harper imaging, wider dynamics 
and a more natural sound..." 

CHOICE VERDICT 

Sound Quality Mill 
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Hi-Fi Chotee - January 1994 

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

Audio Video - November 1994 
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MICHAEL PERCY AUDIO 
P.O. Box 526 
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Bass all but disappeared and the midrange 
became quite thin. 

Finally, as with many speakers, the grille 
cloths had a noticeable effect on the sound. 
The drivers are flush-mounted, and care has 
been taken to produce a smooth, protrusion-
free baffle when the grilles are off. With the 
grilles in place, a 'A" frame surrounds the 
drivers, creating diffraction effects. These 
effects were both measurable (Fig. 15) and 
audible. 

CONCLUSIONS 
There are many reasons why hobbyists 
choose to build their own loudspeakers. One 
common, practical reason is the desire to do 
more sonically with less money. At nearly 

response of ±1.5dB over the same fre¬ 
quency range. System sensitivity in the 
two octaves around 1kHz (5(X)Hz-2kHz) 
averages 91.5dB/2.83V/lm. 

The cumulative spectral decay (CSD) 
response for the ARIA 5/Raven 1 (Fig. 3) 
is a waterfall plot that shows the frequen¬ 
cy content of the system decay response 
following a sharp impulsive input at time 
zero. Ideally, the response should decay 
to zero instantaneously. Real loudspeaker 
systems, however, contain inertia and 
store energy that takes a finite amount of 
time to decay. 

The first three milliseconds (ms) of the 
CSD are shown with a total dynamic 
range of 32dB. The tweeter response is 
essentially gone in 0.3ms. There is some 
small amount of residual hash in the 
12-14kHz range down about 18dB which 
persists out to 1.4ms, but it has no special 
character which might indicate a delayed 
tweeter resonance. This is excellent decay 
response. 

Decay response below 3kHz is con¬ 
trolled by the woofer and its crossover net¬ 
work. Here again decay response is quite 
good. There are no distinct uni-modal 
ridges to indicate the presence of strong 
system resonances. 

Figure 4 is a plot of system step 
response. It is obtained by a numerical 
integration of the system impulse re¬ 
sponse. The initial positive spike indi¬ 
cates the tweeter arrival. It is followed by 
the woofer arrival, peaking about 0.3ms 
later. The drivers are both connected with 
positive polarity, but the system is not 
time coherent. 

A better view of this behavior is seen in 
Fig. 5. This is a plot of excess group delay 
versus frequency referenced to the tweet¬ 
er’s acoustic phase center.1 In a time-
coherent system this plot would be a flat 

$ 1200 for a pair of small speakers, you might 
not think the Aria 5/Ravens would fulfill this 
desire. To draw this conclusion would be a 
mistake, however. 

At SI200 the Aria 5/Ravens are a bargain. 
More important than the fact that this repre¬ 
sents a very good deal on the cost of the com¬ 
ponents (neither the Focal midwoofers nor 
the Raven tweeters are inexpensive drivers), 
this is a meager sum to proffer for a loud¬ 
speaker of such quality. The Aria 5/Raven’s 
sonic competition comes from the very high 
end of the loudspeaker market where speak¬ 
ers often cost several times more. As such, it 
clearly satisfies this goal. The Aria 5/Raven 
is an outstanding loudspeaker that will great¬ 
ly reward those who choose to build it. 

line. Above 10kHz excess group delay is 
essentially zero as it should be, since it is 
referenced to the tweeter in this frequency 
range. The curve rises below 10kHz to a 
plateau starting just below 2kHz. 

The difference in excess group delay 
between 20kHz and 1kHz points is 
0.199ms, or 199ps, which is the woofer 
time delay relative to the tweeter. This 
time offset of the drivers is a direct con¬ 
sequence of the fourth-order acoustic 
Linkwitz-Riley crossover used in this sys¬ 
tem. Excess group delay is a very accu¬ 
rate indicator of driver time offset. The 
sonic effect of this lack of time coher¬ 
ence is a hotly debated topic with no clear 
conclusions. 

SYSTEM POLAR RESPONSE 
Figure 6 is a waterfall plot of horizontal 
polar response in 15° increments from 60° 
left to 60° right when facing the speaker. 
The microphone is at tweeter height for 
this series of curves. All off-axis plots are 
referenced to the on-axis response, which 
appears as a straight line at 0.00°. 

For good stereo imaging, the off-axis 
curves should be smooth replicas of the 
on-axis response, with the allowable 
exception of the tweeter rolloff at higher 
frequencies and larger off-axis angles. 
You can see the expected rolloff of tweet¬ 
er response at higher frequencies and larg¬ 
er off-axis angles. Tweeter response is 
down 10.1 dB at 15kHz and ±45°. The cor¬ 
responding figures at ±30° and ± 15° are 
4.7 and 1.7dB. respectively. 

This is as good as many dome tweet¬ 
ers and better than most that I have test¬ 
ed. The tweeter’s ribbon is recessed 
slightly within the slot formed by its 
magnetic gap. Tweeter output diffracts 
around this slot and the face plate, pro¬ 
ducing the uptick in response seen above 
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FIGURE 7: Vertical polar response (negative degrees are down). 

FIGURE 8: Response averaged over ±30°. 

15kHz at horizontal off-axis angles of ±45° and ±60°. 
Figure 7 is the waterfall plot of vertical polar response. 

Responses are shown in 5° increments from 20° below (-20°) the 

FIGURE 9: Woofer and port responses and their sum. 

tweeter axis to 20° above it. Response at ±5° is within IdB of the 
on-axis response. Worst-case response dips at ±10° and ±15° are 
4.1 and 8.8dB, respectively. 

Both of these dips are in the crossover region. The tweeter rib¬ 
bon is 6cm long in the vertical direction, which is equal to one 
wavelength at 5.7kHz. Above this frequency the tweeter will 
become more directional in the vertical. This explains the rapid 
drop in high-frequency response above 5kHz at ±20°. 

The average response over a 60° horizontal angle (±30°) in the 
forward direction is shown in Fig. 8. The response is very smooth, 
sloping gently downward by about 2dB above 3kHz. This is excel¬ 
lent horizontal power response and suggests good direct field cov¬ 
erage in the primary listening area with little if any change in tim¬ 
bre. Image stability should be very good. 

Near-field woofer and port responses are shown in Fig. 9. 
These responses are summed by the MLSSA system, giving 
proper weighting to the difference in areas of the combined 
woofers and the ports, to obtain the complete near-field system 
response. This response is then spliced to the quasianechoic re¬ 
sponse at 220Hz to get the complete system response, shown in 
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Fig. 2, without the use of an anechoic chamber. 
The dip in woofer response just above 50Hz indicates the box 

tuning frequency. The port output is near maximum at this point. 
The port curve also shows a peak at 720Hz, which is the result of 
an “organ pipe” resonance in the port tube. This resonance causes 
a dip in the overall near-field response, but because the port exit is 
on the rear of the enclosure, it does not show up in the far-field 
response of Fig. 2. 

DISTORTION TESTS 
I ran harmonic-distortion tests at an average SPL of 90dB at Im. 
Ideally, harmonic-distortion tests should be run in an anechoic 
environment. In practice, it is important to minimize reflections at 
the microphone during these tests. 

Out-of-phase reflections can reduce the level of the fundamen¬ 
tal while boosting the amplitude of the harmonic. In order to 
reduce the impact of reflections, 1 placed the microphone at 0.5 
from the loudspeaker and analyzed only the first 40ms of data at 
each frequency to further reduce room contamination. This limited 
the lowest analysis frequency to 50Hz. 

Figures 10 and 11 show second- and third-harmonic distortion 
levels in dB SPL versus frequency in 1/3 octave steps. System 
frequency response is also plotted on these figures. The second-
and third-harmonic-distortion figures at 50Hz are 1.8% and 
4.6%, respectively. The corresponding numbers at 100Hz are 
0.6% and 0.2%. All woofer distortions are well below 1% above 
100Hz. Considering the size of the mid-bass drivers, this is excel¬ 
lent performance. 

Distortion does rise above 1 % briefly at 2kHz. This distortion 
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FIGURE 10: Second-harmonic distortion. 

comes from the tweeter, which could benefit from a somewhat 
higher crossover frequency. But the higher crossover frequency 
would restrict vertical coverage in the crossover region. The world 
is full of compromises and there is no free lunch! 

IM DISTORTION 
The next area to investigate is intermodulation distortion. In this 
type of test two nearby frequencies are input to the speaker. 
Intermodulation distortion creates output frequencies that are 
not harmonically related to the input. 

These frequencies are much more audible and annoying than 
harmonic distortion. Let the symbols f, and f2 represent the two 
frequencies used in the test. Then a second-order nonlinearity will 
produce intermods at frequencies of f, ± f2. A third-order nonlin¬ 
earity generates intermods at 2f, ± f2 and f| ± 2f2. 

I first examined woofer intermods by inputting 900Hz and 
1kHz signals at equal levels. These frequencies are far enough 
below crossover that they will appear predominantly in the woofer 
output. Total SPL with the two signals was adjusted to 90dB at 1 m. 
The ARIA 5/Raven 1 output spectrum is shown in Fig. 12. The 
two longest lines represent the input signals. The primary inter¬ 
modulation distortion products and where they come from are: 

FIGURE I I : Third-harmonic distortion. 
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FIGURE I 2: Woofer intermodulation distortion. 

16 KHz 20 

S-1246-13 

FIGURE I 3: Tweeter intermodulation distortion. 

FIGURE 14: Woofer/tweeter crossmodulation distortion. 

FIGURE IS: Effect of grille on frequency response. 

1900Hz = 900 + 1000 (second-order) 
800Hz = 2 X 900 - 1000 (third-order) 
1100Hz = 2x 1000 - 900 ( " ) 
2800Hz = 2 x 900+ 1000 (") 
2900Hz = 2 X 1000 + 900 (") 

Other lines on the plot are due to harmonic distortion, which we 
have already discussed. The majority of intermods are third-order. 
The largest distortion product at 2900Hz is 54dB below the main 
output, which is equal to 0.2%. This is better than many tube amps! 

I measured tweeter intermods with a 10 and 11kHz input pair 
also adjusted to produce 90dB SPL (Fig. 13). Intermods are at 9, 
11, 12, and 19kHz. The worst-case tweeter intermod at 19kHz is 
down 46dB at 0.5%. This is very good performance. 

The last intermod test examines cross-intermodulation 
between the woofers and tweeter using frequencies of 900Hz and 
10kHz. (A 1kHz signal would produce intermods that fall on har¬ 
monic-distortion lines and confuse the results.) This spectrum is 
shown in Fig. 14. Intermods can be seen at 8.2, 9.1, 10.9, and 
11.8kHz. The highest level at 11.8kHz is 51.5dB down at 0.3%. 

Ideally, there is no mechanism by which 900Hz and 10kHz sig¬ 
nals can mix. But in practice, cross-coupling in the crossover net¬ 
works and the common return wire introduce low frequencies into 

the tweeter and high frequencies into the woofers. This makes the 
case for bi-wiring. (At extremely high SPLs nonlinear mixing can 
occur in the air, but this is not the case here.) 

I conducted all of the above tests with the grille off. Figure 15 
shows the response of the ARIA 5/Raven 1 system with the grille 
on, but referenced to the response with the grille off. That is, it plots 
the difference in response under the two conditions. Below 2kHz 
the grille has no significant effect. Above 2kHz, however, the grille 
causes rather ragged response deviations of 4dB peak-to-peak. 
This grille is clearly of cosmetic use only. 

References 
1. J.A. D'Appolito, Testing Loudspeakers, Audio Amateur Corporation, Peterborough. 
NH, 1998. 

A NOTE ON TESTING 

I tested the ARIA 5/Raven 1 kit in the laboratories of Audio and Acoustics, Ltd., 
using the MLSSA and CLIO PC-based acoustic data-acquisition and analysis sys¬ 

tems with an ACO 701214" laboratory-grade condenser microphone and a cus¬ 
tom-designed wideband, low-noise preamp. I conducted polar response tests with 

the aid of a computer-controlled OUTLINE turntable on loan from the Old Colony 
Division of Audio Amateur Corporation. 
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Book Report 
TESTING LOUDSPEAKERS 

Reviewed by G.L. Augspurger 

Testing Loudspeakers, by Joseph 
D’Appolito. Available from Old Colony 
Sound Lab, PO Box 876. Dept. B90, 
Peterborough. NH 03458. (603) 924-6371. 
FAX (603) 924-9467, E-mail custserv-
@ audioXpress.com. $34.95. plus $6.50 s/h. 
Published by Audio Amateur Press. 174 pp. 

This book is well written and well produced, 
and contains a lot of information. It is aimed 
at the serious hobbyist—someone who 
knows how to use a multimeter and how to 
hook up a crossover network, but who has 
not made a career of designing and testing 
loudspeakers. If you have recently acquired 
one of the computer-based test systems, the 
book will provide additional insight into how 
these systems work. If you are considering 
buying such a system, read the book first; it 
will demystify much of the technical jargon 
and show you which features are really 
important. 

Testing Loudspeakers is not perfect. In my 
experience, every technical book contains 
errors and omissions. Since part of a review¬ 
er’s job is to find things to carp about. I will 
point out some of its shortcomings. But I will 
also try to give you a feel for the range of 
material covered and the author’s way of pre¬ 
senting that material. The object of this 
review is not only to tell you whether I liked 
the book, but also to help you decide whether 
it belongs on your bookshelf. 

FORMAT AND TYPOGRAPHY 
When I first opened the book I was struck by 
its clean, easy-to-read page layout that is con¬ 
sistent from beginning to end. This is a happy 
contrast to some current technical volumes 
that seem to have been pasted together from 
assorted computer printouts. Pages are Sló" x 
11", with text printed in two columns. 
Illustrations and math equations are held to 
column width, which makes it easy to com¬ 
pare information in various parts of the book. 

But consistency can also have its draw¬ 
backs. In three or four cases the author uses a 
graph to make a point, but the graph in ques¬ 
tion is simply too small to identify the infor-
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mation in question. In those few instances, 
perhaps an enlarged graph could be printed 
on its own page at the end of the chapter. A 
similar complaint can be made about some 
of the equations where subscripts and super¬ 
scripts are too tiny to make out. In some parts 
of the book, particularly Chapter 6, textual 
references are several pages ahead of their 
associated graphs. Devoting a page exclu¬ 
sively to illustrations where needed would 
minimize the annoyance of repeatedly flip¬ 
ping back and forth. 

Proofreading is commendably thorough. I 
noticed only one typographical error, which 
has by now been corrected. I did not attempt 

TESTING 
LOUDSPEAKERS 

by Jmeph D’Appolito 

to verify all of the math equations, but those 
few that I did check were printed correctly. 

GENERAL ORGANIZATION 
The book has a total of seven chapters, each 
of which is divided into clearly marked top¬ 
ics and begins with a brief outline of what 
follows. Chapters 2-5 are concerned with 
testing in the analog domain using relatively 
inexpensive insüumentation. The remaining 
two chapters contain almost 40% of the 
book’s content and are devoted to computer-
based digital test systems. 

Chapter 1 is something of a novelty. The 
author begins with a clear statement of the 
book’s objectives, the scope of its subject 
matter, and what the reader should know. 
This is followed by five pages of preview in 
which each chapter is summarized in detail. 
The preview is not a topical outline, but a 
kind of chatty description of things to come. 
This might be dismissed as unnecessary 
padding, but I found it a handy lookup refer¬ 
ence. How many times have I thumbed 
through a text page by page because the para¬ 
graph I remembered could not be identified 
in the index or table of contents? Here in 
Chapter 1 I can effectively scan the entire 
book in about 15 minutes. 

Each chapter concludes with its own list of 
references. These are well chosen. Most of 
them are important, well-known books or 
technical papers that you can track down 
without too much difficulty. 

TUTORIAL APPROACH AND STYLE 
In writing Testing Loudspeakers. Joseph 
D’Appolito has drawn on his long experience 
in loudspeaker design. The emphasis is on 
real-world test methods, using case histories 
as examples. There is a fair amount of math, 
but most of it is simple algebra. If the math is 
essential to the point being made, then the 
text walks you through it step by step, using 
a practical example. If it is really important, 
there are two or three examples. To me this is 
one of the best features of the book. It is 
almost impossible to be uncertain about a 
particular procedure after reading through 
one of these detailed examples. 

The prose style is direct and informal. The 
book is meant to be read, not just used as a 
reference. In any given section, the main 
point is almost always clear and correct. The 
tone is lightened by numerous tangential 
observations and comments. These are inter¬ 
esting but occasionally misleading, and in a 
few instances they are dead wrong. For 
example, in Chapter 1. Kellogg and Rice are 
credited with the invention of the direct radi¬ 
ator loudspeaker. The situation is clarified 
somewhat in Chapter 2, where it becomes 



apparent that the modem, moving coil, direct 
radiator is what the author had in mind. 

I confess that I am bothered by acronyms. 
Using X in an equation is appropriate: drop¬ 
ping SUT into an otherwise understandable 
English sentence is not. However, this is 
a matter of taste. If you enjoy reading that 
the LDC suggests using a DMM to measure 
the EMF of your DUT. then this is the book 
for you. 

ANALOG TESTING 
Chapter 2 is a self-contained short course 
covering the basic electromechanical loud¬ 
speaker model, the factors that affect a 
speaker’s impedance curve, how to measure 
impedance versus frequency, and how to use 
the impedance curve to derive most of what 
else you need to know. 

Chapter 3 continues the analysis, explain¬ 
ing what you can learn about loudspeaker-
/box combinations by simply measuring their 
impedance characteristics. The author does a 
good job of explaining how the effective 
cone mass includes air mass, and how to esti¬ 
mate air mass under different loading condi¬ 
tions. However, the importance of this factor 
may be overemphasized, especially since the 
sources quoted do not agree with other equal¬ 
ly reliable authorities. Also, I wish there had 
been a little more discussion of mutual cou¬ 
pling—how do I calculate the air mass of two 
loudspeakers in a box? 

Chapters 4 and 5 move on to acoustical 
testing, with many good recommendations 
for loudspeaker testing in ordinary rooms. I 
found a few nits to pick, but this is good, 
hands-on information. Almost any reader, 
regardless of experience, will find useful tips 
in this section. 

Unfortunately. Chapter 5 also includes a 
couple of lapses. One is a confusing presen¬ 
tation of low-frequency power response, in 
which it supposedly differs from near-field 
response, but somehow relates to room 
response at various listening locations. This 
was the only place in the book where I sim¬ 
ply could not tell what the author was trying 
to say. 

The other is a case history involving a 
conventional woofer crossing over to a long, 
mid-range line source. Here the author’s 
point is clear and well taken: the relative 
level between low- and high-frequency 
sources varies with distance. 

As a sidelight, the author then suggests 
that the coverage pattern of the line source 
takes the form of an expanding cylinder, 
which seems to make sense. Additional mea¬ 
surements are presented to support the thesis. 
Unfortunately, this is a case where common 
sense is wrong, as anyone who has spent 
much time with one of these devices knows. 
The supporting measurements are flukes, 

probably contaminated by strong room 
reflections. 

I bring this up not to embarrass the author, 
but to point out that even a seasoned profes¬ 
sional can be misled now and then. Murphy’s 
law prevails. 

COMPUTERS AND THE DIGITAL 
DOMAIN 
Chapter 6 attempts to cover a lot of ground in 
relatively few pages. It starts by explaining the 
relationship between time-domain and fre¬ 
quency-domain data via the Fourier trans¬ 
form. Then, without pausing for breath, we 
are treated to discussions of impulse response, 
periodic signals, discrete frequency spectra, 
the sampling theorem, the discrete Fourier 
transform, and the fast Fourier transform. 

All of this is pretty standard material that 
must be covered somehow. To the author's 
credit he does not simply retrace the foot¬ 
steps of a standard textbook presentation. For 
one thing, almost all of the math is given in 
terms of sine and cosine calculations, which 
makes it much easier for the average reader 
to understand. Also, the order in which con¬ 
cepts are presented is different from most 
other sources. For me it was initially a little 
confusing, but after I had read the chapter 
three times I could follow the logic of the 
presentation without difficulty. 

Becoming familiar with impulse-response 
measurements and the power of the Fourier 
transform requires much more than one read¬ 
ing. You need three or four sources to explain 
things in different ways so you can compare 
one presentation with the others, going back 
and forth until the concepts gradually gel. 1 
would definitely include this book in my list 
of recommended sources. 

At this point we are only two-thirds of the 
way through Chapter 6. The remaining pages 
are devoted to a good explanation of maxi¬ 
mum length sequences, then definitions of 
phase response, minimum phase, excess 
phase, group delay, and what is labeled 
the acoustic phase center. The difference 
between group delay and Une time delay is 
explained at some length. This section should 
be required reading for at least one profes¬ 
sional loudspeaker reviewer. 

Reading Chapter 6 is a little like watching 
a juggler keep 20 plates spinning without 
dropping any of them. It would be easier for 
both the author and the reader if the material 
were separated into two chapters and allowed 
to expand a little. 

I found one significant error in the discus¬ 
sion of minimum phase systems. The math¬ 
ematical definition is correct, but the graphi¬ 
cal interpretation (“If the slope is positive, 
phase will increase...”) obviously is not. 
Perhaps the author was trying to condense 
Heyser’s rules on this topic and got carried 

away in the trimming process. 
The final chapter is devoted to features 

offered by several computer-based measure¬ 
ment systems and examples of the kinds of 
measurements that are possible. Examples 
are confined to two systems with which 
the author is familiar: CLIO and MLSSA. 
Most of the information is interesting and 
the examples are useful, but it seems to me 
that the author’s approach is needlessly 
restrictive. 

On the one hand. 1 really don’t care what 
keystrokes are required to initiate a particular 
test. On the other hand. I would be interested 
in a brief comparison of MLSSA processing 
versus the TEF2O system. Alas, there is not 
even a hint that time-delay spectrometry 
exists, even though Richaid Heyser is refer¬ 
enced in other contexts. 

SUMMARY 
The author has accomplished about 97% of 
what he set out to do. The book fills a real 
void in technical literature and is packed with 
useful information. The few errors 1 noticed 
are mostly concerned with peripheral com¬ 
ments rather than main topics. Chapter 2 
alone is worth the price of the book. If you 
are seriously interested in loudspeaker test¬ 
ing. order a copy. 
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Classifieds 

VENDORS 
WE RECONE all home, auto, pro, and vintage 
speakers. TRI-STATE LOUDSPEAKER (724) 

375-9203, www.nauticom.net/www/ speakers. 

SPEAKER PATENT REPRINTS of over 20 sig¬ 
nificant patents show loudspeaker and 

crossover design techniques used by the pros. 
Satisfaction guaranteed. US $29.95. CGG DE¬ 
SIGNS. 9205 Brigadoon Cove, Austin, TX 
78750. 

SIL VER SONIC™ 
High Performance Audio Cables 

You can afford the best! 

Silver Sonic T-14 Speaker Cable 

Silver Sonic BL-1 Series 2 Interconnect 
Silver Sonic D-110 AES/EBU Digital 

Silver Sonic D-75 Digital 

D.H. Labs 

612 N. Orange Ave., Suite A-2 
Jupiter, FL 33458 

(561) 745-6406 (phone/fax) 

Reader Service #7 

Audiophile Collector’s Estate Sale 
Some items are new (N). Others are like new (M). 

Most in original cartons and packing. 

NAD517 five-disc CD player N $350 
Two Adcom GFA-565 

power amplifiers N $1200 (pair) 
(with fans) 

Rotel 865BX CD player M $320 
Marantz 7T preamp $500 
db Systems DBR 15B/2A 

in walnut cabinets M $700 
Adcom GFP-565 preamp N $550 
NEC T710BU tuner M $160 
Marantz 15 amplifier $500 
Adcom GFP-555II preamp M $350 
NAD 1020 preamp $75 
Adcom GFA-555II amplifier M $550 
Adcom GTP-50II preamp/tuner M $350 
Variance Hi-Fi (Germany) 
FM tuner/headphones N $60 

William, 603-642-4338 (Lv. message on machine if 
necessary), up till 10:30PM EST; 
P.O.Box 666, Danville, NH 03819. 

VERY LIMITED QUANTITIES, all new, cheap: 
Focal, Dynaudio, Seas, Peerless, Vifa, Audax, 

Airborne, Eminence, prototypes and plenty of 
caps, coils, ports, etc. Jeff, (940)723-7900. 

FOR SALE 
Crown EQ2 equalizer; Altec 288 drivers; 291 

drivers; 511, 811 horns; 1285 crossovers; 806 
drivers; 418B woofers; JBL D130 15" woofers; 

H91 horns; LE85 drivers; C38 lowboy walnut 
cabinets empty or with D130 woofers; Pioneer 
Spec I preamp; Spec 2 power amp; 1280 re¬ 
ceiver (180W/channel), (914) 688-5024. 

WORLD’S SMALLEST ? 
TRANSMISSION LINE SYSTEM 

3 5" X 4 0' X 1 25' Enclosure Single, One-Inch 
Driver covers 120Hz-18kHz. Startling Transparency 
Stable Imaging. Lively Dynamics. Sounds better 
than many larger systems. Enjoy it "stand-alone," or 
as wide bandwidth mid-range dhver. $19 95 each, 
plus S&H Quantity discounts available while 
supplies last. Visa, M/C, Amex. Discover phone 
orders 30-DA Y MONEY-BACK GUARANTEE! 

CALL NOW TOLL-FREE 
1-800-634-0094 

WARREN GREGOIRE & ASSOCIATES 
229 El Pueblo Place, Clayton, CA 94517 

VOICE 925-673-9393 . FAX 925-673-0538 
www warrengregoire.com/tls.htm 
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Liberty Audiosuite package, Version 2.0 with 

Echo Soundcard, mike, preamp, manual, 
$350; pair Carver 60" ribbons with passive 
crossovers for amazing loudspeaker, $700; 
four VIFA P21WO-20 woofers, $100, (540) 

459-5571. 

Two Rane PE-17 parametric-equalizers and 
notches; two Rane ME-15B graphic-equalizers; 

two Electro-Voice speakers S-15 15" two-way 
250W continuous; two Cerwin Vegas dual 15" 
prostax PS-152 900W continuous; two Mclel-

land GE-152 activo crossover stereo 15-band 
equalizers; one Mclelland GE-15 stereo 15-
band equalizer; four Crown amplifiers power¬ 

tech PT-3; two QsC MX 3000A and MX 2000A; 

one Equinox MP-1200 power amplifier; one 

ONKYO M-501 stereo amplifier; one ONKYO 
preamplifier. All are new. Jose, (910) 424-9349. 

Pair new #2 Focal TC90T0 tweeters in box. $75; 
VIFA D25AG-35/6 aluminum dome tweeters, 
$40; pair Tannoy 5" bass/midrange drivers for 
603, $40 each; various 12" drivers KLH, ultimate 

dual voice coils range from $20-$45 each; pair 
Vandersteen 1CS with stands, $450. David, 

(253) 565-7613. 

JU Welborne kh 
1998 Catalog Now Available 

Vacuum lube preamplifiers and power amplifiers, passive 
linestages, phonostages, power conditioners and more. 

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

Parts and Supplies 
Hovland MusiCaps. Rei MultiCaps, Jensen paper in oils, 
Kimber Kap, Solen, Wima and Elna Cerafines; Caddock, 
Holco, Mills and Resista; KR Enterprise, Svetlana, Sovtek, 
Western Electric, Golden Dragon, Ram Labs; Cardas, 
Neutrik, DH Labs. Kimber Kable. Vampire; Alps, Noble 
and Stepped Attenuators. We also have enclosures, books, 
software and circuits. Call for our 200 page catalog $12 
(US/Canada), $18 (International). Visa/Mastercard OK. 

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

website: http://www.wclbomclabs.com 
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WANTED 
Altec horn speakers, woofers, horns, cross¬ 
overs, 515, 515B, 515C. Homs: 805, 1005, 
1505A/B, 311-90, 329, 604, 605; 288B/C, 288-
16 G/H. Larger comer speakers and console 
speakers, Laguna, Paragon; Western Electric 

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

Speaker Builder 
Encourages reader feedback 

in the form of letters, 
queries, and comments. 
Send correspondence to: 

Speaker Builder 
Editorial Dept., PO Box 876 
Peterborough, NH 03458 

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 a 
response, please include a self addressed 

envelop (or FAX number and E mail 
address, as applicable) with a loose stamp 
or postal coupon. Also, be sure to include 

your name and address. 
All letters will be considered for 

publication unless you indicate otherwise. 
However, submission does not guarantee 

publication. 
Speaker Builder reserves the right to 
edit letters for length and clarity. Letters 

should be brief and to the point. 

Use this convenient list to request the products and services that 
you need fast. Don't forget to mention Speaker Builder! 

COMPANY PRODUCT FAX 
Acoustic Technology Inri. Hi-End Drivers 1-905-889-3653 
Antique Electronic Supply Tubes, Transformers, Books, More! 1-602-820-4643 
Burnett Associates Sub & Power Amps, Aluminum Cones 1 -603-924-3392 
Gasoline Alley LLC Cousta Sheet 1-785-827-9337 
Goertz Inductors 1 -203-384-0586 
Harris Technologies Inc. BassBox 6Pro & X'over 3 Pro 1-616-641-5738 
Hovland Company MusiCap Film & Foil Capacitors 1 -209-966-4632 
Kimber Kable Speaker Cables, Interconnects, etc. 1-801-627-6980 
Markertek Video Supply Unique & Hard-To-Find Accessories 1 -914-246-1757 
MCM Electronics Speakers, Woofers, & Speaker Boxes 1-937-434-6959 
Meniscus New 1998 Catalog! 1-616-534-7676 
Morel Acoustics USA Loudspeaker Drivers, Car Speakers 1 -617-277-2415 
Mouser Electronics Free Electronic Components Catalog 1 -817-483-0931 
RCM Akustik Sub & Power Amps, Aluminum Cones 1 -603-924-3392 
The Parts Connection Crossover Parts 1-905-829-5388 
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Visit our web site! 
www.mouser.com 

FREE catalog is available on the 
internet, CD-ROM, or in paper! 

• Over 72,500 Products 

• More than 145 Suppliers 

• Same Day Shipping 

• No Minimum Order 

800-992-9943 
817-483-6828 Fax:817-483-6899 

catalog @ mouser.com 

958 North Main St.. Mansfield, IX 76063 
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BEST 
CAPS 
for your system! 
Audio pros rate InfiniCap* 
SETI “ and Signature caps 
better than Teflon® caps, better 
than oil-filled caps, better than 
premium film-foil caps! Yet 
SETI and Signature cost less 
than these other caps! 

Hear more of your music! Ask 
today for info on these caps that 
everyone raves about, and the 
new Wonder Solder UltraClear 
that’s taking the world by storm! 

Tomorrow's Research Today 
408 Mason Rd, Vista CA 92084 
Voice mail/fax: 760-724-8999 
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SB Mailbox 

BLUEPRINT BLUNDERS 

I noted three mistakes in the plans for the 
Snail II speaker (SB 3/98, p. 20). 

1.) Part #3 in Table 1 is missing from the 
list, and all the parts from 3 on are mislabeled 
(i.e„ part 3 is really part 4, and so on). 2.) The 
measurement for part 12, the rear horn 
braces, is incorrect (p. 24). It should be 22'4", 
rather than 2114" (the author forgot the W at 
either end which is cut off later). 3.) The 
measurement is also incorrect for part 14, the 
front horn braces (p. 25). It should be 26" 
long, not 25". Again, the W' at either end is 
not included. 

Al Amaral 
alamaral@bit-net.com 

Bill Fitzmaurice responds: 

Oops! Reader Amaral is correct to some 
extent. The actual size of the piece of ply¬ 
wood from which the back and rear horn 
braces is cut is 23.5" x 9.5"; the pattern for 
the front horn brace is cut from a27' x 15.5" 
piece. Part 3 is correctly labeled in the list, 
but part 4, the upper back, is omitted. 

These errors are not as serious as one that 
If ound: the total of vertical measurements on 
the side view (p. 22} add up to 37" while the 
cabinet is supposed to be only 36"high! That 
shows what can happen when you 're trans¬ 
ferring notations from original blueprints, 
which have been changed and scribbled over 
during the building process, to a clean sheet 
for the graphics guys to attempt to decipher. 

To clear up the source of the error, the mea¬ 
surement from the horn “point” to the inside 
of the bottom of the cabinet is 9.5", not the 
10.5" as shown (Fig. 2). I apologize for the 
goof, which I attribute to working too late in 
the pm, and the influence of a good grape 
with dinner. 

This points out the absolute necessity to be 
positive of both positions and exact measure¬ 
ments by drawing the cabinet parts positions 
on the cabinet sides prior to cutting. Anytime 
you attempt a project as complicated as this 
one, it’s best to be very sure of your course 
before starting to cut. 

I noticed another problem in the text. 1 
didn ’t make it clear that after initial cutting, 
JA" of material should be removed from the 
rear horn brace to allow for the position of 

ns sues Whether it's a subscription to one of our great 

and more 
Call 1-888-924-9465 

Give your audiophile the joy \ IS/ \ 

of building audio with information, kits 

and more from Audio Amateur Corporation 

magazines, some of our treasured back issues or I / 

a book or kit from the Old Colony catalog, you'll be a |/ 

hit this gift-giving season! 

Call one of our customer service representatives today. We can 

arrange for a gift certificate in any amount you choose! Order 

early to be sure your certificate arrives in time for the holidays! 

GIFT CERTIFICATES 
from Audio Amateur Corporation 

GIFT CERTIFICATES IN USS ONLY, MAJOR CREDIT CARDS ACCEPTED. 

Audio Amateur Corp., PO Box 876, Peterborough, NH 03458-0876 USA Phone: 603-924-9464 
Fax: 603-924-9467 E-mail: custserv@audioXpress.com ORDER ON-LINE AT www.audioXpress.com 
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the baffle. Most readers who are experienced 
builders wouldn't need to be told this, but 
that’s no excuse for my omission. With read¬ 
ers watching over my shoulder, I'll need to 
be more careful in the future. 

One final error I noticed was a pure typo: 
two Carvin TRI 801 s paralleled have an out¬ 
put capacity average of 130dB from 1200W 
input, not the 120dB incorrectly stated on p. 
22. Correctly stated, the Snail II will put out 
I32dB with only 300W in. Ay / said before, 
horns rule. 

PEAK REMEDY 

I noted with interest “Low-Budget 2-Way 
with Top-Mounted Tweeter” (SB 7/97), by 
Carl Richard, since I had built with this same 
woofer. His measured frequency response 
(Fig. 2 in his article) shows a nasty peak at 
4k, which I’m sure the woofer is causing. My 
Fig. 1 shows the response of the woofer with 
Mr. Richard’s crossover values, and the 4k 
peak is clear. 

G.R. Koonce 
Liverpool, NY 

Carl E. Richard responds: 

I thank G.R. for taking the time to respond 
with what appears to be an excellent recom¬ 
mendation for flattening the 4kHz hump in 
the response curve of the Parts Express 
woofer referenced in my article. It's an 
amazing coincidence that he had been work¬ 
ing on the same woofer that had such limited 
availability. I believe I will follow his recom¬ 
mendation for the Zobel. 

HELP WANTED 

I am currently involved in a subwoofer 
design, and am looking for literature that 
may help. My design places the subwoofer 
(two 15" drivers) section in a ceiling config¬ 
uration. 1 have a multiamp setup and more 
space available there than in the area once a 
living room but now simply equipment and 
speakers. I first dismissed that option, but the 
more I thought about it, the idea seemed 
very effective and natural...but, after a major 
failure using a Isobarik configuration-type 
cabinet, I wish to avoid more setbacks. 

I was hoping someone else had attempted 
a similar mounting and could reply with 
some comment or advice. 

John Straub 
3604 Hermosa Ct.. NE 
Salem, OR 97305 

I am looking for information about RCA-
type MI 11411 speakers, which look like the 
Olson speakers but have a coaxial tweeter. 

J-L Delvaux 
CE, Cort 80 4/11 
200 rue de la Loi 
B-1049 Bruxelles 
Belgium 

Readers with information on these topics are 
encouraged to respond directly to the letter 
writers at the addresses provided.—Eds. 

IMP3uUR.Exe 11-Z7-1997 
Response of Dotton dr tuer = Woofer with its network. 
Mane: Ref «109 Parts Express Z99-1Z5 

Exclusive 
Distributor of 

Acoustic Research 
Advent & Jensen 

NHT Parts 

We can bring your speakers 
and equipment back to life 

using the original components. 

800-225-9847 FAX: 508-478-9816 
17C Airport Drive 

Hopedale, MA 01746 
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GO AHEAD 
Ask top engineers and music lovers 
worldwide what capacitors they 
choose for their ultimate designs. 

- H— O— V— t— A— N— B-

M usiCap ® 
“After auditioning a wide variety of caps, 
I find these film-and-foil capacitors to be 
the most musical performers—and by a 
large margin. The MusiCap specializes In 
textural liquidity (lack of grain) and 
delicacy of treble nuances." 
Dick Olsher, Reviewer and Designer; from 
November 1996 Samadhi Acoustics white poper 

COMPARE NOW 
The most naturally revealing capacitor. Film 
and foil polypropylene construction—optimized 
for fine speakers and vacuum tube electronics. 
Precision made In USA. Values from .01 to lOpF. 

To listen to MusiCaps for yourself, contact. 
• Welborne Lobs 3034706585 
• Madisound Speaker Components 608-831-3433 
• The Parts Connection 800-7690747 
• Michael Percy Audio Products 415669-7181 
• Handmade Electronics 610432-5732 
• American Audio Import. Netherlands 31-786510567 
• Anchor Cross CoJokyo, Japan 81-362035606 
• Bina Putra Datamos. Indonesia 62-21-8209126 
• Octave Electronics. West Malaysia 603-793-793-9 
• SJS Electroacoustics. England 44-1706823025 
• Tang Hill International Ltd. Taiwan 8862-5813605 
• Thai /Ludio Center. Thailand 662-2260773 
• OEMs contact Hovland Company at: 

ph 2099664377 • fox 209-9664632_ 
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Ask SB 
By G.R. Koonce 

AN "IMP"ORTANT 
QUESTION 

My question concerns the procedure for 
measuring the frequency response of indi¬ 
vidual drivers for use with a network opti¬ 
mizing program. I am modifying the net¬ 
work of an existing two-way speaker system 
so the drivers are mounted on the enclosure 
baffle. Also, I am using IMP and the pro¬ 
gram IMPRoom. This program gives an 
option of measuring driver responses or 
enclosure response. 

Since I wish to measure the individual 
woofer and tweeter responses, but mount 
them in the enclosure, should I use the enclo¬ 
sure or driver option? Is it best to measure 
directly on each driver’s axis, repositioning 
the mike after each measurement, or take 
both measurements from one point—say, 
midway between the woofer and tweeter—at 
the distance specified by the enclosure 
option? Is it preferable to measure driver 
responses on the finished enclosure baffle, or 
remove the drivers and measure on a circular 
test baffle as specified by IMPRoom’s com¬ 
panion program, IMPSpace? 

Robert Mallory 
Sedalia, MO 

G.R. Koonce responds: 

The basic question you ask is how to test your 
drivers to get data files representing the driv¬ 
ers to use with a crossover ( CO) optimization 
program. The correct answer, while not very 
usefill, is that you should test them in the way 
your optimization software specifies. This is 
because different programs may require the 
driver tested in different ways. (I will 
describe some similar considerations later.) 

You refer to the IMPRoom and IMPSpace 
programs which are on my IMP-Aid disk dis¬ 
tributed by Old Colony (PO Box 876, Peter¬ 
borough. NH 03458, 603-924-9464, FAX 
603-924-9467, E-mail custserv@audioX-
press.com). Both programs are aimed at 
helping you establish a valid test setup for 
conducting quasi-anechoic testing with a 
time-gated tester, such as IMP or Audiosuite 
by Liberty Instruments, Inc. (6572 Gretel Ct., 
Middletown, OH 45044, Voice/FAX 513-
755-0252). 

The basic rule is that to obtain a valid far-
field test that incorporates all acoustic 
aspects of a device under test, the micro¬ 
phone must be back at least three times the 
“extent ” of the device under test. Thus, to test 
a lone 8" driver the test microphone should 
be back at least 24". This is the calculation 
that the IMPRoom program makes when in 
the “driver response ” mode. 

If you had a pair of drivers to be tested 
simultaneously (with their CO), then you 
would have to put the microphone back three 

times the distance spanned by the two drivers. 
This would still be the “driver response" 
mode in IMPRoom, because you are looking 
for just the response of the driver pair, and 
for driver diameter, you would enter the total 
distance to span the two drivers. 

If you want to ensure your test is accurate 
for the two drivers with CO mounted in an 
enclosure including all enclosure effects, use 
the “enclosure response” mode of IMP 
Room. You enter the enclosure dimensions to 
determine the minimum test distance; this 
makes sure your microphone is back far 
enough to include edge diffraction effects 
and other aspects of the enclosure. 

So in theory, to test individual drivers 
mounted in an enclosure, you must use the 
“driver response" mode; if you want just to 
ensure that all effects of the driver are in¬ 
cluded, use the “enclosure response ” mode. 

The problem is that the size of your room 
limits the maximum test distance before 
echoes from the room boundaries severely 
restrict the low-frequency limit of your test, 
so your room size may not support valid test¬ 
ing for the enclosure size. I will give you my 
recommendation on whether or not I would 
test the individual drivers in the enclosure 
after I discuss some of the basic problems. 

The function of a good CO network opti¬ 
mization or modeling program is to take in 
the frequency response and impedance of 
each driver (generally as test developedfiles) 

FIGURE I: On-axis responses of small woofer and dome tweeter 
at 1m. 

FIGURE 2: Summation of woofer and tweeter using Hilbert phase 
shift. 
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and develop a CO network that produces an 
acceptable acoustic response on and about 
your listening axis. It is important that you 
test the drivers in a way that is compatible 
with what the particular program wants. The 
driver input-impedance files are not a prob¬ 
lem, so I will not discuss them. The problem 
is how you handle the frequency-response 
files. There are three important items relative 
to these files that we should discuss: 

1 ) The program may require the response 
files in true absolute decibels or in relative 
decibels. Absolute means the files report the 
actual sensitivity of the drivers, but the testing 
is more difficult, because you must be sure to 
test the drivers at the same test distance and 
driven with the same test voltage level. Setting 
the same test voltage level can be very difficult 
if you are using an MLS or other "noise like ” 
signal. To produce absolute response files, 
you must also have a calibrated microphone 
for which you know the sensitivity. 

For relative response files, you simply set 
the basic response of each driver near OdB. 
Relative response files are much easier to 
generate, but you lose any ability to set the 
padding required on the drivers, because the 
program does not know their relative sensi¬ 
tivities. The program may allow entry off ac¬ 
tory-rated sensitivity, but I have found this 
data to be unreliable. 

2) How you handle the driver phase shift 
in the file. When you measure the acoustic 
response of a driver far field to be sure you 
include all aspects of the driver response, 
you are actually measuring two components 
of phase shift. The first is from electrical 
input to driver acoustic output (which you 
want), and the second is the phase shift 
caused by the transit time from the driver to 
the microphone (which you don’t want). 

Unfortunately, the transit-time phase shift 
is a function of frequency and is not easily 
corrected. When working with a single driver, 
the transit time phase shift is not a problem, 
but it is when summing the response of two or 
more drivers. If, for example, you test at Im, 
the transit-time phase shift is about 10,470° 
at 10kHz! In theory, if you could accurately 
position the microphone, the transit-time 
phase shifts would all subtract out, but this is 
not practical. An error of only 0.1" repre¬ 
sents a 27° phase error at 10kHz, and you 
probably do not know the driver’s acoustic 
center location to that accuracy. 

To fully correct the transit-time phase 
shift, you must accurately know both the 
velocity of sound and the distance from the 
driver acoustic center to the microphone. 
The normal approach to this problem is to 
replace the measured phase shift with the 
Hilbert phase shift for the driver. This is the 
phase shift a minimum-phase network would 
have if it had the same amplitude response of 

your driver. The mini-
mum-phase network is a 
reasonable assumption 
for individual drivers 
(without a whizzer), but 
is clearly not valid for a 
full system with a CO 
network. 

When you remove the 
transit-time phase shift 
by using the Hilbert, you 
unfortunately also lose 
information about the 
location of the driver 
acoustic center. Thus a 
design program using 

FIGURE 3: Summation of woofer and tweeter using measured 
phase shift. 

the Hilbert phase shift 
requires entering a horizontal offset for each 
driver to correct for the relative acoustic¬ 
center position (or zero delay plane). IMP 
and Audiosuite are capable of generating 
output files that have the Hilbert phase shift 
substituted for the measured phase shift. It is 
likely that some optimization and modeling 
programs are actually generating the Hilbert 
phase shift, internally, which you must take 
into account in your work. 

What is the problem with using the actual 
measured phase shift containing the transit¬ 
time phase shift for a pair of drivers? Since 
this phase shift is a function offrequency, the 
phase shifts of the two drivers constantly go 
in and out of phase, causing dips and peaks 
in the acoustic summation response that do 
not occur when you measure the two drivers 
together with their CO network. 

Figure 1 shows the on-axis responses of a 
small woofer and low-resonance tweeter that 
have a considerable overlapping frequency 
range. Figure 2 shows the acoustic on-axis 
summation of these two drivers without any 
CO, and the result looks as you would expect 
these two drivers to sum. Figure 2 used the 
Hilbert phase shift, in its file for each driver. 
Figure 3 shows the results for the same con¬ 
ditions when the files used the actual mea¬ 
sured phase shift, and the dips and peaks 
caused by the transit-time phase shift are 
clearly evident. 

I have compared the results of modeling 
when using the Hilbert phase shift for drivers 
with actual tests of the driver pair with CO 
many times, so I know this approach pro¬ 
duces agreement. The poor results shown in 
Fig. 3 are a product of the test technique and 
do not really exist. 

3) On what axis do you measure the re¬ 
sponse? If the CO design program produces 
only the system acoustic response on-axis, 
then you need to test the drivers on-axis. If 
the program will plot the system acoustic re¬ 
sponse at other angles, then you may need to 
generate files at these other angles unless the 
program is capable of modeling the driver¬ 

response change as you move off-axis. My 
experience is that knowledge of only what the 
system acoustic response does on-axis is not 
sufficient to produce a good CO design. You 
need to know how the drivers with their CO 
will sum on and about the axis on which you 
will listen. 

Now back to the question of whether you 
should test your drivers in the actual enclo¬ 
sure or in a test baffle. It would seem that 
testing in the actual enclosure makes good 
sense because it would include the effects of 
the cabinet on the actual system. However, I 

PREMIUM QUALITY RIBBON 
MID & TWEETER DRIVER 

1
« stand-alone 
bipolar elements. 
• ready to install 
on top of convetional 
boxes with woofers. 
• exellent vertical 
dispersion. ( 52 inch 
drivers height ! ) 
• optimised dimensions 
for smooth frequency 
response and aqurate 
transient behaviour. 
• finish: black 
artif.leather and black 
laquered top and 
base wooden ends 

$995 pair plus freight 

Theses 
greece. 

lax: +30-1-5153993 

voice: + 30- 1-5155144 

e-mail: hartzis@otenet.gr 
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would not test the individual drivers in the 
enclosure for the following reasons: 

1 ) Trying to include the enclosure effects 
will greatly increase the minimum test dis¬ 
tance as developed earlier. My room size 
will not support measurements of any rea¬ 
sonably-sized enclosures down to a usable 
lowerfrequency limit. Ify ou test in the enclo¬ 
sure without meeting the minimum required 
test distance, you will have results that may 
include some "box" effects, but not others. 
This is not a prescription for good, consistent 
results. 

2) From an engineering standpoint, you 

always want to break a problem into the 
smallest possible pieces for analysis. If an 
anomaly appears in a response, I want to 
know if it is due to the driver or to the enclo¬ 
sure. You can work on enclosure problems 
by front-panel damping material andfor new 
designs via cabinet shaping. Therefore, I 
would test the drivers in a way that showed 
only their own response (if possible). 

3) The inclusion of enclosure effects (edge 
diffraction, and so on) may cause the 
assumption of each driver being a minimum¬ 
phase network to be violated. Thus, with a 
program using Hilbert phase shift (in the 

data files or generated internally), the plots 
the program produces will not represent 
what you would actually measure or have 
when the CO the program develops is used 
with the drivers and enclosure. This would 
defeat the purpose of using such a program 
to develop the CO network. 

With all these problems, does an opti¬ 
mization or modeling program that takes in 
test data files produce usable CO designs? 
The answer is definitely yes! I have been 
working since IMP first arrived to develop 
good testing techniques. The best approach I 
found is to mount the driver in a large round 
test baffle. If you make the center portion of 
such a baffle a removable insert, you can 
mount multiple drivers in the baffle for test¬ 
ing together with their CO. It is possible even 
to mount small enclosures flush into the baf¬ 
fle to measure their responses with edge 
effects removed. 

How do you size such a baffle? Your room 
size will set a limit on what maximum time 
period you can use FFT analysis before 
boundary echoes cause a problem: for my 
room, it is in the 3^lms range. Size the baffle 
so that the time for the sound to move from 
the driver to the edge of the baffle and then 
diffract to the microphone exceeds the main 
arrival time by the length of FFT time you 
can use. For my room, a 6’ diameter baffle 
works well (see Photo 2 in SB 6/96, p. 11). 

For the last year, I have been working 
with a CO modeling program that takes in 
the impedance and frequency-response files 
(with Hilbert phase shift) generated by 
Audiosuite. My program is not an optimizer; 
you must manually change the CO values. 1 
find this a plus because you see just what 
effect each component has on the system 
response. COs developed by this approach 
have been tested with multiple drivers in the 
test baffle, and the agreement is excellent. 

Since you can develop the CO just as well 
by testing, why do you need a program? To 
develop the CO by testing, you must design a 
variety of COs, gather the parts for each of 
them, and then test each at various angles. 
This process may take weeks, and you gener¬ 
ally give up before hitting the best design. 
Once you have tested the drivers with a mod¬ 
eling program, you can play on the comput¬ 
er and in hours find out if a driver pair has 
any chance of working together. If so. what is 
the best CO to use, and what is the optimum 
listening angle? You can quickly develop sys¬ 
tems that have worked out well when built. 

If the program that you plan to use will 
support it, I recommend that you test the dri¬ 
vers in a baffle, on-axis, and at a convenient 
distance, such as Im. This should allow 
design of a CO that will work with the driver 
spacing dictated by your existing enclosure 
that performs well—drivers permitting. If 
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FROM 
M13SG-09-08, 5” Shielded Cast Frame Woofer 

100 Watt Subwoofer Amplifier 

#300-800 $17980

This magnetically snielded 5” woofer is perfect for A/V applications. It features a cast magnesium basket, high 
damping rubber surround, treated paper cone and a very smooth frequency response. Best results will be ob¬ 
tained in vented enclosures with .10 to .45 cu. ft. of internal volume. 
♦Power handling: 50 watts RMS/75 watts max ♦Voice coil diameter: 1" ♦Voice coil inductance: 70 mH ♦Nominal 
impedance: 8 ohms ♦DC resistance: 5.6 ohms ♦Frequency range: 54-5,000 Hz ♦Magnet weight: 12 oz. ♦Fs: 54 
Hz ♦SPL: 88 dB 1W/1 m ♦Vas: .42 cu. ft. ♦Qms: 1.50 ♦Qes: .46 ♦Qts: .35 ♦Xmax: 2.0 mm ♦Net weight: 2.6 lbs. 
♦Dimensions: A: 5-1/2", B: 4-1/2”, C: 2-3/4”, D: 3-3/8", E: 1-3/8" Ask for part »297-304. 

P17SJ-00-08, 6-1/2” Shielded Cast Frame Woofer 
The shielded version of the famous 
P17WJ-00-08, this woofer is perfect for A/V applications. It utilizes a cast magnesium basket, rubber surround, 
mineral filled polypropylene cone and a very smooth frequency response. Intended for use with vented 
enclosures with .35 to 1.00 cu. ft. of internal volume. 
♦Power handling: 70 watts RMS/100 watts max ♦Voice coil diameter: 1-1/4” ♦Voice coil inductance: .84 mH 
♦Nominal impedance: 8 ohms ♦DC resistance: 5.6 ohms ♦Frequency range: 35-5,000 Hz ♦Magnet weight: 25.4 
oz ♦ Fs 41 Hz ♦SPL: 87 dB 1 W/1 m ♦Vas: 1.16 cu. ft. ♦Qms: 1.28 ♦Qes: .48 ♦Qts: .35 ♦Xmax: 4.0 mm ♦Net 
weight: 3.8 lbs. ♦Dimensions: A: 6-5/8”, B: 5-3/4”, C: 3-1/2”, D: 4”, E: 1-3/4” Ask for part 4297-308. 

Ideal for building subwoofer projects 
for audio and home theatre systems! 

Features: 
♦ High and low level inputs/outputs 
♦ Phase reversal switch 
♦ Volume control 
♦ Auto on/off (activated by input signal) 
♦ Electronic low pass filter that is continuously 

variable from 40 to 200 Hz. 
♦ Amplifier sums the right and left stereo 

inputs to a mono output, so that only one 
amp is required per system 

♦ “Direct-In" low level input that bypasses the 
electronic crossover for use with Dolby AC-3 
surround sound decoders (AC-3 has a built-in 
subwoofer crossover) 

Specifications: ♦Rated power output: 100 
watts into 8 ohms @ 0.01 % THD, 150 watts into 
4 ohms @ 0.01 % THD ♦Signal to noise ratio: 
10OdB (A-weighted) ♦Dimensions: 10-1/16“ W 
X 9" H X 5“ D ♦Net weight: 9-1/2 lbs. 

M17SG-09-08, 6-1/2” Shielded Cast Frame Woofer 
This affordable 6-1/2” shielded woofer is well suited for any A/V application. It features a cast magnes um 1 
basket, treated paper cone, rubber surround and a very smooth frequency response Designed for vented 
enclosures witn .35 to 1.00 cu. ft. of internal volume. 
♦Power handling: 50 watts RMS/70 watts max ♦Voice coil diameter: 1” ♦Voice coil inductance: .7 mH ♦Nominal 
impedance: 8 ohms ♦DC resistance: 5.6 ohms ♦Frequency range: 34-5,000 Hz ♦Magnet weight: 12 oz. ♦Fs: 34 
Hz ♦SPL 89 dB 1 W/1 m ♦Vas: 1.87 cu. ft. ♦Qms: 1.36 ♦Qes: .47 ♦Qts: .34 ♦Xmax: 3 mm ♦Net weight 2.6 lbs. 
♦Dimensions: A: 6-5/8”. B: 5-3/4”, C: 3-3/8", D: 3-1/2", E: 1-1/2". Ask for part 4297-307. 

♦ Conservatively Rated 
♦ 150 Watts/4 Ohms 
♦ Automatic On/Off 
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725 Pleasant Valley Dr., 
Springboro, OH 45066-1156 
Phone: 513/743-3000 ♦ FAX: 513/743-1677 
E-Mail: sales@parts-express.com 

FREE CATALOG 
CALL TOLL FREE 

1S00-338-0531 

VISIT OUR WEBSITE 
♦ Technical Discussion Board 
♦ Secure On-line Ordering 
♦ Internet Specials 

www.parts-express.com 
KEY CODE: SBM 



Twenty Years and More... 
The 1978 C.E.S. in Chicago was the very first time that Morel Acoustics USA, Inc. 
presented their product to the public. It became clear, early on, that the loudspeaker 
industry was in need of high quality speaker drivers. Shortly thereafter we introduced 
several drivers and established the MDT-28/30 as one of the most popular and highly 
demanded tweeters on the market. 

Through the course of the years Morel brought many unique and innovative products 
to the speaker industry. The introduction of the 3" voice coil in a 5" basket, using 
hexagonal shaped aluminum wire, utilizing a double magnet system and ducted 
design woofers and mid-basses are a few examples of the company’s breakthroughs. 
Also introduced were the Integra concept (single motor system for both the tweeter 
and woofer) and the Push-Pull 8" and 10" subwoofers (dual motor system, dual voice 
coils with a single cone). 

Integra Push-Pull Double Magnet 

Morel Acoustics USA, Inc. has come a long way since 1978. Currently, the company has 
a diverse line of exciting products which includes over 40 models of tweeters, midranges, 
mid-basses, woofers and subwoofers. Being a leader in the field of speaker design, for 
our 20th year anniversary we are scheduled to launch several new products that are sure 
to attract attention. 

Voice Coil 

Morel 
Voice Coil 

Typical double magnet ducted woofer. 

For further information please contact:_ 

morel acoustics usa, inc. 
414 Harvard Street 
Brookline, MA 02445 USA 
Tel: ++617-277-6663 
Fax: ++617-277-2415 
E-mail: morelusa@gis.net 
Website: www.gis.net/~morelusa 

F )» 
morel* 
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