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Loudspeaker Design is an -AXT. 
Free the artist in you with state-of-the-A<r software from /^UXISTECH. 

Design speaker boxes with... 
Visit us 

on the web at 
www.ht-audio.com 
Our website includes 
detailed information 
about BassBox Pro, 
X-over Pre and, other 
audio-rellated stuff. 

We also provide FAQs 
(frequently asked 

questions^ and tech¬ 
nical support topics. 
Licensed users can 
download free up¬ 

dates. Ard we orovide 
links to the known 
websites of driver 
manufacturers. 

Design crossovers with... 

•over Pro 

• BassBox Pre helps you quickly design many different types and 
shapes of speaker boxes. With its Design Wizard, advanced easy-
to-use layout and on-line helo it is a joy to use. As many cs ten 
designs can be viewed at the same time. 

• Includes a MONSTER-size driver database L *J • J 
with the parameters of thousands of drivers. 

• Handles many 00» types, including closed, vented, vented with 
active filter (Be), bandpass and passive radiator. 

• Accepts designs with multiple drivers, including isobaric designs. 
Both toe mechanical and electrical configuration can be controlled. 

• X*over Pro helps you quickly design passive crossover networks, 
low-pass, band-pass and high-pass filters impedance equalization 
networks, notch filters and L-pads. Its straight-forward layout and 
on-line help make it very easy to use. 

• Includes a MONSTER-size driver database with • ] 
the parameters of thousands of drivers, includ- ' j 
■ng both open back drivers (woofers) and sealed 
oack drivers (tweeters). Compatible with BassBox Pro 

• Design 2-way and 3-way passive crossovers with a 
parallel topology. Each filter can be a different 
type and have a different slope (lst-4th o'ders). 

• The values of individual components can be man¬ 
ually changed and the effects viewed in the graphs. 

• Impedance equalization is available for the voice col inductive 
reactance and the driver/box resonance peaks. 

• Performance can be evaluated with 9 
graphs, including 2 amplitude response 
graphs, max acoustic power, max elect¬ 
ric power, cone displacement, vent vel¬ 
ocity, impedance, phase & group delay. 

• Acoustic data can be imported for drivers and listening spaces. 
Both automotive and architectural environments are supported. 

• The response of a passive network can be entered or imported 
from X-over Pro and used to display the system response. 

• Includes both driver and passive radiator test procedures. 

• Performance can be evaluated with ¿ 
graphs, including amplitude response, 
impedance, phase & group delay. The 
net response can be displayed in both 
the amplitude and impedance graphs. 

• The equivalent series resistance (ESR) of capacitors and DC resis¬ 
tance (DCR) of inductcrs can be estimated cr entered. 

• Includes additional helpful tools like a Parallel-Series Value Cal¬ 
culator, Color Value Decoder and Notch Filter Designer. The Notch 

Filter Designer can calculate two types of series notch filters 
and one type of parallel notch filter. 
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• Create custom printouts with box drawings & parts lists. , 
L 

• Includes a beautiful, well illustrated 204 page man¬ 
ual. Available on CD-ROM or diskettes. 
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• Includes a, beautiful, well illustrated 169 page 
manual. Available on CD-ROM or diskettes. 
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Editorial 
TWO DECADES WITH SPEAKER BUILDER 

The onset of 1999 begins the final year of 
the second decade of this publication’s 
life. Speaker Builder was bom in the first 
months of 1980, and was our second pub¬ 
lication, extracted from our flagship Audio 
Amateur (as it was then). Although we 
had been publishing articles about speak¬ 
ers with fair regularity in AA, the appear¬ 
ance of SB prompted a rush of new au¬ 
thors responding to this narrower editorial 
definition. 

In many ways Speaker Builder is only 
one more example of a general trend in 
magazine publishing specifically and in 
communication generally: narrowed focus 
and specialization have been the rule since 
the early 1960s. Markets may still be called 
“mass,” but the paths into those are more 
and more specialized. 

In 1985 we collected the two dozen 
speaker articles which had appeared in 
Audio Amateur during the 1970-79 decade 
and published them as Audio Amateur 
Loudspeaker Projects. In those 40 issues of 
the magazine, we had published less than 
one per issue, and no more than 2.5 per 
year. We published more speaker articles in 
the first two years in SB than in the previous 
decade in 7>L4. 

Quantity is not, however, the important 
news. Authors who had never previously 
published before made their debuts in 
these pages. The list was and is impres¬ 
sive: Siegfried Linkwitz, Bob Bullock, 
Bruce Edgar, and G.R. Koonce, to name 
only a few. Regulars from Audio Ama¬ 
teur— Nelson Pass, among others—offered 
articles on speaker topics. Bob Bullock re¬ 
viewed a self-published copy of a spiral¬ 
bound booklet titled The Loudspeaker De¬ 
sign Cookbook by a very elusive author 
named Vance Dickason, the copy loaned 
to us by Gary Galo. Since that time Dicka¬ 
son has been awarded a citation by the 
Audio Engineering Society for his contri¬ 
butions to education in the loudspeaker 
field. His book, now in a fifth edition, and 
available in six languages (plus an unau¬ 
thorized Chinese version), has become a 
world standard on the Thiele/Small speak¬ 
er box theory as well as more recent addi¬ 
tions on topics such as home theater and 
automobile systems. 

Eight years later, Vance agreed to 
become editor of a monthly newsletter— 
Voice CoZZ-which has since become 
the primary business-to-business commu¬ 
nication channel about loudspeaker 
manufacturing. 

Speaking of authors, this issue carries an 
outstanding article by Robert C. Kral, begin¬ 
ning on page 40.1 am delighted to acknowl¬ 
edge that author Kral graced the pages of 
the very first issue of this magazine with an 
equally excellent article on diffraction. Au¬ 
thors and readers who participate in the 
same enterprise for nearly two decades are 
rare and deeply appreciated. 

Reader participation has been one of 
the prime foundations of Speaker 
Builder’s growth and maturity. The maga¬ 
zine was and has remained a conduit for 
reader-to-reader and reader-to-author inter¬ 
change. I am sure the nearly 200 SB au¬ 
thors would join me in saying “we could 
not have done it without you.” I am in no 
doubt that we might all express the same 
sentiments about SB’s advertisers, who 
have, in many cases, been outstandingly 
helpful to readers and authors. Their re¬ 
sponsiveness to reader needs and their 
search for the best in products worldwide 
has enriched the avocation immeasurably. 

The two-decade span of SB’s history has 
seen a breathtaking change in speaker 
technology, and even more impressive 
changes in what we have come to know 
about it. The most pervasive influence has 
been the computer, both in design, manu¬ 
facturing, quality control, and measure¬ 
ment. I suspect the computer has had 
more to do with our ability to predict and 
to diagnose performance than any other 
development. In that same time span, the 
computer has given raw materials suppli¬ 
ers to the driver and box manufacturers in¬ 
sight into ways that make the parts used to 
assemble systems far better and more well-
suited to the task than ever before. 

Drivers are, on average, significantly 
smaller and more powerful than they were 
in the early eighties. Systems now come in 
a much wider variety of forms than ever. 
The appearance of flat-panel speakers 
looks to be a serious shift in how sound is 
delivered, especially in public spaces as 
well as in computers. Raw materials have 
changed in magnetic technologies, wire 
shapes, and quality, and cone materials 
have gone through a “plastic stage,” which 
is now changing to stiffer types but also 
having growing competition by the return 
of paper cones, reinforced with fiber. The 
range of speaker-related goods is far wider 
than at any time in history. 

During this period we have also seen a 
major change in the rise—and what now 
may be the beginnings of a decline—in 

what has been called “the high end.” Eco¬ 
nomic troubles in Asia have had a major ef¬ 
fect on “high end” sales, and this is reflect¬ 
ed in losses in ad revenue in those periodi¬ 
cals which specialize in that genre. 

The shift in source material from analog 
to digital has been a major influence on 
speakers in this time frame. Audio’s record¬ 
ed media issues right now seem to be at a 
central terminus with all sorts of choices of 
direction which have everyone vigorously 
arguing. Will home theater displace the tra¬ 
ditional “hi-fi” stereo system? How will 
audio and visual media be delivered? 

Amid all this uncertainty, I believe read¬ 
ers and authors together should be con¬ 
centrating on two areas especially. First, 
computer system sound can be quite re¬ 
markably good, depending on the quality 
of the sound card. We need to look at 
powered speakers for this application, and 
I welcome all suggestions. Second, home 
theater is a challenge which ought to be a 
lot of fun finding answers for. We hope to 
explore subwoofer amps later this year in 
a comprehensive article. Tom Holman, 
writing about digital television issues in 
Audio Media* in April of 1998, suggests 
that the speakers in a professional moni¬ 
toring theater system should consist of five 
satellite systems which are good to a low 
of 80Hz, plus a subwoofer or two. This 
system will only work well, however, with 
“Bass Management,” which extracts the 
low bass from all of the five main channels 
and delivers the result to the subwoofer. 
Although Tom is here talking about a pro¬ 
fessional monitoring system, the idea is 
certainly one we can experiment with for 
ourselves with profit. 

Loudspeaker technology and theory are, 
if anything, more interesting and complex 
today than they were nearly 20 years ago 
when Speaker Builder began publication. 
Most types of systems have matured re¬ 
markably well. Components are better 
across the board whether we are talking 
about drivers, cabinet walls, crossover com¬ 
ponents, hardware, or damping fibers. I am 
confident that we, readers and authors, will 
continue to respond to the opportunities 
we have before us to make Speaker Builder 
the authoritative and exciting source for 
loudspeaker development.—E.T.D. 

*Audio Media USA, 1808 West End Ave., 
Suite 406, Nashville, TN 37203, www.audio-
media.com. The publication is available to 
qualified professionals only. 
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Good News 
■ SAIL THE TITANIC 3 

The Dayton Loudspeaker Company’s Titanic subwoofer includes specifica¬ 
tions of 16Hz Fs 14mm XMAX (linear), 90dB SPL (2.83V), and 350W power 
handling. It utilizes a heavy cast-aluminum basket to control unwanted 
resonance, a talc-filled polypropylene cone to ensure stable, non-resonant 
operation, Santoprene® rubber surround for extended life and long 
excursion, an ultra-high-power voice-coil assembly with a high-temperature 
resistant Apical® former, and high-tech adhesives. Steel parts are coated 

■ COOKIN’ UP SPEAKERS (J 
MCM’s latest catalog features more than 40,000 
products, including accessories, semiconductors. 

with a black high-emis-sivity coating (originally 
developed for NASA), which improves heat 
dissipation and lowers distortion. Although 
designed primarily as a sealed-box woofer, it is 
also suitable for fourth-order bandpass 
enclosures. The Dayton Loudspeaker Co., 
725 Pleasant Valley Dr., Springboro, OH 45066, 
(513) 743-3000, FAX (513) 743-1677, E-mail 
sales @ parts-express.com. 
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connectors, test equipment, computer and home 
audio products, and thousands of original OEM TV/ 
VCR repair parts. You’ll find brand names such as 
Denon, Weller, Xcelite, Klein, Fluke, Hitachi, Sercore, 
Tektronix, Tenma, RCA, GE, Panasonic, ECG, 
Philips, Magnavox, Prosean, Quasar, Technics, 
Lexmark, Pioneer, Monster Cable, Sony, and more. 
For a free catalog, contact MCM Electronics, 650 
Congress Park Dr., Centerville, OH 45459-4072. 
(800) 543-4330, Website www.mcmelectronics.com. 

■ Use The Car Stereo Cookbook: How to Design, 
Choose, and Install Car Stereo Speakers as a guide 
to building your own system. The chapters feature 
projects for speakers, subwoofers, amplifiers, and 
equalizers. Other topics cover head unit projects, 
biamping and crossovers, CD changer projects, and 
accessories. McGraw-Hill, (212) 337-5945. 

■ Website audiocafe.com features thousands of 
home-stereo records, computer-audio, and home¬ 
theater products. The site also offers daily reports of 
new products and developments in the world o' audio, 
and a monthly summary of reviews and features from 
the international audio press. 

■ COMING TOGETHER 
Zoran Corporation has announced that Altec 
Lansing's ADA105 TV set-top home-theater 
surround system includes the company’s digital 
audio ZR38600 IC. The ADA105 is the first Dolby 
Digital Surround and home-theater speaker system 
to use Altec Lansing’s patented side-firing speaker 
technology. The system provides movie-theater 
sound from a single set-top speaker unit and a 40W 
subwoofer. Zoran Corp., (408) 919-4111, Website 

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: 

ZRADinn 
AUDIO ENGINEERING, INC. 

EMINENCE 

E Electro-Voice 

NEW! 

McCauley 

NEW! 

New - From Spain 

^beymajj 

4mage 
[communication« | 

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: Dave_Armon@woodsind.com 

Amphenol 
( Formerly Alcatel Components) 

¿ nt e* 

^FerroSound 

WALDOM AUDIO 

II Woods 
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! 

www.zoran.com. 
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About This Issue 
With this issue, we kick off our 20th year of publishing Speaker Builder. 

We’ve incorporated a new look to the pages of this magazine, which we trust 
will help you better enjoy your favorite authors and appreciate the work of 
many new talented enthusiasts. Throughout the coming year, we’ll be bringing 
you the best articles on speaker building—from hands-on practical projects for 
you to tackle to interesting theoretical discussions of speaker design. We trust 
you’ll join us, and, as always, encourage your feedback. 

When the speaker building bug bites, the effects can be long-lasting. Such is 
the case with Paul Kittinger. Within the last three years, he has completed 
one subwoofer and four full-range projects. In “Aperiodic Deuce” (p. 8), he 
shares with us his latest tower design effort. 

In a humorous piece ( “Walking the Thin Line,” p. 22), Philip Abbate enter¬ 
tains us with his futile attempts to control his obsessive-compulsive behavior 
with regard to speakers. 

In a more serious vein, Mark Sanfilipo guides us through a detailed look at 
PSpice, a PC-based program which makes building and analyzing even the most 
complex models a snap (“PSpice Probes a Loudspeaker’s Evolution,” p. 26). 

Impedance measurement results can reveal much about your speaker de¬ 
sign. Regular SB contributor Bill Fitzmaurice shows how you can build a de¬ 
vice to quickly and easily test your speakers (“The Impedance Interface,” p. 38). 

Robert Kral, a veteran of the audio industry, presents a bandpass sub¬ 
woofer design, which he describes as “an extreme subwoofer for extreme peo¬ 
ple’-maybe not the most aesthetically pleasing, but it works. In fact, with this 
woofer, be prepared for some bone-jarring listening entertainment (“Hybrid Sin¬ 
gle-Chamber Sub,” p. 40). 

SPEAKERW0RKS 
SPECIALISTS IN SPEAKER lREPAIR 
AND REPLACEMENT GRILLES 

FACTORY AUTHORIZED FOR: 
ADS, Advent, Altec, Bd-C 
Venturi, EPI, E-V, Cerwin-Vega, 
Infinity, JBL Pro & Consumer 

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

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

REFOAM KITS FOR MOST 
SPEAKERS - only $25 (JBL 
slightly higher). Repair Kit For 
Two Speakers Includes Shims, 
Dust Caps & Two Adhesives 

WE BUY BLOWN SPEAKERS: ALTEC E-V & JBL 

B 1-800-526-8879^ 
NO CATALOG AVAILABLE 

CALL US FOR HARD TO FIND DISCONTINUED PARTS 

4732 South Mingo / Tulsa, Oklahoma / 74146 
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The peculiar evil of silencing the expression of 

an opinion is, that it is robbing the human race; 
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LEGAL NOTICE 
Each design published in Speaker Builder is the intellectual property of its 

author and is ottered 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 contribuí ng author. 

SUBSCRIPT1ON/CUSTOMER SERVICE INQUIRIES 
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What, another speaker? If you've ever heard those words coming from your complaining 

partner, you can empathize with this author, who presents his latest (andperhaps last...for 

a while, anyway) design and construction project. 

Aperiodic Deuce 
By Paul L. Kittinger 

T
his article describes the fourth 
speaker system I’ve designed 
and built during the last couple 
of years. According to my wife, 

it’s the last speaker construction project 
I’ll be doing for quite a while. 

When I started this project, I had some 
“honey-do” jobs I’d been putting off. Did 
I really need to do another one? Well, I 
certainly didn’t need another pair of 
speakers, but 1 believed it was possible to 
improve upon the previous systems. Be¬ 
sides, it’s a lot of fun and keeps me out of 
trouble (unless I let the honey-do jobs 
linger undone too long). 

COMBINING THE BEST 
My first design was truly a novice’s learn¬ 
ing experience that included mistakes, 
redesign, and more than a few self-direct¬ 
ed swear words. While I didn’t describe 
my first design in an article, the second 
and third appeared in issues 5/97 (“An 
Isobarik Tower”) and 2/98 ("An Isobarik 
Tower: The Sequel”) of Speaker Builder. 

All three met my expectations, but I 
wanted to combine the best characteris¬ 
tics of designs 2 and 3, at the same time 
eliminating, or at least minimizing, one 
problem all three shared to a greater or 
lesser degree. So, in the Aperiodic Deuce, 
for their smooth frequency response and 
good imaging, I used the same midranges 
and tweeter in a D’Appolito arrangement 
as in design 3. Then, to achieve the open 
and enveloping sound of design 2, I 
mounted the midranges in open-back, 

ABOUT THE AUTHOR 
Paul L. Kittinger has a BSEE degree with specializa¬ 
tion in analog design, but his career path took a tum 
out of engineering about 20 years ago into the regula¬ 

tory aspects of medical devices. About three years 
ago, a DIY bug bite resulted in his design and con¬ 
struction of a 200W per channel power amplifier, fol¬ 

lowed by a foray into speaker-system design. He has 
since completed a subwoofer and four full-range proj¬ 

ects. (See also “An Isobarik Tower,” SB 5/97.) 

acoustically loaded tunnels instead of 
sealed or tuned cavities. 

The problem I wished to mitigate is 
the effect of room boundaries on the fre¬ 
quencies below 100Hz. In my listening 
room, there are significant resonances in 
the 50-65Hz range that cause anywhere 
from 6-12dB of “room lift,” not an unusu¬ 
al occurrence, but hardly desirable. 

The absolute amount of lift depends on 
the speaker-system design, locations of 
speakers relative to walls and corners, 
and where I sit to listen. Since I couldn’t 
move the walls or rearrange the furniture 
in my living room to cause a significant 
improvement (I tried), and adding tuning 
traps around the room wouldn’t be cos¬ 
metically acceptable, I decided to attack 
this in two ways. 

First, I designed for a higher f3, around 
50-60Hz. Second, I used a single 6V2" 
driver for the woofer. This woofer’s 
smaller radiating area should result in less 
coupling to low-frequency room reso¬ 
nances. The advantage of a higher f3 is 
that the woofer’s natural rolloff in its en-
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FIGURE 3: 
In-room 
frequency 
response 
(both systems 
together). 

closure would also reduce its low-fre¬ 
quency output. But, you may ask, would 
this not limit the bass too much? 

It certainly could in a resonance-free 
environment. I planned, however, to use 
the room lift to bring the low-frequency 
response back up, so that the speaker sys¬ 
tem would reproduce bass notes around 
40Hz at an acceptable level. Another ad¬ 
vantage of a smaller woofer is its ability to 
reproduce transients more accurately. A 
smaller mass simply accelerates and 
moves more quickly. 

I prefer a sealed cabinet for its shallow¬ 
er rolloff below f,, good transient re¬ 
sponse, and lack of subsonic artifacts. 
This sealed-cabinet design continues with 
my preference; however, I decided to 
use aperiodic loading for the woofer in 
order to minimize internal volume. A 
third advantage in using a small woofer is 
that the cabinet width can be fairly nar¬ 
row, which further improves imaging 
and minimizes diffraction. Thus, the Ape¬ 
riodic Deuce has a narrower cabinet than 

designs 2 and 3 and uses a Variovent® to 
create the aperiodic loading in an other¬ 
wise sealed woofer cavity of 20 Itr. 

HIGHS AND LOWS 
I built both cabinets up to a certain point, 
installing wiring, crossovers, and drivers 
only in one. Following preliminary fre¬ 
quency-response measurements, I experi¬ 
mented with different types and mixes of 
fill in the woofer cavity, as well as several 
different crossover configurations. 

I made quite a few response measure¬ 
ments, interspersed with listening ses¬ 
sions, then completed both systems. Pho¬ 
tos 1-3 show three views of one system. 
Tlte cabinet itself is 814" wide and 11%" 
deep, including the grille-board assembly. 
The base is 10" wide, 12%" deep and 
1 %" tall, making the cabinet height 42". 

I would love to have tested this speak¬ 
er system in an anechoic chamber, but 
since I don't have one, I did the next best 
thing—I tested it outside, where reso¬ 
nances are nonexistent and reflections 

PHOTO 2: Finished system, front view 
without grille. 

TABLE 1 
PARTS LIST (QUANTITIES SHOWN ARE FOR TWO SYSTEMS; DIMENSIONS ARE IN INCHES) 

DESCRIPTION DIMENSIONS QTY DESCRIPTION DIMENSIONS QTY 

Grille cloth 10x42 2 

r«» j 

Sldepanel 11 x39 4 (laroemesh) 5x5 4 
Cavity braces and inside of Nafc^crews qlue paint 
top and bottom 7x9% 12 
_ . 01/44 a bolts. T-nuts. silicone sealant. 
Outside of top and bottom 8%xH 4 crimp-on connectors, wire, etc. As needed 
Runner 1%x7’A 16 
Runner 1%x7% 8 DRIVERS: 
Runner 1%x6% 16 Woofer Dynaudio, 17W-75,6%",8Q 2 

%" PARTICLEBOARD: Midranges More . MW-166 6'',812 4 

Grille board 8%x40% 2 Tweeter Morel, MDT-40,1’4 8Í1 2 

Tweeter crossover base 5x5% 2 CROSSOVER COMPONENTS: 

Midrange attenuator base 2x5% 2 L1 4.3mH, ferrite bobbin 
Woofer crossover base 4x5% 2 (Madisound Sidewinder) 2 
v „nAK. L2 0.30mH, air core 
’ . ' .. _ (Madisound Sidewinde-) 2 

Stop 9%XX12% 2 C1A 140prF/100V, bipola'electrolytic 2 
BaseIop y/2Xiz% C1B, C5 1pF/100V, metallized polypropylene 4 

MISCELLANEOUS: C2 22pF/100V, bipolar electrolytic 2 

Foam adhesive-backed C3 4.7gF/100V, metallized polypropylene 2 
tape (Madisound) ’Ax % 12' C4A 12piF/100V, metallized polypropylene 2 

Adhesive-backed felt (Madisound) ’Ax 32 1' C4B 2.2gF/100V, metallized polypropylene 2 

Terminal cup R1.R3 6.5Q, 15W, wirewound 4 
(Parts Express 260-304) 2 R2 3.0Í1, 25W, wirewound 2 

Grille fasteners Barrier strip 6 
(Parts Express 260-367) 2 pkg. 

Acousta-Stuf® 2% lb 
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minimal. Figure 1 shows the results of 
my outside testing. The response falls 
within a 4dB window from 80Hz-20kHz, 
falling off below 80Hz, as you’d expect, 
without any room lift. 

For this test, my SPL (sound pressure 
level) meter was 50" away at the same 
height as the tweeter’s axis. Testing in 
my living room, with the speaker posi¬ 
tioned to minimize room effects and 
the SPL meter 50" away, gave the re¬ 
sults shown in Fig. 2. As you can see, 
the differences between these first two 
graphs are primarily in the response 
below about 300Hz, with the response 
above 250Hz a smooth ±1 '¿dB 

Finally, I tested both speakers playing 
simultaneously, with the cabinets posi 
tinned normally, two feet from the front 
wall, and with my SPL meter located 
where I sit to listen, about 9' away. The 
results of this final test are depicted in 
Fig. 3- From 46Hz to just above 8kHz, 
the maximum variations are ±3dB, and 
the response is only 6dB down at 40Hz. 
The dropoff as frequencies climb above 
about 6kHz is typical of a tweeter’s off-
axis response. 

ROOM EFFECTS 
These three graphs amply illustrate the 
effects of a room on a speaker’s response. 
Even if the speaker has a flat anechoic re¬ 
sponse, which these probably would not. 
the in-room response will not be flat. Still, 
the response shown in Fig. 3 is very ac¬ 
ceptable and shows how you can use a 
room to your advantage, or achieve good 
results in spite of a room’s characteristics. 
I also measured the woofer’s dose-miked 
response from 20-800Hz, which showed 
an fj of 55Hz, a 15dB/octave rolloff 
below f,, and a second-order rolloff 
above 200Hz. 

I made two sets of measurements for 
all three tests, one with the grille on and 
one with it off. The grille caused insignif¬ 
icant detrimental effects, and the results 
shown were with the grille on. Keep in 
mind that my response tests were made 
at 1/3-octave intervals and so are not en¬ 
tirely complete as would be the case 
using more elaborate test equipment. 
The results are, however, reasonably 
representative of these speakers’ overall 
performance. 

I also made measurements to approxi¬ 
mate their sensitivity, which came out 
around 88-89dB at Im, based on 1W 
into 8Q. The only other measurement I 
made was to compare both finished sys¬ 
tems to determine how well they were 
matched. I measured both systems’ over¬ 
all responses at the same 28 frequency 

points—at Và-octave intervals—under iden¬ 
tical conditions. 

For 18 of those points, there were no 
differences. For eight, the SPL differences 
were VidB (randomly positive and nega¬ 
tive); one point had a ldB difference; and 
another a 1 iódB difference. The two sys¬ 
tems, therefore, appear to be matched 
pretty well, at least within the resolution 
capability of my SPL meter. 

CABINET DESIGN 
In the Isobarik Tower, I developed a cabi¬ 
net design that allowed me to build a 
square and sturdy assembly relatively easi¬ 
ly, yet without complicated joints requir¬ 
ing a full-blown woodworking shop. The 

FIGURE 5: Baffle. 
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Aperiodic Deuce cabinet utilizes the 
same concept: butt joints, glue and 
nail attachment, and full-height verti¬ 
cal runners attached to all four inside 
corners of the cabinet. Table 1 is the 
parts list. These runners increase rigid¬ 
ity, form attachment rails for the baffle 
and rear panel, create “slots” for 
braces and shelves, and allow the use 
of %" MDF (medium density fiber¬ 
board) throughout. 

Even with my limited tools and 
woodworking abilities, I’m able to 
build a fairly decent cabinet. Also, be¬ 
cause I’m not skilled (or “tooled ”) in 
making those complicated joints, I 

FIGURE 6: Rear panel. 

don’t use wood veneered materials. So I 
paint the cabinet with a textured finish, 
which also hides minor imperfections. 

In my first two articles, I described 
the construction process in great detail. 
The text of this article is shorter, but I’ve 
included enough photos and detailed 
drawings to provide adequate informa¬ 
tion for anyone to successfully build du¬ 
plicates. It would benefit you, though, to 
read one or both of my first two articles 
and appropriately apply their hints, sug¬ 
gestions, and directions to this project. 
Where necessary, I’m specific to avoid 
any confusion. 

START YOUR SAWS! 
Except for crossover bases and grille 
boards, which I cut from %" particle¬ 
board, I used %" MDF, and you can 
cut all the pieces for a pair of speaker 
systems from one 4' x 8' sheet (a nice 
benefit is that a sheet of MDF is actual¬ 
ly 49" x 97"). Don’t give in to the 
temptation to substitute particleboard 
for the MDF to save a few bucks, for it 
is less dense and less strong, is harder 
to work with, and doesn’t hold nails or 
screws as well. 

Besides, the cost of the MDF is al¬ 
most nil compared to all the other 
costs. Incidentally, it costs $900-1000 
to build a pair of these speaker sys¬ 
tems. As to the %" particleboard, most 
large hardware or lumber stores carry 
precut 2' x 4' pieces, more than 
enough for this project. If 
you already have some %" 
MDF, however, it is prefer¬ 
able for the grille boards. 

For assembly to go 
smoothly and the resulting 
cabinet to be square, it is 
important that you cut out 
the pieces accurately and 
squarely. Locate and size 
carefully the holes in the 
panels for the drivers. This 
is especially true for align¬ 
ing the grille-board cutouts 
around the drivers’ perime¬ 
ters and drilling mounting 
holes through the grille 
boards into the baffle for 
the grille fasteners. 

Basically, construction 
should proceed as follows: 

1. Cut out all of the 
pieces from the MDF (Fig. 
4) and particleboard on a 
table saw. After cutting out 
the major pieces from the 
MDF sheet, cut the leftover 

pieces into l!4"-wide strips, then cut the 
runners from these strips. 

2. With a jigsaw, cut out all the driver 
holes, terminal-cup hole, shelf slot be¬ 
hind the tweeter, holes in the two 
woofer-cavity braces, midrange tunnel¬ 
exit holes, and the Variovent® hole. Drill 
pass-through holes for wiring (see Figs. 
5-9). 

3- Predrill pilot holes for nails (2" 6d) 
through the side panels, baffle, and rear 
panel (see Figs. 5, 6, and 10). 

4. Drill countersunk holes in the baffle 
for 12 particleboard screws, 1*4" #8 (see 
Fig-5). 

5. Attach vertical runners to the side 
panels with glue and 114" 3d nails (see 
Fig. 10 and Photo 4). Use two nails 
across the runners’ width, spaced about 
every 2" or 3". After attaching them, you 
may need to file or sand the ends of the 
runners at the shelf slots to ensure the 
shelves will fit into the slots without 
being too tight. 

6. Seal the inside seams of the runners 
with silicone sealant. 

7. Make the double-thick top and bot¬ 
tom assemblies by attaching the 7" X 9(4" 
pieces squarely to the centers of the 8(4" 
X 11" pieces with glue and 114" 3d nails 
or particleboard screws. This leaves a %" 
“notch” around all four sides for side pan¬ 
els, back, and baffle. 

8. Drill pilot holes for #8 %" or 1" parti¬ 
cleboard screws in the midrange-cavity 
brace, midrange-cavity bottom, and cabi-

FIGURE 7: Midrange-cavity brace. 

FIGURE 8: Woofer-cavity braces. 
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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. 
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Exotica Cap Elna • Valve Art • Western Electric • AWT • Tesla • Tatema • 
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%. 
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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: 
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net-bottom assembly to mount the three 
crossovers (see Figs. 7, 11, and 12). 

9. Attach the side panels to the four 
horizontal pieces and to the top and bot¬ 
tom assemblies with glue and 2" 6d nails. 
You’ll need to clamp this all together and 
make sure it all squares up before nailing; 
then leave it clamped for an hour or so. 
Recess the nails with a nail set as you 
hammer along (see Photos 5 and 6 and 
Fig. 13). 

10. After the glue has dried for 24 
hours, attach the rear panel with glue 
and 6d nails (see Photo 7). 

11 . After that glue has dried for 24 
hours, seal all of the inside joints with sili¬ 
cone sealant. 

12. Attach the baffle to the cabinet 
with 6d nails, particleboard screws, and 

glue, and allow it to dry for 24 hours (see 
Photo 8). By reaching in through the vari¬ 
ous cutouts, seal the baffle’s inside seams 
with silicone sealant. 

13. Drill mounting holes for the grille 
fasteners (see Fig. 9): 
a. Center all four drivers into their baffle 
cutouts. 
b. Lay the grille board around the drivers 
on the baffle. 
c. Clamp the grille board squarely on the 
cabinet, centered around the drivers and 
within the outside edges of the baffle. 
d. Mark the location of mounting holes 
for all four drivers, then remove the 
drivers. 
e. Drill eight 7/i6"-diameter holes 
through the grille board and to a Vi" 
depth into the baffle. 

f. Remove the grille board, and on 
its front side, round the outside 
edges and the edges inside the 
driver cutouts with a !4"-radius 
router bit. 

14. Finish the cabinet: 
a. Fill all nail-head holes, screw¬ 
head holes, and seams with wood 
filler, then sand flush with the 
MDF surface. 
b. Round the top edges of the 
cabinet (front to back) with a 14" 
radius router bit. 
c. Sand, prime (two coats), sand 
again, and paint the cabinet. Paint 
the baffle with a brush (two coats) 
and the rest of the cabinet with a 
stippling roller (three coats). The 
grille board needs only one primer 
coat, followed by spraying with 
black paint. 

15. Drill holes for mounting 
drivers (with T-nuts) and terminal 
cup. Install T-nuts using 8-32 for 
the woofer and midranges, 6-32 
for the tweeter. Note that the 
woofer has six mounting holes 
(see Fig. 5). Because the cabinet 
is narrow, the two holes at the 
sides of the cabinet have runners 
behind them and T-nuts won’t fit 
there. You’ll need to use 8-32 
wood screws for these two 
mounting holes. 

16. Install screens inside at the 
back of each midrange tunnel 
over the 314" holes in the rear 
panel (silicone sealant works well 
for this). 

17. Install crossovers, wiring 
and Variovent. For the vent, if you 
cut its mounting hole the correct 
diameter, you can mount the vent 
by force-fitting with the vent’s 
barbed flanges. Instead, I inten¬ 

tionally cut the mounting hole slightly 
larger and used silicone sealant on the lip 
of the vent. 

18. Place 6 oz of Acousta-Stuf® into 
each midrange tunnel and 8 oz into the 
two upper chambers of the woofer cavi¬ 
ty. Don’t allow any of the Acousta-Stuf to 
block the pathway between the woofer 
and the Variovent. 

19. Lay down adhesive-backed foam 
tape around the tweeter, each mid-
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PEERLESS 
830411 8” Sealed Box Woofer for $29.00 

Thiele Small Parameters 
Nominal Impedance Zn 
Minimum Impedance Zmin 
Maximum Impedance Zo 
De Resistance Re 
Voice Coil Inductance Le 

Resonance Frequency fs 
Mechanical Q Factor Qms 
Electrical Q Factor Qes 
Total Q Factor Qts 
Equivalent Volume Vas 
F (Ratio fs/Qts) F 

Mechanical Resistance Rms 
Moving Mass Mms 
Suspension Compliance Cms 
Effective Cone Diameter D 
Effective Piston Area Sd 
Force Factor Bl 

Reference Sensitivity @ 141 Hz dB 

Magnet and Voice Coil Parameters 
Q 8 Voice Coil Diameter d mm 33 
Q 6.2 Voice Coil Length h mm 17 
Q 24.8 Voice Coil Layers n 4 
q 55 Flux Density in Gap B T 0.94 

2 4 Height of the Gap hg mm 6 
Linear Excursion mm +5.5 

25 4 Diameter of Magnet dm mm 72 
2 47 Height of Magnet hm mm 15 
0 70 Weight of Magnet kg 0.23 

0 55 Speaker Physical Properties 
Cone material Black Polypropylene 

^5 Frame Stamped steel 
Surround Rubber 

2.41 vQ pormer Aluminum 
g 26.7 pust £ Soft p0| 
mm/N 0.76 
cm 17.3 Speaker Physical Dimensions 
cm2 235 Outside Frame Diameter mm 220.5 
N/A 6.8 Cut Out Diameter (hole size) mm 184 

Depth from Back of Flange mm 89 
2.83V@lm 88.3 Thickness of Flange mm 5 

Simulated box responses in 1cf, 1.5cf, 2cf sealed 
boxes and 1cf compound. 

Impedance Curve in 1 cubic foot sealed box 

The 830411 seems to have a similar response in any 
any box size from 1 cubic foot to 2 cubic feet. It also 
has the same response when used in a compound 
loaded isobaric enclosure. The 5.5mm X-max in one 
direction will insure accurate bass response. There is 
no dips in the response to cause any x-over problems. 

MADISOUND SPEAKER COMPONENTS 
8608 UNIVERSITY GREEN 

P.O. BOX 44283 
MADISON, Wl 53744-4283 U.S.A. 

TEL: 608-831-3433 FAX: 608-831-3771 
e-mail: info@madisound.com 

Web Page: http:/www.madisound.com 



range, and the terminal-cup cutouts 
(the woofers come with rubber sealing 
gaskets). 

20. Solder wires to the terminal cup 
and attach the cup with 6-32 wood 
screws. Attach wires from the cross¬ 
overs to the drivers and mount all four 
drivers. 

21. Cut out and install two layers of %"• 
thick, adhesive-backed felt, one on top of 
the other, around the tweeter and be¬ 
tween the midranges on the baffle within 
the grille-board cutout. 

22. Cut about 1/ie" off the back of the 
eight grille fasteners and install them in 
the back of the grille board. Wrap and 
stretch the grille cloth around the grille 
board and attach it to the back with con¬ 
tact cement. Snap the grille-board assem¬ 
bly onto the baffle. If you’ve used parti¬ 
cleboard for the grille board, be careful, 
since there isn’t much material around 
the driver cutouts, and you can easily 
break the grille board when installing or 
removing it. 

BASE ASSEMBLY 
The cabinets don’t absolutely need bases, 
but I made some to raise the tweeter axis 
a bit, to make the cabinet more stable, 
and to add a little glamour. I constructed 

my bases from two pieces of solid, %" 
thick oak, with the top edges of the 
upper piece partially chamfered at 45° 
(Fig. 14). I finished them with a light 
stain and two coats of polyurethane. 

The two pieces of oak are attached to 
each other with six #8 1 Mi" wood screws 
and glue, and the base is attached to the 
bottom of the cabinet with four #9 1%" 
particleboard screws and glue. Note that 
the base assembly is mounted to the cabi¬ 
net off center towards the back. With the 
grille attached, however, the cabinet is 
centered on the base, and about Vie" of 
the top of the base assembly shows 
around all four sides of the cabinet. 

Build and finish the cabinets and bases 
separately and attach them afterwards. If 
you don’t wish to build the bases (the oak 
costs more than all of the rest of the 
wood combined), I recommend rounding 
the bottom edges of the cabinet and the 
bottom comers of the grille board similar¬ 
ly to their tops for the sake of appear¬ 
ance. You can put spikes or feet directly 
into the bottom of the cabinet, or you can 
design your own base. 

CROSSOVER DESIGN AND ASSEMBLY 
After determining the amount and type of 
fill to use in the woofer cavity, I experi-

FICURE 12: Bottom assembly. 

FIGURE 13: Cutaway side view of 
cabinet. 
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Tweeters, Midrange and Woofers. 
When it comes to loudspeaker drive units, nothing comes 
close to Morel's quality. With over twenty years of dedication 
to answering the industry's most rigorous audio needs, 
Morel is recognized worldwide for unmatched expertise, 

lour Eyes Won’t Believe lour Ears 

innovative thinking and leading-edge technology. The result 
is a product range with unique features - acclaimed by 
leading manufacturers and companies around the globe. 

Morel's commitment to perfection 
ensures stringent supervision of every component. And 

because customer service is always a priority, Morel maintains 

a flexible response capability that enables OEM products 

to be designed and tailored to the individual customer 
including a wide range of specially designed car loudspeakers. 

Shown here is Morel's coaxial speaker, just one of Morel's high quality products. 
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Morel Ltd. 
17 Hamazmera Street 
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merited with crossovers for all three driv¬ 
er sections. Rather than describing the re¬ 
sults of the various configurations, I’ll just 
outline the final versions. 

The woofer crossover is a nonstan¬ 
dard, second-order with a corner fre¬ 
quency of 200Hz, while the tweeter’s is 
a third-order Butterworth at 3kHz. I 

ended up using no crossover at all for 
the midranges, allowing their natural 
rolloffs at both ends to blend with the 
other drivers. 

In order for this to work properly, the 
choice of midrange drivers is critical. 
They must have a fairly wide response 
range and, more importantly, the rolloff 
at each end of their response range must 
be very smooth. The Morel MW-166 
meets these requirements very nicely and 
has a first-order rolloff below its f, of 
about 110Hz. 

For sensitivity-matching to the other 
drivers, I wired a 3(2 resistor in series 
with the paralleled midrange drivers. So 
the midrange “crossover” is actually just a 
5dB attenuator assembly. This overall 
crossover configuration is somewhat un¬ 
usual. but measurements and listening 
validate its effectiveness. 

1 used silicone sealant to attach 
crossover components to the %" particle¬ 
board bases. Again, as in designs 2 and 3, 
I attached 8-place barrier strips to the 
bases with wood screws for input/output 
connections. These have two rectangular 
blades at each position that accept slip-on 
connectors. I used one blade of each pair 
for soldering to the crossover compo¬ 
nents and the other for the input/output 
slip-on connectors (see Figs. 1 5- i8). 'Hie 
paralleled midrange drivers are wired out 
of phase at their attenuator's output from 
both woofer and tweeter. 

WIRING 
Internal wiring is normal stranded wire, 
and I used a biwired arrangement as in 
designs 2 and 3. From the two pairs of 
binding posts I ran 14-gauge wire to 
crossover inputs, connecting the bottom 
pair of posts to the woofer crossover 
input, and the top pair of posts (with two 
pairs of wires) to the inputs of midrange 
and tweeter crossovers. I used 16-gauge 
wire for connections between the three 
crossovers and the drivers. 

I soldered the connections to the 
input binding posts, but made all other 
connections with crimp-type, slip-on 
connectors (you may instead prefer not 
to use the barrier strips or crimp-type 
connections, and directly solder all the 
connections). The wires in each pair 
were twisted together. 

As viewed from the front of the cabi¬ 
net, one pair of 14-gauge wires from the 
upper pair of binding posts passes up and 
through the left 7/ie" hole in the midrange¬ 
cavity bottom for connection to the 
midrange attenuator input. The other 
pair of wires from the upper posts is rout¬ 
ed up and through the right Vis" hole in 
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Swans /h / kit 
with room friendly performance 

The step beyond the limits 

RT1C Tweeter F5 Bass-midrange 

250-

Front view 

Iniernal panel 

SPECIFICATIONS 
53Hz-40kHz,±2dB 

of the M1. 
85 dB 

8 ohms 

Dimensions.HxWxD 

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

Amplifier requirements: 
30W recommended minimum. 

50W nominal, 
90W music 
310x130x250 mm 

- 2x F5 paper/Kevlar bass-midrange drivers. 
- 2x RT1C isodynamic tweeters with sealing gaskets. 
- 2x dedicated tweeter crossovers. 
- 2x dedicated bass-midraege crossovers. 
- two flared ports and twc swans logos, 
- two pairs of heavy duty gold plated terminals. 
Cabinets are not includec. 
The drawings of the cabinet shown here represent general dimen¬ 
sions required for optimum bass performance. Rcunded corners are 
advisaole as they improve imaging and clarity. Actual finish and 
appearance is a matter of personal taste. 
Retail price: US$ 410.00 ( delivered ) 
Delivery in US within 4-6 days. 
Warranty 3 years, 30 days money back guarantee. 

“...explicit, easy to listen to. effort¬ 
less, seamless and stunning.” 
Ernie Fisher 
Swans M1 Speaker Systems Review 
INNER EAR REPORT 
Volume 10, #3 1998 

feature greatly contributes to the clarity of sound and imaging 
Swans M1 kit includes: 

ACOUSTIC TECHNOLOGY 
INTERNATIONAL INC. 

15 WEST PEARCE STREET UNIT 2&3. 
RICHMOND HILL 

ONTARIO L4B1H6 CANADA 
Tel: (905)-889-7876 Fax: (90S)-889-3653 

www.dulcet.com 

SWANS 
SPEAKER SYSTEMS 

The Swans M1 minimonitors open a new line of affordable high-end 
loudspeakers featuring several technological achievements and 
sound quality distinctions. 
The speaker system is a two-way bass-reflex design. The front baf¬ 
fle is very narrow with rounded edges to reduce cabinet diffraction 
for better clarity and imaging. The internal panel and corner rein¬ 
forcement substantially reduce unwanted cabinet vibrations. A 
flared port is mounted on the rear baffle for smooth transition from 
the port to cabinet boundaries. This provides linear bass perfor¬ 
mance and absence of pod noise. The heavy-duty gold plated bind¬ 
ing posts are mounted directly on the rear panel to enable easy 
cable connection. 
The drivers used in the M1 represent a new high performance 
design from Hi-Vi Research. The 5-iich paper/Kevlar cone woofer 
has a rubber surround, cast aluminum frame and a magnetically 
shielded motor system. This dr ver utilizes a central phase plug to 
avoid air compression, improving frequency response and disper¬ 
sion. The extremely rigid cone is hand coated with a special damp¬ 
ening compound to further maximize its performance. The cone is 
then coupled to a selected grade rubber surround that provides 
break-up free operation and very low distortion even at high power 
levels. These key features greatly contribute to the M1 's clear trans¬ 
parent sound and effortless dynamic performance. 
The tweeter is a high-tech planar isodynamic design that employs 
Neodymium magnets and extremely light Kapton® film, with flat 
aluminum conductors. 
The vibrating element of :he tweeter is almost weightless in com¬ 
parison to a conventional dome driver. This unit provides an imme¬ 
diate and precise response to any transients in original signal, and 
gives the M1 an exceptional ability to reveal the true dynamics of 
instruments with a complex high frequency spectrum. 
The crossover is a second order Linkwitz Riley type resulting in an 
in-phase connection of ttie drive units. The crossover frequency 
between the two drivers is 3.3 kHz and only high quality polypropy¬ 
lene capacitors are used. Each filte- has it's own dedicated board 
mounted on a special rubber interface to reduce vibrations and 
microphonie phenomenon. The filter boards are spaced inside the 
loudspeaker with the inductors pos tioned at right angles to mini¬ 
mize the interaction. 
M1 provide very even acoustic powe' dispersion. The important hor¬ 
izontal early reflections that create spatial impression and acd to the 
overall presentation have tne same even spectral balance as the 
direct sound, these are crucial featu'es of a good loudspeaker. 
On the contrary, the MTs vertical dispersion is well controlled in the 
high frequency domain in a 15 arc symmetrically to the reference 
axis. While 15° create adecúate room for adjusting a listening posi¬ 
tion, tne floor and ceiling reflectons are well down in amplitude. This Frequency response 

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

for more info please 

Call: (905)-889-7876 (7.2 ohms minimum at 250 Hz) 
Harmonic distortion THD less than 1% 
At 90dB SPL, 100Hz-10kHz. 1m 
Power handling 
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FIGURE 17: Tweeter-crossover layout 

this bottom shelf, then through the hole 
in the shelf directly above for connec¬ 
tion to the tweeter crossover input. You 
need to seal both holes in this cavity bot¬ 
tom with silicone sealant once the wires 
are in place. 

From the midrange attenuator, one 
output pair of wires is routed up 

through the left-side hole in the 
midrange-cavity brace above for con¬ 
nection to the upper midrange driver. I 
believe it is good practice to keep leads 
to and from crossovers and drivers sep¬ 
arated as much as possible to minimize 
mutual coupling between the three 
driver sections. 

FIGURE 15: 
Woofer-crossover 
layout 

SHOULD YOU BUILD A PAIR? 
The Aperiodic Deuce is, to some ex¬ 
tent, my solution to a specific problem. 
Due to the small size of the woofer and 
low-frequency characteristics, these sys¬ 
tems may not be suitable for home-the¬ 
ater sound tracks that contain loud, 
very low-frequency special effects, un¬ 
less augmented by a subwoofer. 1 listen 
mostly to classical music, with a little 
jazz thrown in, and these speakers 
work well for my musical tastes. 

Their main advantages are in the 
imaging, an overall smooth response, 
and delightfully involving midrange 
(the kind of sound that draws you into 
the music and excites your emotions). 
The midrange sounds so good, I be-

SOURCES 
Parts Express 
340 E. First St., Dayton, OH 45402-1257 

(800) 338-0531 

Madisound Speaker Components 
8608 University Green, PO Box 44283, Madison, 

Wl 53744-4283 
(608) 831-3433 
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FIGURE 18: Crossover schematic. 

crossover-induced anom¬ 
alies, such as response 
peaks and dips or phase 
shifts. There’s an effort¬ 
less, unrestrained quali¬ 
ty to the midrange’s 
sound. Since most of 
music’s content is in 
the midrange, the Ape¬ 
riodic Deuce’s accurate 
reproduction in this 
area is highly satisfying. 

For me, these attri¬ 
butes more than make 
up for any losses in the 
bottom octave; howev¬ 
er, I haven't noticed 
any lack of low-end re¬ 
sponse in the music I 
play. My wife’s com¬ 
ments after she did her 
critical listening were, 
“they sound really 
good, and the flutes 
and piccolos were in¬ 
credible.” If your musi¬ 
cal tastes and needs 

lieve, because the open-back tunnels 
can’t cause a “boxy” or hollow sound, 
and, without a crossover, there are no 

parallel mine and your 
listening environment is similar, the 
Aperiodic Deuce might be just what 
you need. >> 

HEAR FOR YOURSELF 
The film capacitors chosen by 

EgglestonWorks, maker of the Andra, 
Stereophile's ‘Speaker of the Year." 

—H—O—V—t—A—N—D 

MusiCap ® 
"If you want see-thru, high 

definition, detail and listenability, 
try the MusiCaps. ’ 

Joe Roberts. SOUND PRACTICES, Issue 6 

FHE ULTIMATE CAP 
The most naturally revealing capacitor. Film 
and foil polypropylene construction. 
Optimized for critical speakers and vacuum 
tube electronics. Silver-plated leads. Values 
from .01 to 1 OpF. Precision made in USA. 

To experience MusiCaps for yourself, contact: 
• Welborne Labs 3034706585 
• Madisound Speaker Components 608-831 -3433 
• The Parts Connection 800-767-0747 
• Michael Percy Audio Products 415669-7181 
• Handmade Electronics 610432-5732 
• J Lefebvre & Associates 713-9884621 
• Anchor Cross Co.Jokyo, Japan 81-3-32035606 
• Wilmsbw Audio. England 44-01455286603 
• Tang Hill International Ltd.. Taiwan 8862-2-5813605 
• Hong Kong Bush. Hong Kong 852-25253227 
• Octave Electronics. West Malaysia 603793793-9 
• American Audio Import. Netherlands 31-786510567 
• OEMs contact Hovland Company at : 

ph 209-9664377 • fax 209-9664632 

Reader Service #73 

MCM Electronics* The Comprehensive Source For All of 
Your Electronics (and Speaker) Needs! 

Capacity Sale 

You must provide code when ordering 

Prices effective from February 15 to March 31,1999 

Over 200 Different Woofer Types 

Pre-assembled Crossovers and Crossover Components 

Enclosure Design Reference Books and Software 
Huge Assortment of Cable and Interconnect Products 

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

components. Discover the MCM Difference, Call today for your free catalog CENTERVILLE, OH 45459 
A PREMIER FARNELL Company 

Frequency 

Order# Size Response 

16ohm Poly Cone Woofers 
Makes dual woofer speaker design a snap. Use two drivers and maintain 8ohm load 
Other features include finished front basket, rubber surround, polypropylene cone, 
T voice coil and 18 oz magnet. Contact MCM for complete specifications. 

55-1620 6!f 40Hz~10KHz 45W/60W RMS/peak $1*?5 $7.95 

55-1625 8" 30Hz~5KHz 60W/100W RMS/peak ]X5 9.75 

FREE 
ATALOG 

Order #53-525 
Reg. Price $9.99 

1" Soft Dome Tweete^SS^^ 
Provides very smooth frequency response and high power handling. 
8 oz. magnet and V voice coil provide 50W/80W RMS/peak capacity, 
2K-20KHZ response with 94dB sensitivity. Overall diameter 4‘. 8ohm. 

CODE: SB52 

SOURCE CODE: SB52 

Reader Service #11 
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Read how one man's unsuccessful attempts to kick the speaker-building habit have 

plunged him headlong into the depths of lonely late-night tinkering sessions searching for 

the perfect highs and lows of home-theater sound. 

Walking the Thin Une 
By Philip Abbate 

^am a recovering speaker builder. I 
I was cured for a while, but I relapsed 
I when I received a complimentary 

JLcopy of this magazine. I’ve resisted 
the cravings for sawdust, fiberglass, and 
speaker-adhesive fumes since 1978. Be¬ 
fore then I could be found in Cal Poly’s 
computer lab late at night rearranging 
and resubmitting box-volume and tuning¬ 
frequency keypunch cards to the FOR¬ 
TRAN compiler over and over, time and 
time again. I am a little more in control of 
myself now that I have matured. I can 
walk the thin line between occasional 

with some of the new drivers advertised 
in the catalogs I got from the Speaker 
Builder advertisers. That should clean up 
the stereo sound when I listen to music 
on the theater system for a fraction of 
the cost of new, high-end speakers. After 
this one project, I will be satisfied. 

My hand shaking, I removed the poly¬ 
mer money substitute from my wallet 
and ordered a pair of Focal T90ti tweet¬ 
ers and Focal 8V01 woofers, along with a 
copy of Vance Dickason’s Loudspeaker 
Design Cookbook from my paisano Elliot 
(516-747-3515) at Zalytron. When I 

heard the phone on the other end click, 
I was struck with buyer’s remorse. I 
swore once more “after this project I’ll 
never build another speaker.” 

When I fired up my creation, I could 
not contain myself, and yelled to my 
wife, Monica, “Wow! This stuffs gotten 
better since 1978.” As I enjoyed the 
music, the dilapidated excuse for a cen¬ 
ter-channel speaker that was collecting 
dust on top of my TV caught my eye. My 
hands started to twitch as I thought, “I 
promised my family I would never build 
another speaker again.” At that moment, 

and obsessive speaker building. 
I sometimes catch myself rem¬ 

iniscing about the good old 
days, when I would allow my 
obsession to drive me to make 
large multidriver sound-rein¬ 
forcement speakers or folded 
bass horns one or two dozen at a 
time. Suddenly I’ll wipe the 
sweat from my forehead, and get 
a grip by reminding myself of 
the consequences: the sore back 
from loading and unloading a 
truck; waking up in a rock-and-
roll tour bus, without a clue to 
what city I was in; and the ring¬ 
ing in my ears that lingers the 
morning after. 

NEVER AGAIN 
“OK, OK, I won’t become like 
that again,” I said to myself, “I’ll 
just replace the piezo tweeter 
and el cheapo stamped-frame 
paper-cone woofer in these old 
left and right stereo speakers 

PHOTO 1 : "Bet ya can't build just 
one." 

Monica noticed that faraway look in 
my eye and knew I was a goner. 

Then it struck me. I’ll go to 
Speaker City in Burbank (www. 
speakercity.com) to check out 
what prefab speakers I can buy. 
I walked in the door, browsed 
around, and in an obscure cor¬ 
ner of the store, a driverless oak¬ 
tower speaker cabinet that 
looked like someone designed it 
to fit on top of my TV set called 
out to me. What a coincidence! 

A DEAL I COULDN'T REFUSE 
Shortly after I pulled into the 
driveway, Monica saw me un¬ 
loading this oak box from the 
car and asked me, “Never again, 
huh?” 

“But honey,” I apologetically 
exclaimed, “it was used, and 

ABOUT THE AUTHOR 
When he’s not obsessing about building 
speakers, Phil Abbate is a registered pro¬ 

fessional engineer. He shared his 15" sub¬ 
woofer design with S8 readers in the 6/96 

issue. 
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KXAl. 
@ Po*y4« (seas) 0M8SB few œ<* 

VIETA •PHILIPS 

ZALYTRON 
YOUR ONE STOP SHOPPING CENTER 

nice tower. 

NEW 

TEL. (516) 747-3515 FAX (516) 294-1943 

Focal 7" bookshelf speaker 
features Raven R2 & Focal 

7K4211DB. Great clarity and 
efficiency in a small package. 

The new system with 
Raven 2 & Cabasse 
21M18 g:ves great bass 
and high efficiency in a 

Finally the ultimate Aria 5 
featuring the new Audiom 
TLR teeter. Designed by 
Joe D' appolito. This one 
must be heard to be 
believed. 

IT'S COMING 
OUR NEW 

1999 
CATALOG 

The ultimate triaxial from 
Cabasse. In a tower with 
big bass supplied by the 

Cabasse 21M18. 

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

THESE NEW SYSTEMS ARE 
THE CUTTING EDGE OF 

TECHNOLOGY. 
THEY REPRESENT THE 
HIGHEST STANDARD OF 

WHAT WE OFFER! 

SYSTEMS 

FROM 

ZALYTRON 

& ORCA 
RAVEN R 2 FACTORY 

AUTHORIZED SALE ONLY 
$275 EACH 

Our warehouse Is open for pick-up 10AM to 6 PM daily. Saturday 10 AM to 5PM — UPS orders shipped same day • Minimum order S50.00 

Call or write for our 1999 catalog mailed FREE in the USA. Canada S5 P&H, Worldwide $10 P&H. 
- CHECK OUT OUR WEB SITE www.zalytron.com WE CONSTANTLY UPDATE IT -



turned the TV on and off, only to see the 
rainbows disappear and reappear. 

Eventually, the degaussing circuitry did 
its job, but since it is only designed to de¬ 
gauss low-level fields, such as those creat¬ 
ed by a speaker several inches away, it 
took a couple of days for the TV to return 
to normal. 

I knew I had created another success 
when we auditioned the new center¬ 
channel speaker, and Monica exclaimed, 
“The voices are so clear!” 

I had to take advantage of the situa¬ 
tion to point out the value of speaker 
building. I gloated, “Yeah, and the entire 

there was only one of them, so Frank 
made me a deal I could not refuse ... and 
... and I can order a Focal T90ti-B shield¬ 
ed version of the tweeter our left and 

vinced my wife that we needed magnet¬ 
ic shielding in our new center-channel 
speaker. 

left-center-right system only cost $500. If 
we had bought comparable equipment 
at a retail store, we would have spent 
$2,000.” 

right speakers use, and a Focal 7K011 
DBL-B shielded 7" speaker that is the 
same brand of woofer as in our left and 
right speakers. If I voice the crossovers 
just right, the sounds moving across the 
room will be very coherent.” 

“How much?” she interrupted with 
her familiar smile. “If it makes you 

PERSISTENT RAINBOWS 
Satisfied that I had made my point, I recy¬ 
cled the power on the TV to engage the 
automatic degaussing circuitry and re¬ 
move the rainbow pattern. “Are you sure 
you showed up to your electronics class¬ 
es?” Monica interrogated, as I frantically 

What happened next made me think I 
was dreaming. We talked about why we 
needed those ugly, 24"-tall, two-way 
speakers I bought when I was in high 
school blocking the doorway, when I 
could make some of those cute surround 
speakers that hang out of the way on the 
wall. We imagined how realistic movies 

in the 

PHOTO 3: Cute 
surround speakers. 

happy, OK; those other speakers you 
worked on sound quite good, but...” Oh-
oh, not a condition! I conjured up vi¬ 
sions of shopping sprees at the mall, 
weekends at a bed and breakfast 
Valley of the Moon. But she con¬ 
tinued, “What are shields?” 

The engineer in me contrast¬ 
ed magnetic and electric fields. 
I waxed eloquent, illustrating in 
lay-person terms how the CRT 
in the TV shot streams of elec¬ 
trons through a magnetic-de¬ 
flection circuit called a yoke. I 
elucidated how those electrons 
illuminated one of three phos¬ 
phors to create a red, green, or 
blue dot on the TV screen. 

We observed the TV screen 
and beheld the individual dots 
blending to form a picture on the 
screen. I described the detrimental ef¬ 
fects that the “stray magnetism” in the 
center channel’s unshielded drivers 
would have on the picture. 

To demonstrate her comprehension, 
Monica pointed to the junker on top of 
the TV and asked “why doesn’t that one 
do it?” 

“It’s because the magnet in that speak¬ 
er doesn’t have enough magnetism to 
pick up a pin, let alone create a stray 
magnetic field,” I explained. I demon¬ 
strated the consequences of stray mag¬ 
netism by holding the magnet from an 
old woofer right next to the IV picture 
tube. The intense rainbow effect con-

would sound with a subwoofer, and how 
the left and right speakers could look a 
little better, and how it was OK for me to 
buy a radial-arm saw for Christmas. “Why 
are you pinching yourself?” Monica asked 
with a puzzled kx>k on her face. 

SATISFACTION 
It’s three years later now, and Moni¬ 
ca and I are quite satisfied with the 
sound and looks of the system. 
There is something schizophrenic 
about the system, however. Some 
of the time it thinks it is a high-end 
audiophile-quality stereo, and at 
other times it thinks it is a kick-butt 
home theater. The common ele¬ 
ments of both the system’s person¬ 
alities are the left and right three-

way stacks that work in conjunction 
with Aftershock, my subwoofer that ap¬ 
peared in SB 6/96. 

[We are pleased to report that, since he wrote 
article, Mr. Abbate appears well on the 

road to recovery, effectively suppressing 
his impulses to tweak and/or modify 
every speaker system he encounters. 
For a closer look at his work, SB readers 

are encouraged to revisit his “Seismic Stack 
System” (SB 5/98, p. 18). —Eds] 

this 

"Say You Saw It In 
Speaker Builder” 
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DRIVERS: 

► AIRBORNE 

> ATC 

>AUDAX 

> DYNAUDIO 

► ETON 

► LPG 

> MOREL 

> PEERLESS 

> SCAN-SPEAK 

► SEAS 

> VIFA 

> VOLT 

COMPONENTS: 

SOLEN HEPTA-LITZ 

AND STANDARD 

INDUCTORS AND 

CAPACITORS - THE 

CHOICE OF MANY 

HIGH-END SPEAKER 

MANUFACTURERS. 

HARDWARE: 

POWER RESISTORS, 

L PADS, CABLE, 

ABSORBING AND 

DAMPING MATERIALS, 

GOLD SPEAKER 

TERMINALS, GOLD 

BANANA PLUGS AND 

BINDING POSTS. GRILL 

FASTENERS, PORT 

TUBES AND TRIM 

RINGS. PAN HEAD 

SCREWS. SPIKES 

AND TEE NUTS WITH 

ALLEN HEAD BOLTS 

AND PLENTY MORE... 

CUSTOM 

COMPUTER AIDED 

CROSSOVER AND 

CABINET DESIGN 

HOW TO BOOKS 

The Process of Design. 

When designing a loudspeaker, the initial 
driver considerations and final driver choice 
can make or break a project. To ensure your 
success - you want the most complete 
information and specifications at your finger 
tips - the 1998 Solen catalog. 

Order the 1998 Solen catalog - containing 
a wide selection of quality drivers - with 
complete manufacturer's spec sheets, as 
well as applications in detail on woofers, 
with predicted response in different sealed 
and vented enclosures. It is a valuable 
resource that will flush out the possibilities 
in your designs. 

With your order we will also throw 
in our components catalog FREE -

it’s full of a wide selection of speaker 
Hardware and crossover parts. ÒtíNAUDIO 

Order the 1998 Solen Catalog for $8.00, 
refundable on your first order over $50.00. 

Fax 450-443-4949 or mail this coupon today, 
or call with your request, 450-656-2759 

Name: Payment Method 

Address: 
Payment Enclosed - Check or Morey Order 

State/Prov: 

Zip/Postal Code: 

Country: _ 

Tel:_ Email: 

VISA_Mastercard 

Card No: 

Card Expiry Date: 

Signature:_ 

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

Tel: 450.656.2759 
Fax: 450.443.4949 

Email: solen@solen.ca 
WEB: http://www.solen.ca 
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Powerful, fast, and easy to use-discover why PSpice has become a favorite for analytical 

design work. 

PSpice Probes A Loudspeaker’s 
Evolution 
By Mark Sanfilipo 

S
peaker builders are now fortunate 
in having at their disposal many 
powerful CAD programs that not 
only assist them in searching for 

solutions, but also sig-

Altematively, if you have access to the 
Internet, you can download the program 
from http://www.microsim.com/. If you 
choose this route, be prepared for a 

look at the evolution of a moving-coil 
loudspeaker model. Although PSpice eas¬ 
ily calculates the dB-SPL curves of a dri¬ 
ver, I will restrict this examination to 

the impedance curves and associated 
components. 

Patt Narr« 

2 

I Placet pota] 

Help I 

Advanced ?> | 

FIGURE 2: The parts value screen. 
FJLití 

Cmd Place Part 

■3 ¿^1 [V ■ 111 -1 
FIGURE 1: The parts library. T3 

1 09. 057 Cmd Place Part 

S-783-2 

wnni 

Desertion 
[inductor 

lengthy download pe¬ 
riod—the complete 
DesignLab file is over 
13.3MB in size. It’s 
also worthwhile to do 
an occasional Net 
search, since there are 
many sites where the 
application (particu¬ 
larly older versions) 
and support resources 
are available. You'll 

■ ■■ ~ 
Lbreak 
LF411 
LIB 
LIMIT 
LM111 
LM324 
LO 
LOG 
LOGIC 
LOPASS 
male 
MBD101 
MbteakN 
MbreakN3 
MbreakN30 

nificantly shorten the 
time needed to bring 
concepts to fruition. 
This article examines 
the application of one 
such program, PSpice "', 
to various developmen¬ 
tal stages of an electro¬ 
dynamic loudspeaker 
model, including the 
latest versions featuring 
frequency- and temper¬ 
ature-dependent com¬ 
ponents. 

PSpice began life as a doctoral thesis and 
was further developed in the late 1960s 
at the University of California-Berkeley as 
a mainframe application to assist in the 
development of ICs. It has since evolved 
into a powerful desktop application with 
surprising and far-reaching capabilities. 

Even the demo is powerful! Indeed, I 
did all the work illustrated here using the 
evaluation version of PSpice 7.1. If you’d 
like a free copy, call MicroSim at (800) 
245-3022 or E-mail the company at 

POPULAR AND 
POWERFUL 
One of the most popu¬ 
lar CAD programs now 
inhabiting the engi¬ 
neering workplace. 

□ 
O 
g 
* 

HARDWARE BASICS 
To run this version of PSpice. you’ll 
need an 80486 or Pentium machine, a 
math coprocessor, 16MB or more of 
RAM, a mouse, and, of course, Win¬ 
dows ’95. Setup is quite straightfor¬ 
ward and the demo comes with ample 
help files. 
When you first fire up PSpice, you’re 
presented with the main workspace. 

®Slart| 

S-7B3-1 

JBsw| -¿COP I g ■ep»' I ¿pmw | ^¿xpl [ JatC | 4 550PM 

Analyse loots tiark«- Window Help JSJJSJ 
“3. 

•^CD Pte J 3 lepmt | "» Ja»Ca I ^1mws1 j 5 45 PM 

~ dj^wT 
Qpiions ¿na^te Tools Markets Window Heb JSJX1 

■ I I *.|3l|Q,|Q|Q.| v|T|U| Al F¡5~ 

If you are new to the program (or per-also find on the Internet many circuit and sales@microsim.com and ask for the De¬ 
signLab (of which PSpice is a part) evalu¬ 
ation disk set. It’s available both on flop¬ 
py disks and in CD-ROM format. DOS 
versions of PSpice also exist. 

schematic files developed for PSpice. 
Speaker Builder's readers have en¬ 

countered PSpice before. 1 Here, I’ll use 
PSpice 7.1 for Windows ’95 to take a 

haps experienced only with a DOS ver¬ 
sion), it’s worth taking the time now to 
become thoroughly familiar with the 
Windows version, since this will save 
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lots of time later on when you start 
putting the application through its 
paces with larger projects. Not too 
large, though; the demo version, al¬ 
though possessing the functionality of 
the full program, has some limitations: 
for example, you're allowed only 50 
symbols per schematic. 

BUILDING THE CIRCUIT MODEL 
Once you’ve explored a bit and exam¬ 
ined the sample circuits provided, the 
process of building your circuit model is 
not very complex. First, pick parts from 
the parts library' (Fig. 1) (Draw\Get New 
Part\) and drag them onto the work¬ 
space. Then connect them with wires 
(Draw\Wire) and ground (Draw\Get 
New Part\) the circuit. PSpice absolutely 
will not let your design go anywhere 
without a grounded circuit. 

Once you’ve got all the parts in place, 
wired correctly and grounded, assign val¬ 
ues to each part. Double-clicking on 
each part calls up the screen to do this 
(Fig. 2). 

When you’ve completed a circuit, it’s 
a good idea to use the Redraw (View\ 
Redraw) utility to neaten things up a bit. 
If you’ve missed any connections, 

they’ll then become obvious, and you 
can take corrective action. You can also 
use the Fit (View\Fit) utility when it’s 
appropriate to have the circuit cover 
the whole screen. 

If you're accustomed to working with 
earlier DOS versions (as I am), I think 
you’ll agree that Windows’ drag-and-
drop capabilities represent a tremen¬ 
dous advance in terms of efficiency and 
ease of use. When you have your circuit 
built, you can bring PSpice’s real 
strengths to bear. 

FROM 80 TO FREQUENCY 
DEPENDENCE 
The first model to look at (Fig. 3) consid¬ 

ers the driver’s impedance as a simple 
80 resistive load. I found this early ver¬ 
sion of the electrodynamic speaker 
model referred to in a design-your-own 
crossover chart tucked away in a 195O’s 
edition of a popular radio-electronics 
handbook. Paradoxically, while the 
reactive nature of the driver’s load 
was already well understood by the 
1930s,2 many contemporary charts 
implied a pure resistance and persisted 
for decades. 

In those days, it appears that all the 
home hobbyist had to do was decide 
whether the driver at hand was the 
equivalent of an 8Q or 160 creation and 
what the crossover frequency ought to 

Zerobox 109 kit - The world's most musical bookshelf monitor is now available for less than $2,000 per pair! 

Manger drivers and kits have generated unprecedented interest since their introduction to North America in late 1998, and no 
wonder. Operating from 170Hz to 33kHz as a true point source bending wave driver, the Manger is renowned throughout 
Europe for its utterly natural sound and transient perfection. It is extremely simple to use, requiring only a woofer to round out 
the bottom end. With a client list which includes over 40 recording studios, Manger has set the standard by which other drivers 
are measured in Europe. At the recent Consumer Electronics Show in Las Vegas, the Zerobox 108 and 109’s garnered 
considerable praise from industry professionals and audio reviewers alike, reproducing vocals, instruments, rock, jazz, and 
classical music with equal aplomb. 

MANGER*-Zerobox 109 

Preci*« monitoring syitem for recording 
l nidios broadcasting, home recording -

small cabinet dimensions (or an excellent 
integration in living areas with little space 

• Passive two-way system 

• Closed cabinet for best transient 
response 

• MANGER’Sound Transducer 

• SCaNSPI AK fl” woofer 
• Far field behaviour begins at 14 cm 

• SPL max i 04 dB, l m 

• Crossover frequency: 140 Hy 

• Weight: 17 kg 

• Dimensions: 49 x 26 x 36 cm 

• Impedance- 4 Ohm 

Manger drivers require no crossovers in the midrange and 
treble, so even beginning speaker builders can achieve 
better time, transient, and phase response than with any 
other multiway loudspeaker. Efficiency is 90db IW/lm. 
Recommended box volume is only 8-10 liters for the 8 inch 
drivers. Driver depth is under 2 inches, allowing for in-wall 
or in-ceiling mounting. Rise time only 0.014 milliseconds; 
ringing is non-existent; waterfall plots unmatched; 
dispersion carefully controlled. These drivers have no 
audible timbre of their own, reproducing original events 
with unmatched precision. 

B&R Acoustique is now offering the Zerobox 109 DI Y kit 
for $1999.00 + S&H. This includes Manger drivers, kit 
plans, Manger crossover components, damping materials, 
binding posts, and Scan-Speak carbon fiber woofers. The 
Zerobox 109 has a response of 40Hz-24kHz (+/- 3dB), no 
transient noise, and a minimum phase shift of 360 degrees. 

Own a Manger. You will hear nothing but music for the very first time. 

B&R Acoustique 

Toll-free (888)825-8888 Fax (450) 635-7526 www.teehnidb.cnm E-mail:techmdb@ MSN.com 
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FIGURE 5: The add-trace screen. 
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be. Then, all he or she needed to do was 
look up the appropriate inductor or ca¬ 
pacitor values in the charts. How many 
crossovers were built in those days using 
an "equivalent” resistor as the driver’s 
load? I suppose “high-fidelity” was a rela¬ 
tive, flexible descriptor back then. [Back 
then?! -Ed ] 

I'll now apply PSpice’s analytical abili¬ 
ties to this rather simple model. Since no 
intelligent speaker builder would ever 
model the raw driver as a simple 8Í2 
load, it might seem a trivial pursuit to 
probe it. However, the very simplicity of 
the model commends it as an ideal 
starter example. 

First, click on Analysis, and then on 
the first item in the drop-down box, Elec¬ 
trical Rule Check. Once PSpice has com¬ 
pleted its electrical rules check, click on 
Create Netlist. 

PSpice is able to point out mistakes 
you've made, and the Create Netlist utili¬ 
ty is usually the first point in the analysis 
that this will happen—if indeed you have 
done anything incorrectly. I always use 
this utility when working on a new cir¬ 
cuit or making any significant changes to 
an older one, even if I have no immedi¬ 
ate plans to do a simulation. 

READY TO SIMULATE 
PSpice then generates the netlist that 
you’ll find familiar if you’ve used DOS 
versions of the program: 

♦SCHEMATICS NETLIST* 

♦MODEL 1 : DRIVER AS OHM RESISTOR* 

V_V1 $N_(MX)1 0 DC OV AC 2.828V 

R_R1 $N_OOO1 0 8 

You can look at it by clicking on Ex¬ 
amine Netlist, and once it has been gen¬ 
erated, you’re ready to do a simulation. 

If you’ve made any mistakes that 
slipped by the Create Netlist utility, 
they’ll likely be caught when you nin a 
simulation. If it detects any errors, 
PSpice automatically stops and displays 
the output, with the location of the 
error clearly indicated. Also, if you 
haven’t saved your circuit by now, 
PSpice stops and asks you to save it as a 
file. Once you’ve done so, the simula¬ 
tion continues. 

You begin the simulation by clicking 
on Setup (still in the Analysis drop¬ 
down box), where you set the simula¬ 
tion parameters (Fig. 4). Enable AC 
Sweep by clicking its button, and set 
the appropriate sweep numbers. The 
values I typically use are: 

•AC sweep type: decade 
• Pts./decade: leave at default of 101 

(or choose whatever you consider 
appropriate) 

• Start frequency: 10Hz 
• End frequency: 40kHz 

Click on OK to save the values and 
close out the Analysis Setup box. You’re 
now ready to commence the simulation. 
Click on Run Probe, and you’re on your 
way. A screen will pop up that indicates 
the progress of the simulation. 

After the simulation is run, and if 
PSpice has found absolutely no errors, 
you’ll see the graph screen, where you 
can build the curves you wish to look 
at. Click on Plot and set the X- and Y-
axis parameters. 

Since this first graph will show imped¬ 
ance, you’ll need to use a log-log plot, so 
set both axes accordingly. With the 
graph screen all set up, you’re ready to 
do some real analysis. 

Click on Trace, and click on Add in 
the drop-down box. This brings you to 
the screen where you specify the kind of 
analysis (and subsequent curves) you 
wish to look at (Fig. 5). 

CURVES. CURVES, AND MORE 
CURVES 
To generate an impedance curve— 
which, in the case of a simple, ideal resis¬ 
tor, is actually a pure resistance—set up 
the following in the Trace Command 
line: V1(V1)/I(V1). Click on OK, and you 
have your first curve. 

Here’s a list of commands to generate 
other curves: 

1. Impedance: V1(V1)/I(V1) 
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2. Impedance phase: P(-V1(V1)/I(V1)) 
3. Impedance (real part): 

R(-V1(V1)/I(V1)) 
4. Impedance (imaginary part): 

IMG(-V1(V1)/I(V1)) 
5. Impedance (group delay): 

G(-V1(V1)/I(V1)) 
6. Nyquist plots: Set X and Y axes to 

linear, set X axis = V1(V1)/I(V1), 
and then graph P(-V1(V1)/I(V1)) 

Note the minus sign preceding the 
(VI) in items 2 through 6. It’s not a 
typo; it’s required. As you work with 
more complex circuits, you’ll see that 
the resulting curves more closely match 
reality. Looking at the figures for other 
models, all the components and their 
designations are (with the exception of 
Rem and L ) commonly found in the lit-
erature.3' * 5 Figures 6-11 show a sam¬ 
ple of Models 2 and 3. Table 1 shows 
the impedance values found at eight dif¬ 
ferent frequencies as generated by Mod¬ 
els 2 and 3, compared with actual mea¬ 
sured values. 

To aid in comparison, I’ve provided 
the actual impedance curve and group¬ 
delay curve of the driver I used as the 
test subject (Figs. 12 and If). And for 

reference, the values for the test driver 
are shown in Table 2. 

Now take a closer look at the compo¬ 
nents featured to see how they con¬ 
tribute to the impedance characteristics 
of the models. 

To begin with, look at the impedance 
rise found to the right of the Z-peak 
(Fig. 7). For the sake of clarity, remove 
the Z-peak by removing Cmes, Lces, and 
Res. Also remove the voice-coil DC resis¬ 
tance, Rcvc. The resulting curve is that 
of the motor impedance (Fig. 14). The 
actual reconstruction of the circuit and 
the generation of the impedance magni¬ 
tude and phase curves I leave as an ex¬ 
ercise for the reader. 

EASY MODIFICATION 
You can easily make this modification 
with PSpice, since all you need do is re¬ 
move selected components from the cir¬ 
cuit, rewire as appropriate, and gener¬ 
ate the new curves. Looking at the re¬ 
sulting two curves, you can begin draw¬ 
ing the mathematical basis for the fre¬ 
quency-dependent components, R 
and Lcm. If you've done any curve-fitting 
work, you’ll recognize that both curves 
can be generated by the equation: 

y = k®x (1) 

where, in this case: 

y = resultant curve value 
k = a constant that scales the 

location of the curve up or down 
to = 2rt X frequency 
X = an exponent that determines 

the behavior of the curve’s slope. 

The general equation for the motor’s 
impedance is6: 

Z = KrtoXr + jKi«/' (2a) 

or, written using more commonly 
known variable names7: 

Z = KrmtoE™ + jKxm(OExm (2b) 

where: 

Z = resultant impedance, in ohms 
Krm = a constant that scales the re¬ 

sistance curve up or down 
to = 2x x frequency 
Erm = an exponent constant that 

controls the slope of the resistance 
curve. 

Don’t believe us... 
listen to your speakers. coeRlz 

Alpha-Core, Inc. 
915 Pembroke Street 
Bridgeport, CT 06608 
Tel: (800) 836-5920—USA 
Tel: (203) 335-6805 
Fax: (203) 384-0586 

WHAT AN UPGRADE! 
Alpha-Core Inductors 

deliver the latest and very best 
in crossover technology 

Alpha-Core’s foil-wound inductors will do what others can 7;Deliver 
leading edge technology for audio transducer and speaker crossover 
networks. Available in 12 and 14 gauge. No magnetic cores — elimi¬ 
nates saturation distortion 

BUT THERE’S MORE! 
Made with high purity copper and solid fine silver, inductors are con¬ 
stant-tension wound onto a Lexan polycarbonate tube with a polypropy¬ 
lene dielectric; mounting face is vacuum fused. Core inductors provide 
consistent values, maximum stability. 

PLAY AFTER PLA Y — YEAR AFTER YEAR 
With no minimums, you may choose from standard inductor values or 
have them custom-made to your specifications. 
It’s that easy to upgrade! 

Visit us at: alphacore.com 
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S-783-6 

FIGURE 6: Model 2; classic driver 
circuit with no frequency, tem¬ 
perature, or level-dependent 
components. 

1.OKHZ 
ukmd / koi) 

Frequency 
S-783-7 

FIGURE 7: Model 3; classic circuit with two frequency¬ 
dependent components (magnitude of impedance). 

FIGURE 8: Model 3; classic circuit with two frequency¬ 
dependent components (phase). 

Reve = 4.150 Ohms (DC Resistance ofVoice Coil) 

Dumb, Dumber= 99999E99999 Ohms 

V1 = 2.828 Vac 
S-783-9 

Lees = Cms * (BL)A2 

Lees = 31.4005907302 

Rem XForm: 1 /<0036483’pwr(abs(s),(7358))) 

LemXform 1/(s* 0324076*pwr(abs(s),(- 4202))) 

Rem = 3.6483mOhms * (2 * Pi * Frequency)A(.7358) 

Lem = 32 4076mH * (2 * Pi * Frequency)A(-.42O2) 

Res = (Qms/Qes) * Reve 

Res = 19 70054688643 Ohms 

FIGURE 9: Model 3; classic circuit 
with two frequency-dependent 
components. 

Cmes = Mms/(BL)*2 

Cmes = 857.317959868E-6 Krm = 3.6483 mOhm K)<m = 32.4076 mH 

Erm = 7358 Exm= 5798 

TABLE 1 
COMPARISON OF IMPEDANCE VALUES FROM TWO MODELS 

FREQUENCY (HZ) MODEL 2 (Í2) MODEL 3 (Í2) ACTUAL MEASURED VALUES (Q) 

10.126 4.95099 5.16623 5.070 

20.153 8.96412 9.3627 9.330 

30.079 23.6469 23.8811 23.670 

123.706 4.38324 4.76795 4.820 

1012.593 6.53332 8.16838 8.140 

10040 51.9829 25.6943 25.700 

20041 103.543 38.4159 38.430 

40004 206.573 58.3148 58.32 
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Kxm = a constant that scales the reac¬ 
tance curve up or down 

Exm = an exponent constant that con¬ 
trols the slope of the reactance 
curve 

Now measure the electrical imped¬ 
ance at two points along the flat portion 
of the impedance rise, and characterizing 
these values as: 

Z1 =KnnWlE™ + jKxmcolE«" (3) 

and 

+ (4) 

(You must determine individually 
the exact points for measuring these Z 
values. In the case of this driver, 

10kHz and 20kHz would be good 
places to measure. The key here is sim¬ 
ply to find a couple of points suffi¬ 
ciently distanced in frequency in the 
relatively flat, positive-slope portion of 
the impedance curve.) 

Then, by solving equations 3 and 4 si¬ 
multaneously, you derive the expres¬ 
sions for Em  and Exm : 

COMPONENTS: V 
SOLEN HEPTA-LITZ 
AND STANDARD 
INDUCTORS AND 
CAPACITORS - THE 

WL-PADS. CABLE. 
ABSORBING AND 
DAMPING MATERIALS. 
GOLD SPEAKER 
TERMINALS. GOLD 
BANANA PLUGS AND 
BINDING POSTS, GRILL 
FASTENERS. PORT 
TUBES AND TRIM 
RINGS, PAN HEAD 
SCREWS. SPIKES 
AND TEE NUTS WITH 
ALLEN HEAD BOLTS 
AND PLENTY MORE... 

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

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

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

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

CROSSOVER AND SPEAKER PARTS 
Metalized Polyester Capacitors, 1.0 pF to 47 pF, 160 VDC, Non Polar 
Electrolytic Capacitor, 22 pF to 330 pF, 100 VDC, Power Resistors 
10 W, 1.0 Q to 82 U. 8 Q L-Pads plus all the hardware and supplies 
to complete any speaker project. 

SOLEN FAST CAPACITORS 
Fast Capacitors. Metalized Polypropylene 
Values from 0.10 pF to 330 pF 

CALL TO ORDER THE 1 9 98 SOLEN CROSSOVE 
COMPONENT CATALOG FOR $8.00 PACKAGED 
WITH THE COMPREHENSIVE 1 998 SOLEN 
SPEAKER DRIVER COMPONENTS CATALOG 

R 

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

Tel: 450.656.2759 
Fax: 450.443.4949 

Email: solen@solen.ca 
WEB: http://www.solen.ca 
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FIGURE 14: Model 3 motor impedance. 

ZI 
Freq. = 5029.7Hz 
Mag. = 15.138Í2 
Phas. = 60.457° 
Real = 7.464 IQ 
Img. = 13-1698Q 

Z2 
Freq. = 20137Hz 
Mag. = 35.995Q 
Phas. = 54.866° 
Real = 20.7147Q 
Img. = 29.4370 

Em  = .7358, and Exm = .5798 

Calculating and K^, using equa¬ 
tions 7 and 8, 

Km = 3.648E-3, and = 32.4O7E-3 

If you’re trying to pull E^, Kml , 
and Kxn] directly from actual impedance 
plots as opposed to a motor impedance 
plot, equation 5 becomes 

Erm = log((Real(Z2) - Revc)/(Keal(Zl) -
RCTC))/log(œ2/<ül) 

and equation 7 becomes 

Erm=Log(Real(Z2)/Real(Zl ))/Log(w2/<ol ) 
(5) 

Exm=LogGmg(Z2)/Irng(Z 1 ))/Log(co2/co 1 ) 
(6) 

and for Km  and Kxm : 

Krm = Real(Zl)/tol Erm (7) 

(8) 

Finally, from these equations you 
derive the formulas for Rem and Lcm : 

Rem = (ohms) (9) 

Lem “ (henrys) (10) 

FIXED-VALUE COMPONENTS 
An interesting feature of both these 
equations (which represent frequency¬ 
dependent components) is that you can 
easily use them to represent fixed-value 
components as well. In the case of Rem , 
setting the value of Eml to zero accom¬ 
plishes this. For Lem, setting Exm to 1 will 
do likewise. Lcm then becomes LCTC. As 
an example, referring to the curves for 
the motor-impedance model, here are 
the measured and derived values: 

Calculating Em  and Exm first, using 
equations 5 and 6, 

Knn = (Real(Zl) -

In this case, Erm is generated by 
the above version of the Erm formula. 
The formulae for Exm and Kxm remain 
the same. 
Once you’ve derived the values 

of Krm- Emr Kxm- “d Exnr YOU Can in¬ 
struct the frequency-dependent com¬ 
ponents Rcm and Lem. Using the 
GLAPLACE device, insert two of them 
into the circuit and label them Rem and 
Lem. Wire them exactly as they appear 
in the schematics for either Model 3 
or Model 4 (Figs. 15-20) For each 
component, set the XFORM attribute 
as follows: 
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ForRem:

XFORM = l/(Km  X pwrfabsfs),^,))) 
(11) 

Inserting the values of K_ and E for ° mi mi 
this particular driver, XFORM becomes: 

XFORM = 1/(.OO36783 x pwr 
(abs(s),(.7358))) 

(12) 

FwLm :

XFORM = l/(s x Kxm x pwr 
(abs(s),(Exm-l))) 

(13) 

Inserting the values of Kxm and Enn for 
this driver, XFORM becomes: 

XFORM = l/(s x .0324076 x pwr 
(abs(s),(.5798 - 1))) 

(14) 

Don’t forget to click the Save Attr but¬ 
ton once you’ve made these entries. 
That’s all there is to it. 

DUMB RESISTORS 
You’ll note in the schematics for Models 
3 and 4 two resistors labeled “Dumb” 
and “Dumber” and tagged with some 
ridiculously high values. These are re¬ 
quired when you gang up GLAPLACE 
devices. I set them as high as I did to 
guarantee they would not load the cir¬ 
cuit. As a side note, if the data you have 
in hand is in table form, you can still 
model your frequency-dependent com¬ 
ponents using the GFREQ component. 
It is purposely designed to accept data 
in table form. 

Now take a closer look at the Z-peak 
residing in the left half of Model 3’s im¬ 
pedance graph. It is produced by the 
^mes'^es'Lces parallel tank circuit, where: 

Cmcs = Mm/BL^ (15) 

<16> 

Lces^msXBL2 <17> 

In terms of energy dissipation, three 
mechanisms are at work: electrical, me¬ 
chanical, and acoustical. Here, I’ll con¬ 
centrate on the first two. Frictional loss 
in the driver’s suspension is a good ex¬ 
ample of mechanical dissipation. Electri¬ 
cal dissipation occurs as a result of R^, 
and the output resistance of the amplifi¬ 
er. The mechanical Q (Qms) and the 
electrical Q(QCS) are both determined 

TABLE 2 
TEST-DRIVER SPECIFICATIONS 

2^8.00042 

Revc: 4.150042 

Km : 3.6483mi2 

K^: 32.4076mH 

Em : 0.7358 

Exm: 0.5798 

Sd: 0.0460M2

Bl: 8.9337Tm 
V^l 18.2194 Itr 

C^: 393.4369gM/N 

Mre: 68.4234 Gram 

62.7505 Gram 

F¡: 29.477Hz 

Fo: 30.675Hz 

Qms: 3.2551 

Qes: 0.6857 

Qts: .5664 

Pmx:150WRMS 

Hw : 14.5000mM 

H • 6.0000mM 
d9 

Xmx: 4.2500mM 

CTO: 4.2500mM 

«W 1000 

0VC:1.667C/W 

Liberty Audiosuite v3 
Advanced Measurement System for 

Loudspeakers & Audio Electronics 
at a Down-toEarth Price 

Liberty Instruments, inc. 
P.O. Box 1454 West Chester, Ohio 45071 USA 

Tel/Fax 513/755-0252 ❖ Email: bwaslo@one.net 
www.libinst.com 

Call, Fax, or Email for brochure & free demo disk 
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by these dissipative mechanisms. In the 
tank circuit, Cmes is the capacitive equiv¬ 
alent of the driver’s mass, Res is the 
equivalent of the suspension loss, and 
Lces is an inductive equivalent of the 
driver’s suspension compliance. 

At resonance, which in this case oc¬ 
curs at: 

fs = l/(2tn/(Lccs X Cmes)) (Hz) ( 18) 

energy is exchanged back and forth by 
the Cmes and Lccs components and is dis¬ 
sipated by Rcs and, of course, Rcvc. The 
ratio of the energy stored by the reactive 
components to the energy dissipated by 
the resistive components is the actual Q 
of the driver. 

TEMPERATURE-DEPENDENT 
RESISTANCE 
The majority of power dissipated by 

34 Speaker Builder 1/99 

your driver amp is dissipated in the form 
of heat.8 910 The voice coil is, of course, 
at the heart of the process, and as it 
heats up, the DC resistance of the coil in¬ 
creases. This in turn affects the driver’s 
overall impedance. PSpice can easily 
model this effect. The following formula 
is useful in determining the DC resis¬ 
tance of the coil at various temperatures. 

Revc “ RCTC@Room Temp, x (1 + .00393 
X (Temperature of Voice Coil -20)) 

(19) 

Revc at room temperature is deter¬ 
mined simply by measuring the DC re¬ 
sistance of a voice coil at room tem¬ 
perature, assumed in this case to be 
20°C.n (.00393 is the temperature co¬ 
efficient of copper at 20°C.) 

To get the Rcvc component to behave 
as a temperature-dependent resistor is 

fairly straightforward. First place the 
PARAM device at any convenient spot 
on the schematic. (I chose the bottom 
right-hand comer for Model 4.) 
Next, set the NAME1 attribute 

to Temperature and the value to 
20. Then go to the Analysis Setup 
form, disable Temperature, and ena¬ 
ble Parametric. When you click on Para¬ 
metric, you’ll see the screen shown 
in Ftg. 16. 

The four numbers appearing in the 
Value box are the temperatures at 
which I wished to model the circuit. 
Once all the appropriate parameters 
have been set, click OK, close the 
Analysis Setup box, and then analyze 
and simulate as before. 

CONCLUSION 
Now that you’ve seen how to model tem¬ 
perature- and frequency-dependent com-
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inj?«-

the twilight zone of pre¬ 
historic speaker technolo¬ 
gy and join the age of 

enlightenment - electro¬ 
static loudspeakers 

(ESLs). Save thousands of 
dollars with any of our 
kits that surpass the 
audio performance of 

anything on the market -
no matter what the price. 
Stop wasting your pre¬ 
cious time and money 

with woofer's, tweeters, 
midranges, planar mag¬ 

netics & silly boxes. These 
overpriced contraptions 
are robbing you of the 
superior music quality 

you deserve. Quit believ¬ 
ing the nonsense that you 
read in ads, reviews, and 
magazine articles that 

only put you on a never 
ending merry-go-round 
of spending. Join the elite 
group of audiophiles that 
are "in the know" - they 
get true high-end audio 

at the lowest possible cost 
by building one of our 

ESL kits. It's fast and easy 
to create the ESL of your 

dreams using our mod¬ 
em hi-tech construction 

methods. Any size, 
shape, or design is possi¬ 
ble with minimum effort 

and the curved see-
throughs are a snap. We 
are the worlds largest 
supplier of ESL kits, 

parts, components, mods, 
repair parts, exotic cir¬ 
cuits, trade secrets & 
obscure technical info. 
Our high volume pur¬ 

chasing power allows us 
to stock over 100 kits, 

parts and materials at the 
lowest possible prices. 
How's $199. sound for a 
complete ESL kit! Find 

out about SHOCKWAVE 
- the worlds first & only 
true ESL subwoofer. Plus 
we also carry Ionic & 
Plasma kits, plans, & 
info. Leave the Dark 

Ages of overpriced primi¬ 
tive speaker technology 

by ordering our latest cat-
alog/start-up manual. 
Plus you also receive a 
10% discount coupon! 

SEND (U.S.) $ 5.00 
TODAY! 

Make checks payable to: 

DAVID LUCAS 
924 Hulton St. 

Oakmont, PA 15139 
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portents using PSpice, with a little prac¬ 
tice you’ll find the program makes it a 
snap to build and analyze even the most 
complex models. 12’1,1 4,15 ¡n dosing, I 
wish to thank those who provided im¬ 
portant technical insights that would 
later prove invaluable in writing this arti¬ 
cle: Brian Hirasuna at MicroSim Corpora¬ 
tion for his schematics expertise; Chris 
Strahm at LinearX, who greatly helped 
me to understand the latest versions of 
the models used in LEAP; and Dr. 
Jonathan Scott at the University of Syd¬ 
ney, Australia, who, helpful above and 
beyond the call of duty, is truly an educa¬ 
tor in the very best sense of the word. 

New Product From 
Speaker City, U.S.A. 

The Focal 7 KT 
Focal of France, one of the worlds leading 

manufactures of high quality speaker 
components today, has introduced their new 
line of raw frame speaker components. From 
this, Speaker City, U.S.A, has collaborated 

with Kimon Bellas at Focal U.S.A, to produce 
a great sounding monitor system. 

Designed using Clio and SpeakEasy, this kit 
offers state of the art components, dynamc 
output performance, and superior sonic 

characteristics. 

r* S Specifications 

Impedance: 4 ohms nominal 
Freq. Resp.: 45-25KHz 
Sensitivity: 91 dB 1w/1m 

Woofer: 7K4211DB, Slot Ported 
Tweeter: TC120Tdx2 

Crossover: 12dB/oct. @ 2KHz 

$349.95 each 
Assembled 
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Voice 818-846-9921 Fax 818-846-1009 
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100 - 2400 volts 

For Catalog, Contact 
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Your home workshop is incomplete without this handy tool to measure impedance. And, 

best of all, you can build it yourself-quickly and inexpensively. 

The Impedance Interface 
By Bill Fitzmaurice 

A
 few tools are indispens¬ 
able if you wish to de¬ 
sign and test your own 
speaker cabinets. Of 

prime importance is a tone gener¬ 
ator, which at about $200 re¬ 
quires a fair amount of dedication 
to the art before you’ll shell out 
to buy one. 

More affordable at about $50 is 
a sound-level meter, and for 

PHOTO 1: Banana jacks and 
switch on the box cover. 

easier to drill and immune to 
chassis short circuits. You can 
use the banana jacks as binding 
posts with bare wire, or to ac¬ 
cept banana plugs in a more so¬ 
phisticated arrangement. 

Construction is very simple. 
Mount the three pairs of banana 
jacks and the switch on the box 

some $20 and up, a digital volt-ohmme- cover as shown in Photo 1, and wire the 

Electronic Crossovers 
Tube 

Solid State 
Powered 

Passive Preamps 
46 Step Attenuator 
Power Amps 
100% MOSFET 

XM6 Electronic Crossover 
with digital readout of crossover point 

AH available as kit also 
Free Catalog: 

Marchand Electronics Inc. 
PO Box 473 

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

info @ marchandelec.com 
http://www.marchandelec.com 
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ter (VOM) is an item most hobbyists 
have around the shop. 

But for quickly and easily testing speak¬ 
er impedances, I’m unaware of any off-
the-shelf apparatus. For years now I’ve 
cobbled together the necessary resistors 
and wires whenever I need¬ 

components as shown in the schematic 
(Fig. 1) and Photo 2. The jack pairs are la¬ 
beled Amp,” “VOM,” and "Speaker,” and 
the two switch positions “Test” and “Cal” 
(for calibrate). To test the circuit for 
proper labeling of the switch, connect a 

ed to test a cabinet, always 
promising myself that I’d 
fashion a logical means to 
test impedance “the next 
time.” Recently I finally got 
around to taking the 15 
minutes and $10 worth of 
parts necessary to construct 
the logical impedance-test¬ 
ing device I describe here. 

INTERFACE 
CONSTRUCTION 
The parts are available 
from just about any mail¬ 
order electronics house, as 
well as your local Radio 
Shack. You’ll need a proj¬ 
ect box, three pairs of ba¬ 
nana jacks, both a 100Q 
and an 8Q wirewound re¬ 
sistor, an SPDT switch, and 
a few inches of hook-up 
wire. A plastic project box 
is better than metal, being 

FIGURE 1: The interface schematic. 
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VOM to the proper terminals, and set it 
for “Ohms.” In the Test position there 
should be no reading, while in the Cal 
position, the VOM should read 8Í1 

Hooking up the interface is easy. Con¬ 
nect a signal generator to an amplifier, 
with the amp output wired to the Amp 
terminals on the interface. Hook up the 
VOM to the VOM posts, with the meter 
set for AC Volts, and the speaker you re 
testing wired to the Speaker posts. To 
test, start with the generator set at 
100Hz, and both the generator and amp 
volumes turned off. Set the switch at 
Cal, and gradually bring up the volumes 
of the generator and amp until the meter 
reads 0.8V. 

TAKING READINGS 
Now the VOM is calibrated, with the 
0.8V reading equaling an impedance of 
8Í2. Flip the switch to Test, and the read¬ 
ing will then show the speaker's imped¬ 
ance at 100Hz. A reading of 0.8V equals 
80: 0. iV equals 1O. 1.2V equals 120, 
and so forth. Now reset the signal gener¬ 
ator to the next frequency you wish to 
measure, recalibrate the meter, and take 
the impedance measurement. 

It is important to recalibrate at every 
frequency, since variations in the cir¬ 
cuitry of both the signal generator and 
amplifier (especially if the amp has tone 
controls) could give varying output lev¬ 
els at different frequencies. Recalibrat¬ 
ing at every frequency also helps elimi¬ 
nate the possibility of errors, and it’s 
easy—accomplished just by the flip of 
the switch. 

When I first started designing cabi¬ 
nets, I was intimidated by measuring 
impedance, and relied solely on SPI. 
measurements for testing. It was not 
until 1 invented the ducted-throat folded 
horn (the Snail) that I realized how 
much information impedance testing 

can provide the cabinet designer. With 
such a simple device as this for imped¬ 
ance testing, you need no longer rele¬ 
gate this critical process to the laborato¬ 
ry, but keep it where most speaker-de¬ 
sign breakthroughs occur—in the home 
workshop. 

TUBES • PARTS • SUPPLIES • BOOKS 
I (602)820-5411 • FAX (800)706-6789 • info@tubesandmore.com 

G) one electron /MANUFACTURING.. 

Visit our web site at www.tubesandmore.com 

6221 S Maple Ave 
Tempe, AZ 85283 

I didn’t know!! Antique now 
carries Solen “Fast Acting” capacitors 
and Vibrapods. They also still carry the 
One Electron transformers and lots of 

great books!! 

Call, fax or e-mail 
today for our new 
72 page FREE cata¬ 

log of vintage 
tubes, hard to find 
parts, books and 
supplies. We have 
everything you 
need to build an 
amp to go along 

with the speakers 
you just built!! 
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Manufacturer of Loudspeakers for 50 years. 

SUT^VOX. 
FRANCE 

La haute fidélité Intégrale 

SUP^VOX 
Pôle technologique MORINERIE Nord 
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 

Traditional fabrication, 
basket in aluminum and paper cone 

Serie Mélomane 
170 medium high. 200 • 19000 Hz. 101 d3 • 215 RTF 
64 • 60 to 10000Hz ± 2dB. • 98 dB. • 45W RMS power. 
215 double cone 60 to 19000Hz ±2dB • 98dB • 45 RMS 
power. Full range or medium use, perfect for tube amp. 
285 RT- • 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 

SUiPtyWOX is not only a product line 
.. .it’s your partner. 
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This article describes the design, construction, and testing of a low-freguency bandpass 

speaker. The author also reveals some secrets about driver power handling and distortion. 

Hybrid Single-Chamber Sub 
By Robert C. Kral 

I
t may not look pretty, but it works 
and it’s a conversation piece 
(Photo F). The testing and design 
techniques are simple but suffi¬ 

cient, the test instrumentation is afford¬ 
able, and I think you’ll find the design 
elegant. 

SEISMIC BASS 
This subwoofer isn’t what you would 
call a relationship builder. Once it’s fired 
up, it’s intrusive. No person or creature 
is safe behind closed doors or drywall, 

even if they’re deaf. It doesn’t add to 
your listening enjoyment per se. As best 
I can describe it, it adds to the ambiance, 
producing vibration rather than sound, 
rattling china cabinets 20 feet away. 
Loose flooring adds to the effect. I would 
call this an extreme subwoofer for ex¬ 
treme people. 

During the 1970s 1 had been be¬ 
witched by subwoofers and unconven¬ 
tional enclosures. I believe the spell was 
cast during a visit with (jene Czerwinski 
at Cerwin-Vega, the outfit that builds 
“Sensurround” woofers for movie the¬ 
aters. Slot loading (Fig. 1) intrigued me, 
so I started experimenting in my 
first job. 

The "slot’’ in the bottom of the enclo¬ 
sure traps a mass of air which is coupled 
directly to the woofer diaphragm. There 
is very little compliance associated with 
this air; the woofer pushes and pulls it in 

and out of the slot. The trapped air 
adds mass to the diaphragm, 

lowering the resonant fre¬ 
quency. It also acts like an 
inductance, rolling off the 
high end of the wixifer and 
creating a bandpass response 

characteristic. In a way, the 
slot behaves like a bail Helmholz 

resonator. 
Postulating that I could tune the two 

port outputs to reinforce each other if 
both sides of the woofer faced into port¬ 
ed enclosures, I built a prototype cabinet 
using a 5" woofer. I could tune it to pro¬ 
vide output 6dB higher than the piston 
band at the same lower 3dB point, or an 
output about an octave lower at the pis¬ 
ton-band level. Then, having a coffin-
sized enclosure built with adjustable baf¬ 
fles, I designed a system with flat output 

to 20Hz, using a 10" woofer that could 
barely reach 50Hz in a sealed box. 

I was excited about it, but to my dis¬ 
may no one else at the company shared 
my enthusiasm, except for one of the 
other engineers who liked it so much he 
decided to make one for his mobile 
home by taking a saw to his TV cabinet 
(the truth, I swear; we speaker builders 
are an extreme bunch). “Can’t sell sub¬ 
woofers,” I was told flatly. 

One day at the summer CES, I eaves¬ 
dropped as my boss asked a friend from 
Bose what was new. The man described 
a new subwoofer for commercial appli¬ 
cations that mirrored my design to the 
last detail. Bose had independently fol¬ 
lowed the same design path, developed 

FIGURE 1 : Slot-loaded subwoofer. 

ABOUT THE AUTHOR 
Bob Kral has a BSEE from BYU ar.d an MBA from Do¬ 
minican University. He spent ten years as an acousti¬ 
cal engineer at CBS and Jensen before becoming 

product manager for B&K Test Instalments, he is now 

project manager for Reltec Corporäion. 
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20th anniversary 
Savings for you from Audio Amateur Inc. 

Save on back issues of Speaker Builder during this special event! 
Order before March 31, 1999 and you’ll save at least 30% off the regular back issue set prices. 

Call 1-888-924-9465 to order! 
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□ 1997 (8 issues) was $32.00 now $21.95 Sh. Wt: 3 lbs. 

□ 1996 (8 issues) was $32.00 now $21.95 Sh. Wt: 3 lbs. 

□ 1995 (8 issues) was $32.00 now $21.95 Sh. Wt: 3 lbs. 

□ 1994 (8 issues) was $32.00 now $21.95 Sh. Wt: 3 lbs. 

□ 1993 (6 issues) was $25.00 now $17.50 Sh. Wt: 3 lbs. 

□ 1992 (6 issues) was $25.00 now $17.50 Sh. Wt: 3 lbs. 

□ 1991 (6 issues) was $25.00 now $17 50 Sh. Wt: 3 lbs. 

□ 1990 (6 issues) was $25.00 now $17 50 Sh. Wt: 3 lbs. 

□ 1988 (6 issues) was $23.00 now $15 95 Sh. Wt: 3 lbs. 

□ 1986 (4 issues) was $20.00 now $13.95 Sh. Wt: 3 lbs. 

□ 1984 (4 issues) was $18.00 now $11.95 Sh. Wt: 2 lbs. 

□ 1983 (4 issues) was $18.00 now $11.95 Sh. Wt: 2 lbs. 

□ 1982 (4 issues) was $18.00 now $11.95 Sh. Wt: 2 lbs. 
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it into a product, and protected it with a 
patent. After I quit my job, I heard that 
my company had contested Bose’s 
patent, but to no avail. Although my re¬ 
search predated Bose’s, the challenge 
was dismissed because my employer 
was not interested in pursuing the con¬ 
cept into a product at the time it was 
discovered. 

That marked my exodus from engi¬ 
neering and consumer electronics into 
the friendlier and calmer (or so I 
thought) waters of industrial and com¬ 
mercial product marketing. For a while, 
the sight of subwoofers made me sick. It 
wasn't until recently that I got back into 
speakers as a hobby. I started thinking. 
That subwoofer...that was good...that 
was fun...I think I can improve it...! 

speaking, the two cavities should be 
roughly equal. 

After this first subwoofer was com¬ 
pleted and the smell of success was still 
fresh, 1 had wood, ideas, and motivation 
left over for making another subwoofer. 

If I could eliminate one cavity, the en¬ 
closure would be just a simple box, half 
the size and easier and cheaper to make. 
I considered replacing a tuned cavity 
with a slot, but scrapped the idea be¬ 
cause it would complicate the carpentry'. 
I contemplated simplifying the slot by 
mounting the woofer on the bottom of 
the enclosure and facing it into the floor 
about an inch away, but dismissed that 
because it created design confusion. 
How would performance vary if the 
speaker faced into soft carpet? Linoleum? 
Tile? How would I equalize microphones 
for near-ficld measurements? What is the 
effective radiating area for the slot? 

My solution to the dilemma was to 
mount a passive radiator in front of the 
woofer diaphragm, thus fixing the radiat¬ 
ing area and providing some control over 
mass and compliance. If I reduced the 

FIGURE 2: The author's dream. It probably 
will not work, because as the cone 
moves inward, the airtight chambers must 
remain at a constant volume to avoid 
compression. 

volume of the air trapped between the 
woofer and passive diaphragms to the 
point where it could be considered infi¬ 
nitely stiff, it would no longer act as a 
compliance, but instead would directly 
couple the two diaphragms at low fre¬ 
quencies. At higher frequencies, the pas¬ 
sive diaphragm would decouple from the 
woofer and add acoustic isolation, which 
I could enhance by the choice of di¬ 
aphragm material. The added mass 
would also roll off the woofer's high end. 

The passive also acts as a transformer 
of sorts. While the inside of the box sees 
an 8.5"-diameter piston, the outside air 
sees a piston with a diameter 5 inches 
greater. Small woofers tend to produce 
the lowest possible bass in small enclo¬ 
sures. All things being equal, larger 
woofers require larger enclosures 
for the same lower cutoff point. Unfortu¬ 
nately, the small woofer’s advantage is 

THEORY 
Building a bandpass subwoofer enclo¬ 
sure is quite intricate. Since manufactur¬ 
ers are well aware of this, there isn’t an 
excess of bandpass boxes in the stores. 
At the onset of my subwoofer project, I 
made a bandpass box with two ported 
cavities that produces deep, powerful 
bass; but look at Photo 2. The enclosure 
is enormous, and it weighs a ton. 

The two isobaric woofers (mounted 
face-to-face) must be secured to a baffle 
inside the enclosure, and the back must 
be removable to allow access. It’s not 
very simple, liiere is no advantage to re¬ 
ducing the volume of one cavity, be¬ 
cause the smaller cavity provides the 
controlling compliance. Practically 

FIGURE 3: Woofer cross section showing flat spider, core extension, and overhung 
voice coil. 
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counterbalanced by lower power-han¬ 
dling capacity; that is, to reproduce bass 
at the same loudness as a larger woofer, 
the smaller one must move farther. Be¬ 
cause of the limitations of materials, this 
puts a crimp in bass performance. 

My subwoofer design takes advantage 
of the smaller woofer’s superiority in a 
small box, and cheats on excursion de¬ 
mands by having the woofer modulate a 
much larger diaphragm. To be sure, 
some efficiency is lost due to imperfect 
(air) coupling of the diaphragms. Howev¬ 
er, it may be possible to attach a cone of 
larger diameter to a smaller woofer, and 
mount it using a radical basket or trim¬ 
ring design (Fig. 2). This gives me a 
bandpass subwoofer in half the volume 
with only a simple box enclosure. Does 
it work? You bet! 

DRIVER CONSIDERATIONS 
I settled on a Pyle 10" dual-voice-coil 
woofer from MCM after returning a 
couple of other woofers because of hard 
bottoming, which is totally unaccept¬ 
able. That’s not MCM’s fault, but they 
took them back without a hitch. Nothing 
distracts from your musical enjoyment 
like loud clack-clack-clacks as the spi-
der/cone junction smacks the top plate 
or the voice coil slams into the back 
plate. The suspension should always 
limit the movement; that is, the spider 
and surround should limit travel. 

The only way to check that is to 
connect an oscillator or sine-wave genera¬ 
tor to an amplifier, sweep the woofer in 
free air to find resonance, and then turn 

up the volume until something hits. If you 
hear a noise that sounds like metal on 
metal, get rid of the driver. For the excur¬ 
sions under consideration, I guarantee the 
woofer will be stressed to its limits. 

Although paying careful attention 
to the design of the woofer could 
satisfy this application, you unfortunate¬ 
ly have to deal with what you can get 
from the store, and most manufacturers 
haven't designed for this type of insani¬ 
ty. They are more focused on reproduc¬ 
ing loud 60Hz woofs from car trunks 
rather than 20-40HZ subsonic blasts in 
the home. 

You owe it to yourself to be particu¬ 
lar. The type of construction details I’m 
talking about can make or break a 
subwoofer project, but they don't ap¬ 
pear on any specification sheet. Keep in 
mind that the driver must make longer 
excursions as you lower the frequency, 
increase the maximum power output, 
and reduce the woofer’s diameter. 

For example, suppose you use two 
identical motor assemblies (voice 
coils, magnets, steel parts, and spiders), 
but attach a 10" cone to one, and a 15" 
cone to the other. The 15" woofer 
in a sealed box might be able to repro¬ 
duce 30Hz at the same power-output 
level at which the 10" reproduces 50Hz. 
The only difference between the two is 
cone diameter. 

MOTOR-ASSEMBLY DESIGN 
In Fig. 3, I’ve identified the various parts 
of a motor assembly, including the voice 
coil, top plate, core, ferrite magnet, and 

back plate. The voice coil is cemented to 
the apex of the cone, and its leads arc-
soldered to flexible cloth/metal tinsel 
leads, connected in turn to terminals on 
the basket. 

Tlte spider and foam annulus work to-
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Our Samples Are Better Than 

FREE! 
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ly became our favorite fastener.” Speaker-
Enclosure Screws. Robert J. Spear and 
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gether mechanically to limit cone move¬ 
ment, although most of the burden falls 
on the spider. 'Ilie force required to dis¬ 
place the spider increases the farther the 
cone moves, as is proper. However, the 
force required to move the cone out¬ 
ward during long excursions is not nec¬ 
essarily equal to that needed to move the 
cone inward. Such a discrepancy causes 
distortion. The best spiders in this regard 
are flat ones that mount to a step in the 
basket (Fzg. J). The worst offenders are 
those with deep cups (Fig. 4). 

The spider may allow greater travel 
than the speaker can negotiate with low 
distortion. In Fig. 3, you'll notice that 
the voice coil overhangs the top plate 
equally above and below it. If the top 
plate is V4" thick, then the coil extends 
Ví' above it and 'A" below. The gap be¬ 
tween the core and the top plate is an 
area of concentrated magnetic flux. By 
designing the voice coil for a 'A" over-

FIGURE 4: Woofer cross section showing 
cupped spider, standard core, and short 
voice coil. 

hang, the voice coil can move forward 
or backward 'A" with the same number 
of turns of wire immersed in the field 
gap. The end result is long travel with 
low distortion. 

Some manufacturers, intending their 
speakers to be loud and efficient, are less 
concerned about bass response or distor¬ 
tion. They then make a voice coil equal 
to the thickness of the top plate—in my 
example, about 'A", with little or no over¬ 
hang (Fig. 4). In that way, all of the turns 
are immersed in the field in the gap, but 
small movements result in the coil leav¬ 
ing the gap, producing distortion. 

Assume you decide to design for 'A" 
travel, using a voice coil with a %" over¬ 
hang. The lines of flux (magnetic field) 
are not wholly contained in the gap. 
Rather, flux fringes the gap, as shown in 

FIGURE 6: Improved cabinet design. 

different one when it moves inward, 
thus producing distortion. 

The motor design in Fig. 5b is superi¬ 
or. Because of the longer core, gap fring¬ 
ing is symmetric, minimizing distortion. 
The longer core also has an added bene¬ 
fit—it conducts heat out of the upper 
windings. Without the longer core, the 
top windings would retain the most 
heat, char first, and fail first. Undercut¬ 
ting the core is another possible solution 
for symmetric gap fringing (Fig. 5c). 

VOICE-COIL SIGNIFICANCE 
The voice coil itself can be critical to the 
design. I have seen wonderfully perfect 
voice coils come from the loving hands 
of an engineer in a sample lab, only to 
undergo a disturbing metamorphosis in 
production. Variations occur because of 
the manner in which the coil is wound, 

Fig. 5a, and you see that the fring- or the method by which it is cured. 

Ie 

FRONT 360 37.5 37 5 SIDES 
(2) 

. 95 k-* 

FIGURE 7: Cut wood dimensions, 
based on W  thickness. 

ing is not symmetrical. Hence, the 
speaker encounters one magnetic 
field when it moves outward, and a 

FIGURE 5: Effect of motor geometry on gap fringing: 
a) Typical gap fringing; b) Symmetric gap fringing uti¬ 
lizing an extended core; c) Symmetric gap fringing 
utilizing an undercut core. 

If wire is put under tension, it stretch¬ 
es, and its diameter shrinks. I have seen 
wire put under such excessive tension 

44 Speaker Builder 1/99 



during winding that it shrinks one full 
gauge. To get an optimal BL produet, the 
coil must be wound tightly, with no day¬ 
light between turns. Since curing utilizes 
heat to bond the wire, coils are often 
baked slowly in an oven. This takes time, 
but the windings remain sound. 

To save time, voice coils are some¬ 
times cured using different processes at 
higher temperatures. As a result of heat¬ 
ing, the windings expand, and then con¬ 
tract as they cool. Although the coils do 
become cured, the wire may not settle 
back into its original position, and the 
coil becomes uneven, with gaps develop¬ 
ing between turns. 

If you pay attention to these details, 
you can optimize the enclosure/ 
driver system, maximize low-frequency 
power handling, and minimize distor¬ 
tion. Because many of these design de¬ 
tails are unknown to us, the speaker 
builders, and are out of our control, we 
cannot hope for perfection. However, 
we can still build an acceptably good 
subwoofer that neighbors and police will 
marvel at, even as complaints are filed 
and warrants served. 

ENCLOSURE DESIGN 
Making the box is simple. It's just a 
wooden box with two holes, one for the 
speaker and one for the port. I used 6" di¬ 
ameter plastic pipe for the port. I had 
hoped to use smaller-diameter plumbing, 
but the volume velocity is so great at low 
frequencies that smaller tubing generates 
horrible wind noise. I didn't plan for the 
length of pipe needed, so as a result the 
pipe hangs out of the enclosure. If I were 
to do it again, I would adjust enclosure 
size to accommodate the pipe inside the 
box, porting it through the top (Fig. 6). 

The accompanying photographs show 
the step-by-step assembly of the box. I 
had Builder's Square cut the plywood to 
size (Fig. 7). Then I set the baffles in po¬ 
sition, gluing them in place with carpen¬ 
ter’s glue and clamping the boards to¬ 
gether (Photo 3). If the pieces are cut 
squarely, they’ll butt up against each 
other nicely for gluing. 

Then I added rectangular wood mold¬ 
ings along the seams, fixing each in 
place with construction adhesive and 
screws (Photo 4). Construction adhesive 
is indispensable for sealing cabinet edges 
and making the cabinet rigid. It dries 
rock-hard, and when you screw through 
it, the threads pull adhesive down 
through the wood, locking the screws 
into position. 

Notice that the moldings go up the 
edges within of the back (Photo 5). I 

CROSSTECH AUDIO INC. 

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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30 Francine Lane Staten Island N.Y. 10314 
Phone (718) 370-8399 Fax (718) 370-8297 
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PHOTO 6: More moldings glued and screwed in place to accept 
the back. 

you use a dual¬ 
voice-coil woofer as 
I did. 

THE PASSIVE 
DIAPHRAGM 
Next, I needed to 
make the passive di¬ 
aphragm. I did this 
on my own, but I 
would suggest you 
buy ready-made 

cause it provides support at the apex of 
the cone. In addition, you can minimize 
rocking by choosing the largest-diameter 
diaphragm you can get your hands on. 
'Hie larger the diameter, the less it must 
move for a given SPL. In this type of ap¬ 
plication, an 18" or 24" passive is not ex¬ 
cessive, but good luck trying to find one. 

A passive diaphragm rocks for two rea¬ 
sons. In an enclosure, cone movement at 
low frequencies creates lots of air turbu¬ 
lence, and the effect is accentuated when 

added a molding on top of this to form a 
shelf on which to drop the rear baffle 
(Photo 6), which I then glued in place 

passives, or buy a 15" woofer and knock 
off the magnet (pry the cone/basket as¬ 
sembly from the top plate). The crucial 

the wind pushes on the angled surface of 
the cone. To minimize the problem, it 
would make sense to reduce turbulence 

with construction adhesive and secured 
with screws (Photo 7). The rear baffle 
should receive a heavy dose of glue 

thing for the passive is linear motion 
with no rocking. Keep in mind that 
you’ll be synthesizing vibration more 

by paying careful attention to the shape 
of the space between the passive and the 
woofer, and to reduce the passive’s reac-

(Photo 8). It will simply press in snugly than sound, so the ability of the driver tion to turbulence by making the passive 
(Photo 9). cone to travel long distances without diaphragm perfectly flat. 

All that remained was to drill holes 
for the terminals, solder in wires, and 
line the enclosure with foam to damp 

making foul noises is paramount. 
If you use a regular driver, the spider 

keeps the cone movement linear be-

I first cut a piece of wood to fit 
around the face of the woofer on the en¬ 
closure’s front baffle (Photo 12) Then I 

cabinet vibrations. (You fill sealed 
cabinets to lower box resonance, 
but damp vibrations in ported cab¬ 
inets by lining the enclosure 
(Photo 10). 

The passive radiator at the top 
of the finished enclosure in Photo 
11 is a sad testament to my original 
ambition. I wanted to use a passive 
instead of a port. I reversed my de¬ 
cision later when the passive cone 
didn’t pass a high-voltage/low-fre-
quency sweep and my budget did 
not allow the purchase of a good 
15" passive or 15" woofer. 

I used screw terminals for elec¬ 
trical connections. You can use 
any type of terminal you wish, but 
remember that you’ll need four if 

PHOTO 5: Moldings extend to within 
about %" of the back. 

cut an additional square of wood the 
same size and glued on 1" x 2" moldings 
to form a frame (Photos 13a and 13b). 
Once it was dry, I cut a hole large 
enough to accept the 15" passive di¬ 
aphragm. inverted the subassembly, and 

PHOTO 7: Screws hold down moldings. 
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PHOTO 8: Rear baffle receives heavy 
dose of glue. 

glued it to the board that was positioned 
around the woofer {Photo 14). I then 
used plastic foam filler to fill the frame 
{Photo 15) and sculpted the foam to cre¬ 
ate smooth, contoured walls {Photo 16). 
Finally, I filled, sealed, and painted the 
cavity {Photo 17). 

I obtained a 15" cone from RDM’s Phil 
Williams, a venerable and long-time be¬ 
hind-the-scenes specialist in the loud¬ 
speaker industry. I carefully cut a 15" cir¬ 
cle from foam poster board and beveled 

PHOTO 9: Rear baffle drops in. 

PHOTO 10: Cabinet lined with foam, and 
woofer ready to be mounted. 

the edges so it would fit perfectly just in¬ 
side the surround {Photo 18). Then I 
glued it in place {Photo 19) and cut 
away the cone {Photo 20). 

When it was dry’, I glued this flat di¬ 
aphragm in place on the frame {Photo 
21), screwed the frame to the enclosure 
using carriage bolts, and caulked it to 
make it airtight. Of course, if you use a 
15" factory-made passive or a 15" woofer 
with the motor structure lopped off, you 
would invert the face of the passive over 
the face of the woofer and screw and 
seal it securely in place. 

TESTING AND TUNING 
This is the heart of the project. You will 
need a two-channel, two-trace oscillo¬ 
scope, a function generator, two good 
microphones, an audio amplifier, and a 
computer with a graphing spreadsheet 
program. You’ll be doing near-field 
measurements, preferably outdoors, 
so you’ll also need pleasant weather 
and patience. 

You can buy a good function genera-

PHOTO 11: Finished enclosure showing a 
passive instead of a port. 

PHOTO 12: Plywood cut to fit around the 
woofer. 

^Coustasheet® 
Damping Material 

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

FREE SHIPPING in USA 
Build $538.00* bass 

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

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

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

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

Fax: 1-785-827-9337 
E-mail: morrison@midusa.net 
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FIGURE 8: Comparison of author's mikes 
with the response of a B&K model 4145 lab 
mike. 

tor cheaply. I used a B+K 301 IB, which 
has now been replaced by a Model 
4011. The great thing about the B+K 
generator is its fine frequency adjust¬ 
ment. For a speaker designer, a function 
generator, along with the built-in 
counter, is indispensable. 

I used some moderately priced record¬ 
ing microphones, which I had on hand. 
Not trusting the response curves in the 
instruction sheet, I compared their mea¬ 
surement of a Jensen System C’s frequen¬ 
cy response to that of a Bruel and Kjaer 
Model 4145 lab mike (Fig. 8), producing 
a reference curve of sorts. If you look at 
the response below 100Hz, you’ll notice 
that my mikes are both usable but atten¬ 
uated in comparison to the flat lab mike. 

The response plots 1 will show have not 
been corrected for the mikes’ response. 

Connect your equipment as shown in 
Fig. 9- I performed the testing outdoors 
as a matter of convenience. My micro¬ 
phone stands are wooden 1" x 2" stakes 
taped to the microphones, which allows 
easy adjustment of mike positions. Just 
drive them into the ground wherever 
you wish. 

You should not test at a very loud 
level. To start, place both mikes close to¬ 
gether and aligned evenly with the outer 
edge of the port (Photo 22). Make sure 
both scope and amplifier channels are 
set up to be equal. Be certain to manual¬ 
ly sweep the frequency range of interest, 
and equalize the microphones across this 
bandwidth by fine-tuning the scope’s 
level adjustment. 

Now you must compensate for the 
sizes of the port and passive. It turned 
out that my passive’s diameter was twice 
that of the port, so 22 is 4, and I needed 
to adjust the passive mike to have a level 
four times greater than that of the port 

2334455667788991 
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x 19.5" port 

O 15" drone 

FIGURE 10: Mike mea¬ 
surements plotted on 
a spreadsheet 

PHOTO 13a: 1 x 2s glued in place. 

PHOTO 13b: 1 x 2s and comer blocks glued iin 
place to form a frame. 
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PHOTO 14: 
Plywood 
top is glued 
onto frame. 

PHOTO 16: The foam is cut smoothed, and contoured. 

mike. Of course, I did this using the 
scope’s level-adjustment knobs. 

Now you can move the passive mike 
into position in front of the passive. Re¬ 
member that the amplifier need not be 
turned up high. You should place the 
mike as close as possible to the passive 
surface without touching it, even during 
the diaphragm’s maximum excursion. A 
sweep from, say, 20-100Hz will con¬ 
firm this. 

of paper. Adjust the generator up to 25Hz 
and repeat the procedure. Keep doing 
this every 5Hz. 

Now plug the numbers into a spread¬ 
sheet program and produce a graph. If 
you choose a vertical log scale, the result 
will be in the familiar dB format, al¬ 
though it will not be calibrated in any 
way. To find your 3dB points, just identi¬ 
fy where the number of divisions drops 
to 0.71 (71%) of the midband level. 

you do, do not change more than one 
variable at a time. To adjust port length, I 
added incremental sections of port using 
the handyman’s secret weapon, duct 
tape. To adjust the mass of the passive, I 
glued on metal washers of varying diame¬ 
ters and thicknesses using the handy¬ 
man’s other secret weapon, hot-melt 
glue. You’ll need to plot out graphs to 
make useful analyses. You’ll notice the 
effects of port length and mass, and 

LABORIOUS PROCEDURE 
When you measure the waveforms on 
the scope, you are just counting screen 
divisions. You don’t care about voltage 
readings. The procedure is laborious, but 
it works. Start at 20Hz. Look at channel 1 
(port output) only, and write down the 
number of vertical divisions the sine 
wave occupies peak to peak. You can ad¬ 
just the vertical and horizontal trace posi¬ 
tions to line up the trace to the graticules 
and make measurement easy. Then do 
the same with channel 2 (passive out¬ 
put). Finally hit “sum" or “add” on the 
scope and see how the waveforms add. 
Record each of these readings on a sheet 

In other words, if you measure six di¬ 
visions peak-to-peak on the oscilloscope 
at 45-5OHZ, then your 3dB points will 
occur where the voltage 
drops to 4.25 screen divi¬ 
sions. The 3dB points on my 
system are at roughly 27 and 
95Hz (Fig. 10), based directly 
on my measurements. I infer 
from my microphone’s atten¬ 
uation that the lower half of 
the response is actually more 
elevated, and the 3dB point 
is somewhat lower. 

You will need to vary the 
mass of the passive and the 
length of the port. Whatever 

you’ll begin to formulate new strategies 
to optimize bandwidth. For me, the pro¬ 
cedure took several days. 
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PHOTO 21: 
Flat passive 
diaphragm 
is glued to 

frame. 

INTEGRATION INTO THE SYSTEM 
Because of the bandpass nature of the 
subwoofer, all you actually need is a cou¬ 
ple of inductors on the speaker’s input 
to filter out midrange radiation that in¬ 
variably escapes through the passive and 
the port. However, that arrangement 
provides no flexibility to tweak the sub¬ 
woofer’s output other than experiment¬ 
ing with speaker placement. 

I opted instead to use a Furman X324 
24dB/octave electronic crossover with a 
crossover point adjusted to around 35Hz 
and a Linkwitz-Riley characteristic feed¬ 
ing a separate 120W-per-channel amplifi¬ 
er. In addition to providing the ultimate 
in flexibility, this also eases the load on 
the primary channel’s amplifier by re¬ 
moving the very lowest frequencies. 

Then there is the issue of actually hav¬ 
ing program content at low frequencies. 
While some newer CDs have content 
below 40Hz, the signals at these frequen¬ 
cies are usually attenuated. To compen¬ 
sate for this, I added a dbx 1BX-DS dy¬ 
namic-range expander and 120X-DS sub¬ 
harmonic synthesizer. Although these 

items are currently out of production, 
you can still get them from Raymond’s 
Electronics Services, 5462 Buchana Place, 
Fremont, CA, 94538 (510-490-1622). 

LISTENING TESTS 
My most awesome bass experience had 
been listening to a Jensen Serenata repro¬ 
duce the kickdrum on “Limehouse 
Blues,” from Sheffield’s Lincoln Mayor¬ 
ga, Volume II. Sitting on the listening 
room couch, it seemed as though invisi¬ 
ble fingers were running through my 
hair. Way cool! 

Not knowing what to expect, 1 fired 
up my subwoofer, having invited a 
friend over as an objective witness. We 
agreed that if the Serenata’s bass was like 
fingers running through your hair, the ef¬ 
fect of this subwoofer is more like a 
punch in the face. Victory! 

The effect is breathtaking on the Rock¬ 
eteer score by James (Braveheart) 
Homer, which I first heard played at the 
synchronized “dancing” fountains at the 
Epcot Center. The power of the second 
track, The Circus,” was done an injus¬ 

tice in the movie. Another recording that 
shows off the system is Tricycle, by Flint 
and the BBs. 

Aesthetically, some people may find 
my speaker objectionable. Nevertheless, 
it’s there in our parlor, now and forever, 
and it doesn’t clash with the furnishings, 
although our house is decorated in Early 
American Good Will, so that may have 
something to do with it. !►> 

Speaker Builder 
Encourages reader feedback 
in the form of letters, queries, 

and comments. Send 
correspondence to: 
Speaker guilder 

Editorial Dept., PO Box 876 
Peterborough. NH 03458 
FAX (603)924-9467 
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number of the article or letter in question; and if you 
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PHOTO 20: Cone is cut away from flat diaphragm. PHOTO 22: Mike is in position to be equalized. 
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HOW TO START A FIRE 
Robust design for low distortion and 
long excursions goes a long way to bol¬ 
ster power handling and safety. You 
may have heard of fires started by 
speakers. I heard of one instance where 
a manufacturer was being sued by a 
consumer whose apartment was set 
ablaze. Under questioning, the audio¬ 
phile intimated that his speakers were 
“not playing very loudly—the volume 
control was only three-quarters of the 
way up.” Asked where his speakers 
were located at the time they torched 
the drapes, he answered, “In the win¬ 
dow.” Questioned where he was at the 
time, he clarified, “Down the block at 
the laundromat.” 

Consider that the amplifier was 
being driven into hard clipping. Har¬ 
monics are therefore dissipated in the 
driver's voice coil as heat. The heat 
chars the enamel wire insulation, creat¬ 
ing conductive paths through the insu¬ 
lation and lowering resistance. In¬ 
creased current flow heats the coil fur¬ 
ther, and as the wire expands, the insu¬ 
lation cracks, exposing bare wire and 
shorting turns. Resistance drops fur¬ 
ther, drawing more current from the 
amplifier. 

Because the voice-coil wire is copper 
and the former or bobbin is aluminum 
or Nomex®, the materials expand at dif¬ 
ferent rates as they heat. Soon they sep¬ 
arate, which may cause the coil to jam 
inside the gap. Because no movement is 
possible, all the power from the amplifi¬ 
er is dissipated in the voice coil as heat, 
lowering the resistance further and 
drawing more current. 

Different amplifiers react in different 
ways. Sometimes overload protection 
will shut down the output. Sometimes 
the fragrance of burning silicon will 
waft to your nostrils as the output tran¬ 
sistors barbecue. And sometimes the 
output transistors are so wonderfully ro¬ 
bust that they welcome the OQ load and 
proceed to dump large amounts of cur¬ 
rent into it. 

When that happens, the voice coil 
becomes a toaster. If the coil uses 
heavy-gauge wire, its fusing current is 
high, and as a result it conducts the cur¬ 
rent without opening. The tinsel leads 
glow bright red from the current flow, 
and they begin to droop. When they 
touch the spider, it bums, which ignites 
the cone, vaporizing the trim ring. 

You can avert this sort of disaster by 
using an extended core to conduct heat 
from the top windings, by using smaller-
gauge wire with a lower fusing current, 
by fusing the speaker, or by avoiding 
trips to the laundromat while your sys¬ 
tem is running.—Robert C. Kral 

BIG IMPROVEMENTS 
NOW COME IN SMALL PACKAGES. 
INTRODUCING FERROFLUID 

RETROFIT KITS. 
Now OEMs who have already enhanced 

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

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

Each kit contains the right amount and 
type of ferrofluid for your speaker, a wicking 
cloth to extract remaining fluid, instructions, 
and a material safety data sheet. So add per¬ 
formance and profit to your speaker retrofits 
by calling FerroSound today at 603/883-
9800 —or fax 603/883-2308 
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Ferrofluidics Corporation, 40 Simon Street, Nashua, NH 03061 

© 1997 FerroSound and related graphics ore registered trademarks of Ferrofluidics Corporation. 
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SB Mailbox 
SUPER CROSSOVER 
UPDATE 

In response to John Cockroft’s comments 
to Gordon Burkhart-Schultz (“SB Mail¬ 
box,” SB 1/98), the unusual high-pass filter 
shown in Fig. I intrigued me so much that 
I made some tests and performed some cal¬ 
culations whose results I will detail later in 
this letter. But first, I object to your appar¬ 
ent belief that series-connected filter ele¬ 
ments (that convey the modified input sig¬ 
nal directly to the driver) are more impor¬ 
tant than shunt-connected filter elements 
(that convey the modified input signal di¬ 
rectly to ground “in silent bliss”), and that, 
therefore, the shunt elements need not be 
of comparable quality. 

A filter is, after all, a system in which 
each element must perform as expected if 
the filter’s expected behavior is to be real-

Jasper Circle Jig 

A universal circle jig that mounts to 19 
different models of routers including: Porter 
Cable, Bosch, Ryobi, Skil, DeWalt, Freud, 

Sears, Makita, and Hitachi. 
-o-

Our jig is designed specifically to make 
precision speaker cutouts and mortises for 

flush mounting your speakers without 
making trial cuts. 

Visit our web site at www.flash.net/-jaspera/ 

-o-
S49.95 + S6.00 Shipping and Handling 

MC/Visa/AE 
Call toll free in U.S. (888) 226-6415 Pin 5104 

Outside U.S. call (713) 781-3405 
Fax (713) 781-4021 

email jaspera@flash.net 
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Reader Service M2 

FIGURE 1: Tentative high-pass circuit for 
alternative series-connected dual speak¬ 
er Super Simpline. 

ized. In fact, you recognized this in your 
discussion of selecting the inductor element 
of your filter. (Yes, the series resistor is also 
a filter element in your filter—it’s not there 
merely to attenuate the tweeter’s output.) 

I assembled your filter with an 8Q, 1" 
dome tweeter, and measured input voltage 
and voltage across the tweeter over a range 
of frequencies. The filter produces a pass¬ 
band attenuation of about 3dB; the re¬ 
sponse is down by another 3dB at about 
2500Hz, which would then be the 
crossover frequency. At lower frequencies, 
the filter gradually assumes a 6dB/octave 
slope. I could not measure phase behavior, 
so I did a circuit analysis at 2500Hz. Re¬ 
sponse was down 6dB (that is, -3dB from 
the reference level), and the phase angle 
was just about 45°. 

In all of these respects, then, this filter 
behaves very much like a conventional 
first-order filter. I found, however, that 
there are two performance areas where it 
makes radical departures from conventional 
behavior. The first is its impedance func¬ 
tion, where it exhibits a falling characteris¬ 
tic from its high-frequency end: 10Í2 at 
20kHz. 5Í2 at 3(XX)Hz, and 3.3Q at 500Hz. 
When the woofer section is added to the 
system, the impedance will be driven to 
even lower values, which may “try” the av¬ 
erage amplifier. 

The other difference is a more welcome 
one: the tweeter I used has resonance fre¬ 
quency of 1350Hz, at which its impedance 
has risen to 15Í2. Your filter wasn’t much 
bothered by this, however, and rode 
through this difficult region without prob¬ 
lems. On the other hand, when I used a con¬ 
ventional filter, the output hovered around 
-2 to —IdB, all the way down to KXXIHz, 
where it finally made a normal descent. To 
make this filter perform as required, I need¬ 
ed to put a series R/L/C across the tweeter 

terminals. Your filter, therefore, offers 
parts-expense savings. 

One last comment about your filter: the 
series resistor not only produces tweeter 
output attenuation, but is also essential to 
the proper operation of the filter. Imagine, 
for example, that you require no attenua¬ 
tion: the resistor must therefore be eliminat¬ 
ed, but then the full value of the input volt¬ 
age will appear across the tweeter over the 
entire range of frequencies, and no filtering 
will take place. 

Finally, as to those suggestions for using 
ultraexpensive filter components, I admire 
your common-sense advice to keep the rela¬ 
tive cost of speaker-system parts in a rea¬ 
sonable balance. 

David J. Meraner 
Scotia, NY 

Contributor John Cockroft responds: 

Thanks for taking the time and the effort to 
share your experiences with the new 
crossover for my Super Simpline. Your objec¬ 
tions are obviously well taken. Perhaps if I 
had held my mistaken beliefs “in silent bliss,” 
things would have been better. On the other 
hand, thanks to you, I have a more realistic 
grasp on the situation. 

This reminds me of the days around the 
end of 1985, when I was attempting to explain 
to the world my inept thoughts on the work¬ 
ings of the Isobarik (compound) speaker. I re¬ 
call that one man attempted to sell me a 
bridge, and there was a lot of talk about a “no 
free lunch" alignment. I found out then that 
crow has almost as much protein as pheasant. 
After a few months of joviality' and what Pub¬ 
lisher Ed Dell told me was the largest influx of 
letters to reach SB up to that time, we all 
knew pretty much what was going on with 
compound speakers. This “sorting out the 
wheat from the chaff” has been one of the 
finer points of SB in the past, and I'm quite 
pleased that this function still remains with us. 

Consistent with my other foibles, I did 
not realize the ultimate importance of the ser¬ 
ies resistance in this circuit. I'm mighty glad 
that most tweeters are more efficient than 
most woofers. 

Regarding your remarks about finding two 
radical departures from conventional behavior, 
I had already learned about the unfortunate 
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impedance characteristics from another reader. 
The second departure, as you stated, is indeed 
more welcome. The ability of the circuit to 
“hold its own” in the lower treble area helps 
to explain some of the smoothness and natu¬ 
ralness that Gordon Burkhart-Schultz and 1 
have experienced. 

It seems that you’re correct when you state 
that the low-pass section also requires a series 
resistor to perform its function as a filter. I dis¬ 
connected the capacitor on one of my Super 
Simplines. On the basis of a short listening ses¬ 
sion with some very familiar CDs, my old ears 
hear the same things with either version. You 
have convinced me. The parallel capacitor in 
the low-pass circuit is officially exorcised. 

Most of these circuits I have devised have 
been high-pass filters only, as the woofers I 
have used (the 6!4" and 8" woven carbon-fiber 
cone woofers from MCM) have well-behaved 
high-end rolloffs requiring no external assis¬ 
tance. The Super Simpline uses a “full range” 
speaker (admittedly modified, with polyvinyl 
acetate damping and with the added mass of 
lead weights). I arbitrarily added the capacitor 
in an attempt to reduce what I considered 
might be an extended area of speaker overlap. 
Apparently the act was in the nature of an ele¬ 
gant failure. As you showed, it was an act that 
was not required. 1 sometimes wonder, in idle 
moments, whether somehow I'm not a distant 

relative of Don Quixote. Tilting at windmills is 
definitely a part of my life. 

The warning about the very low impedance 
values generated by this circuit should be heed¬ 
ed by those with amplifiers not designed to 
work into low impedance values and difficult 
loads. The woofer should have a well-behaved 
rolloff at its upper end, in a range that will com¬ 
fortably complement the low-end rolloff of the 
tweeter. The tweeter should have a sensitivity 
at least several dB higher than that of the 
woofer. The quality of the filter components 
should be of as high a grade as reasonable 
(commensurate with the intended purpose and 
cost of the designed system). 

An alternative might be a design using dual 
speakers in a series connection to raise all im¬ 
pedances by a factor of two. This would also 
raise the input power rating by the same factor. 
My Bottle Baby system (GA 1/98) would suit 
the situation exactly. Merely cut the woofer 
holes to fit the Simpline woofers, wire them in 
series, and perhaps start out with the crossover 
of fíg. I. This should probably get you in the 
ball park, and if I were really lucky, it might be 
closer than that. The original Bottle Baby used 
the carcass and stuffing of a dual version of the 
Super Simpline, so I know it will work. 

Your letters of a year ago regarding the 
Simpline, Super Simpline. and SS Phoenix 
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Testing Loudspeakers 
by Joe D Appolito 

The most comprehensive book 
yet on the subject of loud¬ 
speaker testing. Author 
Joseph D Appolito. loud¬ 
speaker designer and consult¬ 
ant and frequent contributor 
to Speaker Builder magazine 
brings his considerable 

TESTING 
experience and knowledge to 
the professional loudspeaker 
designer. More than a simple 
“how-to” approach, the book 
demonstrates the principles 
involved in loudspeaker 
testing by specific examples. 
Shipping wt: 2 lbs. BKAA45 $34.95 
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were my introduction to speaker building. 
The results, thanks to the clearly written ar¬ 
ticles about your singular speaker design, 
have been overwhelming and have changed 
my perspective on audio sound. These 
speakers represent the best audio value I 
have seen or heard. I have now modified the 
Phoenix as you described in SB 1/98 and 
am pleased with the results. I plan to add the 
B-line and the Bottle Baby this summer. 

You mentioned a 6V2" woofer and Vifa 
tweeter in a larger system. Do you plan to 
publish details for this? I would be interest¬ 
ed. since my listening room is fairly large. 

John R. Pope 
Ft. Smith. AR 

John Cockroft responds: 

I’m glad you've been pleased with the Sim 
pline clan. I’m also happy that you have been 
able to use the latest published Super Simpline 
crossover without difficulty-that is, without 
high-frequency oscillation or thermal shut¬ 
down of the amplifier, due to the low imped¬ 
ances incurred when using this crossover. (See 
preceding letter regarding these potential 
problems.-Eds.) 

As Mr. Meraner correctly points out, the ca¬ 
pacitor shunted across the woofer terminals 

serves no earthly purpose and lowers the 
woofer impedance even further. This capacitor 
should be excised like an infected appendix. I 
have listened to the Super Simpline without the 
capacitor for three weeks, and I can hear no loss 
of sound quality. 

The B-Line article was written over two and 
one-half years ago. Since then I’ve discovered 
another woofer to substitute for the (M" Parts 
Express one. It is the 8" MCM woven carbon¬ 
fiber cone woofer, *55-1550 @ $34.95. Build 
the enclosure as specified in the article with the 
exception of the woofer mounting hole, which 
should fit the 8" woofer. Position the latter so 
the bottom of the 8" woofer flange is the same 
distance from the base as the 6‘A" speaker 
flange would have been. 

I’ve had excellent results with this system 
when used with my Super Simplines and the 
line-level passive crossover I used with my 
Simpline Sidewinder woofer (SB 4/95). Set the 
B-Line between the Super Simplines, and set 
the levels using the Sidewinder article as a 
guide. The O.lpF capacitors used in the 
crossover in the article give a crossover fre¬ 
quency of about 160Hz and work very well 
with the centered B-Line. 

The system worked best for me with the 
Super Simplines wired with the absolute polari¬ 
ty reversed relative to the B-Line. I suggest you 
try both normal and reversed polarities. It’s pos¬ 

sible my main and woofer amplifiers are putting 
out different polarities; they are different 
brands. You will know when it’s right. There’s 
no mistake. 

In my room the very best situation occurred 
when I set the B-Line into a comer on the same 
wall as the Super Simplines. I had good results 
with the woofer facing to the side as designed, 
and also with it facing to the rear. This worked 
best with a lower crossover frequency. Substi¬ 
tute O.157pF for the 0.1 pF capacitors in the 
published crossover (O.lpF, 0.047pF, and 
0.01 pF wired in parallel give O.157pF). This 
gives a crossover frequency of about 101 Hz. 

With this frequency and the correct level set¬ 
tings, the bass seemed to emanate from the 
Super Simplines. It was the most natural-sound¬ 
ing system I’ve ever had in this apartment. It 
passed my “Who’s kicking the rear fence now?” 
test in spades. I was always looking outside for 
sounds coming from the speakers. Nothing 
sounded like “bass.” The instruments merely 
played through their full registers, and the am¬ 
bient sounds were there. 

HELP WANTED 

1 have Beveridge III speakers, which are 
tall electrostatic towers with foam grilles. 
The grilles, approximately 72" long and 
10" wide, have deteriorated (disintegrat-

LOUDSPEAKER INDUSTRY SUPPLIERS!! 
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ed). Do you know of any source that can 
supply me with a pair of grilles or the 
foam strips? 

Lionel Alan Marks. Esq. 
61 Broadway, Ste. 3(MX) 
New York. NY l(X)06 

For some time now. I’ve been looking 
for a kit or circuit diagram (w/parts list) 
for a home speaker switch box capable 
of routing audio to at least eight speaker 
pairs and maintaining a constant 8Í2 
load on the amplifier no matter which 
combination of speakers is selected. Are 
any readers familiar with such a circuit? 

Bill Newcomb 
<Bill_Newcomb@amrcorp.com> 

I would like to replace all the drivers in 
my pair of AR-3a speakers. The cost of 
replacement from AR is $580, plus ship¬ 
ping and handling. I prefer drivers that 
are more modern, with different mag¬ 
nets, cone material, surround, and so 
on. Driver design has improved so 
much that I am reluctant to use ones 
manufactured this far back, but for 
super sound it’s sometimes necessary to 
try different brands. 

What speaker models could I use 
without excessive modifications of the 
enclosures, which are superb? 

Paul Lapinsky 
5878 110th St. 
Jacksonville, FL 32244 

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

Speaker Builder 
encourages reader feedback on 

published articles, letters and columns. 

Be sure to include your name and address. 
And, if you expect a response from an 

author or reader, be sure to reference the 

issue, title, and page number of the 

article or letter in question. You must also 

include a self-addressed envelope with a 

loose stamp or postal coupon. Send your 

correspondence to: 

Speaker Builder 
Editorial Dept. 

PO Box 876, Peterborough, NH 03458 

Fax (603) 924-9467 

E-mail editonal@audioXpress.com 
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You need at least 2 
Deflex panels for a 
pair of small bookshelf 
speakers. 4 panels for 
a pair of Tannoy 6's, 
and at least 6 panels 
for larger cabinets 

Now sit back and 
listen to the extra 
detail in sound, and 
far less distortion 
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Once you have 
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inside of the cabinet, 
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wool damping from 
the inside of the 
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Place the flexible 
Deflex panel thru' the 
speaker cut-out and 
stick to the inside of 
the cabinet using the 
recommended 
adhesive 
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to upgrade your existing system 

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

bars of REM's Automatic for the people album..." 
Hi-Fi News & Record Review - March 1994 
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" . . . Deflex oanels seemed to give greater tightness and 
control, improved internal clarity, and pitch definition -

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

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

CHOICE VERDICT 
Sound Quality ■ ■ ■ ■ ■ 
Value for money HHD 
Hi-Fi Choice - January 1994 

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

Audio Video - November 1994 
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Book Report 
INTRODUCTION TO LOUDSPEAKER DESIGN 

Introduction to Loudspeaker Design, by 
John L. Murphy. Available as part 
#BKTA1, for $24.95 plus s/h from Old 
Colony Sound Lab. PO Box 876, Peter¬ 
borough, NH 03458, (603) 924-6371, 
FAX (603) 924-9467, E-mail custserv@au-
dioXpress.com. Published by True 
Audio. 166 pp. 

I highly recommend this book to anyone 
entering the difficult, but rewarding, area 
of speaker design. I found it a pleasure to 
read. With a lively writing style, Mr. Mur¬ 
phy accurately presents the necessary 
physics fundamentals (he is a physicist), 
while requiring no more than basic math 
understanding on the part of the reader. 

But the book is mostly about the prac¬ 
tical considerations and tradeoffs in¬ 
volved in designing multi-way dynamic 
driver systems. Although neither a design 
cookbook, electroacoustics text, nor mu¬ 
sical perception treatise, it nicely covers 
the basics of these areas needed for a 
good intuitive feel for the various phe¬ 
nomena taking place in loudspeaker sys¬ 
tems. The book is well illustrated with di¬ 
agrams, graphs, and handy charts, and 
contains many practical test procedures. 

CHAPTER SUMMARIES 
Chapter 1, Audio Basics—includes a brief 
history of audio and speakers; the basics 
of the audible frequency range, SPL, and 
so on; pitch perception; and an introduc¬ 
tion to the frequency-range division of 
multi-way speakers. 

Chapter 2, Loudspeaker Basics—cov-

Reviewed by Dennis Colin 

ers speaker system components and the¬ 
ory of enclosure types, including the di¬ 
pole, sealed box, vented box, isobaric, 
and bandpass systems. Although the au¬ 
thor presents some mathematical rela¬ 
tionships, his emphasis is on the signifi¬ 
cant variables (box volume, resonance 
frequency, Q) and their effect—pro and 
con—on each enclosure type. He also de¬ 
scribes frequency-response rolloffs, ex¬ 
cursion response, volume velocity, 
phase/transient/group delay, impedance, 
and power handling (thermal and me¬ 
chanical), and discusses proper damp¬ 
ing. The chapter concludes with accu¬ 
rate and understandable definitions of 
the Thiele/Small parameters, along with 
an explanation of the tradeoffs between 
efficiency, box size, and low-frequency 
extension. 

Chapter J, Advanced Loudspeaker 
Topics—contains nicely illustrated expla¬ 
nations of spatial loading; cabinet diffrac¬ 
tion loss; cavity effect (room and car 
cabin gain); point, line, and plane 
sources; and enclosure losses; as well as 
an interesting description of the use of a 
stethoscope to hear very sensitive spuri¬ 
ous noises such as leaks, buzzes, reso¬ 
nances, port noise, and so forth. The 
chapter also includes Olson’s classic dif¬ 
fraction responses of various-shaped baf¬ 
fles, and basic circuits to compensate the 
typical 6dB response step. 

Chapter 4, Enclosure Design and 
Construction—covers the basics of good 
material selection and construction 
techniques (sealing and bracing, for 
example), and includes charts relating 
the three box dimensions, based on 
suggested “golden ratio" proportions 

(îm-
to box volume. 

Chapter 5, Crossover Design—con¬ 
tains a comprehensive description of the 
types of crossovers widely used (Butter¬ 
worth, Linkwitz-Riley, first-order parallel, 
quasi-first-order series) and their relative 
pros and cons. The chapter also de¬ 
scribes impedance compensators—both 

the Zobel (driver inductance compensa¬ 
tion) and resonance compensation. Also 
included is a table of recommended 
upper frequency limits versus driver di¬ 
ameter, attenuators for (usually) tweet¬ 
ers, and crossover component recom¬ 
mendations regarding quality. Driver/ 
crossover interactions such as non-flat 
impedance and inter driver phase effects 
are also mentioned. 

As I mentioned, this is not a cook¬ 
book; formulas for crossover compo¬ 
nents are not given, nor are they neces¬ 
sary. Many references, such as Vance 
Dickason’s excellent works, already 
cover this. 

I would like to comment on one area: 
Mr. Murphy mentions the lack of perfect 
amplitude response summing of some 
standard crossover types, for example, 
the 3dB summed peak of (even an ideal) 
second-order Butterworth crossover 
(with drivers in opposite polarity, neces¬ 
sary to avoid a deep notch). I would like 
to have seen a mention of how “tweak¬ 
ing” crossover elements, either real-time 
or with simulation, can often flatten 
these aberrations by adding some experi¬ 
mentally optimized phase shift, and so 
forth. I realize that this is really nit-pick¬ 
ing, but reviewers are supposed to do 
that! Actually, this chapter (as well as the 
whole book) very well suits the purpose 
of introducing the reader to these very 
intricate topics. 

Chapter 6, Driver Parameter Mea¬ 
surement— shows how to measure Fs, 
Qts, Qms, Qes, and Vas using a signal 
generator, lOki) 1% resistor, AC volt¬ 
meter, and a sealed test box. 

Chapter 7, Frequently Asked Ques¬ 
tions— includes very practical questions, 

ABOUT THE AUTHOR 
John L. Murphy, B.S., M.S.. AES, IEEE, ASA, is a 
physicist with over 20 years experience in the design 

of recording consoles, electronics for guitars and elec¬ 
tric bass, and loudspeakers for pro audio, hi-fi. musical 

instruments, and autosound. As an Air Force captain, 
he served as a space systems software analyst. In the 
audio industry he is probably best known for hs recent 
WinSpeakerz and MacSpeakerz application software. 
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on topics such as vented-box port vari¬ 
ables, driver placement, impedance com¬ 
pensation, driver protection, phase re¬ 
sponse, and musical instrument and 
sound reinforcement considerations. 

APPENDICES 
In addition to 12 technical references 
and a list of physical constants, conver¬ 
sion factors, and loudspeaker system re¬ 
lationships, the appendices include a 
section called “Box Types.” Each of the 
18 types shown includes drawings, a list 
of box variables, and a basic graph show¬ 
ing rolloff slope(s). The box types range 
from “2nd Order Closed Box Highpass” 
to “6th Order Symmetric Bandpass 
Triple Chamber Isobarik” (whew!) 

Overall, I found the book easy and in¬ 
teresting to read, with its emphasis on 
real-world practical situations. The sub¬ 
ject matter is treated sometimes with 
humor. For example, when the author 
mentions the present impossibility of a 
0.25ft3 speaker with lOOdB IW/lm SPL 
at 20Hz. Or, in response to a question: 
“What? You say you’re having trouble 
getting 20Hz out of your piccolo? Just 
smack the bass player with it on the 
down beat! It’s an acoustic jungle out 
there! Speaker designers, beware!” 

APPLICATIONS 
I think that the more experienced read¬ 
ers and authors of Speaker Builder prob¬ 
ably know most of the subject matter 
covered in this book. But probably not 
all of it, especially some tradeoff aspects 
of crossover interactions. But even for 
the experienced designer, the book con¬ 
tains many useful and handy tables, 
charts, and other data. 

However, for those interested in learn¬ 
ing about the fundamentals of speaker de¬ 
sign and operation, this book provides an 
excellent introduction. And even though 
the emphasis is not on detailed design 
methods, those covered are accurately 
patterned after Thiele’s and Small’s com¬ 
prehensive work. Even if you don’t know 
a woofer from a tweeter, but can solder, 
cut wood, and do basic arithmetic, this 
book will give you sufficient knowledge 
and intuitive grasp to select the type of 
system you need, and, with some soft¬ 
ware and/or experience, successfully de¬ 
sign a complete speaker system. 

In conclusion, I cannot imagine a bet¬ 
ter “Introduction to Loudspeaker De¬ 
sign" than this book. And the low price 
of $24.95 represents only a small fraction 
of the cost of one serious audio mistake, 
which this book should help prevent. t> 
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An exciting new upgrade to the popular loudspeaker 

testing microphone, Mitey Mike, Mitey Mike II is now 
available in both kit and assembled versions. No longer 

simply a tool for loudspeaker testing, Mitey Mike II is 

also a compact low-distortion, self-powered micro¬ 

phone suitable for performance, recording and sound 
reinforcement applications. 

Mitey Mike II presents several advantages over its 

predecessor, Mitey Mike (KD-2). Using surface mount 

technology and improved PC construction techniques, 
Mitey Mike II is much smaller (the electronics package 
takes up 9 cu. in. compared to 20 cu in. for the previ¬ 

ous model), uses less power (total draw has been re¬ 

Response (rel. 1 kHz) 

<40 dB 

<36 dB 

>120 dB 

±1 dB, 20Hz-10kHz 
±2 dB, 10kHz-20kHz 

25 mv/Pa, + 2 dB 

130 dB 

Sensitivity @ 1 kHz 

Max. SPL (at 3% THD) 

Wide Band Noise Level 

Flat Weighting 
“A" Weighting 

Mid band dynamic range 

KD-4—Mitey Mike II One-Channel Preamp Unassembled 
Kit Includes: 1 Motherboard, 1 SMT assembled mike 
preamp board, mounting pins, box with 2-jack front pate, 
switch, battery leads, foam padding, 2 RCA jacks, 
6 (1 extra) PC-mount gold pin receptacles .$119.00 
KD-42B—Mitey Mike II Two-Channel Preamp Upgrade 
Kit-Unassembled.S 89.95 
Includes: 1 additional SMT assembled mike preamp 
board, additional PC-mount gold pin receptacles, 
2 additional RCA jacks and a replacement front plate with 
4-jack holes drilled 

II One-Channel Preamp Assembled 
Unit Includes assembled KD-4 above.$159.00 
KD-42BA—Mitey Mike II Two-Channel Preamp Assem¬ 
bled Unit Includes assembled KD-4 plus KD-42B (using 
replacement face plate) .$249.95 
KD-4MCA—Mtey Mike Il-Modified Microphone Capsule 
and Wand-Assembled and Calibrated .$ 149.00 
KD-4MUA—Mitey Mike Il-Modified Microphone Capsule 
and Wand-Assembled and Uncalibrated.$119.00 

duced from 500-550ptA to 200-200piA) and the new 

output buffer OpAmp has lower distortion, wider band¬ 

width and higher slew rate than the model used in the 
previous Mitey Mike. 

In addition to the advantages listed above, the 

new Mitey Mike II product line includes a new modi¬ 

fication of the Panasonic microphone capsule used 

with the microphone amp. This microphone capsule 
is modified to dramatically reduce distortion at the 
drain connection. 

Available now, Mitey Mike II is sure to be in de¬ 
mand. Call 1-888-924-9465 to receive further informa¬ 
tion and to order. 

For pricing or more information call 603-924-6371, 
fax to 603-924-9467 or E-mail custserv@audioXpress.com 

REQUEST YOUR COPY OF THE OLD COLONY SOUND LAB 
CATALOG TODAY! 

MITEY MIKE II—SPECIFICAÎI MITEY MIKE II 
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CAI El PLUS FREE 
DALE. ADHESIVE! 

MARKERTEK JUMBO 
SOUND ABSORB BLANKETS 

Heavy-duty 72"x80" padded blankets 

absorb sound wherever theyre hun9 or 
draped Fabulous for stage, studio and 

field use Top professional quality at a super 
saver price! Weight: 6 lbs Black $19 99 

MARKERFOAM" ACOUSTIC FOAM 
-, GIANT 54” X 54” 
’ IV AAV Immediate Shipping 

2" Reg. $29.95 Now $19 99 • 3" R«l 

$39 95 Now $29.99. X/U NOISE QUICK' 
JS? High performance, lull-size sheets ol 

» SUper high density Markerfoam. EZ 

mount. Blue or gray. Super-effective sound absorption for studios. 
Markerfoam offers best value, looks professional & is proven in studios world¬ 
wide Request Foam Buyers Guide/Catalog, specs & free samples today. 

MARKERTEK BLADE TILES" 
HIGH PERFORMANCE - LOW, LOW COST!!! 
America s best acoustic tile value 

only from Markertek! 

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

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

SONEX 
All the colors and sizes 

plus great prices! 

FRF F Americas most unique catalog featuring 328 pages of over 
fUfL 6,000 exclusive and hard-lo-find supplies for Pro Audio, 
I I IL k Broadcast Video. Audio Visual & Multimedia production. 

MARKERTEK 
^VIDEO SUPPLY 

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

Web: www.marirertek.com • E-Mail: markertekaPmarkertek.com 

Reader Service »10 

PREMIUM QUALITY RIBBON 
MID & TWEETER DRIVER 

I
» stand-alone 
bipolar elements. 
• ready to install 
on top of conventional 
boxes with woofers. 
• ecxellent vertical 
dispersion. ( 52 inch 
drivers height ! ) 
• optimised dimensions 
for smooth frequency 
response and accurate 
transient behaviour. 
• finish: black 
artif.leather and black 
lacquered top and 
base wooden ends. 

$995 pair plus freight 
■ I 

Thesis 
greece. 

fax: +30-1-5153993 

voice:+30-1-5155144 

# r e-mail: hartzis@otenet.gr 

Reader Service »2 

Tips, Tools, & Techniques 
SAGGING CONE ALERT 

By Jesse W. Knight 

The following adventure illustrates a 
principle I have followed for many 
years: In audio, what on the surface ap¬ 
pears to be an esoteric problem requir¬ 
ing an expensive solution is often a 
gross component failure or a serious cir¬ 
cuit design flaw that reveals itself only 
under certain circumstances. Once 
found, the problem will often seem stu¬ 
pid and very obvious. Good scientific 
methods can save money. 

INTERMITTENT VAGUE SOUNDS 
An interesting problem surfaced with my 
"Musician’s Speaker” (SB 8/96) when 
using old Peerless KO 40 MRF midranges 
(#821385). For several years I have 
sensed that I was hearing intermittent 
noise modulation at midrange frequen¬ 
cies. The subtle nature of this distortion 
made it impossible for me to pin it down. 
At first I blamed my hearing, as I have 
multiple allergies, but the noise contin¬ 
ued to persist. 

I never could find the noise with head¬ 
phones either at the CD player output or 
at the power amp output (properly atten¬ 
uated). High-quality headphones (such as 
AKG K24O) are excellent for checking 
your signal path and recording quality for 
harsh sounds. These tests eliminated 
everything except the crossover and driv¬ 
ers. Cheap “off the rack” phones are use¬ 
less, however. 

1 decided to build two pieces of test 
gear. First I built a blind tester (on a 
breadboard with parts from the junk 
box) that allows for ABX testing without 
an assistant. This device uses a multi-posi¬ 
tion selector switch with unmarked 
wires connected at random to a relay 
switching unit. I trace the wires to deter¬ 
mine which switch positions correspond 
to test A or test B, only after the test is 
complete. Titis allows for the elimination 
of experimenter bias when testing com¬ 
ponents. Switching artifacts are con¬ 
cealed with a muting circuit common to 
both test A and B, and I rescramble the 
wiring before the next test. 

I also built a meter to measure DC re¬ 
sistance of midrange and tweeter voice 
coils while they are operating. This costs 

about $30 to build and allows voice-coil 
temperature to be estimated under dy¬ 
namic conditions. 

Voice-coil heating with classical 
music turned out to be a non problem 
at my listening level. The blind tester 
ruled out the crossover. It also demon¬ 
strates how difficult it is to hear some 
circuit changes. 
Finally, I removed the KO 40 

midrange from one cabinet and tœk it to 
my test bench. While it was reproducing 
a 400Hz sine wave, I poked the cone and 
rotated the speaker on axis. It was easy 
to make the noise come and go at will. Fi¬ 
nally I had the answer! The voice coil 
had sagged. 

AUTOPSY TIME 
Dissecting the unit revealed that the spi¬ 
der was so supple that it couldn’t main¬ 
tain a centered voice coil for more than 
one decade. After 20 years all units dis¬ 
play some distortion. 

Most shocking, however, was the very 
subtle distortion in light of a serious fail¬ 
ure. When a driver is fed through a 
600Hz second-order high-pass filter, cone 
motion at moderate levels is not suffi¬ 
cient to create that scraping sound so fa¬ 
miliar in a dead woofer. Years ago I 
dropped a speaker and decentered the 
tweeter magnet. I did not hear it right 
away either, despite the fact the voice 
coil was pinned at one point. 

In defense of Peerless, let me point 
out that no other chambered midrange 
has the low resonance of the KO 40, 
possible only by the use of a very com¬ 
pliant spider. This gives it a wide flat re¬ 
sponse without the work of building a 
midrange enclosure. Many people will 
find a ten-year life span (without rota¬ 
tion) acceptable considering the pace of 
speaker development. 

My conclusion is that any driver with a 
soft spider should be rotated periodically. 
Mount the driver with a non-drying caulk 
such as wax from the wax ring used to 
mount a toilet and rotate the midrange 
every four to five years. With care, you 
should be able to reinsert wood screws 
into the same holes several times. 
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ARIZONA 
Arizona Audiophile Society 
Attn.: Member Chairman 
PO Box 13058, Scottsdale, AZ 85267 
(602) 417-0223 

CALIFORNIA 

Bay Area Audiophile Society 
Dennis Davis 
(415)381-4228 
E-mail bluedeer@a.crl.com 
Los Angeles Loudspeaker Designers 
Group 
Geoffrey/Eduard 
(213) 965-0449/(310) 395-5196 
San Diego Audio Artisans 
Wendell 
(619) 538-6946, evenings 
Tube Audio Enthusiasts 
John Atwood 
65 Washington St. #137 
Santa Clara, CA 95050 
FAX (408) 985-2006 
West Valley Audio Society 
Barry Kohan 
(805) 375-2629 

COLORADO 

Colorado Audio Society 
1941 S. Grant St., Denver, CO 80210 
(303) 733-1613 

CONNECTICUT 

Connecticut Audio Society 
Charles King 
PO Box 116, East Berlin. CT 06023 
(860) 665-2881 
James Addison 
171 Hartford Rd. A-7 
New Britain, CT 06053 

FLORIDA 

Gulf Coast Audiophile Society 
John R. Chait 
5746 S. Lockwood Ridge Rd. 
Sarasota, FL 34231 
(813) 925-1070 
Tampa Bay Listening Society 
Mike Vans Evers 
1250 E. Hillsborough Ave. 
Tampa. FL 33604 
(813) 239-0700 
FAX (813) 239-0805 

GEORGIA 

Atlanta Audio Society, Inc. 
John Morrison/Chuck Bruce 
1160 Cumberland Rd. NE 
Atlanta, GA 30306 
(770) 491-1553/(404) 876-5659 
E-mail chucksaudio@mindspring.com 

ILLINOIS 

Chicago Audio Society 
Brian Walsh 
PO Box 313, Barrington, IL 60011 
(708) 382-8433 
E-mail sysop@nybble.com 
Prairie State Audio Construction 
Society 
Tom 
20 Wildwood Tr„ Cary, IL 60013 
(708) 248-3377 days/(708) 516-0170 eves. 

INDIANA 

Tube Sound 

c/o William Schumacher 
5417 Armstrong Ct. 

: Indianapolis, IN 46237-2318 

j LOUISIANA 

New Orleans High End Audio 
Society 

; PO Box 50231 
i New Orleans, LA 70150-0231 

MASSACHUSETTS 

The Boston Audio Society 
: E. Brad Meyer 

PO Box 211, Boston, MA 02126-0002 
i Phone/FAX (617) 259-9684 

E-mail 72365.75@compuserve.com 

MICHIGAN 

Southeastern Michigan Woofer and 
Tweeter Marching Society 
PO Box 721464 

i Berkley, Ml 48072-0464 
: (248)544-8453 

E-mail djcarlst@oakland.edu 
: Website www.concentric.net/-arnyk/ 

smwtms.htm 

MIN NESOTA 

Audio Society of Minnesota 
PO Box 32293, Fridley, MN 55432 

i (612)825-6806 
: Website www.wavefront.com/-asm 

MISSOURI 

Greater Osage Thermionic Warming 
Group 

i James Guillebeau 
7454 E. Fox Trot Ln. 
Rogersville, M0 65742 
(417)889-3355 

NEW JERSEY 

New Jersey Audio Society 
Frank J. Alles/Valerie Kurlychek 
209 Second St., Middlesex, NJ 08846 
(908) 424-0463/(908) 206-0924 

NEW YORK 

The Audio Syndrome 
j Roy Harris 

Nassau and Suffolk Counties 
; (516) 489-9576 

Long Island/Westchester County 
i Publio Morera 
Í (516)868-8863 

Catskill and Adirondack Audio 
i Society 
I PO Box 144. Hannacroix, NY 12087 
: (518) 756-9894 

New York Audio Society 
Robert Kreisler 

: 136-69 71 Rd., Flushing, NY 11367 
: (718) 544-1222 

The Gotham City Audio Society 
: c/o David Schwartz, President 
; 375 11th St., Brooklyn, NY 11215 
i (718)788-0917 

Western New York Audio Society 
i PO Box 312, N. Tonawanda, NY 14150 

NORTH CAROLINA 

Piedmont Audio Society 
i Kevin Carter 
i 1004 Olive Chapel Rd., Apex, NC 27502 
i (919)387-0911 

TENNESSEE 
Memphis Area Audio Society 

; J.J. McBride 
j 8182 Wind Valley Cove 

Memphis, TN 38125 
j (901)756-6831 

TEXAS 

Rick 
i (915)676-7360 

UTAH 

Wasatch Audio 
‘ Edward Aho 
: (801)364-4204 

WASHINGTON 

Pacificnorthwest Audio Society 
Ed Yang/Gill Loring 
Box 435, Mercer Island. WA 98040 
(206) 232-6466/(206) 937-4705 

ARGENTINA 

Buenos Aires Audio Club 
Willy Pastrana 

: Rincón 476, Buenos Aires 1081 
i (011)54-943-0007 

Figaro 
i Esteban Bikie 

Esparta 1680,5000 Res. 
! Olivos Cordoba 
: (011)54-51-684251 

AUSTRALIA 

Melbourne Audio Club 
I Don Monroe 
Í PO. Box 27 
i Forest Hill 

Victoria 3131 
E-mail ptrallen@melbpc.org.au 

i Website www.vicnet.au/-macinc 

BELGIUM 

West Europe Lowther Club 
; Victor Meurisse 

Avenue Plissart, 16 
; Brussels 1040 
i (011)32-2-736-7394 

BRAZIL 

Audio Club de São Paulo 
i Av. Ver. José Diniz 3135 cj 92 

Campo Belo, São Pau», SP 04603-020 
• (011) 5301472, FAX (011) 530 8465 
i E-mail techmark@dialdata.com.br 

CANADA 

Montreal Speaker Builder Club 
: Andrew McCrae 
: 4701 Jeanne Mance 
i Montreal, PQ H2V 4J5 

(514) 281-7954 
Toronto Area DIY Speaker Club 

: Michael Mansor 
i (416) 626-9132 
: E-mail james.lcr@synpatico.ca 

I C H I L E 

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

(011)562-207-0673 
FAX (011)562-538-0638 
E-mail centroac@chilnet.cl 

FRANCE 

Sound Reinforcement Club of Paris 
: Laurent Bonnet 

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

GERMANY 

ESL Builders Group 
: Gunter Roehricht 
I Bühlerstr. 21, Boblingen 71034 

Profi Club Visaton 
Bettina Schaaf 
Visaton Lautsprecher 

i Ohligser Str. 29-31, Haan 42781 
: (011)49-2129-522-0 
: FAX (011) 49-2129-522-10 

HOLLAND 

Lowther Club Holland 
Bert Doppenberg 
Brinkersweg 16, 8071 GT Nunspeet 

; Phone/FAX (011 ) 31 -341 -254500 
Audio Vereniging Midden 
Nederland 

Hans van Veenhuizen 
Ir.P. Calandstraat 12, 3841 KA Harderwijk 

Í (011)31-341-416599 

I N D O N E S II A 

Silo Ultac Audio Society 
i Febri Arianto 

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

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

i (011)62-22-213277 
: FAX (011) 62-21-3868074 

ISRAEL 

Audio Center 
: c/o Kobi Cohen 

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

E-mail audio_c@inter.net.il 

SOUTH AFRICA 

Hi-Fi Club (Cape Town) 
Chris Clarke 
PO Box 18262, Wynberg 7824 

i (011)27-21-7618862 
E-mail chrisc@iafrica.com 

: Website http://users.iafrica.eom/j/je/ 
jessica/hificlub 

TURKEY 

Istanbul Hi Fi Club 
Adnan Arduman 

: (011)90-216-310-44-70 
FAX (011) 90-216-343-42-01 

UNITED KINGDOM 

London Live DIY Hi-Fi Circle 
Brian Stenning 
(011)44-181-748-7489 

If you would like your club to appear, 

please submit contact information 

(address, phone/FAX numbers. E-mail 
address, and website) to: 

Audio Amateur Corporation 
PO Box 876 
Peterborough. NH 03458-0876 
FAX (603) 924-9467 
E-mail edltorlal@audloXpress.com 



Classifieds 

VENDORS 
SPEAKER PATENT REPRINTS of over 20 
significant patents shows loudspeaker and 
crossover design techniques used by the pros. 
Satisfaction guaranteed. US $29.95. CGG DE¬ 
SIGNS, 9205 Brigadoon Cove, Austin, TX 
78750. 

PRO LX-five owners; do-it-yourself upgrades 
starting at approximately $25 each. Factory 
modification also available. Significant improve¬ 
ments in mid-range clarity even with the $25 
package. For info send $2 cash or check to Ac-
cuMill, PO Box 1107, Pine Valley, CA 91962, 
phone (619) 473-9049, FAX (619) 473-9855. 

SOLID SILVER 
SPEAKER CABLES 

It's no secret that the world s best sounding cables 
are silver and Teflon®. SAVE HUNDREDS by 
assembling our 99.999% pure silver and Teflon® 
speaker cable kits. Clear, step-by-step instructions. 
No soldering or technical knowledge required! 
$279 95 for two 8’ lengths. 15 AWG equivalent. 

30-DAY MONEY BACK GUARANTEE 
Visa, M/C. Amex, Discover telephone orders. 

CALL NOW TOLL-FREE 
1-800-634-0094 
Warren Gregoire & Associates 

229 El Pueblo Place, Clayton, CA 94517. USA 
VOICE 925-673-9393 • FAX 925-673-0538 

vYww.warrengregoire.com/silver.htm 

RCM Akustik sub amps with crossover, speak¬ 
er cones, more. Dealer, OEM inquiries invited. 
Free info. Burnett Associates, toll free 877-924-
2383, or E-mail FDTF77B@prodigy.com. 

FOR SALE 
Swan IV Bass Units: dual 12" drivers in beauti¬ 
ful oak cabinets, $220 each; SEAS P21REX 8" 
woofers, $19; Motorola 4" x 10" horns and 
drivers, $10; %" reel-to-reel tape; Ampex 10" 
reel-to-reel tape, $8; TDK 7", $4; AudioControl 
CM10 calibrated microphone and preamp, 
$90; VIFA P13 chambers, $3; various air and 
steel core inductors. Rick (610) 693-6167 or 
audioarts @ enter.net. 

SILVER SONIC™ 
High Performance Audio Cables 

You can afford the best! 

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

Silver Sonic D-75 Digital 

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

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

www.dhlabs-cab.es.com 

Reader Service #7 

JJ Welborne Ms 
1998 Catalog Now Available 

Vacuum tube 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.welbomelabs.com 

Reader Service #95 

AD INDEX 
RS # ADVERTISER PAGE 
55.AB Tech Services.57 
90.ACO Pacific, Inc.55 
93.Acoustic Technology Int’l.19 
78.Allison Technology Corp.53 
88.Antique Electronic Supply.39 
4.B & R Acoustique.27 
13. Cardas Audio.9 
85.Crosstech Audio, Inc.45 
99.D-Box Audio, Inc.45 
*.David Lucas, Inc.36 
37.ETF.43 
70.Ferrofluidics Corporation.51 
81 .Gasoline Alley LLC.47 
74. Goertz.29 
16.GR Research.35 
3.Harris Technologies, Inc.3 
73.Hovland Company.21 
22.Image Communications.5 
82.Jasper Audio.52 
67.Liberty Instruments, Inc.33 
36.LinearX Systems, Inc.62 
*.Loudspeaker Industry 

Sourcebook.54 
*.Madisound Speaker 

Components.15 
9.Mahogany Sound.61 
28.Marchand Electronics, Inc.38 
10.Markertek Video Supply.58 
83.McFeely’s Square Drive Screws. 43 
11 .MCM Electronics.21 
12.Meniscus.51 
21 .Michael Percy Audio Prod.55 
1 .Morel (IL) Ltd.17 
15.Morel Acoustics USA.CV4 

RS # ADVERTISER PAGE 
30.Mouser Electronics.61 
19.Parts Express Int’l, Inc.CV3 
69.Reliable Capacitor.37 

Solen, Inc. 
43. Crossover Components.31 
24. Speakers & Components .... 25 

Speaker Builder 
*. Back Issues.41 
*. Classified Advertising.61 
27.Speaker City USA.37 
*.SpeakerWorks.6 
51 .Supravox.39 
*.Testing Loudspeakers.53 
26.The Parts Connection.13 
2.Thesis Ribbons.58 
100.True Audio.35 
65.WBT-USA.CV2 
45.Zalytron Industries Corp.23 

CLASSIFIEDS_ 

*.AccuMill.60 
*.Burnett Associates.60 
*.CGG Designs.60 
7.D.H. Labs.60 
*.RCM Akustik.60 
*.Warren Gregoire & Assoc.60 
95.Welborne Labs.60 

GOOD NEWS/NEW PRODUCTS_ 

135.The Dayton Loudspeaker Co. .. 5 
*.MCM Electronics.5 
136.Zoran Corp.5 
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Panasonic EAS-10TH400A ribbon tweeters, 
$55 each; Eminence woofers: 151064, 110 OZ 
MAG, 4" VC, $80 each; 15886 15", $35 each. 
Versatronics 1" SDT100-25/8F tweeters, $15 
each; 8" carbon or KEVLAR woofers, $45 
each; NIB plus shipping, Ken (501) 707-6133, 
or E-mail rkmcculloch@barberlawfirm.com. 

"Say You Saw It In 
Speaker Builder” 

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

COMPANY PRODUCT FAX 
Acoustic Technology Int’l 
Antique Electronic Supply 
B & R Acoustique 
Burnett Associates 
Gasoline Alley LLC 
Goertz 
Harris Technologies, Inc. 
Hovland Company 
LinearX Systems, Inc. 
Marchand Electronics, Inc. 
Markertek Video Supply 
MCM Electronics 
Morel Acoustics USA 
Mouser Electronics 
RCM Akustik 
Speaker City USA 
The Parts Connection 
Thesis Ribbons 
True Audio 
WBT-USA 

Hi-End Drivers 
Tubes, Transformers, Books, More! 
Manger Loudspeakers 
Sub & Power Amps, Aluminum Cones 
Cousta Sheet 
Inductors 
BassBox and X'over 
MusiCap Film & Foil Capacitor 
LEAP-Loudspeaker Enclosure Analysis Program 
Electronic Crossovers 
Unique & Hard-To-Find Accessories 
Speakers & Enclosures 
Loudspeaker Drivers, Car Speakers 
Free Electronic Components Catalog 
Sub & Power Amps, Aluminum Cones 
Vita, Scan-Speak, Dynaudio, & Focal Kits 
Crossover Parts 
Ribbon ■ Planar Loudspeakers 
WinSpeakerz & MacSpeakerz 
Speaker Cables, Interconnects, etc. 

1-905-889-3653 
1-602-820-4643 
1-450-635-7526 
1-603-924-3392 
1-785-827-9337 
1-203-384-0586 
1-616-641-5738 
1-209-966-4632 
1-503-612-9344 
1-716-872-1960 
1-914-246-1757 
1-937-434-5450 
1-617-277-2415 
1-817-483-6803 
1-603-924-3392 
1-818-846-1009 
1-905-829-3033 
011-30-15153993 
1-423-494-3388 
1-801-627-6980 

CLASSIFIED INFORMATION 
Speaker Builder 

HOW TO ORDER AN AD 

»AYMENT MUST BE ENCLOSEI 

iUBMITTING COPY: IA word is any collection of letters or numbers with a space (a slash (f) is counted as a spaed) 
on either side. All hand written ads must be block printed and submitted on our classified order form (please cal' 
us at 800-524-9464 to obtain a form). Please circle or underline all words to appear in bold. Illegible ads will be 
discarded. Submit copy by mail, fax, E-mail or on diskette (Quark XPress, Wordperfect, Microsoft Word 2.0 or 6.0. 
or Word for DOS). If submitting by disc, include a list of fonts and graphics used and a printout of your ad. 

Subscribers are invited to run a word classified ad of up to a maximum of 50 words in the FOR 
SALE or WANTED sections for only a $10.00 flat processing fee (per ad, per magazine). Ads that exceed 50 
words will be charged the regular rate of $1.00 for each additional word. All ads are run only once, and then dis¬ 
carded. Simply complete the Classified Order Form and include your subscriber number in the space provided. 

AAC Classified Dept., P0 Box 876,305 Union Street, Peterborough, NH 03458-0876 FAX 603-924-9467 

ALL ADS SUBJECT TO RUN AT DISCRETION OF PUBLISHER / AD DIRECTOR 

_3 with your ad and mailed to Speaker Builder do, AAC Classified Dept., PO Box 
876, 305 Union Street, Peterborough, NH 03458-0876. Ads can also be submitted by FAX (603) 924-9467 or by E 
mail, advertisingiaaudioXpress.com (faxed and E-mailed ads must include MC. Visa, Discover or AmEx payment). 

REGULAR CLASSIFIED (ads without borders): 
$1.50 per word. $10.00 minimum. 

Deduct 5% for a 6x contract. 

CLASSIFIED DISPLAY (all ads with borders): 
1" $65.00, 2" $115.00, 3" $150.00 

Deduct 5% for a 8x contract 

Three Classified Advertising Categories are available 
in Speaker Builder 

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

0 FOR SALE: For readers to sell personal equipment or supplies. 
© WANTED: Help readers find equipment or services. 

MAHOGANY SOUND 
The Transmission Line Specialist 

P.O. Box 9044 
Mobile, AL 36691-0044 

334-633-2054 

Acousta-Stuf 
The Very Best Damping Material For 
Speaker Systems. It Produces Deeper 

Bass, Cleaner Mids, And Greater 
Dynamic Range. Acousta-Stuf Costs 

$9.50 Per Bound UBS Baid. 

Q&ETLD 
Quick & Easy Transmission Line 
Speaker Design Booklet & LOTUS 
1-2-3 Software. Learn How To 

Design Optimizes 1/4 Wavelength 
TL Speakers. Q&ETLD Costs 

$0.95 Blus $2.05 B&H. 

Acousta-Tubes 
Round Raper Tubes For Building 
Cylindrical Speaker Enclosures. 

Please Note Our New Address 
& Area Code 

Call Or Write For A Free Catalog 
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www.mouser.com 

• Wire and Cable 
Connectors • Resistors 
• Potentiometers 
Capacitors • Diodes 
• Transformers 
Inductors • 
• Switches 
Speakers • Fuses 
• Knobs 
Hardware • 
• Equipment 
Tools 

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

catalog @ mouser.com 

958 North Main St.. Mansfield, TX 76063 

MOUSER 
ELECTRONICS 

Reader Service #30 

Speaker Builder 1/99 61 



ill for det. 

he Art and Science... of loudspeaker system development today has become more complex than ever before. 
Competition is tough, and to compete each design must perform to the best of its ability, and make the most out of every 
dollar's worth of transducer cost. The simple approach of choosing a combination of seemingly appropriate transducers cou¬ 
pled with ordinary networks and filters, has given way to a painstaking process of meticulously blending selected transduc¬ 
ers in combination with carefully devised and matched crossover designs. g 

9500 SW Tualatin-Sherwood Road Tualatin, Or 97062 USA Tel: (503) 612-9565 Fax:(503) 612-9344 Web: www.linearx.com LinearX Systems Inc. 
International Dealers Agentina Interface SRL (54-1 )74 l-l 389/AustraliaME Technologies 61 (0)65-50-2200/AustriaAudlomax 49-0)71-3 162225 Belgium Be tam 32(0)2-736-5000, CanadaiGerraudio 
410696-2779/Denmark.Finland:AST Ljudproduktlon 46(0)8623-08-70/France:Belr»m 32(0)2-736-5OO0/Oerman»:Audiom«x 49(0)7131-162225 Indonesia Ken's Audio 62(0)21-639-5806 ItalyOutline snc 
39-303581341 Korea Sammi Sound:82(02)4630394 LuxembourgBeiram 32(0)2-736-50-00/Malaysla AUVI 65-283-2544 New Zealand ME Technologies 616550-2254, Norway ABT Ljudproduktlon 46(0)8-
623-08-70 Philippines Oai Ichi Denshl (63)-2631-69-80/Poland Inter-Americom 48(22)43-23-34/Slngapore AUVI 652832544 Sweden. 5&T Ljudproductlon 46(0)062 308-70 Switzerland Audiomax 49 71-31-
162225/Talwan Gestion Taycan Inti 886-2 786-3468 Thailand AUVI 652832544 Tb: Netherlands Duran Audio 31-4l-8O155B3,UK(England)Munro Assoc 44(0)171-40338®. Reader Service #36 

LEAP (Loudspeaker Enclosure Analysis Program) is a complete full range analysis package which provides virtually ¿ill 
of the tools necessary to develop precision loudspeaker systems, for today's demanding audio markets. Whether your appli¬ 
cations are consumer audio, car stereo, professional audio, or custom esoteric marvels, LEAP provides the power, flexibility, 

and accuracy to investigate every possi¬ 
ble design permutation. The open archi¬ 

provided will dramatically reduce your 
development time, while improving the 
quality of the final result... and demon¬ 
strates why LEAP has become the #1 
choice of professional loudspeaker 
designers world wide! 

Advanced Transducer/Enclosure Simulations 
S Sealed,Vented, Bandpass. PR Simulations with multiple speaker/ port capability. 

✓ Large signal analysis of TempVC. and Non-Linear BL/ Ports/ Compliance. 

✓ Acoustic Parallel or Acoustic Series (Isobaric) Driver Mounting. 

✓ Port Stancfing Wave resonance modeling. 
✓ Frequency Dependent Reve and Leve modeling. 
✓ Library storage of 36 transducer parameters, and over 24 enclosure parameters. 
✓ Generic transducer modeling of electro-dynamic, ribbon, and piero devices. 

Development Utilities 
Crossover Network Designer 

✓ Spkr Parameter Measurement 

✓ Voltage/Current.'lmp Calculator 

✓ Motor Constants Calculator 

✓ Export Data to ASCII Files 

✓ IBM, Epson 8 Pin Dot Matrix 

✓ Epson 24 An Dol Matrix 

✓ HP LaserJet Series Printers 

✓ HPGL Compatible Plotters 

✓ PostScript EPS/TIF BSW.Color 

✓ Al-Adobe II ustrator B&W.Color 

✓ NEC 24 Dot Matrix 

✓ TOSHIBA 24 Dot Mat 

✓ HP DeskJet 500C 

✓ PostScript Printers 

✓ DXF AutoCAD 

✓ TIFF. BMP. PCX Plots 

✓ Quick Cabinet Box Designer 

✓ Conjugate Network Designer 

✓ Wire Tabt» Calculator 

✓ Multi Curve Averager 

✓ Import Data from ASCII Files 

Advanced System Analysis Features 
Lise simulation or imported actual measured SPL/Z data. 

✓ 5-Way crossover system modeling, and more. 

✓ Time offset between transducers. 

✓ Active or Passive based crossovers. 

✓ Hilbert-Bode transform for deriving phase. 

✓ 22 Passive c omponents per xover section. 

✓ 16 Active filter blocks per xover section. 

✓ Passive Ne.work Optimizer for single/system response. 

✓ Active Filter Optimizer for single/system response. 

✓ Frequency ranges from I Hz to 100kHz. 

Extensive Documentation 
The two volume manual! set comprises almost 1,000 pages of 
documentation which thoroughly covers the operation of the pro¬ 
gram- and provides numerous examples of how to maximize your 
use and understanding of the program's many features. The 
Reference Manual describes all graphs, menus, commands and 
their operation. This manual explains the unique and special non¬ 
linear speaker and port models, as well as proper use of the opti-
m zers, importing data and :he many other utilities. The 
Application Manual provdes many exciting eiamples showing 
hew to use the powerful features of the system in a combined 
manner to perform both simple and complex design tasks. Both 
ncvice and experienced users alike will find this information 
invaluable for exploiting tne full power of the system. Additional 
information is also prended on loudspeaker measurements, 
design tips, filter calculations, and complete crossover system 
development for both passive and active based systems. 

✓ 502 Page Reference Manual 436 Page Application Manual 

Printer/Output Formats 
When you wish to produce a hardcopy output of your finished 
designs and graphical data, LEAP supports a large number of 
printer standards, and even supports numerous desktop publish-

rortraii/Lanañcape orientations in any custom »uc anu aspvci I 
ratio are user controllable. 



M13SG-09-08, 5” Shielded Cast Frame Woofer 
This magnetically shielded 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. 

M17SG-09-08, 6-1/2” Shielded Cast Frame Woofer 
This affordable 6-1/2” shielded woofer is well suiteo for any A/V application. It features a cast magnesium ' 
basket, treated paper cone, rubber surround and a very smooth frequency response. Designed for vented 
enclosures with .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 »297-307. 

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 »297-308. 

#300-800 $17980

100 Watt Subwoofer Amplifier 

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

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) 

FROM 

Conservatively Rated 
150 Watts/4 Ohms 
Automatic On/Off 

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

www.parts-express.com 

FREE CATALOG 
CALL TOLL FREE 

1-MM3W531 

KEY CODE: SBM deader Service #19 



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

Through the course of the years Morel brought many unique and innovative products 
to the speaker industry. The introduction of the 3" voice coil in a 5" basket, using 
hexagonal shaped aluminum wire, utilizing a double magnet system and ducted de¬ 
sign 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). 

Double Magnet Integra 

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 

For further information please contact:_ 

morel acoustics usa, inc. 
414 Harvard Street 
Brookline, MA 02446 USA 
Tel: ++617-277-6663 
Fax: ++617-277-2415 
E-mail: sales@morelusa.com 
Website: www.morelusa.com 
Product Distribution Center 
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