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® KIMBER K\BLE 
Revealing the Nature of M u s i c . 

Since 1979. KIMBER KABLE has manufactured the worlds finest and most accurate audio cables. 

Today we manufacture over a hundred types of cable for playback, recording & sound reinforcement systems. 

Each and every model is thoroughly research and engineered to deliver the highest possible fidelity. 

Discover the profound difference KIMBER KABLE can make in your system. 

r r ft 

2752 South 1900 West • Ogden Utah 84401 • 801-621-5530 fax 801 -627-6980 • www.kimber.com 
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The complete and affordable analyzer system that provides quality 
data suitable for real electro-acoustic engineering purposes. The 
LMS system provides a vast array of powerful computer based fea¬ 
tures which are specifically focused on the unique requirements of 
loudspeaker development and QC production testing. 

Whether your application is professional audio, consumer stereo, 
car stereo, or contract installation, LMS is the perfect tool for devel¬ 
opment and testing of loudspeaker systems. 
No other measurement package today provides as many outstand-

✓ RLC Meter 

Analyzer System Specifications 

OS Support: 
DOS, Win31, 
Win95, WinNT 

S Full Length IBM PC Slot Card, 8 Bit ISA Slot 
✓ Oscillator: Continuous or Gated Swept Sine Wave 
✓ Osc Maximum Output; + l6dBm (5Vrms) 
✓ THD: 0.015%, 20Hz-20kHz 
✓ Frequency Resolution: 200 steos/decade, Log 
✓ Filters can track Osc frequency by any ratio 
✓ SPL Measurement Range: 35-125 dB-SPL 
✓ Video graphics support: VGA, EGA. CGA, HGA 

✓ Calibrated 8mm Electret Mic with Preamp 
✓ Mic Frequency Range: 10Hz-40kriz 
✓ Osc Attenuator Range: 60dB in 0.25 <æ Stqps 
✓ Osc Frequency Range: lOHz-lOC’kHz 
✓ Dual Stale-Variable Filters: LP/HP/3P/.BR 
✓ System Signai to Noise Ratio: 90dB 
✓ XLR Interface Osc out, Bal Inpul Mic Input 
✓ 375 Page Manual with Application Notes 

Printer/Output Formats 
LMS supports a large number of printer 
standards, and even supports numer¬ 
ous desktop publishing graphic formats 
in both B&W and color! Portrait and 
Landscape orientations in any custom 
size and aspect ratio are also possible. 
✓ IBM/Epson 8 Pin Dot Matrix 

✓ Curve library system for multi-curve operations 
✓ Macro programming of operation for QC testing 
✓ Stzndard and user selectable Frequency Range: 
✓ Relative and Absolute PASS/FAIL Compare 
✓ Ihnoort and Export Data to ASCII files 
✓ Speaker Parameter Generation__ 

✓ SR^/z Combo Coni Processing Operations ! 
✓ Nyquirtt Plot Conve The LMS software provides a host of 
✓ Po<ar PlotConversi powerful post processing features 
✓ t ail Skjpe Correcti-j which enable the user to perform com-
✓ MUIti-Curve Averaç plex mathematical operations on curve 

ing features and capabilities 
at such an incredible price! 

System Utilities and Features 
The system software provides a host of powerful utilities and 
processing features which enable the user to perform many 
complex and tedious tasks easier than ever before. Unlike 
most other analyzer software which is oriented towards single 
curve use, LMS handles multiple curve display and operations 
with a versatile 20 entry library database. 

data quickly and easily. 
- ✓ Scaling. Smoothing Carves 
✓ Minimum Phase Transform 
✓ Group Delay Transform 
✓ Addition, Subtraction 
✓ Multiplication, Division 
✓ Frequency Div/Mul 
✓ Invert, Square-Root 
✓ dB to Unear Conversion 
✓ Inverse FFT 

L I N E A K X 
SYSTEMS 

LinearX Systems Inc. 

Call Today for a free 
Demo Disk! 

Tel: (503) 612-9565 

9500 SW Tualatin-Sherwood Rd., Tualatin, OR 97062 (USA 
TEL(503)612-9565 / FAX: (503)612-9344 / Internet: www.linearx.com 

✓ NEC. Epson, Toshiba 24 Pin 
✓ HP LaserJet. DeskJet Seiies Printers 
✓ HPGL Compatible Plotters 
✓ PostScript Printers- B£W,Color 
✓ PostScript EPS/TIF- B&W.Color 
✓ DXF AutoCAD Vector Plots 
✓ Al-Adobe Illustrator B&W Color 
✓ TIFF. BMP. PCX Bit Image Plots 

International Dealers Australians Technologies 61(0)65-50-2254/ Belglum:Belram 32(0)2-736-50-00/ Brazil: Top Gun 55(0)116316267/] 
Canada:Gerraudio 6133426999/ Chlna:MEI KA Trading Co. (852)2-558-6134/ Denmark.Finland:A&T Ljudproduktlon 46(0)8-830-905/ 
France:Belram 32(0)2-73650-00/ Hong Kong MEI KA Trading Co. (852)2-558-6134, Indonesia Ken’s Audio 62(0)21-639-5806/ lreland:Munro 
Assoc 44(0)171-4033808/ Italy.Outline snc 39-30-3581341/ Japan:Rey Audio 81(0,492-585-490/ Korea: Marshall Elec. 82(032)6531381/ 
Luxembourg:Belram 32(0,2-736-5000/ MalayslaNovum 65-211-0129/ New Zealand:ME Technologies 61-65-50-2254/ Norway:A&T 
Ljudproduktlon 46(08,830-905/ Russla:lnforcom (7)095-9256644/ ScotlandMunro Assc-c 44(0)171-4033808/ Singapore AUVI 635450020/ 
Sweden A&T Ljudproduction 46(0)8-830-905/ Talwan:Gestlon Taycan Inti 8862698-4661/ Th.iiland Novum 65211-0129/ UK Munro Assoc 
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■ A COMBO KIT 
Focal of France has 
introduced its line of 
raw-frame speaker 
components. From this, 
Speaker City, USA, has 
collaborated with Kimon 
Bellas (Focal USA) to 
produce a monitor system, 
the Focal 7KT. Designed 
using CLIO and SpeakEasy, 
this kit offers state-of-the-art 
parts and superior audio 
performance,according to 
the company. Speaker City, 
USA, 115 S. Victory Blvd., 
Burbank, CA 91502, (818) 
846-9921, FAX (818) 846-1009, 
Website www.speakerdty.com. 
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Good News 

□ SIMPLE CABLE KITS 
You can now assemble your own speaker cables 
with Warren Gregoire’s solid silver and Teflon® 
speaker cable kits. According to the company, each 
contains simple, step-by-step instructions, written in 
straightforward, nontechnical language, allowing you to 
assemble a kit within a few hours. No soldering or 
technical knowledge is required. The only tools needed 
are a pair of scissors and a ruler. Warren Gregoire & 
Associates, 229 El Pueblo PI., Clayton, CA 94517, 
(925) 673-9393, FAX (925) 673-0538, 
E-mail info@warrengregoire.com, 
Websitewww.warrengregoire.com/silver.htm. 
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■ CROSSTECH CROSSOVERS 
Crosstech Audio is manufacturing low-pass, and 
two- and three-way crossover networks @ 12dB 
that handle up to 1kW. All utilize polypropylene 
capacitors, air-core inductors, and the company’s 
specially designed and manufactured printed 
circuit boards, using larger than normal foil runs. 
Each includes a composite polyurethane backing 

■ POWERFUL HYBRID 

Morel’s hybrid loudspeaker drive unit is a magnetic system that combines two types of 
magnets—neodymium and ferrite—creating a motor of tremendous power that offers you additional 
speaker ability. It features compact size, and the hybrid magnet system offers advanced magnetic 
shielding, virtually eliminating the magnetic stray field as compared to conventional loudspeakers. 
This feature, along with its fast transient response and greater efficiency, makes it suitable for AV 
systems. Morel Ltd., PO Box 712, Ness Ziona, 70400, Israel, (+972) 8 9301161, FAX (+972) 8 930 
1312. 
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to absorb vibration, and the terminal connectors 
are soldered on for added strength and durability. 
Crosstech Audio, Inc., 30 Francine Ln., Staten Island, 
NY 10314, (718) 3708399, FAX (718) 3708297, 
Website www.crosstechaudio.com. 
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■ ARRAY OF READING 
Two catalogs were released from Antique 
Electronic Supply (AES) and McFeely. 

The AES catalog includes a vast supply of 
tubes, parts, books, and supplies. Antique 
Electronic Supply, 6221 S. Maple Ave., 
Tempe, AZ 85283, (602) 820-5411, FAX (602) 
820-4643, or (800) 706-6789. 

McFeely’s catalog contains a variety of 
square-drive screws, machine screws, drill 
bits, storage solutions, and more. McFeely’s 
Square Drive Screws, 1620 Wythe Rd., PO 
Box 11169, Lynchburg, VA 24506-1169, (800) 
443-7937, FAX (800) 847-7136. 

Also released was Basic Home Theater, by 
Gordon McComb, a guide to create a movie¬ 
theater environment in your home. It discusses 
all aspects of the audio/visual revolution from 
TV sets, DVD players, and satellite dish 
antennas, to speakers, wires, connectors, and 
plugs you will need to plan, install, and main¬ 
tain your home-theater system. PROMPT® 
Publications, (800) 428-7267. 

Reader Service #138 

■ ON-LINE ORDERING 
TechAmerica's on-line catalog allows you to 
view and order from more than 18,000 
electronic parts, components, and publications 
at www.techam.com. The company has also 
released its free 1998-1999 catalog, and has 
opened a third store in Phoenix (other stores 
in Atlanta and Denver). TechAmerica, 300 W. 
Third St, Ste. 300, Fort Worth, TX 76102-2905, 
(817) 415-6151, Website www.techam.com. 

Reader Service #139 
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MANGER! 
Finally: the perfect 

representation of music. 
Developed at a cost of over $2 million over two decades of 
research by Josef Manger, winner of Germany’s prestigious 
Diesel award for excellence in engineering, Manger drivers 
are simply the best available. Manger’s active studio 
monitor is fast setting the standard for Europe's finest 
recording studios. Critics are unanimous in the praise of 
the various Manger Zerobox passive designs for domestic 
use. 

Stereoplay 1/96: 
“Josef Manger’s aim of achieving as time-true a 
representation of acoustic signals as possible has proved to 
be not only pure theory, because as the only representative 
in the “Absolute Top class 1” the Zerobox 107 has taken a 
top position in Stereoplay's standings.” 

Sound and Vision Magazine 1/97: 
“The theoretical deliberations in 1978 of Dr. Manfred 
Heckl, Professor for Acoustics at the Technical University of Berlin, were the first to establish the absolute certainty that the “Manger Concept” 
operated without any transient phenomenon whatsoever. But a great number of manufacturing obstacles had to be overcome before the concept 
reached series production. Nowadays the technical - and also the tonal - quality of the Manger transducer can be confirmed, and this development 
can certainly be regarded as revolutionary”. 

Operating from 170Hz to 33kHz as a true point source bending wave driver, the Manger is renowned for its utterly natural sound and transient 
perfection. It is extremely simple to use, requiring only a subwoofer to round out the bottom end. 

Perfect sound is “built into” these drivers. With no crossovers in the midrange, even beginning speaker builders can achieve better time, transient, 
and phase response than with any other multiway loudspeaker. Despite the relatively high cost of manufacturing the Manger, total system cost 
compares favorably with multi-component speakers using premium drivers and crossovers. 

Like a ripple on a pond, sound radiates outward from the point source with great precision, then is absorbed cleanly at the edge. The drivers present a 
nearly resistive load to amplifiers across their entire operating range. The concept is simple, the result extraordinarily satisfying. Finished Manger 
systems and kits, from their near field monitors through the Zerobox series and on up to the active studio monitors, show the same exacting attention 
to psychoacoustics, engineering, and quality control as the drivers themselves. 

With the new 15-magnet neodymium version, efficiency is 90db 1 W/lm. Recommended Vb is a very small 8-10 liters for the 8 inch drivers. Driver 
depth is less than 2 inches, allowing for in-wall or in-ceiling mounting. Rise time is an incredible 0.014 milliseconds, about 2/3 of that required to 
play CD’s. These are not frail drivers either - they are being used in discotheques as well as recording studios, and early Manger drivers used during 
research and development still meet specs after years of use. 

Manger drivers, speaker kits, and finished speakers are now distributed in North America by B&R Acoustique. With strong roots in consulting 
engineering and audio/video recording and mastering, we can help amateurs and manufacturers alike develop extraordinarily great systems using 
Manger technology. Call, fax, e-mail, or visit our website for sales info. E-mail, fax, or regular mail are preferable to phone calls for technical 
requests. Stop by to listen at the 1999 International CES in Las Vegas, Alexis Park, suite API654, January 7-10. 

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

B&R Acoustique 
40 Marsolet St. Constant, Quebec J5A 1T7 

Tel. (450) 6.35-7379 Fax. (450) 635-7526 E-mail: techmdb@MSN.com 
http://www.techmdb.com 
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The peculiar evil of silencing the expression of 
an opinion is, that it is robbing the human race; 

posterity as well as the existing generation; 
those who dissent from the opinion, 
still more than those who hold it. 

John Stuart Mill 
Speaker Builder is published 
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high-quality audio reproduction. 
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The film capacitors chosen by EgglestonWorks, maker of the Andra, Stereophile's 
"Speaker of the Year." Come see and hear Hovland products playing through 

EgglestonWorks' speakers at CES Las Vegas (T.H.E. Show, St. Tropez, Suite #1003). 

M usiCap 
The finest materials and proprietary techniques make Hovland MusiCaps a sonic revelation—far more open 
and natural than any metalized-film capacitor. Compare MusiCaps and discover for yourself why high-end 
audio manufacturers and music lovers worldwide are choosing our very special film-and-foil polypropylene 
parts for their ultimate designs. Silver-plated leads (16 awg. on Speaker series). Values from .01 p F to 10p F. 

To audition Hovland MusiCaps now, call one of these fine stocking distributors: 
• Welborne Labs, USA 303-470-6585 
• Madisound Speaker Components, USA 608-831-3433 
• The Parts Connection, Canada 800-769-0747 
• Michael Percy Audio Products, USA 415-669-7181 
• Handmade Electronics, USA 610-432-5732 
• J. Lefebvre & Associates, USA 713-988-4621 

• Anchor Cross Co.,Tokyo, Japan 81-3-3203-5606 
• Wilmslow Audio, England 44-01455-286603 
• Tang Hill International Ltd., Taiwan 8862-2-5813605 
• Hong Kong Bush, Hong Kong 852-2525-3227 
• Octave Electronics, West Malaysia 603-793-793-9 
• American Audio Import, Netherlands 31-78-6510567 

OEMs and international distributors may contact HOVLAND COMPANY at 209-966-4377 Fax 209-966-4632 
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About This Issue 

Many factors influence the design process of 
a speaker system. As you’ll see in B. 
Lamy’s line-source speaker project, perhaps 
the highest consideration is your own per¬ 
sonal preference. This author from France 
addresses the design considerations, self-im¬ 
posed guidelines, and driver and crossover 
parts selection in the first of his two-part ar¬ 
ticle (“The Force,” p. 8). 

Want some enjoyable company the next 
time you take the family jalopy out for a 
spin? How about a backseat passenger that 
promises a well-behaved subwoofer 
sound? See Dennis Colin’s “Real Backseat 
Bass,” p. 22. 

In “What’s Really Happening in a 
Stuffed Line?” (p. 32), Don Jenkins experi¬ 
ments with different enclosure scenarios— 
using full- and partial-density loadings—to 
determine the effects on resonance. 

Now that all the hard work is complet¬ 
ed—constructing, positioning, and measur¬ 
ing—it’s time for designer Bill Waslo to 
kick back and take a listen to his imposing-
looking focused array system. Find out 
whether it sounds as awesome as it looks 
(“Focused Array Electrostatic,” p. 36). 

Even if constructing a “dipole monster” 
(p. 40) is not in your immediate speaker¬ 
building plans, you’ll find many of Timo¬ 
thy Sandrik’s design principles applicable 
to boxed speakers. 

Also, be sure to check out D.J. Meran-
er’s interesting analysis of speaker imped¬ 
ance in “Mining the Complex Impedance,” 
p. 44. 

In this issue’s “Software Review” (p. 50), 
Philip E. Bamberg examines the latest ver¬ 
sion of ETF, a measurement program for 
evaluating room acoustics. This program re¬ 
ceives high grades for an easy-to-follow 
manual, low price, graphic interface, and 
ease of use for the audio beginner, as well as 
the audio engineer. 

Finally, driver expert Vance Dickason 
takes a look at two new Focal drivers—the 
Audiom TLR tweeter and 7K2 midrange 
(“Driver Report,” p. 59). 

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

POSTMASTER: 
Send address change to: 

Speaker Builder, 305 Union St. 
Peterborough, NH 03458-0876 
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THE FORCE, PART 1 
PLANNING FOR A 4-WAY, POWERED SYSTEM WITH SERVO-CONTROLLED SUBWOOFER 

We all have reasons for what we do; 
for instance, I build a new speaker 
system because I enjoy not only 

its development and construction, but also 
finding the Haws that justify the construction 
of the next one. And so is bom the Force. I 
also have reasons for this name: it's my 
fourth system, I love Star Wars, 1 really 
needed some force to break the spouse-ap¬ 
proval-factor barrier for this new project, 
and for some technical reasons you will dis¬ 
cover later. 

The purpose of this article is to describe 
the whole process of designing the Force, 
starting from subjective desires and wills 
down to soldering and woodworking. 

DESIGN PHILOSOPHY AND 
SYSTEM CONCEPT 
1 am the kind of guy that reads Stereophile 
and spends many hours listening to speakers 
rather than to music. All these hours spent in 
comfortable chairs listening to the sound of 
carbon fiber and metallized polypropylene 
have proven to me at least one thing: all 
loudspeakers that provide a great deal of lis¬ 
tening pleasure are based on a consistent de¬ 
sign, with one or two (never more) basic 
guidelines, and are entirely engineered to 
satisfy these concepts. This is the case with 
Klipschorns (which measure terribly), 
Dunlavy SCVIs (which measure perfectly), 
and I hope also for the Force (which mea¬ 
sures as you’ll see). 

I have built four systems up to now, in ac¬ 
cord with my financial possibilities (I started 
at age 15), and they are all founded on the 
same basic "listening values"; the differ¬ 
ences between them are due to budget con¬ 
siderations and to the major progress in 
loudspeaker technology. 1 think one signifi¬ 
cant advantage of designing your own 
speakers, apart from the creative pleasure, is 
the possibility of orienting the design to the 
qualities we like best. 

Of course, this is true because the perfect 
loudspeaker still belongs to the remote fu¬ 
ture. Each design today, even the most ex¬ 
pensive, is based on hundreds of compro¬ 
mises, and the best is the one that matches 
your compromises. Hence, my design strate¬ 
gy is as follows. 

By B. Lamy 

I. I try to write down which aspects of the 
sound are important to my ears, ranking 
them from highest to lowest priority. (See 
"Basic Listening Values” in sidebar.) This I 
do independently of technical ideas about 
what is or could be feasible. Doing this is 
not easy, especially when you are the de¬ 
signer, and I found the best way was to listen 
to a bunch of records (about 200 in fact) 
through my existing system and through a 
Sennheiser Orpheus headphone as a refer¬ 
ence point, and to note what was pleasant 
and unpleasant in the sound of each record, 
trying to distinguish what was due to the 
record itself from what was due to the 
speakers. I ended up with both a list of "pre¬ 
ferred items" or "listening values," as well as 
a list of strengths and weaknesses of my cur¬ 
rent speakers. 

My existing system relied on Strathem 
ribbons (two per enclosure), with a closed-
box Dynaudio 19W38 for lows and a Cera-
tech C211 above 7kHz. It was quite pleasant 
and electrostatic-like, but was weak in dy¬ 
namics, and had a somewhat lean bass. The 
Strathems also proved to have a difficult as¬ 
sociation with any tweeter, and suffered 
from severe reliability problems. 

2. Step 1 outlines the final goal of the sys¬ 
tem: possessing characteristics adequate to 
reproduce optimally the sound properties I 
like the most. I then need to translate this 
goal into acoustic and electronic require¬ 
ments. (See "Technical Solutions and Choic¬ 
es” in sidebar.) This is the trickiest and most 
exciting part of the process, because you can 
apply only a few rules with certainty, and 
there is so much room for experience, intu¬ 
ition. and mistakes. The outcome of this sec¬ 
ond step is a system concept, including the 
choice of speaker type (will it be a two-ways 
TL, a three-ways sub and satellite, and so 
on) and the "architecture" of the system, in¬ 
cluding what you do electronically and with 
wood and glue, and what is done through 
acoustic behaviour. 

3. The next step is full of trade-offs: de¬ 
ciding on a budget; selecting drivers in ac¬ 
cordance with the overall requirements; 
making preliminary driver measurements; 
and designing enclosure and basic filter 
topologies with the help of some simulations. 

4. Finally come the electronic design 
(which is quite important in the Force sys¬ 
tem), speaker building, and tuning, includ¬ 
ing in-room measurements and subjective 
listening tests. 

QUESTIONS AND ANSWERS 
What about tweeters? 
The main requirement is to provide a 
smooth transition with the midrange to avoid 
spoiling its quality (which means low reso¬ 
nance frequency and smooth transition 
band). They must also have high dynamics 
(compression in tweeters always means an 
awful noise). There is no other answer than 
high-quality tweeters. 

What about filtering? 
This is a large issue. Before getting into de¬ 
tails, I needed to specify whether 1 wished 
active or passive filtering. I chose active for 
the following reasons: 
• Upgrading the system with new drivers is 
easier this way; also, with a given target re¬ 
sponse, active filters provide more freedom 
for individual driver accommodation than 
passive filters; 
• This solution is more compliant for high 
dynamics for these reasons: no loss due to 
passive filters, power sharing between ampli¬ 
fiers (which reduces clipping risks, but also 
intermodulation distortions), better control of 
drivers because of direct coupling, and more 
low-level resolution and articulation); 
• Matching driver efficiencies is straightfor¬ 
ward, giving a broader choice. 

Servo or ported box for bass section? Servo. 
Calculations showed that a ported-box solu¬ 
tion was feasible with a high-quality JBL or 
Focal driver, but I opted for servo because I 
wished to try it and because it gave the same 
bandwidth in a smaller box. Another good 
reason is that I think "tight" and "fast" bass is 
linked to well-controlled transient behavior 
(but also because bass reflex often sounds 
tighter than closed and does not have perfect 
transient response) and to distortion levels. I 
completely disagree with the assumption that 
bass distortion is not important because the 
human ear cannot distinguish harmonic dis¬ 
tortion in single low-frequency tones. 
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FIGURE I: Boxmodel simulation for the Madisound 10207DVC in a 
closed box (maximum SPL). FIGURE 2: Phase response of the 10207DVC. 

Three ways or more? 
More. Choosing a servo limits the upper 
cross frequency to 100Hz (you can cross it 
higher, but you are outside the bandwidth of 
the feedback-control loop, and it is not satis¬ 
fying from the engineer’s point of view). 
Moreover, low crossover frequency means 
that you can use the sub box as a pedestal for 
the rest of the speaker (somewhat limiting 
the Allison effect). 

Then, with a crossover frequency of 
about 100Hz, there is no available midrange 
that goes so low. A lot of bass-midrange ex¬ 
ists, but a comparison using the Orpheus 
would eliminate them at once (I think they 
sound plastic and dark in the upper 
midrange), and if you can cross them to 
100Hz, you are limited to 1.5—2.5kHz at the 
upper limit, which is not compliant with the 
above midrange requirements. I decided to 
go for a four-way system: sub, low mid¬ 
range, midrange, and tweeter. 

TABLE 1 

SYSTEM BUDGET (US DOLLARS) 

Drivers Projected Actual 
Sub 250 250 

Low midrange 200 340 

Midrange 300 350 

Tweeter 300 600 

Wood, etc 100 100 

Amplifiers 450 430 

Servo 150 400 

SMPS 1000 1000 

Filter 200 200 

Total 2950 3670 

BUDGET 
The Force is expensive (see Table 1), but 
considering what is commercially available 
for $3,500, I believe it is a bargain. Good 
tweeters are very expensive, and the servo 
also proved much more costly than expected 
because of sensors, not drivers. Nevertheless, 

you can keep to the 
$150 servo figure 
with a relatively 
slight performance 
decrease. 

I did not include 
the price of testing 
instruments and sim¬ 
ulation tools (cali-

FIGURE 3: Group delay of the 10207DVC. brated mike, Liberty 
Audiosuite, Box¬ 
model, Calsod, Tek¬ 
tronix TDS220 scope, power supplies, signal 
generators, and so on). I constructed every¬ 
thing myself, including printed-circuit 
boards and woodworking. In the end, my 
initial budget was 25% too low, which must 
prove that I am a professional engineer. 

SUBWOOFER 
For the subwoofer, many drivers would do, 
mainly because of the low cutoff frequency 
and the servo principle. Initially, I looked for 
those with high power handling and long 
cone excursion, which are necessary for 
servo-sub use. I first went to my local retail¬ 
er and tentatively selected Audax, NHT, and 
Focal models. They met the requirements, 
but were quite expensive, and one day I saw 
a Madisound advertisement in SB that im¬ 
pressed me with its low prices and fairly 
smooth frequency responses. 

From the available Madisound drivers, I 
selected the 10207DVC for the following 
reasons: 

• It has a low fs of 18.6Hz, which is appro¬ 
priate for a servo configuration (high fs/high 
Qls drivers designed for bass-reflex loading 
cause phase problems in the feedback loop); 
• Despite this low fs, the efficiency is quite 
good(92dB/lW @ Im); 
• It provides a 10mm peak-to-peak excur¬ 
sion, which is not awesome, but quite good. 

I made some simulations using Boxmod¬ 
el. To obtain more than 1 lOdB SPL. I need¬ 
ed to have two 10207DVCs per box; the ad¬ 
vantage of the low Vas is that a "small" box 

of 2.5ft3 provides a completely aperiodic re¬ 
sponse with limited phase shift, ideal for the 
closed-loop servo (Figs. 1 and 2). 

The parallel compound is able to produce 
roughly 112dB SPL in the 50-100Hz band 
at the power limit of 200W (both coils dri¬ 
ven), and since most records contain these 
low frequencies recorded equally loudly on 
both channels, I should have 2 or 3 more dB 
in the room—or about 115dB. Similarly, 
these drivers will deliver 98dB @ 20Hz. 
This is sufficient for realistic reproduction of 
most music, except perhaps the 1812 Over¬ 
ture or other famous cone killers. 

Figure 3 shows that the excursion limit is 
reached at 50Hz (at full power); below this 
limit, you prevent cone bottoming either by 
electronic means or by turning down the 
volume. 

Considering the $50 price of the 10207, 
all these performances are more than good. 
Strengthening the bass is possible in this sys¬ 
tem by using very long-throw drivers such 
as the NHT 1259, or larger speakers ( 18"), 
but I was unable to find a better perfor-
mance/price ratio. 

LOW-MIDRANGE 
Qualities for the low-mid are that it must 
go low enough to accommodate the 
100Hz crossing with the sub, dictated by 
the servo possibilities, and provide a 
smooth transition at the upper frequencies 
as well as sufficient efficiency. The choic¬ 
es that I considered were the Audax 
HM170X2, the Dynaudio 17W75, the 
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Subwoofer 

Amplifier 

150/200 Watts 
Madisound! is pleased to offer the KG-5150 

Subwoofer Amplifier with Electronic Crossover for 
powered subwoofer systems. We have worked hard to find 
an amplifier that has an adjustable electronic crossover and 
has continuos power of 150 watts into 8 ohms or 200 watts 
into 4 ohms. We are confident that we now have a product 
that can meet the demands of both home theater or high end 
audio systems. Powered subwoofers are a versatile 
addition to your audio system. With the variable crossover 
and volume control, you can match a subwoofer to any 
existing system. The KG-5150 can be used with single or 
multiple woofer systems (a total impedance of 4 to 8 ohms 
is recommended). Madisound can help you choose an 
appropriate woofer that will meet your audio and 
architectural needs. 

• Discrete high current drivers and 
output devices 

• LED power indicator 
• Woofer volume control 
• 50Hz to 100Hz continuously 

adjustable low pass 12dB electronic 
crossover 

• Low and High level input, summed to 
mono signal 

• Low and High level output 
• Phase inverter switch 
• Master power switch 
• Auto power on/off activated by input 

signal 
• Thermal protection auto shutoff 

Specifications for KG-5150 Subwoofer Amplifier 
Power output @ 8 ohms / 4 ohms 150W/200W 
THD 0.025% 
S/N ratio @ rated power 95dB 

Input sensitivity @ 100Hz - low level 150mV 

Input sensitivity @ 100Hz - high level 2V 
Input impedance 22k ohms 
Auto on sensitivity 5.8 mV 
Time for Auto Off 8 minutes 
Weight 10.5 lbs 
Dimensions W x H inches ll 7/,6 x 8 1/4
Cutout hole W x H inches 10 7/16 x 7 1/4
Price Each $169.00 

Woofer Suggestions 
Item Size Ft3 S/V f3 W 

Madisound 1252DVC 12” 3.5 S 30 75 

Madisound Swan 305 12” 4.25 V 28 200 

Eclipse W1238R 12” 3 V 28 200 

Peerless 831727 10” 2.25 V 30 220 

Peerless 850146 10” 3.1 V 27 220 

Peerless 831857 12” 6 V 24 220 

Scan-speak 21W/8555 8” 1.8 V 31 100 
Scan-speak 25W/8565 10” 3 s 34 100 

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

NHT1259 12" 3.5 s 29 300 

Vifa M26WR09-08 10" 2.2 V 35 130 
Dynaudio 30W100 12” 5.5 s 30 130 

Dynaudio 30W100XL 12” 4.5 s 37 130 

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-ma I: info@madisound.com 

Web Page: http:/www.madisound.com 
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BASIC LISTENING VALUES 
This section sums up what the system is supposed to reproduce best according to my taste; it is quite personal, of course, but I will try to indi¬ 
cate some rationale behind each characteristic in the following table: 

Design Behavior of the Final System 

Priority 1. 

Provide transparent reproduction of the 
midrange, especially human voices, and, 
more generahy, provide a convincing 
tonal balance on the whole audio band. 

Priority 2. 

Satisfy the dynamic range of the CD. 

Priority 3. 

Possess high-quality bass below 100Hz. 

Priority 4. 

Provide adequate stereo imaging. 

Comments 

In my opinion, this is a basic requirement for any system, in the sense that if it is 
not satisfied, you will quickly become bored unfess you restrict yourself to ambient music 
or pink noise (more or less the same, at least for measurements). I think this feature is the 
main reason for the commercial success of electrostatics, and I must admit that the use of 
the Orpheus certainly influenced the priority ranking for this criterion. 

To my ear, dynamics are what make music alive (I listen to Boccherini, but also to the Foo 
Fighters) ano provide a considerable masking effect on other flaws. The important fact is 
that dynamic ability must be consistent throughout the reproduced band. (The lack of this is 
one reason small monitors that don’t distort much in the highs may become harsh and un¬ 
balanced on loud passages—compression on woofer and tweeter is not the same.) 

This is a principal requirement for any kind of music, but—contrary to what is often said 
and written—more for chamber music and a cappella singing than lor rock. Rock bass con¬ 
tains very high harmonics content, often greater than the fundamental, and low-level details 
are masked by the high average level, whereas in chamber music or jazz, ambience stems 
mostly from low-frequency information. Good-quality bass means punchy, and subjectively "fast 

Need be only adequate, not “pinpoint” or “3D.” In my opinion, imaging is intrinsically poor 
with stereo (apart from some oinaural recordings), and pinpoint” listening or mixing arti¬ 
facts is not one of my main objectives. I will probably rank this factor higher when a true 
five-channel audio standard exists. It’s so sad to see the commercial boom of home theater, 
with its ridiculous explosions, whams, and 3D whooshes. 

TECHNICAL SOLUTIONS AND CHOICES 
According to the main guidelines for the design, I then translate the above requirements into the following technical possibilities. 

Comments 

Top-quality midrange and low price for DIY, but does not satisfy the dynamic-ability 
requirement; difficult to match with a low-frequency driver; very sensitive to room 
placement. Rejected. 

They were the basis of my previous system; same flaws as electrostatics, when con-
sidering midrange (nevertheless, there are some very good ribbon tweeters). Rejected. 

Transparency in the midrange is difficult to achieve with crossovers in the phone 
band (500Hz-4kHz); wideband is a must, easily achieved by electrostatics and ribbons, 
not so easily by conventional drivers. Nevertheless, cone midranges are best suited 
for good dynamics. Selected. 

Generally more transparent than cone midranges, with smoother transition band and 
thus easier filtering; dynamics are usually not as high. Selected. 

Super dynamics, low distortion due to high efficiency, but very difficult to construct, ex¬ 
ceeding my woodworking skills; difficult to match with other drivers. Rejected. 

Requirement Possible solutions 

Transparent Electrostatics 
midrange 

Ribbons 

Wideband cone 
midranges 

Wideband dome 
midranges 

Homs 

Morel MW 166, the Peerless 832732, and 
the SEASP17REX. 

I discarded some other very high-quality 
models from Scan-Speak and Eton because 
of their high price. Thanks to my friendly 
local retailer, I was able to borrow one of 
each of my selections for testing. 1 made two 
kind of tests: first, a frequency-response test 
at various angles with an 1EC baffle, and 
second, a listening test that may be contrary 
to good engineering practices, but which I 
have used with success in the past. 

For the listening test, I mount the driver in 
a 0.35ft3 test box fitted with an Audax 
TW010F1 tweeter, and listen to music im¬ 
mediately after connecting the driver through 
a first-order low-pass filter and variable at¬ 
tenuator for the tweeter. Certainly, the load-

FIGURE 4: Response of P17REX. 

ing is not optimized, 
nor is the interaction 
with the tweeter, and 
the sound is awful, 
but its "awfulness" 
varies with the se¬ 
lected driver, and 
enables me more or 
less to predict the 
sound in a more elab¬ 
orate configuration. 
The frequency 

response measure¬ 
ments indicated that 
the Dynaudio, the Morel, and the SEAS 
(Figs. 4 and 5) had very smooth response, 
with a softer rolloff, especially at an angle, 
for the Morel and the SEAS. The listening 

tests slightly favored the Dynaudio and the 
SEAS. 

Considering the price difference, I decid¬ 
ed on the SEAS P17REX, which was also 
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Good wideband 
tonal balance 

Single very wide 
band driver 
(e.g., Lowther) 

Efficient, simple and low cost, but incompatible with high dynamics and clean bass. Rejected. 

Multiway system, 
with careful 
matching of drivers 
by proper selection 
ana advanced filtering 

Good dynamics, Homs 
low-frequency 
section 

No other magical solution; decision to be made later on the number of ways and type of filtering. 
Selected. 

Same as above for midrange; moreover, a horn is huge at these frequencies, 
and I don’t desire a divorce. Rejected. 

Good dynamics, 
mid-high 
frequency section 

Proper choice of 
driver and the 
number thereof 

Proper choice means dealing with the trade-off of efficiency versus linearity, 
which can be partially overcome by multiplicity of moderate-efficiency drivers. 
Price is also a concern. Selected. 

Good dynamics, 
playing loudly 

No clipping or severe 
distortion should occur 
for 1 lOdB continuous 

Has consequences as to the choice of drivers (number, efficiency, power handling) 
and the associated electronics. Selected. 

playback level 

High quality Closed box 
bass below 
100Hz 

Never sounds punchy enough to my ears, while I agree that they measure optimally 
on step response. Rejected. 

Adequate 
stereo imaging 

Ported box 

Bandpass ported box 

TL 

Servo closed box 

Single wideband 
driver or small 
two-ways 

Three-ways and 
more, one driver per 
way or D'Appolito 
configuration 

Three-ways and 
more, line source 
drivers 

Sound generally clean and fast when properly tuned. Possible, but they must be quite big to 
reach 20Hz (SAF), and may be sensitive to room placement. Rejected. 

Possible. 1 but filtering is done acoustically and is not easily adjusted for matching the other 
drivers (high-frequency cutoff, slope). Rejected. 

Best bass sound in my opinion, but they have to be big to reach 20Hz. Selected for further 
investigation. 

May sound excellent, depending on the servo loop quality; easy to construct and requires 
only moderate-quality drivers for good results (except for large moving-coil peak excur¬ 
sion). Selected for further investigation. 

OK for imaging, but outsiders for bass reproduction. Rejected. 

More difficult to design, depending on phase response of the drivers and associated filter, 
but also on room influence. Moreover, not so original. Rejected for largely nontechnical 
reasons. 

They release some of the design constraints of traditional 3-ways (see Witham articles2 
concerning focusing arrays and 64-channel line sources). Compliant with the dynamics 
requirement (more drivers). Some limitation from room influence due to vertical beaming 
effect. Selected, despite their narrow “sweet spot.” More on this at the end of the article. 

So far, I have selected a 3- or 4-way system with a closed-servo or ported-box bass section, domes or cones in the midrange, and a line¬ 
source topology. But there are still some missing items and open questions. 

is also consistent 

FIGURES: Group delay of P17REX. 

more efficient (1.8dB). A single 
P17REX will achieve 108dB at a maximum 
electrical input of 70W. To obtain 115dB, 1 
had to use four drivers per enclosure, which 

band frequency re¬ 
sponse and rolloff; I 
didn't wish to put 

heavy filtering in this critical area, for it 
has proven in my previous trials to cause 
veiled and unnatural sound rendition; 
• Low distortion, which is critical in this 

band, because harmonics fall in the maxi¬ 
mum sensitivity region of the ear, and be¬ 
cause 80% of the typical musical power is 
contained in this band; 
• Low fs to allow low cutoff, and highest 
possible cutoff at the other end. 

I also made listening tests, with the pre¬ 
viously selected P17REXs mounted in 
their optimal enclosure (0.14ft3), the same 
tweeter, and simple first-order crossovers. 1 
made the following list of possible candi¬ 
dates: the Audax HMI00X0 (cone); the 
Dynaudio D52 (dome); the Eton 4-203 
(cone; not analyzed because I couldn't get 
one for the tests); the LPG50FA (dome); 
the Morel MDM75 (dome); and the SEAS 
10 FM (cone). 
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I rejected the Scan-Speak 13Mxx and 
Ceratech C2-77 because of their price. None 
of the cone drivers were able to reach the 
level of transparency of any of the domes. 
This was so obvious, especially when com¬ 
paring the sound with the Orpheus head¬ 
phones, that I did not make any additional 
measurements. Of the domes, the Morel did 
not measure as smoothly on the IEC baffle 
as the manufacturer's specs indicated, and I 
finally chose the LPG50FA, since it was 
cheaper than the Dynaudio. 

As to power output, the LPG was speci¬ 
fied as 9OdB SPL/lW/lm and measured 89, 
with a rated 100W maximum power. This 
leads to 119dB with a single driver, but 
keeping the low distortion figures (-45dB 
midband) given for 1W implied a practical 
power limitation of 15—20W. This led to 
five drivers per enclosure, which is OK for a 
line source. 

TABLE 2 

SYSTEM-A DATA OF BOXMODEL 
SIMULATION FOR P17REX 

DRIVER BOX 
Mfr SEAS Kind: closed 

Mdl:P17REX VB = 5.00 Itr 

fs = 39.0Hz 0^ = 0.711 

Væ  = 23.0 Itr fc = 124.56Hz 

0^ = 0.350 0^ = 100 

0TO = 1-400 Ofc = 500 

Re = 6.100 tmp = 20.0°C 

Sd = 130.0cm2 bpr = 751.0mm 

Pe = 60.0 

xmx = 3.000mm 

tmp = 20.0°C 

bp, = 751.0mm 

TWEETER 
Tweeter distortion is less critical, especial¬ 
ly when crossed above 5kHz, but compres¬ 
sion is a concern (so many tweeters have 
ridiculous power-handling ability, sound¬ 
ing harsh and metallic). Smooth response 
and low fs for easy blending with the 
midrange was a must. 

On this simple basis, it became obvious 
that a good tweeter is a very expensive one; 
after a quick paper inquiry and also remem¬ 
bering some commercial speakers I'd heard, 

I selected the follow¬ 
ing tweeters: the 
Ceratech C2 44; the 
Dynaudio D260; and 
the Scan-Speak 
D2905. 

Then I proceeded 
to perform only lis¬ 
tening tests, because 
I had been misled in 
the past with tweet¬ 
ers that measure OK 
but sound terrible. 

I returned to my 
nonscientific test 
jig, replacing the 
cheap Audax with 
these units. The 
Ceratech was silky 
and perhaps the 
most transparent, 
but lacked the au¬ 
thority of the other 
two. The Scan-
Speak had less im¬ 
pact than the Dyn¬ 
audio, but sounded 
warmer. Neverthe¬ 
less, I had the op¬ 
portunity to get a 
second-hand Dyn¬ 
audio at a lower 
price than a new 
one, so this was my 
final decision. 

FIGURE 8: Response of P17REX in glass bowl, uncorrected. 

FIGURE 9: Response of LPG50 on test baffle, uncorrected. 

A single D260 can play at 120dB SPL 
peak without significant distortion, and a 
single unit can fit the needs of the Force sys¬ 
tem. Nevertheless, 1 decided to put three of 
them into each enclosure in order to satisfy 
the line-source principal. 

It is clear that a "pure" line source with 
minimal interdriver distance (at least com¬ 
pared to the highest reproduced wave¬ 
length) would require maybe 15 LPG50s 
and 15 D260s, but this was clearly beyond 
my means. 

DESIGN PROCESS 
I began with the servo sub, which you can 
design independently of the rest, consider¬ 
ing the low frequency cutoff and consequent 

flexibility for upper crossing. The principle 
of a feedback loop should be known to most 
of you, since it has been detailed by 
Mortensen3, but 1 will sum it up briefly. 
When a driver is operating in its so-called 
"piston" range, it delivers a sound power 
proportional to the cone acceleration. 
Hence, a feedback loop measuring this ac¬ 
celeration following an input signal is able 
to correct any anomaly in the driver behav¬ 
ior (i.e., distortion), and will also widen the 
usable band on the lower end (at the ex¬ 
pense of considerable power injection and 
cone excursion, which limits the possibili¬ 
ties of such a device). 

In practice, things are not so easy. Drivers 
are electromechanical devices, featuring 
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nonminimum phase behavior. This leads to 
stability problems in the feedback loop, 
which you can avoid only by limiting the 
overall gain of the open loop and by careful 
phase compensation. (By the way, this 
means that any servo is designed for a given 
speaker, so its replacement by another 
woofer is very likely to cause destroyed 
cones and blown voice coils.) 

In the Force, the low fs of the 10207 gives 
desirable smooth-phase behavior; neverthe¬ 
less, adjusting the loop parameters was not 
an easy task. For the basic theoretical accel¬ 

eration loop (Fig. 6), 1 substituted a speed 
loop (Fig. 7), which gives the same theoreti¬ 
cal result, since the same integration func¬ 
tion is applied to input and sensor signals. 
Nevertheless, this enables you to improve 
loop behavior at high frequencies, and espe¬ 
cially avoids instabilities due to high-fre¬ 
quency cone modes, and to the distance be¬ 
tween the sensor and the cone, if any. 

SENSOR CHOICE 
First, I tried some piezo accelerometers, 
which work fine and provide zero delay to 

NEW! UMBRA800, POWERED 
SUBWOOFER 

• Ô” Eclipse Woofer 
• 100 Watt Amp. 
• 12"x12”x10", Oak Cabinet 
• Down Firing 
• Solid Drass Feet 

Kit price starting at 
$245.00 

Contact us for this and more 
exciting products! 

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

MEN»IS«CUS 
MENISCUS AUDIO GROUP, INC. 

4669 S. Division Ave. 
Grand Rapids, Ml 49548 
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the cone movement, but I was deceived by 
the resulting distortion measurements (more 
than 10% @ 40Hz/100dB SPL). Then 1 
made some attempts with optics, but ensur¬ 
ing good linearity with high excursions is 
also difficult. I then chose a mike sensor, 
whose main limitations are SPL limit and 
time delay introduced in the loop. The SPL 
delay is not as bad as it might seem at first 
glance, since the 1/r2 attenuation law applies 
only for far-field propagation. At one inch 
from the cone, the sound pressure is hope¬ 
fully not 10,000 times greater than at one 
meter—just 20-30 times. 

My first attempt was with an electret 
mike (the one used in the Mitey Mike), but 
even with the addition of a source resistor as 
specified in the Mitey Mike, distortion was 
still 5% @ 40Hz/l(XklB SPL. The (expen¬ 
sive) solution was the replacement of the 
electret by a Shure Beta 57, specially de¬ 
signed for high levels and low frequencies. I 
achieved 1.5% distortion and was happy 
with that. 

INITIAL DRIVER MEASUREMENTS 
Once the servo was done. I temporarily 
connected it to my old system to have the 
pleasure of rattling the windows, and also 
to allow long-term break-in and eventual 
retuning. 

The next step was to measure the other 
drivers to see whether my samples were con¬ 
sistent with the manufacturer's specifications 
and to check deviation from sample to sam¬ 
ple. To do this, I used an IEC baffle for the 
midrange and tweeter, which don't need any 
rear loading, so it's merely a matter of mak¬ 
ing a hole with a saber saw and plugging the 
device. The P17REX, however, needed 
some loading; at this point, I decided to use 
what would be their final enclosure. 

I had read4 that spherical enclosures are 
immune to midfrequency ripple due to inter¬ 
nal standing waves, and I had a Pyrex semi-
spherical cooking bowl, 9" in diameter, with 
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NO gte PARTY 
TRASH ALL OF YOUR WOOFERS, MIDRANGES, 
AND TWEETERS - AND I'LL EVEN INCLUDE ALL 
DIPOLES AND PLANAR MAGNETICS. ANY 
SPEAKER, WITH EVEN A SINGLE MOVING PART, 
IS FROM THE DARK AGES. THE ENERTIAL MASS 
OF THESE DINOSAURS GENERATE SPURIOUS 
WAVE FORMS. DISTORTIONS, AND UNPRE¬ 
DICTABLE OPERATION. 

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

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

* • * 

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

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

ALL OF YOUR QUESTIONS ARE ANSWERED IN 
OUR LATEST PRODUCT: THE IONIC/PLASMA 

PACKAGE. WE COVER ALL ASPECTS FROM 
BOTH A HISTORICAL PERSPECTIVE TO AN 
OBSCURE FRENCH DESIGN. CONSTRUCTION 
METHODS AND THEORETICAL INFORMATION 
ARE EXPOSED AND EVERYTHING IS PACKAGED 
IN A SPECIAL PLASTIC CASE. THIS IS THE MOST 
COMPLETE SOURCE OF IONIC AND PLASMA 
INFORMATION IN THE UNIVERSE! 

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

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

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

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

MAKE ALL CHECKS PAYABLE TO: 

ÄP- DAVID LUCAS 
924 HULTON ST. 

OAKMONT, PA 15139 



FIGURE 13: LPG50 response with gyrator correction and filters. 

an internal volume of 0.177ft3. I used Box¬ 
model to define the response of the P17REX 
in such an enclosure (Fig. 8), and it gave an 
almost perfect result, a smooth response 
without overshoot and a very constant prop¬ 
agation delay. I decided to use the bowls. 

The measurements of the LPG50 and 
D260 are shown in Figs. 9 and 10. For all 
measurements, I used Liberty Audiosuite v2 
with a calibrated Mitey Mike. 

The curves are the means of all samples 
for each type of driver. I measured each one 

individually, exported the data to ASCII files 
and wrote a small Basic program to calculate 
the mean for each data point. I did this to 
make filter calculations on the "average" driv¬ 
er, providing some adjustment potentiometers 
where necessary for individual tuning. 

D260 PROBLEMS 
I was deceived by the D260's measurements, 
but a quick verification made with a brand 
new sample with the same test setup con¬ 
firmed the reason why mine were bargains: 

Direct Digital Chain 

World Class Sound upgradable 

+ Factory Direct Sales = Superb Value 

R645 
R630 

5 year warranty. 1 year 100% trade-in Upgrade Policy. 
Fully compatible with present and future audio trends. 

The 30" Ribbon is as well a behaved treble reproducer as I have seen. A pair of 
these speakers can form the acoustic end of a very fine high end audio system, 
and a quartet, well, they make up as good a home theater system as I’ve ever 
heard. Simply put. reference quality. Andrew Marshall, Spring ‘97, Audio Ideas 

The new R630 combines the widely acclaimed R30 Ribbon with the 
famous ScanSpeak carbon fibre pulp coned 6 1/2" mid-bass for a 
wonderfully transparent loudspeaker. Newform Ribbon systems are 
available from $556 to US $2540/pair. total cost, delivered to your door by 
UPS. To understand fully how we deliver the openness and detail of a 
large Ribbon/electrostatic in a practical, dynamic, home theater optimal 
loudspeaker, ask for our 20 page Info Pack or visit our extensive web site. 

Our new technology mono-pole, wide dispersion Ribbons are uniquely well suited to 
producing superb sound in both pure audio and home theatre formats. These minimal 
acoustic profile Ribbons with their unsurpassed soundstaging capability, lower the 
price of admission to high end fidelity and open up the future to painless system 
upgrading. "But not only do the NHBs present a large, expansive, seemingly almost 
unlimited sound picture, they also produce unusually real-seeming instrumental or 
vocal images. The whole effect is startlingly convincing. And none of the 
astronomically priced box speakers I know of do it any better, nor even as well.' 
Robert Greene in Speaker Builder, Winter, 1998. 

This Ribbon's sound is exceptionally transparent, revealing, with wonderful 
body and weight. There is an incredible amount of detail and a fabulous 
sense of transparency. Where many speakers begin to choke, the 
Newforms begin to sing. If it sounds as though I’m raving, it is because I 
am Doug Schneider, Soundstage April *97 soundstage.com 

Newform 
Research Inc. 

PO Box 475, Midland. Ontario L4R 4L3 
(705) 835-9000 Fax: 835-0081 

www.newformresearch.com 

I wholeheartedly believe 
your speakers are an 
incredible value and am 
very impressed with the 
service you provide." 

Reader Service #25 

they are affected by a 5dB dip at 8kHz and a 
rolloff after 15kHz. This was consistent 
within ±2dB in all the samples, which sug¬ 
gests a production problem rather than acci¬ 
dental damage (I'm not sure, however, be¬ 
cause Dynaudio drivers are usually manu¬ 
factured to a very high standard and 
individually checked). 

Nevertheless, considering the $600 price 
of six new units, and the fact that the 8kHz 
dip could be the beginning of the final filter, 
I decided to keep them. This means that the 
tweeter filter section discussed later should 
be modified in cases of "normal" D260s. 

On the other hand, the LPG50s measured 
wonderfully! All ten samples were within a 
±1.5dB margin from l-10kHz. Such re¬ 
peatability is very rare in drivers. The only 
anomalies were a broad 1 dB dip centered on 
2kHz and a broad 1,5dB bump centered on 
5.5kHz. The most critical part of the system 
was safe. 

The overall frequency response of the 
P17REX (Fig. 11) was quite in accordance 
with Boxmodel predictions, but my spheri¬ 
cal enclosure proved to cause more stand¬ 
ing-wave problems than expected (probably 
because the bottom of the bowl is flat and 
not spherical). The consequence is a 5dB dip 
centered at 500Hz. 

FILTER DESIGN 
My initial idea was to use second-order 
Linkwitz-Riley filters (technical reasons for 
that are indicated in Dickason's work5, and I 
personally prefer the sound of even-order 
LRs to the third-order Butterworth or Bessel 
filters commonly used in D'Appolito config¬ 
urations). The usable band of the various dri¬ 
vers was sufficient for this (but not for the 
first-order Butterworth loved by many au¬ 
diophiles), but I wished to correct irregulari¬ 
ties in the passband. 

After some trials with modified LRs, they 
became so modified that they were no 
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ASÍ 

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, 

MH 

lour Eyes Won’t Believe Your 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, ¡ust one of Morel’s high quality products. 

»> 
morel \__? 

Morel Ltd. 
17 Hamazmera Street 
P.O.Box 712, Ness Ziona 70400, Israel 
Tel: +972-8-930 1161 
Fax: +972-8-930 1312 
email: morelint@netvision.net.il 
www.morel.co.il 

Morel. Another way of saying DRIVE UNIT QUALITY 

Reader Service #1 



FIGURE IS: D260 response with 1 m response combined with 
LPG 50. 

longer LRs or Butterworths or anything else, 
and I had phase problems with inadequate 
removal of bumps and dips. 

1 then remembered the use of LCR traps 
in passive crossovers to correct such irregu¬ 
larities, so I attempted a transposition of pas¬ 
sive LCRs into electronic gyrators (simulat¬ 
ed inductors). This proved to be much more 
efficient than my first approach, and 1 de¬ 
signed gyrator correctors for each driver, 
striving to achieve an almost perfect driver 
before adding LR filter sections. 

You see the result of this correction for 
the P17REX in Fig. 12. You can achieve 
perfect regularity within IdB, thereby 
demonstrating the efficiency of the process. 
The midrange and tweeter corrected re¬ 
sponses are shown in Figs. 13, 14, and 75. 
(These plots also include the LR filters.) 

CROSSOVER FREQUENCIES 
1 wound up with virtually ideal drivers, but 
then needed to decide the values of the 
crossover frequencies. I based my choices 

WE BUY BLOWN SPEAKERS: ALTEC, E-V & JBL 

SPEAKERWljRKS 

1-800-526-8879^ [MasterCard 

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

REPLACEMENT GRILLES for 
Altec, B-hC, Cerwin-Vega, JBL 
& Marantz, Plus CUSTOM Work 

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

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

SPECIALISTS IN SPEAKER REPAIR 
AND REPLACEMENT GRILLES 

NO CATALOG AVAILABLE 
CALL US FOR HARD TO FIND DISCONTINUED PARTS 

4732 South Mingo / Tulsa, Oklahoma / 74146 

on rather straightforward considerations, 
first making an attempt, and adjusting if nec¬ 
essary. In facf my first selection proved cor¬ 
rect and remained unchanged: 

• The 0.177ft3 enclosure of the P17REX dic¬ 
tated the 125Hz crossover with the sub; 
• You cannot cross the LPG50 lower than 
1.5kHz; its fs is 800Hz, and the distortion 
curves given by LPG begin to rise under 
1,5kHz; I wished to cross it as low as possi¬ 
ble, and there was no problem in this area 
with the P17REX, so 1 went for a 1.5kHz 
value; 
• The Dynaudios had their rolloff prob¬ 
lems, and so was born the 7.5kHz high 
crossover point. 

Such a selection process may seem very 
frivolous to serious designers, but again, it 
proved satisfactory, despite Murphy's law. 
In Part 2, I'll continue with driver place¬ 
ment, the electronics involved, and con¬ 
struction details. fe 

SAY YOU SÆW 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 
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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. 

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 
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Payment Method 

_ Payment Enclosed - Check or Money Order 
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Zip/Postal Code: 
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Tel:_ Email: 
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REAL BACKSEAT BASS 
By Dennis Colin 

If your vehicle’s backseat has a floor you hardly use, the removable sub¬ 
woofer boxes this article describes can 

add truly high-fidelity bass to your mobile 
sound, without the boomy resonance of 
trunk installations. 

CABIN FEVER 
Anyone can get 12Hz response in a car. Fig¬ 
ure 1 shows the “cabin gain” (a car’s low-
frequency “room” gain) of my mid-size 
sedan. (This is the difference between a 
woofer’s response in the car and close-
miked in a large room.) Relative to free-air 
response, the small enclosed space makes 
frequencies below about 60Hz appear as an 
almost DC-coupled uniform pressure load 

on a sealed-box woofer, since the longest in¬ 
terior dimension is shorter than a half-wave-
length. Sound pressure below 60Hz is then 
proportional to cone excursion, rather than 
acceleration (as in free space). 

The result is a l2dB/octave rise below 
60Hz, down to 12Hz in my car. (LF cutoff is 
determined by air leaks; if both car and 
woofer enclosure were air-tight, the re¬ 
sponse would extend to DC!) Connecting a 
battery to the woofer would cause sustained 
cone excursion, resulting in sustained cabin 
air-pressure change. So a small sealed box 
(f3 of 60Hz) is compensated down to 12Hz 
or so, making for ease in reproducing sub¬ 
sonic bass. 

NOT SO FAST 
You say you would also like smooth 
bass response? Well, then, this 
leaves out most car “sub installs” (in 
English, woofer installations). I had 
installed such a system in my ’94 
Dodge Intrepid, along with rear¬ 
deck mid/hi units, but was very dis¬ 
satisfied. The components were 
good—Soundstream Reference 10s 
in 1ft3 sealed boxes, with first-order 
crossover (CO) to Soundstream 
PRO-B69 6 x 9 mid/high units in 
the rear deck. The drivers were 
probably ±3dB flat over their 
ranges; in a store-room audition, 
they sounded very good. 

Now look at Fig. 2, the response 
at the driver’s ear location (using 
the Mitey Mike capsule, ±2dB. 
IOHz-2OkHz, 1/6 octave smooth¬ 
ing, and true-RMS detector). The 
horrendous 25dB drop from 600Hz 
to 2kHz. and the 7dB peak at 9kHz, 
were probably due to the “horn” 
loading of the rear-deck 6x9 loca¬ 
tion. Naturally, the perceived sound 
balance was lousy (I can’t think of 
a better word that’s fit to print). 

But my biggest complaint was 
poor bass clarity—sometimes an oc¬ 
tave drop from E2 to El (82Hz to 
41 Hz) on an electric bass guitar 
would be inaudible! And all bass 
transients (strings, drums) were very 

FIGURE I : Car cabin gain; woofer on rear floor 
and mike at driver’s ear position, versus same woofer 
closed-miked in room. 

FIGURE 2: Trunk subs (Soundstream reference 10s 
in 1ft3 sealed boxes) plus rear-deck 6 x 9s (Sound¬ 
stream Pro-B69). 

FIGURE 3 : Trunk/deck, 41 Hz squarewave, 

blurry, more than you would think from the 
6dB pk-pk variations in the curve from 
2O-32OHz. 

Figure 3 shows why. This was the re¬ 
sponse to a square wave at 41 Hz (bass guitar 
open E-string frequency). Do you see any 
semblance of a coherent acoustic pulse here? 
I don’t, nor did I hear any! 

Figure 4 shows the same thing over a 
longer time, with a 10Hz square wave. 
Note that the main resonant oscillations 

FIGURE 4: Trunk/'deck, 10Hzsquarewave. 

ABOUT THE AU1HOR 
Dennis Colin, an RF engineer by trade, has pursued the 
perfect speaker dream since childhood, when he enjoyed 

live symphonies with his father playing the violin and 
flute. He has been a band keyboard musician, recording 

engineer, and designer of the (analog) ARP 2600 music 
synthesizer and a "kW audio amp for a/d/s/. He pub¬ 

lished an article on a voltage-controlled filter (JAES, 
1971), and made a presentation on the audibility of 

phase distortion (Boston Audio Society, circa 1973). He 

has also written some articles ard a review (Audax 
A651 ) for Speaker Builder. 
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Ä NHT 1259 
High Performance 12" Woofer 

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



PHOTO 2: Focal and a/d/s/ in car. 

lasted about 15ms, corre¬ 
sponding to about 16 feet of equivalent 
acoustic smearing. 

THE SIMPLE FIX 
The three most important criteria for woofer 
success are the same as in real estate: loca¬ 
tion, location, location! Well, I found the 

PHOTO I: Focal 
8K5412in 0.9ft3 

sealed box. 

rear floor to be the 
most ideal spot in my 
car that could accom¬ 
modate a 1ft3 box. (I 
use a stereo pair of 
woofers, even though 
some claim not to 
hear stereo bass: pity 
them!) 

Photos 1 and 2 
show my 0.9ft3 sealed 
boxes with Focal 
8K5412 8" Kevlar 
woofers with first-
order CO at = 3(X)Hz to a 20-year-old, most¬ 
ly functional pair of alálsJ 300C units in the 
rear seat comers. 

Figure 5 shows the combined response, 
both channels driven. Interestingly, the lOdB 
drop from 300-400Hz is not that noticeable. 
Besides, the single-channel responses (Fig. 
6) show different anomalies, as does Fig. 7, 
where the drive signals to the two channels 
are 90° out of phase (simulating typical 
stereo phase differences). 

But the sound is very clear, without au¬ 
dible resonance, and transients— 
including bass—are very solid and 
realistic. Note that Fig. 8 shows 
only a 3dB pk-pk variation from 
12-32OHz! By the way, some of 
the 300-400Hz dip may be due to 
the lower sensitivity of the a/d/s/ re 
the Focal. With biamping, the use 
of a more efficient mid/high unit, 
or a good front mid/high installa¬ 
tion, you could probably get ±3dB 
response from 12Hz-20kHz, with 
good time adjustment facilitated by 
the close-to-driver woofer location. 
Bear in mind this is “room” re¬ 
sponse, at the listener’s ear. Try 
that in a living room! 

About that a/d/s/ 300C: 

for a/d/s/ now, so this is a testimonial, not 
an ad. 

SOUND OF THE FOCAL and A/D/S/ 
SYSTEM 
Figure 12 shows the 41 Hz (low E) square¬ 
wave response of the rear floor/seat Focal 
and a/d/s/ system. There is no comparison to 
Fig. 3! (Neither does Fig. 13 compare to 
Fig. 4} 

With this system, the bass guitar and 
drums not only sound real, but you can feel 
the transients and string vibrations solidly, as 
you would at a live performance. Absolutely 
none of the “whumptness” you hear when 
trunk-sub rappers go by. 

I should mention that my trunk/deck 
setup can sound nice with some vocals, 
since its resonance adds a warm “theater” ef¬ 
fect. But because 1 must have my repro¬ 
duced tonality sound natural, I now use only 
the floor/seat system (plus a/d/s/ front-door 
speakers). Believe me. if you like bass, once 
you hear it reproduced with ±1.5dB flatness 
and timing accuracy down to 12Hz, there’s 
no turning back. 

Two cautions about this system: First, if 
you use the rear-seat location for mid/high FIGURE 5: Focal 8K5412 (0.9ft3 sealed box) on 

rear floor, plus a/d/s/ 500C on rear seat, both 
channels driven, mike at driver’s ear location. 

FIGURE 6: Focal and a/d/s/, separate channels. 

Fig. 9 shows its close-
miked and IM room re¬ 
sponses. Note the high-fre¬ 
quency smoothness and its 
good pulse response (Fig. 
10); the square-wave is 
close to a textbook third-
order response (Fig. 11). 
I’ve used these speakers for 
20 years since I purchased 
them while working at 
a/d/s/. I have yet to hear 
more real-sounding instru¬ 
ments from any other car 
speaker, or almost any 
home speaker. I don’t work 

FIGU RE 7: Focal and a/d/s/, both channels driven, 
90° phase difference between drive signals. 
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Swans /h 2 kit 
The Swans M2 is a floorstanding model 
that features several technological 
achievements and sound quality dis¬ 
tinctions. 
The speaker system is a two-way bass¬ 
reflex design with MTM driver configu¬ 
ration. The front baffle is very narrow 
with rounded edges to reduce cabinet 
diffraction for better clarity and imaging. 
The internal panels and corner rein¬ 
forcement bars substantially suppress 
unwanted cabinet vibrations. The bot¬ 
tom part o' the cabinet is sealed and 
can be filled with sand or lead shot for 
better stability and further performance 
improvement. A port is mounted on the 
rear panel. 
The drivers used in the Swans M2 rep¬ 
resent a new high performance design 
from Hi-Vi Research. The 5-inch 
paper/Kevlar cone bass-midrange has 
a rubber surround, cast aluminum 
frame and a magnetically shielded 
motor system. This driver utilizes a cen¬ 
tral phase plug to avoid air compres¬ 
sion, improving frequency response 
and dispersion. The extremely rigid 
cone is hand coated with a special 
dampening compound to further maxi¬ 
mize its performance. The cone is cou¬ 
pled to a selected grade rubber sur¬ 
round, this provides break-up free oper¬ 
ation and very low distortion even at 
high power levels. These key features 

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

friendly performance 

The step beyond the limits 

RT1C Tweeter F5 Bass-midrange 

SPECIFICATIONS 
53Hz-20kHz.±2.5dB 

87.5 dB 

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

Dimensions,HxWxD 
(without spikes) 

80W nominal. 
150W music 
920x190x230 mm 

36i/4x7-/2x9 inches 

Amplifier requirements: 
30W recommended minimum. 

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

4 ohms 
THD less than 1% 

SWANS 
SPEAKER SYSTEMS 

ACOUSTIC TECHNOLOGY 
INTERNATIONAL INC. 

15 WEST PEARCE STREET UNIT 2Ä3. 
RICHMOND HILL 

ONTARIO L4B 1H6 CANADA 
Tel: (905)-889-7876 Fax: (905>-»89-3653 

www.dulcet.corr 
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FIGURE 8: Low-frequency response: Focal 
8K5412 (8") in 0.9ft3 sealed box, pair on 
rear floor of 1994 Dodge Intrepid. 

units, fasten them securely with seat belts to 
prevent them from flying in a panic stop. 
Second, if you have a conventional au¬ 
tosound system, don’t measure its frequency 
response, and especially not the transient re¬ 
sponse—you'd probably want to rip it out 
(unless you like the sound and can ignore 
the measurements). 

BASS/MID CROSSOVER 
This information is for reference only, since 
my present system could benefit from fur¬ 
ther research in flattening the 300-400Hz 
shelf dip. (Fig. 5). 

Figure 14 shows the CO I used; it’s true 
first-order, noninverting. With the woofers 
closer to the listener than the mid/high units, 
the usual problem with woofer phase lag 
(deep CO notch) is eliminated. (The anom¬ 
alies in Figs. 5-7 vary with position and dis¬ 
tance and are not present in free-space, 
close-miked measurement, so are probably 
due to car acoustics.) 

Photo 3 shows the felt I wrapped around 
the a/d/s/ 5"-cone rear basket to lower its 

FIGURE I 0: a/d/s/ 300Hz square-wave 
response. 

FIGURE I I : Ideal third-order CO square¬ 
wave response. 

100Hz resonance impedance peak through 
mechanical damping (Fig. 15). Otherwise, 
the desired simple series (140pF) cap 
would not attenuate around 100Hz, causing 
a response peak and excessive excursion. I 
learned this the hard way; after 12 years of 
50W-per-channel pounding without this 
damping, about 75% of the surround ripped 
(but the drivers still worked), so I glued 
them with Dynaudio’s Constantly Elastic 
speaker glue. Now they’re almost as good 
as new. 

FIGURE 9: a/d/s/ 300C S/N 10867-2. 1m on 
axis, 2100ft3 live room, 1/6 octave smoothing, felt 
damping on woofer rear; changed tweeter CO cap 
from 6.8JJ.F to 17|1F. 

ASSORTED COMMENTS 
1. If you just desire a system that 
breaks bass-SPL contest records, 
simply install three 18" woofers in 
the trunk and power with 900W— 
some people do! But you probably 
won’t get better-sounding bass than 
with a simple rear-floor, sealed-box 
subwoofer. 

2. With such smooth, subter¬ 
ranean extended bass, you can add 
tremendous electronic boost—for 
loudness compensation or plea¬ 
sure—without its sounding unpleas¬ 
antly boomy or resonant. I must 
admit to using a 12dB/octave elec¬ 
tronic rise from 60Hz down to a 
maximum of 18dB at 20Hz. Much 
music has a small but present energy 

FIGURE I 2: Focal and a/d/s/, 41 Hz 
square-wave response. 

content down to 20Hz. When you hear a re¬ 
sponse smoothly rising to +18dB at 20Hz, 
the effect seems to be like the raw, natural, 
sheer power that you hear and feel in a good 
live performance, where room gain often re¬ 
sults in similar response. Even at moderate 
reproduced volume, you hear simply amaz¬ 
ing bass depth, clarity, and power. 

3. 1 chose the Focal unit because of my 
great satisfaction with Focal’s 10" unit (10V 
516J) in a home system (Photo 4), the 
8K5412’s smooth response (Fig. 16), and its 
low Qts. Note that a Focal 10" is used in the 
sub for the well-acclaimed Aria speaker. 

With a nonphase-inverting first-order CO 
to the midrange, these drivers in a sealed 
box reproduce bass with such tonal accura¬ 
cy and transient-impact solidness that the 

FIGURE 1 4: Focal and a/d/s/ crossover. 
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TRANSFORMER SECRETS REVEALED ’ 

TIRED OF PAYING RIDICULOUS PRICES 

FOR 

POWER AND AUDIO OUTPUT TRANSFORMERS 

HEAVY LIGHTER 
ON THE ON THE 

HOW WHY 

STEP-BY-STEP 

VOLUME ONE 1°^ 
MOST 
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FOR 
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SAVE 
BY 

DOING 
T—? o JUST 

ONE 
XFMR s'. 

Obtaining the supplies is the easy part! we are now 
stocking every conceivable transformer part and wire 
size you’ll ever need. Did you know that most audio & 
power XFMRs contain only $5. to $20. in parts. And you 
dont have to buy In large quantities, if you are build¬ 
ing just one or two transformers we will sell you Just 
what you need, and no more. Plus we wiH always be 
available to answer any questions you may have! 

MAK AMY FORM OF CHECK OR MONEY ORDER IN US$$ NO CREDIT CARDS. CODS, OR FOR¬ 
EIGN ORDERS (EXCEPT CANADA). AU U.S. POSTAL MONEY ORDERS SHIP IN 24 HOURS. 
MAKE ALL CHECKS PAYABLE TO: 

MONEY 
THEY 
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TRANSFORMER DESIGN & MANUFACTURING MANUAL 
This book consists of 125 pages. 40 illustrations, design 
methods, and manufacturing guides. Written In 1984, It Is a 
practical step-by-step design method for magnetic compo¬ 
nents. The book Is Intended for use by amateur electronic 
hobbyists, students of electronics, technicians, and trade 
schools desiring to do their own "In house' designs. This Is 
made possible wlttiout_a knowledge of magnetlc theory 
being necessary. 
The first part of this book Is intended to serve as a starting 
point in learning a method of designing transformers and 
other wire wound magnetic components. The second part 
shows the new designer how the transformer Is actually 
wound and put together. 
The DESIGN GUIDES, If followed as described, will resiXt In a 
design that will work as Intended. There will be very little 
attempt to explain the theories or formulas used. Mr. 
Wolpert has used these methods successfully for many years 
In both the designing of transformers and In the training of 
new employees. All standard shop practices are clearly 
shown. 
chapter 1 ■ Transformer theory 
CHAPTER 2 - Single phase power transformer design 
chapter 5 ■ Three phase power transformer design 
CHAPTER 4 - Auto transformers 
CHAPTER 5 ■ Power transformers using capacitive filters 
CHAPTER 6 - Converter transformers 
CHAPTER 7 - Shielding In power transformers 
CHAPTER 8 ■ iron core filter chokes 
CHAPTER 9 - Air core Inductors and solenoids 
CHAPTER 10 • Layer winding on a single core form 
CHAPTER 11 • Lead finishing 
CHAPTER 12- Bobbin winding 
CHAPTER 13 - Assembly and stacking of magnetic cores 
CHAPTER 14 - impregnation 
chapter 15 ■ Testing the transformer 
chapter 16 ■ Insulation materials 
CHAPTER 17 • Tables, charts, and design guides 

LIMITED QUANTITIES AVAILABLE I 
REGULAR PRICE FOR BOTH BOORS I SPECIAL REPORT WITH SHIPPING, INS., IS $219.95 

SEND $169.95 TODAY & SAVE $50.00! 
PLUS FREE SHIPPING AND INSURANCE! 

NOTE: You must be at least 18 years old to order. All sales final. Also, we assume you have a 
general or bask knowledge of electronics. We assume no responsibility for the use or misuse 
of our products. There are no brochures for these books. This ad Is Itl 

“Sí? ? ° 0 P ° R ? r R o ó < 

924 Hulton St. Oakmont, Pa 15139 

SPECIAL 
OFFER! 

we ve 
uncovered 
a rare set 
of books 
that are 

OF 
THESE 

VOLUME TWO 
AUDIO TRANSFORMER DESIGN MANUAL 

This book consists or no pages, 53 tables, design examples 
and methods, manufacturing guides, charts, material lists, 
construction details and testing procedures. 
[Written in 1989, it contains practical design methods for 
all types of audio transformers. The Pook is intended for 
use by amateur electronic hobbyists, students of electron¬ 
ics. technicians, and trade schools desiring to do their own 
'in house' designs. This is made possible without a knowl¬ 
edge of magnetic theory being necessary. The first part 
outlines the various parameters that must be considered in 
a successful design. The second part shows the methods of 
designing to meet the requirements, and now to calculate 
tue results The third section has specific examples of vari¬ 
ous audio transformers with a step-by-step design for each. 
There will be very little attempt to explain the theories or 
formulas used. Mr. woipert has used these methods suc¬ 
cessfully for many years in both the designing of audio 
transformers and in the training of new employees 
CHAPTER 1 General requirements 
chapter 2 Low frequency response 
chapter 5 Hign frequency response 
CHAPTER 4 Special requirements 
CHAPTER 5 Design methi lOds 
chapter 6 • Design examples step-by-step 

SPECIAL BONUS REPORT 
If you order the two transformer books by Mr Wolpert, you 
will also receive a FREE report that covers the conversion 
of common tools and machines Into coll winding machines. 
You wont spend any more than $20. to convert a hand 
grinder, electric hand drill, small drill press, or Inexpensive 
wood lathe Into an efficient coll winding machine. And the 
hand grinder conversion doesnt even need a motor! no 
special tools, skills, or knowledge required, you can actual¬ 
ly start a part or full time business with the knowledge 
contained in Mr. Wolperts books and this Invaluable report. 
In most Instances, the first transformer that you build will 
PAY FOR THE PRICE OF HIS BOOKS! ORDER TODAY! YOU CANT 
AFFORD TO PASS IT UP! 

Written by Robert Wolpert, this two vol¬ 
ume set, (almost 3 lbs ), uses modern tech¬ 
niques & allows anyone with a basic 
knowledge of electronics to construct 
ANY power or audio output transformer 
(XFMR) without the need for heavy acade¬ 
mic theory or special skills & equipment. 
In fact, most power transformers can be 
turned by hand in a very short time. And 
if you do require turning equipment, we 
show you how to use tools you already 
own to produce transformers that are far 
superior to the ones you ve been wasting 
hundreds of dollars on. so where do you 
get the laminations, bobbins, wire, and 
other basic parts ?? 

SAVE THOUSANDS OF DOLLARS $ $ $ BY 
BUILDING YOUR OWN TRANSFORMERS 

USING PRACTICAL & SIMPLE STEP-BY-STEP 
CONSTRUCTION METHODS ! 
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MAHOGANY SOUND 
The Transmission Line Specialist 

RO. 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 Pound UPS Paid. 

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 Plus $2.05 P&H. 

Acousta-Tubes 
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Cylindrical Speaker Enclosures. 
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PHOTO 3: Felt damping on a/d/s 5* mid/woofer. 

difference from live music 
is small enough that you 
don’t notice it (unless 
you’ve recently heard the 
real thing). 

4. In most vehicles, the 
best location for bass 
accuracy (not necessarily 
power) is near the center of 
the enclosed space. Due to 
the small interior dimen¬ 
sions (in comparison to a 
room), standing-wave aug¬ 
mentation from boundary 
placement (car trunk) is not 
only unnecessary for low 
bass, but rather adds severe 
mid-bass coloration. 

5. Most car-stereo in¬ 
stallers recommend that 
trunk subs face backwards, 
unlike my setup. 1 found that 
this did result in less mid¬ 
bass peakiness, but it low¬ 
ered efficiency about lOdB 
and didn’t reduce the sense 
of blurring, or time smear. 
Either way, the improve¬ 
ment with the floor woofers 

FIGURE II 5: Impedance, a/d/s/ 300C, felt damping on woofer rear; tweeter CO cap 
changed from 6.8pF to 17pF. 

FIGURE I 6: Focal 8K5412 in 0.9ft3 sealed box, mike 1" on axis, 2100ft3 liveroom. 
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THE NEW ARIA FIVE 
WITH RAVEN 1 
ZALYTRON 
IS HAVING A 

SPECIAL 
ARIA S & RAVEN f 

SALE 

*699%? ONLY 
CABINET AND DAMPING OPTIONAL 

Now for something new and 
interesting. The ARIA 5 with 
RAVEN 1 is designed by Joe 
D’Appolito. It’s the latest 
attempt by ORCA to bring high 
technology to home audio with 
their great RAVEN 1 tweeter. 
No need to ask for further 
information, check our website 
for full details. In addition 
watch for a review on this kit in 
an upcoming issue of Speaker 
Builder magazine. 

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

TEL. (516) 747*3515 FAX (516) 294-1943 
Our warehouse Is open for pick-up 10AM to 6 PM daily, Saturday 10 AM to 6PM — UPS orders shipped same day • Minimum order $50.00 

Call or write for our latest catalog mailed FREE In the USA. Canada $5 P&H, Worldwide $10 P&H. 
- CHECK OUT OUR WEB SITE www.zalytron.com WE CONSTANTLY UPDATE IT -
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is more than dramatic; it’s like comparing 
live music to a big garbage can. Of course, 
I’m sure you’ve heard many such acoustic 
garbage trucks roll by, and the type of 
“music” often played belongs in one. 

6. Photo 5 shows my personally designed 
audio analyzing equipment, consisting of a 
low-distortion sine/cosine sweep oscilla¬ 
tor, tracking bandpass filter (for 
ambient-noise suppression and 
spectral analysis), true-RMS 
log (dB) detector, and mike 
preamp using Panasonic 
WM-60AY capsules 
(used in Mitey Mike). 

For transient respons¬ 
es, 1 used an HP8116A 
pulse/function generator, 
Tektronix 475 oscillo¬ 
scope, and Tektronix C-4 
camera, while for re¬ 
sponse plots I used a 
Mosely Model 135 X-Y 
chart recorder (Photo 6). 

7. Figs. 17, 11, and 18 
are, respectively, idealized 
second-, third-, and fourth-
order CO transient responses. 
The upper traces are the re¬ 
sponses to a 70Hz square wave 

(lower traces) fed through a first-, second-, 
and third-order all-pass circuit with ±0.2dB 
amplitude flatness, DC -100kHz, but with a 
phase shift of 0° at DC and approaching 
-180°. -360°, and -540° at high frequen¬ 
cies. On a log-frequency scale, phase shift is 
centered at 200Hz, corresponding to the CO 

frequency being simulated. 
Although the amplitude/fre-

quency spectra of these respons¬ 
es are identical to those of the 
input square waves ±0.2dB, 
the sound is not. Time smear 
(delay of low-frequency 
components versus high 
ones) is 1.6, 3.2, and 4.8ms, 
respectively, whereas in a 
letter by Dick Crawford re¬ 
garding my article “Wave¬ 
form Phase Distortion” (SB 
1/97), he mentions lOOps 
(0.1ms) as the lowest accepted 
threshold of phase-dispersion 
audibility. 

This is why I used a true 
noninverting, first-order CO for 

PHOTO 4: “Omni-Focus”; 
home speaker with Focal 10" 

and bipolar pair of coincident mid/ 
tweeter units. 

FIGURE 17: Ideal second-oroer CO square¬ 
wave response. 

FIGURE 1 8: Ideal fourth-order CO square¬ 
wave response. 

MCM Electronics8
The Comprehensive Source For All of Your Electronics (and Speaker) Needs! 
•Over 200 Different Woofer Types 
•Pre-assembled Crossovers and Crossover Components 
•Enclosure Design Reference Books and Software 
•Huge Assortment of Cable and Interconnect Products 

#55-1220 
12" Polypropylene Cone Woofer 
Ideal tor band pass and closed box enclosures. Features: »Rubber 

surround »Vented pole piece *2" voice coil »42 oz. magnet 

Specifications: »Power capacity 100W/200W RMS/peak »Frequency 

response 26Hz~3KHz »SPL 91 dB »Qes .340 »Qms 2.33 »RE 6.8W 

Xmax 2.25mm »Qis .30 »Vas 6.18 cu. ft. »Fs 26Hz »Impedance 8ohm 

You must provide code when ordering: 

Prices effective from November 16 to December 28.1998 

A PREMIER FAKNELL Company 

www.mcmelectronics.com 

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! 

MCM ELECTRONICS* 
650 CONGRESS PARK DR. 

CODE: SB50 

-543-433 SOURCE CODE: SB50J 
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PHOTO 6: Mosely X-Y chart recorder. 

PHOTO 5: Low-distortion sine/cosine sweep 
oscillator, true-RMS detector, audio filter, and 
mike preamp. 

bass/mid; phase dispersion (time smear) for 
higher-order COs is inversely proportional 
to CO frequency. The a/d/s/ unit’s mid/high 
CO is around 3kHz, and is effectively third-

order (second-order electrical plus 
acoustic rolloffs). Time smear is therefore 
only about 200ps, which is inaudible to 
me when I’m listening to music. 

8. Photo 7 shows the Mitey Mike 
capsule (Panasonic WM-60AY) positioned 
near the driver’s ear location, within the 
vehicle. fe 

PHOTO 7: Panasonic WM-60AY capsule (used in Mitey Mike II) at driver’s ear location. 

ACKNOWLEDGMENT 
I would like to give credit to Kelly's Stereo of Laconia, 

NH, for its excellent construction of my woofer cabinets 

as well as perfect installation of the head unit (Eclipse) 
and Soundstream amp. It’s only 50W per channel, but 

that’s enough to hear and feel amazing bass clarity to 
below 20Hz. 

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 
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-o-

S49.95 -i- S6.00 Shipping and Handling 
MC/Visa/AE 
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Jasper Audio 
10015 Meadow Lake, Houston, TX 77042 

Reader Service «82 

Manufacturer of Loudspeakers for 50 years. 

SUPRAVOX 
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 

SW^iVOX 
FRANCE 

La haute fidélité Intégrale 

Traditional fabrication, 
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WHAT'S REALLY HAPPENING 
IN A STUFFED LINE? 

By Don Jenkins 

I found it intriguing that John Cockroft’s article about the Bailey T-Line in SB 
1/98 referred to a report discussing the 

use of a specific filler material to reduce the 
sonic velocity in an enclosure. My first re¬ 
action was that this was an incorrect inter¬ 
pretation of the basic laws of physics, but a 
review of the referenced article by Brad¬ 
bury in the JAES of April 1976 provided 
additional information. 

In his article, Bradbury develops a theory 
as to how the fiber loading reduces the effec¬ 
tive sonic velocity and provides some details 
about the way the characteristics of the fiber 
affect the velocity reduction. In several ex¬ 
periments trying to duplicate the limited test 
data in the Bradbury article, 1 came up with 

FIGURE I: The experimental apparatus. 

Digital Storage 

Oscilloscopes 
and Spectrum Analyzers from $189. 

ATC and Pico Technology Ltd. Modules allow your PC to 
work as a DSO, Spectrum Analyzer, DVM, Frequency Counter 
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several questions on the actual effi¬ 
cacy of the concept. 

RESONANT TUBES 
The experimental apparatus that I 
used is shown in Fig. I. This was a 
resonant tube excited by an 8" free-
air driver with either an accelerome¬ 
ter or microphone at the closed end 
to determine the resonant modes. I 
used two tubes, one 2.5" in diameter 
and 17" long, and the other 3" in di¬ 
ameter and 29" long. The shorter 
tube used the accelerometer while 
the 29" one used the microphone. 

Figure 2 shows the basic reso¬ 
nance characteristic for the 17" tube, 
while Fig. 3 shows that for the 
longer one. The fiber filler used in 
these tests is a polyester type that 
you can load to a density between 
0.4-0.66 lb/ft3 and apparently still 
meet most of the criteria required by 
Bradbury’s theory. 

Figure 4 is a frequency sweep of 
the small tube fully loaded (a in Fig. 
/), i.e., equal-density loading for the 
whole volume at 0.66 lb/ft3. The res¬ 
onant point does move to a lower 
frequency—from free-air resonance 
of 185Hz to 125Hz. This is not as 
much of a reduction as Bradbury 
would predict. His theory would 

FIGURE 2: Basic resonance characteristic for the 
2.5" tube. 

Center Freq 

| 781 2S0 Hz I 

Top = 14.1363 dbU 707.107 fO/dIV Undo: Flattop 
Flle= blue 

FIGURE 3: Basic resonance characteristic for the 
3" tube. 
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lower the resonance to about 90Hz. 
Figures 5 and 6 show different loadings. 

Figure 5 (b in Fig. I) and Fig. 6 (c in Fig. 
1) show a split pack, where the plug is 
about half the volume of the tube at a densi¬ 
ty of 0.66 lb/ft3. Figure 7 is for the filler in 
one-half of the volume, but only on the bot¬ 
tom half (d in Fig. I). Figure 8 is for the 
fully loaded 3" tube at a density of about 
0.4 lb/ft3. 

TEST RESULTS 
Several observations result from these tests. 
The resonance (sonic velocity) was not re¬ 
duced nearly as much as the Bradbury theo¬ 
ry would predict. One cause of the discrep¬ 
ancy may be the different fill I used—poly¬ 
ester instead of wool—and this is certainly a 
valid comment. That important difference 
aside, the more interesting result is that the 
reduction in apparent velocity is not linear 
with frequency. Bradbury discusses this, and 
his theory provides for this effect. 

Figures 2 and 3 are for free-air resonance, 
i.e., no filler in either tube. Figures 4 and 7 
are for fully filled tubes. If the filler actually 
modified the velocity of sound and was 
equally effective for the entire tube volume, 
you would expect the harmonic characteris¬ 
tics—both in relative amplitude and fre¬ 
quency—also to be equal. 

The difference in harmonics between 
Figs. 2 and 4 indicates more modification 
of the tube’s sonic characteristics than a 
simple reduction of the interior sonic veloc¬ 
ity. It also seems to indicate a “nonlinear” 
nonlinearity. That is, the effect on the har¬ 
monics appears to be related to other vari¬ 
ables than just frequency. 

A second indication is that the energy 
distribution seems to be “smeared” by the 
action of the filler. Figure 4 seems to show 
a redistribution of energy around the reso¬ 
nant point. The resonant peaks are not 
sharp. Figure 7 also shows this, particularly 
the peak at 781 Hz. 

For speaker-enclosure builders, the sec¬ 
ond point seems more important. That is, as 

INSTRUMENTATION NOTES 

A Stanford Research DS345 function genera¬ 
tor drove the driver. 

Spectra derivation was done by a Stanford 
Research Model SR760 FFT analyzer. 

An accelerometer attached to the closed end 
of the small tube served as the input to the 
SR760. 

A General Radio Type 1551-C SLM was the 
input to the SR760 from the large tube. 

The small tube was a heavy cardboard mailing 
tube. The large tube was 3" PVC pipe. 
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the resonant frequency decreases, its 
“bandwidth” increases. This is not a 
very good technical description, but 
it may indicate that the energy in the 
excitation medium that is near the 
fundamental frequency of the enclo¬ 
sure is “smeared” together. 

My first impression is that this is a 
phase problem. The filler does not 
impose on the volume the character¬ 
istics of a homogeneous fluid, as the 
Bradbury theory requires. Instead, 
the transmission medium is marked¬ 
ly nonhomogeneous. This provides 
many sonic paths, each effectively 
with a different sonic velocity. For 
frequency energy near resonance, 
these phase differences could result 
in smearing. 

ARITHMETIC LESSON 
The velocity of sound in any elastic 
medium is equal to the square root of 
the ratio of the bulk modulus of the 
medium to the density. For gases, the 
modulus is equal to the pressure, so 
that the sonic velocity is equal to the 
square root of the pressure-to-density 
ratio. In his analysis, Bradbury as¬ 
sumes isothermal characteristics for 
the medium in the enclosure. This 
reduces the arithmetic somewhat in 
his derivations, which Bradbury duly 
notes, but there is still a difference of 
about 18%, because the transmission 
through air is adiabatic. For the adia¬ 
batic process, the ratio becomes 
(gamma x pressure/ density). 

The theory is that if the fibers 
have a large surface area relative to 
their density (inertia), then at low-
frequency transmissions through the 
medium, the fibers will “move” (in 
phase) with the gas molecules and 
provide an effective increase in the 
density of the fluid while holding 
the modulus constant, thereby de¬ 
creasing the effective sonic velocity. 

Experiment shows there is without 
doubt a decrease of the effective 
sonic velocity within a resonant en¬ 
closure with the use of certain fiber 
fillers in the transmission volume. 
My admittedly limited tests seem to 
show that the transmission velocity is 
not constant throughout the medium, 
but may have many effective veloci¬ 
ties. Since the distribution of rigid 
fibers in a volume is almost by defini¬ 
tion nonhomogeneous, there must be 

FIGURE 7: Results with the filler 
occupying the bottom half of the 
tube’s volume. 

FIGURE 4: Frequency sweep of the 2.5" tube, 
fully loaded. 

l-gaimr 

Center Freq — 

I 195 .313 Hz I 

Top = l/CnUrms 200jA>ms/dlv Undo: Flattup 

FIGURE 5: Results with a split pack, the total 
about one-half the volume of the tube. 

FIGURE 6: Here the plug is also about half the 
volume of the tube. 
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many paths for the energy to travel, each po¬ 
tentially with a different velocity. 

This possibility is shown in Fig. 7 for 
the split pack, where you can clearly see 
the free-air peak and the attenuated lower-
frequency peak due to the fiber pack. 
Using the Bradbury theory to examine any 
one sonic path seems to indicate that the 
greater the reduction in velocity, the 
greater the attenuation of that path will be. 
This is true because the effective reduction 
in velocity is due to the inertia of the inter¬ 
fering fiber structure. The energy in this 
path is then reduced by the acceleration of 
the fiber mass. 

gism between his enclosure sizes and 
his selection of filler. 

Do any SB readers have additional 
results that can provide more data on 
the loading of enclosures with the ob¬ 
jective of lowering the resonant fre¬ 
quency? Full-scale tests where the 
resonant point has actually been mea¬ 
sured and shows at least a 50% reduc¬ 
tion in resonance would be of great 
interest. Together with these measure¬ 
ments, the determination of changes 
in harmonic content, if any, of the en¬ 
closure could also be evaluated. 

FIGURE 8: The fully loaded 3" tube. 

CONCLUSIONS 
If the action of the fiber/air mixture is as 
Bradbury theorizes, then at the end of the 
path the energy will arrive in many different 
phases, amplitudes, and—by implication— 
frequencies. This could possibly produce the 
smearing seen in the small tubes. 

The advantage of a large structure, i.e., a 
full-size speaker enclosure, would be to ap¬ 
proach a more homogeneous medium, since 
the fiber’s physical size is constant, while 
the enclosed volume—actually the length— 
becomes greater in ratio with respect to the 
constant fiber diameter. 

Maybe Bailey found the perfect syner-
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FOCUSED ARRAY ELECTROSTATIC, 
PART 3 
By Bill Waslo 

In the first two parts of this series, I’ve discussed the concept of the focused 
array electrostatic system, its construc¬ 

tion, placement, and measurements. In this 
final installment, I put the feasibility of this 
design to the test, as I reveal the results of 
how it sounds. 

LISTENING TESTS 
Listening tests on the FAE system have con¬ 
vinced me of two main points. First, the 
sound from certain CDs on this system is 
indeed the most convincing that I have 
heard. The best recordings, though, are sur¬ 
prising. My current favorite “show off’ CD 
is “Jacques Brel is Alive and Living in 

Paris,” Columbia CGK 40817. Perhaps this 
is because of the predominance of vocals (at 
which the FAEs excel) or maybe just 
because 1 really like the music and have 
been able only now to make this recording 
sound good. 

This musical-theater cabaret-style produc¬ 
tion from the '70s—not exactly hi-fi record¬ 
ing’s most revered period—was likely 
recorded in a studio rather than on a stage or 
in an original acoustical environment such 
as I was trying to recreate. But when 1 play 
this, it seems the performance is live. 

1 have a disk from Harmonia Mundi 
(picked up long ago with a catalog)— 
Vivaldi’s Flute Concertos by Janet See and 

the Philharmonia Baroque Orchestra—that 
really shines on this system, as do many of 
the Nimbus recordings. The feeling of 
openness and space ahead can be very 
absorbing, perhaps emphasized by the 
direct contrast from a virtual wall of loud¬ 
speakers positioned close in front during 
the audition. 
The hi-fi standbys “Famous Blue 

Raincoat” by Jennifer Warnes (purely stu¬ 
dio) and the eternal “Belafonte at Carnegie 
Hall” also make you sit up and take notice. 
The Carnegie Hall recording gives a distinct 
sense of a large, good-sounding room in 
front. Somewhat disconcerting, however, is 
the lack of any such sense of that same room 

PHOTO 2: The author upon completion of the FAE section. 
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being above or behind (I can imagine the 
home-theater fans chuckling at this). It 
seems as if the closer you get to accurate 
sound in some ways, the more obvious the 
missing elements become. 

I became aware of another factor when 1 
first experimented with coherent arrays of 
drivers prior to the FAE system: external 
noises seem more bothersome to me when 
I’m listening to a focused-array-type system. 
It’s not that the sounds of people, garage 
doors, telephones, or laundry noises seem 
any louder; it’s just that they seem out of 
place in the sound field being created. At the 
focus of the array is a distinct acoustical 
place, but sounds from the "real" room envi¬ 
ronment are still able to travel to that place 
and disturb the illusion. 

The sound of the FAEs can best be 
described as very “present.” When Rikki 
Lee Jones sings, she is right there in front of 
you. When Linda Ronstadt sings, the record¬ 
ing technique used and the focused array 
effect sometimes combine to give the 
impression that she is singing about 12" 
from your face—you are where the micro¬ 
phone was, which is a strange effect. It is 
virtually impossible to read and difficult to 
even daydream when listening to some 
recordings. The sound commands your 

attention, as does the imposing size and the 
nearness of the speaker arrangement, and I 
can't say which is the stronger factor. 

POWERFUL PRESENCE 
This brings me to my second main conclu¬ 
sion after listening to this system: The FAE 
setup in this configuration is too intimidat¬ 
ing for general use. This is not so much a 
criticism of the sound, but an observation of 
the psychological effect of the perceived 
mass and closeness of the speakers. Five 
feet away seems much closer than I had 
imagined. 

The curved electrostatic arcs are rather 
attractive in a way. and have a certain ele¬ 
gance and artistic appeal. But combined 
with the woofer towers (each 22" wide and 
70" tall), which must be placed in my room 
between the FAE arcs, and with the neces¬ 
sarily fixed-position listening sofa, they 
totally dominate the modest listening room 
space. When a single bass cabinet (only two 
drivers) per side is used instead, the psycho¬ 
logical effect is much better, but the bass 
quality suffers substantially due to loss of 
directivity and more limited total cone area. 
Perhaps narrow towers using four woofers 
would be a good compromise. 

The distinct focusing of the sound at the 
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listening position reinforces the feeling of 
imposition given by the bulk of the towers. 
When a listener first moves into that spot, he 
immediately feels the change in sound that 
occurs, and notices the loss of it when he 
moves out of the focus. In many ways it’s 
like having exceptional, immovable, six-
foot, floor-standing headphones! 

1 have become a believer in the necessity 
to arrange a room for a comfortable psycho¬ 
logical, as well as acoustical, effect. It is not 
enough to deal only with the objective con¬ 
siderations of what makes for more accurate 
sound, but you must also consider the 
human factors, such as who is listening. And 

the act of so obviously wrapping speakers 
around a human listener is likely to be detri¬ 
mental to his listening experience. 

ACCURACY VERSUS ENJOYMENT 
Which brings me back to an original goal of 
this project: to determine whether accuracy 
in terms of echo minimization is achievable 
and a worthwhile goal. I would say that it 
has been achieved to a fair degree, and is by 
itself worthwhile. 1 would add, though, that 
it is not possible to separate entirely the 
experience of the sound that is recreated 
from the way it is recreated. In other words, 
maximum sound accuracy may not be 
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worthwhile if the hardware needed is diffi¬ 
cult to become comfortable with over long 
periods. 

I recently ran a poll on the internet news¬ 
group rec.audio.opinion, asking what effect 
hi-fi users were trying to achieve. The 
choices I suggested included (1) making the 
listener seem as if he’s at the original record¬ 
ing site, (2) making it seem that the perform¬ 
ers are in the listener’s stereo room, or (3) 
making a generally pleasant sound from the 
system (as opposed to emphasizing accura¬ 
cy). 1 did not get a large number of respons¬ 
es to my poll, but I was surprised that most 
respondents chose number 3: “making a 
generally pleasant sound.” 

And I can’t really argue against that posi¬ 
tion. After all, complete accuracy is still 
unavailable (is it ever difficult to tell any 
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stereo system’s sound from live perfor¬ 
mance?). Meanwhile, we prefer to listen to 
some music now even before all the bugs are 
worked out (if ever) and to make it work for 
us any way we can. If subjectively good (not 
just objectively accurate) sound is a goal, 
then in an individual system it is valid to uti¬ 
lize any effects that the user may prefer. 
These might include intentionally added 
low-order harmonic distortion, fill sound 
from back reflecting drivers, reverb units, 
loudness buttons, or even wooden disks and 
tweaks that operate only in the listener’s 
imagination. 

The listener’s mind is at least half of the 
equation. Perhaps because of my technical 
background, my psychological preference 
tends toward accuracy in the sound field. 
But I’ve found that even I am not willing to 
sacrifice all other factors involved in the lis¬ 
tening experience for the sake of blind accu¬ 
racy. The FAE system, even though it suc¬ 
ceeds in many technical goals, remains 
under development. As always, audio design 
is an art of finding the best compromise, te 
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DESIGNING A DIPOLE MONSTER, 
PART 3 

By Timothy E. Sandrik 

Most loudspeakers are designed to 
have heavy, stiff cabinets. In most 
cases this is the most cost-effec¬ 

tive way to ensure the absence of sound-col¬ 
oring cabinet vibrations. Those following 
this report will realize that the Michigan 
Technological University (MTU) “Concept 
Speaker" did not follow this approach. Our 
speaker was optimized for low weight, and 
while it was costly, you could implement 
the ideas in a much less expensive speaker. 

CAUSES OF VIBRATION 
When you begin to consider the cause of 
coloration by a vibrating panel, there is quite 
a lot you must take into account. Several 
important questions to ask are: How does 
vibration get to the panel? How do the 
wavelengths of sound relate to the dimen¬ 
sions of the panel? Is the panel large enough 
to radiate a significant amount of sound? 

The answer to the first question depends 
on the speaker. Most have a physical con¬ 
nection between the driver and the various 
panels of the box, and such a link is one 
path of sound transmission. In a boxed 
speaker, the acoustic connection from driver 
to air to panel is another path—usually the 
more significant. 

The second question relates to how things 
vibrate; in the case of a panel, there are two 
ways: as one piece, moving in the same 
phase, or in “breakup,” with varying phase. 
The frequency range where the panel 
vibrates significantly as one piece depends 
on the mass and stiffness of the material, 
and how it is constrained or held. 

At wavelengths smaller than baffle 
dimensions, the panel may also vibrate like 
a string, having different magnitude and 
phase at different points. The strength and 
frequencies of these “breakup” vibrations 
depend on the panel’s mass, stiffness, and 
damping. 

ACOUSTIC OUTPUT 
Those who have made panel-vibration mea¬ 
surements or who read Stereophile may be 
familiar with the appearance of an 
accelerometer’s output expressed in a 
“waterfall” plot. This gives you a measure 
of the acceleration, velocity, and displace¬ 

ment—versus frequency and time—of a 
point on the panel. What is really of 
interest, though, is the acoustic output 
of the panel relative to that 
of the driver(s). 

The total acoustic out¬ 
put of a panel depends on 
the product of the dis¬ 
placement and surface 
area of each section of the 
baffle. In breakup, each 
section’s displacement 
differs in magnitude and 
phase. The point is that, 
as with drivers, 
the more of 
them there are Lower Baffle 

in phase, the Decolite/Black Hole Pad 

Aluminum Pole 
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' Upper Baffle 
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■ Aluminum Mounting 
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greater the out- 2 sections B1259-20 

put, and those 
out of phase 

FIGURE 20: Diagran of speaker. 

will cancel to some extent. 
This certainly makes matters complicat¬ 

ed, since to reduce transmission losses from 
inside a cabinet, stiffness is important at low 
frequencies. At high frequencies, the pres¬ 
sure on the inside of the cabinet walls is not 
in phase at all points, and the mass of the 
panel primarily limits transmission from 
inside the cabinet. 

The problem then is that the frequency 
range of the significant breakup resonances 
overlaps the frequency range where the 
stiffness or mass of the baffle is not ade¬ 
quate to oppose the internal pressure. So, the 
ideal box must either be infinitely stiff, infi¬ 
nitely heavy, or both. 

mass of the drivers is what excites the baf¬ 
fle to move. In the case of a dipole, large 
amounts of driver surface area (usually 
corresponding to moving mass) or baffle 
area are necessary for adequate efficiency. 
Either way, this means the potential for 
trouble. 

You can minimize the baffle’s potential 
to vibrate in the following ways: 

1. Make the basic structure of the baffle 
very light, strong, and stiff. 
2. Use only enough of the light, strong, 
and stiff material to support the drivers. 
3. Use very low-stiffness, highly damped 
material for most of the baffle area not 

DIPOLE PANEL 
Well, our project has no box. That solves 
some problems, but creates others. On a 
flat baffle in free space, there is no pres¬ 
sure from the driver(s) forcing it to move. 
Since the panel is a dipole, any panel 
vibrations also have dipole radiation, as 
well as lower total power. There are also 
fewer panels to move—only one in the 
case of our speaker. 

A dipole is usually not held as well at 
its edges, so it is less stiff and thus more 
susceptible to vibrations from the physical 
connection to the driver(s). The moving 

occupied by drivers. 
4. Treat the remaining area with a layer of 
heavy damping material. 

Figure 20 is Robert Lawson’s solid 
model of the speaker, with callouts added 
by the author. This illustration will help 
clarify the remaining discussion. 

BAFFLE PROBLEMS 
The light and strong materials composing 
the baffle are aluminum and Decolite, the 
latter a composite material made by the 
Baltek Corporation from two thin sheets 
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of fiberglass attached to a balsawood core. 
Since the Decolite is so light and stiff, it is 
very prone to vibrate. 

We experienced this with some early pro¬ 
totypes, as we tried to find a baffle that would 
give us enough surface area to reproduce 
30Hz at 93dB with 2.83V. No matter how we 
rearranged things, we always ended up with a 
huge amount of open area. The open area 
wasn’t the problem, for we could treat each 
section to bring its output down significantly. 
The problem was that the treatment always 
involved a weight penalty. 

Ryan Mihelich and 1 ended up at a carpet 
store asking for scraps of carpet pad—“the 
kind you can’t blow through,” we said. 
Obtaining some samples, we went back to 
the lab, put a driver in a small baffle, and then 
clamped onto it a piece of wood to double the 
baffle area. We measured the bass output a 
couple of meters from the baffle, and then 
replaced the piece of wood with carpet pad. 

With the pad, the bass output suffered only 
about 0.5dB at 30Hz. We did some quick 
math and realized that if we used just enough 
Decolite to hold the drivers and used some¬ 
thing like carpet pad for the rest of the baffle, 
we could double the number of Focal 
12V726S woofers. 

Confer is something like carpet pad, but a 
lot cooler. Made by E-A-R Specialty com¬ 

posites, it’s a highly damped foam that’s sim¬ 
ilar to disposable ear plugs. If you squash it 
into a ball, it takes about 30 seconds to return 
to its original shape. A golf ball dropped onto 
•A" of Confer CF40 won’t bounce. Like the 
carpet pad, it works as a barrier, extending 
the size of the baffle without radiating a sig¬ 
nificant amount of sound. 

In the case of a dipole, where the baffle is 
driven to vibrate through physical connec¬ 
tions and not pressure, you can use a very 
low-stiffness material. The low stiffness 
means that the curtain of Confer vibrates 
with such varying phase that many of the 
vibrations will cancel one another. The very 
high damping means that the vibrations do 
not ring long, and it can potentially damp the 
vibrations in the panel to which it is attached, 
as a surround can do on a driver. 

TRIAL DESIGNS 
Planning to use Confer for some of the baf¬ 
fle, we then sketched and built different 
designs, trying to find one that would stand 
best on its own and use the least amount of 
stiff material without sacrificing perfor¬ 
mance. The “kink” in the lower panel allows 
the baffle to stand very nearly by itself. 

To give it some help, and to lend some 
stiffness to prevent it from swinging, we built 
an aluminum triangle from c-channel and 

thin-walled tubes. The two-sided triangle 
attaches to the “trailing edges” of the lower 
panels and meets at a point behind the speak¬ 
er. A pole extends from the point of the trian¬ 
gle to the top of the top panel. 

Originally, the speaker was intended to 
have four midrange drivers in the top 
panel. Improving the radiation pattern 
made it necessary to remove a midrange 
from below the tweeter. This opened up 
our largest vibrating area. We suspected, 
but could not confirm, that its worst reso¬ 
nance was between 25O-5OOHz, and since 
the four woofers operate up this high, 
there was a potential problem. 

This section, and the rest of the rigid baf¬ 
fle, was treated with Black Hole Pad damp¬ 
ing material, which is very dense and very 
well damped in bending. Treating the baffle 
with this changed the characteristic sound of 
the open section from a “ping” to a “puh,” 
and added only 5 lb to the speaker. Photo 4 in 
Part 1 shows Ryan Mihelich, Robert Lawson, 
and Brian Zaremba with a completed baffle. 

BOXED-SPEAKER HINTS 
I’m sure few of you will run out and start 
building dipoles, but there are some key 
points for boxed speakers in this discussion. 
If you can make your box stiff and heavy, do 
so, but realize that both the mass and stiffness 
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are a long way from infinity, and you may 
just push your panels’ frequency range in a 
direction to make a vibration more audible 

In most cases, you will be constrained 
by aesthetics, weight, or getting a bang 
for your buck. Eating up all of your inter¬ 
nal volume so you can have thick cabinet 
walls may not be best for overall perfor¬ 
mance. Phase shifts in the voice range 
and limited low-frequency extension may 
not justify 3"-thick walls on a speaker 
that needs to fit into an entertainment 
center. 

Brace your cabinet to make unequal 
panel sections, and realize that much of 
your problem will be where the panel is 
bending, or breaking up. An Vs " or 14" of 
Black Hole Pad may do more good than 
doubling or quadrupling the cabinet 
thickness and panel mass. You might try 
four layers of 14" plywood, held together 
with a home-made glue of construction 
adhesive and sand. 
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MINING THE COMPLEX 
IMPEDANCE 

By D.J. Meraner 

In the SB 2/88 issue, Vance Dickason presented a tutorial on the nature of a 
speaker’s impedance, with particular 

emphasis on the special demands that “bad” 
impedance loads present to the amplifier 
serving it. Upon rereading this article recent¬ 
ly, it occurred to me that you can extract ad¬ 
ditional information from a speaker system 
whose complex impedance is known. 

For example, the tutorial’s Figs. 8 and 9 
(Figs. 1 and 2 here) give the impedance 
and phase of a bass-aligned second-order 
system. When a speaker is powered by an 
amplifier with negligible internal imped¬ 
ance, its output voltage will remain con¬ 
stant regardless of the speaker’s impedance 
variations. Therefore, the speaker’s com¬ 
plex impedance will determine the power 
delivered to it. 

In this case, I wished to discover how the 
power delivered varied with frequency. I 
assumed that the output voltage held steady 
at 2.83V. 1 calculated the current to the 
speaker as the applied voltage divided by 
the impedance, or I = 2.83/Z. The resistive 
component of impedance is the product of 
the impedance and the cosine of the imped¬ 
ance angle, or R = Z x Cos(A). Then the 
power input is the current squared times the 
resistive component, or 

INVERSE CURVES 
The result of these calculations is shown in 
Fig. 3. where the power curve is overlaid 
on the impedance curve. Note that the 
power curve is very nearly the inverse of 
the impedance curve. More interesting is 
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the Institute of Electrical and Electronics Engineers, he 

has long been an audio enthusiast, with his interest 
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the power dip at the system’s low-frequen¬ 
cy resonance, because, were it not so, cone 
excursions would become excessive. 

Perhaps this is a good time to point out 
another characteristic of second-order align¬ 
ments. The SPL generated at low frequen¬ 
cies by a vibrating piston in a small sealed 
box in a normally resonant room was given 
by J. D'Appolito (SB 4/84) as: 

SPL = -86 + 40Log(f) + 40Log(D) + 
2()Log(App) 

When you plot this function on semilog 
paper for a given driver, the line has a slope 
of 12dB/octave. Expressed another way, any 
driver that is executing a rolloff at this rate 
does so at constant cone excursion. Further¬ 
more, if the system’s QTC is 0.707 or less, 
cone excursion in the roll-on region will be¬ 
come smaller and smaller. Obviously, then, 
if the allowable cone excursion is not ex¬ 
ceeded in the roll-off region, it will not be 
exceeded in any other frequency region. 

This supports the design of a three-way 
system in which the bandpass filter does not 
have a high-pass section. The midrange 
driver, in a closed box, is allowed to roll off 
acoustically at 12dB/octave, and is mated 
with the woofer that is rolled off electrically 
at the same rate. 

To avoid interaction with the woofer’s 
resonant range, the midrange system’s f, 
should not be less than about 150Hz. In ad¬ 
dition, it should have a generous XMAX ca¬ 
pability and a system QTC of at least 0.707, 
which implies an FS/QT ratio of at least 
212. (See G.R. Koonce’s SB 7/84 article, 
“Trade-Offs in Closed Box Alignments.”) 
My first encounter with the application of 
this concept was in Marc Bacon’s SB 4/92 
article, “The Danielle.” 

IMPEDANCE COMPENSATION 
Another use of the complex impedance re¬ 
volves around impedance compensation. 
Speaker Builder has published many arti¬ 
cles on this subject. 1-5 I have used imped¬ 
ance compensation in many of my designs, 
but whenever I did, I wondered what the 
penalty might be for converting the imped¬ 

ance presented at the speaker terminals 
from a complex impedance to one that is re¬ 
sistive, or largely so. 

This finally led me to make an analysis. 
My model was an 8" woofer in a closed 
box. My compensating network consisted 
of a 7.5Í2 resistor and a 65pF capacitor. 
This resulted in a compensated impedance 
that ranged from 5.6-6.5Q. For simplicity, I 
selected a first-order low-pass filter set at 
1.91kHz. With a compensated speaker load 
of 6Í2, the required value of inductance cal¬ 
culated to 0.5mH. 

Figure 4a shows the circuit I was analyz¬ 
ing and Fig. 4b the per-unit output voltage 
of the filter versus frequency. The filter out¬ 
put voltage appears across both the com¬ 
pensating circuit and the speaker. Follow¬ 
ing the same procedures used elsewhere in 
this article, power delivered to the compen¬ 
sating network and to the speaker will have 
the form: 

Subscript c denotes the compensation net¬ 
work, and subscript s the speaker. 

I calculated the impedance and phase of 
the compensation circuit from the given 
values as follows: 

Z = V¡U + 3¿, 

where R = 7.5 and 

IO'1 2448,5 
X ” 2nf65 “ f 

i X i 
phase angle 0 = arc tanl — . 

The plot of this data, thus calculated, is 
shown in Fig. 5. 

The speaker’s impedance and phase are 
shown in Fig. 6. The solid curves represent 
test data using procedures outlined in J.M. 
Markwaiter’s SB 2/94 article entitled, 
“Measuring Speaker Impedance Without a 
Bridge.” In his article, he warns against 



FIGURE I : Impedance-magnitude plot. 

FIGURE 2: Phase-angle plot. 

FIGURE 3 : Calculated power and impedance 
curves. 

using a speaker’s published values of DC 
resistance and voice-coil inductance to cal¬ 
culate impedance and phase. The dotted 
curves in Fig. 6 show the results of not 
heeding his warning. 

I performed the indicated calculations at 

Say You Saw It In 
Speaker Builder 

LOW PASS FILTER OUTPUT 

S-1281-4a 

FIGURE 4a: Low-pass filter output. 

three frequencies; the results are shown in 
Table I. 

Perhaps this somewhat alarming data 
will inspire readers to devise ways either 
of eliminating the need for impedance 
compensators, or of lessening their power 
demands. 
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1. W.F. Harms, ' Evaluating the Zobel," SS4/82. 

2. M.R. Knittel, “Impedance Compensating Crossover," 
SS1/83. 

3. R.M. Bullock, 'Passive Crossover Networks," SB 1/85. 

4. D.J. Meraner, “Is Impedance Compensation Worth¬ 
while?” SB 3/87. 

5. V. Staggs, “Exploring Loudspeaker Impedance,” SB 
5/94. 
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PUT 
THE PIECES 
TOGETHER 
AND 

SAVE THOUSANDS OF DOLLARS 
duplicating 

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

supplies! 
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our modem hi-tech 

construction methods. 
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curved see-throughs are a snap. 
We are the worlds largest supplier 
of ESL parts, components, mods, 

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

Our high volume purchasing 
power allows us to stock 

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

Everything from die 
KIMMEL DIRECT-DRIVE AMP 

to a complete line of 
true ESL transformers 

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

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

conductive tape, powder coated perforated 
metálete. WE HAVE IT ALL 11 

SEND $19.95 TODAY 
and receive our 

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

ELECTROSTATIC FORUM. 
YOU SAVE $15.05 plus you also receive 

a 1O°/o DISCOUNT COUPON! 

Make all checks payable to: 

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

FIGURE 4b: Output voltage versus frequency. 

FIGURE 5: Impedance and phase-compensation network. 7.5Q, 65pF. 

TABLE 1 

SPEAKER CALCULATIONS 

FREQUENCY EPU POWER TO POWER TO TOTAL % TO COMP % TO SPEAKER 

COMPCKT SPEAKER POWER CKT 

1000 0.875 0.0928 E2 0.0477 E2 0.1405 E2 66% 34% 
1910 0.707 0.0644 E2 0.0189 E2 0.0833 E2 77.3% 22.7% 
4000 0.650 0.0555 E2 0.0095 E2 0.0650 E2 85.4% 14.6% 
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FIGURE 6: Impedance and phase measurements. 
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SB Mailbox 

ESL UPDATE 

I would like to commend Mr. Waslo on his 
excellent electrostatic project series (“Fo¬ 
cused Array Electrostatic,” SB 5/98-7/98). It 
is a very well thought out treatise and clearly 
demonstrates that he is adept in the many 
facets of acoustical theory and design. 

I believe, however, that it is only fair to 
readers that we update some details he men¬ 
tioned, as Mr. Waslo purchased the kit mate¬ 
rials from us over two years ago (July 1996). 
Furthermore, our technical objectives have 
always been to constantly improve our prod¬ 
ucts based on customer requirements and the 
advancement of sound reproduction. Our 
reasonable pricing has always been an en¬ 
couragement to the audio enthusiast, as Mr. 
Waslo’s endeavor attests. 

Let’s cover the details that need to be 
updated: 

1. We have hired a full-time professional 
that both designs and manufactures our com¬ 
plete line of matching transformers. All of 
these have been designed specifically for 

electrostatic loading and superior audio re¬ 
production. We have many customers that 
praise the most important issue—sound 
quality. 

2. Over the years our Battery Bias Supply 
has undergone many refinements. The latest 
version uses double the voltage (6V), has a 
new special inductor (wound by us), and 
many other circuit changes that contribute 
to its very low noise level and increased 
voltage output. 

I exalt and praise both Mr. Waslo and 
Audio Amateur Corporation for all of their 
efforts in seeking “The Audio Truth." 

Tim Kelly 
Sales Manager, David Lucas, Inc. 

HELP WANTED 

About five years ago I drove to Dallas 
(from Michigan) to pick up two Tekton 
Infra Bass Subwoofers (18" and 21"), 
hoping to build cabinets as soon as I re¬ 
turned home. But it is five years later 

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

The Focal 7KT 
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, dynamic 
output performance, and superior sonic 

characteristics. 

"° 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 

Speaker City USA 115 S. Victory Blvd 
Burbank, CA 91502 

Voice 818-846-9921 Fax 818-846-1009 
www.speakercity.com 

Hours: Mon.-Sat. 10am-6pm/pst, Closed Sun. 
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and still no cabinets. 1 have since lost 
the little bit of information I had on 
them and would like to start the cabinets 
as soon as possible. 

Does anyone know who I might con¬ 
tact to get the general specs (I lack the 
resources to test them), or some proven 
designs on these monsters? 

The only information I remember 
about these units is that they can handle 
gobs of power— 1.2kW, I believe (I 
have a Crown Macro Reference)— and 
require quite large enclosure designs— 
Xmax was CO and U”), and could reach 
extraordinary lows “in the low teens.” 
They need to be mounted upright (the 
cones are too heavy for the surround to 
support) and weigh 70+ lbs. and 90+ 
lbs. They were made in England and 
were partly/wholly designed by a gen¬ 
tleman from ORCA (an Indonesian, I 
believe, whose name I can’t recall). 

Herman Renes 
HR1965@aol.com 

1 am living in England and several years ago 
(1970s or early 1980s) we purchased KLH 
Model 101 Marlboro speakers for a family 
hi-fi system. My children managed to push in 
the speaker cones on them. 

I am now looking for someone who would 
have replacement speakers to fit this range. 
Can any readers help? 

Doug Whitehead 
Doug@rom.net 

Does anyone know what happened to Babb 
speakers? Are they still building for the ma¬ 
rine industry? 

Scott Guthrie 
sd.guthrie@ sympatico.ca 

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

Speaker Builder encourages reader feedback 
on published articles, letters, and columns. 
Send your correspondence to: 

Speaker Builder 
Editorial Dept. 
PO Box 876, Peterborough, NH 03458 
FAX (603) 924-9467, E-mail editorial 
@ audioXpress.com 
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Software Review 
ETF 4.0 

Reviewed by Philip E. Bamberg 

ETF 4.0, by Douglas H. Plumb; a Windows 
95-based software program for evaluating 
room acoustics; ETF, 53 Stevenson Rd. 
North, Oshawa, ON L1J-5M4, Canada, 
(800) 301-1423, FAX (905) 721-7540, E-
mail sales@etfacoustic.com, Website www. 
etfacoustic.com, $199.95 plus shipping. 

ETF 4.0 is an effective and easy-to-use 
room-acoustics measurement and evaluation 
program. It comes on a single CD that con¬ 
tains both the program files and analog test¬ 
signal source. Put the CD in your computer 
to install the program and support files. Then 
put it into your CD player to generate the test 
signal through the stereo and into the room. 
Record and analyze the test signal directly 
from within the ETF program. 

The resulting energy-versus-time curves 
are broken down into five frequency bands. 
From there, you can quickly view energy¬ 
time-frequency information in multiple for¬ 
mats: energy versus time (“decay time” for 
five frequency bands), energy versus fre¬ 
quency (“frequency response”), and energy¬ 
time-frequency (“waterfall” plot for four fre¬ 
quency bands). 

Although no microphone is included, it is 
claimed that the program evaluates only rela¬ 
tive acoustic changes, and therefore any mike 

that will work with the computer is OK. 
There are some advantages to using a higher 
grade of microphone or a dedicated mike 
preamp. ETF sells this equipment as well. 

A slide-show-style tutorial covers small¬ 
room acoustics basics—resonance, reflec¬ 
tion, diffusion, and decay time. Taking al¬ 
most no time, the demo is very helpful in giv¬ 
ing you a quick overview of the purpose and 
concepts of the program. 

Two extensive online manuals are also in¬ 
cluded. The ETF4 Manual is a user’s guide 
to measuring and perfecting room acoustics. 
It includes sections on basic small-room 
acoustics, ETF measurement and evaluation 
techniques, and reverberation tools. There is 
even a section on design aids for acoustical 
reflection and resonance control devices. 
You not only can ascertain acoustic prob¬ 
lems, but have a good chance of correcting 
them as well. 

Numerous references to other published 
sources are included. Since I had read sever¬ 
al of these already, I gained a sense of confi¬ 
dence in Mr. Plumb’s product before I ever 
tried it. ETF4.0 is the online help manual. 
Written with hypertext links throughout, this 
document navigates quickly to more infor¬ 
mation and answers. 

I found these online documents to be very 

helpful and complete. It is obvious that many 
hours of work (and research) have gone into 
them. Those of you who offer DIY acoustic 
software for sale, take note: thorough and 
well-written documentation lends credence 
to your product’s maturity. 

APPLICATION 

I purchased ETF primarily so I could “go 
mobile.” My lab already has LinearX LMS 
and Liberty Audiosuite systems for loud¬ 
speaker development, but I had been looking 
for a room-evaluation program that would 
run on my notebook computer. Now I have a 
way to visit my customers’ systems and 
rooms—even their cars—and provide them 
with measurements, evaluation, and advice. 

One word of caution for laptop owners: 
be sure your computer is not only compati¬ 
ble, but capable. Mainly, you want to be 
sure you have a large enough disk drive. The 
program requires Windows 95, and ETF 
makes other recommendations as to mini¬ 
mum system requirements. But realize that 
each raw data-acquisition file can occupy 
2MB of disk space. 

For one home-theater evaluation, my raw 
files occupied about 14 gigabyte! Of course, 
you could always erase the raw files as you 
go. My 2GB drive is typically about 1/3 full, 
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FIGURE 2: Low-frequency response after optimizing speaker 
placement. 
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so I have the luxury of keeping the raw files 
for a while should I ever wish to reevaluate 
them. A fast CPU is useful here: my Pentium 
133MHz required less than two minutes to 
calculate the curves for each raw file. 

For home use, you will need either to take 
your computer into your listening room, or to 
construct a long extension cable to go from 
the mike preamp to the computer. 

While the documentation continually em¬ 
phasizes that ETF’s purpose is to measure 
room acoustics and not loudspeakers, you 
must still produce and receive a sound 
source. The signal received at the micro¬ 
phone will be the sum total response of a par¬ 
ticular combination of room, loudspeaker, 
location, microphone, and audio system. 
Therefore, any deviation from flat of any of 
these components will ultimately show up in 
like manner in the final “room” response. 

What I am emphasizing here is that all 
system components are subject to scrutiny 
for possible deficiencies and appropriate 
methods of “treatment.” In one case, for 
example, I used ETF as a temporary loud¬ 
speaker-measurement tool to set speaker 
midrange and tweeter controls prior to testing 
the room (Fig. I). For this task, 1 moved the 
stand-mounted speaker out to the middle of 
the room, then positioned the mike one meter 

in front of it. Once satisfied with improved 
speaker response, I moved it back and con¬ 
tinued with the rest of the “room” session. 

You should always be aware that no mea¬ 
surement system can measure the room re¬ 
sponse alone, i.e., separate from the rest of 
the audio system. Yet any improvement in 
the audio gear and the control over environ¬ 
ment variables will get you closer to the 
stand-alone room response. In other words, a 
calibrated microphone couldn't hurt. Even 
borrowing a pair of speakers with a known 
relatively flat power response will yield bet¬ 
ter results. 

On the other hand, you shouldn’t fall into 
the trap of always focusing on frequency re¬ 
sponse alone. ETF is primarily a time-based 
measurement tool, and you will shortly see 
an example where an acoustic change made 
to the room is barely observed in the fre¬ 
quency-response curves, but is more readily 
noticed with the energy-time curves. 

One room-acoustic quality you can see ir¬ 
respective of system response is the sound¬ 
decay behavior of the room—reverberation. 
And this is where ETF excels. With the 
TEFrM-like special-source signal, the calcu¬ 
lated curves display as a sharp rise in sound 
level, followed by a gradual decay back to si¬ 
lence. Encoded within the characteristics of 

these “backside” slopes is the true behavior 
of the room. 

PROGRAM TEST 
I used ETF versions 3.0 and 4.01 in a friend’s 
11' X 11' X 9' room, an apartment bedroom 
finished in standard drywall. There was 
nothing in this room but the stereo system, 
which consisted of a pair of 7" two-way 
monitors, known to measure flat. These were 
positioned three feet from the front wall, and 
three feet from the side walls. In the left side 
wall was a large window with mini-blinds. In 
the right side wall was a double sliding clos¬ 
et door. 

The room treatment consisted of dual fe¬ 
male Styrofoam diffusers at the front wall be¬ 
tween the speakers (12 elements, 16ft2 total), 
and two male diffusers (15ft2) at the back 
wall located at the first reflection points. The 
listening position where I placed my Liberty 
Instruments microphone (with preamp) was 
just in front of the rear wall. The mike was 
taped to a camera tripod and oriented verti-

ABOUT THE AUTHOR 

Philip Bamberg is an electrical/mechanical engineer and 

president of Bamberg Engineering Sound Lab, a custom 

loudspeaker development and consulting company. 

THE HR-2000 PC BOARD MIC-01 AND MIC-02 MICROPHONES CLIOQC AMPLIFIER&SWITCHBOX 

CLIO, by Audiomatica, is a complete and reliable electro¬ 
acoustic measurement system. CLIO is the easiest and less 
expensive way to test electronic equipment, loudspeaker 
systems and execute acoustical room analysis. 
Measures rely on state-of-the-art proprietary hardware with 
+30 + -40 dBV input range (10 dB step attenuation) and +12 
+ -63 dB output level (0.1 dB step resolution). 
The new 4.0 software release is a crucial step forward 
adding new functionality to an already complete package; 
included is also the control for external hardware like a turntable 
or the CLIOQC Amplifier&Switchbox; two basic versions 
are tailored for your needs: 
CLIOLite is the entry-level at an unbeatable price: check it! 
CLIO Standard gives you all the power of the professional 
system sold to thousands of world-wide end-users. If you 
are running an industrial facility the QC software plug-in will 
give you no-compromise testing of production lines. 

Visit us at www.mclink.it/com/audiomatica: detailed 
technical information, distributors list, demo disk and software 
user's manual On-line. E-mail: audiomatica@mclink.it 
AUDIOMATICA, Via Faentina 244/g - 50133Florence - Italy. 
Tel: +39-55-575221 - Fax: +39-55-5000402 

CLIO 4.0 FEATURES LIST Standard Lite 
■ Programmable Signal Generator 0 0 
• AC Vrms,dBu,dBV,dBspt Meter 0 0 
• C & L Meter (real-time) 0 0 
* Dual channel Oscilloscope 0 0 
■ Dual channel FFT Analysis with THD0 □ 
■ Sinuso dal Frequency Response 0 0 
■Sinusoidal Impedance (CV, Cl, Int) 0 0 
• MSETbiele/Small Parameters 0 0 
■ Polar plots with turntable control 0 □ 
• THD vs. Level or Power 0 □ 
•IMDvs. Level (SMPTE,DIN,CCIF) 0 □ 
• Distortion vs. Frequency (2nd,3rd) 0 0 
■True MLS Analysis 0 0 
■ Impulse Response 0 0 
■ Energy Time Curve (ETC) 0 0 
• Cumulative spectral decay (waterfall) 0 □ 
■ RTA1/3 Octave Analysis 0 0 
■ IASCA Score calculator 0 
■ RT60 Analysis, Reverberant Decay 0 □ 
■ Time History, Equivalent Level (Leq) 0 □ 
• Quality Control Plug-irrA B 
• Help On-Line 

CLIOLite is also available from 
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Frequency (Hz) S ingle U ser License: B amber g E ngineering S ound Lab 
B-1288-3 

FIGURE 3: Low-frequency response after optimizing speaker place¬ 
ment, 3D ETF display. 

Single User License: Bamberg Engineering Sound Lab 
B-1288-4 

FIGURE 4: Left-channel mid-and high-frequency response, 3ms gat¬ 
ing, log scale. 

B-1288-5 

FIGURE 5: Right-channel mid- and high-frequency response, 3ms gat¬ 
ing, log scale. 

S ingle U ser License: B anberg E ngineering S ound Lab 
B-1288-6 

FIGURE 6: Left-channel mid-and high-frequency response, 10ms gat¬ 
ing, linear scale. 

Acousti-Soft 
www.acoustisoft.com 

1-800-301-1423 
9:00 am - 5:00 pm EST 

Agent: Doug Plumb 

AcoustLSoft is pleased to introduce new loudspeaker measurement and simulation packages for Windows™ 95/NT 
written by Dr. Earl Geddes. These new applications are the product of nearly 20 years of continuous code 
development. 

Fit_32 is a new loudspeaker measurement application that will increase productivity through new T/S parameter 
measurement and new polar response measurement methods (patents pending). Fit_32. when used with Speak 32 
offers new extended capabilities in modeling loudspeaker systems using a common Microsoft"11 Jet™ database 
engine. 

Speak 32 offers significant increase in capabilities over earlier Speak and WinSpeak versions and the modeling of 
the Acoustic Lever'™ Loudspeaker Enclosure by Dr. Geddes (patent pending). 

Speak32 introductory beta version 299. usd. 
Fit_32 available Jan. I, 1999. $399.“5 usd. 
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cally. Only one channel at a time was driven 
for all measurements. 

Whenever I work on room acoustics, I like 
to improve the lower three octaves first. After 
finding the speaker positions that show the 
smoothest low-frequency response, I then 
check the upper six octaves. To do this, I lis¬ 
ten for imaging qualities, which are general¬ 
ly better when the speakers are away from 

the walls, and poorer when they are close. 
Rather than improve the imaging at the ex¬ 
pense of smooth bass, I prefer to leave the 
new speaker locations alone and treat the 
room instead. 

Because of this methodology, I elected to 
go straight to low-frequency evaluation. 
You display the time-frequency curve with 
just two mouse clicks, first for frequency¬ 

range selection, then for the “top down” 
view. I chose the "2O-2(X)Hz Low Frequen¬ 
cy Range” button, then the "Top View”2 

button. The frequencies 80, 120, and 170Hz 
were “missing,” with very narrow-band 
dips in the time curve. But more important¬ 
ly, long resonances of +300ms increase 
were seen at 55 and 130Hz. From 200Hz on 
up, the time-frequency curve was very con-

B-1288-7 

FIGURE 7: Right-channel mid- and high-frequency response, 10ms 
gating. 

B-128M 

FIGURE 8: Left-channel mid- and high-frequency response with no 
diffusers. 

SOLEN INC 

CALL TO ORDER THE 1998 SOLEN CROSSOVER 
COMPONENT CATALOG FOR $8.00 PACKAGED 
WITH THE COMPREHENSIVE 1 998 SOLEN 
SPEAKER DRIVER COMPONENTS CATALOG 

SOLEN FAST CAPACITORS 
Fast Capacitors, Metalized Polypropylene 
Values from O.1O pF to 330 pF 
Voltage Rating: 630, 400, 250 VDC 

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 fl, 8 fl L-Pads plus all the hardware and supplies 
to complete any speaker project. 

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

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

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

SOLEN HEPTA-LITZ 
AND STANDARD 
INDUCTORS AND 
CAPACITORS - THE 
CHOICE OF MANY 
HIGH-END SPEAKER 
MANUFACTURERS. 

HARDWARE: 
POWER RESISTORS. 

W 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... 

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) 

Tel: 450.656.2759 
Fax: 450.443 4949 

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

Reader Service »43 

Speaker Builder 7/98 53 



DEFLEX 
spectra 
°’PANELS 

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

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

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

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

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

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 - Marchi994 

"... Def lex panels seemed to give greater tightness and 
control, improved internal clarity, and pitch definition -

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

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

CHOICE VERDICT 
Sound Quality HIM 
Value for money HHHO 
Hi-Fi Choice - January 1994 

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

Audio Video - November 1994 

Some Of Our Other Products: 
‘MIT MultiCaps... Better selection and 
the best prices anywhere! 
‘InfiniCap, Solen, SCR/AEON, Rel-Cap, 
etc., premium grade film capacitors. 
‘Kimber, Cardas, MIT, XLO, Acrotec, 
ultra high performance chassis wires. 
‘Non-inductive wirewound and power 
resistors from Mills, Caddock, others 
‘SOLO Copper Foil Air Core Inductors 
for no-compromise crossover designs. 
‘Cardas, Edison Price, Vampire, XLO, 
binding posts, banana plugs, etc. 

Send for FREE catalog today! 

MICHAEL PERCY AUDIO 
P.O. Box 526 

Inverness, CA 94937 
(415) 669-7181 Fax (415) 669-7558 
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FIGURE 9: Left-channel with diffusers. ETC short-time display. 

FIGURE 10: Left-channel with no diffusers, ETC short-time display. 

sistent, averaging 250ms decay time. 
Correlating the 60Hz resonance as a 9' 

half wavelength (the height of the room), 
we placed the speakers at one-quarter of this 
distance from the side walls, or 30" from the 
wall to the center of the woofer. To visual¬ 
ize how this “one-quarter-wavelength rule” 
is effective, imagine the wave leaving the 
speaker, traveling one-quarter wave to the 
nearest reflection, then traveling back to the 
speaker again. Now it has traveled one-half 
wave longer than the direct sound, and 
therefore is 180° out of phase, thus reducing 
the listener’s perceived sound level. We 
also moved them to points 40" from the 
front wall. Now the woofers were located at 
x-y-z distances of 20". 40". and 32" from 
the nearest room boundaries. 

SMOOTH RESPONSE 
Figure 2 shows the 20-400Hz low-frequen¬ 
cy response at the new speaker locations. Al¬ 
though many resonances and nulls exist, they 
all reach approximately the same height and 
depth. In other words, this is actually a fairly 
smooth response. Notice also how the peaks 
don’t exceed the average level as much as the 
valleys drop below it, and that the peaks have 
a rounded look, while the valleys have a 
sharp bottom. This is because in the speak-
er/room interaction, the loudspeaker is the 
driving force. 

The room can sustain the energy, even re¬ 
inforce it (up to several dB) at a modal fre¬ 
quency, but it cannot add any energy of its 
own. Conversely, the nulls are just that— 
they represent canceled energy. Increasing 
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FIGURE I I: Left-channel with diffusers, ETC long-time display. 

the speaker drive level at a 
null frequency is largely inef¬ 
fective. The room interaction 
continues to absorb that fre¬ 
quency just as well at the 
higher level. 

This demonstrates that 
you should concentrate more 
on reducing problem fre¬ 
quencies, rather than tiying to 
fill in cancellation frequen¬ 
cies. Figure 3 is the same 
data displayed in the 3D en¬ 
ergy-time-frequency format. 
A true resonance appears as a 
long ridge that runs from the 
back to the front of the dis¬ 
play. In this case, no reso¬ 
nance is seen to exceed 
500ms. 

Figures 4 and 5 show the 
3ms-gated 500Hz-10kHz 
range for the left and right 
channels, respectively. (The shorter gate-win¬ 
dow times are equivalent to more smoothing 
filters on the raw curves. The curve then 
looks closer to the familiar pink-noise-source 
frequency response.) Here you see more rip¬ 
ple in the right-channel response than in the 
left. For a closer examination. Figs. 6 and 7 
show the same data calculated with the 10ms-

sured the room both with and without the dif¬ 
fusers in place. Figures 6 and 8 are the 10ms-
gated frequency curves, with and without dif¬ 
fusers, respectively. Obviously, the plot with 
diffusers is cleaner than without. The charac¬ 
teristic difference is less distinct in the 3D 
waterfall plots (not shown). 

Returning to the basic ener¬ 
gy-time data display. Figs. 9 
and 10 are the same data as in 
Figs. 6 and 8, respectively, but 
displayed as energy versus time 
(0-50ms). Now the effect of 
the diffusers is evident when 
you examine the time range 
from !0-20ms. This is typical¬ 
ly the range for first reflections. 
On average, there is a 5dB drop 
in energy in this region when 
the diffusers are in place. 

But wait, there’s more. Fig¬ 
ures 11 and 12 are the same 
curves, but displayed over the 
full 300ms range. Notice that 
with diffusers, the low-range 
curve is lower everywhere on 
the scale. With the diffusers 
in place, the delayed-energy 
curves show an increase in 
slope, dropping an additional 

-3dB out at 150ms. 
This also means that the room reverbera¬ 

tion is shorter with diffusion. 1 clicked on 
"RT" and set the analysis-time window to 
0—100ms to calculate the RT60 time for both 
cases. Without diffusion, RT60 ranged from 

to page 58 

gated analysis and displayed on a linear fre¬ 
quency scale. (This data is now valid for one 
extra octave lower.) 

Now you more readily see the true nature 
of reflections. The classic comb-filtering ef¬ 
fect of early reflections is displayed as a se¬ 
ries of equally spaced spikes and dips. In this 
case, the 300Hz spacing corresponds to a 
3ms delayed reflection. Apparently, the 
mini-blinds in the window on the left side of 
the room disperse reflected sound more than 
the hard closet doors on the right. 

ONE CHANGE AT A TIME 
Now you can see how ETF is useful for tun¬ 
ing a room. Just be sure to change only one 
thing at a time. Do you wish to see the effects 
of raised mini-blinds, closed mini-blinds, or 
half-throttled mini-blinds? In just three min¬ 
utes, you have a new measurement! 

Enough, now, of the familiar frequency¬ 
response curves that we have come to rely on 
so heavily. Take a look at that example I 
mentioned before, where the time-based 
curves show what's going on, while the fre¬ 
quency-based curves cannot. I said I like to 
position the speakers for the best bass re¬ 
sponse first, then improve the imaging with 
room treatments. How should the room be 
treated? With acoustic diffusers (and/or ab¬ 
sorbers) strategically placed at the first re¬ 
flection points. 

To demonstrate their effectiveness, I mea-

New Speaker Book! 
For all hobbyists, students and 
engineers seeking an overview of 
the technology of loudspeakers. 

The book begins by introducing the con¬ 
cepts of frequency, pitch and loudness 
and proceeds to develop the idea of a 
loudspeaker as a system. Topics such as 
loudspeaker design tradeoffs, spatial load¬ 
ing, diffraction loss, cavity effect and 
enclosure construction are covered. A 
complete chapter is devoted to the sub-

i ject of crossover design. 

Paperback edition just $24.95. 

Order by Phone 

Old Colony Sound Lab: 888-924-9465 

True Audio: 800-621-4411 
International Phone or Fax: 423494-3388 

.com John L. Murphy 
BS. VS. AES. IEEE. ASA 

Amazon 
Order Online 

iudioXpress.com 

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

VENDORS 
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 

www.warrengregoire.com/silver.htm 

WE RECONE all home, auto, pro, and vintage 
speakers. TRI-STATE LOUDSPEAKER (724) 
375-9203, www.nauticom.net/www/speakers. 

SIL VER SONIC™ 
High Performance Audio Cables 

You can afford the best! 

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

Silver Sonic D-75 Digital 

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

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

www.dhlabs-cables.com 
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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.welbomclabs.com 

Use this convenient list to request the products and services that 
you need fast. Don't forget to mention Speaker Builder! 
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Acoustic Technology Int’l 
Antique Electronic Supply 
B & R Acoustique 
Burnett Associates 
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Goertz 
Harris Technologies, Inc. 
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LinearX Systems, Inc. 
Markertek Video Supply 
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Morel Acoustics USA 
Newform Research, Inc. 
RCM Akustik 
Speaker City USA 
The Parts Connection 
Thesis Ribbons 
True Audio 
WBT-USA 

Hi-End Drivers 
Vacuum Tubes, Parts, Supplies & Books 
Manger Loudspeakers 
Sub & Power Amps, Aluminum Cones 
Cousta Sheet 
Inductors 
BassBox 6 Pro & X'over 3 Pro 
MusiCap Film & Foil Capacitor 
Leap 
Unique & Hard-To-Find Accessories 
Speakers, Woofers, & Speaker Boxes 
Loudspeaker Drivers, Car Speakers 
5", 8", 15" & 30" Ribbon Kits 
Sub & Power Amps, Aluminum Cones 
Vita, Scanspeak, Dynaudio, Focal Kits 
Crossover Parts 
Ribbon - Planar Loudspeakers 
WinSpeakerz & MacSpeakerz 
Speaker Cables, Interconnects, etc. 

1-905-889-3653 
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1-603-924-3392 
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SPEAKER PATENT REPRINTS of over 20 
significant patents shows loudspeaker and 
crossover design techniques used by the pros 
Satisfaction guaranteed. US $29.95. CGG 
DESIGNS, 9205 Brigadoon Cove, Austin, TX 
787 

FOR SALE 
Eight JBL 2123H 10" drivers; eight JBL 2226H 
15" drivers; four JBL 2426 1 " drivers with horns; 
two RANE MA6 6-channel power amp 130W/ 
channel; one RANE AC23 electronic crossover. 
Mike, (215) 968-2409. 

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

Most in original cartons and packing. 

NAD517 five-disc CD player N $350 
Two Adcom GFA-565 
power amplifiers N $1200 (pair) 

(with fans) 
Rotel 865BX CD player M $320 
Marantz 7T preamp $500 
db Systems DBR 15B/2A 
in walnut cabinets M $700 

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

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

Speaker Builder. 1982, $4; 1988, 1990-1994 
complete, $10 each; Speaker Builder, 1995, 
1996, 1998 incomplete (9 issues), $5 all; Audio 
Amateur. 1988, 1989, $10; Elektor Electronics, 
1991, 1992 complete, 1993 four issues, $10 all. 
Phone (650) 961-3390, FAX (650) 938-2250. 

OF NOTE IN 
Audio Electronics 

Issue 5,1998 
• Precision Sine-Wave Oscillator 

• Tailored Filtering for Rtxtm 
Equalization 

• Optimizing Your Audio System, Part 2 

• Product Review: Sescom Lab 
Box-It Series 

• Is Relative Assessment of Hi-Fi 
Components Possible? 

OF NOTE IN 
Glass Audio 

Issue 6,1998 
• A 24-Bit DAC 

• The Power Tube, Part 2 

• Cascode Power .Amplifier Circuits, Part 2 

• Heater Care and Feeding 

• Kit Report: Atma-Sphere M-60 Mk. II 

Scan-Speak: four 13M8636s, $69 each; two 
21W8555S, $97 each; two 25W8561S, $65 
each; two D29s, $35 each; two D2010s, $29 
each. Dynaudio: four 24W100s, $108 each; 
two D-76s, $79 each; two 15W7504S, $75 
each. Morel: pair two MDT33s, $135 each. 
Seas: two T25001S, $39 each. Clay Jordan, 
(770) 969-8319. 

Sherwood TD-1120 AM/FM tuner, $65 ppd; 
Technics SLQ202 turntable, AT311EP car¬ 
tridge, $110 ppd; MCM (AMS) 80-325 cabi¬ 
nets 3.48ft3, $65 each plus freight: Tenmax 
72-505 audio generator, $35 ppd; AR 8" 
speakers .24, 26.5Hz, 3.57ft3, $8 each ppd; 
VIFA D27T6-36-06 tweeters, $20 each ppd. 
(409) 727-5997. 

Bocchino Technologies—website includes inter¬ 
esting and original connectors, tweaks, and 
loudspeakers: http:www.bocchtech.com. 

WANTED 
Pair Focal T120-ti tweeters. Ken (908) 813-
2351, FAX (908) 813-2645, or E-mail: 
kcraven@compuserve.com. 

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

BEST 
CAPS 
for your system! 
Audio pros rate InfiniCap® 
SETP and Signature caps 
better than Teflon® caps, better 
than oil-filled caps, better than 
premium film-foil caps! Yet 
SETI and Signature cost less 
than these other caps! 

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

Tomorrow's Research Today 
408 Mason Rd, Vista CA 92084 
Voice mail/fax: 760-724-8999 
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Speaker Builder 
CLASSIFIED INFORMATION 

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. 

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

HOW TO ORDER AN AD 
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 

_0 with your ad and mailed to Speaker Builder c/o, AAC Classified Dept., PO Box 
876, 305 Union Street, Peterborough. NH 03458-0876. Ads can also be submitted by FAX (603) 924-9467 or by E-
mail, advertising@audioXpress.com (faxed and E-maiiedads must include MC. Visa. Discover or AmEx payment). 

|A word is any collection of letters or numbers with a space (a slash (f) is counted as a space) 
on either side. All hand written ads must be block printed and submitted on our classified order form (please call 
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. 
4H I 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 

AYMENT MUST BE ENCLOSE 

UBMITTING COPY: 
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from page 55 
0.5-0.7ms. With diffusion, the 
RT60 curve (not shown) de¬ 
creased to 0.5 and was perfectly 
constant at all frequencies. 

AUDIBLE RESULTS 
From the sonic point of view, 
we noticed an improvement in 
overall frequency response as a 
“fuller” sound. This result is pri¬ 
marily from the improved 
speaker placement. Even more 
noticeable was the improved 
delineation of image placement 
and focus from left to right. For 
a single, centrally located listen¬ 
er in such a small room, you can 
get away with such a wide sep¬ 
aration of the speakers. Other¬ 
wise, the image seems to “pile 
up” in the middle. 

FIGURE 12: Left-channel with no diffusers, ETC long-time display. 

curves, and just the right 
type and number of con¬ 
trols. Support documenta¬ 
tion is quite thorough and is 
a must read for the first¬ 
time user. 

Manufacturer's response: 

Thank you for your review of 
my software. ETF software is 
built around tuning room 
acoustics. The design goals 
were to build an accurate 
and very robust tool that 
anyone could use (minimal 
hardware requirements) and 
supply great supporting doc¬ 
umentation. You can run 
ETF on any laptop (Win95/ 
NT) that has a half-duplex 
soundcard. More expensive 
analyzers can do what ETF 

SUGGESTED IMPROVEMENTS 
The improvements made from version 3 to 
version 4 are fundamental and important: 
• Source signal is available from either the 
CD player or the computer; 
• Acquisition time is down to 20s, and can be 
made directly from the ETF program; 

We’re so sure you'll love 
our Square Drive Screws we 
will practically pay you to try 
them. Return this ad with $5 
and we’ll send you our famous 
‘Try-Pack” Sampler of 100 

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

bit for your drill, our catalog listing 
i) 350 types of Square Drive screws, 
and take $5 off your first order of 

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

Our Samples Are Better Than 

FREE! 

“We tried a box of 1-3/4" #8 prelubricated flat 

heads with nibs from McFeely’s, which quick¬ 
ly became our favorite fastener.” Speaker-
Enclosure Screws, Robert J Spear and 
Alexander F. Thornhill, Speaker Builder, 2/94 

© 1996 McFeely s All Rights Reserved 

PO Box 11169 • DeptSB6F 
Lynchburg • VA • 24506-1169 
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• Raw-data amplitude and character are dis¬ 
played to verify a good data set prior to 
analysis; 
• Selectable gating times and linear/log 
scales display the data in the best way for in¬ 
terpretation and validity; 
• Added harmonic-distortion capability; 
• Improved RT60; 
• Printing in color; 
• Graph-export capability for subsequent 
publishing. 

I would like to see further features added 
for the next version: 
• If there’s room on the CD, add some 1/3-
octave test tones just for setting levels; 
• ETF needs some kind of vertical-axis con¬ 
trol, e.g., an absolute level for comparisons; 
also, set the OdB level at one division down 
from the top. It needs selectable auto-
scale/ftxed-scale for vertical amplitude. The 
only way to conveniently compare changes is 
when you know the scale is not changing. 
With this feature implemented, I would next 
expect to see curve-overlay capability, which 
is better than the current “compare” feature. 
• On the ETC displays, set time zero where 
10ms is now. The left axis would plot at 
-10ms. Then all events plot with respect to 
the initial impulse being at time zero. 
• Be able to annotate a minimum of the text 
file onto displayed curves. 
• Notes files should follow the graph when 
swapping between compared files. 

CONCLUSION 
At its eminently affordable price, I believe 
ETF is the most useful measurement pro¬ 
gram available for evaluating room 
acoustics. The graphical interface is excel¬ 
lent, with a large uncluttered display of the 

does and offer enhanced flexibility as well, 
but this enhanced flexibility requires much 
greater understanding of signal processing. 

Tuning room acoustics is not an easy thing 
to do. ETF verifies results and is a measure¬ 
ment tool. This, along with our documenta¬ 
tion and hard work, should allow nearly any¬ 
one to make an acoustical improvement. 

One disagreement I have with the review 
is that it doesn ’t take three minutes to run a 
test. Test data acquisition time is 30 seconds, 
and to get frequency response and ETC dia¬ 
grams takes less than 30 seconds after signal 
acquisition on a 486DX75 PC with 16 megs 
of RAM. Ify ou decide to run a full test, it can 
take three minutes, but half of this time is 
spent calculating harmonic distortion, which 
is not required for room acoustics. 

Doug Plumb, ETF 

NOTES 
1. Version 4.0 became available during the course of this 

review. I evaluated low-frequency room behavior with ver¬ 

sion 3, while I used version 4.0 for the mid/high-frequency 
behavior. 

2. Note that the 'Top View” feature of version 3 is replaced 
with “Examine Slice." This is essentially the same function, 

but with the added ability to view the frequency-response 
curve at equal time intervals during the decay of the room 

sound. By “scrolling” through the series of frequency-re¬ 
sponse curves, it is easy to see how the reverberant nature 

of the sound progresses in time. 

Say You Saw It In 
Speaker Builder 
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Driver Report 
AUDIOM TLR AND 7K2 

By Vance Dickason 

This driver report focuses on two new drivers 
from French OEM driver manufacturer, 
Focal. The Audiom TLR is a high-efficiency 
neo tweeter (Photo #1), while the Audiom 
7K2 is a 7" high-efficiency midrange 
(Photo #2). 

Features: The Focal Audiom TLR is a very 
elegantly crafted tweeter and comes pack¬ 
aged in its own decorative wood box. The 
device uses a 1" inverted titanium dome with 
a coated foam surround. The motor system 

uses a neodymium ring magnet in 
conjunction with a 20mm-di-
ameter aluminum-former 
voice coil damped with fer¬ 
rofluid. The oval-shaped 
faceplate is made from 
5mm-thick machined alu¬ 
minum with a two-part ma¬ 
chined solid-aluminum wave 
guide and phase plug. 

PHOTO I: 
The unique 
Audiom TLR 
neo tweeter. 

sured the 
TLR. Figure 

4 shows the on-
and off-axis response 

curves, again showing this to 
be a very smooth and well-behaved 

tweeter. 
When measuring the 7K2,1 imported the 

The Audiom 7K2 is a high-efficiency 
midrange driver built with a semi-exponen-

FIGURE 2: TLR on-axis frequency response. 

FIGURE 3: TLR factory on-axis frequency response. 

tial Kevlar® cone, bullet phase plug 
for response correction, coated and 
pleated fabric surround, zamak alloy 
cast frame, and 40mm edgewound 
voice coil on a Kapton® former. 

Measurements: I began by mea¬ 
suring the TLR’s impedance using 
the LinearX LMS analyzer (Fig. 
1). Resonance occurs at about 
1175Hz, slightly higher than the 
factory spec of 1058Hz. The Q, s 

specified by the factory was 0.51 
with a 6.00 DCR, which was also 
close to the LMS-calculated 0.58 
Qts value with a 5.78Q DCR. 
While Focal uses ferrofluid in the 
gap for cooling on the TLR, I 
adjusted the viscosity in this case 
so as not to damp the resonance. 

Next, I mounted the TLR in an 
enclosure with a 15" x 8" baffle. 
Since I was not able to inset the 
oval-shaped faceplate, I built up a 
foam surface on the baffle level to 
the top edge of the faceplate for a 
reasonable chance at see- _ 

LMS-measured free-air impedance curve 
data (illustrated in Fig. 5) into the LEAP soft¬ 
ware. 1 then calculated T/S parameters using 
the LEAP curve-fitting routine. These param¬ 
eters are compared to the factory data in 
Table 1 (only single samples were submitted 
by Focal for this test). 

Although this driver is intended for use as 
a midrange driver and accompanied by some 
type of high-pass filter. I went ahead and per¬ 
formed a box simulation to see how large an 
enclosure would be required and how “loud” 
and “low” this driver would play. I made a 

TABLE 1 

T/S PARAMETER SET FOR AUDIOM 7K2 

SAMPLE A FACTORY 
fs 99.1Hz 99.9Hz 

5.89 6.2 
Q„< 7.36 7.70 
Qr 0.32 0.36 
QIS 0.31 0.34 
V« 8.0 Itr 9.1 Itr 
Sens. 96.3dB 95.2dB 
X„„ 3.5mm 3.5mm 

ing the response of the 
tweeter without mount¬ 
ing-caused diffraction arti¬ 
facts. Figure 2 shows the 
frequency response to be 
very smooth and flat out to 
20kHz with a ±2.2dB 
window. The factory mea¬ 
surement shown in Fig. 3 
gives a response that is 
± I dB. undoubtedly obtain¬ 
able with a better baffle 
arrangement than was 
available when I mea-

FIGURE 4: TLR on-and off-axis frequency response 
(solid = 0°, dot = 15“, dash = 30°. dash/dot = 45°). 
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sealed-box computer simulation for the 7K2 
with a 0.06ft3 volume (not much bigger than 
is required to fit over the large magnet assem¬ 
bly) modeled with 50% fiberglass fill mater¬ 
ial. The results at 2.83V and 25V are depict¬ 
ed in Fig. 6. The midrange had a low-fre¬ 
quency limit of about 212Hz with a 90° 

PREMIUM QUALITY RIBBON 
MID & TWEETER DRIVER 

• 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 

Theses 
greece. 

fax: +30-1-5153993 

voice:+30-1-5155144 

e-mail: hartzis@otenet.gr 

phase angle equivalent 
to a box QTt of about 
0.7. Figure 7 offers the 
group-delay curve at 
this voltage level. 

The 25V curve displayed in Fig. 6 also 
has an additional plot, showing the response 
with a 250Hz second-order Butterworth 
high-pass filter. Figure 8 has the excursion 
curve for the 25V level with and without the 
250Hz high-pass filter. The maximum ex-

Focal's 7" 
Audiom 7K2 
midrange. 

cursion at this voltage level with 
the SPL at a substantial 113dB is 
only about 2.25mm without the 
filter, and only 1.2mm with the fil¬ 
ter. Since XMAX is 3.5mm for this 
driver, the limitation will likely be 
thermal before the voice-coil ex¬ 
cursion maximum is reached. This 
is indeed a high power-handling 
product. 

1 measured frequency response 
semi-anechoically using a gated 
sine wave with the driver mounted 
in an enclosure with a 15" x 8" 
baffle. The on-axis curve is shown 
in Fig. 9. The response is very 
smooth and exhibits no major 
breakup problems at higher fre¬ 
quencies. The on- and off-axis re¬ 
sponse in Fig. 10 shows a -3dB 
frequency at 30° from the on-axis 
response to be about 2.7kHz. This 
would likely be a good maximum 
crossover frequency if the goal is 
to maintain a good system power 
response. Looking at the overall 
response profile, a crossover at 
this frequency would probably 
yield a very tight response of per-

FIGURE 6: 7K2 enclosure simulation (solid = 2.83V, 
dot = 25V, dash = 25V with 250Hz high-pass filter). 

► Only $3750 
► New manual 
► Ver. 6.5 Upgrade $250 

► For speakers, acoustic spaces and electronics 
► Dual channel FFT (32K point resolution) 
► Distortion (harmonic, IM, spectral contamination) 
► Wide dynamic range (130dB+ with time domain averaging) 
► Plug-in 16-bit DSP board for IBM compatibles 
► Frequency and transient response 
► Originally developed by AT&T Bell Labs 

www.sysid-labs.com 
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ENGINEERING 

æ most competitive 
hardware 
& software 
SOFIA 

! CLIO 4.0 
CLIO QC 

TOPBOX 1.0 
SOUNDEASY2.0 

to measure, to simulate 
to design & to control 

ORCA 
1531 Lookout Drive 
Agoura, CA 91301 
Tel (818)707 1629 
Fax (818)991 3072 k USA a 

twee^ 

www.orcadesign.com 
CABASSa 

at ORCA, California 

EM 

serres 

engineered by ORCA, or manufactured 

_ ORCA made its reputation bringing the most ad- Mg.’ 
W vanced speaker components and related products to 
F discerning speaker builders, pros & amateurs, at truly \ 

competitive prices. No longer a secret after all these years: 
the most highly regarded high-end manufacturers are our cli¬ 

ents. All ORCA products are exclusive to ORCA, designed and 

RAVEN’ 
Pure Ribbon 
T ransduœEâ 

h o nd 
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FIGURE 7: Group-delay curve for 2.83V plot in Fig. 6. 

FIGURE 8: Cone-excursion curves for Fig. 6 (solid = 25V, dot = 
25V with 250Hz high-pass filter). 

FIGURE 10: 7K2 on- and off-axis frequency response (solid = 
0°, dot = 15°, dash = 30°. dash/dot = 45°). 

haps ±l-2dB quite easily, depending upon 
the baffle arrangement. 

For more information on these and other 

high-end Focal and Audiom drivers, contact 
Orca Design and Manufacturing Corp., 1531 
Lookout Dr., Agoura, CA 91301, (818) 707-

1629, FAX (818) 991-3072, E-mail 
orcades @ aol .com. 

This space could be yours! 
Consumer Periodicals Trade Periodicals Annual Directories 

Audio Electronics Voice Coil Loudspeaker Industry Sourcebook 

Glass Audio V&T News World Tube Directory 
Speaker Builder 

fAmuSeur 
CORPORATION 

PO Box 876, Peterborough, NH 03458-0876 USA 
Phone: 603-924-7292 Fax: 603-924-9467 Email: advertising@audioXpress.com 

Mt . 
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FROM 
M13SG-09-08, 5” Shielded Cast Frame Woofer 

100 Watt Subwoofer Amplifier 

#300-800 $17980■ ■ EACH 

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. 

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. 

Ideal for building subwoofer projects 
for audio and home theatre systemsl 

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. 

This affordable 6-1/2” shielded woofer is well suited for any A/V application. It features a cast magnesium 1 
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 

Features: 

M17SG-09-08, 6-1/2” Shielded Cast Frame Woofer 

♦ 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) 

Automatic On/Off 

Conservatively Rated 
150 Watts/4 Ohms 

725 Pleasant Valley Dr., 
Springboro, OH 45066-1158 
Phone: 513/743-3000 ♦ FAX: 513/743-1677 
E-Mail: sales@parts-express.com 

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

www.parts-express.com 

FREE CATALOG 
CALL TOLL FREE j 

1M3M531Ê 
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Twenty Years and More... 
The 1978 C.E.S. in Chicago was the very first time that Morel Acoustics USA, Inc. 
presented their product to the public. It became clear, early on, that the loudspeaker 
industry was in need of high quality speaker drivers. Shortly thereafter we introduced 
several drivers and established the MDT-28/30 as one of the most popular and highly 
demanded tweeters on the market. 

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

Integra Push-Pull Double Magnet 

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

Standard 
Voice Coil 

Morel 
Voice Coil 

Typical double magnet ducted woofer. 

For further information please contact: 

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