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Good News 

AUDIOCONTROL has published a technical 
paper by Glenn White (author of The 
Audio Dictionary, available from Old Col¬ 
ony] entitled "Small Room Acoustics De-
Mythologized.” It studies the behavior of 
sound in real rooms and how the room 
and materials affect objective and subjec¬ 
tive acoustics. Also discussed is the phil¬ 
osophical differences in various styles of 
recording and music. Finally, the paper 
shows you how to apply this information 
to optimize your listening environment. 

For a copy of the paper, request tech¬ 
nical paper #107 and enclose a 9 by 12 
SASE (postage 52c from AudioControl, 
22313 70th Ave. West, Mountlake Ter¬ 
race, WA 98043-2165, (206) 775-8461, 
FAX (206) 778-3166). 

SONANCE has introduced several in-wall 
speakers. The Ambient Imaging System 
500s are ideal for use as the main speak¬ 
ers where an environmentally enveloping 
sound is desired or as the effects speak¬ 
ers in surround-sound systems. Since the 
drivers are set in the mounting baffle at 
an angle, the main thrust of sound can be 
aimed in any direction. The AIS 500s have 
a frequency response of 60Hz-20kHz 
±5dB, a sensitivity of 89dB IW/lm, a 
nominal impedance of 69, a minimum 
power requirement of 5W, and a max¬ 
imum power of 75W. They sell for $499 
per pair, including brackets and grilles. 
The M30V ($310/pair with brackets and 

grilles) is an upgrade to the M30 two-way 
speaker system It is designed for use in 
close proximity to a video screen. The 
system is shielded to prevent interference 
to the video picture from the magnetic 
fields present in loudspeakers. It has a fre¬ 
quency response of 65Hz-20kHz ±2dB 
and a crossover point of 3.7kHz, and it can 
handle from 5-60W of power. The M30V 
has a nominal impedance of 89 and effi¬ 
ciency is rated at 88dB IW/lm. 

Derived from Sonance's rectangular 
footprint MIO and II, the M10R and S2R 
round in-wall speakers use the same driv¬ 
ers as the earlier models. They are in¬ 
tended for ceiling or wall installations 
where a wide and uniform dispersion pat-

ANALOG DEVICES SSM-2142 is a highly in¬ 
tegrated line driver system for audio, tele¬ 
communications, and industrial applica¬ 
tions. This monolithic device replaces 
large, expensive transformer-based solu¬ 
tions and eliminates the need for expen¬ 
sive external trim circuitry. Housed in a 
single 8-pin miniDIP, the complete SSM-
2142 provides complementary differen¬ 
tial outputs from a single-ended source, 
and can transmit 10V RMS signals into 
impedance loads as low as 6009 (differen¬ 
tial or single-ended), over cable lengths 
up to 500 feet. 

tern is desired. The S2R has a nominal 
crossover point at 3kHz and a frequency 
response of 55Hz-20kHz ±3dB. The 
M10R has a frequency response of 75Hz-
15kHz ±5dB. 
For more information on the company's 

speakers, contact Mitch Simon, Sonance, 
961 Calle Negocio, San Clemente, CA 
92672, (800) 582-7777, FAX (714) 361-
5151. From Canada, call (604) 873-4475. 

Fast Reply HIF1373 

The SSM-2142 is well-suited for a vari¬ 
ety of applications that require superior 
noise immunity and common-mode rejec¬ 
tion, including professional studio mix 
consoles, telecommunications, and indus¬ 
trial instrumentation. Total harmonic dis¬ 
tortion plus noise from 20Hz-20kHz is 
0.006%; output common-mode rejection 
is typically 45dB. When coupled with its 
companion, the SSM-2141 differential 
line receiver, the device offers a com¬ 
pletely balanced low-cost, high-perfor¬ 
mance driver/receiver system for less 
than $5. 
The SSM-2141 and SSM-2142 cost $ 1.95 

and $2.95 in 100s, respectively. For com¬ 
plete information, contact Analog De¬ 
vices, One Technology Way, PO Box 9106, 
Norwood, MA 02062-9106, (617) 329-
4700, FAX (617) 329-1241. 
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YAMAHA ELECTRONICS has introduced two 
round coaxial car audio speakers. The 
YCS-6023 is a 6I/2" model with a fre¬ 
quency range of 40Hz-20kHz. It delivers 
better low-frequency response than its 
predecessor, the YCS-6020. The speaker's 
sensitivity is at least 89dB and requires a 
mounting depth of l n/i6". The YCS-6023 
sells for $100/pair, including snap-on 
grilles and speaker cords. 
Yamaha' s other speaker, the YCS-5021, 

is a 514 " coaxial design. It delivers a fre¬ 
quency range of 70Hz-20kHz, has a sen¬ 
sitivity of at least 89dB, and requires a 
mounting depth of 1 ’Yie"- It sells for $90 
a pair, including snap-on grilles and 
speaker cords. 
Contact Yamaha Electronics Corp., USA 

for information: 6722 Orangethorpe Ave., 
Buena Park, CA 90620. 
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- ANNOUNCING -

LDC-IV 
LOUDSPEAKER DESIGN COOKBOOK 

0 FOURTH EDITION 

by VANCE DICKASON 

152 TEXT 
PAGES 

TWICE 
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‘‘What Is a 

Loudspeaker?” 

‘‘CAD Software 
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IBM DESIGN 
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CONTENTS/SUBJECTS 
INDEX 

$29.95 
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SHIPPING: Please add $2 for first book; 75C each additional. Books are not returnable for refund. 

□ Charge Card □ MC/VISA □ □ Check/MO □ 
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OLD COLONY SOUND LAB 
BOX 2 43, DEPARTMENT B91 
PETERBOROUGH, NH 0 3 4 5 8 

PHONE: (603) 924-6371 FAX: (603) 924-9467 



CIRCUIT SEARCH has announced Version 
1.09 of their database of references to 
articles containing practical electronic cir¬ 
cuit designs. This dBase III/III + compati¬ 
ble database references nearly 13,000 ar¬ 
ticles and papers from more than 300 
technical and scientific journals and mag¬ 
azines. As an interdisciplinary reference 
source, it can locate circuits by key words 
from journals in fields as varied as elec¬ 
tronics, astronomy, agriculture, physics, 
chemistry, nuclear science, education, 
biomedicine, and many more disciplines 
where electronics can be applied. 

The database is installed on a hard disk 
on an IBM PC or compatible, and used 
with either its own menu-driven front 
end or a dBase-compatible database man¬ 
agement program. You can locate refer¬ 
ences by title, circuit description, device 

MONSTER CABLE has announced the Custom 
Installer SCIR™ series of cables. They 
are UL approved Class 2 fire rating for 
running in walls. The cables consist of the 
two-conductor, single-channel SCIR 14-2 
14-gauge and SCIR 18-2 18-gauge, and the 
four-conductor dual-channel SCIR 16-4 
16-gauge. 
The cables' identification system— 

color-coding of inside and outside jack¬ 
ets—provides for simple error-free hook¬ 
up. Two color-coded outside jackets pro¬ 
vide flexibility and multiple configuration 
cable hookup. Their low friction jacket 
makes these cables simple to pull through 
walls and tight spaces. 
Monster Cable also provides a connec¬ 

tor compatibility chart as a reference to 
all its cables and connectors. For informa¬ 
tion, contact Gary Reber, Monster Cable 
Products, Inc., (714) 677-4668. 

R.F. ENGINEERING has announced the VI 
series of automatic A/V switches. The VI 
allows two video devices (a laser disc 
player and a VCR) to be connected to a 
single monitor. It detects which source is 
delivering a signal and routes the signal 
to the monitor. 

The VI can detect either video or audio 
signals, so it can be used as an expansion 
input on an audio preamp. The device is 
designed so that if both signals are pres¬ 
ent, it will give priority to the device on 
the Video B connection. A sensitivity ad¬ 
justment allows the VI to filter out noise 
that can cause erratic switching. A delay 
adjustment is used to prevent switching 
on missing signals, such as between tracks 
on a CD. 

The VI is available with RCA connec¬ 
tors at $89.95 or S-VHS connectors at 
$119.95. Contact R.F. Engineering, Inc., 
9215 Lowell Blvd., Westminster, CO 
80030, (303) 430-8281, FAX (303) 430-
4023. 
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type used, author, author affiliation, jour¬ 
nal, date, and more. The database oc¬ 
cupies about 7Mb and comes on a series 
of disks. 

Additional services offered by Circuit 
Search include provision of hard copy 

(FAX or mail) of articles that qualify 
under Copyright Clearance Center (CCC) 
provisions, as well as update and revision 
services on a semi-annual basis. 
Circuit Search sells for $375 (US dol¬ 

lars), including one free semi-annual up-
date/revision. Further updates cost $40 
for one or $65 for two. A sample disk in¬ 
cluding 400 references, pricing, and ad¬ 
ditional information is available for $7. 
Contact Peter Sawatzky, Circuit Search, 
PO Box 268, Breslau, Ontario, Canada, 
NOB 1M0, (519) 241-1252, FAX (519) 
742-4594. 
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Continued on page 8 

Want concert hall sound? 
Room treatment is the answer. 
In better recordings you can hear the acoustics (wall reflections) of the 
concert hall. These are a critical part of the reproduction of natural and 
satisfying sound, and you can upgrade components forever with poor 
results, until the problem of reproducing the concert hall's acoustics is 
addressed. 

The problem 

Your listening room's acoustics (again, wall reflections) mix with and 
obscure the sound of the concert hall’s acoustics and can even drown it 
out almost completely. You hear the acoustics of your own room instead 
of the "you are there" sound of the concert hall. 

A solution 

Treat your listening room with Echo-Muffs. They absorb and prevent 
sound from hitting your listening room walls, thus eliminating reflec¬ 
tions. Then with the effect of your listening room minimized, the sound 
of the concert hall becomes clearly audible. You will hear "you are 
there" realism, even with average quality components. Echo-Muffs also 
offer a worthwhile improvement in imaging, depth, and tonal quality. 
You will experience a new dimension in musical enjoyment. 

Anthony Cordesman comments: 

"Clearer mid-range and highs and bet¬ 
ter imaging and depth. An affordable 
solution to room problems." 

Stereophile Magazine, P.O. Box 364, 
Mt. Morris, IL 61054 

Only $59.00 each, 
factory direct only. 

Watkins Audio 
1019 E. Center St. 

Kingsport, TN 37660 
(615) 246-3701 
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mi vier msuGN limited 
Proudly introduces the V6/20 bass-midrange 

This versatile 6-inch driver deftly balances the demanding 
requirements of both Pro Audio and High Fidelity 

applications. Designed with an attention to detail usually 
found only in F uro pean drivers, the V6/20 incorporates 
several high -performance features. Among them are: 

- flared hard paper diaphragm 

- treated-cloth dustcap attached directly to the voice coil 
- four-layer voice coil 

- large vented-pole magnet structure 
- custom double-roll cloth surround 

All this helps to make the V6/20 well suited to high power 
high fidelity midrange applications such as in large three-way 

monitors or small, high-quality PA systems. It even makes an 

excellent little guitar speaker of unusual accuracy and warmth! 

Now available exclusively at: 

A&S Speakers 
3170 23rd St 

San Francisco CA 94110 

Tel 415-641-4573 

driver design lid 
611 rugby rd Hl 18b Charlottesville va 22903 

804 971 3822 
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About This Issue 
Robert Spear and Alexander 
Thornhili have collaborated on a 
general discussion of the effects of fi¬ 
brous tangle in transmission lines, in 
particular the effects of stuffing on 
attenuation and the speed of sound 
(p. 11). In this piece, the authors have 
balanced theory and practice, and have 
kept math and formulas to a minimum. 
Paul Becker, dissatisfied with expen¬ 

sive solid-state commercial crossovers, 
has built a simple, inexpensive, "purist’' 
crossover that allows "tube preamp 
through power amp" signal flow and 
allows single channel or stereo subwoof-
ing. Turn to page 18 for the details. 

Contributing Editor Bruce Edgar has 
re-interviewed Ken Kantor, since his 
venture into starting his own company, 
NHT. To gain some insight into a com¬ 
pany's birth, turn to page 22. 

Disillusioned with the "one-side-of-
the-room” acoustics so often heard at 
social gatherings, Joseph Demers 
designed an omnidirectional speaker. 
His discussion of his "DOALS" system 
begins on page 36. 

Beginning on page 42, John Jackson 
describes how to construct an easy-to-
modify high-quality loudspeaker cable. 
Donald Scott's speaker-to-ear inter¬ 

face (p. 44) provides him with a listen¬ 
ing situation free of an undercurrent of 
room sound since his system produces 
an acoustic mix of 90% direct to 10% 
reflective sound. 
Reviewed is Audio Concept's Little V, 

which Contributing Editor Gary Galo 
claims is an impressive addition to AC's 
line of speakers. See his comments 
beginning on page 46. Also read David 
Davenport's remarks on page 54 about 
the new edition of Martin Collonas' High 
Performance Loudspeakers. 

On our cover: NHT drivers produced 
on the assembly line. Photo by Bruce 
Edgar. 
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Intermezzo, featuring noted Canadian pi¬ 
anist Robert Silverman playing Brahms' 
piano Sonata in f, Opus 5 and the In¬ 
termezzo Opus 117 No. 1, is a limited¬ 
edition LP available from STEREOPHILE 
Recorded with vacuum-tube micro¬ 
phones and tape recorder, the recording 
provides a fascinating comparison be¬ 
tween early and late Brahms. Intermezzo 
was recorded by the renowned recording 
engineer Kavi Alexander under the super¬ 
vision of Stereophile editor John Atkinson. 
Best known in his native Canada, 

where he has performed from coast to 
coast, Robert Silverman has also appeared 
with the Chicago Symphony and the 
Boston Pops, and has performed in New 
York, Washington, London, Paris, Buda¬ 
pest, Hong Kong, Rio de Janeiro, and the 
Soviet Union. He has recorded for Orion, 
Musica Viva, and Marquis. His instru¬ 
ment for Intermezzo was a majestic 9' 
Steinway "D" concert grand. 
The recording is $20.45 from Stereo¬ 

phile, 208 Delgado St., PO Box 5529, 
Santa Fe, NM 87502. 
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KIMBER KABLE has announced a patent¬ 
pending connector. The PostMaster™ is 
a spade-like crimp terminal for use on five¬ 
way binding posts. It has radial ridges to 
concentrate and intensify the contact pres¬ 
sure, resulting in a gas-tight contact area. 
The PostMaster is spring loaded with a 
high-rebound, high-temperature sand¬ 
wiched wafer that maintains dynamic 
pressure with finger-tight torque. The 
wafer damps vibration that might exist if 
the binding post is on a speaker. The high 
temperature specification assures consis¬ 
tent pressure under changing thermal con¬ 
ditions, such as on a power amplifier. 

The connector is available in two sizes; 
the PostMaster-25 fits post sizes from 
0.2-0.265", the PostMaster-33 fits sizes 

The FOCUS speaker system is available 
from REEL TO REAL DESIGNS. The speaker 
uses controlled directivity to improve im¬ 
age resolution. This special driver array 
minimizes colorations due to floor and 
ceiling reflections. 
Two 7" midbass drivers with two-layer 

Kevlar honeycomb construction are stra-

TANNOY has announced the Tannoy Sixes, 
a seven-speaker line with four models 
featuring dual-concentric driver technol¬ 
ogy. The units have irregular hexagonal 
cabinets with mineral-loaded copolymer 
end caps, dual-concentric drivers, a cap¬ 
tive bi-wiring system, and internal DMT 
(differential material technology) bracing. 

In the dual-concentric design, the high-
frequency driver shares the same chassis 

The discrete high-frequency driver is 
designed to provide zero surround radia¬ 
tion. Its deep-drawn, extruded aluminum 
diaphragm is suspended by a nitrile rub¬ 
ber surround. Also included are an in¬ 
tegral injection moulded dust seal and 
piston stiffener, integrated anti-diffraction 
rings, high-power anisotropic barium-fer-
rite magnets, and a high torsional strength 
steel chassis. 

as the bass driver, making the entire drive 
unit operate across the complete audio 
bandwidth as a single point source. The 
signal is supplied to each driver by a time-
compensated crossover, which aligns 
high- and low-frequency sound sources to 
a single point on the same axis. 

The Sixes feature a hard-wired cross¬ 
over network with a bi-wire terminal 
panel and integral captive slide-switch 
mechanism. It uses low-order slopes for 
minimum phase operation and low-loss 
inductors. 
Bookshelf or stand-mounting models 

cost from $279-$599 a pair; floor-stand¬ 
ing models cost from $799-$ 1,300 a pair. 
For more information, contact Tannoy, 
141 Linden St., Suite G10A, Wellesley, 
MA 02181, (617) 239-1692, FAX (617) 
239-0096. 
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from 0.28-0.345". Wire size accepted is 
gauge 16 through 6. The base metal is cold 
rolled OFC copper and the plating is the 
same UltraPlate™ used on Kimber 
Kable's RCA connectors. It is also avail¬ 
able on special order without plating. 

The PostMaster sells for $20/pair. Con¬ 
tact Kimber Kable, 2752 S. 1900 West, 
Ogden, UT 84401, (801) 621-5530, FAX 
(801) 627-6980. 

tegically separated to provide a null off-
axis vertically. A treated 1%" woven 
dome tweeter with a 48 oz. magnet struc¬ 
ture operates out to 12kHz where it hands 
off to a 3" ribbon supertweeter. 
The bass range is covered by three 12" 

subwoofers with carbon-filled polypro¬ 
pylene cones. The long-throw drivers of¬ 
fer more than 300 in2 of piston area to 
each channel. The system is tuned to 
20Hz via rear ports and is bi-amp capable. 
FOCUS is available in walnut, oak, 

rosewood, black lacquer, teak, and rib¬ 
bon mahogany and comes with a ten-year 
warranty. Frequency response is 16-
28kHz. Impedance is 4Í2 and sensitivity 
is 96.5dB. Peak power handling exceeds 
500W/channel. 
The cost of the FOCUS speaker system 

is $4,450. Complete information can be 
obtained by contacting Reel to Real De¬ 
signs, 3021 Sangamon Ave., Springfield, 
IL 62702, (800) 283-4644. 
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Guest Editorial 

MY TWO FAVORITE AUDIO TEST INSTRUMENTS 
By Sid Tetins 

I've subscribed to SB since its inception, and I hate to be picky, 

but the 2/91 cover frightens me. Perhaps "annoys" me would 

be a better term. To save you digging it out of your library (you 

do save your 5Bs, don't you?), let me describe it and its associated 

article and see if you share my feelings. 

The cover photo shows an array of 16 10" woofers mounted 

in what appears to be a plywood and plastic box, mounted in 

the back of a Chevy van. On pages 48-49 of that issue's "Crafts¬ 

man's Corner," H. Chris Edmondson describes this system, 

which he built. Eight 2 x 50W RMS/channel amps drive the 

woofers. Other amps, arrays of drivers, crossovers, and a CD 

player complete the system, which, according to Mr. Edmond¬ 

son, has achieved an SPL of 139dB. 

Now, let me describe a couple of audio test instruments I own. 

Hang on, I realize this may seem confusing at the moment, but 

bear with me, the pieces of this puzzle will fit together. 

My audio test instruments are a matched pair, and, although 

I've owned them longer than I can remember, they remain at 

the leading edge of technology, principally because their designer 

has seen fit to freeze the state of the art at the current level. 

They are difficult, often impossible to repair, and spare parts 

are unavailable. Due to these limitations, I strive to keep them 

in as close to original condition as possible. In fact, they are 

so valuable to me I carry them with me everywhere I go. They 

are called "ears," and that brings me back to Mr. Edmondson 

and his 139dB system. 

Sound, particularly at high levels, and its effects have been 

the subject of much study and debate. A quick trip to any well-

stocked library should produce a number of books on the sub¬ 

ject. The ones I found came to the same conclusion: that we, 

as a society, are deafening ourselves by continued exposure to 

high sound levels. Medical praticioners who specialize in ear 

problems, and others who have reason to study such things, 

have assembled impressive empirical evidence to support this 

conclusion. 

This evidence has not been lost on the captains of industry, 

government officials, or the writers of occupational health in¬ 

surance. Look around a pistol range, an airport ramp, or a noisy 

factory floor and you'll see lots of smart folks protecting their 

precious "audio test instruments” with earmuffs or plugs. 

Although ear-damaging sound levels may be on their way out 

at the workplace, not everyone is getting the message, and there 

remain plenty of ways for the unwary to render themselves 

deaf or hearing impaired. 

Dancing, that time-honored boy-girl social grace/romantic 

ritual, has become a contest of endurance at the nightspots in 

my area. To even ask the lady to dance requires a vocal exer¬ 

cise akin to shouting over a blast furnace. As far as whisper¬ 

ing "sweet nothings" in her ear, you might as well forget it, 

unless you shout. Then the music (I'm using that term loosely) 

will stop right when you get to the delicate part and she won't 

be the only one who knows your intentions. 

Among other entertainment venues, rock concerts, long 

noted for their ear-shattering sound levels, have now been 

joined by country acts in the decibel race. Two shows I at¬ 

tended at our local fair were so loud the songs couldn't be 

heard; the performances were simply walls of unbearable noise. 

While this might have been understandable with over-amped, 

amateur garage bands, these were big names from Nashville, 

with chart records, Silver Eagle tour buses, and sound engi¬ 

neers—who should've known better. 

The audio onslaught continues on the sidewalks and streets 

with the never-ending battle of the boom boxes. The shoulder-

borne variety has now reached the size of a console television, 

its mass seemingly limited only by the ability of its owner to 

carry it. Its automotive counterpart, the boommobile, can be 

heard blocks away. Some states, noting that a driver enveloped 

by the blasting speakers cannot possible hear emergency vehi¬ 

cle sirens and the like, have passed laws restricting their use. 

My home state, Florida, has a rather timid anti-boommobile 

ordinance on the books, but from the continuous parade of 

thundering, thumping vehicles roaming the Sunshine State, law 

enforcement is either unable or unwilling to make it stick. 

Somehow it strikes me as odd that people will spend a great 

deal of money, and in Mr. Edmondson's case, a good deal of 

time and effort, developing audio systems capable of destroy¬ 

ing the very instruments of sensory perception that give us 

reason for having an audio system in the first place. Is it just 

me or is the tail really beginning to wag the dog? 

I used to run a large, computerized printing machine. Dur¬ 

ing one of its periodic maintenance downtimes, one of the 

technicians and I were discussing the tape decks in our cars. 

The other tech, overhearing us, said, 'Tve just got an AM radio 

in my car. A fancy sound system doesn't mean much to me." 

He smiled, turned off the hearing aids in his ears, turned on 

a vacuum cleaner, and returned to his work. How he lost his 

hearing isn't the point. The point is, must we lose what we 

have before we value it? 

Do not mistake what you've read as a call for more rules 

and regulations. Government already has its nose stuck way 

too far into everybody's business. I realize the fact I do not 

like boom boxes does not give me the right to tell you how 

to think, or how to conduct your life. A lot of good folks have 

paid the ultimate price to see to it that that doesn't happen 

here (or at least it's not supposed to). 

However, for Mr. Edmondson and anyone else who enjoys 

high decibel technology, a couple of parting thoughts. With 

freedom comes responsibility. If your "sonic impact" renders 

you hearing impaired, remember that hearing aids are expen¬ 

sive, and I have no spare money (that is, taxes) to buy them 

for you. Also, sound does not respect property lines; therefore, 

if you want me to respect your right to listen to whatever you 

wish, you must respect my right not to listen. In short, your 

freedom stops where my wallet, and my ears, begin. 
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FIBROUS TANGLE EFFECTS 
ON ACOUSTICAL TLs 

BY ROBERT J. SPEAR 
ASSISTED BY ALEX F. THORNHILL 

Acoustical transmission lines (TLs) 
are among the more recent loud¬ 

speaker enclosure designs. Despite their 
claimed advantages, they have never 
gained the popularity of vented or sealed 
systems. One reason might be that TL 
enclosures must be stuffed with acous¬ 
tically absorbent fiber material to realize 
their full design potential. The function 
of the fiber tangle has not been studied 
extensively and is not well understood. 
The purpose of this article will be to in¬ 
vestigate the effects of fibrous stuffing on 
attenuation and the speed of sound, to 
attempt to understand how it affects a 
system's performance, and to provide 
practical applications for the findings. 

BACKGROUND. A.R. Bailey, whose 
1965 article in Wireless World first de¬ 
scribed the transmission line, sampled 
the sound damping properties of many 
substances. Bailey came to prefer long-
fiber wool, but apparently performed no 
exacting tests on the materials he tried. 1 

He understood that wool fibers acted as 
a low-pass filter, but viewed the stuffing 
more as a means of eliminating internal 
enclosure resonances and giving the 
woofer a gentle rolloff, a trait he believed 
was highly desirable.2

In April 1976, a paper entitled "The 
Use of Fibrous Materials in Loudspeaker 
Enclosures" by the English aeronautical 
engineer L.J.S. Bradbury was published 
in America by the Audio Engineering 
Society. Bradbury gave formulas for pre¬ 
dicting the absorptive characteristics of 
wool and glass fibers, given their specific 
gravity, cross-sectional area, and pack¬ 
ing density. He showed that fiber de¬ 
layed sound differently at various fre¬ 
quencies. His simplified equations did 
not account for tapered lines and were 
still too complex for most amateur 
speaker builders. To our knowledge, no 

works similar to Bradbury's have yet 
appeared. 

SOUND IN AN EMPTY TL. To under 
stand a stuffed TL, it is helpful to know 
how it functions empty. For this discus¬ 
sion we will describe a TL as an un¬ 
tapered duct of a certain length and 
cross-sectional area that has a driver 
mounted at one end. The moving cone 
excites the air in a series of compressions 
and rarefactions which move longitudi¬ 
nally down the line. The enclosure di¬ 
mensions of most TLs are small enough 
to prevent the sound wave from expand¬ 
ing spherically, so the wave within the 
duct is a plane wave (a wave with a flat 
front).3

When the line terminus is blocked, the 
sound waves are reflected back toward 
their source. Upon reaching the woofer 
most of the wave energy is reflected for¬ 
ward again, augmenting the energy from 
the next push of the woofer. This pro¬ 
cess continues until an equilibrium of 
sound level is reached.3
When the line terminus is open, you 

expect the sound simply to flow out of 
the line and into the room, but this is not 
what happens. Because air in the room 
has a different impedance than air in the 
pipe, a portion of the sound wave re¬ 
flects back up the line and can cause a 
standing wave to arise. Standing waves 
occur freely at frequencies that are mul¬ 
tiples or divisions of the line length and 
cause nulls and resonant peaks. The pro¬ 
cess of augmentation and reflection oc¬ 
curs even though the terminus is open, 
with some of the energy reflecting back 
up the line and some escaping. 

Acoustical attenuation occurs in an un¬ 
stuffed line mainly due to viscous drag 
(friction) along the enclosure walls and 
absorption by enclosure panel reso¬ 
nances, particularly at bends.3 Air alone 

PHOTO 1: Dual oscilloscope trace. Upper 
trace shows a square wave at 146Hz taken 
with the microphone 5mm above the woofer 
dust cap. The lower trace is at the same fre¬ 
quency amplified 4x with the microphone flush 
with the line terminus. Screen divisions show 
1mS/cm. 

is not a strong attenuator of sound. The 
speed of sound normally does not change 
in air, but within a duct other factors can 
come into play. Even the texture of the 
enclosure walls will affect the passage of 
sound. More than a century ago, Kundt 
observed the tendency of waves in a 
duct with roughened walls to slow down 
as the frequency decreases.4 In a smooth 
walled plastic tube, we noted that low 
frequencies passed through relatively 
unaffected, while high frequencies ap¬ 
peared to be slightly slowed down and 
attenuated. 

Low frequencies are most confined by 
the enclosure and thus are best guided 
through the line. At higher frequencies 
and shorter wavelengths, the enclosure 
affords more room for the wave to ex¬ 
pand spherically. A path with many di¬ 
agonals can result in an apparent reduc¬ 
tion in the speed of sound because the 
path to the terminus is longer than a 
straight path. The diagonal paths also 
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present many more points at which the 

air can encounter the enclosure walls 

and afford more opportunity for the 

sound wave to lose energy. 

EFFECTS IN A TL. When a fibrous 
tangle is stuffed into a TL, it acts as a fil¬ 

ter. The fiber's characteristics and pack¬ 

ing density determine the filter's sym¬ 

metry and its degree of effectiveness. 

Two consequences arising from stuffing 

are the attenuation of acoustic energy 

and a reduction in the speed of sound. 

Both are frequency-dependent and vary 

in proportion to each other. 

Attenuating acoustic energy in the line 

damps resonances and harmonics stand¬ 

ing in the pipe and diminishes internal 

reflections, thereby reducing impedance 

peaks in the woofer. The filter's acoustic 

attenuation is greatest at higher frequen¬ 

cies and least at lower frequencies. Re¬ 

ducing the speed of sound in the line 

modifies phase point relationships de¬ 

pending on frequency, and delays the ar¬ 

rival of sound at the line terminus. The 

filter's delay of the sound is greatest at 

lower frequencies and least at higher fre¬ 

quencies. 1 The twin effects of energy 

attenuation and speed reduction are dis¬ 

tinct, but not inseparable, and at low fre¬ 

quencies it should be possible to manip¬ 

ulate their relationship to advantage. 

SPEED OF SOUND THEORY. It is 

claimed a stuffed TL slows the speed of 

sound such that a quarter wavelength 

line behaves as if it were three quarters 

of a wavelength long. Sound propagating 

at 1,130 feet per second (fps) must then 

be slowed to 282.5 fps, or conversely, if 

sound takes 7.9mS to travel a 9' line, it 

should take three times longer (23.7mS) 

over the same distance. A lingering mis¬ 

conception is that the reduction in speed 

is uniform at all frequencies, a notion 

that has led many TL builders astray. 

In his second Wireless World article, 

Bailey stated the speed of sound in the 

line was slowed by a factor of 0.7 to 0.8. 5 

It was not clear to us whether Bailey 

meant the speed was reduced by 20-30% 

or to 20-30%, nor did he explain how 

he measured this phenomenon. Brad¬ 

bury's paper was ambiguous on the sub¬ 

ject. His formula showed the speed of 

sound falling under 300 fps below 50Hz, 

but this result is theoretical. 1

Bradbury states that sound waves trav¬ 

eling through a fibrous tangle are sub¬ 

ject to aerodynamic drag proportional to 

the air velocity across the fibers, and the 

slow air velocities arising at low frequen¬ 

cies change the behavior of the fiber tan¬ 

gle. 1 The fibers appear stationary to the 
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sound wave at high frequencies, but at 

low frequencies they have time to cou¬ 

ple to the air. The mass of the fibers adds 

to that of the air, creating a denser me¬ 

dium. 1 Under these conditions, the speed 

of sound can be reduced with little loss 

of acoustic energy. 

ATTENUATION THEORY. Lore has 
it that a TL absorbs all the woofer's rear 

energy. The idea has emerged that a 

transmission line is the ideal expression 

of an infinite baffle where the cone be¬ 

haves as if it were in a line of endless 

length, an ideal environment at all fre¬ 

quencies. Unfortunately, the cone is not 

so easily fooled. Bailey constructed an 8' 

line with a pivoted flap at the terminus. 

When the line was stuffed and the flap 

closed, the expected damping of the 

woofer cone did not occur. Cone excur¬ 

sion doubled for each halving of the fre¬ 

quency and bass response weakened. 

Opening the flap restored the bass, di¬ 

minished diffraction effects, and reduced 

cone excursion at low frequencies.2

The fiber's attenuation potential at a 

given frequency remains fixed. If a cer¬ 

tain amount attenuates .by lOdB, a 90dB 

woofer input produces an 80dB port out¬ 

put. At 50dB input, the attenuated port 

output is 40dB, again lOdB less. Higher 

energy levels in the line might set the 

Continued on page 14 

Appendix A 
If you have not seen Bradbury's for¬ 
mulas, we present the pertinent ones 
here. His fiber diameter and density 
for fiberglass and wool have been re¬ 
placed with Hillman's and Bullock's 
values for Dacron. All arithmetical op¬ 
erators are separated by spaces to help 
distinguish the symbols for division (/) 
and subtraction (-) from slashes (/) 
and hyphens (-) used in the abbrevia¬ 
tion of terms. Table A lists the param¬ 
eter symbols and values. 
The first value to be determined is 

X, the drag parameter. Bradbury seems 
confident the value for the exponent 
(n) is 1.4, but the value for A is less 
certain. Investigations by Bradbury 
and others have suggested a range 
from 12-50 with an average of 27, 
which Bradbury used in his paper. 
The drag parameter formula is: 

X = A X (g / d2) X (P / rhoF)n

X = 1010.8758 kg/(m3-sec) for our high¬ 
est packing density of 6.694kg/m 3 

(0.417 lbs./ft3). A value of 27 is used for 
A. Using the extreme values for A pro¬ 
duces X values of 449.278 and 1871.99 
for this packing density. 
Bradbury expresses the behavior of 

sound in a fiber tangle as a complex 
number, and his equations are written 
to separate the real and imaginary 
parts. The real part, a, represents the 
velocity of sound in the tangle, and the 
imaginary part, d, represents the atten¬ 
uation. We have used only the a equa¬ 
tion which yields the velocity in air 
relative to the velocity in the fiber 
(Y, / Vf). However, probably for ease 
of graphing, Bradbury expressed this 
as VF / VA, which equals 1 / a, where: 

a = (((1 + P / rhoA)2 + (w x P / X)2) / 
(1 + (w X P / X)2))0 “ x cos(0) 

w = 2 x T x frequency (f) 

and 

0 = .5(arctan(w x P / X) - arctan 
|(w x P / X) / ( 1 + P / rhoA))) 

Various values for A were tried, seek¬ 
ing to match the calculated curve to 
the curve of the data points. The best 
fit for the number of tries made was 
obtained for A = 50. Our calculated 
velocity ratios do not coincide with the 
measured values, the latter being 
slower. Figures la and b show the 
curve and data points (as ratios of 
velocity in fiber (VF) to velocity in air 
(VA)) for the set of data points shifted 
up in velocity and for the actual 
values. 
The data points were shifted up to 

make the comparison between theo¬ 
retical and measured data easier. Our 
figures show the alignment of mea¬ 
sured and calculated values at least 
equal to or possibly better than the 
corresponding figures in Bradbury's 
paper. The shape of the curve seems 
to be in satisfactory agreement even 
though the absolute values do not 
coincide. 

TABLE A 

PARAMETER SYMBOLS AND VALUES 

PARAMETER SYMBOL VALUE 
Fiber diameter d 0.0000225m 
Fiber density rhoF 900kg/m3
Air density rhoA 1.11kg/m3
Air viscosity p 0.0000181kg/ 

m-sec 
Stuffing density P in kg/m3
A constant A 
An exponent n 
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Continued from page 12 
fibers into motion sooner (at a higher fre¬ 
quency), and this could also influence 
the system's sound characteristics. 

MEASURING SPEED OF SOUND. 
We could not make direct measurement 
of sound velocity, so we decided to mea¬ 
sure delay in the line instead. We used 
a dual-trace oscilloscope, two matched 
mikes, and an audio generator set to pro¬ 
duce a square wave at 15Hz. The onset 
transient of the wave was audible as a 
sharp click which triggered the scope. 
We superimposed the wave from a port 
microphone over a second wave from a 
microphone at the speaker and used lhe 
oscilloscope's screen grid to obtain a 
reading of the delay in milliseconds. 

It takes 7.9mS for sound at 1,130 fps 
to travel 9' in air. After tests on optimally 
stuffed lines, we measured delays only 
1 or 2mS greater. We also encountered 
other problems. We could not use the 
port mike to trigger the scope because 
the fiber filtered out the spike. We then 
realized the spike did not even contain 
audio information at 15Hz, but merely 
occurred 15 times per second. Which¬ 
ever part of the spectrum reached the 
mike first appeared on the scope. This 
did not give us the greatest delay in the 
line, but the least—and at an unknown 
frequency. 

After thinking it over and re-reading 
Bradbury, we measured phase points 
every 90° from 1kHz down as far as we 
could. Our intention was to stuff the line 
gradually and take readings after each 
stuffing so we could track the shift of 
phase points. From these phase points 
plotted on a graph we could then com¬ 
pute the speed of sound. 

We constructed a special line for this 
purpose, the 96-SP-X, a straight 9' sec¬ 
tion of 6" diameter schedule 35 gasketed 
sewer pipe. On one end we added an 8" 
diameter elbow section in which we 
mounted an 8" woofer, a Radio Shack 
40-1024. 

Once again our initial discoveries were 
not what we had expected. At higher 
stuffing densities, we often got no mea¬ 
surements at all (see following section on 
attenuation). At low frequencies, accu¬ 
rate measurements became extraordi¬ 
narily difficult. We were always amazed 
at the consequences of even a light stuff¬ 
ing. The reduction in the speed of sound 
at 0.238 lbs./ft3 appeared so great at first 
we became convinced our data was in¬ 
accurate. We restuffed the pipe and mea¬ 
sured again, obtaining nearly the same 
results. 

0 Hz Linear scale 900 Hz 

FIGURE la: Theoretical (solid line) vs. measured data (black squares) plot for the speed of 
sound in a stuffed TL with measured points shifted up for easy comparison of curve shapes. 
See Appendix A for values of A and P and explanation of ratio 

FIGURE 1b: Same data as Fig. 1a with black squares in their measured position. 

After our tests were completed, we had 
to determine whether or not our data 
resembled Bradbury's theoretical pro¬ 
jections. He had measured only wool 
and fiberglass, and his equations re¬ 
flected their characteristics. We were 
measuring Dacron, which is somewhat 
different. Using the constants for Dacron 
given by Bullock in his computer TL 
modeling program6 and the information 
presented by Hillman,7 Alex modified 
Bradbury's equations to fit Dacron fiber. 
Figure la shows the speed of sound 

versus frequency for Dacron according 
to the modified formula. Our measure¬ 
ments at 0.417 lbs./ft3 are shifted up to 
lie on the plotted line. The fit is accept¬ 
able as far as the general shape of the 
plot is concerned. 

Figure lb shows the actual relationship 
of measured data versus theory. The 
measured speed of sound at 500Hz is 
about 12% slower than projected, but 
Bradbury's measured data tends to lie 
below theory at high frequencies and 
above it at low frequencies.1

At 0.417 lbs./ft3, the speed of sound at 
500Hz was about 950 fps, while at 34Hz 
it was just a bit less than 373 fps. In the¬ 
ory the speed of sound in a stuffed line 
continues to fall as frequency decreases, 
but we were unable to confirm this with 
our present techniques. The accuracy of 
our results must be weighed against the 
difficulties we encountered obtaining 
data and the necessity of guessing at cer¬ 
tain values in the equations. For simplic¬ 
ity we omit discussing those estimates 
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FIGURE 2: Port output (unstuffed) plot of 96-SP-X, a 9' line constructed of 6" diameter gasketed 
sewer pipe. 

FIGURE 3: (a) filter attenuation with woofer voltage constant; (b) filter attenuation with woofer 
amplitude constant. 

here and refer you to Appendix A for 
amplification. 
The reduction of speed within the 

fibrous tangle does not depend on line 
length or the actual amount of stuffing, 
rather it is the stuffing ratio which gov¬ 
erns this effect. If sound travels at a con¬ 
stant speed through an unchanging med¬ 
ium, the speed of sound entering the 
fiber mass must change over a small 
distance. Once within the fibers, the 
velocity remains the same whether the 
line is 1' or 10'. 
We have not yet managed to record 

sound at 282 fps at system cut-off, but 
we came close. We and others have 
found that significant reductions in the 
speed of sound can be achieved at mod¬ 
est stuffing densities. Further reductions 
are possible with small increases, but 
even a few extra ounces of fiber are 
often enough to overdamp highly com¬ 
pliant woofers. The old rule of thumb 
that it is better to overstuff than under¬ 
stuff must be taken with a grain of salt. 

MEASURING ATTENUATION. We 
used two closely matched microphones 
to take measurements using near-field 
techniques. The speaker mike was sus¬ 
pended 5mm over the woofer's dust cap, 
and the port microphone was centered 
at the mouth of the exit in line with the 
enclosure frame. The TL system was 
placed on its back atop a rectangular ab¬ 
sorbent surface (the Queen-sized mat¬ 
tress in my guest room) to avoid floor 
reflections. A tall heap of soft fabric was 
placed between the two microphones to 
isolate them from each other, a precau¬ 
tion which was not wholly effective. 
Sine waves were read from 200Hz-

15Hz in 10Hz decrements except below 
50Hz where 5Hz decrements were used. 
We did not try to measure attenuation 
above 200Hz often because room reflec¬ 
tions began to interfere with our read¬ 
ings. The port output of the 96-SP-X 
unstuffed is shown in Fig. 2. 
Sound decays exponentially (a linear 

rate expressed in decibels) in a fiber-

filled line.1 The measured frequency 
should be above 200Hz where attenua¬ 
tion is the dominant factor. Even four 
ounces of fiber (0.086 lbs./ft3), an amount 
so small it nearly disappeared in the line, 
produced measurable attenuation. Above 
200Hz it was not unusual to measure a 
drop of 5-8dB in peaks at the port at this 
density. 
By the time the stuffing densities 

reached about 0.25 lbs./ft3, attenuation 
rates of 15dB were not uncommon. The 
volume of sound from the port was so 
diminished that woofer sound predom¬ 
inated, and consequently the frequency 
of our highest usable readings decreased 
with each successive stuffing. We might 
have done better if the speaker end of 
the apparatus had been in one room and 
the port end in another with the pipe 
passing through a tightly sealed hole in 
the wall, but my normally supportive 
spouse drew the tine at this. 
The descent of the high-frequency 

stopband was skewed in shape indicat¬ 
ing that the higher the frequency, the 
greater the attenuation. At a stuffing den¬ 
sity of 0.417 lbs./ft3 the effect of the fiber 
above 500Hz was considerable. At the 
line terminus, portions of the acoustical 
spectrum were unmeasurable and atten¬ 
uation rates were beyond the 50dB range 
of our equipment. 
The attenuation curve of the fiber-

stuffed pipe is shown in line a of Fig. 3. 
Note that the port output peaks near 
100Hz. This seems to indicate attenua¬ 
tion at 100Hz is weakest and becomes 
stronger on either side. However, such 
a curve does not show the true symme¬ 
try of the filter. 
The output to the woofer was 0.6V at 

all frequencies. Woofer rolloff began be¬ 
tween 120 and 140Hz, and the decline 
appears as a component of the port out¬ 
put. We calculated a second series of 
port output plots to correct for woofer 
rolloff and to show the actual attenua¬ 
tion values of the fibers at frequencies 
below 200Hz. The calculations are de¬ 
scribed and some examples given in Ap¬ 
pendix B. 

The solid line in Fig. 3 (a) shows a gen¬ 
eralized filter symmetry for a round pipe 
stuffed with Dacron polyester when the 
voltage level to the woofer is constant. 
The dashed line (b) shows the shape of 
the filter in the same pipe when the de¬ 
cibel level is constant. 

LOW-PASS FILTER EFFECTS. The 
low-pass characteristic of the fiber helps 
to explain the good bass performance of 
a TL. If a pitch fundamental lies in the 
passband, it will pass through relatively 
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unchanged while its overtones will be at¬ 
tenuated according to the slope of the 
filter. Since musical instruments are dis¬ 
tinguished by their harmonics, their 
identity becomes obscured as their over-

Appendix B 
The following explanation and 
Table A show how we corrected for 
the filter slope once the woofer 
began to roll off. Readings shown 
were taken from microphones at 
the port and the woofer. The 
readings are in decibels and are 
signed either plus or minus. 
To obtain the corrected attenua¬ 

tion results, the woofer output is 
subtracted from the port output. 
Subtracting a negative number from 
another negative number gives a 
less negative result (a smaller figure) 
because it subtracts attenuation; 
subtracting a positive number from 
a negative number gives a more 
negative result (a larger figure) be¬ 
cause it adds to the attenuation. 
The corrected difference be¬ 

tween the woofer and port shows 
how much the fiber attenuates at 
a given frequency. Note that as the 
woofer output falls, the port output 
also falls. However, the corrected 
response rises, consequently show¬ 
ing less attenuation. 

TABLE A 

READINGS FROM THE 96-SP-X* 

FREQ. WOOFER PORT 
(Hz) (dB) (dB) 

200 + 9.26 -13.10 
190 +9.48 -12.85 
180 +9.19 -14.10 
170 + 9.57 -11.20 
160 +9.20 -10.12 
150 +8.86 -12.40 
140 +8.77 -10.70 
130 +8.77 -10.23 
120 +8.19 -9.00 
110 +7.70 -7.00 
100 +7.39 -7.10 
90 +6.54 -7.30 
80 +5.28 -7.97 
70 +4.45 -7.80 
60 +3.65 -7.70 
50 +2.08 -9.07 
45 +1.18 -10.30 
40 -0.42 -11.10 
35 -1.48 -12.23 
30 -3.80 -13.40 
25 -5.40 -15.18 
20 -8.30 -17.10 

CORRECTED 
(dB) 

-22.36 
- 22.33 
- 23.29 
- 20.77 
-19.32 
-21.26 
-19.47 
-19.00- • 
-17.19 
-14.70- • 
-14.49 
-14.27 
-13.25 
-12.25 
-12.02 
-11.15 
-11.48 
-10.68 
-10.75 
-9.60 
-9.78 
-8.80 

" A 9' line stuffed with Dacron polyester 
fiber at 0.417 lbs ./ft3 showing the attenu¬ 
ation of sound. 
** Woofer rolls off. 
*** Lowest port reading. 

tones are filtered out. The low frequency 
information reaching the line terminus 
will be featureless. In other words, it 
would be difficult to tell a tuba from a 
string bass. 

If a pitch of 36Hz were present in the 
line, the third harmonic would be sound¬ 
ing around 146Hz. The top trace in Photo 
1 shows a 146Hz square wave taken 
from a microphone at the front of the 
woofer. The bottom trace shows the 
same wave taken from another micro¬ 
phone at the port. The stuffing density 
is 0.25 Ibs./ft3. Note that nearly all the 
characteristics of the square wave have 
been filtered away, and the wave is now 
sinusoidal. 
The attenuation caused by such a 

small amount of fiber is a graphic dem¬ 
onstration of its capabilities. This filter¬ 
ing effect should go unnoticed by the lis¬ 
tener since the front wave of the speaker 
supplies the missing information. When 
conflicting higher harmonics are absent 
and substantial low frequency energy is 
available at the port to augment funda¬ 
mentals, the resultant bass output from 
the system tends to be very strong, clean 
and well-defined. 

MIDBASS FADE. In many TLs the 
midbass output seems to recede. Authors 
have called this ''midbass recision" or 
characterized it as the "lean and mean” 
midbass sound of a TL. The cause of this 
infamous trait could be due partly to the 
fiber stuffing. As stuffing densities in¬ 
crease, the woofer's rolloff point moves 
higher in frequency while the attenua¬ 
tion corner of the filter tends to move 
lower. The ear is generally insensitive to 
this until the woofer has faded between 
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1.5 and 3dB, a point lying around 70 or 
80Hz in our 9' lines and near the at¬ 
tenuation corner of the filter. If woofer 
output is falling from 140Hz and the 
system's bass lift manifests itself best 
below 70Hz, a natural dip occurs be¬ 
tween these two points. 

SUBWOOFER VARIATION. One 
way we manipulated the fiber tangle to 
advantage was in a small three-way TL 
where we rolled off the woofer at 150Hz 
at 24dB per octave. We were then free 
to manipulate the fiber type and stuff¬ 
ing density to allow for the best low bass 
output. We could ignore the performance 
of the fibers in the upper ranges (2-3kHz) 
where the woofer would still be operat¬ 
ing in a two-way system. 

CABINET BOOM. Our lines are in¬ 
tended for low and moderate volume 
levels, so we employ lighter stuffing den¬ 
sities. We have been able to induce low-
frequency booming in our systems at 
high loudness levels. Because TL en¬ 
closures tend to be inherently well-
braced, most of the booming is due to 
cavity resonances and can be controlled 
by judicious stuffing. While increased 
packing densities can restore clean per¬ 
formance at high levels, at low levels 
they can overdamp compliant woofers 
similar to the type we used in our lines. 
The overdamping was plainly audible to 
the listeners and apparent in our test 
measurements. 

IN CONCLUSION. Transmission line 
theory and design have not progressed 
much since the time of Bailey's original 
article. Reading Dickason will under¬ 
score how small is the body of informa¬ 
tion available for TL designs compared 
to that for vented and sealed enclosures. 8 

Speaker manufacturers have avoided the 
TL format, concerned about the costs 
and difficulties of cabinet fabrication and 
probably convinced TL performance lags 
behind the others. 
The home constructor can find rich 

opportunity in this period of neglect. 
With a little effort he can build a unique 
high-performance system that will have 
no commercial counterpart. The design 
of TL systems is one where both trial 
and error and intuition can still produce 
great leaps forward. Alex and I continue 
to explore various aspects of TL perfor¬ 
mance, and we hope you will do the 
same. We look forward to hearing about 
your results. (b 
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QUASI-ELECTRON IC CROSSOVER 
BY PAUL BECKER 

During my years as a music major, 
I developed a keen avocation for 

recording musical events and the equip¬ 
ment necessary to reproduce that sound 
at home. As I began to use hi-fi gear, a 
friend got me interested in building my 
own speakers. Then, about the time Sony 
introduced V-FETs, another friend intro¬ 
duced me to a Mac-60, which I tested side 
by side with the Sonys at the local hi-fi 
emporium. Despite sales hype regarding 
the V-FET technology, something in those 
tubes brought me closer to my aural re¬ 
membrances of live performances. 

Since that time, I've experimented with 
speaker designs and have built and mod¬ 
ified Dynaco tube amplifiers and the 
crossovers that go with the various con¬ 
figurations. I've preferred to use tube 
electronics for their virtues in the mid¬ 
range and high end, and solid-state am¬ 
plification for the bass. 

We start talking about bi-amplification. 
But what do we do for an affordable 
crossover? Commercial ones are usually 
solid state—negating the purist approach 
to tubes for the higher frequencies. Tubed 
crossovers were beyond my budget. With 
this article, I will present a simple cross¬ 

over you can build for less than $50. All 
the parts are available at Radio Shack. It 
allows purist "tube preamp through 
power amp" signal flow and allows single 
channel or stereo subwoofing. 

UNSATISFACTORY METHODS. As 
background, here are a few methods that 
were not satisfactory to me. 

1. The basic passive crossover with 
chokes and capacitors between the am¬ 
plifier and subwoofer/satellites robs 
power, does not allow tubes for HF and 
solid state for woofing, and is mushy 
overall. 

2. Figure 1 represents a method in 
which the stereo signal can be summed 
at the 16Í2 taps of the tubed power amps 
with RI and 2; R3 and Cl provide the 
low-pass crossover and R4 supplies the 
level control to feed the bass amp. While 
this method works, again, it is mushy. 
You are going through those transform¬ 
ers to feed the bass amp, when you really 
want the signal to be tight. If your satel¬ 
lites are basically okay and you need 
only a little bass fill, you might like this 
approach, since the satellites run full 
range. 

3. You can modify method two with 
a passive crossover between preamp and 
power amps (Fig. 2). Cl and 2 provide 
the high pass for the treble amps, and 
R3 and 6 the level controls. Although this 
method worked out sonically for me 
while I had stereo subwoofers, you must 
design it specifically around the input 
impedance of the amps you are using. 
It has signal loss and getting the system 
balanced is a tedious process. 

DILEMMAS SOLVED. Figure 3 shows 
my current bi-amping crossover. I use a 
pair of Dyna MK IVs for the satellites 
and a single SWTP Tiger .01 for the cen¬ 
ter-channel subwoofer. I modified the 
Dynas according to the instructions in 
my previous article (GA 2/89, p. 8) and 
beefed up the Tiger with considerable 
power supply capacitance. 

Cl and 2 are the high-pass filters for 
the MK IVs. It's completely passive, 
rates about as pure as possible using 
tubes from pre-to-power amps with no 
extra amplifying stages, and has no sig¬ 
nal loss. This is where the tonal quality 
and clarity come from, that which de¬ 
fines the essence of the sound. 
RI-3 and ICI provide unity-gain 

stereo-to-mono summing. I chose 470k 
because that is the MK IV's input imped-

Continued on page 20 

TABLE 1 

PASSIVE CENTER-CHANNEL 

CROSSOVER PARTS LISTS 

Resistors 
R1, 2 6000 
R3 1.8k 
R4 50-100k 

Capacitor 

C1 1gF 
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Continued from page 18 
anee; it provides maximum load imped¬ 
ance for the PAS 3X. A larger value 
could be detrimental in terms of RF 
noise. 

R4 and C3 supply the low-pass filter¬ 
ing for the bass amp. Since I was aim¬ 
ing for a 90Hz crossover, the values of 
RC come from the formula T = RC, 
where T for 90Hz is 1,800/xS. [Table 3 
shows other frequencies.) I used the 
same formula to determine Cl and 2 
related to 470k input impedance for the 
MK IVs. 
The circuitry surrounding IC2 pro¬ 

vides a buffer and "versatility" stage. It 
brings the signal back to the polarity at 
which it entered the crossover. R9 pro¬ 
vides a pad in case the subwoofer system 
is more efficient than the satellites. Keep¬ 
ing R5 and 6 the same value allows for 
unity gain. R7 gives versatility if the bass 
amp or speaker lacks sufficient efficiency, 
making a signal boost necessary. 

TWEAKING. You can adjust all these 

TABLE 2 

QUASI-ELECTRONIC CROSSOVER 

Resistors 

R1-3 470k 
R4 1.8k 
R5, 6 47k 
R7 50k 
R8 1000 
R9 10k 

Capacitors 

C1, 2 0.003 
C3 1/xF 

Miscellaneous 

IC1, 2 741, 318, or any quality op amp 

values according to your application and 
needs. For instance, if you're using two 
subwoofers, you can eliminate the stage 
surrounding ICI and make two IC2 
stages. If you're using an IC that is faster 
than the 741, you can add filter caps in 
parallel with R3 and R6 to hold down 
potential oscillations. 
All the ideas presented here provide 

a 6dB/octave slope. After considerable 
reading and experimentation, I decided 
that a center-channel subwoofer would 
provide the necessary bass fill if crossed 
over at 100Hz or less. A 6dB/octave slope 
allows a lot of bass information to be car¬ 
ried by the satellites for directional cues, 
and yet is sufficiently rolled off to keep 
mid and trebles clean. A single bass 
source is easier to position in the room 
for tight bass. Using 6dB/octave also al¬ 
lows a smooth transition from subwoofer 
to satellite. 

You might need to fine-tune the values 
for Cl-3 and R4 to get a smooth re¬ 
sponse from the crossover. Since I also 
own a TEAC 2340SX four-channel re¬ 
corder, the VU meters provided a con¬ 
venient means of measurement. While 
the formula T = RC might provide ideal 
component values, tolerances will vary. 
Since my signal generator is a SWTP and 
does not provide perfectly flat output, 
one of the VUs can be used to verify its 
output into the crossover. Amplifier out¬ 
puts can feed two more VUs. As you plot 
various frequencies surrounding the 
crossover point, you can adjust the gen¬ 
erator's output to provide flat response 
(as viewed by the VU meter). 

CONCLUSIONS. Provided all the me¬ 
ters track similarly, you can get a fairly 
accurate simultaneous measurement. At 

the crossover point, both outputs should 
be about 3dB down from "flat." As you 
get farther away from the crossover 
point, one amp will become flat, while 
the other's response drops off. I added 
2 + 4, 1 + 5, 0 + 6, and so on. My first at¬ 
tempt had a hump of about 0.5dB, so I 
changed Cl and 2 from 0.004 (which the 
formula yielded) to 0.003. As I began, the 
crossover was 80Hz. Changing Cl and 
2 brought it up to 85Hz—both figures dif¬ 
ferent from the original intention. But it 
works well. 
Some may look at the power supply 

[Fig. 4) and scoff at its simplicity. How¬ 
ever, it works. The project box I had used 
for the ideas of Figs. 1 and 2 was too 
small to house everything, so I mounted 
the transformer on the outside and 
crammed everything else inside. You 
can use a slightly larger box if you start 
from scratch. 
So, how does it work and sound? Us¬ 

ing pink noise and a microphone, I 
tweaked the various levels. For my ap¬ 
plication, I needed to pad the bass amp 
with R9. Also, using Stereophile' s test 
CD, I found the overall system response 
as flat as the room will accommodate. 
No stereo separation seems to have 

been lost. The subwoofer is off to the left 

TABLE 3 

TIME CONSTANTS 

f (Hz) T (MS) 
60 2,700 
70 2,300 
80 2,000 
90 1,800 
100 1,600 
125 1,300 
150 1,100 
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FIGURE 4: Power supply. 

TABLE 4 

POWER SUPPLY PARTS LIST 

C1, 2 2,200^F at 16V or greater 
D1, 2 1A, 50 PIV or greater 
T1 12 or 18 VCT 

of the left satellite in a corner. On a 
recording of ragtime, the bass drum 
comes firmly out of the right channel 
where it seems to be in the recording. 
On the Sheffield disc "Kodo: Heartbeat 
Drummer of Japan" the O Daiko makes 
the house move. The highs that come 
from the satellites are about as clean as 
a set of Magneplanars. b 
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THE SPEAKER DESIGNER 
AS ENTREPRENEUR 

AN INTERVIEW WITH KEN KANTOR OF NHT 
BY BRUCE EDGAR 
Contributing Editor 

Ken Kantor {Photo J) and I have al¬ 
ways had good dialogs ever since 

we first met on a visit to AR in 1985. 
Since that time, I have followed his ca¬ 
reer in the speaker industry after he left 
AR and started a consulting business. 
Those initial dialogs were recorded in 
Ken's interview that appeared in SB 4/86 
(p. 20). In the intervening years, I have 
looked over Ken's shoulder as he and his 
partner started their own small speaker 
business, NHT, and began working to 
establish the company and its unique 
products. 

A company's birth and its struggle to 
survive is probably the most interesting 
part of its history, and I hope SB readers 
will gain insight into the process from 
this interview. By the way, "entrepre¬ 
neur" means one who assumes the risk 
and the management of a company. This 
interview with Ken Kantor took place in 
April 1990 during my visit to NHT in 
Benicia, CA with a follow-up interview 
in January 1991. 

Speaker Builder: The last time we talked, 

you were working as an independent con¬ 

sultant. But now you are back in the speaker 

business. 

Ken Kantor: I'm afraid I broke the car¬ 
dinal rule of consulting and fell in love 
with a client. I was consulting for a num¬ 
ber of companies and was approached 
by Chris Byrne, who is now my partner. 
Chris was formerly VP marketing at 
Pioneer and ran marketing/sales at Akai. 
He eventually decided to go off on his 
own and form a speaker company. Chris 
had the marketing person's view of the 

ABOUT THE INTERVIEWER 
Bruce Edgar is a project cngineer/scientist for a 
Los Angeles aerospace company. His interests in¬ 
clude the history of loudspeakers, horn design, and 
woodworking. 

PHOTO 1: Ken Kantor, co-founder of NHT. 

world, which is "Gee, I know how to 
sell the products. It must be easy to 
make them." I had the engineer's view, 
"Gee, I know how to make them. It 
must be easy to sell them." After we 
worked together, Chris and I decided we 
were a good match to start a company. 

SB: But starting a company is more than 

saying you have good product ideas and a 

marketing strategy. 

KK: Well, we had the advantage of com¬ 
ing from big companies and knowing 
what is required to run a business. That 
experience can also be somewhat of a 
disadvantage because many functions in 
a big company are invisible to you. But 
we didn't have any illusions. I had 
worked in a number of startup compa¬ 
nies and knew about putting together 
business plans, and so forth. We had 
some clear ideas of how we were going 

to fit in the market, what our products 
would offer the consumer, and the re¬ 
sources we would need. 

SB: So this effort was not just an off-the-

cuff idea of "Let's go start a loudspeaker 

company. " 

KK: Oh no, it was carefully planned. We 
wrote many business plans, maybe eight 
in all, and each of those ran for 50 pages. 

SB: What did the business plans cover? 

KK: Everything from the design of the 
products to the product lines, dealer 
bases, and pro forma financial outlines. 
In other words, this is what the company 
will be at each stage. If things don't go 
well, this plan is how we will stay alive 
as a company. 

SB: Were you keeping these plans private 

or were you showing them to potential 

investors? 

KK: We showed them to people in the 
industry who could pass judgement on 
them. We showed them to people and 
friends who might contribute money. 

SB: So what were your initial ideas for sell¬ 

ing your speakers? 

KK: I must be honest; the last thing we 
need is another "breakthrough," when 
numerous other companies spend mil¬ 
lions to convince the market they have 
achieved "breakthroughs." You can't 
come out and say you have a better 
speaker because 400 other companies 
say the same line. And they can usually 
say it louder than you can. So that elim¬ 
inates one way of pitching your product. 
So we thought a great deal about market¬ 
ing strategy. Initially, our company 
would be more than a speaker company; 
it would be a sound company, bringing 
good sound to realms that needed it, 
such as TV. Our original idea was to look 

Continued on page 24 
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Continued from page 22 

at all products where sound was impor¬ 
tant. And speakers would be a unifying 
component. 

Our first hard lesson was that nobody 
will invest in a small US speaker com¬ 
pany these days. It just doesn't happen. 
The investment community is not inter¬ 
ested. Now, if you were in some new bio¬ 
technology area or something else that 
is currently hot, the story would be dif¬ 
ferent. They are not interested because 
they do not see the upside of audio. 
SB: What is the upside? 
KK: That is a very long conversation, 
and it’s something we are beginning to 
realize after many years of hard work. 
But the point is we never had the money 
to do all our grand schemes. We had to 
bootstrap our way with products that 
made us profitable a little at a time. 

SB: So what were you doing for the audio 

market that hadn't been done before? 

KK: To be honest, our approach has been 
done before, but it's not being done now. 
At one time the ''audio” companies were 
being run by people who loved audio, 
but many of those companies grew up 
and changed. I think we always have 
room for people who love the business 
and have the intestinal fortitude to say, 
"I see areas where products can be im¬ 
proved so the customer can get better 
sound for their dollar.” 
SB: What part of the audio market are you 

trying to address? 

KK: We are certainly not a high-end com¬ 
pany, nor are we a low-end one either. 
I like to think we bring some high-end 
sensibility to people who had never 
thought about buying a high-end prod¬ 
uct. We care about the sound of our 
products, but we also care about their 
affordability. 
SB: When did you actually start your 

company? 

KK: The company was incorporated in 
December 1986, although it seems like 
a blur to me now. We actually started 
our development work six months before 
that. For the 1987 Consumer Electronics 
Show, we had a little room in a non-CES 
hotel in Chicago. It was a sad and dis¬ 
appointing experience. Only our best 
friends who could manage to find us at 
the end of the day would walk in, look 
around at our little handmade speakers, 
and say, "Good luck. When you need a 
job, give us a call." By the end of the 
CES, we were really depressed, but we 
hung in there. We went door-to-door 
with our speaker and received some 

PHOTO 2: A pair of Model 1 loudspeakers, shown with the SW-1 subwoofer in the center. 

press about it with product announce¬ 
ments. Those announcements turned 
into tentative orders, and tentative orders 
turned into sell-through. By the next 
CES, we had sold a few hundred speak¬ 
ers, had orders on the books, and were 
able to rent an official CES room. 

SB: What was your first speaker? 

KK: Our first product was called, cre¬ 
atively enough, the "Model 1" [Photo 2}. 

It is a two-way system with a 6" woofer 
in a funny shaped box. 

SB: What does the odd shape of the box 

do for you? 

KK: Speaker boxes are made with square 
corners for one reason only—it's easy to 
make them that way. But if you take a 
fresh look at the sonic and engineering 
issues involved, a rectilinear shape is not 
the best for a speaker box. The shape 
creates standing waves, and in the 

PHOTO 3: Sheets of high gloss polymer laminate ready for mounting in the cabinet shop. 
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typical listening setup, the speaker is 
pointed away from the listener. The an¬ 
gled front makes the box more rigid. It 
also breaks up the usual standing wave 
patterns and avoids the direct reflection 
back to the woofer cone, with the path 
length five times longer. You get a 
cleaner midrange with this shape box. 
The angled front also directs the primary 
radiation to the listener and away from 
the walls and makes a measurable dif¬ 
ference in the ratio of direct-to-reflected 
sound. 
SB: So the funny shape does contribute to 

the sound of the speaker. 

KK: It had better make a difference be¬ 
cause it's a pain to build, and we wouldn't 
do it otherwise! 
SB: What is the increase in cost over a 

regular box? 

KK: Our costs for a cabinet are two to 
three times that of our competition. 
That's a big difference. 
SB: How did you develop the drivers for the 

Model 1? 

KK: When I started the company, I 
thought long and hard about how to im¬ 
prove a loudspeaker's performance with¬ 
out increasing the cost. One idea I had 
was that I could eliminate most parts of 
the crossover if I designed into the 6" 
woofer the desired rolloff characteristics. 
I went through almost 30 versions of the 
woofer before I was able to engineer in 
the right rolloff and eliminate the little 

PHOTO 4: Precut MDF boards with bonded 
laminate surfaces awaiting assembly. 

resonant peaks here and there. You gain 
cost and performance benefits, and no 
speaker designer on earth says he likes 
crossovers. 
SB: And you have eliminated all that wire 

in the inductors that the signal must travel 

through before it gets to the woofer. 

KK: That's right. The only parts of the 
crossover left are a capacitor and series 
resistor on the tweeter to keep the low 
frequencies from burning it out. We 
tried other crossover designs that gave 
identical on-axis responses, but they 
didn't sound as good. 

SB: Was the Model 1 an immediate 

success? 

KK: There is no such thing as an imme¬ 
diate success if you are a small business. 
Either you are out of stock of your prod¬ 
uct or you are out of sales. There is no 
happy medium. No, it was not an im¬ 
mediate success. Dealers are hesitant to 
bring in a new product because they 
don't know whether you will last the 
year. We had to find dealers who needed 
a new line and who would trust us. 
SB: How did you solve the investment 

problem? 

> Resonant Frequency: 1700 Hz 
> Frequency Range: 3500-30 kHz 
> Sensitivity: 94 dB 
> Power Handling: 50w 

PURE TITANIUM 
DOME TWEETER 
Polydax Speaker Corporation is starting 
its own period in history. Designed 
by a world wide group of engi¬ 
neers, the DTI01 model is a one 
inch pure Titanium dome tweeter | 
that presents an astounding 

presence and 
accuracy. Using our 
own proprietary Radially 
Compliant Surround 

(RCS) technology, the 
DTI01 tweeter has an 

Radially Compliant Surround extended Operating 
acts as a hinge to eliminate r ° 

undesirable ringing peaks Tange above 20 kHz. 
Other features include a Kapton voice coil 
former for high power handling, extraordi¬ 
nary sensitivity of 94 dB (IW/lm) and a 
protective phasing ring over the dome. 

The Sounding 
OfaNewAae 

Instead of fading into the sunset, the DTI01 
rises above the standards of the normal one 
inch dome tweeter. 

Don't be left in the Dark Ages. The DTI0I 
is making its mark on history. 

10 Upton Drive 
Wilmington, MA 01887 
TEL: (508) 658-0700 
FAX: (508) 658-0703 

Fast Reply »IF1112 
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PHOTO 5: Installation of drivers in Model 1 
boxes at the NHT plant. 

KK: We put up our own money. We 
signed on the dotted line for many things. 
After a year, we were able to receive 
enough orders we could show potential 
investors. At the point where we had 
been turned down by everybody and 
were ready to throw in the towel, an in¬ 
vestor read our business plan, liked it, and 
put in some money. It wasn't enough, but 
it was sufficient to help the company go 
forward. 

SB: In the beginning, what was your pro¬ 

duction setup? 

KK: At the start, we were a two-city 
company with Chris in Los Angeles and 
me in San Francisco. We were buying 
our boxes from a vendor who builds for 
many speaker companies. After they built 
the boxes, we had our own technician 
in a separate room at the factory do qual¬ 
ity control and testing on them. That ar¬ 
rangement worked well when we were 
shipping 50 pieces a week. But we wished 
to try new finishes and to go to higher 
production rates, so we started to look 
around for other production sources. In 
a serendipitous situation, we found a guy 
running a custom kitchen cabinet busi¬ 
ness. He was great with wood, but he 
had problems running a business. He 
had really good innovative ideas about 
building speakers because he had never 
built speaker boxes before. 
SB: What were the new ideas? 

KK: We found ways to use laminate ma¬ 
terials that had not been used in mass 

production before. Nobody had been 
able to use laminates with our type of 
edge on a reproducible basis. We built 
some specialized process equipment and 
set up a factory that used these new 
ideas (Photos 3, 4, and 5). 
SB: Did the marriage work? 

KK: It had its strained moments. The 
cabinet guy had to learn about produc¬ 
tion. For example, he made a production 
run of 200 boxes before we checked 
whether they really fit properly. We still 
have a pile of scrap from those early 
months. But now it's running smoothly 
as a partnership between the two com¬ 
panies. The box factory is at the stage 
where it is doing noncompetitive OEM 
work for other speaker companies, in¬ 
cluding names you would know. We are 
both located in the same industrial park 
in Benicia, CA. 
SB: Previously, you talked about going 

through many samples of 6" woofers in the 

development of the Model 1. How was that 

process accomplished? 

KK: I was fortunate to have good rela¬ 
tionships with many OEM driver man¬ 
ufacturers from my consultant work and 
previous company affiliations. So they 
were willing to develop the drivers we 
needed and, more importantly, to deliver 
thousands of that final driver design that 
met my tolerance specifications. That sit¬ 
uation is different from what the ama¬ 
teur speaker builder faces. Over the 
course of many years as a consultant, 
I've measured many samples of drivers 
from companies all over the world. And 
I've found it is dangerous to believe pub¬ 
lished specs. Furthermore, drivers sup¬ 
plied to the hobbyist market are not faced 
with issues of consistency. The company 
knows, as long as the production lot is 
the same, the amateur who buys a pair 

PHOTO 6: The Model 2 couples an upper two-
way from the Model 1 with a lower subwoofer 
module. 

of speakers from that lot and fusses with 
the crossover until it sounds right will be 
happy until his next upgrade. But the 
hobbyist never faces the problems a pro¬ 
fessional company does: the drivers 
made in January must sound the same 
as the ones made in December. I can't 
afford the luxury of tweaking every pad, 
crossover, and other component to com¬ 
pensate for driver variances. 

SB: Where can someone find a NHT 

speaker? 

KK: We have a mix of outlets, including 
Continued on page 29 

PHOTO 7: The Model Zero as compared to the size of a CD. 
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66-25Neo/8F 49-25Neo/8F 56-Neo/8F 

The introduction and utilization of 
the new rare earth Neodymium 
magnet allows for the production 
of much smaller drivers without 
any compromise in quality. The 
Neodymium material produces a 
magnet at least ten times the 
strength of the conventional 
ferrites and also does not require 
the top and rear plates. 

Now and only now can the tweeter 
be brought in close proximity to 
the woofer and if necessary be 
placed in the cabinet corner for 
those desiring this type of design. 

The Versa-Tronics Neodymium is 
constructed of.a one piece drawn 
Titanium voice coil-former combi¬ 
nation. This allows us to bypass 
the normal glue joint between the 
voice coil and the dome. There 
are 3 versions so as to provide the 
necessary configuration as 
required by the various system 
designs. All are Ferrofluid cooled. 

Specifications 

Impedance:.8 Ohm 
Resonance Freq: Fs.1500 Hz 
Frequency Response:.20,000 Hz 
Dome Material:.Drawn Titanium 
Suspension:.Supronyl 
Voice Coil:.25,4 mm 
Layers:.2 
Winding Length:.2.0 mm 
Former:.Titanium 
Magnet:.Rare Earth Neodymium 
SPL:.90dB 1/W/1M 
Rated Power:.*100 W 
‘Music Power 

AVAILABLE 
NOVEMBER 1, 1991 

from 
VERSA-TRONICS' 
DISTRIBUTORS 
Toutant Electronica 
246 E. 131st Street 
Cleveland, OH 44108 
Tel. (216)451-6325 

Speaker City 
10651 Vanowen 
Burbank, CA 91505 
Tel. (818)508-1908 

The Speaker Works 
2539 E. Indian School Rd. 
Phoenix, AZ 85016 
Tel. (602) 956-6344 

Just Speakers 
3170 23rd St. 
San Francisco, CA 94110 
Tel. (415)641-9228 

Speakers, Etc. 
1828 W Peoria 
Phoenix, AZ 85029 
Tel. (602) 944-1878 

Speaker Center 
10 Bellam 
San Rafael, CA 94901 
Tel. (415) 459-2213 
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BY ROBERT M. BULLOCK III 
with Robert White 

Since 1980, readers of Speaker Builder magazine have 
delighted in the scope and clarity of Bob Bullock's explana¬ 
tions of vented-box loudspeaker systems. Now, for the first 
time, these articles have been collected into a single in¬ 
valuable volume: BULLOCK ON BOXES. 

This book is an easy-to-read guide to designing and build¬ 
ing vented-box systems based on Thiele/Small models. 
And in addition to the background theory and descrip¬ 
tions of the models, BULLOCK ON BOXES carefully 
covers a host of related information drawn from nu¬ 
merous resources. Computer modeling, as demon¬ 
strated by the authors' BOXRESPONSE and BOX¬ 
MODEL programs, is also explained in clear detail. 

A professor of applied mathematics at Miami Univer¬ 
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buff, Dr. Bullock brings an unparalleled range of ex¬ 
perience to the pages of BULLOCK ON BOXES. Fully 
indexed and referenced, with glossary, bibliography, and 
more than 100 illustrations, BULLOCK ON BOXES is 
a practical handbook and lasting reference indispensable 
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BULLOCK ON BOXES and receive your choice of software 
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Continued from page 26 
upscale department stores, audio spe¬ 
cialty stores, and smaller electronics 
chains. 
SB: How did the name NHT evolve? 

KK: NHT stands for Now Hear This. I 
believe it came from Chris' mother-in-
law who was over to dinner at his house 
one night and saw a giant pair of speak¬ 
ers he was working on. She made the 
sarcastic remark, "What are they called? 
Now hear this!" Chris liked the name 
and thought it might be weird enough 
to stick in people's minds. We now use 
NHT, but people still have a laugh when 
they ask what the initials stand for. 
SB: After the Model 1, what was the next 

product? 

KK: We seemed to have used up all of 
our creative resources after coming up 
with the company name; so after the 
Model 1, we came out with the Model 
2 (Photo 6). You know that two-ways 
have the advantages in sound stage and 
imaging, but they don't have the dynam¬ 
ics in the bass. I could have added a mid¬ 
range and made the woofer bigger, but 
unfortunately you lose the benefits of a 
two-way. You have crossover and driver 
interference problems. So I kept the at¬ 
tributes of the two-way in the Model 1 
and added a subwoofer. The crossover 
point is at 80Hz, which means you have 
very few wavelength related problems 
between drivers and no new crossover 
points in the midrange. We developed a 
custom 6>/2 " driver with a very low res¬ 
onance and high cone excursion proper¬ 
ties. We put a pair of these woofers in 
a tower configuration that keeps the 
same angled baffle shape. 
SB: Do you make the subwoofer as a sep¬ 

arate speaker? 

KK: Yes, we do. It's our SW-1 (Photo 2). 
Originally, we sold it as a subwoofer with 
the Model 1, but now it is sold mainly 
with our Model Zero (Photo 7). 
SB: So you had to back off your number¬ 

ing scheme for the Model Zero. 

KK: We had a Model 1 and a Model 2 
and wished to make a smaller loud¬ 
speaker, so we came out with the Model 
Zero, which is small enough that angling 
the front is no longer an issue. Besides 
the woofer magnet won't fit an angled 
cabinet. The Model Zero has applications 
in a credible stand-alone second system, 
a surround-sound rear channel setup, or 
in a college dorm situation. 
SB: What about add-ons to a TV? 

KK: Absolutely, it is video shielded as 
are most of our other products. 

SB: I noticed you have another subwoofer 

model. 

KK: The SW-2 is a vented subwoofer 
that has a real bottom end with a cutoff 
at 22Hz. The driver is a 10" model from 
Europe with an of almost 10mm, 
so it can move some air. 
SB: This system is a departure for you. 

KK: I've done vented systems before but 
never for a commercial application. In 
my opinion, it offers the advantage over 
a sealed system of a smaller volume for 
a given cutoff. The big disadvantage of 
a vented system is the decontrol below 
resonance. But at cutoffs below 25Hz, 

it's irrelevant because you are in an in¬ 
audible region. When I'm working with 
8" woofers or smaller, I don't want a 
bass reflex system, because inevitably in¬ 
formation below the cutoff will modulate 
the cone. And those effects will be 
audible. 
SB: The enclosure seems to be incredibly 

small. How big is it? 

KK: It's 50 liters in a 16" cube. Normally 
you would have problems with a cube 
enclosure, but the box is so small com¬ 
pared to those wavelengths below 80Hz 
that size is meaningless. 
SB: Is the driver a dual or single voice coil? 

NORSOREX 
GASKETS 
Whether you are training to run a 
marathon, or just trying to stay in 
shape, one thing that must remain 
constant is your desire for continual 
improvement. Polydax Speaker 
Corporation strongly believes in this 

Go The 

philosophy. Our engineers continually 
search for advanced technologies and 
materials to apply to the science of loud¬ 
speaker design. To our benefit, we claim a 
long list of innovative breakthroughs including 
theuseofTPX and NORSOREX materials. 
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the cabinet, our NORSOREX gaskets completely 
decouple the loudspeaker from all the vibrations /. (>r u f. iee ¡ est 
and resonances of the cabinet. call or Write: 

Our "Dead As A Doornail" demonstrating test 
exhibits the absorption characteristics of 
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Test it yourself and see the difference. 10 Upton Drive 

Going the distance offers rewards that few 
people actually achieve. Don’t be left in the 
starting blocks. 

Wilmington. MA 01887 
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FAX: (508) 658-0703 
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KK: 1 was tempted to make a dual voice 
coil subwoofer, but I observed some odd 
effects depending on how each voice coil 
was being driven. So I remained with a 
single voice coil. It does have a 12dB 
crossover built in for use with the Model 
1 or other speakers, or you can go in 
directly to the woofer. If you wish to 
make it into an L + R subwoofer, you 
must use a separate amplifier. 
SB: What are the typical sensitivities for 

your speakers? 

KK: Our published specs are quite ac¬ 
curate and conservative and range from 
a low of 86dB for the Model Zero to 
89dB for the SW-2 and our three-way. 
SB: What is your three-way? 

KK: That's our Model 100 [Photo 8), so 
called because it is a departure from our 
other products and was started almost by 
accident. The little Model 1 has found a 
home in nearly a hundred recording stu¬ 

dios as a near-field monitor. It caught on 
by word of mouth and its popularity 
started us talking to record producers. 
Many studio monitors can play at 120dB 
day and night until nobody can hear any¬ 
more, but they don't really sound good. 
The near-field monitors sound better but 
can't play loud. The motivation for the 
Model 100 is the need for a speaker that 
can play loud and sound good. 

SB: What does the Model 100 use for 

drivers? 

KK: The woofer is the same 10" as in 
the SW-2 subwoofer. The midrange was 
a separate development, and the tweeter 
is shared by the Model 1.3. 
SB: Is the Model 1.3 an upgrade of the 

Model 1? 

KK: Upgrade is the wrong term because 
the Model 1.3 does not replace the 
Model 1. The Model 1.3 has better qual-

PHOTO 8: The Model 100, a vented studio monitor, features an angled back panel for proper 
listening orientation. The top mounted midrange has a crossover point at 150Hz and its own 
sealed enclosure. 

ity drivers and 50% more volume than 
the Model 1 and still remains a two-way. 
SB: The other product I see that is some¬ 

what of a departure is your amplifier. 

KK: It has been out since 1989 and was 
designed to fill a need to which nobody 
was paying attention. Our model VA-1 
(Photo 9) is a power booster for home ap¬ 
plications similar to power boosters in 
cars. It has high level balanced inputs so 
you can hook up a stereo TV's speaker 
outputs to it. It will take 5-10W from a 
TV and give 20W/channel into a pair of 
good quality 80 speakers. That's why I 
call it a power booster. Alternatively, 
you can also hook up a portable CD 
player to the line inputs and use it for 
a second system in the bedroom, dorm, 
or office or for a rear channel amplifier. 
It's a no-frills design transparent to most 
hookups. 

SB: What test instrumentation are you us¬ 

ing now? 

KK: All kinds of testing goes on in a 
speaker company—testing during build¬ 
ing of the product and at the end of the 
production line to make sure the speaker 
works before it goes in a box and qual¬ 
ity control testing to check the drivers 
supplied by a vendor. Those are all prod¬ 
uction-oriented tests. A separate kind of 
testing goes on in research and develop¬ 
ment of new drivers and systems. All of 
these areas have differing instrumenta¬ 
tion needs. On the production line, I can 
spend only one minute testing each 
speaker for response, phase, and distor¬ 
tion before it goes in a box. In the lab, 
I need a type of instrumentation that can 
resolve down to O.ldB and IgS. 

SB: What instrumentation do you use in the 

lab to develop speakers? 

KK: My own belief is that the first ob¬ 
jective to get right is the on-axis fre¬ 
quency response. It must be right at the 
listening position in a room, not in an an¬ 
echoic chamber. The goal is to deliver 
a flat first arrival spectrum response. The 
only way to measure that response is 
with an FFT, a MLSSA, or a TEF which 
can separate what happens to that first 
arrival signal over time. I use an HP FFT 
analyzer for my tests. The second job of 
a speaker is to excite the room with a 
proper balance of sound energy, the so-
called steady-state response or power 
balance of a speaker. People have fought 
for the last 50 years over the time re¬ 
sponse versus the steady-state response. 
You must get both right to have a good 
sounding speaker (Photo 10). 

Continued on page 32 
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PHOTO 9: The VA-1 utility amp undergoing checkout. 

Continued from page 30 
SB: What do you use for steady-state tests? 

KK: I use the Audio Precision system to 
produce a noise band sweep with a 
y3-octave bandwidth. That test signal 
tends to smooth out all the little wiggles 
you find. 
SB: Many people say that the ^-octave test 

duplicates how the ear hears. 

KK: I don't agree. The ear is more com¬ 
plicated in how it interprets sound. When 
you listen to an orchestra and say it 
sounds too bright or dull, those observa¬ 
tions are dominated by the steady state. 
But the ear also has the ability to deter¬ 
mine the spectrum of a transient, which 
is approximated by the first arrival re¬ 
sponse. For example, the timbre of a 
drum or of a piano is much more af¬ 
fected by the behavior of the first arrival 
sound than by the steady-state room re¬ 
sponse. On the other hand, a group of 
strings playing at a steady rate will be 
more affected by changing the relative 
driver outputs than by changing the 
properties that could affect the first ar¬ 
rival. The room response is irrelevant to 
localization. The first arrival is fairly ir¬ 
relevant to the tonal balance. But again 
my job as a speaker designer is to get the 
steady state and first arrival responses 
right. 

SB: Do you test for the Thiele/Small param¬ 

eters of your drivers? 

KK: Yes, I do. The essence of T/S param¬ 
eter testing is derived from impedance 
curve measurements. My initial efforts 
were like everyone else using a genera¬ 
tor, resistor, and so on. But that process 
is tedious work when you receive a ship¬ 
ment of 500 drivers and must test 5% of 
them before a production run can begin. 
So I began to look for ways that the Au¬ 

dio Precision could be used for auto¬ 
mated testing of drivers. 
SB: What did you find? 

KK: The old generator/resistor method 
was not accurate enough because it 
wasn't a true constant current source. 
The excitation level was low enough that 
I picked up noise and vibration from 
other sources. And the third problem is 
that the resonance of the drivers was 
always shifting. I needed to develop a 
precision current source that could be 
driven from the voltage output of the 
Audio Precision. 
SB: What is a precision current source? 

KK: It's an amplifier with three op 
amps, two transistors, a power supply, 

and 0.1% resistors. It yields more ac¬ 
curate and repeatable data. I can mea¬ 
sure the terminal voltage at the speaker, 
which is directly proportional to im¬ 
pedance including phase and amplitude. 
And in a high resolution mode, the 
Audio Precision and the PC/AT will 
make a complete measurement of the 
Thiele-Small parameters in less than a 
minute. 

SB: How do you see NHT's future? 

KK: The company has gone through two 
phases of what is a three-phase process. 
Phase one is getting a product out the 
door. It's one thing to have ideas, but it's 
another to sell a product. Talk is cheap, 
and a dealer is always going to tell you 
he likes your ideas. The first time you 
prove something is when a dealer writes 
you a check. Phase one is proving you 
can deliver a product and people will 
buy it. 
Phase two is to make yourself profit¬ 

able. You must build a company and 
hire a sales manager, accountant, pro¬ 
duction supervisor, and other personnel. 
You need to let people know you exist 
through product reviews, publicity, and 
advertising. That's the phase NHT has 
been in for the last few years. 

Phase three is when you establish your¬ 
self on the landscape. You become a 
brand name. Because NHT has done 
some things right, people are tempted to 
say we are an established brand. I 
wouldn't say that. At some point the 
company must outlive its founders and 

PHOTO 10: Ken Kantor’s driver test setup, including a PC/AT control computer, an Audio Preci¬ 
sion system, and an HP FFT analyzer. 
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have a life of its own. At present Chris 
and I are the heart and soul of NHT, 
which would have a hard time continu¬ 
ing if either of us were run over by a 
bus. So we are not at phase three yet. 
SB: What do you say to someone who 

wishes to start his or her own speaker 

company? 

KK: I think it's a personal decision if 
someone wishes to turn pro. Most peo¬ 
ple who start speaker companies are not 
finance guys or investors. The only peo¬ 
ple who start speaker companies are the 
ones who love speakers. I think different 
people have different goals. Some wish 
to make the best speaker possible. Oth¬ 
ers have the goal of selling the most 
boxes. Some people start speaker com¬ 
panies by accident. They develop speak¬ 
ers to please themselves according to 
their own ideas and begin to develop a 
following. My word of advice is that 1 
hope you have plenty of money in your 
bank account to live on for 12-18 
months because you won't have any 
money coming in so fast. 

The first rule of a business is to make 
real revenue out of a product. I mean 
making a profit and not selling at a loss. 
Profit is directly related to pricing of a 
product, and most amateurs without 
business backgrounds have no idea how 
it works. Material cost is one portion, but 
you have your time, overhead, advertis¬ 
ing, and other factors. The bottom line 
is that if you are making a profit in a 
year, you are doing amazingly well. 

Editor's note: In May 1990, International 

Jensen bought NHT. At the 1991 CES in 

Las Vegas, I talked to Ken again to update 

this interview. 

SB: How did International Jensen approach 

you about buying NHT? 

KK: A Jensen VP who was a friend of 
Chris saw some of our products. The 
Jensen management decided to visit us 
at the 1990 Las Vegas show. We had a 
potential fit with Jensen, and we all 
seemed to get along with each other. 
After five months of negotiation, Jensen 
bought NHT 
SB: Has NHT changed because of Inter¬ 

national Jensen's buyout? 

KK: Many subtle changes have occurred, 
but if you walked in the door today, you 
would probably not see the differences. 
I now have an engineer working for me, 
and Chris has a sales manager. We have 
a new computer tied into Chicago to 
help us with finance and order process¬ 
ing. But operationally, it's been a hands-
off affair. Jensen has not told me what 

XOPT V3.0 : LOUDSPEAKER CROSSOVER DESIGN 
AND OPTIMIZATION PROGRAM 

♦ Easy to use pop-up menu driven program with graphics 
♦ Design optimized low, high or band pass crossover networks 
♦ Optimize the frequency response of a speaker system with up to 5 
drivers and 33 interconnected crossover components on any axis or 
combination of up to 5 axes 

* Requires user input of magnitudes of driver frequency response in dB 
and impedance in Ohms at user specified frequencies 

♦ Calculates driver impedance phase from a model fit and frequency 
response phase using a Hilbert Transform 

* Uses relative locations of driver acoustic centers on the speaker front 
baffle for system crossover optimization 

♦ Used by many of todays top loudspeaker designers 

Why settle for anything less than optimum crossover designs ? 

Send check or money order for $199.00 (US) to: 
Peter Schuck 

Peter L. Schuck Consulting 

1705 Rodin Way, Orleans, Ontario, Canada K1C4Y9 
(613) 824-3822 
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PHOTO 11: The VT-1 video tower loudspeakers. 

I should be making, how the speakers 
should sound, or what we should sell 
our products for. The attitude has been 
that we submit our goals and require¬ 
ments, and as long as we are reasonably 
on track with them, Jensen has nothing 
to say. It's been a very nice relationship. 
SB: How big is International Jensen now? 

KK: Jensen is bigger than most people 
think. In addition to the well-known 
brands they own like AR, Advent, Phase 
Linear, and Jensen, they are a large sup¬ 
plier to Detroit. They own the largest 
driver plant in North America, located 
in North Carolina. They have large mag¬ 
net and cone plants. International Jensen 
is among the top three players in the 
American loudspeaker market. 
SB: What does Jensen do for NHT? 

KK: They give us the ability to make 
long-term decisions and plans. They pro¬ 
vide the capital investment necessary to 
upgrade production facilities, get the 

drivers we need, and provide advertis¬ 
ing-all the items you need to make a 
company run well. 
SB: Have there been any changes to your 

product line since we last talked? 

KK: We have upgraded the Model 1 
after four years on the market. The 
Model 1A has a subtle change to the 
crossover that takes a little time to hear, 
but it's there. The Model 2 has been up¬ 
graded to the 2.3. 

SB: Do you have any new designs? 

KK: The new product is the video tower 
speaker, the VT-1 (Photo 11}. It's the first 
speaker to be optimized for the require¬ 
ments of video, which means a subtly 
differing sonic approach. The crossover 
is set to give a spacious sound rather 
than a localized sound. In a video setup, 
you are not so concerned by the exact 
positioning of the sound sources. 
SB: Is the VT-1 optimized for voice? 

KK: It's more complex. It's optimized for 
the mix of voice and music in a video 
soundtrack. It trades off the reverberant 
steady-state energy with the direct en¬ 
ergy in a different way than what I 
would choose for an audio speaker. This 
choice leads to more clarity and removes 
some of the harshness you hear on video 
soundtracks with the reverberant sound¬ 
fields that typical hi-fi speakers give. 
SB: The tall configuration is a bit unusual. 

KK: Yes, the narrow profile does some 
tricks with tuned column loading of the 
bass. Originally, we tried to design the 
VT-1 with a small footprint and ran into 
all these interesting organ pipe effects. 
Over six months, we built 43 versions 
and tried to use the pipe resonance to 
our advantage. We vent one end to the 
room such that it equalizes the system 
at the low end. The net result is a system 
with the efficiency of a vented box but 
without the unloading problems below 
resonance. The small 4‘A" woofers go 
down to 70Hz with a 91dB sensitivity. 
SB: Where do you see NHT going in the 

future? 

KK: I don't see much change. We went 
with Jensen to do the things we always 
wished to do. One of the pitfalls we 
wished to avoid in starting NHT was 
selling down to the customer. If you do 
that, you develop more and more cus¬ 
tomers who don't care anymore. This 
has happened to the mainstream audio 
business, who said features are impor¬ 
tant because everything sounds alike. 
That attitude created a mass of consum¬ 
ers who believed it, and then the audio 
business was caught in their own trap 
because they could not sell against com¬ 
petitors anymore. 

And NHT believes people can hear the 
difference. Maybe they don't understand 
the buzz words, and maybe they must 
be taught by the dealer. But we believe 
that ultimately good sound and perfor¬ 
mance will benefit the consumer. 
SB: Are you at phase three yet as a 

company? 

KK: No, we are still ending phase two, 
that is being taken seriously. We have 
a lot of work to do yet. But I don't have 
ambitions to have NHT grow to mam¬ 
moth proportions, and neither does In¬ 
ternational Jensen. They already have 
large companies. But we wish to reach 
our potential in our niche, bringing high 
performance to affordable audio systems. 
I’m gratified people are now taking us ser¬ 
iously as a sonically good brand. 

SB: Thank you, Ken, for your insight into 

your company and the industry. 
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All Capacitors Are NOT Created Equal 
In 1980, Richard Marsh co-authored the groundbreaking article on capacitors for Audio Magazine. 

His point: Caps, like all audio components, have different sonic characteristics—even film and foil caps 
differ. Their quality depends on materials, construction techniques, and design concepts. 

In the wake of this article, a number of new brands entered the market and claimed sonic im¬ 
provements—though most simply used different lead materials (which get cut off and thrown out any¬ 
way). Not one offered anything new in basic design. Not one solved the sonic problems Marsh described. 

Richard Marsh wasn't satisfied. So he put his years of research experience at a National Laboratory 
into his own creation—the MIT MultiCap'" 

* A superior multi-sectioned capacitor that is new in concept. So new, Marsh has a patent on its 
design. 

* A superior capacitor that does improve sound. Audibly. Listeners report that the MultiCap 
provides extraordinary transparency and neutrality, from the most delicate musical note to the 
most vigorous and demanding full ensemble tuttis. The closest to no capacitor at all. 

"We search the world over for the very finest components for our designs. The MultiCap is— 
unconditionally— the best capacitor going—the next-best doesn't even come close. . . 

—David Manley, Designer, VTL 

"We spent countless hours auditioning the MultiCaps against all the alternatives, regardless 
of price, in our analog and digital chains . . . the improvements leap right out at you 
—undeniably. " 

—Ed Wong, Chief Engineer 
Jackson Browne Studios 
Santa Monica, California 

Tn my system, the MultiCap brought a greater improvement than upgrading my cables. 
Once you try them in your equipment, you just won't want to take them out. " 

—Leland Pratt, 
Ancaster Audio, Canada 

Measurements also reveal the MultiCap's superiority, showing: 
* the lowest ESR 
* the lowest phase deviations 
* the most stable phase characteristics 
* the greatest transient performance 

What makes the MultiCap so much better than other capacitors? 
* Not only the selection of the best polystyrene and 
polypropylene films. 

* And not only the selection of the best foils available. 
* But in each MultiCap, you get ten precision, paralleled 
capacitors wound into one compact, optimized unit—that is, 
the MultiCaps are internally bypassed. 

This cross-sectional drawing shows the 
coaxial construction of a Multicap. For 
simplicity's sake, only two of the ten sections 
are included. 

And thanks to proprietary top-quality construction techniques, the MultiCap will not degrade over 
time, as so many others have done. 

MIT now offers the new metallized MultiCap, using the same patented design, for low-current 
usage. Smaller in size, lower in cost—same great clarity of sound. 

Call or fax for values, prices, and dimensions. And for white papers by Richard Marsh on capacitor design. 

Music Interface Technologies, 3037 Grass Valley Highway, Suite 8212, Auburn, CA 95603. 
Phone: 916.823.1186. Fax: 916.823.0810 

MIT MultiCap“: "The most advanced capacitor in the world.' 
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THE DOALS PARTY SPEAKER 
BY JOSEPH R. DEMERS 

A party doesn't seem like a party 
without music. Although some 

readers may hire professional musicians, 
many of us depend on a powerful stereo. 
I was recently at a party in which the 
host was entertaining his hundred or so 
guests with loud music. The music em¬ 
anating from the speakers wasn't unusu¬ 
ally loud when I was in the back of the 
room, but as I moved closer to the stereo, 
conversation became impossible. Since 
I couldn't talk to anyone and since it 
wasn't an entertaining party, I tried to 
figure out ways to spread the speakers' 
output, but retain their tremendous 
resolution. 

I continued my pondering for the next 
six months or so, and I came up with a 
number of ways to prevent the one-side-
of-the-room stereo effect encountered at 
countless gatherings. All the solutions de¬ 
pended on separating the speakers and 
placing them more toward the center of 
the room. But, unless the output could 
be spread more uniformly, people would 
simply move from the middle of the 
room into the corners. 
A simple solution would be a speaker 

with three tweeters, three midranges, 
and a couple of woofers all pointing in 
different directions. Another solution 
might be ceiling speakers scattered 
throughout the room. In either case multi¬ 
ple drivers are needed. (A clarification 
is necessary here. When I write about 
multiple-driver systems, I mean multi¬ 
ple drivers used in one frequency range, 
and when I speak of single-driver de¬ 
signs, I mean ones in which a single 
driver is used for a range of frequencies.) 
The most noticeable problem with 

multiple-driver systems is the reduction 
of resolution, which occurs when two 
drivers radiating the same channel in 
synchronicity are separated by some 
distance. The separation of the drivers 

36 Speaker Builder / 5/91 

distorts the timing/phasing which en¬ 
ables the listener to pinpoint, from the 
music, where the instruments are lo¬ 
cated. For example, with common direc¬ 
tional speakers, you can determine that 
the horns were a little to the left, the vi¬ 
olins were to the right of center, while 
the singer was directly in the center dur¬ 
ing the recording. If, however, a second 
tweeter is hooked up to each speaker 
and is pointed in a slightly different 
direction, it is impossible to tell where 
the horns, violins, and singer were. 
Considering the problem further, I 

contemplated spreading the output of 
single-driver systems with a lens. I im¬ 
agined a stacked type of assembly with 
a lens for the midrange and a lens for 
the tweeter, but none for the woofer 
because lower frequencies are naturally 
omnidirectional. 

What was finally created was a verti¬ 
cally phase coherent, vertically diffrac¬ 
tive, semicircular omnidirecting speaker. 
Whew! Since that description was on the 
windy side, I shortened it to DOALS: 
Demers Omnidirecting Acoustic Lens 

Speaker. I had to include my name to get 
such a catchy title. And, as such, a pa¬ 
tent was applied for on the unit.1

DESIGNING THE LENS. At first, I 
wondered if it were possible to design 
a device that would redirect the drivers' 
output without destroying the acoustic 
quality or the overall resolution of the 
speakers. 

My first idea was a simple reflective 
device, a cone mounted under a driver 
in such a way that when the wavefront 
hit the nonresonating surface it was 
reflected 360° in the horizontal plane. 
Crude, but workable. Even if I could 
design an acceptable lens, it could only 
be placed in the center of the room. That 
means cords for people to trip over, a 
convenient place to set one's drink, 
possibly a loss of stereo, and a simply 
unaesthetic approach. If only the speak¬ 
ers could be placed against a wall, or bet¬ 
ter yet, hung, unobtrusively, from a wall. 
Such an arrangement would require that 
I create a speaker with a 180° output. 
How could I do this? 



FIGURE 2: A vertically aligned phase front. 

My thoughts strayed toward simply 
damping the undesired output off the 
cone with an absorbent material. I 
quickly abandoned this idea because it 
was wasteful. I tried to imagine a cone 
that would not only radiate the anterior 
portion of the output into the room, but 
would also redirect the posterior portion 
away from the wall and toward the ex¬ 
tremities of the room. 
Other factors would also decide the 

final shape of the lens: it should radiate 
without any phase cancellation and the 
surface had to be intricately designed to 
match the driver. Should the lens be de¬ 
signed around the reflecting wave front 
or the phase front, and from what could 
the lens be constructed? 

I tried to design a mathematical model 
for the shape. It would be a simple mat¬ 
ter of applying Huygens' Principle to 
every point on the driver cone, trans¬ 
forming the wave vectors at the lens, and 
deriving the final shape from this infor¬ 
mation. Needless to say it turned out to 
be quite a project. I am still working on 
it and probably will be for some time. 

While I was laying the foundation for 
a mathematical model, however, an in¬ 
tuitive model started to take shape. Even 
so, I was still deciding how to meet the 
two constraints: radiating without phase 
cancellation and redirecting the posterior 
portion of the drivers' output. I examined 
a typical driver more closely for a solu¬ 
tion and discovered the wave front and 
phase front are at an angle to each other. 
Why a difference exists between them 

has to do with how the driver is oscil¬ 
lating. In most cases, the driver is mov¬ 
ing in and out, sending the wavefront 
down the speaker's axis. Since the sound 
is created at the same instant at the back, 
inside portion of the driver surface as it 
is at the outer portion, and since both 
waves are moving at the same speed, 
they stay the same distance from one 
another. Therefore, the phase front is at 
an angle to the driver's axis, but is mov¬ 
ing down that axis {Fig. 1}. 

For calculations, it is easier to use the 

normals for the fronts. These normals 
are perpendicular to the fronts and, from 
the forementioned information, you 
know that the phase vector is at a con¬ 
stant angle to the wave vector. 

Since phasing causes interference pat¬ 
terns, I chose to design the lens around 
the phase vector. If the phase of the out¬ 
put were controlled and coherent, would 
this minimize destructive interference? 
I believed if the phase front were ver¬ 
tically aligned as it left the driver-lens 
combination, it would help keep inter¬ 
ference to a minimum. What ''vertically 
phase coherent" means is that if a ver¬ 
tical line is drawn next to the driver-lens 
combination, all output on that line was 
created by the driver at the same mo¬ 
ment in time. This can be seen in Fig. 2. 

CALCULATING SLOPES. I calculated 
the lens slope from the characteristics of 
the driver surface. The simplest driver 
to use is one with a flat cone, mostly 
found in midrange or bass drivers. Be¬ 
fore calculating the slope of the lens, it 
is necessary to find the slope of the 
driver surface. I did this by measuring 
the angle between the surface of the 
cone and the horizontal. An angle of 30° 
is common for a midrange driver, so I 

FIGURE 4: The driver radiates like a point 
source at the outer edge. 

will use that to illustrate my calculations. 
If the driver surface is at 30° with the 
horizon then, from simple trigonometry, 
the vector for the phase front has an 
angle of: 

180° - (30° + 90°) = 60° 

Since the phase front will strike the lens 
and reflect at the angle of incidence, the 
normal to the lens surface must bisect 
the angle of the phase front (60°), while 
also reflecting the phase front parallel to 
the ground. 
The lens angle calculations are as 

follows. From Fig. 3, X = 30° and Y = 
60°. Since the phase vector reflected 
from the lens is parallel to the horizon¬ 
tal, the angle between incidence and 
reflection is also 60°. The bisector of this 
angle must be perpendicular to the lens 
surface, such that the calculation for the 
lens surface is: 

Z = 90° + Y/2 = 120° 

These calculations ignore Huygens' Prin¬ 
ciple to some extent. Since the face of the 
driver is flat and oscillating uniformly 
across its surface, the outer edge is the 

MIDRANGE DRIVER 

FIGURE 5: Approximating a lens curve from the calculated slope, the 90° slope, and the 45° 
slope. 

Speaker Builder / 5/91 37 



room. To accomplish this, I slightly al¬ 
tered the rear portion of the lens. Since 
the phase vectors striking this area have 
the same angle associated with them as 
the front portion, the lens slope is unal¬ 
tered. I built the rear portion, however, 
so it will deflect the drivers' output into 
the extremities of the room. This re¬ 
quired that I change the horizontal com¬ 
ponents of the reflected wave vector. 

The output from the rear of the driver 
must strike a lens that not only renders 
it vertically phase coherent, but also 
focuses it. For this reason, the back of 
the lens is hyperconic; it still possesses 
the same slope, but is the opposite of a 
cone. In Fig. 6, point A denotes the bot¬ 
tom of the wave vector (V), more easily 
seen in Fig. 7. This wave vector moves 
parallel to the driver's axis and has the 
phase front associated with it. Because 
of this, the lens must have the previously 
calculated slope. If the lens curvature 
(with respect to the X-Y axis) is altered 

slightly, however, the wave vector will 
be directed into the room and away from 
the wall. 

Figure 6 displays this redirecting effect 
caused by the hyperconic section. B ap¬ 
pears to be a focal point, but the focal 
point actually changes as you move 
around the driver. If you follow different 
wave vectors produced by different 
areas of the driver, you find that the 
focal point (B) moves. For this reason, 
the lens doesn't focus the output, but 
radiates it through 180° in the horizontal. 

Huygen's Principle suggests that from 
a single point on the driver a spherical 
shell of wave vectors should arise. This 
gives rise to the following type of in¬ 
terference patterns: a spherical wave is 
created at point A [Fig. 8) on the driver; 
one wave vector (VI) strikes the lens and 
travels to point B, another (V2) strikes 
a different portion of the lens and travels 
to point B. These wave vectors have 
traveled different distances. Since they 
have a phase associated with them, they 
will interfere with one another. Fortu¬ 
nately, because we are not using a point 
source but a flat plane, the only wave 
vector that exists is the one perpendic¬ 
ular to the driver's surface, or VI. All 
others destructively interfere with the 
nonperpendicular wave vectors from 
nearby points. Interference occurs only 
due to the driver's edge effects. 

Actually, the rear portion of the lens 
is used mostly to redirect the waves 
created at the edge of the driver. This 
can be seen in Fig. 9, where the dashed 
line indicates the driver's edge. It seems 
this hyperconic section need not be so 
large if only the inside portion redirects 
the main output of the driver. The extra 
size, however, is there for the same rea¬ 
son the lens is so much larger than the 
driver: to redirect as much of the output 
as possible. 
From Fig. 9 also notice the lens blade. 

FIGURE 7: The bottom of the wave vector is moving parallel to the driver’s axis and has the 
phase front associated with it. 

At the outer edge, the driver is radiat¬ 
ing like a point source [Fig. 4). It is easy 
to adapt the lens to two of the wave vec¬ 
tors that originate from this point source: 
the horizontal vector and the vertical 
vector. The horizontal wave vector must 
strike the lens at 90“—that is, straight on. 
Therefore, I simply approximated the 
cone shape at the top of the lens and 
brought the lens to a point with an al¬ 
most vertical slope. The vertical wave 
vector, however, must strike the lens at 
45°. This means the portion of the lens 
directly below the driver edge must have 
a slope that creates an angle of 45° with 
the driver axis. 

At this point in the description, the lens 
is characterized by three features: the 
calculated slope, the 90° slope near the 
top, and the 45° slope near the bottom. 
From these three features, it is possible 
to approximate a lens curve that will con¬ 
nect all the points smoothly [Fig. 5). 
More common, nondome tweeters 

(like the Polydax TW60s I used), how¬ 
ever, do not have a flat radiating surface, 
but a curved one. For a case like this, it 
is necessary to derive the lens surface 
through an integration. It is helpful to 
imagine an infinite number of flat sur¬ 
faces arranged around a single point all 
with slightly different slopes. Each sur¬ 
face is treated as the driver's actual sur¬ 
face and a lens calculation is done with 
each of the slightly differently angled 
pieces. Whichever driver and method 
you use, the calculation produces the 
shape of a regular cone. 

REDIRECTING OUTPUT. As I stated 
earlier, I didn't want a simple cone, but 
a lens specifically designed to reflect the 
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FIGURE 8: A spherical wave is created at point 
A on the driver. 

This is the portion at the top which is 
necessary to split the driver's output in¬ 
to two equal areas. It was not part of the 
original design, but the need for it be¬ 
came obvious when I placed the driver 
over the lens. 

Photo 1 shows the heavy, construction 
paper understructure and Photo 2 is the 
final lens. If you view any one of the 
pieces in Photo 1 more closely, you will 
see it is a triangle, except that the hypot¬ 
enuse is slightly curved, reflecting the 
shape of the lens slope. This reinforces 
the concept of a constant slope since the 
pieces are the same for the hyperconic 
section as for the conic section. 

I filled this understructure with plaster 
of paris mixed with sawdust to create a 
dense, nonresonating surface. I later 
touched up the surface with bondo and 
glazing putty. After I sanded the unit, I 
sprayed it with a sandable primer and 
resanded it until the finish was smooth 
and even. This created a regular surface 
that would not color the output {Photo 2]. 

PHOTO 1: The heavy construction paper 
understructure. 

THE SPEAKER SYSTEM. Before I 
could design a speaker system around 
the lens, however, I needed a lens for 
each tweeter. Since the high-frequency 
lens was considerably smaller, I simply 
carved it out of wood. The tweeter's lens 
was also cleaned with bondo, glazing 
putty, and sandable primer until a 
smooth, polished surface resulted. 
When the lenses were finished, I 

started to design a speaker enclosure that 
would effectively use them. I discovered 
that with the midrange and tweeter 
mounted over their respective lenses, an 
aperture is formed between the driver 
and the lens. The width of this aperture 
was on the order of the wavelength of 
the frequencies being produced by the 
respective drivers. The aperture of the 
midrange is approximately 9cm corres¬ 
ponding to about 3.8kHz, and for the 
tweeter, 2cm or 17kHz. Not only is the 
lens directing the output over 100° in the 
horizontal, the lens and driver unit is 
causing diffraction in the vertical plane 
as well! 

Another factor affecting the output of 
the driver/lens combination is something 
I discovered when I first designed the 
lens. Although the phase vector is 
aligned parallel to the horizontal, the 
wave vector (the path down which the 
phase front travels) is at an angle to the 
horizontal. This means the driver/lens 
must be located high or turned upside 
down and placed low so the output will 
travel to ear level. 
With everything previously mentioned 

in mind, it was not difficult to design a 
speaker. To make it simple and keep the 
variables to a minimum, I tried to secure 
the same drivers and crossover I had 
used in a previous set of great-sounding 
speakers. I couldn't find them, but I 
wasn't concerned about how the drivers 
sounded. At this point in the project, I 
simply wished to test the redirecting ef-

PHOTO 2: The completed midrange lens. 

FIGURE 9: The rear portion of the lens re¬ 
directs the waves created at the driver's edge 
(the dashed line). The blade portion of the lens 
(at the top) splits the driver's output into two 
equal parts. 

feet of the lens. All the components 1 
employed are used because of cost and 
availability. You can substitute different 
drivers if they meet the constraints men¬ 
tioned, or you may construct custom 
lenses. 
The DOALS speaker centers around 

FIGURE 10: The crossover schematic. 

TABLE 1 

DOALS PARTS LIST 

Attenuation resistors (15W) 

R1 0.50 tweeter, series 
R2 370 tweeter, parallel 
R3 20 midrange, series 
R4 120 midrange, parallel 

Capacitors (nonpolar and 50W + ) 

C1 5.6^F tweeter-midrange 
C2 33;<F midrange-woofer 

Inductors (air core and 50W+) 

L1 0.1 5mH midrange-tweeter 
L2 1.25mH woofer-midrange 

Drivers 

tweeter Polydax TW60A, piezo 
midrange Polydax MHD12P25 FSM, paper 

cone 
woofer 6.5" heavy-duty polypropylene 

in an Isobarik configuration 
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PHOTO 3: The speaker mounted on the wall. 

two 6I/2" woofers in an Isobarik align¬ 
ment. The amount of flawless bass that 
can be produced in this alignment al¬ 
ways amazes me. I've also discovered 
that the Isobarik design is forgiving 
about the woofer quality. As long as the 
driver with a Qis of about 0.70 and a 
power rating between 30 and 50W is 
used, you will have no problems. Woof¬ 
ers with these characteristics are fairly 
common and can be obtained as generic 
products from any electronics mail-order 
catalog. Unfortunately, using two 8Í2 
drivers in parallel means a 4Í2 system. 
I used a Polydax MHD12P25 FSM 

rated at 50W and with a 40 resistance 
for the midrange.2 For experimentation, 
it's cost-effective, as is the tweeter I 
employ, a 4Í2 Polydax TW60A. 
40 Speaker Builder I 5/91 

A three-way, 12dB slope crossover, 
which crosses at 800Hz and 5kHz is used 
for the passive filtering. (Unfortunately, 
I have never been able to find the arti¬ 
cle, or book, from which I obtained it.) 
Figure 10, the schematic, displays the at¬ 
tenuation circuit necessary not only be¬ 
cause of different driver efficiencies and 
the room environment, but also because 
of the drivers' orientation. 
The enclosure uses an upward firing 

woofer. This resulted in an attenuation 
of 3.5dB for the midrange driver (R4 = 
12Q, R3 = 20) and IdB for the tweeter 
(R2 = 37Í2, RI = O.5Í2). A simple atten¬ 
uation circuit taken from The Loud¬ 

speaker Design Cookbook (p. 50) took care 
of this.3

I made an axially aligned system with 
the centers of all the drivers on the same 
vertical axis and kept the lens right side 
up. An upright lens necessitates mount¬ 
ing the speaker on the wall near the ceil¬ 
ing, with the woofer facing the ceiling 
and the tweeter and the midrange driver 
pointing toward the floor. As you look 
at the speakers on the wall, the lowest 
part is the lens for the tweeter, followed 
by the tweeter mounted in a spacer, 
which itself is attached to the midrange 
lens [Photo 3). A spacer is necessary to 
prevent reflections of the tweeter's out¬ 
put off the back of the midrange lens. 
The midrange is placed over its respec¬ 
tive lens and attached to the bottom of 

PHOTO 4: A side view of the speaker. 

the woofer enclosure. The midrange has 
a compartment separate from the woofer, 
which it shares with the crossover. The 
top of the speaker is the 0.52 ft3 enclo¬ 
sure for the Isobarik woofer (Photo 4]. 

THE ENCLOSURE. The cabinet is 
made from %" particle board covered 
with %" oak plywood. I made no at¬ 
tempt to construct a heavy nonresonat¬ 
ing enclosure as it makes frequent 
removal from the wall for adjustments 
difficult. The cabinet is made of modules 
as can be seen in Fig. 11. 

As stated earlier, the two lenses were 
screwed together with the tweeter and 
spacer assembly sandwiched in between. 
This was then fastened with screws to 
the speaker backbone (%" plywood). 
The woofer and midrange enclosure is 
also a separate unit (albeit lacking a 
back), attached to the speaker backbone. 
At the top of the speaker (near the 

woofer), the plywood was covered with 
the oak plywood while at the bottom 
(near the tweeters), a square piece of 
oak-covered particle board was added 
(Fig. 12). This square portion is smaller 
than the woofer and midrange enclosure 
by 14" so the foam that hides the lens 
assembly fits snugly against the speaker. 
The foam is held securely with hook and 
latch adhesive strips. 
This enclosure design has some draw¬ 

backs, the main one being accessibility 
to the crossover. To make adjustments, 



you must remove the speaker from the 
wall and disassemble it. As a whole, 
many improvements can be made on the 
enclosure, but in my case it served its 
purpose—to test the lenses. 

THE BIG TEST. The DOALS are 
mounted to radiate into three rooms: a 
family room, a dinette, and a large kit¬ 
chen. All rooms are open to one another. 

In Photo 5 you can see a portion of the 
dinette and the family room as well as 
one of the wall-mounted DOALS. From 
the wall of the kitchen to the wall of the 
family room is 38 feet, while the width 
of all the connected rooms is roughly 13 
feet. A perfect environment for the 
DOALS system. 

The first characteristic of the speaker 
I noticed (after powering up) was that 

PHOTO 5: A portion of the listening area for the DOALS. 

they seemed inefficient. As I increased 
the volume, the output didn't appear as 
great as the efficiencies of the drivers im¬ 
plied. After a moment, I realized this was 
because I was hearing only a portion of 
the 180° output. Did this mean they 
worked? I switched the balance to only 
one speaker and walked in a half circle 
around it. The volume didn’t change. 
Returning the balance to normal, I 

started from the wall of the kitchen, 
walked between the speakers to the far 
wall—38 feet. The volume and resolu¬ 
tion hardly changed at all. I continued 
to walk around; the stereo was promi¬ 
nent wherever I stood and the output 
was spread uniformly throughout the 
three rooms. They worked! The only 
problem was near the walls on which 
they were hung. As I neared either, the 
music became slightly distorted. I be¬ 
lieve the distortion indicated interference 
effects created by reflections from the 
walls. 

Surprisingly, even though availability 
and cost governed the choice of com¬ 
ponents, the speakers sound good. Now 
that I know the lenses work, I can use 
well-known driver and crossover combi¬ 
nations, maybe even dissect and rebuild 
a set of commercial speakers. Because 
the lenses are inexpensive to construct, 
the next step will be to experiment with 
different lens coatings and alignments. 
For instance, the volume increased 
slightly directly between the speakers. 
Could this be remedied by removing a 
vertical slice from the middle of the lens? 

Continued on page 86 

ABOUT THE AUTHOR 
Joseph R. Demers is a fifth year physics and 
biology student at the University of Dayton. 
He first became interested in loudspeaker 
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A LOUDSPEAKER CABLE 
BY JOHN D. JACKSON 

What I'm proposing here is a high-
quality loudspeaker cable con¬ 

struction you can modify to suit your ap¬ 
plications. The largest diameter wire I 
could source was 20AWG. As it is very 
thin, you can bundle cables and put them 
in a shrink tubing sleeve or lay them out 
in strips and place them under a carpet. 
The cable is constructed with two 

strands of silver-plated, solid-core, teflon 
(PTFE) insulated 20AWG wire. You'll 
also need 1mm 0 thread or nylon fishing 
line. Since this cable is quite thin, you can 
make up pairs to decrease resistance and/ 
or increase current-carrying capacity. 
How little resistance and how much 

current-carrying capacity should a cable 
have? 

Regarding current-carrying capacity, 
I don't know what quantity of current 
density sounds best, especially since mu¬ 
sic does not usually consist of a constant 
AC signal. According to a textbook 
through which I was browsing, 15A ap¬ 
pliances require a minimum (for safety 
reasons) of 14AWG wire, which has a 
diameter of 0.064" or 1.6256mm 0, rep¬ 
resenting an area of 2.075mm2. Going by 
that, each 1mm2 using copper can carry 
7.23A. To use the suggested example, 
20AWG has an area of 0.52mm2, there¬ 
fore a current capacity of 3.76A. The 
20AWG as used above has a resistance 
of approximately 0.0329/m. Considering 
that some tube power amps have an out-

PHOTO 1: Plaited cables (photo by Ulrich Otte). 

put impedance as high as 29, you won¬ 
der what's the point in spending lots of 
money on super conductors. 
According to Martin Colloms,1 a cable 

with a resistance of 0.49 would represent 
an audible ldB drop with a 49 speaker 
(0.5dB with 89). This should be okay if 
you can keep the cable resistance down 
to 0.29. James Moir2 suggested the same. 
The beauty of the proposed scheme is 
that you can add cable pairs until no audi¬ 
ble improvement is wrought. In most 
cases, the limiting factor will be the loud¬ 
speaker cable resistance as opposed 
to current-carrying capacity. From the 
above, it stands to reason why bi-wiring 
evokes an audible improvement. 
Even if commercial cables have less 

resistance per unit length, their induc¬ 
tance is invariably higher. For example, 
Naim NAC 5 R = 0.048/m; L = 4.9^H/m 
(5/xH represents 0.639 at 20kHz). My 
cable construction has little inductance, 
virtually no self-inductance, and is phase-
coherent up to a frequency of 26.6kHz. 

FIGURE 2: Diaqram of how to plait the cables. 
PHOTO 2: Cable constructed from PVC insulated wires (photo by Ulrich Otte). 
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TABLE 1 

APPLICATION VALUES 

SINGLE 

RUN (m) 
1 
2 
3 
4 
5 
6 

NOMINAL 

LENGTH (Q) 
0.064 
0.128 
0.192 
0.256 
0.320 
0.384 

FINISHED 

LENGTH (0) 
0.08 
0.16 
0.24 
0.32 
0.40 
0.48 

X2 X3 X4 

0.04 0.027 0.02 
0.08 0.053 0.04 
0.12 0.080 0.06 
0.16 0.110 0.08 
0.20 0.130 0.10 
0.24 0.160 0.12 

TABLE 2 

Z VALUES 

Z (0) 5% (0) 
8 0.4 
4 0.2 
2 0.1 

To construct cables, decide on the re¬ 
quired finished length, allowing for the 
25% braiding loss in length. Use two dif¬ 
ferent color strips of wire and one length 
of nylon fishing line of approximately the 
same diameter. Place the ends of the ca¬ 
ble and nylon in a vise (Fig. 7) after strip¬ 
ping 5mm off the insulation. 

Now start plaiting the strips; place 
wire 1 over wire 2, 3 over 1, 3 under 2, 
1 under 3, and continue in this manner 
(Fig. 2 and Photos}. Whoever does this 
work (and it is time-consuming) must try 
to get the wires to cross over at 90° to 
cancel any magnetic fields caused by 
current flow. 
Once you've decided on the number 

of bundles, place them in neoprene or 
heat-shrink tubing. If you are looking for 

I 

ABOUT THE AUTHOR 
John Jackson is 43 years young. He's been in¬ 
terested in music and audio since his mid teens. 
He studied mechanical engineering at Slough 
Technical College in England. Besides DIY 
audio, his hobbies are squash racquets, off¬ 
road cycling, wind surfing, and gourmet cook¬ 
ing. He also collects LPs He has been work¬ 
ing as a flight attendant for the past 13 years. 

a high-quality loudspeaker connector, I 
recommend Edison Price's Music Post. 
To help you decide on the number of 

bundles you'll need for your application, 
I have drawn up Table 1. James Moir 
recommends you keep DC cable resis¬ 
tance at or below 5% of the nominal 
loudspeaker impedance ( Table 2}. 

[See the author's related article, "A Mu¬ 

sical Link," in TAA 3/91, p. 36.— Ed.] 
b 
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SPEAKER-TO-EAR INTERFACE 
BY DONALD F. SCOTT 

It seems appropriate in these days of emphasis on interconnects to give the 
most crucial one more consideration than 
it has been receiving. In any speaker lis¬ 
tening situation, two kinds of sound 
reach your ears—direct and reflected— 
and two types of listeners are on the re¬ 
ceiving end—casual and definitive. Prob¬ 
ably the most typical environmental lis¬ 
tening space is similar to that of Charles 
E. Ulrich's {SB 1/87, p. 32) in which he 
expertly researched and documented 
various geometric listening schemes to 
devise the most desirable one. 

To get this on a scale for comparative 
purposes, let's say he came up with a 
mixture of 70% direct to 30% reflected 
sound reaching the ears—30% being the 
voice of the room. Three other widely 
used arrangements in similar environ¬ 
ments are: 

1. Speaker diaphragms specially ar¬ 
ranged to give a 30% direct to 70% re¬ 
flected mixture, sometimes called "ste¬ 
reo everywhere." 
2. Similar to the above arrangement, 

but with diaphragmic output aimed to 
give an approximate 10% direct to 90% 
reflected mix, most often called "concert 
hall sound." 

3. Use of the electronic synthesis to 
simulate any of the above and beyond 
even to placing the listener in the Astro¬ 
dome, if desired. 
A seldom used approach is to attempt 

to make a sonic copy of diaphragmic out¬ 
put and rely on the recordings to make 
the musical statements. 
This has been quite successful using 

the approach outlined in SB 3/89 (p. 61). 
Using the above scale, it is judged I'm 
listening to an acoustic mix of about 90% 
direct to 10% reflective. Adding another 
90 ft2 of acoustic foam scarcely made an 
audible difference, leading me to believe 
that 100% direct, as in an anechoic 

chamber, is unnecessary or possibly even 
undesirable. 

In the almost five years I've been en¬ 
joying and reassessing my musical and 
sound library, I've made only one up¬ 
grade: that of getting a handle on speaker 
box diffraction distortion. Presumably 
many have read Robert C. Kral's exposé 
on diffraction (SB 1/80, p. 28). I almost 
completely ignored this on the basis of 
his admonition that in an ordinary room 
this type of disturbance was usually 
covered up by reflective and diffractive 
room distortion. But now, in a controlled 
room, it is an entirely different situation. 

Pertinent facts gleaned from Mr. Kral's 
article are that rectangular shapes, such 
as my satellites, are good generators of 
diffractive disturbances; box dimensions 
determine how low in frequency distur¬ 
bances go (my 21 Eter boxes go down to 

about 950Hz); and box surfaces also act 
as reflectors, just like any other hard 
room surface. 

Obviously, tweeter rings would be only 
a start, so I covered the front, the two 
sides, and the top with 2" foam left over 
from room activities. I flared driver cut¬ 
outs to prevent restriction of the sound 
window. I stuck on everything with 
mounting tape for easy removal. Only 
one removal was needed to convince me 
to stick it on permanently. 
You would think ehmination of ex¬ 

traneous sound would result primarily 
in smooth response, but of equal impor¬ 
tance is preservation of transient behav¬ 
ior, the lifeblood of sound. Diffraction 
control puts the icing on the cake. 

Speaker builders prefer to have some¬ 
thing more substantive than subjective 
opinions. With this in mind, I include a 

2.7kHz X-OVER (PASSIVE BI-WIRED) 

FIGURE 1: Response curves. A: L + R (mono) listening position 8' from speakers; B: R and 
L close (1m); C: R and L listening position 8' from speakers; D: sum of R and L from C. Signal 
generator: Old Colony Warbler KK-3; mike amp: Old Colony KP-6; readout: Heath IM-22 audio 
analyzer. Stereophile Test CD uses the Warbler for test tones—bands 20-31. 
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family of response curves (Fig. 1}. Old 
Colony's KK-3 warbler was the signal 
source, and the KP-6 preamp brought the 
signal to where the Heath IM-22 Audio 
Analyzer could read it. I used three re¬ 
putably flat ( ± 2dB) omni-mikes, one at 
a time, and averaged the responses. 
Mike location was at ear height in a nor¬ 
mal listening position. 
Curve B at 1 meter establishes a ref¬ 

erence for judgement of room control ef¬ 
fectiveness. Curve C compares favorably 
with B. The slight additional roughness 
is attributed to residual reflected energy 
showing through the cracks. Curve A 
(mono) is what you might expect at cen¬ 
ter stage and includes fundamental voice 
ranges from Basso through Coloraturo. 
Curve D is a summation derived from 
L + R in C and compares well with the 
acoustic sum represented by A. 

Directionality completely disappears at 
90Hz in my room. This justifies a com¬ 
mon subwoofer system crossing over at 
70Hz. A 24dB/octave slope relieves the 
mid-woofer of stress even at high levels. 

If you desire a 3-D soundstage, com¬ 
pletely unrelated to speakers, don't over¬ 
look the importance of optimizing listen¬ 
ing geometry. You need go no further 

than David Davenport's Focal Egg II re¬ 
port (SB 6/89, p. 49) for an excellent run¬ 
down on this. Dramatic improvements 
are possible with only seemingly minor 
adjustments. 

ABOUT THE AUTHOR 
Donald Scott was a musician for four years 
in the 1930s. He spent 40 years with The 
Marley Co. in Mission, KS as a construction 
supervisor and service engineer [trouble¬ 
shooter). Audio has been his hobby since 1925. 

Now for a blatant display of one-up¬ 
manship on how it sounds. The most fre¬ 
quently used "show off" selection rep¬ 
resents the best in realism my library has 
to offer—Jazz at the Pawnshop, Proprius 
CDP 7778/9. To recognize realism, it 
helps to be familiar with it and I spent 
about two years of my short musical 
career playing in such a group. A musi¬ 
cian friend said, "Holy cow, sounds like 
being at a front row table." 

As a "bass freak," I like to display 
Cesar Franck's Fantaisie in A on Telarc's 
CD 80096 which displays a plethora of 
organ pedal tones. At exactly 5:12 he 
steps on Low F (21.85Hz) and holds it 
for 12 seconds. 

Percussion devotees and everyone else 
are brought to attention by Fanfare for 
the Common Man, Telare CD-80078. Oth¬ 
ers who prefer their percussion from the 
more normal back row are quite taken 
with Stravinsky's The Rite of Spring, Lon¬ 
don 400084-2. This plumbs the depths 
and still retains the "whack" of stretched 
membranes. 

The biggest plus of all, to me, is to be 
free of that undercurrent of room sound 
that used to pervade all programs, 

MENIscus 
Featuring these fine products: 

•AUDAX • DYNAUDIO 
• ETON • FOCAL 
• MOREL • PEERLESS 
• ECLIPSE • SCANSPEAK 
• MB • ACCUTON 
• INDUCTORS I CAPS 
• ACCESSORIES I BOOKS 
• CROSSOVER DESIGN 
• ENCLOSURE DESIGN 

MENSICUS 
2442 28TH ST. S.W. STE. D 
Wyoming, MI 49509 
Phone: (616) 534-9121 
Fax: (616) 534-7676 

Big enough to serve - small enough to care. 

"TOTAL" 

ECLIPSE 
W1O38R 
Dia. 10" 
Imp. 8 ohm 
V.C. 2" 
Fs 23Hz 
Qms 2.6 
Qes .37 
Qts .32 
Vas 126 L 
Re 5.2 ohm 
Vie 1.3mH 
BL 11.7T-M 
Vd 266.6 cm3 
SD .0354 M2 
Xmax 7.5 mm 
P 100 Watts 
SPL 88dB 1M/W 
Mms 66.9 g 
Cms 7.16 N/mm 

W1238R 
Dia. 12" 
Imp. 6 ohm 
V.C. 2" 
Fs 19Hz 
Qms 7.6 
Qes .324 
Qts .311 
Vas 259 L 
Re 4.7 ohm 
Lev 1.7mH 
BL 14 T-M 
Vd 369 cm3 
Sd. .0532 M2 
Xmax 8mm 
P 150 Watts 
SPL 89dB 1M/W 
Mms 121 g 
Cms 6.5 N/mm 

NEW BLACK CONE I 

Fast Reply HIF568 
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Continued from page 46 
also provided instructions for operation 
with their Little V subwoofer. Since the 
manual was written before the Sub-Is 
were available, they are not covered. This 
isn't of any consequence since the Sub-1 
manual containsall necessary instructions 
for connecting them to satellite systems. 
The manual 1 received didn't contain 

cabinet plans since the parts kit wasn't 
available at that time. Audio Concepts' 
president Mike Dzurko says he is in the 
process of drawing cabinet plans for inclu¬ 
sion in the parts kits and they should be 
available by the time you read this. If you 
purchase the parts kit, make sure you have 
the necessary woodworking skills and 
tools to properly cut and match the en¬ 

closure's odd angles. The Little V does not 
have the elaborate internal bracing of the 
Sapphire II as it is considerably smaller and 
doesn ' t need it. But, the sloping front panel 
will present difficulties for those used to 
working with rectangular boxes. 

Assembly instructions for the full kit are 
straightforward and uncomplicated. I'll 
add a couple helpful comments. 

When you glue the woofer crossover coil 
in place, position it in the right rear corner 
of the enclosure as you face the front panel. 
Mount the coil on the bottom of the enclo¬ 
sure. Allow 12 hours for the silicon glue to 
cure before proceeding to the next step. 
You don’t want the coil to come loose after 
you've assembled the system. 

As I've indicated in the Sapphire II and 

MADE IN DENMARK 

HIGH DYNAMIC TECHNOLOGY 

Expertly engineered • Carefully hand-crafted • 
Finest cone materials • Kevlar, Polypropylene • 
High acceleration large vented magnet • 
Compressionless • High power handling • 
Very high dynamic • Truest reproduction of music • 
Excellent sonic performance 

scan-speaK 
SOLEN 
4470 Thibault Ave. 
St-Hubert, QC J3Y 7T9 
Canada 

Tel: (514) 656-2759 
Fax: (514) 443-4949 

A & S Speakers 
3170 23rd Street 
San Francisco CA 94110 
U.S.A. (415) 641-4573 
FAX 415-648-5306 

Madlsound Speaker Components 
8608 University Green, Box 4283 
Madison Wl 53711 
U.S.A. (608) 831-3433 
FAX 608-831-3771 

Sub-1 reviews, I prefer to solder the leads 
to the drivers. Doing this voids your war¬ 
ranty, however. Since Audio Concepts has 
a 15-day money-back guarantee, I recom¬ 
mend you first use the slip-on connector 
they supply. After the 15-day period has 
lapsed, you can carefully remove the driv¬ 
ers and replace the slip-on connectors with 
solder connections. Any damage to the 
drivers due to incorrect soldering tech¬ 
nique is your problem. Audio Concepts 
won't replace soldered drivers. 
For the best performance in terms of 

soundstaging and tonal balance, the AC 
Mini Stands are a necessary part of the Lit¬ 
tle V system. They screw into the bottom 
of the loudspeaker enclosures, and spikes 
on the bottom of the stand ensure rigid cou¬ 
pling to the floor. If you will be using the 
Little Vs in a video installation, wall or 
bookshelf mounting is acceptable, al¬ 
though the stands are still preferable. 
Audio Concepts sells the BT1 wall brackets 
for $24.99/pair. If you place the speakers 
on a bookshelf, avoid mounting them 
sideways. This defeats the time-alignment 
designed into the system. Also avoid plac¬ 
ing them on a shelf higher than 30-35" off 
the floor. 

The 15-Day Guarantee_ 
If, for any reason, you are not completely 
satisfied with your kit, Audio Concepts 
will refund your money in full. Since you 
can't audition their speakers in a dealer 
showroom, they offer you a risk-free way 
to purchase their kits through the mail. 

This is an extremely generous guarantee, 
and I hope you understand that abuse of 

Manufacturer’s 
Specifications 

Tweeter: Vifa D25A aluminum dome 
Woofer: Audio Concepts AC-5, sup¬ 
plied in matched pairs 

Frequency response: 70Hz-20kHz 
±3dB 

Crossover: 6dB/octave minimum 
phase 

Crossover frequency: approximately 
3.5kHz, broad overlap 

Sensitivity: 89dB, IW/lm 
Impedance: 8Q nominal, 

6Í2 minimum 
Recommended amplifier power: 
20-100W/channel 

Dimensions: 11" by 7" by 10.5" 
Height on stands: 36" 
Price: full kit, $299/pair plus $20 ship¬ 

ping; parts kit (includes drivers, 
crossover, damping, and AC Cup 
with binding posts), $199/pair plus 
$12 shipping; assembled, add $50 
to full kit price; optional AC Mini 
Stand. $99/pair plus $20 shipping 

Warranty: five years on parts 
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FIGURE 1 : The Little V crossover. The network 
uses simple first-order filters for a minimum 
phase characteristic. 

this privilege is not fair to the manufac¬ 
turer. Mike Dzurko has mentioned that 
people occasionally order loudspeakers 
with no intention of keeping them. They're 
curious to see how they sound, knowing 
they can send them back when they're 
through listening. (Some ' 'customers’ ' ac¬ 
tually admit this when they return the 
loudspeakers.) 
The purpose of the 15-day guarantee is 

to prevent you from being stuck with a 
disappointment if the loudspeakers were 
not all you thought they should be (highly 
unlikely with the Audio Concepts systems 
I've reviewed). Let's treat manufacturers 
as fairly as they treat us. Don't place an 
order unless you're seriously interested in 
owning the product. 

Measurements 
The impedance curves for the two sam¬ 
ples I reviewed are shown in Fig. 2. System 
resonance was 90Hz for both. The Little 
V should be an easy load to drive since the 
impedance never drops below 6ÍL Even 
inexpensive integrated amps or receivers 
(a distinct possibility in a video system) 
shouldn't have any trouble with these 
loudspeakers. 
The %-octave frequency response is 

shown in Fig. 3. I made the measure¬ 
ments with my Josephson Engineering 
C-550 measurement microphone and Old 
Colony Warble Tone Generator. From 
400Hz-20kHz, the microphone was at a 
distance of lm, positioned midway be¬ 
tween the woofer and tweeter. Below 
400Hz, I used a near-field measurement. 
The speakers were driven with 1W for all 
measurements. Little activity occurs 
above "OdB" (my arbitrary 1kHz refer¬ 
ence). Audio Concepts claims a response 
of 70Hz-20kHz ±3dB. This doesn't mean 
70Hz is the - 3dB point relative to 1kHz. 
What it indicates is that the window of 
variation between these two frequencies 
is no more than 6dB. 
My measurements come within IdB of 

their claim, close enough to be considered 
within the normal margin for error of the 
measurement procedure. At 20kHz, how¬ 
ever, a noticeable droop occurs in the 
response. I made a similar measurement 

on the Sapphire IL I have received infor¬ 
mation recently that indicates this rolloff 
is due to a problem with the Josephson 
microphone and not the loudspeaker. It 
seems the Josephson C-550s are 3-5dB 
down at 20kHz, despite the curves sup¬ 
plied with the mike indicating response 
to 20kHz ± IdB. The accuracy of my 
20kHz measurement is, therefore, sus¬ 
pect, and I have no reason to believe the 
Sapphire Ils and the Little V are not 
operating as specified. 1

Listening Evaluations 
Before listening seriously to the Little Vs, 
I followed Audio Concepts' advice and 

gave them more than 40 hours of break-
in with pink noise at a low volume level. 
My associated equipment was what I 
used for the Sub-1 review so I won't re¬ 
peat the list here. I first used the Little 
Vs as stand-alone loudspeakers and was 
impressed with their performance. Al¬ 
though the drivers used are from different 
manufacturers than the Sapphire Ils, they 
have a definite family resemblance. These 
speakers sound much like miniature Sap¬ 
phire Ils. 

Audio Concepts describes the Little Vs 
as ''gutsy pint-sized speakers"—an ac¬ 
curate description. They put out an im¬ 
pressive amount of sound for their size, 
but more than volume is at work here. 

Fast Reply HIFI 342 
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FIGURE 2: Impedance curves of both Little V 
samples. 

Part of the family resemblance is this 
system's refinement. It is a clean loud¬ 
speaker, with clarity and inner detail I ex¬ 
pect to find in more expensive products. 
The AC-5 doesn't offer the pristine mid¬ 
range clarity of the Focal driver used in 
the Sapphire II. Compared to similarly 
priced loudspeakers from Boston Acous¬ 
tics or Polk, however, the Little Vs puts 
the competition to shame. 

If you've looked inside a pair of Boston 
Acoustics speakers, you can understand 
what I ve said. A friend of mine is head 
of the service department at a local hi-fi/ 
music/video store that is a Boston Acous¬ 
tics dealer. I ve seen these loudspeakers 
opened up by his service technicians. 
They use surprisingly flimsy drivers with 
tiny magnets, resonant enclosures, com¬ 
bined with cheap electrolytic crossover 
capacitors and thin, garden variety hook¬ 
up wire. Is it any surprise the Little Vs, 
with their solid cabinets, robust drivers, 
polypropylene capacitors, and oxygen-
free AudioQuest wiring sound better? 
The minimum phase philosophy form¬ 

ing the basis of the Sapphire II design has 
left a strong imprint on these speakers as 
well. The result is a small speaker that 
produces a fine stereo image, with a real¬ 
istic sense of depth. Compared to the Sap¬ 
phire Ils, they reproduce a somewhat 
smaller soundstage, but they're superior 
to any other speakers I've heard for the 
price. As expected, the Little Vs don't 
have much to offer in the bass region, but 
they weren't designed to rattle the floors 
at low frequencies, and no one expects 
a small loudspeaker to do so. If you want 
low bass along with the virtues the Little 
Vs offer, add a subwoofer (more on that 
below). Where size or price is most im¬ 
portant, however, the Little Vs perform 
impressively. 
I have the stereo audio outputs on my 

VCRs connected to my stereo system. 
During my listening sessions, I watched 
several movies with the Little Vs con¬ 
nected to it. They make an ideal video 
system loudspeaker. The stereo loud¬ 
speaker systems supplied with any stereo 
TVs I've heard don't come close to the 
clarity and accuracy of the Little Vs. Their 
excellent imaging is extremely beneficial 

to the newer stereo films which have 
holographic surround encoded into the 
two hi-fi/stereo VHS channels. Among my 
favorites are the two James Bond films 
with Timothy Dalton and The Untouch¬ 
ables. These have impressive surround ef¬ 
fects, realistically reproduced by the Lit¬ 
tle Vs. 
To hear these effects properly, you 

must position your video loudspeakers 
with as much care and attention as re¬ 
quired for listening to music. If you in¬ 
sist on placing the speakers right next to 
the TV monitor, to get them "out of the 
way,” you'll lose the effect. You'll prob¬ 
ably ruin the purity of your picture as 
well, due to the drivers' magnetic fields. 
Mike Dzurko says he's working on a 
special video version of the Little V, us¬ 
ing drivers with shielded magnets. If you 
must place your speakers close to the 
television, the shielded drivers will be ex¬ 
tremely helpful. In a properly installed 
video sound system, the speakers should 
be far enough from the TV to make 
shielding unnecessary. 

Many movies available in VHS hi-fi for¬ 
mat contain impressive low-frequency ef¬ 
fects which, of course, the Little Vs aren't 
capable of reproducing. If your video sys¬ 
tem requires low bass, it is easy to add 
a subwoofer. Although I haven't heard 
the Little V subwoofer, it appears to be 
a cost-effective way to add bass to your 
video system. You can buy a single Lit¬ 
tle V Subwoofer as a full kit for $299. To 
get true stereo bass, purchase two. 

System Comparisons 
I spent a substantial portion of my music 
listening using the Little Vs with the 
Sub-1. This complete system, including 
stands, can be purchased as full kits for 
around $1,000. Since the highly regard¬ 
ed Vandersteen 2Ci loudspeakers sell for 
about $l,300/pair including stands, I 
thought this would be a reasonable com¬ 
parison. The Vandersteens are fine loud¬ 
speakers, having earned a reputation as 
one of the best speakers in their price 
range; they are particularly impressive in 
the area of soundstage reproduction. I 
hear the Vandersteens often, since my 
listening partner, Lorelei Murdie, owns 
a pair. You may recall she assisted me in 
my evaluations of the Sapphire II and 
Sub-1. 
Connecting the Little Vs to the Sub-ls 

improves midrange clarity and detail con¬ 
siderably. Removing the low frequencies 
from the mid-bass driver will invariably 
improve any small loudspeaker in this 
respect. One problematic characteristic of 
the Vandersteen 2Cis is the harshness and 
grittiness in the upper midrange/lower 
treble region. Lorelei observed that the 
Little V/Sub-1 system sounded cleaner 
than the Vandersteens. This was partic¬ 
ularly noticeable in choral music, such as 
disc 1, track 5 of Karajan's 1959 London 

* 3r 

FIGURE 3: The ’A-octave warble tone re¬ 
sponse. A near-field measurement was used 
below 400Hz. 

recording of Aida. The choral passages are 
quite harsh on the Vandersteens, but are 
considerably smoother on the Audio Con¬ 
cepts system. Massed strings also fare bet¬ 
ter on the Little V/Sub-1 system. 

I believe the AW midrange driver used 
in the 2Ci may be breaking up around the 
5kHz crossover frequency. Without a 
MLSSA analysis of the loudspeaker, it is 
difficult to pinpoint the cause of the harsh¬ 
ness, but breakup is a reasonable guess. 
No 5’A" driver can be completely free of 
breakup in this region either, but the AC-5 
is audibly better controlled than Vander-
steen's midrange driver. When combined 
with a crossover frequency considerably 
lower, the AC driver sounds smoother, 
more detailed, and more "musical." 
I also prefer the Audio Concepts 

tweeter. It is slightly more detailed than 
the Vandersteen and sounds a bit sweeter 
on massed string passages. Cymbals 
sound crisp, but never hard. The Vifa 
tweeter is, indeed, free of the problems 
plaguing so many aluminum dome tweet¬ 
ers. Like the Sapphire Ils, integration be¬ 
tween the mid-bass driver and the 
tweeter is excellent. 
Soundstaging is the Vandersteen's 

strongest area of performance—they ac¬ 
tually rival many dipole systems. In this 
regard, I consider them slightly better 
than Audio Concepts' system. Antal 
Dorati's impeccable performance and 
recording of Schoenberg's Five Pieces for 
Orchestra on Mercury is a soundstage tour 
de force. The Little V/Sub-1 combination 
reproduces this recording with very good 
localization, both left-to-right and front-
to-back. But the 2Cis render a slightly 
larger soundstage with an even greater 
sense of depth. 
I’ve already commented on the superb 

bass performance of the Sub-1 system. 
The Vandersteens are still no match for 
the Sub-ls. Subjectively, the Audio Con¬ 
cepts subwoofers descend nearly an oc¬ 
tave lower than Vandersteens, with su¬ 
perior definition and control. The Telare/ 
Monster Music demonstration CD Sig¬ 
natures (referring to the use of Monster 
Cable during the recording sessions) con¬ 
tains an impressive recording of part of 
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Copland's Third Symphony. This is the 
original version of what became Fanfare 
for the Common Man. It's not my favorite 
music, but the recording of the bass drum 
is perhaps the most impressive that Telare 
has done. The Little V/Sub-1 system lets 
you feel the extreme low end. The Van-
dersteens never give you the physical sen¬ 
sation that accompanies the sound. 
London’s CD of Siegfried's Funeral 

Music, in the complete Solti recording of 
Wagner's Götterdämmerung is a regular 
reference disc during our sessions. The 
power and weight of a full symphony or¬ 
chestra have rarely been captured as 
realistically as on this 1963 recording. 
Lorelei believed the Little V/Sub-1 system 
was a little thin in the upper bass/lower 
midrange region on this, and some other 
orchestral recordings. I agree that the 
Sub-ls used with the Sapphire Ils deliver 
considerably more weight in this region 
than the Little V/Sub-1 combination. But, 
I don’t consider the Little V/Sub-1 system 
inferior to the Vandersteens in this 
regard. 

Conclusions 
The Little V loudspeaker is a fine per¬ 
former. Used as a stand-alone loud¬ 
speaker, it delivers truly impressive per¬ 
formance for its modest size and price. 
Used with the Sub-ls, it forms a full range 
system unequaled for the price. Com¬ 
parisons to the Vandersteen 2Cis revealed 
at least one trade-off, with the Vander-
steens having the edge in soundstage re¬ 
production. The Audio Concept system, 
however, outperforms the Vandersteens 
in nearly every other aspect of perfor¬ 
mance. It is free of the annoying upper 
midrange/lower treble harshness of the 
Vandersteens. 

The best news is that a novice can build 
these loudspeakers with little or no dif¬ 
ficulty. They are an excellent choice for 
your first loudspeaker project. Even fully 
assembled, they are a great buy. 

Mike Dzurko comments: 

Thanks to Gary Galo and the staff of Speaker 
Builder. The review of our "LV" is an ex¬ 
cellent example of thorough and accurate 
audio journalism done by a man who loves 
and knows music. Thanks again. 

REFERENCE 
1. Since I completed the Little V measure¬ 

ments, I have spoken to David Josephson on 
the phone. He has confirmed the microphone 
problem. He said that a number of the elec¬ 
tret capsules used in the C-550s developed a 
high-end rolloff after a period of time. Since 
all Josephson mikes are backed by a five-year 
warranty, David has offered to replace my cap¬ 
sule and recalibrate the microphone. If you 
own a Josephson C-550 and suspect a problem, 
call him at (408) 238-6062 for instructions on 
returning your microphone for repair. 
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Book Report 
Loudspeaker Techniques 

High Performance Loudspeakers, Fourth 
Edition, by Martin Colloms. Available 
from Old Colony Sound Lab, PO Box 243, 
Dept. B91, Peterborough, NH 03458-0243, 
(603) 924-6371, $44.95 plus $2 S/H. 

Perhaps you are familiar with Martin Col¬ 
loms' work through his many articles in 
Stereophile or Hi-Fi News & Record Review. 
Or maybe you are acquainted with his 
book High Performance Loudspeakers, 
which has just been released in its fourth 
edition. It is just what the doctor ordered 
for the advanced amateur—not a how-to 
book or a compilation of journal papers, 
but rather, a solid introduction to the 
broad spectrum covering loudspeakers. 
This book is comprehensive enough to 
provide a good foundation without hav¬ 
ing to wade through the details that a pro¬ 
fessional engineer would require to prac¬ 
tice the art. That is not to say it isn't a good 
starting point to acquire an in-depth 
knowledge of a particular aspect of 
speaker building—its references and bib¬ 
liography are extensive. 

Colloms starts the journey with a some¬ 
what superficial general review before 
delving into the real meat of the subject. 
I would imagine the second chapter was 
the hardest to write. Whole books have 
been written on theoretical aspects of 
diaphragm radiators. How do you boil it 
down to 24 pages? The section on equiv¬ 
alent circuits nicely ties the significance 
of different system components to their 
effect on the audio spectrum. This type 
of analysis is important because it helps 
formulate your thoughts when analyzing 
a system. 
The next chapter, "Transducers, Dia¬ 

phragms and Technology," provides an 
overview of different kinds of speakers 
and insight into the types of trade-offs 
designers make in the development of a 
driver, such as the shape of the cone or 
the structure of the magnet. 
The fourth chapter, "Low Frequency 

System Analysis," is a reasonable in¬ 
troduction and synopsis, but you should 
read something like the Loudspeaker De¬ 
sign Cookbook to realize a design. It does, 
however, provide good coverage of dif¬ 
ferent types of systems and factors that 
influence them, as well as effective use 

Reviewed by David W. Davenport 

of equivalent circuits. This chapter does 
a nice job of illustrating the interaction 
of enclosure volume, efficiency, and bass 
response. Also, fundamental performance 
limitations are introduced—no snake oil 
or attempts at fooling Mother Nature 
here. It is must reading for anyone who 
believes he has invented something that 
rewrites the physics books. 
The chapter titled "Moving Coil Direct 

Radiator Drivers" is my favorite; it dis¬ 
sects the driver and discusses each of its 
constituent parts, covers spectrum from 
LF through MF to HF, and touches on 
every aspect with a clear and concise de¬ 
scription. For example, did you know that 
the Neoprene used for surrounds in woof¬ 
ers exhibits hysteresis resulting in stiff¬ 
ness at higher frequencies that renders it 
inappropriate for use in midrange or 
tweeter drivers? Not the type of informa¬ 
tion you are likely to find in a popular 
magazine. 

By far the weakest part of the book is 
the chapter on systems and crossovers. 
The section on digital signal processing 
is particularly disappointing. Colloms 
does such a good job elsewhere of ex¬ 
plaining complex technical matters that 
the contrast here is glaring. He focuses 
on the possibilities of DSP without even 
attempting an explanation of the under¬ 
lying principles. 
In comparison, the analog material is 

better—a knowledgeable introduction 
without in-depth analysis. It provides an 
introduction to basic crossovers, covers 
the importance, and effect, of driver im¬ 
pedance on the result, and discusses the 
amplifier-loudspeaker interface. It's no 
secret I'm a fan of active crossovers. This 

chapter provides a good argument for, 
and introduction to, this subject. 
"The Enclosure" is not about align¬ 

ments—that is covered in the chapter on 
low-frequency analysis. It does address 
problems such as mechanical resonances 
and their solutions. It talks about enclo¬ 
sure materials, cabinet construction tech¬ 
niques, and cabinet shapes. It also con¬ 
tains a section on that most neglected of 
all components: the loudspeaker stand. 

I am pleased to see Mr. Colloms chose 
to devote a large chapter to component 
evaluation—subjective as well as objec¬ 
tive. For the objective, he has a short in¬ 
troduction to each test. These tests cover 
driver parameters like suspension com¬ 
pliance and coil inductance, as well as 
complete loudspeaker system tests like 
Doppler distortion and phase response. 
The chapter also has a good introduction 
to computerized testing such as MLSSA 
and the Audio Precision test set, as well 
as discussing high-tech stuff like laser 
measurements. 
The discourse on subjective testing is 

basic material—covering environment, 
positioning, and acoustics, as well as 
speaker factors. It provides a consolidated 
reference for the experienced listener or 
an introduction to the subject for some¬ 
one getting acquainted with subjective 
evaluation. 
Although international standards are 

addressed, only a single page is devoted 
to this subject, basically a listing. I was 
left wanting more—perhaps a paragraph 
explaining each. 

Comparison to Earlier Editions 
I'm sure many of you already own a pre¬ 
vious edition of High Performance Loud¬ 
speakers and are wondering what's new 
in the fourth edition. I'm not one to rate 
a book by its cover or number of pages, 
but this edition is about 30 percent larger 
than the previous one, which in turn was 
30 percent larger than the second edition. 
Most of these pages are due to expansion 
of existing topics, although the book con¬ 
tains plenty of new material. 
One hot topic these days is bandpass 

enclosures. A new, large section on this 
topic is included, as is a section on large 
film transducers, and another on ribbon 
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speakers. Digital technology makes a 
debut with a mention of a hybrid digital 
loudspeaker patent, in addition to mate¬ 
rial on digital filters. The book mentions 
the Isobarik enclosure, resistive chamber 
coupling, line sources, and the moving 
coil spaced dipole, as well as an expanded 
discourse on full-range units. The section 
on amplifier-loudspeaker interface is ex¬ 
panded, as are those on cutting down res¬ 
onances, loudspeaker stands, and testing. 

And, of course, we can't forget the new 
appendix. SB readers will be familiar with 
the material covered in the appendix on 
CAD software; it was compiled with help 
from Old Colony and covers all the pro¬ 
grams advertised in these pages. 

Conclusions 

1 have never been one to plug numbers 
into a canned formula to obtain results I 
don’t understand. I don't even like to rest 
on an intellectual understanding of a sub¬ 
ject; rather, I am comfortable only when 
I gain an intuitive understanding, that gut 
feel of what it's all about. Only then can 
I let my creative juices take over and not 
be afraid they will lead me to some strange 
conclusion where the laws of physics are 
broken. For me, High Performance Loud¬ 
speakers fills the bill, providing a knowl¬ 
edgeable introduction for the knowledge¬ 
able amateur. 

All in all, the book was devoid of fac¬ 
tual errors, and the few typos that crept 
in and misreferences to figures were only 
a minor distraction. High Performance 
Loudspeakers is a must addition to the li¬ 
brary of anyone who considers him- or 
herself, or strives to be, a serious audio 
amateur. 
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Craftsman’s Corner 
Semi-Horn Loaded Loudspeaker 

When I started building speakers, because 
high-powered amplifiers were too expen¬ 
sive, I began looking at high-efficiency 
designs with wide dynamic range. The 
type of loudspeakers that always gave me 
the most bang for the buck were horn-
loaded designs. If you need a simple, high-
efficiency loudspeaker for home, studio, 
or club use, I offer my semi-horn loaded 

design based on Klipsch's venerable “La 
Scala." It incorporates several refinements 
and improvements I believe make it su¬ 
perior to the original. 

Design Goals 
The original La Scala is a good horn-loaded 
design with a curable ill. Low-frequency 
notes cause the cabinet's sides to resonate, 

PHOT01 : The semi-horn loaded loudspeaker. 
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coloring the sound. If you own an original 
pair of La Scalas, you can modify them by 
adding the auxiliary side panels (%" ve¬ 
neered plywood) to increase the side panel 
thickness to a total of 116 ."This damps 
almost all of the resonance since this mod 
raises the resonant frequency to a point 
above the bass horn's cutoff point. 

Driver Selection 
I used a 15" woofer in a simple folded bass 
horn, a professional 616 " hybrid midrange 
driver, and the Electro-Voice T35-A horn 
tweeter. The T35-A is the tweeter Klipsch 
uses in their top three fully horn-loaded 
loudspeaker systems. Since no suitable 
midrange horn/driver combination that 
goes down to 400-500Hz fits my enclosure 
and costs less than the rest of the speaker, 
I settled for a new driver from Audax 
(Polydax in the US), who manufacture 
four exceptionally high-efficiency drivers: 
PR17HR70, PR17HR90, PR17HR100, and 
the new PR17TX100. 
The PR17TX100 has a good price/per-

formance ratio, high power handling, ex¬ 
cellent dynamic range, and high sensitiv-

PHOTO 2: The PR17TX100 driver about to be 
inserted into the speaker. 



PHOTO 3: A closeup view of the interior. PHOTO 4: The driver in place. 

ity. The Polydax literature convinced me 
that their proprietary TPX cone material 
produced the least colored sound com¬ 
pared to treated paper or polypropylene 
cones. It combines the impact of a com¬ 
pression horn driver with the smooth re¬ 
sponse and quality of nonhorn loaded 
drivers. 

Few woofers today are suitable for use 
in bass horns. I wished to use a 15" woofer 
in my design. The JBL 2220H hadn't an 
optimum throat area. After a long search, 

I chose the Electro-Voice EVM-15L (not 
the EVM-15B), which costs about $190. 
Its optimum throat area is 74.4 in?, very 
close to my 78" size. You could also use 
a woofer suggested in Bruce Edgar's "Solv¬ 
ing the Klipschorn Throat Riddle (SB 4/90, 
p. 28). I am now using an Eminence 15" 
#15587 with good results. Since two of 
these cost less than half of a single EVM-
15L, they are even more attractive. 

Bass Horn Design 
The throat on the bass horn is divided in 

half, due to its folding geometry. Two 3" 
by 13" sound paths form the total 6" by 
13", 78 in.2 throat. My folded horn uses 
a version of the "Rubber Throat" designed 
by Paul Klipsch. Together, they give the 
woofer an initial flare rate of about dou¬ 
ble the rest of the horn, producing more 
output (SPL) in the bass horns' upper oc¬ 
tave region of 200-400Hz. 

Peter J. Groth 
Clinton Corners, NY 12514 

PHOTO 5: Closeup of the tweeter and driver. PHOTO 6: A view of the author’s completed modified design. 
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Tools, Tips & Techniques 

A PC FREQUENCY 
GENERATOR 

After having relied on inconsistent loud¬ 
speaker manufacturer's datasheets for 
several years to tell me driver fs and Q, I 
determined them myself using the meth¬ 
ods outlined in the Loudspeaker Design 
Cookbook. The only problem was the high 
cost of a function generator and a fre¬ 
quency counter. 

In my youth, I had tried to make music 
on my IBM PC, but had never been able 
to create anything more complicated than 
"Mary Had a Little Lamb' ' using the pure 
tones generated by BASIC's Sound com¬ 
mand. Suddenly, I had an idea. Why not 
use my computer to generate the frequen¬ 
cies I needed to determine the driver fs? 
It sounded too simple to be possible, but 
was worth the try. 
After loading BASIC and experimenting 

with the Sound command, I ran into my 
first problem. BASIC refuses to generate 
any pure tone less than 37Hz. I had wished 
to use the function generator to measure 
a 15" cast steel frame woofer I had in¬ 
herited from an eccentric uncle. To do so 
would probably require frequencies as 
low as 20Hz, since the driver's gauze sur¬ 
round had become loose with age. I was 
disappointed to discover that Microsoft's 
BASIC was attempting to protect the PC's 
2" paper speaker from excessive low-fre¬ 
quency induced cone excursion. To make 
a long story shorter, I wrote a low-level 

FIGURE 1: Paul William’s modifications. 

program using C that let me generate any 
frequency and duration. 
I opened my PC's chassis and cut the 

two wires running to the 2" speaker. I then 
drilled four holes in the plastic expansion 
drive slot covers and mounted two five¬ 
way binding posts (to connect a new ex¬ 
ternal computer speaker), an RCA jack, 
and a 10kß potentiometer. Next, I sol¬ 
dered one PC speaker lead to the potenti¬ 
ometer input and the other wire to the pot 
ground and from the pot ground to the 
negative binding post terminal and the 
ground of the RCA jack. Then I soldered 
a wire from the middle potentiometer out¬ 
put terminal to the positive RCA jack and 
to the positive binding post [Fig. I). 
Now for the moment of truth. I con¬ 

nected a spare Focal 5" driver to the bind¬ 
ing posts, turned on the computer, and ran 
my C language function generator. First, 
I generated 440Hz and a smooth A4 re¬ 
sulted. Varying the potentiometer ad¬ 
justed the output volume of the PCs in¬ 
ternal amplifier. However, I needed an 
amplifier with greater output to measure 
speaker Q accurately. I connected an in¬ 
terconnect cable from the RCA jack to a 
30W mono Pilotone tube amp, which I 
connected to the 15" subwoofer I wished 
to measure. Setting the potentiometer for 
minimum volume, I turned on the amp. 

Next I chose to generate a frequency of 
25Hz. While the computer generated 
25Hz, I slowly turned up the potentio¬ 
meter's knob until the subwoofer started 
to rumble. I continued turning the knob 
and the output got louder until I judged 
the excursions were at their maximum. 
I turned it off, having decided it worked. 
Now I only need to buy a digital multi¬ 
meter to determine any parameter. 

Paul William 
Los Altos, CA 94024 

Paul William's frequency/warble gen¬ 
erator is available through Old Colony 
Sound Lab (PO Box 243, Peter¬ 
borough, NH 03458, (603) 924-6371, 
FAX (603) 924-9467). Without the 
modification: SOF-FRQ1B5, $9.95. 
With modification hardware: SOF-
FRQ1B5/H, $19.95. 

MINI TIPS 
A good place to buy inexpensive tone gen¬ 
erators and oscilloscopes is a store sell¬ 
ing used music and PA equipment. Ot¬ 
tawa, a city of about 800,000, has two 
stores that deal in used equipment, in¬ 
cluding older, but usable scopes and gen¬ 
erators in the $25-$ 150 range. 
You can find lead for cabinet panel 

damping from demolition salvage stores. 
A store I frequent sells lead scraps and 
sheets (usually bought by stained-glass en¬ 
thusiasts) for between 50<t and $1 per 
pound, depending on condition and im¬ 

mediate supply. 
Here's a lesson I learned the hard way. 

I got a little carried away installing multi¬ 
ple internal braces for my 4‘A cubic foot 
bass cabinet, only to discover I couldn't 
insert one of my 10" vents because it hit 
a rear brace. 

Ian Dibbs 
Ottawa, ON K1Z 8S4 
Canada 

LONG RIPS IN 
PARTICLE BOARD 

It's been said 80% of the cuts in wood¬ 
working can be done on a table saw, 1 but 
most speaker builders aren't woodwork¬ 
ers and can't justify the purchase of such 
a saw. We suspect 80% of the cuts needed 
for speaker boxes can be done with a cir¬ 
cular saw were it not such a problem to 
accurately rip down the full length of an 
8' board. 
Many of us pay to have long rips done 

at the mill, leaving just the shorter cross¬ 
cuts for home. Unfortunately, the costs 
for this service keep going up. One mill 
charges double per cut for a 5-by-8 sheet 
of %" MDF because the operation re¬ 
quires two men. Another charges a min¬ 
imum of $30 per half hour even though 
making the few cuts rarely takes more 
than five minutes. 

After one such session we saved a piece 
of MDF scrap 8' long and about 7" wide. 
The width of the piece was important, for 
reasons we'll describe later. Since the 
edge of the MDF was now perfectly 

Continued on page 60 
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r FALL KIT SPECIALS! 

LET US KNOW! 

Old Colony will soon be offering a 
number of its kits in assembled 
form. If you have seen a good can¬ 
didate in our ads or catalog, 
please be sure to let us know of 
your interest. Every vote counts! 

MITEY MIKE TEST MICROPHONE KdT 
Joseph D'Appolito $149 

At long last, a top-quality test mike at a great price! Mitey Mike is the 
answer to many an audiophile's loudspeaker testing dreams, providing 
flat free-field frequency response; high, undistorted SPL capability; ex¬ 
cellent measurement repeatability; and guaranteed long-term stability. 
Plus, it’s a snap to build! Typical specs—response (rel. 1kHz): ± IdB, 
20Hz-10kHz; ± 2dB, 10kHz-20kHz; -3dB @ 3Hz and 25kHz; sensitiv¬ 
ity: 39mV/Pa, ± 2dB; max. undistorted SPL: > 120dBA; wideband noise 
level: <42dBA; power consumption: 5mW typ.; 7mW max. 

Unassembled kit comes complete with PC board, mike cartridge, cus¬ 
tom brass wand, all components, and (undrilled| blue case. For greater 
accuracy, a mike calibration service is available at a small additional 
charge (details come with kit), although most users do not find this step 
necessary. Tripod, 9V battery not included. From SB 6/90. 

Other purchasing options available: 
KD-2AM Assembled Mitey Mike with calibrated cartridge $229 

KMW-1 Unassembled KD-2 (above) plus unassembled compan¬ 
ion KK-3 Warbler Oscillator (case included; please see 
complete KK-3 specs elsewhere in this section), at a sav¬ 
ings of $19! $229 

KMW-1AM Assembled KD-2 with calibrated cartridge plus assem¬ 
bled KK-3, at a savings of $29! $349 

KMWP-1 Unassembled KD-2 (above) plus unassembled compa¬ 
nion KK-3 Warbler Oscillator (case included) plus unas¬ 
sembled companion KSBK-E4 Super Switchable White/ 
Pink Noise Generator (case included; please see com¬ 
plete KSBK-E4 specs elsewhere in this section), at a sav¬ 
ings of $38! $289 

KMWP-1AM Assembled KD-2 with calibrated cartridge plus assem¬ 
bled KK-3 plus assembled KSBK-E4, at a savings of $58! $449 

THE WARBLER OSCILLATOR KK-3 
Dick Crawford $99 

This unit will produce a swept signal covering any 16 octave between 
16Hz and 20kHz. The total harmonic distortion at the output is less than 
1.5%, and the output voltage is adjustable from 0 to IV. When used with 
a microphone, the Warbler is more effective than a pink noise source in 
evaluating speaker system performance. It also reveals the listening en¬ 
vironment’s effect on sound through reflection and absorption. The sweep 
rate is set at about 5Hz. The kit includes 3 K" x 3 %" PC board, trans¬ 
former, all parts, and article reprint. Case included. This device is the 
most accurate tool available for determining a speaker system's actual 
performance in a room. From TAA 1/79. 

Other purchasing options available: 
KK-3A Assembled Warbler $149 

KMW-1, ALSO AVAILABLE IN COMBINATION WITH MITEY 
KMWP-1 MIKE TEST MICROPHONE AND SUPER SWITCHABLE 

WHITE/PINK NOISE GENERATOR. PLEASE REFER 
TO KIT KD-2 ELSEWHERE IN THIS SECTION. 

SUPER SWITCHABLE WHITE/PINK NOISE GENERATOR KSBK-E4 
Bernhard Muller $79 

This unique kit features a stereo/mono/reverse-polarity switch that 
distinguishes it from other generators. CMOS digital circuits form a 
pseudo random bit stream generator switchable between mono, stereo, 
and stereo reverse, and another switch selects pink or white noise out¬ 
put. Pink noise rolls off between 16Hz and 20kHz at 3dB/octave and at 
6dB/octave above 20kHz, while white noise is constant through the 
16Hz-20kHz range. The unit is powered by a 9V battery, not included. 
Included is an article reprint outlining the generator’s use in audio system 
evaluation; the article is especially helpful with speaker evaluation 
methods and room placement problems. The kit comes complete with 
4 %" X 2 3/i6" PC board, ICs, precision resistors and capacitors, and 
switches. Case included. From SB 4/84. 

Other purchasing options available: 
KSBK-E4A Assembled White/Pink Noise Generator $129 

KMWP-1 ALSO AVAILABLE IN COMBINATION WITH MITEY 
MIKE TEST MICROPHONE AND WARBLER OSCILLA¬ 
TOR! PLEASE REFER TO KIT KD-2 ELSEWHERE IN 
THIS SECTION. 

ADCOM POWER SUPPLY REGULATOR KY-2 

Kit Ryan $99 per chan. 
This popular mod was designed for taming Adcom's GFA-555, but it 

adds sweetness and definition to just about any amp in the 80V-in, 60V-
out, 10A-regulated family. Mounts in existing case; complete with PCB, 
custom heatsink, and Japanese transistors. Two usually needed. From 
TAA 4/89. 

YesI Please send me 

_ #_@ $_ = $_ 

_ #_@ $_ = _ 

_ #_ @ $_ = _ 

SHIPPING _ 

TOTAL $_ 

SHIPPING: Postpaid in U.S. In Canada, please add 
10% for surface; others, 20% for surface. Airmail: 
Please inquire. 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B91 

Peterborough, NH 03458 USA 
24-hour telephone: (603 ) 924-9464 
24-hour FAX: (603 ) 924-9467 
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STREET 
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MC/VISA EXP DATE 

CALL OR WRITE FOR YOUR FREE CATALOG! 
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straight, we used it as a fence (guide) for 
making long rips with a 714" circular saw. 
The process wasn't difficult, and with 
care we could get excellent results. 

Preparing the Saw 
MDF is hard on steel blades. A long-last¬ 
ing blade that makes smooth cuts is the 
24-tooth Piranha carbide-tipped blade 
(about $13 at the time of this writing) 
from Black & Decker. The saw blade 
must be set at exactly 90°. It is difficult 
to determine this on the saw, but rela¬ 
tively easy (and much safer) in the work. 
Take a practice cut with a scrap piece, 
and then check the cut edge using a small 
square [Photo 1}. Check at several points 
along the length of the cut and adjust the 
angle if needed. 

Laying Out the Line 
On the saw we use, the distance from the 
edge of the sole plate or shoe (the flat 
piece of metal on which the saw rides) to 
the edge of the kerf (the slot in the wood 
cut by the blade) is exactly 114" measured 
from the outside, and 5" measured from 
the motor side. These dimensions may be 
different on your saw. The width of the 
saw teeth also affects this measurement, 
so measure to the side of the teeth instead 
of the blade body. The difference can be 
significant on carbide-tipped blades. Once 
the measurements are known, simply 
transfer the offset to the work piece, posi¬ 
tion the MDF guide, and secure it with 
a couple of clamps. A third clamp in the 
middle of the piece is helpful (Fig. I). 

Supporting the Work 
A 5-by-8 sheet of %" MDF is a struggle. 
You'll probably need a friend to help 
move it and a big, sturdy platform to sup¬ 
port it while you cut. If you don't have 
a bench, try working on the ground. The 
earth is certainly big enough, and gener¬ 
ally stable, too. First find a level spot. 
Space five pieces of 2-by-4s that are the 
same width as the MDF so the work is 
supported at both ends and the middle, 
and lay the MDF on top of them (Fig. 1). 

Figure 1 shows the saw as commonly 
used by right-handed people. To rip the 
entire length of the board the operator 

PHOT01 : Method of holding the small square 
to check for a 90° angle on the edge of a board. 

FIGURE 1: MDF panel supported by 2-by-4s 
allows long rips. Note width of fence is enough 
to offset clamps from saw motor housing. 

may have to crawl on the panel. This isn't 
necessarily dangerous, just awkward. 
Note that a left side motor housing ob¬ 
structs the operator's view of the cut and 
can hit the fence. 

Most of the problems can be dealt with 
as follows. We mentioned that the piece 
of scrap to be used as a fence had to be 
a certain width. This gives you room to 
offset the clamps and let the saw motor 
housing pass by. Set the saw's depth of 
cut just a bit more than the thickness of 
the piece. This will avoid any possibility 
of striking stones and ruining the blade, 
and will elevate the saw motor housing 
enough to clear the fence. 

You may also reposition the guide, turn 
the saw around and cut from the opposite 
direction. On our saw this means mov¬ 
ing the guide 314" closer to the line for 
the cut. This may be your only option if 
the piece to be cut is very thick and the 
motor housing no longer clears the fence. 
If the piece to be ripped is narrow and 
the saw base hangs into space, it will be 
difficult to keep the saw from tilting. 
Beside the possibility that the cut edge 
may not have a perfect 90° angle, an un¬ 
stable saw is dangerous and this practice 
is not recommended. 

Cutting on a Bench 
The advantage to cutting in either direc¬ 
tion on the ground as shown in Fig. 1 is 
that the cut-off piece is well-supported. 
If you are cutting on a bench and the 
MDF is substantially larger than- the 
bench surface, you'll need to give a bit 
of thought to how the cut-off piece will 
fall. Let's imagine you need to cut a 14" 
wide strip off the long side of a full sheet. 
In all likelihood, the bench will be nar¬ 
row and a large portion of the work piece 
will be extending into space. 
A dangerous problem is that the board 

may be balanced before the rip, but not 
afterward. If both pieces fall, nasty things 

could happen. Cut a small piece off a big 
one, not the other way around. Always 
plan your cutting so the bigger section re¬ 
mains stable. The idea is to prevent the 
saw blade from binding and the cut-apart 
pieces from falling when the saw exits the 
work. It's a good idea to have a helper 
stabilize the piece being cut off. The helper 
should not push or pull the piece, but 
simply stabilize it to float in place. Clamp 
the bigger piece to the bench for added 
security. Visualize the dimensions of the 
board after the cut to suggest which way 
things will go. 

Caveat 
Remember, improperly used power tools 
can be dangerous. Never make adjust¬ 
ments of any kind to the saw while it's 
still plugged in. Never try a long rip un¬ 
less both the piece and the saw have ad -
quate support. Both you and your helper 
should protect your eyes and ears! If you 
are not sure of your skills, get help from 
an experienced friend or have the cuts 
done at the yard. 
We now have a number of scrap pieces 

in various lengths and thicknesses that 
we use for all cuts longer than a foot or 
two. Any object that is long enough and 
is known to be true can be used for a 
guide providing it's low enough not to 
obstruct the saw motor housing. In the 
worst case, commercial aluminum saw 
guides with integrated clamps are avail¬ 
able for about $25-30 at hardware stores. 

Robert J. Spear 
Alex F. Thornhill 
Accokeek, MD 20607 

REFERENCE 
1. Edgar, Bruce, "Table Saw Basics," SB 

1/82, p. 25. 

RIGID 
SPEAKER STAND 

The ideal speaker stand should be rigid 
and stable, completely nonresonant, and 
perhaps devoid of mass, so speaker energy 
is not "lost' ' to the stand. The image I have 
is of a speaker suspended in the ideal posi¬ 
tion by an infinitely powerful "tractor 
beam." In the world of manufactured 
speaker stands, welded tubular metals, 
sometimes damped with sand or metal 
pellets, provide the rigidity. Steel spikes 
in the stand' s feet, as well as the speakers' 
supporting platform, provide the stability. 
Most good stands are usually quite heavy, 
making it appear that rigidity is incompati¬ 
ble with low (or no) mass. Here is an idea, 
however, for inexpensive, rigid, and low 
mass stands, which I encountered in the 
integrated stand of the Nexus speakers by 
Linn (of Sondek fame). 

Continued on page 62 
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OLD COLONY'S 
USER-FRIENDLY SOFTWARE 

Speaker Designer™ 
Release 1.2 by Stuart E. Bonney 

A loudspeaker system design aid and modeling tool for use with 
both closed and vented systems over the frequency range from 
10 to 300Hz. Computes and displays system frequency response, 
power handling capabilities, and relative sound pressure level 
(SPL) outputs for each of 26 discrete frequencies over this range. 
Includes one year support by the author when the user registers 
this Shareware product Each $19.50 

IBM 5V« 360K DS/DD SPD-1B5 

Loudspeaker Modeling Program 
by Ralph Gonzalez (SB I, 2, 3/87) 

IMP produces a full-range frequency response prediction for 
multi way loudspeakers, including the effect of the crossover, 
driver rolloffs, interdriver time delay, "diffraction loss," etc. (In¬ 
cludes author support.) Each $17.50 

LMP-1A5 
LMP-2M3G 
LMP2B5G 

Specify: 
Apple II 5%' SS/DD (DOS 3.3) 
Apple Macintosh 3Va SS/DD 
IBM PC/XT/AT 5% DS/DD 
Commodore 64 5’/«' DS/DD LMP-1C5 

"Souped-Up” LMP provides professional-quality graphicsand 
a fast, friendly, user interface Remains compatible with LMP data 
files and is available for IBM PC (CGA, EGA, VGA, or Hercules 
graphics) and Macintosh computers. The Macintosh version also pro¬ 
vides square wave analysis with audible output. 

Each $49.50 (upgrade price $39 50*) 
Specify: 
IBM PC/XT/AT 5% DS/DD LMP-3B5G 
Apple Macintosh 3¥i' SS/DD LMP-3M3G 

‘Original LMP disk or sales receipt must be included w/ order 

DRI-1B5 
CRS-1B5 

Specify: 
Driver Evaluations 
Crossover Design 

Driver Evaluation 
and Crossover Design 
by G. R. Koonce (SB 5/88) 

Disk 1 evaluates the suitability of drivers for closed, vented and 
passive radiator enclosures, and allows detailed designs of vented 
boxes. 

Disk 2, in addition to driver evaluations, allows the design of 
firs’, second , and third-order crossovers. 5VIBM: 360K, DS/DD. 

Each $12.50 

Active Filter Design 
by Fernando Garcia Vlesca (SB 4/88) 

Calculates component values for Butterworth filters in four con¬ 
figurations: High- and low-pass in second and third-order. (In¬ 
cludes author support.) Each $17.50 

IBM 5% 360K DS/DD ACT-1B5 

Two-Way Active Crossover Design 
by Gary Galo (SB 5/88) 

Performs the calculations for the eight two-way active crossover 
designs described by Bob Bullock using formulas exactly as given 
in the articles; plus a program to calculate VTH. (Includes one 
year user support.) Each $20 

Specify: 
IBM 5% 360K DS/DD TWO-1B5 
IBM 3Vt 720K DS/DD TWO-1B3 

Stepped Volume Controls 
by Joseph O’Connell (TAA 4/88) 

These ready-tomn Mac programs come on a 3^-inch SS/DD disk 
initialized as a 400K disk for compatibility with all machines. 
Also included are the Pascal source codes, should you wish to 
customize them for your own use. Program A. Precisely matches 
the resistor values to the measured or estimated source and load 
impedances, yielding great accuracy. Your volume control can 
have 3 to 99 positions. The program will ask you how many dB 
each step should be attenuated and has provisions for a standard 
audio taper or any other taper you devise Program B Calculates 
the taper that will result with your actual resistor values, because 
you are limited to standard values or with series and parallel com¬ 
binations. It can also show the effects of different source and load 
impedances on the taper Both programs (contained on the same 
disk) allow you to save their output to a text file and include 
author support via mail Each $25 

Apple Macintosh 3’/i SS/DD SVC-1M3 

BULLOCK & WHITE 
BOXRESPONSE 

Model based performance data for either closed-box or 
vented box loudspeakers with or without a first- or sec¬ 
ond-order electrical high pass filter as an active equalizer 
[SB 1/84|. The program disk also contains seven additional 
programs as follows: 

Air Core: This program was written as a quick way of eval¬ 
uating the resistance effects of different gauge wire on a given 
value inductor. The basis for the program is an article in 
Speaker Builder (11X3 pp. 13-14) by Max Knittel. The pro¬ 
gram asks for the inductor value in millihenries (mH) and 
the gauge wire to be used. (NOTE: only gauges 16-38.) 

Series Notch: Developed to study the effects of notch filters 
in the schematics of some manufacturers. Enter the com¬ 
ponents of the network in whole numbers (i.e., 10 for 10/zF 
and 1.5 for 1.5mH) and indicate whether you want one or 
two octaves on either side of resonance. Output is frequency, 
phase angle and dB loss. 

Stabilizer 1 : Calculates the resistor-capacitor values needed 
to compensate for a known voice coil inductance and driver 
DC resistance. 

Optimum Box: A quick program based on Thiele/SmalI to 
predict the proper vented box size, tuning and - 3dB down 
point. It is based only on small signal parameters, therefore, 
it is only an estimate of the response at low power (i.e., limited 
excursion). 

Response Function: Calculates the small signal response 
curve of a given box/driver combination after inputting the 
free-air resonance of the driver (fs ). the overall "Q" of the 
driver (Qn  ), the equivalent volume of air equal to the 
suspension (V^j ), the box tuning frequency (fg ), and the 
box volume (Vs ). Output is the frequency and relative out¬ 
put at that frequency. 

L Pad Program by Glenn Phillips: Appeared in Speaker 
Builder (2/83, pp 20-22). It is useful for padding down a 
tweeter or midrange while still retaining the same load as 
the driver itself. 

Vent Computation by Glenn Phillips: Calculates the 
needed vent length for 1,2 or 4 ports of the same diameter. 
Input box volume in cubic feet and required tuning fre¬ 
quency (fg| output is vent length and vent area for each 
case. 

Medium: 5‘4" SS/DD Disk Price $25 
Specify: 
BOXRESPONSE 
Apple. 
Commodore 64 (Disk) 
Commodore 64 (Cassette) 
IBM 

IBM Plus Graphics 
BOXRESPONSE .BOX-2B5G $50 

PASSIVE CROSSOVER 
This disk is a result of Mr. Bullock's extensive research 
concerning first-, second-, third-, and fourth-order passive 
crossovers in Speaker Builder 1, 2 & 3/85; $25 

Specify: 
PASSIVE CROSSOVER CAD 
Apple.PAS-1A5 
Commodore 64 (Disk).PAS-1C5 
IBM. PAS-1B5 

IBM Plus Graphics 
CROSSOVER CAD 51/," demo PXO-3B5GD$ 5' 
CROSSOVER CAD. PXO 3B5G $50 

. BOX-1 A5 
BOX -1C5 
BOX-3CC 
BOX 1B5 

CALSOD 
Computer-Aided Loudspeaker 

System Optimization and Design 
by Witold Waldman 

CALSOD is a new entry into the field of crossover net¬ 
work optimizing software available for the IBM PC 
desktop computer. It combines the transfer function 
of an LC network with the acoustic transfer function 
of the loudspeaker, by using some form of iterative 
analysis. CALSOD creates, through the process of 
trial-and-error curve fitting, a suitable transfer func¬ 
tion model which it can then optimize. The program 
is the subject of CALSOD author Witold Waldman's 
research paper "Simulation and Optimization of 
Multiway Loudspeaker Systems Using a Personal 
Computer'' which appeared in the Audio Engineer¬ 
ing Society Journal for September 1988, pp. 651-663. 
CALSOD differs considerably from other software 
since it models the entire loudspeaker output of a 
multiway system, including the low-end response, 
and the summed responses of each system driver. 

The program performs a lot of tricks. One of the 
more spectacular of these allows the designer to spec¬ 
ify the location of the driver acoustic centers using 
an XYZ coordinate system. Thus, if the designer ex¬ 

pects to mount a driver combination on a flat baffle, 
the summed response can be optimized to compen¬ 
sate for rearward displacement of a woofer's acoustic 
center with respect to a tweeter. CALSOD can model 
up to seven drivers at a time in a four-way system giv¬ 
ing the summed response and acoustic phase response 
of the entire system. 
The CALSOD program comes on a single 360K 

floppy, and requires one directory and two subdirec¬ 
tories in installation, plus access to the DOS GRAF-
TABL file, which it uses for a couple of special sym¬ 
bols. The 133-page User Manual, provided on a sec¬ 
ond disk, is well written, adequately describes the 
various program functions, and contains an excellent 
tutorial example, which demonstrates the use of the 
program. 

Specify: 

IBM 5'/« DEMO .CAL-2B6D $ 5.00* 

IBM3V1 DEMO .CAL-2B4D $ 6.00* 

IBM 2 X 5</< 360K DS/DD . . CAL-2B6 $65.00 

IBM 3’/x 720K DS/DD.CAL-2B4 $67.50 

* Usable as credit toward later purchase of full package. 

NOTE: OLD COLONY SOFTWARE SHOWN ON 
THIS PAGE IS NOT RETURNABLE FOR REFUND 
OR CREDIT. ALSO, BECAUSE OF UNREASON¬ 
ABLE TAXATION REQUIREMENTS BY THEIR 
STATE, WE REGRETFULLY ARE UNABLE TO 
SELL SOFTWARE TO RESIDENTS OF CONNEC¬ 
TICUT. 

POSTAGE & HANDLING: In US please add $2.00 for first disk and 75c 
each additional disk In Canada, please add $4.50 for first disk, 75c each 
additional Overseas please include 20% of total order for shipping 

DEALER INQUIRIES INVITED 
CALL OA WATTE FOA YOUA FAÍE CATALM! 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B91, Peterborough, New Hampshire 03458 usa 

(603) 924-6371 / FAX: (603) 924-9467 
Answering machine for credit card orders only: (603) 924-6371 

before 9:00 a.m., after 4:00 p.m. and weekends 
Have information plus MC/VISA available 



Continued from page 60 
The stand consists of three basic com¬ 

ponents: a hollow cylinder used as the 
stand "column," a base with spiked feet, 
and a pair of 14 " threaded steel rods (avail¬ 
able at most hardware stores) slightly 
longer than the hollow cylinder. The 
speaker, column, and base are clamped 
tightly with the threaded steel rods run¬ 
ning through the hollow column {Fig. 1}. 
The result is an extremely rigid stand, 
tightly coupled to the speaker box. 
You can use any strong, rigid material 

for the cylinder: PVC pipe, Medite board 
panels, aluminum extrusion (rigid, but a 
bit expensive), and so on. Its cross-section 
can have any shape; unless you wish to 
fill it with some type of damping material, 
its circumference need not be closed—its 
cross-section can be in the form of a C or 
a U. You can also use any strong, rigid ma¬ 
terial for the base, although I have used 
only Medite board because it is the best 
inexpensive particle material to work 
with, especially for mounting spike feet. 
You should fill the column before you 

assemble the stand. You may wish to ex¬ 
periment with more than the type of fill¬ 
ing used, such as the quantity if it is a 
heavy substance. Very dense foam, metal 
pellets, and sand are well tried materials, 
though each sounds different. Try cat lit¬ 
ter—it's inexpensive and works well. 
These are not universal stands. You 

must tailor each one for speaker boxes pre¬ 
pared to accept them because you need 
something at the bottom of the speaker in-

FIGURE 1: Speaker, column, and base 
clamped tightly with threaded steel rods run¬ 
ning through the hollow column. 

to which the rods will thread. T-nuts are 
best, installed from the inside of the bot¬ 
tom panel. They cannot be mounted on 
the outside because the pressure applied 
to attach the stand would pull them out. 
Some T-nuts have heavy threads on the 
outside (sometimes called nut-serts), de¬ 
signed for knock-down furniture, which 
you can flush-mount from the outside. 
Although these work, ordinary T-nuts 
mounted on the inside are the most secure. 

Hilti steel spikes come in a variety of 
lengths, have a 14" thread on one end, and 
are inexpensive—perfect for speaker stand 
spikes. They are meant to be shot into con¬ 
crete by a Hilti gun and used as attachment 
anchors. 

With most speakers, it is best to avoid 
leaks, so you should flush-mount the 
T-nuts and seal the holes on the inside— 
another layer of panel board or even a cou¬ 
ple of small pieces of 14 " pressboard glued 
over the T-nuts. Or you can cut a %" or 
%" Medite panel sized to match the bot¬ 
tom of your speaker, mount the T-nuts to 
this panel, and then screw or glue it to the 
bottom of your speaker. Mount the two 
T-nuts along the bottom panel's center line 
as far apart as the hollow column's depth 
allows; remember, the steel rods run with¬ 
in the column. 
Aside from choosing a strong and rigid 

material, make the column ends as flat 

TO MATCH THE ANGLE OF 
THE SPEAKER TILT 

FIGURE 2: To tilt the speaker back, fabricate 
a column with the desired angle and ensure the 
correct placement of the T-nuts in the speaker 
box and holes in the base so the steel rods fit 
properly. 

as possible to ensure good contact at the 
base/column and the speaker box/column 
interfaces. Your needs will determine its 
length, but it is difficult to make stands 
taller than 2' stable. 

I usually build the base out of two iden¬ 
tical pieces of Medite board %" to %" 
thick, and about 25% larger than the 
speaker bottom. You can cut it in any 
shape: rectangular, circular, triangular, 
and so on. After you have flush-mounted 
the T-nuts in the corners of one piece (for 
spikes), glue/screw the two pieces together 
to make a base with the T-nuts 
embedded between them. It is easier to 
install the T-nuts from the base's bottom, 
but they may come loose as you tighten 
the nuts on the spikes. Nut-serts are more 
convenient and work fine. Drill two %" 
holes in the base to match the T-nut holes 
at the bottom of the speaker. It is a nice 
touch to rebate these holes into a %" 
diameter, %" deep hole. 

Cut the 14" threaded steel rods to the 
proper length so after you completely 
thread them into the T-nuts embedded in 
the speaker box's bottom panel, they will 
protrude approximately 14" beyond the 
base. (Be careful not to damage the thread 
during cutting.) [Thread two hex nuts on the 
threaded rod above the cut and clamp them 
in a vise before cutting. Remove the nuts after¬ 
ward to restore any distorted threads.—Ed.] 

Align the base and cylinder so they are 
centered as you mount a washer and nut 
on each steel rod to attach/assemble the 
stand. This procedure is best performed 
with the speaker upside down. Tighten the 
nuts as much as practically safe and possi¬ 
ble. Finally, install the bottom spikes, posi¬ 
tion your speaker/stands. 

Mike Chin 
Vancouver, BC V5W 2V7 
Canada 

Içarei 

In any language, when the world cries “Help!” CARE is there. 
Please. Be there for CARE. 

1*800*242-GIVE 
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SB Mailbox 

INCORRECT 
FORMULA 

I have discovered an error in my article 
on modifying the Minimus 7 (SB 4/91, 
p. 38). The formula in the second column 
on page 39 should be C = 1 / (2rRf) rather 
than the published C = VzzRf. 

James Lin 
Galveston, TX 77551 

WRONG 
WAVELENGTH 

I believe G.L. Augspurger's informative 
article "New Guidelines for Vented-Box 
Construction" (5B2/91, p. 12) contains a 
small error. On page 16, he states that the 
organ-pipe resonance of ducts used in 
vented speakers will occur at a quarter 
wavelength. That is, the wavelength at 
the resonant frequency will be four times 
the apparent length of the pipe. Actually, 
the resonance will occur at a half wave¬ 
length, since such a vent is open at both 
ends. A pipe with one open end and one 
closed one will resonate at a quarter wave¬ 
length as Mr. Augspurger suggests. 

You can understand this point in a few 
intuitive ways. Consider a pipe with one 
closed end. At resonance, a node is at the 
closed end where pressure change is max¬ 
imum and volume velocity change is min¬ 
imum during cycles of the sound. An¬ 
other node is at the open end where 
volume velocity change is maximum and 
pressure change is minimum. A pipe with 
two open ends can support only resonant 
modes that create symmetrical conditions 
at its ends, since the pipe itself is sym¬ 
metrical. At resonance, a doubly open 
pipe will have a node at its center where 
pressure change is maximum and volume 
velocity change is minimum, and nodes 
at each end where volume velocity change 
is maximum and pressure change is 
minimum. 
To try a simple but convincing experi¬ 

ment, take a short length of ordinary 

water pipe (say a foot of Ya" or %" diam¬ 
eter copper tubing), hold one end closed 
with your palm, and blow across the open 
end. You will strongly excite its primary 
resonance, and if you do the calculation, 
you will find that the wavelength of the 
excited tone is four times the length of 
your pipe. Now with both ends uncov¬ 
ered, blow across one open end. This 
method will not strongly excite the new 
resonant frequency, but if you listen you 
will hear a soft tone one octave higher 
than that which you heard before. 

Tom Sharpe 
Bedford, MA 01730 

G.L. Augspurger replies: 

You are absolutely right and I was wrong. This is 
one of those inexplicable mental lapses that seem 
to become invisible the moment a first draft is 
typed. I missed it, the editor missed it, and even 
Don Keele missed it. 
Allowing for end corrections, you would expect 

a 10" open pipe to resonate around 520Hz, not 
280Hz. My graph of duct response does show a peak 
near this frequency. However (and this was my 
point), it is no greater in magnitude than most of 
the other acoustic garbage coming from the vent. 

STANDING WAVE 
EFFECTS 

Regarding speaker cabinet standing 
waves, John Dugan (SB 3/91, p. 95) got part 
of the picture, but missed out on some im¬ 
portant points, drawing a faulty conclu¬ 
sion that "the purported advantage of odd¬ 
shaped enclosures does not exist. ‘ ' I wish 
to correct some misconceptions. 

It is true that: 
1. All box shapes will produce standing 

waves. 
2. Narrow fronts, offset tweeters, and 

rounded front corners tend to improve 
imaging. 

3. Curved panels are stiffer than flat 
ones for the same thickness, and so typi¬ 
cally provide "deader" enclosures. 
4. Small enclosures have their lowest-

order standing waves at higher frequen¬ 
cies where they and the sound degrada¬ 
tion they create are less audible. This has 
to do with the reduced energy present at 
higher frequencies, the increased stiffness 
of small enclosure panels, the higher fre¬ 
quencies of resulting harmonics, and the 
ear's sensitivity to sound at different 
frequencies. k

5. Slanted-front enclosures may be used 
to advantage to time-align™ drivers and , 
angle the tweeter to increase the ratio of / 
reverberant-to-direct sound. J 
The above points are well-known, so I 

will not attempt to prove them. However, 
the question is not of whether standing 
waves exist, but of what their effect is on 
audibility. Poor enclosure shapes do ex¬ 
ist, just as do poor room shapes. 
Standing waves within an enclosure 

produce regions of high and low pressure 
within the cabinet as Mr. Dugan ex¬ 
plained very well. These become audible 
when they cause movement of the cab¬ 
inet walls or cause the speaker cone to 
deviate in any way from following the 
movement of the applied electrical signal. 

It follows that the greater the variation 
in pressure, the more such distortion takes 
place. The trick, then, is to minimize the 
lumping together of standing wave fre¬ 
quencies and the resulting increase in 
pressure variations by choosing box di¬ 
mensions that spread them evenly and by 
choosing shapes that position the strong¬ 
est nodes away from the speaker cones. 
In practice, .this can be done by making 
rectangular boxes whose dimensions are 
not multiples of each other (the Golden 
Ratio, prime numbers, Avogadro's Series, 
and others are good examples), by using -
slanted sides to spread the resonances, by 
using egg-shaped or similar enclosures, 
by using semicircular enclosures, and so 
forth. 
I agree that marketing departments ex¬ 

aggerate the purported benefits of angular 
enclosures to differentiate their speakers 
from a saturated market of well-meaning, 
but ill-informed customers. I have yet to 
build a speaker that did not sound better 
in a box with nonparallel sides, however, 
especially if the midrange was being car¬ 
ried by a thin, lightweight cone. Lumped 
resonances sound terrible in a listening 
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room. The same is true of loudspeaker 
enclosures. 

Finally, never forget the basic laws of 
physics. Enclosure design is an extremely 
complex field not only involving shape as 
discussed by Mr. Dugan and me, but also 
panel stiffness, wall damping, driver/vent 
location, construction methods, bracing, 
and other factors. Each design will nec¬ 
essarily be evolutionary, beginning with 
sound engineering practice and being re¬ 
fined through experimentation to the 
limit of time, money, and skill of the de¬ 
signer. Enclosures are the one area where 
the home speaker builder can easily 
outclass commercial designs, since pro¬ 
duction time is no object. 

2. The 24W100 was not designed for 
sealed enclosures. Dynaudio suggested 
alignments list three vented alignments 
for this driver. I built a 50 liter vented sys¬ 
tem (with some modifications) that per¬ 
forms well. Introduction of a moderate 
amount of stuffing, away from the port, 
around the driver improved things in the 
midrange and let me tune the port a bit 
lower than the recommended 42Hz. 

3. Wheezing sound from the speaker. The 
most recent shipments of 24W100s re¬ 
ceived included a rubber gasket that al¬ 
lows an airtight seal to be made between 
speaker flange and baffle. USE IT. 

Make certain it has no leaks here. If it 
does, the unit will wheeze. Earlier ship¬ 
ments (two years ago) of the speakers did 
not include this gasket, so sealing the 
flange to the baffle without exceptional 
torque may have been a problem. 
At low frequencies, below 80Hz, the 

slightest leak anywhere on the enclosure 
will result in wheezing as air pressures, 
even in vented boxes, build to high levels. 

4. Driver resonances. All the 24W100s 
I've purchased had free-air resonances 
between 32 and 35Hz. After the speakers 
have been used for 20-30 hours (or broken 
in with moderate level low-frequency 

Marc Bacon 
Ste. Julie, Quebec J3E 1H6 

AMT KUDOS 
In 1977, I bought a pair of ESS AMT-1A 
speakers. I renewed the woofer and driv¬ 
ers through ESS. Later I replaced the cross¬ 
over with components from Zalytron. 
Now "the sound as clear as light" came 
back in depth, clarity, and dynamics. 
Later, I bought a pair of ESS AMT-IIs 

and thought I'd get the same perfor¬ 
mance. The secondhand pair cost me 
$300. Bass was very good, but the mas¬ 
sive Alnico magnet couldn't compete with 
some of the speakers I made with Philips 
tweeters. Was it the way they were made 
or was it burnt out components? 
Both mid-tweeters in the AMT-1A and 

AMT II were the same. I quickly rewired 
the AMT H's mid-tweeter like the 
AMT-lA's, but left the woofer section 
alone. That crossover used a 12mH coil 
and a smaller 10" woofer and driver. This 
made both systems sound excellent-
great dynamics and brilliant highs, 
midrange, and bass. Actually, the AMT 
Il's tweeter is smoother and doesn't go 
up quite as high, but it's just as dynamic. 

Richard Renzella 
Long Branch, NJ 07740 

24W1QQ REPLY 
This is a reply to Peter Joseph's letter in 
SB 3/91 about Dynaudio 24W100 woofer-
midrange drivers. I’ve built several suc¬ 
cessful systems with this driver and may 
be able to offer helpful information. 

1. The Dynaudio 24W100 is a back-
vented speaker. The circular opening on 
the back of the magnet assembly filled 
with synthetic foam is the vent. The open¬ 
ings on the dust cap are used for voice coil 
alignment only and are not open to the 
voice coil chamber on the finished driver. 
Larry Hitch at Madisound verified this. Fast Reply RIF 1107 
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the major changes in the loudspeaker 
industry is the primary priority. Voice 
Coil is a collection of information 
from and about loudspeaker and pe¬ 
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signal for 1-2 days), this may be lowered 
by 2-3Hz, but I observed such a shift on 
only one of five drivers. 
When a driver is mounted in an enclo¬ 

sure, it will become part of that enclosure 
and exhibit its acoustic idiosyncracies, in¬ 
cluding its resonant modes. This can be 
most elegantly demonstrated by moving 
a driver from a 50 liter enclosure to a TL 
and watching the midrange response 
smooth to a flat line. A closed enclosure 
will significantly raise the driver's reso¬ 
nance point. 

5. The distortion these drivers exhibit 
will depend on the crossover and cabinet 
design. It is easy to overlook these inter¬ 
dependencies and blame the driver. If we 
deal with an amp of reasonable quality, 
it is hard to beat a bi-amplified design (no 
crossover at the speaker) for a clean sound, 
the cone following the signal with a high 
degree of compliance. 
The improvement in sound is hard to 

believe. I obtained the best results with 
the 24W100 mounted in an 8' transmis¬ 
sion line, that is, incidentally, an identical 
design described by Roger Sanders (in his 
reply to Gary Beckstrom, also in the 3/91 
issue of SB) except for the dimensions 
scaled to the 24W100 (40" by 12.5" by 
17.25"). The crossover is at 2.5kHz to a 
D28AF. 

6. SPL. A pair of 24W 100s in a transmis¬ 
sion line enclosure will fill a large listen¬ 
ing room (28' by 15' by 9') with perfor¬ 
mance hall sound levels. The maximum 
cone excursion is 26mm p-p. That pre¬ 
vents the speaker from bottoming out 
even by Billy's guns, in John Eargle's 
recording of Billy the Kid by Copeland 
(Delos 31042). (Note: linear maximum ex¬ 
cursion is 8mm p-p.) 80W/channel will 
comfortably drive these speakers. 

The Dynaudio 24W100 comes highly 
recommended by this speaker builder. 

Andrew Tanos 
Cleveland Hts., OH 44118 

DOUBLY VENTED 
DESIGNS 

After having read in 5B 3/91 about the 
electrical filter equivalents for various 
box types, I became interested in the 
design of a doubly vented bandpass en¬ 
closure. Where do I need to look at the 
current to find the efficiency and the ex¬ 
cursion limits for the system? Also, could 
you tell me how to convert those figures 
into real world equivalents like Eta (effi¬ 
ciency) and Kmax (cone displacement)? 
Furthermore, could you tell me anything 
about the ratio of f3 to total cabinet vol¬ 
ume and how that ratio compares to other 
box designs? 

Dave Degelau 
Madison, WI 53703 

Roy Mallory replies: 

Thank you for your letter. I assume the doubly 
vented bandpass enclosure you talk about is the 
one I described in Fig. 11 and Table 10 {SB 3/91, 
p. 25) in my article. 

Determining efficiency using PSpice is simple. 
Let PSpice plot the frequency response using the 
formula I give near the bottom of Table 10. Be sure 
to use the VAD normalization for AC analysis given 
in Table 1. This normalization causes the frequency 
response of any direct-radiator loudspeaker enclo¬ 
sure to reach a value of 1 in the passband. 
A bandpass enclosure's output in general won't 

be exactly 1 in its passband, but will probably range 
somewhere between 0.5 and 1.3 for most align¬ 
ments. To calculate efficiency, scale the manufac¬ 
turer's sensitivity rating by the normalized passband 
output. Because sensitivity is almost universally 
given in logarithmic form (typically dB at IW/lm), 
the output given by PSpice must be converted to 
logarithmic form before the scaling is done. Use 
the following formula for the conversion: 

log output = 201ogio(output) 

Then add the result to the manufacturer's number. 
Let's do an example. Suppose the manufacturer's 

sensitivity rating is 90dB and PSpice predicts an 
output of 1.2 in the passband. The log of 1.2 is about 
0.08. Multiply this number by 20 to get 1.6, and 
add this to the speaker's sensitivity of 90dB to get 
91.6dB IW/lm. 
PSpice can also provide a plot of absolute cone 

excursion versus frequency. Small1 gives the follow¬ 
ing formula for peak cone displacement: 

= Pr° 5 °x kr X(s) 

Where xD is the peak cone displacement in meters, 
PE is the power input to the speaker, ox is the DC 
displacement sensitivity of the unloaded speaker, 
kx is the system displacement constant, and X(s) 
is the normalized system displacement function. 
Small shows that sigma can be calculated using 

the formula: 

°x - ^as I Po c2 is Qis V) 

Where is the total electrical Q of the speaker. 
All other parameters are defined in Table 3 of my 
article. 
The normalization for cone displacement in my 

article is effectively the product of kx and X(s). 
Therefore, to plot the peak cone displacement ver¬ 
sus frequency, normalized to 1W input power, sim¬ 
ply multiply the cone normalization expression 
given in Table 1 by ax. This product results in a 
new cone displacement normalization of: 

Vad = (1 / 2ttSd) Vl / (2% fs Qæ CJ 

Finally, you ask about cabinet volume. Since PSpice 
solves networks (circuits) numerically and not sym¬ 
bolically, it cannot directly provide you with an 
expression that relates box volume to f3. Since the 
doubly vented bandpass enclosure type is patented 
by B__e Corp., the chance of finding any published 
alignment information on it are probably some¬ 
where between zero and none. Therefore, I believe 
you have two options. The first is to solve the 
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system equations for the enclosure. The second is 
to pick a woofer and iteratively determine VB for 
different bandpass alignments and compare them 
to known direct-radiator enclosure types. 

I hope I have satisfactorily addressed all your 
questions. 
As a side note, a subtle typesetting error crept 

into my article. In all cases where I gave examples 
of PSpice circuit files, some lines were too long to 
fit into the allotted width and so were broken into 
two lines. Although humans can deal with broken 
lines, PSpice cannot. Any file entered in such a man¬ 
ner will produce an error message. 

REFERENCE 
1. Small, R., "Direct-Radiator Loudspeaker 

System Analysis," JAES, Vol. 20 #5, June 1972, 
p. 383. 

PSpice VERIFICATIONS 
When I saw the article "Calculating LF 
Response With PSpice" in the 3/91 issue 
of SB (p. 20), I read it with intense in¬ 
terest. I, too, have been working with 
PSpice to attempt to determine system 
responses. Let me start with a few ques¬ 
tions concerning the articles so I can con¬ 
firm the calculations presented and verify 
that I am following the steps and pro¬ 
cedures correctly. 
It was stated that VAB was selected 

from a table, but I did not see a reference 
to its actual value. I suspect something 
close to 0.0256m3 (0.9 ft3). Is this close? 

For port calculations what are the units 
of measure for the port length and radius? 
I suspect they are meters, correct? What 
length and radius were used in the ex¬ 
amples? My guesses here are 0.004191 
meters long by 0.00762 meters radius 
(1.65" by 3"). 
Formulas for QL, QA, and Qp were 

given in Table 1. Values of RAL were sug¬ 
gested to be based on a Q (Q¿?) of 7. Are 
there simple methods of coming close to 
approximate values of these resistors? 
My PSpice approach, though unsuccess¬ 

ful as yet, has been to model the driver 
as shown in Fig. 1 . The intent is to relate 
RI to a function of voice coil resistance 
R£. Coil LI relates to voice coil induc¬ 
tance L£. The tank circuit of C2, R2, and 
L2 would be related to the driver resonant 
frequency fs and the driver Q, further 
modified by enclosure impact. The values 
of R3, L3, and C3 would be included rel¬ 
ative to port parameters where applica¬ 
ble. I believe that most of the values can 
be manipulated from the various Qs of 
the driver, box, and port. Thus, it might 
be possible to reduce the mechanical type 
calculations and stay more in the elec¬ 
tronic domain (which is the world of 
PSpice anyway). 
What I had hoped to gain from this 

setup were input impedance curves and 
full-range output sound pressure levels. 
This would allow the simulation of a cab¬ 

inet with multiple drivers and the asso¬ 
ciated crossover and pad circuitry. Has 
anyone given any consideration to this 
kind of an approach? 

Stan Rohrer 
Beavercreek, OH 45430 

Roy Mallory replies: 

You have asked several questions I will attempt 
to answer in order. First, you ask about a value 
of VAB. I assume you are referring to the value 
selected for the acoustic suspension design. To 
calculate VAB, take the value of CCAB given in 
Table 6 and multiply it by the density of air and 
the speed of sound squared as indicated in Table 
1. The value is indeed 0.0256m3 as you state. 

Second, you are correct: the units for port length 
and diameter are meters. In fact, as I mentioned 
in the article, all units are MKS (meters, kilograms, 
seconds). It is important to note that no explicit 
length or radius was selected for the port used in 
the bass-reflex example—only the equivalent induc¬ 
tance was used. Inspection of the formula given 
in Table 1 that relates a port's equivalent induc¬ 
tance to its length and radius shows that there is 
not a unique mapping between inductance and port 
dimensions. You can always specify any radius, and 
calculate a length that makes the inductance value 
come out correct (or vice versa). Practical considera¬ 
tions, however, usually require port diameter to 
be between 2" and 4". 
Next, you ask about resistor values to model cab¬ 

inet Q. I used Small’s1 suggestion that cabinet losses 
in reflex enclosures can be modeled as leakage 
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losses, and so calculated a value of RM  based on 
the formula for Q¿ given in Table 1. 

Finally, there are, I think, several implicit ques¬ 
tions in your discussion of an alternate model for 
a loudspeaker and enclosure. I'm afraid I must ad¬ 
dress them in a general way, as to discuss them 
rigorously would require a long diversion into 
dynamic analogies. 
The circuit you show is topologically correct, 

although your description of what the various com¬ 
ponents represent is not correct in some cases. See 
Small 1 to get formulas for calculating the various 
component values. The topology you show is the 
electrical equivalent circuit. I used acoustical im¬ 
pedance analogous circuits in my article because 
I believed they were the simplest for the intended 
purpose. For enough insight into dynamic analogies 
to allow you to model various cabinet configura¬ 

tions with impunity, I suggest you consult Beranek, 2 

the aforementioned Small article, and the appen¬ 
dix in an article by Leach3 where he describes us¬ 
ing a gyrator to model a loudspeaker. I should warn 
you that unless you have a math or engineering 
background, you might find this reading frustrating. 
You certainly can use PSpice to model a whole 

speaker system including crossover/driver interac¬ 
tions. Although I have not read of anyone doing 
so, I can only imagine that any number of profes¬ 
sional speaker designers have done so, given 
PSpice's ubiquity, power, and low cost. There are 
some caveats though. 

First, voice coils act as if they had semi-induc¬ 
tance, not inductance (see Vanderkooy4 and 
Koonce5). Second, phase and frequency response 
effects due to cone and suspension parameters must 
be modeled. In general, the behavior predicted by 
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FIGURE 1: PSpice modeled driver. 

the simple types of models we have been discuss¬ 
ing are only accurate within the piston range of 
the speaker: that is, within that range where the 
cone can be considered to act as a perfect piston 
on the air. So beware and good luck. 

REFERENCES 
1. Small, R., "Vented-Box Loudspeaker Sys¬ 

tems Part 1: Small-Signals Analysis," JAES, 
June 1973. 

2. Beranek, L.L., Acoustics, Acoustical Soci¬ 
ety of America, 1986. 
3. Leach, W.M., "On the Specification of 

Moving-Coil Drivers for Low-Frequency Horn-
Loaded Loudspeakers," JAES, December 1979. 
4. Vanderkooy, J., "A Model of Loudspeaker 

Driver Impedance Incorporating Eddy Cur¬ 
rents in the Pole Structure," JAES March 1989. 
5. Koonce, G.R., "Crossovers for the 

Novice," SB 5/90, p. 26. 

SOLVENT SOURCE 
In the letters section [SB 3/91, p. 93), 
Angel Rivera asks about a solvent for sil¬ 
icone rubber. V.M. & P. Naptha can be 
used to thin most silicones and is avail¬ 
able in good hardware stores. To deter¬ 
mine if it is compatible with your type of 
silicone, try a test patch to ensure it doesn't 
inhibit a full cure of the rubber. 

Roy Mallory 
Bedford, MA 01730 

SILICONE THINNERS 
Regarding Angel Rivera's letter, "Wa¬ 
tered Down Silicone" [SB 3/91, p. 93), 
also see "The AR-1 Rejuvenated" [SB 
2/82, p. 7). From my experience using 
acetic acid based silicone, I have used 
isopropyl alcohol to wet the stuff and al¬ 
low it to become highly spreadable. Use 
your fingers or a brush. If too much stick¬ 
ing occurs, add more alcohol. I've used 
98% or 90% isopropyl alcohol and even 
70% rubbing alcohol successfully. Be 
careful around old and damaged foam. 
The alcohol can make it extremely soft 
until cured. 
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Oddly enough this doesn't work with 
alcohol-based silicone or similar "elec¬ 
tronic grade," which I have recommended 
using around metal or electronic parts. 
That includes GE RTV-162 or Permatex 
Ultra Blue #81724 which may require 
naptha or xylene to thin. 
I've stayed away from the "new" sili¬ 

cones, which are water cleanable. They 
don't seem to set as quickly. I don't think 
you should water down speaker cones. 

For those interested in a two-part pour¬ 
able silicon elastomer, try Dow Corning 
Sylgard #184. GE has a two-part mix 
(RTV-615) available from Newark Elec¬ 
tronics. Dow Corning offers a pourable 
one-part white dispersion coating (#236) 
leaving a 4-5 mil. thick coating after room 
temperature curing. 

Greg Szekeres 
Pittsburg, PA 15236 

WOOFER/M D 
PLACEMENT 

I am writing to comment on Ralph Gon¬ 
zalez's Delac S10 article [SB 3/91, p. 32). 
I have experimented with near-field con-
structive/destructive interference speaker 
alignments since 1986 and have found 
that forward/rearward placement of driv¬ 
ers gives a holographic and focused sound¬ 
stage that he had mentioned. I'm building 
a pair of dipole speakers using eight SEAS 
11FG-X drivers. My major concern is his 
placement of the two woofer/mids to re¬ 
duce "reverberant response step." 

Most single speakers including dipoles 
may be classified as single-slit inferome-
ters. Sonic inferometry is easily demon¬ 
strable to anyone owning a pair of ordin¬ 
ary loudspeakers. Sitting in front of a 
speaker you can hear the high, midrange, 
and low frequencies equally well. As you 
move slowly to the side of the speaker 
cabinet, the high frequencies begin to di¬ 
minish and then in some cases get louder 
and fade again. In a poorly designed mul¬ 
tispeaker cabinet, midrange may also 
fade rapidly. The angle at which this fad¬ 
ing begins is geometrically related to the 
wavelength and diameter of the speaker 
driver: 

sin 0 = X / speaker diameter 

Where X is the wavelength in millimeters 
and speaker diameter is the diameter of 
the individual speaker in millimeters; 0 
is the angle from the driver axis at which 
destructive interference occurs and at 
which those frequencies will fade out. 

Electrostatic speakers have incredible 
depth and a realistic image partially due 
to destructive interference. The sound 
emitted from the front of the diaphragm 
is 180 0 out of phase with the sound emit¬ 

ted from the rear. This causes almost total 
cancellation of all sound near 90° to the 
normal of the surfaces. Although this 
makes them inefficient, the cancellation 
prevents wall reflections, which smear 
and destroy spatial clues important in 
imaging. 

Using two drivers for the same frequen¬ 
cies is classified as a double-slit infero-
meter. This changes the aperture of the 
soundfield by narrowing it. The destruc¬ 
tive interference is now more dependent 
on the spacing between the two indi¬ 
vidual drivers. 

sin 0 = X / distance between the speakers 

Now back to Mr. Gonzalez's Delac S10, 
the two woofers are rotated about a hor¬ 
izontal axis giving a sharp rolloff above 
the tweeter at frequencies above 2.1kHz, 
considering the distance between the vir¬ 
tual centers of the woofers is 15cm. This 
will also give an effect that the upper mid¬ 
range music starts to "climb" the rear 
wall until the tweeter kicks in. 
A suggested cure for this would be to 

rotate the woofers about a vertical axis 
to place the woofers at the same height, 
one firing forward and one firing rear¬ 
ward. This is the principle on which I 
have been working. An added bonus to 

Continued on page 71 
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• Less early reflection to disturb spa¬ 
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• Less critical stereo listening position. 
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Continued from page 69 
this vertical axis of rotation is that destruc¬ 
tive interference occurs mildly to the out¬ 
side of the speakers cutting down early 
reflections from wall surfaces much like 
an electrostatic dipole. My speaker sys¬ 
tem has four woofers per module, the two 
forward firing located further from the 
listener than the rearward firing. The 

FIGURE 1: Speakers built as mirrored pairs. 
The left view of the speakers is shown on top, 
the top view is shown on the bottom. 

speakers are built as mirrored pairs as 
shown in Fig. 1. 

In the center are two % " tweeters (also 
SEAS), rotated along the same axis. Be 
careful to position the tweeters as close 
as possible to prevent a ' Venetian blind” 
effect. I like to call this arrangement "The 
Ultimate Point Source” loudspeaker. It 
uses double-slit inferometry to produce a 
well-controlled, coherent dispersion pat¬ 
tern well away from the side walls, the 
ceiling, or the floor, and instead focuses 
front and rear. This eliminates at the 
same time the reverberant step as both 
speakers are forced to limit their energy 
to 90° about their normal. This coheren¬ 
cy gives a high resolution to the final im¬ 
age formed by the left and right speakers. 
The double-slit phenomenon called stereo 
of the left and right speakers now has a 
highly coherent double-slit signal with 
which to start. This image produced is a 
true image not a B_e loudspeaker, or an 
artificial enhancement produced by a de¬ 
lay or inverting the opposite channel and 
passing it through a driver. 

Finally, I thank Mr. Gonzalez for writ¬ 
ing about his minimum-phase crossover. 
After reading it, I threw out the plans for 
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my simple single-inductor, single-capaci¬ 
tor series crossover. I am still looking for 
a subwoofer for this system (crossover at 
150Hz). 

Michael T. Allen 
Moreno Valley, CA 92388 

Ralph Gonzalez replies: 

My one criticism of the idea of modeling a dual¬ 
driver system as a dual-slit inferometer (other than 
the fact that I've never seen this term used in this 
context) is that this doesn't appear to take into ac¬ 
count the filtering effect caused by enclosure dif¬ 
fraction. Rather than two identical point sources 
separated by a distance (as assumed in the dual¬ 

slit model), we have two sources with frequency¬ 
dependent directivity and different frequency re¬ 
sponses. Namely, the rear driver's output on the 
listener axis begins falling above 500Hz, with an 
attendant phase shift in addition to that caused sim¬ 
ply by the time delay. 
For example, you needn't worry about a rear¬ 

mounted tweeter causing a "Venetian blind" effect, 
since at high frequencies the forward contribution 
of the rear-mounted tweeter will be negligible. 

For the above reasons, I didn't attempt to posi¬ 
tion the rear driver in a way that would "focus" 
the lobing pattern with the Delac S10. 1 was in¬ 
stead concerned with maintaining a narrow cabinet 
profile as described in the article. 

Nonetheless, your design looks promising and am¬ 
bitious, and I'm sure it works well. 
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IDEA DISCLAIMER 
Scott Wolf's pipe and ribbon system (SB 
3/91, p. 28) is quite interesting. I am a 
transmission line fan myself and can im¬ 
agine his system's bass quality is great, 
not to speak of the ribbon's performance. 

It is gratifying to know he is using the 
near-field listening arrangement. It is mes¬ 
merizing when used properly. I must dis¬ 
claim its idea, since it has been in use by 
all those involved in close-range monitor¬ 
ing for years. Peter W. Mitchell wrote 
about it in a Boston newspaper and in a 
widely read audio magazine before I 
wrote about it here. It was Mr. Mitchell 

who presented a convincing case for this 
arrangement, as an exciting audiophile 
alternative. 

Carlos Bauza 
San Juan, Puerto Rico 00936-1220 

HOW DO I...? 
I have built the Swan IV speaker system 
using the Focal 5N412-0B5 and the D-28. 
In SB 1/91 (p. 91) in his answer to Mike 
Chin, Mr. D’Appolito states that the 
29mm Scanspeak D2905 would be a good 
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choice. I'm not an engineer, but I would 
like to know in reasonable layman's 
terms, diagrams, and so on, how to re¬ 
place the D-28 with the D2905. Would 
this result in a more transparent sound? 
Are there any trade-offs? 

David Smith 
Bothell, WA 98041 

Contributing Editor Joe D’Appolito replies: 

1 don't have a design worked out for the D2905 
tweeter. I suggested its possible use, but it's up to 
the reader to carry out the design. 

APPLYING 
DIFFRACTION LOSS 

I have Ralph Gonzalez's LMP program 
and understand its operation. However, 
I am stymied as to how to apply diffrac¬ 
tion loss as it pertains to my particular 
project. I have been working on a proj¬ 
ect similar to Peter Hillman's, although 
not nearly so large. 

Mr. Gonzalez in his original three-part 
series in 1987 [SB 1/87, p. 18; 2/87, p. 42; 
3/87, p. 38) spoke about limiting diffrac¬ 
tion loss in the design of a speaker cabinet 
or taking it into account when designing 
the crossover. He mentioned that the ef¬ 
fects of diffraction loss can be minimized 
by placing the drivers asymmetrically on 
the baffle surface so no driver sees an 
equal distance to the baffle edges. 
The baffle of my cabinets is 21" wide 

and 6' high and no driver is equidistant 
from the baffle edge. The center lines of 
the drivers are 7" from one edge and 14" 
from the other. How do I figure diffrac¬ 
tion loss into the mix of things in terms 
of the amount of loss and at what fre¬ 
quencies? Also, how do you arrive at 
these frequencies? I do not have the re¬ 
quisite equipment to start running fre¬ 
quency plots. 

Herbert Meyers 
Longmeadow, MA 01028 

Ralph Gonzalez replies: 

First, it is not true that asymmetrical driver place¬ 
ment will eliminate the usual 6dB "diffraction loss” 
that occurs at low frequencies where the wavelength 
is large compared to the enclosure dimensions. The 
best you can hope to accomplish by beveling the 
enclosure edges or mounting the drivers asym¬ 
metrically is to obtain a smooth 6dB loss at low 
frequencies. 

LMP uses a simple model for diffraction loss, or 
what I’ve termed the "response step." The model 
is accurate for a spherical enclosure, but is still a 
reasonably good fit for a rectangular one, provided 
the drivers are mounted asymmetrically or the 
enclosure edges are beveled. It is permissible to 
position the drivers symmetrically so they are 
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equidistant from the left and right enclosure edges, 
provided the listener is not positioned directly on-
axis-the speaker should be toed in or out so it is 
not facing the listener directly (see "Diffraction— 
The True Story," Robert Kral, SB 1/80, p. 28). 

If you do mount the drivers asymmetrically, it 
is best not to make the distance from one edge a 
multiple of the distance from the other edge as you 
have done. However, as long as you listen slightly 
off the main axis, you shouldn't have a problem. 

As stated in my 1987 article, you generally can 
get a good LMP model of your driver by assuming 
a 6dB response step (be sure to enter a value of 
sensitivity that is 6dB lower than the specified value 
to account for this). The response step frequency 
you enter in LMP is that whose wavelength is equal 
to the enclosure width. For a 21" wide baffle as 
in your case, calculate: 

F = 13,500 / 21 

Thus, you should enter 643Hz for the frequency 
of the response step in your LMP model. 
As stated in my article, you may or may not see 

such a response step on the manufacturer's fre¬ 
quency response graph for your driver, depending 
on the measuring conditions. If the driver was mea¬ 
sured in a large baffle |as is often the case for 
midranges and tweeters), the response step may take 
place at such a low frequency that the driver’s 
response appears flat. However, when you use this 
driver in your own system with a smaller baffle, 
it will have a visible response step. On the other 
hand, many woofers are measured in small enclo¬ 
sures similar to those the speaker builder may use, 
and you will see a gentle 6dB rise in the manufac¬ 
turer's curves. 

Occasionally a driver's response will be tailored 
so the response step doesn't appear even though 
a small enclosure was used for the manufacturer's 
measurements. In such cases, you may try to make 

the LMP model match the manufacturer's measure¬ 
ments by reducing the height of the response step. 
This is why it is critical to know the measurement 
conditions. At least one company (SEAS) provides 
all the necessary information in their data sheets. 
Once you have modeled your driver's response 

steps, you can attempt to eliminate the effect us¬ 
ing the crossover. For example, place the woofer's 
low-pass filter a little lower than usual and pad the 
midrange or tweeters an extra 3-6dB. It's okay to 
leave about 3dB of the response step intact, in my 
opinion. 

MYSTERY SYSTEM 
I recently read a detective novel in which 
the victim is a cantankerous, elderly 
speaker designer who’s invented a revo-

SPEAKER COMPONENTS 

dIíímaudio 

ŒeiDN 

scan-speaK 

vifa 

CROSSOVER COMPONENTS 

FAST CAPACITORS 
Metallized Polypropylene (Non-Polarized) 
Values from 1.0 mfd to 200 mfd. 
Voltage Rating: 250 VDC / 150 VAC 

SOLEN INDUCTORS 
Perfect Lay Hexagonal Winding Air Cored 
Values from .10 mH to 30 mH, 
Wire Sizes from #20 AWG to #10 AWG 

HEPTA-LITZ INDUCTORS 
Seven Strands Litz-Wire Constructions 
Values from .10 mH to 30 mH 
Wire sizes from It 16 AWG to # 12 AWG 

SOLEN CROSSOVERS 
Custom Computer Design 
Passive Crossover for Professional, Hi-Fi and 
Car Hi-Fi, Power up to 1000 Watt. 

CROSSOVER, SPEAKER PARTS 
Gold Speaker Terminals, Gold Banana Plugs 
Gold Binding Posts, Crossover Terminals, 
Power Resistors, Mylar Capacitors, 
Plastic Grill Fasteners, Nylon Ty-Wraps 
Grill Cloth, Car Speaker Grills, Mise. Parts. 

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

Tel.: (514) 656-2759 
Fax: (514) 443-4949 

COMPUTER AIDED DESIGN FOR 
ENCLOSURE AND CROSSOVER 
AVAILABLE TO CUSTOMER 

Product specifications and prices 
available upon request 

Fast Reply HIF1063 

Speaker Builder / 5/91 73 



CIRCUIT 
BOARDS 

Old Colony 's boards are made of top quality epoxy 
glass, 2 oz. copper, reflowed solder coated material 
for ease of constructing projects that have appeared 
in Audio Amateur and Speaker Builder magazines 
The builder needs the original article (indicated by 
the date in brackets, i.e., 3:79 for articles in Audio 
Amateur and SB 4:80 for those in Speaker Builder) 
to construct the projects, 

C-4: ELECTRONIC CROSSOVER (DG-13R) New 
2x3'/4" board takes 8-pin DIPS, Ten eyelets for 
variable components. [2:72] $10.00 
F-6: 30Hz FILTER/CROSSOVER (WJ-3) 3x3" [4 75) 
High pass or universal filter or crossover, $10.00 
H-2: SPEAKER SAVER (WJ-4) 3'/ax5’/a" [3:77] 

$13.25 
J-6: SCHROEDER CAPACITOR CHECKER (CT-10) 
3’/4X6" (4:78) $9.95 
K-3: CRAWFORD WARBLER 3'/4x3%" (1:79) 

$11.20 
K-6: TUBE CROSSOVER. 2 x 4’/z" [3:79] Two need¬ 
ed per 2-way channel Each $12.50 

Four $40.00 
K-7: TUBE X-OVER POWER SUPPLY 5x5%" 
[3 79] $12.95 
L-2: WHITE LED OVERLOAD & PEAK METER 
3x6" [1:80] One channel $18.70 
L-6: MASTEL TONE BURST GENERATOR 
3'/ax6%" [2 80] $15.75 
L-9: MASTEL PHASE METER 6%x2%" [4:80] 

$11.25 
SB-D2: WITTENBREDER AUDIO PULSE GENERA¬ 
TOR 3Vz X 5" (SB 2 83) $11.85 
SB-E2: NEWCOMB NEW PEAK POWER INDICA¬ 
TOR 1 x 2" [SB 2:84) $3.90 
SB-E4: MULLER PINK NOISE GENERATOR 
4'/8x23/,6" (SB 4 84) $9.40 
More than 65 boards In stock. Write tor complete list. 

Ordering Information: Please print in cleat block capitals 
quantity needed, board number and price. Total the 
amounts and REMIT IN US S ONLY by MC/VISA. check 
or money order. Postpaid in US; in Canada, please 
add 1O°/o of total cost; overseas, add 20%. 

ORDERS UNDER $10, PLEASE ADD $2. 

□ MC □ VISA □ CK/MO 

NAME MAGIC NO. 

STREET & NO 

CITY STATE ZIP 

MC/VISA EXP. 

QTY PRICE 

_ board(s) #_ $_ 

_ board(s) «_ $_ 

_ board(s) #_ $_ 

OLD COLONY SOUND LAB 
PO Box 243. Dept B91. Peterborough. NH 03458-0243 

(603) 924-6371 FAX (603) 924-9467 

Answering machine for credit card orders only: (603) 924-6371 
before 9:00 a.m., after 4:00 p.m and weekends. 
Have all information plus MC/VISA available. 

lutionary new system and is killed in an 
aneochoic chamber. You find out who¬ 
dunit in the end, but the exact nature of 
this superspeaker isn't revealed fully. The 
book is The Dead Room by Herbert Res-
nicow (Dodd, Mead & Co., New York, 
1987). 

Now, if this is a tip for recreational read¬ 
ing you didn't know about already, per¬ 
haps I can ask questions about a proposed 
system that holds some mysteries for me. 
I wish to build a set of satellites and sub¬ 
woofers, and I have queries about both. 
I am not an engineer, though I have 

built kits over the years: Dynakits and 
Heath, and to show my age, EICO and 
even an Allied Radio amp years ago. I 
have built speaker systems, the last be¬ 
ing a three-way, with the crossover made 
by Madisound. I have built crossovers 
from schematics designed by others, but 
I do not have the knowledge to translate 
a more complex schematic into a nuts-
and-bolts device, that is, into an electronic 
crossover. 
I'd like to make the subs with two 10" 

VMPS woofers each, in a sixth-order box. 
In The Loudspeaker Design Cookbook, 
Vance Dickason mentions a Speaker 
Builder article by Robert Bullock in 1982 
on the subject. He does not footnote the 
paper, however, so I cannot ask our li¬ 
brary to get a copy for me. MIT doesn't 
get the magazine and the Boston College 
library doesn't have it back that far. Do 
you have a reprint? Or, if not, do you 
have the full reference? 
Mr. Dicakson says an Old Colony filter 

KF-6 can be modified to make the things 
work. How explicit are the instructions 
in your article or those of Old Colony? I 
don't, without explicit, step-by-step guid¬ 
ance (or perhaps a stuffing guide, a photo¬ 
graph, or a circuit diagram) know how to 
connect a power supply to the device. If 
I use an Old Colony or Marchand cross¬ 
over, can I use the same power supply for 
the crossover and the filter and put the 
whole mess in a single box? 
The VMPS specs are fs = 28Hz, VAS = 

3.2 ft3, and QTS = 0.31. I found formulas 
for a sixth-order box in R. Kaufman's 
Enhanced Sound (pp. 140-1): VB = 4.1^5 
x Qr2 and fB / f3 = 0.3fs / QT. I get a VB 
of 1.26 ft3 (doubled for two woofers) and 
a fB = 26.5Hz. Does this agree with your 
design? How do I calculate the correct 
port diameter and length and tune the 
box? Am I correct in thinking a sixth¬ 
order involves deliberately misaligning 
(or mistuning) the system, which is then 

corrected by the filter? 
Kaufman gives a design for a "bass en¬ 

hancer" that can be modified for a sixth¬ 
order vented system. But, once again, he 
provides the schematic, and I, beginner 
as I am, need to know what to solder to 
what and how to lay out the wires and 
components. 

Next, the satellites. A&S has a Polydax 
sale, and I'd like to use 6‘/z" Bextrenes in 

a D'Appolito configuration, with the ap¬ 
propriate 18dB passive network. I wish 
to use Dynaudio D-28s as HFs. I have a 
choice: the MHD17B37T2C12 (fs = 33, 
Qt = 0.19, VAS = 1.1, $48.50) or the 
MHD17B25R2C12 (fs = 31, Qr = 0.31, 
VÄS = 1.25, $32). 

Both have cast frames and are 25% less 
the above prices. The B37 has a larger VC 
and 10W more power handling. The B25, 
however, has an SPL of 84 (versus 87). 
As the pair of speakers combined raise 
the SPL by 6dB, would the B25s be more 
appropriate? 

Another consideration is that I'd like to 
start with the satellites and make the subs 
later, when I have the time/money. That 
means I'd like them to have the best low-
end possible. With a QB3 alignment and 
Mr. Dickason's tables, I get the follow¬ 
ing: B25R—VB = 0.48 ft3 (times 2 for two 
drivers), f3 = 46.7Hz. B37T- VB = 0.125 
ft3 (times 2), f3 = 88.2Hz. 
This would make the smaller VC B25R 

the preferable drivers if I have applied the 
Cookbook's recommendations correctly. 
Is there, in fact, a way to get better low 
response from the larger VC speakers? 
Another question applies to the whole 

business: subs, satellites, and filters. I 
don't have access to test equipment, or 
the training to use it. But, if I can get A&S 
to test the individual drivers, so that I 
have T/S precise figures for each, do I 
have a snowball's chance of getting the 
entire project to come out right? I can, if 
it would help, get a Radio Shack SPL 
meter and test CD to aid the tuning. 
I have asked a lot of questions, which 

I hope give some idea of the stage of my 
amateur status. I hope I've asked the right 
ones and not omitted anything critical. 
Perhaps I could read other sources that 
would help me. 

Niels Winther Braroe 
Cambridge, MA 02139 

Contributing Editor Robert M. Bullock replies: 

The article you refer to is now part of a book called 
Bullock on Boxes. It is available from Old Colony 
Sound Lab, PO Box 243, Peterborough, NH 03458, 
(603) 924-6371, $10.95. The instructions for mak¬ 
ing the equalizer are straightforward and a stuff¬ 
ing guide is included. I have connected up to four 
boards to a power supply sold by Old Colony 
without any problems. 

Your questions about calculating the correct port 
length and tuning the box are covered by other ar¬ 
ticles in the book. As far as the logic behind the 
sixth-order systems, it is not a matter of "mistun¬ 
ing" anything, but rather one of synthesizing a sixth¬ 
order instead of a fourth-order filter. The required 
design parameters are different. 

Your questions about the particular designs you 
have in mind are best answered by using a pro¬ 
gram called BOXMODEL sold by Old Colony. You 
enter proposed parameters for your system and 
BOXMODEL produces the Thiele/Small response 
functions for the system. You can vary the system 
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parameters in the program until you get the re¬ 
sponses you like best. Then you can build the sys¬ 
tem using those parameter values. It probably won't 
be a tabulated alignment you wind up with, but 
they are not inherently better. It is simply that they 
are known to be well-behaved without having to 
examine their responses. 

Once you get a system built, you usually have a 
long adjustment process if you wish to hit a tabu¬ 
lated alignment exactly. With BOXMODEL you can 
bypass this and check the performance of your 
system by putting its parameters into BOXMODEL. 
If you are satisfied with the responses, you are done. 
If not, you can vary parameters in BOXMODEL until 
you get something you like. Then go to the system 
and try to modify it to produce those parameters. 

It is probably a good idea to have a copy of the 
book and the software, because the software as¬ 
sumes you are familiar with the jargon of Thiele/ 
Small models. 

ARIA QUESTIONS 
I'm impressed with Joe D’Appolito's 
loudspeaker designs and I will be build¬ 
ing an Aria 5 soon. I have a couple of 
questions regarding the Aria 5 and Aria 
10 kits. 
Would power handling at resonance or 

sound quality of the Aria 10 bandpass 
subwoofer be improved if the sealed cab¬ 
inet section were aperiodically damped 
with a Dynaudio or Scanspeak variovent? 
Would this be a worthwhile mod to the 
Aria 10 subwoofer? 

Is the Aria 5 max SPL limit due to the 
excursion limit of the dual midbass driv¬ 
ers or to the T90 tweeter? Could the max 
SPL be increased if crossed over to a sub 
at 150Hz? 

Will Firstbrook 
Delta, BC, Canada V4C 4J9 

Contributing Editor Joe D'Appolito replies: 

Aperiodic damping makes up for inadequate magnet 
strength to control the damping of closed-box sys¬ 
tems around their system resonance. It also helps 
to control cone motion in these systems under large 
excursions. In the case of bandpass systems, like 
bass-reflex systems, cone damping is actually at a 
maximum around system resonance due to the op¬ 
timized acoustic loading of the tuned front volume. 
In a properly designed bandpass system, aperiodic 
damping would be of little value and greatly de¬ 
crease system efficiency. 

BANDPASS 
EQUATIONS 

Along the same lines as Abel Nemeth's let¬ 
ter in the 2/91 issue of SB, I decided to 
curve-fit the design data used for sealed/ 
vented bandpass enclosures described in 
Jean Margerand's articles in SB 6/88 and 

Specializing in Speaker & Crossover Design 

VIETA woofers from Spain 

/a 
SCR metallized 
polypropylene 
capacitors 

ACCUTON 
ceramic concave 
Dome Drivers FIXAI. 

Fast Reply RIF412 
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Grenier Cabinets, 5901 Jennings Road, 
Horseheads, NY 14845, (607) 594-3838 

Music to your eyes 
Speaker cabinets for the custom builder. 

Grenier Cabinets offers a full line of speaker cabinets and 
stands that allow you to custom design your own speaker system. 

You can choose from 25 models in several different styles of 
oak and walnut veneer. The cabinets come fully assembled and 
unfinished, allowing you to create just the right 
finish to match your room. Lacquer and matte-
laminated finishes are avail¬ 
able in all colors of Formica? 
Wilson Art® and Pionite? 

Choice of brown or black 
grille cloth. Stands can also 
be made to complement the 
cabinets. Round holes cut for 
drivers at nominal charge. 
Terminal plates and ports 
available. 

Call or write for our new, 
color brochure and price list. 
Formica* is a registered trademark of the 
Formica Corporation. Wilson Art* is a regis¬ 
tered trademark of Ralph Wilson Plastics. 
Pionite'* is a registered trademark of Pioneer 
Plastics Inc. 
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HIGH TECH 
ASPIRIN 

by 
CIZEK 

NEW AUDIOPHILE SERIES 
SOLID WOOD SPEAKER SYSTEMS 
(SATELLITES ARE 2 INCHES THICK) 
FEATURING RED OAK, WALNUT 
CHERRY, ZEBRA, PURPLE HEART 

DRIVER AND SYSTEM 
CATALOGS AVAILABLE 

CUSTOM DRIVERS / SYSTEMS / 
ENGINEERING / CONSULTING 

UPON REQUEST 
(28 YRS EXPERIENCE) 

HTA, INC. 
1611 Crenshaw Boulevard 

Suite 142, Department SB0591 
Torrance, CA 90501 

(213) 539-2469 
1-800-394-4HTA 
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RAMSDELL AUDIO 

MODEL SW2710 
6.3" Edgewound voice coil 

103dB/1W/1M 
(band limited pink noise— 
32-150Hz in 15 ft.3 cabinet) 
Power Handling—500W RMS 

1000W Program 
52 lbs. 

Fs 18.5Hz 
Qts .275 
Qes .293 
Qms 4.16 
No 4.0% 

Re 5.7Ü 
Le 3.0mH 
Xmax ±4mm 
Vas 1720 liters 
Piston Dia. 23.3" 

27" SUBWOOFER 
Polypropylene cone-

Double Roll Cloth Surround 

Retail $1,250. 
Call or write to: 

P.O. Box 76186 
St. Petersburg, FL 33734-6186 

(813) 823-8037 
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FIGURE 1: S = 0.4. FIGURE 2: S = 0.5. 

FIGURE 3: S = 0.6. FIGURE 4: S = 0.7. 

FIGURE 6: Q'r versus relative system effi¬ 
ciency, S = 0.4 to S = 0.7. 

FIGURE 5: System efficiency relative versus 
Q'r, S = 0.4 to S = 0.7. 

1/89. They give most design equations 
needed, but only four design tables for 
the different S values (the damping fac¬ 
tor of the system, 0 < S < 1; design 
tables for S = 0.4, 0.5, 0.6, and 0.7). Dif¬ 
ferent values of S will determine the 
amount of ripple in each design. In these 
design tables, Q'T (the total suspension 
factor of the driver loaded by the back 
volume; always > Qre) is varied and fL I 
(fs / Qre), fH / (fs / Qrs), and the relative 
system sensitivity are calculated. 

The equations derived for calculating 
ft (fs / Qts) are fifth-order polynomials 
except for the S = 0.7 case, in which the 
fourth polynomial is used. Input is Q'r, 
and the result is f( / (fs / Qts), from 
which fH / (fs / Qts) can be derived (fH / 
(fs / Qts) minus fL / (fs / Qts) equals the 
values given in Table 2, p. 32). Multiply¬ 
ing these numbers by the ratio of fs / Qts 
(determined by the driver used) yields the 
high and low -3dB points. 

Figures 1-4 show the plots and equa¬ 
tions derived. Figures 5 and 6 show a 
family of curves from S = 0.4 to 0.7. 
Figure 5 shows the relative sensitivity (dB) 

S = 0.4, 0.7887 < Q't < 1.9811 
dB = -3.8763 + 39.999 log,0(Q'r) 
Q't = 1.25 X l0(0 025dB> 

S = 0.5, 0.6310 < Q'r < 1.5849 
dB = -4.9198e 5 + 40.001 log /0(Q'r) 
Q'r = 1.00 X io<OO2SdB > 

S = 0.6, 0.5258 < Q'r < 1.3207 
dB = 3.1673 + 40.000 log ro(Q'r) 
Q'r = 0.83334 x 10<° 02499dB> 

S = 0.7, 0.4507 < Q'r < 1.1321 
dB = 5.8454 + 40.000 log,0(Q'r) 
Q'r = 0.71427 x l0«>025dB) 

FIGURE 7: Equations for relative sensitivity 
and Q'r-
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given Q't, while Fig. 6 shows Q'T given 
the relative sensitivity desired. The equa¬ 
tions are shown in Fig. 7. 

Obviously, the decibel equation and the 
Q'r equation are the same, with different 
variables isolated. I gave both equations 
so you could find a desired Q'T for a 
given decibel requirement, or vice versa. 

The curve fits for all the equations con¬ 
form well to the table data. I use the equa¬ 
tions in a spreadsheet, and the equations 
for the first four figures show a maximum 
error of 0.003 in calculating ft (fs / Qrs ), 
at the extremes of the Q'r range. 

James Stratman 
Carmel, IN 46032 

LS DESIGN PROCESS 
I'm intrigued by comments from Joe 
D'Appolito in SB 1/91 in response to a let¬ 
ter. He says the mathematics of design¬ 
ing asymmetric (double vented) bandpass 
subwoofers are well worked out, but com¬ 
plicated, and require computer iteration 
techniques. He also implies that computer 
design software is available to help in this 
process. 
My perusal of SB; books by David 

Weems, Robert Bullock, and Vance 
Dickason; and software downloaded from 
the Madisound Bulletin Board provide no 
relevant mathematics or software. I have 
seen ads for commercial software (LEAP), 
which purport to be able to help with these 
types of designs. Unfortunately, LEAP and 
other commercial programs priced in the 
$200 range are beyond my budget. 
Can Mr. D'Appolito provide me refer¬ 

ences to the mathematics required for 
such designs or to moderately priced soft¬ 
ware? If I can't find software within my 
budget, I'd like to try my hand at writing 
such software, or including it into the 
BASIC programs already written by 
Bullock, White, and others. 

Roderick Prior 
Farmington, ME 04938 

Contributing Editor Joe D'Appolito replies: 

I believe you have slightly misinterpreted my let¬ 
ter. Mathematical models for bandpass loudspeakers 
are available. If these equations are properly pro¬ 
grammed, you can predict the response of a given 
driver in a given enclosure. This is called the analysis 
process. The design process is more complicated. 
You start with system specifications and try to find 
the driver and enclosure combination that meets 
those specs. Most of the software you mention can 
analyze a given bandpass configuration, but it can¬ 
not design to spec. 

I am developing bandpass design software. With 
it, you will input the driver parameters you wish 
to use and specify upper and lower - 3dB frequency 
points and the order of the bandpass design you wish 

PINPOINTS 
A sound 

foundation for 
all components 
of your system. 

SPEAKERS 

EQUIPMENT 

RACKS 

TURNTABLES 

ST A N DS 

Call, Write or FAX 
your order to 

AUDIOPRISM 
A Division of RF Limited 

P.O. Box 1124 
Issaquah, WA 98027 
Tol: 206/222-4295 
FAX: 206/222-4294 

PinPoints have been 
designed to enhance 
the sound of your 
speakers through 
better coupling to the 
flooring eliminating 
unwanted distortion. 
Better coupling to the 
floor improves 
imaging, and bass 
resolution. Unlike other 
products that are 
simply placed under 
the speakers, PinPoints 
are designed to be 
permanently attached 
to the speaker. This is 
mechanically and 
sonically better than 
just placing the cones 
under the speakers. 
The PinPoint is a spike 
that has been threaded 
so that the rake angle 
can be adjusted to 
improve the vertical 
dispersion of the 
speaker. Each PinPoint 
is rated at 75 lbs, 
constant pressure. 
Threads are 1/4x20. 

Select From Two 
Mounting Systems. 

T NUT 
INSERT 

T-Nut Insert 
Kit Contains: 

4 PinPoints 

8- 1/4" Jam Nuts 

4 Threaded Inserts 

$8.00 suggested retail 

Threaded Spiral Insert 
Kit Contains: 
4 PinPoints 

8 1/4" Jam Nuts 

4 Threaded Inserts 

1 - 6mm Allen Wrench 

$11.00 suggested retail 
Fast Reply HIF695 

How to distinguish a thinking 
audiophile from 

a gullible, tweako cultist. 

are 

iüc 
Fast Reply HIF198 

just about certain that you 
will become one of our 
staunch and enlightened 
long-term subscribers. 
The Audio Critic, Inc., 
P.O. Box 978, Quaker¬ 
town, PA 18951. 

academics and industry professionals, 
and they read those...well, those other 
“alternative” audio magazines to which 
The Audio Critic is the best alternative. 

Special offer! Send $17.50 for an 
introductory package of the last five is¬ 
sues published (Nos. 11 through 15), 
all of them still 100% timely and up-to-
date. That represents a 50% discount 
off the newsstand price and a 36% dis¬ 
count off the regular subscription price. 
After you have read these five fat is¬ 

sues and understood what The 
Audio Critic is all about, we 

Thinking audiophiles worry about, 
and focus on, listening room acoustics 
and speaker placement, speaker system 
design and transducer technology, A/D 
and D/A converters, surround-sound 
processors, microphones, recording 
techniques—all the things that make a 
genuine difference. And they read The 
Audio Critic, the journal that combines 
the highest standards in equipment test¬ 
ing with an insistence on sanity and 
scientific accountability. 

The tweaks and cultists, on 
the other hand, focus on wires 
and cables, tiptoes and CD 
rings, tubes vs. transistors, 
$200 line cords, etc. They 
are on their 37th pream¬ 
plifier but only their 3rd 
speaker. They seem to be 
oblivious to the snickers of 
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MLS2X0P V1.0 
MLSSA to XOPT 
Interface program 

MLS2XOP is a post-processing program 
that allows you to convert: 

• Linear-scaled ASCII ouput data files from the 
Acoustical Measuring System MLSSA 

to a: 

• Logarithm-scaled ASCII input data file re¬ 
quired for the Loudspeaker Crossover Design 
and Optimization Program XOPT. 

Easy to use pop-up menu driven program 
with two process methods to chose from: 

• Interpolation using Lagrange polynomial 
method. 

• Closest point method. 

Only. . . $99.00 US! 

Solan Electronique, Inc. 
4470 Thibault Avenue 
St-Hubert, QC J3Y 7T9 
Canada 
Tel: 514-656-2759 
Fax: 514-443-4949 

For IBM PC/A T/386 and compatibles, 
MS-DOS 2.0 or higher. 

Fast Reply HF 1149 

MW 
ACOUSTA-STUF 

THE VERY BEST DAMPING MATERIAL 

AVAILABLE FOR SPEAKER SYSTEMS. 

COST IS $ 8.00 PER POUND. CANADIAN 

RESIDENTS ADD $ LOO PER LB. FOR 

SHIPPING. ÏE ACCEPT CHECKS, MONEY 

ORDERS, AND C.O.D.’S BY PHONE. 

' THE HATCHBACK " 

8" 2 ÏAY VENTED AUTOSOUND SYSTEM 

$ 450.00 COMPLETE KIT 

SPEAKER KITS 
ÏE NOW HAVE SIX SPEAKER SYSTEM 

KITS, INCLUDING TWO AUTOSOUND 

SYSTEMS. ALL KITS ARE COMPLETE 

WITH CABINETS, CROSSOVERS, AND 

ACOUSTA-STUF DAMPING MATERIAL. 

CALL OR WRITE FOR A FREE CATALOG. 

2610 SCHILLINGERS RD. “ 488 

MOBILE, ALABAMA 36695 

(205) 633-2054 AFTER 5 PM CST 
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to use. The program then generates an optimum 

bandpass design for that driver and the specified 
passband if such a design is possible. If not, the pro¬ 
gram indicates that the driver you have selected is 
not suitable for the design you requested. 

Unlike many simplified Thiele/Small analysis pack¬ 
ages, this program accurately models driver loading 
in the enclosure and enclosure losses. The program 
outputs a complete design, including front and rear 
volumes, tuning, port design, and the design of any 
auxiliary equalizer required. It also plots frequency 
response, max SPL, input power at max SPL, and 
input impedance. Multiple designs can be compared. 
Furthermore, this software has been integrated into 
a more general analysis and design package for con¬ 
ventional closed- and open-box systems with and 
without equalizers, so that all these designs may be 
made and compared. 

I stress again this is a two-phase program. Phase 
one consists of automated and automatic design. The 
second phase is an analysis phase where you can 
modify the optimum design to accommodate other 
constraints. (I get to decide what the "optimum" 
design is.) For example, the optimum design may 
require an enclosure that is too large for your room. 
In phase two, you can examine the effect of reduc¬ 
ing the enclosure volume. 
The software is currently operational and under 

test. A few of my speaker builder friends are living 
with the software and noting deficiencies. When we 
are confident the program is correct and user 
friendly, it will be made available to SB readers at 
a reasonable price. The process of software valida¬ 
tion is tedious and time consuming, but very 
necessary. 

PORT PLACEMENT 
I read with interest "The Diffusor Port" 
(SB 2/91, p. 45) as I have built the basic 
box in Fig. 1 and cut out the front panel 
with the problem of port placement. I had 
considered a 4" I.D. port on the rear baf¬ 
fle until I read your article. With fB 37-
40Hz, will this present much "irregular¬ 
ity" in response? As a second option, I 
might squeeze two 3" I.D. ports on the 
front baffle either between the tweeter 
and mid or below the woofer. This places 
the ports close to the walls and woofer 
in the bottom position, and to the walls 
in the upper position. 

With the dual 3" ports below the woofer 
on the front panel, the ducts will be about 
Wz" from the side and bottom and about 
21/2" from the woofer cone. Is that okay? 

Finally, I could take %" by 316" spruce 
and cut angles with a saber saw to make 
the ramps for the diffusor port, using 4" 
I.D. PCV schedule 40 pipe. If I do this and 
put a permanent bottom on the port, the 
cabinet height will be a little low. Perhaps 
I could use three spikes and adjust in the 
back one to give it some tilt. 

If the rear port is okay for response, I 
assume I must move it up above my 
front/back brace. The 2-3" ports on front 
may give the most flexibility in placement 
if mutual coupling and proximity to en-

FIGURE 1: Mr. Ireson’s port placements us¬ 
ing a %" by 1 16" side-to-side brace and a 1 " 
by 4" front-to-rear brace. Approximately 3 ft.3, 
fs = 37-40HZ for SEAS CA25FEY woofer, 
Qm = 1.9, Qe = 0.35, VAS = 1351, fs = 33Hz, 
SD = 350 cm.2, X.MAS = 4mm. 

closure walls aren't a problem. What is 
your opinion of the three port placement 
options (back, front, and diffusor) for my 
particular cabinet? It's holding me up in 
finishing the system. 

Fred Ireson 
Huntington, WV 25701 

Contributing Editor G.R. Koonce replies: 

Mr. Ireson has run into the problem all vented-
box (or passive-radiator) builders face. Does the 
front panel have enough room for the port; if not, 
where does it go? The passive-radiator problem is 
more difficult than the vented-box port because the 
PR unit has a much larger diameter. Also, the prob¬ 
lem can get acute for small vented enclosures where 
the port duct is sometimes longer than the enclosure 
is deep, unless you wish to reduce the duct diameter 
to that of a soda straw. 

Mr. Ireson asks the following three questions: 
1. How do you estimate any response anomaly 

effects of a rear-mounted port? 
2. How close to the woofer can the port be located 

on the speaker board? 
3. How close to the walls of the cabinet can the 

port duct be located? 
I do not claim to be an expert on optimum port 

placement, but I will try to answer these questions 
from my experience and from what I have read. 

Port not on the speaker panel. 

The following discussion pertains to any time the 
port (or passive radiator) is located on any face of 
the cabinet other than the panel containing the 
woofer, or is on the same face but a large distance 
from the woofer. It thus pertains to rear ports, ports 
in the side of the enclosure, and the diffusor port 
in the cabinet bottom, which I like. In "The Dif¬ 
fusor Port," I showed that a rear-mounted port 
could affect the system response. I believe some 
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FIGURE 2: Driver, port, and resultant responses for lossless B4 alignment. 

readers became overcautious about the rear¬ 
mounted port based on this work. 1 will attempt 
to estimate the "irregularity" such a port can cause. 

The port radiates major output over only a fairly 
narrow band about the box-tuned frequency, fg. 
The frequency band to be considered is a function 
of the alignment used. Figure 2, from Benson, 1 

shows the theoretical driver, port, and combined 
output for a lossless B4 vented-box alignment. Us¬ 
ing this as a typical example, you see the port out¬ 
put dominates up to about 1.4 times ie, at which 
point the contributions are equal and will be very 
close to "in phase" and thus adding directly. 
If anything causes phase shift between the port 

and driver outputs, the combined response will dip 

up against the wall or even worse be built into the 
wall? It is this consideration rather than the time 
delay that forces me away from the rear port. When 
building for yourself, you can control this environ¬ 
ment and the rear port becomes a viable option. 
Certainly many successful vented-box and passive¬ 
radiator systems have been built with rear-mounted 
vents or a PR unit. 

Port located close to the woofer. 
If the port and woofer are close together, you will 
get a mutual interaction. This effect was investigated 
by Small2 with the following results: 

(fB X D) PRODUCT 
FIGURE 3: Estimated response dip versus (fs 
X D) product. 

1. A practical limit on woofer center-to-port center 
distance is about 1.5 times the woofer cone radius. 
2. This placement can produce a mutual interac¬ 

tion of 2-8%. 
3. Unless the woofer cone mass is very low, this 

amount of interaction did not have a significant 
effect. 

somewhat. Such phase shift is introduced when the 
port output has a longer path to the listener than 
the driver output—when the port is not located 
fairly close to the speaker. You can estimate this 
phase shift from the increased path length and the 
speed of sound in air. Once you know the phase 
shift, you can estimate how much reduction will 
occur in the summation of the equal vector port 
and driver outputs and thus how much dip in re¬ 
sponse will occur. 
I have done this for the conditions assumed 

above; Fig. 3 shows the results. Establish the in¬ 
creased distance from port to listener versus driver 
to listener |D in inches), then multiply it by box-
tuned frequency (fg in hertz). You will find this 
product on the X axis and the curve will give an 
approximation of the response dip at 1.4 fg. You 
can make many assumptions with this curve, so 
use it only as a guide. 

In Mr. Ireson's case, a center-mounted rear port 
could force D up to about 22.5". With fg = 40Hz, 
this gives a product of 900, which Fig. 3 indicates 
will give an approximate 0.4dB dip. This variation 
is insignificant compared to what room effects will 
do to the response. Remember, Fig. 2 is an exam¬ 
ple based on a single ideal alignment, so don’t try 
to use it to find a port location producing O.ldB 
dip rather than 0.2dB. 
This thus reinforces the comment in my article 

that the rear port exhibits a response problem only 
due to phase shift if fg is rather high or the in¬ 
creased path distance, D, is rather large. Even so, 
1 have never used a rear port. I do not keep the 
speakers I am building and worry about what 
acoustic environment the rear of the enclosure will 
see in the user's application. Will it be backed right 
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4. With light coned woofers, you might see a slight 
alignment shift and a slight reduction in f3. 

Let's examine the case of a system using a 10" 
diameter woofer and a 4" diameter vent duct con¬ 
structed of 0.25" material (port O.D. is 4.5"). Such 
a woofer might have a piston diameter of about 
8.2" or a radius of 4.1". If the driver and port are 
installed so they barely touch on the front panel, 
the center-to-center spacing is 7.25" or about 1.77 
times the piston diameter. With this combination, 
you cannot even get to the worst case examined 
by Small. In terms of mutual interaction, it appears 
that getting the port too close to the woofer is not 
a major problem. 
I do see a practical problem with close woofer-

to-port placement. I believe it makes the front panel 
too weak. To prevent the front panel from "talk¬ 
ing" with vibrations from the woofer frame, I in¬ 
sist on the panel being stiffened on all sides of the 
woofer. You can do this by using a narrow cabinet 
structure. I usually tie the front to back of the cab¬ 
inet just above the woofer and put a stiffener under 
the woofer. You shouldn't have this stiffener right 
against the woofer, but you usually can't get the 
port any closer than about 2-2.5". I have never 
had any problem with this spacing. If you do use 
a port duct against a front-panel stiffener, be sure 
the duct is long enough to stick into the cabinet 
well past the stiffener height. 

Port duct close to cabinet walls. 
When standing waves are set up in your enclosure, 
the points of high pressure are the enclosure walls. 
If the port duct is located close to the enclosure 
walls, it may transport these undesired resonances 
out of the enclosure. The effect of port placement 
in this regard was indicated by doing scaling with 
The Listening Room program to show the situation 
inside the enclosure (SB 6/90, p. 63). 
My own building experience has shown you 

shouldn't have the inside end of the port close to 
any wall of the enclosure. Along with the problem 
discussed above, the port's ability to handle the 
required air flow is sacrificed if it gets too close 
to the far wall (generally a small enclosure prob¬ 
lem) and the port will always appear to be longer 
than it is and make tuning difficult if it runs close 
to the side wall or, even worse, close to a corner 
with the side wall and the top/bottom. 
My own rule, which I am sometimes forced to 

violate, is that the inboard end of the port always 
be one port diameter from all the walls. So when 
using the diffusor port technique, you should make 
the actual duct length at least equal to the duct di¬ 
ameter. You must also be careful not to run into 
the driver magnet structure when the port duct 
comes in a face other than the speaker mounting 
board. If you plan to have an internal passive cross¬ 
over, keep its placement in mind when you select 
the port location. 

I have discussed the problem of finding room to 
locate the port duct for a vented box on the speaker 
board-a problem that gets worse with small en¬ 
closures or with passive-radiator systems. When the 
port is located on a face of the enclosure other than 
the speaker board, you must consider the effects 
of increased path length. This is only a problem 
with high fB systems or large enclosure dimen¬ 
sions; a method to estimate the effect was intro¬ 
duced. You should consider the acoustic environ¬ 
ment of the face holding the port in its placement. 

Speaker panel ports close to the driver are not a 
major problem in terms of interaction; the real lim¬ 
itation may be in maintaining a sufficiently stiff 
speaker board. Letting the inside end of the port 
duct get close to any cabinet wall can cause tuning 
and possibly performance problems and so you 
should avoid it. 

REFERENCES 
1. Benson, J.E., "Theory and Design of Loud¬ 

speaker Enclosures, Part 1—Electro-Acoustical 
Relations and Generalized Analysis," A.W.A 
Technical Review, Vol. 14, No. 1, p. 47 (1968). 
2. Small, R.H., "Vented-Box Loudspeaker 

Systems, Part II: Large-Signal Analysis,"/AES, 
Vol. 21, No. 6, p. 443 (July/August 1973). 

MPROVING 
A MULT PLE-7 SYSTEM 
Many readers have commented on the 
good sound of the Radio Shack Minimus 
7 speakers, using the original 1022A 
woofer/mid driver, for the size and price. 
Other contributors have offered crossover 
alterations and "MTM” style configura¬ 
tions in an attempt to better its sound even 
more. For listeners having four of the 
speakers, I believe I have come across an 
elegantly simple scheme that will heighten 
overall enjoyment of their sound. 
I think the 7s have a good sound when 

listened to within the nearer stereo sound 
field, with the left and right speakers 
rather closer together (perhaps 3' apart) 
and the listening position on the central 
axis perhaps 3' to front-center. When the 
units are used in normal listening posi¬ 
tions, driven by substantial hi-fi systems, 
the sound falls apart and they almost 
always seem to be a small, rather thin-
sounding system with a very forward 
character. This is typical of most small, 
limited range "mini-monitor'' types. 

That sound is probably due to many fac¬ 
tors including the rising on-axis response 
step as well as the limited bass range, if 
not due to driver peaks and crossover 
problems. I have tried all schemes includ¬ 
ing placing the 7s against a wall, which 
worsens the hi-fi sound balance. I have 
also tried all manner of crossover altera¬ 
tions but with the drivers supplied, any 
really good components are not econom¬ 
ically justified. This change costs nothing 
but a little time. 
Let's consider a system using multiple 

bass drivers but only one tweeter (Fig. 7). 
For each stereo channel, take one 7 unit 
and remove the tweeter mounting screws, 
unplug and tape one of the tweeter wires, 
and reseal the box. What I did is simply 
to place the 7 with the disabled tweeter 
upside down so the mid/driver is on top. 
Place the other 7 on top of this, also up¬ 
side down. Wire the units in parallel and 
fire them up. Of course, I was more ele¬ 
gant in my design and built a surrounding 
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FIGURE 1 : MTM array using two Minimus 7s. 

box frame of stained pine to finish and 
hold the units. A natural progression 
would also be to remove the unused 
tweeter for other projects and fabricate 
a new cover plate of a hard material such 
as tempered masonite to seal the hole. 
You will notice that the units are now 

configured into perfect MTM arrays with 
the two 4" drivers close mounted to the 
one operational tweeter. The woofer/mid 
cones are about 7" center-to-center and 
the interdriver spacing to the tweeter 
center is about 3.5". Using the % wave¬ 
length rule for MTM arrays, this works 
out to a projected crossover frequency of 
near 3kHz, which is close to the 7's 

design, as close as you can get without 
box alterations. 
To me, the system seems extremely 

well-balanced. Gone is much of the for¬ 
ward, thin sound of small systems and 
gained is a more robust, natural sound. 
Stereo spread and stage position accuracy 
are extremely good. It has no inter¬ 
tweeter comb filter effect due to the use 
of two active tweeters per channel. It 
seems that much of the thin, strident 
sound attributed to inter-driver fighting 
due to a poor crossover is eliminated. 

Running flat, the system is respectable 
and with a bit of properly applied equal¬ 
ization, they begin to sing like $800 a pair 
systems (mine cost $120, on sale). I have 
a heavily equalized pair of large MTM ar¬ 
rays, 43" high with 2.7 ft3 volume, two 
8" woofer/mids, and a D28AF tweeter. 
When the same equalized input of my 
larger system is wired into the 7 MTMs, 
they make your hair stand on end for 
their size in relation to the unmodified 
units. The systems are nearly identical in 
sound with "only the last low octave of 
bass missing." Oh, what a difference that 
last low octave can make on the impact 
of realism, however. 

Should we scorn a little 4" engine that 
is really trying? I think not. This idea 
might take only ten minutes to try and no 
changes are irreversible so give it a shot. 

I believe you will have new respect for 
your mighty 7s. 

Frank B. Horner 
Spring Lake Heights, NJ 07762 

APERIODIC DAMPING 
A short time ago, I finished building my 
first satellite and subwoofer loudspeaker 
system. As a first-time builder, I’m quite 
pleased with the results, but not being 
close to any hi-end audio shops for com¬ 
parison, it’s difficult to tabulate its char¬ 
acter flaws if any. 
I'm using Dynaudio drivers in a two-

way sealed system using a D28AF tweeter 
and a 24W75 driver with a Zennon 2 
crossover, which I believe is a first-order 
crossing over at 2.5kHz recommended by 
Dynaudio and Madisound where I 
bought the raw materials. Dynaudio rec¬ 
ommends a volume of between 20-28 
liters for vented, sealed, and aperiodic 
damped cabinets. The loudspeaker cab¬ 
inets were built with %" HDF and are 
1 ft3 or 28 liters inside. Extensive brac¬ 
ing and lining the entire cabinet with oil¬ 
base plasticlay, however, reduced the in¬ 
ternal volume to about 20 liters. 
For sound absorption, I used cutting 
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wedge foam blocks, which I cut and in¬ 
stalled in such a manner to create a ma¬ 
trix-type effect. The satellites are inert 
and the sound is flat, neutral, responsive, 
and transparent, and it images well. Highs 
are what I had hoped for—silky smooth. 
Both drivers seem to integrate seamlessly, 
but at times sound a bit thin overall. It's 
difficult to place my finger on why. They 
have an impressive, tight low end, but 
vocals don't sound as warm and full-
bodied and yet they sound accurate. 
Would using the Dynaudio variovent 

help in this area without compromising 
any of its other attributes? Dynaudio says 
a variovent will extend the low end, but 
I'm not so sure that's what I'm looking 
for since I'm using a subwoofer. Will a 
variovent add a little warmer character 
in the lower mid area? 

Rocky D. Craig 
Fort Dodge, IA 50501 

Contributing Editor Joe D’Appolito replies: 

I have no experience with the Dynaudio 24W75s 
or their aperiodic damping technique. My impres¬ 
sion (perhaps unjust) has always been that aperiodic 
damping made up for inadequate magnet strength. 
Lack of warmth in vocals is usually associated with 
recessed response in the midbass region, say 200-
500Hz. Aperiodic damping is most effective in the 
frequency range around system resonance, which 
is probably well below 100Hz for your system. Will 
aperiodic damping help your situation? Frankly, I'm 
not sure, but I can construct a scenario under which 
it could help. 
You said the low end is impressive. It may be 

underdamped and actually too impressive. As ex¬ 
aggerated bass response could make the midbass 
seem recessed by comparison. If this is the case, 
aperiodic damping will reduce bass emphasis and 
thereby raise the apparent level of the midbass, pro¬ 
ducing the warmth on vocals you now lack. Give 
it a try. You can always plug the vent hole if it 

doesn't work. 

HIGH-END AUDIO 
For several years, I envied others for their 
manual skills. What I yearned for was the 
ability to build my own loudspeaker cab¬ 
inets. No one manufactured what I 
wanted (or could afford). And yet, a vir¬ 
tual laughing stock, I realized I could not 
be trusted with sharp tools. 
An avid reader of SB, I longed for the 

means to execute the ideas and incorpo¬ 
rate the principles illustrated. A break¬ 
through came when Joe D’Appolito and 
Focal published plans for the Aria series. 
I had come to respect Joe's science and 
to admire his designs. This, then, was the 
one—the Aria 5. 

But how could I cut and join the pieces? 
Worse, how could I rout and fit the face 
plate for the drivers? For the hundreth 
time, I read the article in SB 5/88 (p. 34) 
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(603| 924-9464 FAX: (603) 924-9467 

Answering machine for credit card orders only: 
before 9:00 a m., after 4:00 p.m and weekends 
Have all information plus MC/VISA available 

on the plans and directions for the Swan 
IV satellites, which seem closely related 
to the Arias—both of D'Appolito paren¬ 
tage. But, heck, I can't saw a straight line, 
don't have a table saw, and lack the hand/ 
eye coordination to operate a cookie cut¬ 
ter. It seemed I was forever destined to 
dream and buy rather than plan and 
build. And no one offered the cabinets I 
so fervently wanted. 
My paradigm was an affordable system 

similar to Dave Wilson's Watt design, 
smallish, asymmetrical, rock-solid—abso¬ 
lutely nonresonant—and with the best 
available drivers and crossovers. In short, 
an idealized Aria 5. Oh, I knew that Whale 
Cove, Watters, Madisound, Audio Con¬ 
cepts, and others offer Aria 5 kits, but 
somehow these missed the mark for me. 
And then in SB 1/91 (p. 10) I read that Elliot 
Zalayet of Zalytron Industries was provid¬ 
ing boxes and components for high school 
students. Shortly after, I noted in adver¬ 
tising copy, the availability of proven 
boxes, including "optimum’' models dou¬ 
ble thick in sandwiched materials having 
complimentary resonant indexes, fully 
radiused and covered in a choice of lam¬ 
inate. This foreclosed uncertainty. I was 
off and running. If those kids could as¬ 
semble speaker systems with help from 
their instructor, so could I, with help 
from Elliot. 

About this time, a friend in Ontario, 
Canada, sought advice on a stereo system. 
He is a master craftsman, machinist, boat¬ 
builder, cabinetmaker, and home con¬ 
tractor, who can build anything. I had no 
hesitation in recommending the Aria 5 
design. His was a resounding success. He 

Continued on page 86 

XM9 
Electronic Crossover 

24dB/octave 

Fourth-order active filter 
Single channel; on board level 

controls; RCA plugs for input/output 
Crossover frequency 20Hz-5kHz 

Easy frequency change with 
pluggable frequency modules 
3.2" X 4.1" glass epoxy board 

double sided, plated through holes 
polystyrene caps, metal film resistors 

Xl«-i bare board with manual $14.95 
XlH-lt complete kit with manual 39.95 
XMt-A assembled with manual 49.95 
XIH-FMK frequency module kit 1.45 
XMt-FMA frequency module assembled 2.95 
XMt-M manual only 2.95 

Write or call for more information about this and 
other electronic crossovers with 24 dB/Oct and 
48 dB/Oct slopes priced from $19.95 to $495 

Marchand Electronics, Inc. 
1334 Robin Hood Lane 
Webster, NY 14580 

(716) 265-4930 
Fast Reply HIF1068 

"The Cure for Speaker Headaches" 
• Custom Grilles 

For B.I.C. Formula 6's 
• Polypropylene Cones 

For Reconers - 8 ", 10", 12" & 15" 
• Factory Service For ALTEC, 

ADVENT, B.I.C., JBL & RTR 
• We buy blown speakers. 

CALL US. 

• BUY • SELL • TRADE 
MARANTZ, MCINTOSH, 
Tube Equipment 

• 22 Years Audio Experience 

Call us For Hard To Find Parts 

1-800-526-8879 
3115 s. Sheridan • Tulsa, ok 74145 

PHOTO 1: Tom Oldfield’s Aria 5 speakers. Fast Reply 8IF618 
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HSè OLD COLONY SOUND LABORATORY 
LOUDSPEAKERS, VOLUME 1 BKAS1/1 

Raymond E. Cooke, editor $29.95 
From The Audio Engineering Society 's Anthology Series. 61 papers, cover 

ing the years 1953 to 1977, written by the world s greatest transducer ex¬ 
perts and inventors on the design, construction, and operation of loud¬ 
speakers. 1980, 448pp , 8 'A X I 1 'A , softbound 

LOUDSPEAKERS, VOLUME 2 BKAS1/2 

Raymond E. Cooke, editor $29.95 

Also from The Audio Engineering Society s Anthology Series, 49 papers 
from 1978 to 1983 by experts in loudspeaker technology, extending the 
work initiated in Volume 1 1984, 464pp. 8 'A x 11 'A, softbound. 

LOUDSPEAKERS SET! BKAS/S 

Raymond E. Cooke, editor $53.95 

From The Audio Engineering Society's Anthology Series, both BKAS1/1 
(Volume 1) and BKAS1/2 (Volume 2) as above, at a savings of $5.95! 

MICROPHONES BKAS2 
Louis A. Abbagnaro, editor $29.95 

Sixty-three papers covering calibration and testing, general purpose 
microphones, directional microphones, miniature types, and associated elec¬ 
tronic circuits. From The Audio Engineering Society's Anthology Series 
1979, 392pp . 8 'A x 11 'A. softbound. 

SOUND REINFORCEMENT BKAS3 

David L. Klepper, editor $29.95 

Seventy-three papers dealing with the significant aspects of the develop¬ 
ment of sound-reinforcement technology and its practical application to 
sound system design and installation From The Audio Engineering Society's 
Anthology Series. 1978, 339pp. 8 'A x 11 'A , softbound. 

STEREOPHONIC TECHNIQUES BKAS4 

John M. Eargle, editor $29.95 

From The Audio Engineering Society's Anthology Series, 67 articles and 
documents on the history, development, and applications of stereophonic 
techniques for studio technology, broadcasting, and consumer use. 1986. 
390pp . 8 'Axil 'A . softbound 

SPICE: A GUIDE TO CIRCUIT SIMULATION BKPH2 

& ANALYSIS USING PSPICE $19.95 
Paul W. Tuinenga 

Designed as a reference on PSpice for the design and analysis of analog 
circuits, this book clearly explains how to use the features of PSpice to solve 
common electrical and electronic problems, as well as some in nonelec¬ 
trical areas Topics include DC operation, transfer functions, frequency 
response, and noise analysis. SPICE is an acronym for Simulation Program 
with Integrated Circuit Emphasis, and PSpice is a SPICE-derived simulator 
created by MicroSim Corporation. Companion software for the book is 
available (see below) 1988, 200pp., 7 x 9 'A, softbound 

SPICE BOOK/SOFTWARE SPECIAL! BKPH2/S 

$27.95 
Student-version software to accompany BKPH2 is available for both the 

IBM PC and Macintosh II. The PSpice program can simulate circuits of up 
to five nodes and ten transistors, with the parameters inserted by the user 
Special BKPH2/S includes both the book and one software package at a sav¬ 
ings of $4.95! 

Software packages available (be sure to specify!): 
SOF-SPC1B5GD IBM PC 
SOF-SPC2B5GD IBM PS 2 
SOF-SPC1M3GD Macintosh II 

TIME DELAY SPECTROMETRY BKAS5 
John R. Prohs, editor $29.95 

From The Audio Engineering Society’s Anthology Series. 32 articles of 
the works of Richard C. Heyser on measurement, analysis, and perception, 
reprinted from the pages of the Journal of the Audio Engineering Society 
and other publications representative of the field, including Audio magazine 
and that of IREE Australia. The anthology serves as a memorial to the author s 
work and as fundamental material for future developments in audio, and 
will undoubtedly provide the stimulus for expanded discussion. 1988. 
280pp., 8 'A x 11 'A, softbound. 

AUDIO IN DIGITAL TIMES: BKAS6 

CONFERENCE PROCEEDINGS $34.95 

Forty-four papers presented by experts on digital audio at The Audio 
Engineering Society's Seventh International Conference held in Toronto 
on 14-17 May 1989. Digital audio, from the history, basics, hardware, and 
software, to the ins and outs, was the topic of the conference. Illustrated 
with many figures and tables 1990, 384pp . 8 'A x 11 'A, softbound 

THE SOUND OF AUDIO: BKAS7 

CONFERENCE PROCEEDINGS $34.95 

Twenty-four papers presented by authors highly regarded in the engineer¬ 
ing community at The Audio Engineering Society’s Eighth International Con¬ 
ference held in Washington, D.C., on 3-6 May 1990. The topics were devoted 
to the progress of sound, including measurement, recording, and reproduc¬ 
tion. Textbook style, fully illustrated. 1990. 384pp., 8'A x II 'A, softbound 

DIGITAL AUDIO: COLLECTED PAPERS BKAS8 

Barry Blessner, et al., editors $34.95 

First publication of papers presented at The Audio Engineering Society’s 
Premiere International Conference held in Rye, N.Y., on 3-6 June 1982, 
authored by the world's leading experts in the application of digital tech¬ 
niques in the field of audio engineering. Twenty-five of the 27 papers are 
transcribed, edited, and published for the first time. Subjects include basics, 
converters, measurements, rate conversion, recording formats, error cor¬ 
rection. manufacturing, and applications. Includes a Soundsheet disk with 
audio demonstrations of digitally synthesized sounds. 1983. 268pp., 8 'A x 
11 'A, softbound 

MICROPHONES: TECHNOLOGY AND TECHNIQUE BKB3 

John Borwick $29.95 
Beginning with a brief history of the relevant technology, this book then 

goes on to explain the basic theory of acoustics, electricity, and magnetism 
The working principles and design of all types of microphones are explained 
in considerable detail, with examples of popular current models and descrip¬ 
tions of microphone accessories. The second half of the book provides guide¬ 
lines on the creative balance techniques to be used for musical instruments, 
voices, and ensembles of all kinds, in both classical and pop music Produc¬ 
tion methods are outlined both for studios and for on location, with notes 
on public address operations for live shows. Borwick is considered THE 
authority. United Kingdom, 1990, 241pp., 7 'A x 9 'A, softbound. 

THE ART OF ELECTRONICS BKC1 

Paul Horowitz, Windfield Hill $54.95 
Completely up-to-date with the latest technology and standards, this sec¬ 

ond edition features completely rewritten chapters on microcomputers and 
microprocessors, digital electronics, and low-power and micro-power design 
(both analog and digital). Many new tables have been added, including ones 
for A/D and D/A converters, digital logic components, and low-power de¬ 
vices. The quintessential electronics text and reference. 1989. 1100pp.,7 'A 
x 10 1%, hardbound. 
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ACOUSTICAL MEASUREMENTS BKAC1 

Leo L. Beranek $44.95 
Here is a completely revised edition of the famous text by the well-known 

authority, with more than half the pages and chapters revised or completely 
rewritten to cover new developments in acoustical instruments and mea¬ 
surement procedures, including sound and vibration meters, intensity meters, 
spectrum analyzers, recorders, computers, and noise measurement devices. 
1948, 1989, 841pp., 5 % x 8 %, hardbound. 

ACOUSTICS—AN INTRODUCTION TO ITS BKAC2 

PHYSICAL PRINCIPLES AND APPLICATIONS $37.95 

Allan D. Pierce 
This volume introduces the physical principles and theoretical basis of 

acoustics, concentrating on those concepts and points of view that have 
proven useful in applications and phenomena such as noise control, under¬ 
water sound, architectural acoustics, audio engineering, nondestructive 
testing, remote sensing, and medical ultrasonics. The text is supplemented 
by problems and their answers. 1981, 1989. 678pp., 6 'A x 9 34, hardbound. 

EXPERIMENTS IN HEARING “ BKAC3 

Georg von Bekesy $27.95 
Considered obligatory reading for all those who want to claim literacy 

in the auditory sciences, this classic on hearing contains many of the vital 
roots of contemporary auditory knowledge I960, 1989, 760pp., 6 x 9, 
softbound. 

ACOUSTICAL DESIGNING IN ARCHITECTURE BKAC4 

Vern 0. Knudsen, Cyril M. Harris $27-95 
This book is a comprehensive, nonmathematical treatment of architec¬ 

tural acoustics, completely revised with new illustrations and updated to 
eliminate obsolete materials. In handbook format, it covers all the general 
principles of acoustical designing and includes specific applications. 1950, 
1980, 408pp., 5 3/8 x 8 H, softbound. 

ACOUSTICS BKAC5 

Leo L. Beranek $27.95 
This volume is an indispensable source of practical acoustical concept 

and theory for acoustical and electrical engineers, scientists, and consultants, 
with new information on microphones, loudspeakers and speaker enclosures, 
room acoustics, and acoustical applications of electromechanical circuit 
theory. 1954, 1986, 491pp , 6x9, softbound. 

MARQUETRY AND INLAY: BKT21 
TWENTY DECORATIVE PROJECTS $15.95 

Alan and Gill Bridgewater 
Complete with 200 illustrations, a glossary, and an introduction to tools 

and techniques, BKT21 provides step-by-step directions for easy-to-do proj¬ 
ects. This book gives woodworkers an opportunity to add a valuable new 
skill to their repertoire—inserting fine woods and decorative veneers into 
finished surfaces. 1989, 192pp., 7 x 10, softbound. 

TONMEISTER TECHNOLOGY: RECORDING ENVIRONMENTS, BKTE1 

SOUND SOURCES AND MICROPHONE TECHNIQUES $19.95 

Michael Dickreiter 
Recently translated from the German by Stephen F. Temmer, this rare 

book for the first time provides an English-language reference integrating 
music and musical engineering. Used by the German Broadcasting System 
Technical Training Center as a text to train people who graduate from a 
music conservatory and opt to go into broadcast, TV, recording, or sound 
reinforcement engineering, this book will appeal to neophytes as well as 
professionals in the music and audio engineering fields. Profusely illustrated, 
with every other page illustrations. 1984, 1989, 142pp., 6 x 9, softbound. 

HEARING: ITS PSYCHOLOGY AND PHYSIOLOGY BKAC6 

Stanley Smith Stevens, Hallowell Davis $27.95 
This multidisciplinary book leads readers from the fundamentals of the 

psychophysiology of hearing to a complete understanding of the anatomy 
and physiology of the ear, including the relationship between stimulus and 
sensation. 1938, 1983, 512pp., 5 34 x 8 34, softbound. 

ELECTROACOUSTICS: THE ANALYSIS OF BKAC7 
TRANSDUCTION AND ITS HISTORICAL BACKGROUND $27.95 

Frederick V. Hunt 
This volume provides a comprehensive analysis of the conceptual develop¬ 

ment of electroacoustics, including the origins of echo ranging, the crystal 
oscillator, the evolution of the dynamic loudspeaker, and electromechanical 
coupling. 1954, 1982, 260pp., 5 K x 8 Vz, softbound. 

VIBRATION AND SOUND " BKAC8 

Philip M. Morse $27.95 
One of the most widely used texts and references on the science of acous¬ 

tics, this volume provides students and professionals alike with a broad spec¬ 
trum of acoustics theory, including wave motion, radiation problems, the 
propagation of sound waves, and transient phenomena. 1936, 1981.468pp.. 
6x9, softbound. 

ACOUSTICS/HEARING SPECIAL #1 BKAC/X2 
$49.95 

Your choice of TWO from BKAC3 through BKAC8, at a savings of $5 95! 
Be sure to specify books. (BKAC1 and BKAC2 not eligible.) 

ACOUSTICS/HEARING SPECIAL #2 BKAC/X3 
$74.95 

Your choice of THREE from BKAC3 through BKAC8, at a savings of $8.90! 
Be sure to specify books. (BKAC1 and BKAC2 not eligible.) 

TOTAL HARMONIC DISTORTION ” BKPB1 

-CARTOONS FROM STEREO REVIEW $7.95 

Charles Rodrigues 
This hilarious collection of 118 of the author’s classic cartoons on audio, 

video, and music is the perfect gift and/or a wonderful conversation piece. 
Also featured are a foreword by William Livingstone and an illustrated 
autobiographical sketch by Rodrigues himself. One of a kind. 1988, 132pp.. 
6 Vz x 7, softbound. 

SHEET METAL HAND PROCESSES BKDE2 

Claude J. Zinngrabe, Fred W. Schumacher $18.95 
For help in building that special enclosure, this volume will prove indis¬ 

pensable, introducing the beginning sheet metal technician to basic instruc¬ 
tion in the properties and selection of metal and the processes performed 
with measuring and marking, bench, cutting, piercing, joining, and solder¬ 
ing tools. BKDE2 includes an excellent selection of illustrations, and every 
process is described in an easy-to-understand, step-by-step fashion. 1974, 
209pp., 7 'A x 10 %, softbound. 

CABINETMAKING, PATTERNMAKING, AND MILLWORK BKDE4 

Gaspar J. Lewis $34.95 
If making your own speaker cabinets has led you into woodworking, this 

book will be a great addition to your library. Designed for advanced high 
school, vocational, technical, and apprenticeship programs, it provides the 
reader with the skills necessary for proficiency in each of the three areas 
of specialization. Also included are three sections common to all three fields: 
the nature of wood and its uses; how to use hand tools, portable power 
tools, and stationary woodworking machines; and methods of joinery 1981, 
438pp., 7 34 x 9 34, hardbound. 



Continued from page 83 
opted for the new and improved Focal 
T90K tweeter with the most recent itera¬ 
tion of recommended crossover with 
shaping and compensation circuits op¬ 
timized. A marvel. 
Our project was intended to build on 

his success. We included in the contem¬ 
plated system every logical idea ever pre¬ 
sented, and some perhaps unnecessary 
ones, including four coats of Acoustical 
Magic borosilicate on the cabinet interior 
and on the driver baskets, a generous 
fillet of West 105/205 system filled epoxy 
resin in all the seams, and a division and 
separation of the high- and low-pass cross¬ 
over complexes. 
After consulting Rick Schultz of Elec¬ 

tronic Visionary Systems, we elected to 
bi-wire, but not to feed audio through 
binding posts, instead to join conductors 
at the posts and route them through 
separate holes in the cabinets. Quantum 
I cables were covered with Monster 
boots, which sealed the holes and gave 
a finished appearance. 
We used Audio Concepts' Acoustic 

Foam to line the Aria 5s—although both 
Joe D'Appolito and Jim Bock have sug¬ 
gested that convoluted mattress pads are 
effective at lesser cost. 

We were careful to assure that the driv¬ 
ers fit flush with the cabinet face and had 
no gaps between the driver frames and 
the cabinet face—this stressed by Joe 
D'Appolito. This was no problem, as pro¬ 
filing had been done to perfection via a 
template in Zalytron's shop. 
You can ask about drivers and cross¬ 

overs. At Elliot's suggestion, we opted for 
the Accuton Cll tweeters and Focal 5K 
013-L mid-woofers. Zalytron supplied the 
crossovers, separate high- and low-pass 
which, for the Accutons, were simple, no 
shaping or compensating networks being 
required. The crossover boards were 

mounted inside the cabinets at right an¬ 
gles to each other and as far apart as pos¬ 
sible [SB 5/90, p. 26). 
The results were magisterial. The ex¬ 

cellence of timbre, range, dynamics, and 
dimensions of the soundstage are note¬ 
worthy and outstanding. Treble sounds 
soar with effortless ease and a total ab¬ 
sence of stridency is apparent. I've often 
noted that most tweeters listened to in solo 
and up-close have a rather unpleasant 
sound. No more! The Accuton tweeter 
gives a sweet, as well as extended and ac¬ 
curate, range, even far off-axis. 
Many speaker types emphasize sound¬ 

staging at the cost of "lobing,” broad¬ 
casting sound straight ahead—a narrow 
window. This gives spectacular separa¬ 
tion, a hyper-realistic presence quite un¬ 
like the original source, an effect analo¬ 
gous to earphones. 

In literature, D'Appolito says, "No sub¬ 
woofer is needed—you will be stunned!" 
I was. In truth, no supplemental bass is 
needed. All the sounds are there. 
We had, however, a set of woofer en¬ 

closures for a Swan IV system, and some¬ 
what reluctantly added these to the sys¬ 
tem using Joe Curcio's Pedal Coupler II 
active crossover. This combination gives 
music a bass foundation, a visceral sen¬ 
sation that can be felt as well as heard. 
You must experience this in Dorian's 
"Pictures at an Exhibition,” a test to mea¬ 
sure any speaker system. 
The system gives an airiness to soprano 

voices [Les Arts Florissant— HM1901316), 
wherein individual soprano voices are 
clearly discernible from massed chorus. 
Also, violin overtones, barely audible, are 
now distinct in Vivaldi's The Four Seasons 
(EMI5X9557, the first few seconds of 
band 9). Once the domain of midrange 
sounds, the previously hidden poetry in 
the very high treble has opened doors to 
the high-end experience. With the Aria 

5/Optimum double-thick cabinet/Accuton 
tweeters, music no longer sounds good— 
it sounds real. 
Given the right music, performance, 

and engineering at the recording, repro¬ 
duction excites my ''goosepimple index” 
to a degree not previously experienced. 
Highly recommended. We're satisfied. 

Focal, Accuton, D'Appolito, and Zalytron 
have a winner that anyone can assemble. 

Tom Oldfield 
Niagara Falls, NY 14304 

Party Speaker 
continued from page 41 

This change will remove some of the 

lens which directs the output to the 

center of the room. 

Whatever system I finally develop, the 

output will be efficiently spread through¬ 

out all three rooms. 

REFERENCES 
1. Robert Wiley was granted the patent I ap¬ 

plied for one month after my patent searching. 
Although Mr. Wiley's lens is technically dif¬ 
ferent from mine, the differences are too slight 
or subtle for a financially expedient appeal. 
2. I exchanged this midrange driver for a 

MTX 236MTM44 4", 4Í! midrange. The lens 
was originally designed around the MTX 
driver, but was not used in the speaker because 
I couldn't locate a MTX supplier. I finally pur¬ 
chased it through Crutchfield. The efficiency 
of this particular driver allowed me to remove 
all attenuation that was necessary to balance 
the speaker using the Polydax midrange. 
3. Dickason, Vance, The Loudspeaker Design 

Cookbook, Old Colony Sound Lab. 
4. Halliday, David and Robert Resnick, Fun¬ 

damentals of Physics, John Wiley & Sons, Inc., 
New York. 
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Classified Advertising 
TRADE 

CUSTOM MADE PASSIVE crossovers at reason¬ 
able prices Write your needs to CUSTOM SOUND. 
Box 3853, Antioch, CA 94531-3853. T5/91 

CUSTOM PASSIVE CROSSOVERS built to your 
specifications. No minimum quantity. Only the finest 
components used. Quick response, satisfaction guar¬ 
anteed AMS ENTERPRISES 1007 Capello Way. 
Ojai. CA 93023. T2/92 

MIT AUDIO CABLES Van den Hui. Cardas. MAS 
Masterlink, OCOS, Magnan, including Teflon insu¬ 
lated hookup wire for rewiring components; MIT 
capacitors; Solen polypropylenes to 200mF!, Wonder-
Caps-solder-wire; HOLCO, Vishay & Resista resis¬ 
tors; Music posts & all types of audio connectors; 
RAM tubes; Tone Cones; NAVCOM products; 
Shallcross attenuators, many parts & accessories. $1 
catalog ($3 overseas) MICHAEL PERCY. Box 526, 
Inverness. CA 94937, (415) 669-7181. T6/91 

ROTTEN FOAM? Re-surround any speaker! (412) 
375-9203. T6/91 

WHALE COVE AUDIO for SWAN IV drivers and 
crossovers, Pedal Coupler I or II active crossovers, 
and the Right Whale Kevlar midrange, ceramic 
tweeter and crossover set for either the SWAN IV or 
the ARIA 5. Box 98, Swan's Island, ME 04685, (207) 
526-4343. T2/92 

MYLAR FILM. Vz mil. genuine DuPont, 48" wide, $1 
per running foot; also ESL transformers. ROGER 
SANDERS R1. Box 125, Halfway, OR 97834. (503) 
742-5023. T4/92 

FOR SALE 
Koss ESP-9 phones, $50; Carver 400T amp, $200; 
Magnavox CDC-552 carosel changer, $150; Phase 
Linear 4000S II, $200; Sony 5520 table, $35; Ken¬ 
wood KD-600, $150; Shure V15 IV, $40; Sherwood 
SD-1000, $110; CDM-1260R, unopened, $175; 
DD-1230R cassette, $175; Carver 4000T, $450; 
Audio Control C-101. $200. Andy. (414) 458-2057. 6-9 
p.m. CST. 

One Altec 409T 8" coaxial, mint, $25; Lafayette 
SK180 trihelix 10” three-way with brilliance control, 
no cabinets, mint, $60 pair; one 5” Philips 5061 coax¬ 
ial, new, $10; Realistic APM-100 VU meters, mint, 
$20; two 17 Vi X 11 Vz x 25, professionally built oiled 
walnut cabinets, undrilled baffles, mint, $60 pair. 
(703) 578-4929. 

Electronic 
by 

ACE AUDIO CO. 
• est. 1973 • 

#532-5th Street 
E. Northport, NY 11731-2399 

write for free flyer 

Crossovers 

IMF Mark IV professional monitors, four-way with 
transmission line, upgraded with stands, mint, $795. 
Bill (215) 481-6181 9 a.m.-4 p.m. EST. 

dbx 118 stereo compressor/expander, mint; $50; two 
Audax TX 1125 RSN, modified with Tandem magnets 
(Speaker Builder tips 6/90) new, $45 pair. Matthew, 
(708) 260-1628. 

Trade/Sell duplicates; tube equipment collection of 
amps through tuners and test equipment, over 275 
pieces of equipment Dennis Boyle, (214) 428-3901. 

Two Gauss 4883B 18" extended bass woofers, never 
used, perfect $200 each. One new Dynaudio 30W54 
in sealed box, $90. Andy. (516) 269-9796. 

JBL 075 tweeter, 8;Q with N2400 crossover, mint con¬ 
dition. C.A. Howlett, 3 Hickory Nut Lane. Lake Wylie, 
SC 29710, (803) 831-2733. 

AKG 240 headphones, $50; Azden DSR-12 head¬ 
phone, $50; dbx 3bx, $100; dbx 120x, $100; Hafler 
preamp, $100; NEC AV-20 surround, $100; KEF vin¬ 
tage speakers, $200; Realistic STA 2200 receiver, 
$100; Pioneer CD-700 disc, $75; Infinity RS-8 speak¬ 
ers, $100; Marantz 4100, $100; B & O turntable. $50 
Ed (305) 891-2267. 

Target T-20, 9" speaker stands with upper and lower 
spikes, like new, $75 pair (original $175); Infinity 
RSA-250 car amp, new in box, $225; assorted woof¬ 
ers and tweeters. Write for list; Marrs modules, $12 
each. Barry Kohan, 5024 Beckley Ave., Woodland 
Hills, CA 91364, (805) 375-2629. 

One pair Borbely 388 linestages (revised per The 
Audio Amateur 3/90) built on 2.2 DA Teflon PCBs, 
POOGE'd with WBT solder. Resista & Holco Rs, $75 
each; one pair Jung-Markel voltage regs per "Ask 
TAA 4/90 ", Rubycon & Panasonic HF caps. FR-4 
PCBs. $50 each. Paul Kelly. Ft. Wayne. IN. (219) 
485-4641. 

SPEAKER BUILDER CLASSIFIED ORDER FORM 
PLEASE FILL OUT IN CLEAR BLOCK LETTERS OR TYPE. PLEASE SPELL OUT ENTIRE WORD. 
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- Private For Sale El Private Wanted □ If Trade, please indicate # of insertions _ 
Private For Sale ads are for non-profit use. Individuals selling items for retail/profit should be using Trade ads Private For 
Sale and Private Wanted ads are on a one time insertion basis. Ads must be resubmitted for renewal. Ads will not be taken 
over the phone. 

Definition of a word: A series of letters with a space before and 
after. Count words, not letters. Any words over 50, 20C per word. 
Trade ads are 700 per word and indicate number of insertions. 
Deduct 10% for a 4 X contract in Audio Amateur and a 6 x con¬ 
tract in Speaker Builder, deduct 5% for a 2 x contract in Glass 
Audio. 

Please remember to include your name, address and telephone 
number. In order for Private For Sale and Want ads to be free, 
you must be a current subscriber. Ten dollar minimum for charge 
card orders. Payment MUST accompany first ad. 

Please charge to my MasterCard/Visa: 

Magic No. 

NAME 

PHONE 

COMPANY 

STREET S NO 

CARD NUMBER EXP DATE CITY ST ZIP 
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JBL 2241 titanium mid-drivers, huge 25 pound Alnico; 
$875 pair; JBL 2380A horns, $225 pair; TAD-1601 
15-inch, $275 pair; Lazarus hi-low amp, $775; Audio 
Technology, AT-0C7 MC cart, $100; Nakamichi 410 
preamp, $150; Stereophile volume 12 numbers 3-12, 
volume 13 numbers 1-12; $40; Tandy power meters, 
$25. Steve (203) 397-3888. 

AudioQuest 30" Lapis/Cardas interconnects. $150 
pair; Paradise VGA card, $80; Western Digital 20M 
hard card, $25; 287-6 co-processor, $50; Admiral 
(used) dual channel pulse generator, $25; all other 
items new or best offer. John, (203) 872-9210. 

Carver CT-7 preamp/tuner with sonic holography and 
remote and SAE dual high resolution power amp, 
Model A202. 100W RMS into 8í¡ or 150W per chan¬ 
nel into 49; $650 plus shipping for both, mint condi¬ 
tion. Mr. Wiiles (800) 227-6121 weekdays 9 a.m.-5 
p.m. CST. 

JBL LB-5, $60; LE 8 and 10, $100; JBL 2220, 15", 
$70; Altec 12” sub woofer, $100; all new cones with 
Alnico magnets, OBL035 TIA, new, $50; University 
T35 tweeters. Alnico magnets, $50; Crown DC 300A 
with walnut case, new condition, $300; Marchand 
basis WM8 parametric equalizer base boost, new, 
$250. George Van Dreal, (805) 871-5011. 

Win Labs SDC-10 reference turntable, have original 
packing crate. Asking $1,800. for this top rated turn¬ 
table. (403) 243-4003. 

Audiophile Accessories 
DBP-2J (5) • Switch Box $69.95 
DBP-2J (5) AU • Switch Box with Gold Jacks $89.95 

Selects among up to 5 inputs. When used with 
DBP-6 or -6MC, allows lor selectable loading of 
cartridges. Alps level control available. 

DBP-10 • Phono Alignment Protractor $29.95 
Allows adjusting the lateral tracking error of a 
mounted cartridge to within 1/4 of a degree. 
Non-technical instructions and case included. 

DBP-16 • 12dB Input Attenuators (pair) $12.95 
DBP-CK • Cramolin Audio Kit (contact treatment) $19.95 
DBP-SC • Souther Record Clamp $19.95 
Other Accessories 

Gold-plated phono plugs/jacks, banana plugs/ 
jacks, spade íugs, Y adapters, custom cables, 
many other useful accessories. 

Test Compact Discs 
We carry almost everv worthwhile test CD available, 
including 5 from the Japan Audio Society (tone bursts 
and stereo pink noise), 2 from Pierre Verany (1/3-
octave warble tones), 3 from Denon (Anechoic 
Orchestra), and Auditory Demonstrations. 

Electronic Components 
We can create electronic crossovers from 6 to 36dB per 
octave, custom engineered for your application. 24 
and 36dB are l.inkwitz-Riley “In Phase ’ design. 
Models for Snell and Magnepan speakers avadable. 

The renowned DB Systems preamps, power amps, 
tone controls, head amp, and phase inverter/bridging 
adapter are also available through dealers or direct. 

' j \ DB Systems 
Main Street, P.O. Box 460 
Rindge Center, NH 03461 

Q Phone (603) 899-5121 
V -J VISA/MasterCard accepted 

WANTED 
Tube type hi-fi equipment by Marantz, McIntosh, Rei, 
Scott, Hadley. Brook, Western Electric; also E.H. 
Scott and McMurdo silver console radios; technical 
data on Jensen H223F coaxial driver. AI Wirtenberg, 
15 Wilson Rd., Weston, CT 06883, (203) 544-9270. 

Jordan 50mm modules. Tom Dausner, (516) 825-
2038 after 7 p.m., or (516) 568-9356 anytime. 

If you deal in Pro Sound products, please send me 
info on what you have. Mark A, Fiore, 1110 Wallum 
Lake Rd.. Pascoag, RI 02859. 

Can pay cash or trade tube amps. Mike, (708) 679-
0900 ext. 295 days, or (312) 868-1696, evenings. 
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Information on Dynaudio Twynn or Focal Aria 7 for 
first-time builder. Happy with your system? Have rec¬ 
ommendations? With your help I will do my first proj¬ 
ect right. Greg White, 10201 Viceroy Ct., “C,” Cuper¬ 
tino, CA 95014, (408) 235-4753 days, (408) 257-9153 
evenings. 

Empire 598 turntables and parts, (703) 464-1100. 
Noon-6 p.m. EST. 

Old Klipsch catalogs, JBL literature; Electronics 
magazine, September 1948; books; old books show¬ 
ing point contact transistors; old Hewlett-Packard and 
Tektronix catalogs; Throne of Merlin, (R.C. Schaller). 
D R. Schaller, 6704 Schroeder Rd., Suite 6, Madison, 
Wl 53711. 

Technics SB 7070 speaker systems. Cabinet must 
be in good condition. Margherita, (904) 392-0622. 

Bass, Peerless, Focal, SEAS, Vifa, etc., 10” drivers 
desired. Must have four of them. In particular, the 
Peerless 10” CC line, anything good. Must have 
parameters for drivers; (207) 832-4962 evenings. 

Fisher 80C, 90C, 100, 200 tube equipment, Lafayette 
70W mono tube amp/schematics, Altec and RCA 
sound/theatre equipment/parts, Infinity servostatic 
1 As, Acoustat panels. Dennis Boyle, (214) 428-3901. 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

MODEL 120 CABINET & NEW 120-R 
"RACK AND PANEL” DESIGNS 

Plug-in Butterworth (maximally flat) filters 
6 db.. 12 db., or 18 db. per octave slopes, 
any specified frequency. Model 120 
instrument style case or 120-R ' Rack and 
Panel” case with all terminations and 
regulated power supply. 

Made in monaural or stereo bi-amp, tri-amp, 
or quad-amp with optional level controls, 
subsonic filters supplies with or without 
bass boost, and summers for "single 
woofer" systems. Also available, 500 
Series filters, plug-in filters, regulated 
power supplies. 
New catalog and price sheet. Free! 

Eng. Lab. 
11828 Jefferson Bl. Culver City, CA 90230 
k PHONE (213) 397 9668 

CLUBS 
THE COLORADO AUDIO SOCIETY is a group of 
audio enthusiasts dedicated to the pursuit of music 
and audiophile arts in the Rocky Mountain region. We 
offer a comprehensive annual journal, five bi-monthly 
newsletters, plus participation in meetings and lec¬ 
tures. For more information, send SASE to: CAS. 
4506 Osceola St., Denver, CO 80212, or call Art 
Tedeschi, (303) 477-5223. 

ELECTROSTATIC LOUDSPEAKER USERS 
GROUP is now a world-wide network for those in¬ 
terested in sharing valuable theory, design, construc¬ 
tion, and parts source information. If you are in¬ 
terested in building, or have built, your own SOTA 
ESL we invite you to join our loose-knit organization. 
For information, send an SASE to: Barry Waldron, 
1847 Country Club Dr., Placerville, CA 95667. 

THE BOSTON AUDIO SOCIETY invites you to join 
and receive the bi-monthly S.A.S. SPEAKER with 
reviews, debates, scientific analyses, and summaries 
of lectures by major engineers. Read about Apogee, 
Nytal, Conrad-Johnson, dbx digital, Snell, music 
criticism and other topics. Rates on request. PO Box 
211, Boston, MA 02126. 

CONNECTICUT AUDIO SOCIETY is an active and 
growing club with activities covering many facets of 
audio—including construction, subjective testing, and 
tours of local manufacturers. New members are al¬ 
ways welcome. For a copy of our current newsletter 
and an invitation to our next meeting, write to: 
Richard Thompson, 129 Newgate Rd., E. Granby, CT 
06026, (203) 653-7873. 

AUDIO SOCIETY OF MINNESOTA. Audiophiles, 
music lovers, scratch builders, record collectors, tube 
freaks, digital freaks — we’ve got ’em all! Monthly 
meeting, tours, audiophile concerts, special guests, 
etc. Now in our 13th consecutive year! Write ASM, 
PO Box 32293, Fridley, MN 55432. 

CHICAGO AREA ENTHUSIASTS WANTED for 
audio construction club. Call Tom, (312) 558-3377 or 
(708) 516-0170 evenings for details. 

AC DC VOLTAGE 
AC DC CURRENT PRO 400 ] 
DIODE TEST LOGIC TEST 
LED TEST GOOD BAD 
5 FREQ RANGES 
5 CAPACITANCE RANGES 
LOW BATTERY Warning 
CONTINUITY TEST BUZZER 
TRANSISTOR CHECKER 
20 MHZ FREQ COUNTER 

r2 YEAR ” 
WARRANTY 

^PARTS & LABOR 

KELVIN- Electronics ■ □■(516)349-7620 1(800)645-9212 
□ ■■FAX (516) 349-7830_ WSA MC 

THE ATLANTA AUDIO SOCIETY is dedicated to 
furnish pleasure and education for people with a com¬ 
mon interest in fine music and audio equipment. Mon¬ 
thly meetings often feature guest speakers from the 
audio manufacturing and recording industry. 
Members receive a monthly newsletter. Call: Chuck 
Bruce, (404) 876-5659, or Denny Meeker, (404) 
872-0428, or write; PO Box 361, Marietta, GA 30061. 

AUDIOPHILES IN THE DAYTON/SPRINGFIELD, 
OHIO AREA: We are forming an audio club. Please 
contact me if you’re interested in construction, mod¬ 
ifications, testing, recording or just plain listening to 
music. Ken Beers, 1756 Hilt Rd., Yellow Springs, OH 
45387, (513) 767-1457. 

THE CATSKILL AND ADIRONDACK AUDIO 
SOCIETY invites you to our informal meeting. Join 
our friendly group of audio enthusiasts as we discuss 
life, the universe and everything! Toobers, Tranz-
zeestors, vinyl canyons or digital dots. No matter what 
your level of interest, experience, or preferences, you 
are welcome. Contact CAAS at (518) 756-9894 (leave 
message), or write CAAS, PO Box 144, Hannacroix, 
NY 12087. See you soon! 

In 1989, Madisound Speaker 
Components processed 20,000 
orders. 

VIFA DYNAUDIO 
FOCAL MB QUART 
PHILIPS AUDAX 
EUROPA PEERLESS 
MOREL SOLEN 
KEF ETON 

PERFECT LAY 
SIDEWINDER 
ELECTROVOICE 
SLEDGEHAMMER 

Doesn't your hobby deserve 
these fine product lines? 

Madisonnd Speaker Components 
8608 University Green 

Box 4283 Madison WI 53711 
Phone: 608-831-3433 
Fax: 608-831-3771 



FILL IN THE BLANKS 
JOIN AN AUDIO CLUB 
Learn about the latest equipment, 
techniques and recordings through 
group meetings, tours, and newslet¬ 
ters. Ask questions. Share viewpoints 
and experiences. Stretch your mind. 
If there's no club in your area, why 
not start one? Our club ads are free up 
to 75 words ($.20 per word there¬ 
after). Copy must be provided by a 
designated officer of the club or soci¬ 
ety who will keep it current. 

THE HI-FI CLUB of Cape Town in South Africa sends 
a monthly-newsletter to its members and world-wide 
subscribers. To receive an evaluation copy of our cur¬ 
rent newsletter, write to: PO Box 18262, Wynberg 
7824, South Africa. We’ll be very pleased to hear 
from you. 

WASHINGTON AREA AUDIO SOCIETY Meetings 
are held every two weeks, on Fridays from 19:00 
hours to 21:30 hours at the Charles Barrett Elemen¬ 
tary School in the city of Alexandria. Va. Prospective 
members are welcome but must register in advance 
in order to be admitted to the meetings. No excep¬ 
tions please. If interested please call Horace Vignale, 
(703) 578-4929. 

THE WESTERN NEW YORK Audio Society (WNY 
Audio Society) is an active and growing audio club 
located in the Buffalo area. We issue a quarterly 
newsletter and hold meetings the first Tuesday of 
every month. Our meetings have attracted many local 
and distant manufacturers of audio related equip¬ 
ment. We are involved in all facets of audio—from 
building to purchasing at discount prices. For a copy 
of our current newsletter and information regarding 
our society, please write to M.A. Monaco, WNY Audio 
Society, PO Box 312, N. Tonawanda. NY 14120. 

PIEDMONT AUDIO SOCIETY Audio club in the 
Raleigh-Durham-Chapel Hill area is meeting monthly 
to listen to music, demonstrate owner-built and mod¬ 
ified equipment, and exchange views and ideas on 
electronics and speaker construction. Tube and solid 
state electronics are of interest and all levels of ex¬ 
perience are welcome. Kevin Carter. 1004 Olive 
Chapel Rd . Apex. NC 27502. (919) 387-0911. 

SOUTHEASTERN MICHIGAN WOOFER AND 
TWEETER MARCHING SOCIETY (SMWTMS). 
Detroit area audio construction club. Meetings every 
two months featuring serious lectures, design analy¬ 
ses. digital audio. A B listening tests, equipment clin¬ 
ics. recording studio visits, and audio fun. The club 
journal is LC. The SMWTMS Network. Corresponding 
member's subscription available. Call (313) 477- 6502 
(days) or write David Carlstrom, SMWTMS. PO Box 
721464, Berkley, Ml 48072-0464. 

MEMPHIS AREA AUDIO SOCIETY being formed 
Serious audiophiles contact J.J. McBride. 8182 Wind 
Valley Cove, Memphis, TN 38125, (901) 756-6831. 

NEW JERSEY AUDIO SOCIETY meets monthly. 
Emphasis is on construction and modification of elec¬ 
tronics and speakers. Dues includes monthly news¬ 
letter with high-end news, construction articles, analy¬ 
sis of commercial circuits, etc. Meetings are devoted 
to listening to records and CDs, comparing and A-B-
ing equipment. New members welcome. Contact Bill 
Donnally, (201) 334-9412, RD2, Box 69D, Miller Dr.. 
Boonton, NJ 07005: or contact Bob Young, (201) 
381-6269. 

IF YOU ARE an "Organ Music Lover" and like to 
test your audio system, SFORZANDO has room for 
a few more members. We have about three thousand 
"Live”, on-the-spot, cassette tapes that are not 
available in the stores. We are happy to lend them 
to you via the mail. Just ask EA Rawlings, 5411 
Bocage St., Montreal, Canada. H4J 1A2. 

PACIFICNORTHWEST AUDIO SOCIETY (PAS) 
consists of 60 audio enthusiasts meeting monthly, se¬ 
cond Wednesdays. 7:30 to 9:30 p.m. at 4545 Island 
Crest Way, Mercer Island. Washington. Be our guest, 
write Box 435, Mercer Island. WA 98040 or call Bob 
McDonald, (206) 232-8130. 

THOSE INTERESTED IN AUDIO and speaker build¬ 
ing in the Knoxville-East Tennessee area please con¬ 
tact Bob Wright. 7344 Toxaway Dr., Knoxville, TN 
37909-2452, (615) 691-1668 after 6 p.m. 

TUBE AUDIO ENTHUSIASTS. Northern California 
club meets every other month. For next meeting an¬ 
nouncement send a self-addressed, stamped #10 
envelope to Tim Eding, PO Box 611662, San Jose, 
CA 95161. 

(616) 534-9121 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

DYNAUDIO MOREL FOCAL ECLIPSE 
2442 28th St., S.W , Suite D. Wyoming, Ml 49509 

LONDON LIVE D.I.Y. HI-FI CIRCLE meets quart 
erly in London. England. Our overall agenda is a 
broad one. having anything to do with any aspect of 
audio design and construction. We welcome every¬ 
one. from novice to expert. For information contact 
Dick Bowman. 081 520 6334. 

Advertising Index 
FAST REPLY PAGE 

IF572 A&SSpeakers . 9 
IF66 Abilene Research & Develop.53 
IF27 Acoustical Magic Company.55 
IF1147 Aljon Systems .80 

AUDIO AMATEUR PUBLICATIONS 
Audio Amateur.43 
Boxes & Binders.90 
Speaker Builder Back Issues.70 
Speaker Builder Retailers.79 
Speaker Builder 
Subscriber Services.63 
T-Shirts.82 
Voice Coil.66 
Audio Concepts.48-49 

IF318 Audio Lab.17 
IF198 Audio Critic.77 
IF695 Audio Prism.77 
IF123 AudioControl .53 
IF596 DLC Design .67 
IF1349 Driver Design. 6 
IF1107 Eton.65 
IF117 Ferrofluidics Corporation.21 

FOCAL 
IF29 Cabasse.CVII 
IF166 Grenier Cabinets.75 
IF617 Hart Professional Marketing.31 

Hampshire Industries.82 
Hi-Fi News.68 

IF643 HTAInc .76 
MADISOUND 

IF112 European Loudspeakers.23 
IF584 Bookkeepers Sale .13 
IF73 Mahogany Sound.78 
IF1068 Marchand Electronics .83 
IF661 May Audio Mktg. Inc.21 
IF568 Meniscus.45 
IF703 MIT-Multicap .35 
IF142 Morel Acoustics USA .CVIV 
IF702 New England Speaker.82 

OLD COLONY SOUND LAB 
25 TAA Loudspeaker Projects .72 
Audio Anthologies l-IV .93 
Audio Glossary.82 
Bullock on Boxes .28 
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Circuit Boards .74 
Fundamentals of Musical 
Acoustics.81 
Loudspeaker Design Cookbook-IV 
Vance Dickason. 4 

Manual of Veneering.82 
New Books .84-85 
New Kits.59 
Software.61 

IF81 Parts Express .CV III 
IF666 Peerless of America, Inc.69 
IF295 Peter Schuck Consulting.33 
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Distributors.33 

IF1112 DT101 Tweeter.25 
IF1117 Norsorex Gaskets .29 
IF163 Ramsdell Audio.76 

Rockford Corp.71 
IF499 Sescom Inc.55 

SOLEN 
IF1342 Davis Acoustics.51 
IF1149 MLSSA.78 
IF197 ScanSpeak.50 
IF1063 Speaker Components .73 
IF689 Soundown Corporation .80 
IF45 SpeakEasy.17 
IF618 Speaker Works.83 
IF412 Speakers, Etc.75 

Versa-Tronics.27 
IF1356 Watkins Audio . 5 
IF401 Watters Sound Wave Co.47 
IF1131 Zalytron Industries Corp.19 

GOOD NEWS/NEW PRODUCTS 
IF70 Analog Devices . 3 

Audio Control. 3 
IF1371 Circuit Search . 5 
IF1377 Kimber Kable. 8 

Monster Cable Products, Inc. 5 
IF1372 Reel to Real Designs. 8 
IF1365 R.F. Engineering. 5 
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IF1366 Yamaha Electronics Corp. 3 
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Silver on blue 

$8 pair 
$12, four 

PRICE 
AUDIO AMATEUR MAGIC NO 

SPEAKER BUILDER MAGIC NO 

NAME 

STREET 

CITY STATE ZIP 

MC/VISA EXP 

(603) 924-9464 FAX: (603) 924-9467 

POSTAGE 

TOTAL 

□ CK/MO 

THE BOX 

Library quality boxes. 4% x 9W x 
12" high, brown woodgrain, folding 
corrugated boxes with handle/label 
holder to identify contents. Holds 12 
issues of Audio Amateur or Speaker 
Builder or other valuable magazines in 
your technical library. Each order sup¬ 
plied with pre printed labels for each 
magazine. 

THE BINDER 

A “loose wire” heavy book 
binder cloth construction 
case holds twelve issues of 
your magazines in a readily 
accessible format. The logo 
is hot stamped on cover and 
spine. 

EACH $12 
Three or more, $10 each 

Answering machine for credit card orders only: (603) 924-9464 before 9:00 a.m., after 4:00 p.m. and weekends. 
Have all Information plus MC/VISA available. 

Shipping: 
Postpaid in US. 
Canada and Caribbean, please add $4 for 
one, $2 for each additional binder 

Gold on maroon Overseas, please add $4 per binder 

□ MC □ VISA 

BOXES & BINDERS 
FOR YOUR TECHNICAL LIBRARY • 

QTY. 
_Audio Amateur binders @ $12 
_ Audio Amateur binders @ $10 (3 + ) 
_Speaker Builder binders @ $12 
_Speaker Builder binders @ $10 (3 + ) 
_Boxes @ $8 (2) 
_Boxes @ $12 (4) 

Shipping: 
Postpaid in US. 
Canada and Caribbean, please add $3 for each 
set of two, $1 for each additional set of two. 
Overseas, please add $3 per set of two boxes. 

AUDIO AMATEUR PUBLICATIONS, INC. PETERBOROUGH, NH 03458-0576 



MORAN in the MARKET 
_ OH INCONSTANCY!_ 

By David R. Moran 

FIGURE 1: At the top, the spread curves, is the idealized horizontal directional response to 
achieve very tight uniform imaging, showing output from 0° (axis), then -30°, -60°, -90°, 
- 135°, to - 180° (output directly behind speaker). At the bottom, the bunched curves, is the 
same but for very spacious, more “equi-omni-like” imaging. 

Everybody talks about constant directiv¬ 
ity—well, okay, a lot of loudspeaker de¬ 
signers do—but does anyone really do 
anything about it? 

I went on a roll last issue about what 
some goals might be for a loudspeaker's 
horizontal directional response (its radia¬ 
tion pattern) which would result in truly 
accurate imaging, much better than what 
we get today. By such imaging I mean the 
genuinely precise recovery and "laying 
out" in the space of your listening room 
what the mikes picked up during the re¬ 
cording session: placement, size, and inter¬ 
nal relationships of the sources. 
Horizontal directional response that 

would do this must almost surely be uni¬ 
form with angle, that is, having the same 
shape and smoothness in all horizontal 
directions above, say, 200Hz, but varying 
in level. Listened to in mono over such a 
speaker, a piano or an announcer would 
not be wider in size and space in the lower 
midrange than in the treble, as is the case 
currently; it would be the original source 
width within all ranges. 
This kind of uniformity is so tough to 

achieve most loudspeaker designers don't 
even try. First of all, the crossover seams 
must be unprecedentedly smooth, and 
worse, the range under 1kHz somehow 
must be made directional. Let me repeat 
a figure from last issue that depicts such 
goals for a horizontal radiation pattern 

(Fig. fl-
Now, it's easier to aim for the uniform¬ 

ity of Fig. 2, which is perhaps an accept¬ 

able interim goal. Many people call this 
constant directivity, and in fact, most am¬ 
bitious modern designers say they do aim 
toward this—even claiming it's the ideal. 
Well, good thing, since virtually all driv¬ 
ers and loading designs get close to such 
behavior on their own. This is called turn¬ 

ing reality into a feature. With most driv¬ 
ers, the coverage gets beamier as they pro¬ 
duce higher and higher sound. As systems 
over the last decade have gone toward 
smaller woofers (6" ones are now the 
norm worldwide, it seems, except in rack 
systems), however, natural directivity 
shows up in the treble alone; the midrange 
and below remain pretty equi-omni. 
These smaller woofers have predomin¬ 
ated largely because of the widespread bo¬ 
gus notions about "fast" transient re¬ 
sponse; so much for understanding audio 
physics. 

Lumps 
As hard as anything else is smoothly join¬ 
ing the upper-range driver(s) with the 
lower one(sj; for the most part it's lumpily 
done. See Fig. 3, the normalized (normal¬ 
ized meaning the axis response has been 
made ruler-flat) horizontal radiation, mea¬ 
sured anechoically but with a floor, of the 
Cambridge Soundworks Ensemble. This 
system is well-regarded by many, with fair 
sound and tight imaging in some ranges 
due to unusual beaminess from the wide-

FIGURE 2: This is the time-honored goal of “increasing treble rolloff with increasing off-axis 
angle” horizontal directional response, aka constant directivity. 
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FIGURE 3: The Cambridge SoundWorks Ensemble horizontal direc¬ 
tion response, normalized (meaning the axis response is equalized to 
be ruler-flat). Note the equi-omni behavior of the 4" midrange at - 30°, 
and above it the system remains as loud to 5kHz as on-axis. More im¬ 
portant, note the tweeter flare-in beginning at 3kHz (its 4kHz output 
at - 60° is as loud as its axis response). Finally, above 4kHz observe 
the pronounced rolloff due to tweeter diameter width. 

FIGURE 4: KEF 102/2 room responses. At top is the curve for the speak¬ 
ers on stands well out in the room; in the middle they are on the floor; 
and at bottom they are back on stands but with severe tone-control 
correction (bass and treble turned up). Response below 40Hz is to be 
ignored; see text. 

diameter tweeter. But note the large 
tweeter flare-in starting around 3kHz, 
even though the lower driver is not 6". 
(Like many two-ways, the Ensemble sat¬ 
ellite also has a good-sized lobe vertical¬ 
ly, centered on 2.5kHz, which means you 
might get better imaging if you turn it side¬ 
ways, tweeters inside.) 
To make any crossover less lumpy, you 

must curtail this flare-in by the upper 
driver, at the point where it begins its out¬ 
put as you blend it in. To get everything 
smooth below flare-in, you must do what 
only a few companies have even made the 
effort to do, to achieve directivity where 
it's hardest: in the lower midrange, the 
two octaves below 1kHz down to, say, 
250Hz (refer again to Fig. I). 

Listen Anywhere—or Not 
Most efforts so far to achieve midrange-
and-below directivity have been part of 
a Stereo Everywhere/Listen Anywhere, 
wide-angle-imaging effort, although uni¬ 
form, broadband directivity from 200Hz 
or so on up needn't be aimed only at that 
lofty, hard-to-hit target, dbx succeeded for 
the most part in the original, phased-array 
Soundfield designs, as did dbx sub-brand 
ADC in an aborted duplication attempt 
after the destruction of the dbx brands by 
takeover yuppies. Allison Acoustics cur¬ 
rently has authentic accomplishments in 
this area in the top models of their magnifi¬ 
cent IC (Image Control) line. Altec Lans¬ 
ing pro, I believe it was, made its stab in 
a vast horn system released only in Japan. 
AR's Magic MGC speakers combined 
such attempted midrange directivity with 
delayed sound, to other purposes. 
Numerous shaky claims in this regard 

too turn out merely to entail crossfiring 
the stereo tweeters in front of the sweet 
spot, with the midrange left to spray freely 
in its usual equi-omni fashion—Ohm, 
NHT, several B_ e and Infinity models, 
and others. You can turn any pair of speak¬ 

ers slightly inward, an old idea worthy for 
other reasons, and with most you get bet¬ 
ter sound and imaging, again for other rea¬ 
sons, especially if you turn up the treble 
a little. 

Some promising current rumors in the 
true midrange/lower-midrange-directivity 
area, unconfirmed by me thus far, concern 
work by B_ _e in a still-under-wraps video 
project; by NEAR in a still-under-wraps 
"cardiodlike" execution of radiation pat¬ 
tern involving two drivers; and, most in¬ 
triguing, by Canon in its recent announce¬ 
ment of a reflecting/concave loading tech¬ 
nology. Finally, THX licensees like Snell 
stress, in their surround speakers, cancel¬ 
lation to the side by the pairing of drivers 
back to back, as the THX spec appears to 
call for. There may be surprises when 
these systems' horizontal directional re¬ 
sponse is actually measured. You can get 
such sideways "nulls" down quite low 
from a ribbon on a big baffle, it seems— 
stay tuned next issue—but in the ear-sen¬ 
sitive treble and upper treble such designs 
I have measured turn out to be quite wide-
dispersion, not beamy, and not uniformly 
directive. 

Even Rolloff and the KEF Entry 
Okay, let's forget for the moment about 
making the midrange coverage as direc¬ 
tional as the tweeter coverage. As I've 
said, most designers make a virtue of ne¬ 
cessity when they talk about horizontal 
radiation pattern: you want the frequency 
response to roll off with off-axis angle, 
they opine, and thank goodness it does so 
already. Of course even then many don't 
get it right, paying too little attention to 
the off-axis responses of each driver in the 
lower part of its range. These are the com¬ 
paratively louder responses that create an 
extra-broad image when bounced off the 
walls of a room. The designer may have 
wrongheadedly aimed either for axis 
smoothness or for total power smooth¬ 

ness, missing the importance of the details 
of directivity in between those two out¬ 
dated goals. 
Enter KEF, quietly: KEF the accom¬ 

plished, maybe a little vain, successful 
loudspeaker company from the UK, be¬ 
ing bought by Polk even as I write. KEF 
is the company that, apparently through 
misguided notions about bass "phase 
shift," supplies its top-end, super-expen¬ 
sive consumer speaker systems with in¬ 
sane equalizers that, if I read the reviews 
right, give more than 20dB of boost just 
above de! KEF is also the one that intro¬ 
duced a standard-setting "kangaroo" de¬ 
sign in the early 1980s which became the 
reference loudspeaker for many review¬ 
ers—but couldn't be driven to healthy 
levels. 
More to the point, KEF introduced some 

three years ago a speaker system compris¬ 
ing a conventional cone woofer and a con¬ 
ventional 1 " dome tweeter—but with the 
tweeter voice coil housed in the same 
chassis as the woofer's. Much is made of 
this Uni-Q design for its coincident driver 
placement, same source for all sound, and 
consequent proper "time-domain” be¬ 
havior (actually, it's not notably better 
than conventional designs, oddly, accord¬ 
ing to reviews thus far). But fie to all those 
claims. To me, what is really cool about 
Uni-Q is its constant directivity! 
Coaxial speakers have been with us for 

a long time and are a great idea on paper. 
Yet they've never caught on in consumer 
audio. With Uni-Q, KEF has rediscovered 
something important, and has executed it 
in superior fashion: very smooth stitching 
and blending at the woofer/tweeter cross¬ 
over, with the latter "horn-loaded' ' by the 
former. 

I got a chance to audition and measure 
the new KEF 102/2 at some length re¬ 
cently. It's a small bookshelf-sized speaker 
with one Uni-Q driver per hefty cabinet. 

Continued on page 94 
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NOW AVAILABLE! Dealer Inquiries Invited 

BKAA.3/4 $16.95 

The 34 articles from 1955-1957 in this fourth col¬ 
lection from Audio Engineering magazine take a new 
tack, emphasizing an overall view of the home sound 
system and offering guidance on how to plan a sys¬ 
tem, how to keep it simple, and how to understand 
and maintain the equipment. Solid state techniques 
and circuits are introduced here, along with designs 
for amplifiers and preamps and 6 loudspeakers. 

Chapters include: How to Plan Your Hi-Fi System; System Simplicity for 
Audio; Adequate Audio Power in the Home: Building Simplicity into the Hi-Fi 

System; The Care and Treatment of Feedback Audio Amplifiers; High Quality 
Dual-Channel Amplifier; Stereo Monaural Companion Amplifier for the "Preamp 

with Presence” [Volume Three|; Stereosonic Magnetic Recording Amplifier; 
High Quality Treble Amplifier; Amplifier Uses Cheap Output Transformer; Effect 
of the Cathode Capacitor on Push Pull Output Stages; What’s All This About 

Damping?; Electrical Adjustments in Fitting a New Output Transformer; 

Which Tube Shall I Use?; Understanding Intermodulation Distortion; 
The Sad Tale of a Half-Watt Resistor; Compensation for Amplitude 

Responsive Phono Pickups; A Versatile Bass-Treble Tone Con 
trol; Record Speed and Playing Time; Recording Characteristic Simu¬ 

lator; Transistor Action; Transistor Preamps; Transistor Tips and Tech¬ 

niques; Transistor Preamp for Low-Output Pickups; A Transistor Playback 

Amplifier; Transistor Tone Control Circuits; A Transistor VU Meter; Distor 

tion in Tape Recording; A Time Delay Commercial Suppressor: Baffles 

Unbaffled: Ported Loudspeaker Cabinets; The "CW Horn": The Aperiodic 
Loudspeaker Enclosure: and The Standard Speaker System 

Heavily illustrated. 1957, 1991, 144pp . 8 '/> x I I, softbound 

AUDIO ANTHOLOGY, Volume Four 
Edited by C.G. McProud 

_ r z volume f°uR

ALSO AVAILABLE! 

BKAA.3/1 Audio Anthology, Volume One (1947-50).$16.95 
BKAA.3/2 Audio Anthology, Volume Two (1950-52). 16.95 
BKAA3/3 Audio Anthology, Volume Three ( 1952-55). 16.95 
BKAA3/X3 Choose any 3 volumes, at a savings of $8.95! . 42.00 
BKAA.3/X4 Complete 4-volume set, at a savings of $12.85! .... 54.95 

SHIPPING: In the IS. please add $2 for first book. 75C each addl In ( añada, phase 
add $4.50 for first book. 75C each addl. Overseas, please add 20% to order 

PAYMENT BY MC VISA ( HI( K/MOMA ORDER 

YES! Please send me 

QTY ITEM 

@ $ = $ 

@ 

Please circle the books you have ordered: 
Vol. 1 Vol. 2 Vol. 3 Vol. 4 

SHIPPING = _ . _ 

TOTAL ORDER = $_ _ 

OLD COLONY 
SOUND LABORATORY 

PO Box 243, Dept. B91 
Peterborough, NH 03458 

24-Hour Lines: 
Tel. (603) 924-6371 
FAX (603) 924-9467 FOREIGN CHECKS MUST BE IN US FUNDS DRAWN ON US BANK 

NAME MAGIC NO 

ADDRESS 

CITY STATE ZIP 

MASTERCARD OR VISA NO EXPIRATION DATE 

DAYTIME TELEPHONE NO TODAY S DATE 

CALL OR WRITE FOR YOUR FREE CATALOG TODAY! 
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FIGURE 5a: KEF 102/2 horizontal directional response measured out- FIGURE 5b: The 102/2 curve set again has its axis response, at top 
doors on a stand, from on-axis to directly behind. of the group, normalized to perfect flatness. 

Continued from page 92 
US msrp is a non-inexpensive $1,200 for 
the pair. On stands, likely the company's 
preferred placement, the 102/2s did not 
sound great—thin in some locations, more 
full but still honky in others (nasal, chesty, 
cupped, hooded; choose your adjective), 
with airless and constricted highs, and 
never smoothly voiced overall. The man¬ 
ual is typically vague as to specifics of 
boundary loading. 

An audiophile colleague where I work 
took them home and noted frequency 
response was "Rough, boxy, peaky, tedi¬ 
ous to listen to." The top curve of Fig. 4 
shows reasons for our reaction, being a 
curve of stereo room response to pink 
noise (continuously averaged in time and 
space), with a broad hump centered on 
400Hz, a most displeasing place to have 
such excess. In the middle of Fig. 4 is the 
102/2 on the floor but still out in the 
room, the lower range now augmented, 
the cabinet angled backward a little, 
much more listenable despite that sway¬ 
back above 2.5kHz. I suggest that wall 
placement will achieve something simi¬ 
lar in overall tonal balance. At the bot¬ 
tom of Fig. 4 the 102/2s are back on 

stands, now with strong tone-control ad¬ 
justment: respectable, more like good¬ 
quality modern high-fidelity loudspeaker 
sound. (Ignore data below 40Hz; that's 
my furnace.) 
However, in rock-steadiness, focus, sta¬ 

bility, clarity of instrumental positions, 
these speakers imaged on the centerline 
like no stereo speak pair I have ever 
heard. In this regard the 102/2 performs 
as claimed, to my mind. And I don't be¬ 
lieve its imaging has anything to do with 
"point source" talk or claims about time-
of-arrival coherency. No, I think it's the 
Uni-Q design's unprecedentedly "cons¬ 
tant" directivity. 

Check It Out 

Check out Figs. 5 and 6. Figure 5a is the 
102/2 outside on a stand, with no front or 
side wall reflections to affect the floor¬ 
reflection notch at 300Hz. Figure 5b shows 
the top set normalized, so the below-axis 
curves here show the difference in output 
with angle. Figure 6a is the same as Fig. 5a 
except the 102/2 is up against a perfectly 
reflective front wall, which increases and 
alters its lower midrange. 

So look: compare Fig. 5b and Fig. 6b with 

Fig. 2. Stick these KEF babies against or, 
preferably, in the wall; EQ liberally; get 
a Velodyne or equivalently superior sub¬ 
woofer; and you've got something. 

I see in these pages that SEAS now is 
marketing drivers with a similar design. 
(Uni-Q is probably unpatentable because 
there's so much "prior art" for coaxial.) 
Likewise Tannoy, whose products have 
for years been well-thought-of in the pro 
world, has an entire new consumer line 
of similar execution. 1 would conclude 
then that KEF has started something in 
the area I consider supremely important 
to good sound at home: smooth control 
of directivity. Oh, I say, old chaps, jolly 
good show! & 

REFERENCE 
1. To review my measurement protocol: the 

compensated mike's output was continuously 
averaged for half a minute or more, 7-10' from 
the speaker, 32-40” from the floor (seated ear 
height), and at 0°, -30°, -60°, -90°, -135°, 
and - 180° over ± 15°. The speaker was fed 
precision pink noise from a flat-response low-
output-impedance amplifier. The curves plot¬ 
ted here are %-octave-averaged via an instru¬ 
mentation-grade real-time analyzer. 

FIGURE 6a: Same as Fig. 5a but with the KEF 102/2 up against a 
simulated perfect wall. This placement helps fill in the floor-bounce notch 
somewhat. 

FIGURE 6b: The curve set normalized to perfect flatness. Note the resul¬ 
tant loud sideways lobes and image-spreading at 200-250Hz, which 
can be a common occurrence with wall siting. 
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’arts Express now introduces... 
response to our customers' request, we at Parts Express, in cooperation 

th a major speaker manufacturer, set out to design a loudspeaker that can 

thstand the harsh environment of today's automobiles. The Thruster Car 

jdio Woofer Series is the result of those efforts. By combining the best 

atures from a variety of manufacturers into a single speaker, we have 

weloped a woofer that is virtually indestructible when installed properly. You 

ked for a speaker with a surround that would not rot and turn to dust. So we 

id our surrounds treated with a special fungicide. You asked for a cone with 

3 low mass of paper but with the rigidity of polypropylene. So we coated our 

nes with a polymer resin. You wanted a speaker that could produce the 

gh SPL's that win auto sound competitions. So we designed our Thruster 

iries with large magnet assemblies to provide high flux densities. You 

inted a frame with the rigidity of diecast aluminum without the high cost. So 

! had our steel frames stamped from thicker steel with rolled edges and 

nforcing ribs to be superior to standard steel frames. You wanted the best 

all worlds and we did our best to deliver. We are so confident that our 

ruster Car Audio Woofer Series will live up to your expectations that if you 

y one of our woofers and are not completely satisfied, we will refund the 

rchase price within 15 days from date of purchase. 

ruster Car Audio Woofers are available in 8", 10", 12", and 15" sizes for 

rtallation flexibility. Features: 

FREE CATALOG 
Call today and request your FREE copy of our 
latest full line catalog. 148 pages packed with 
over 7,000 items, in stock and ready for 
delivery. Get to know Parts Express. You will 
be glad you did. 

■ Heavy gauge stamped steel frames prevent the magnet from 

vibrating loose and causing the voice coil to become misaligned 

in the gap. 

■ Red foam surrounds are treated with a special fungicide to 

withstand the high humidity in todays automobiles. 

■ Oversized magnet assemblies provide high flux densities for 

increased efficiency and improved damping on the voice 

coil, increasing power handling capability at low frequencies. 

■ Large diameter voice coils for increased power handling and less 

heat build-up. 

■ Curvalinear cone design for improved sound reproduction of 

frequencies above 1,000 Hz. 

■ Polymer resin coated cones provide resistance to moisture and 

sun as well as increase rigidity without adding excess mass. 

■ Two color printed dust caps, red foam surrounds and “Wet Look" 

cones create a stunning appearance that will give you an extra 

edge on the competition in auto sound contests. 

■ Manufactured using the latest in robotic controls; high quality 

is assured. 

Vp Parts 
Express 

513-222-4644 PC 

10 E. First St., Dayton, Ohio 45402 
>cal: 513-222-0173 

CALL TOLL FREE 
1-800-338-0531 

15 day money back guarantee $15.00 minimum order We accept Mastercard. Visa. 
Discover, and C O D. orders. 24 hour shipping Shipping charge = UPS chart rate + $1 00 
($3.00 minimum charge) Hours 8:30 am - 7:00 pm EST. Monday - Friday 9:00 am 
2:00 pm Saturday. Mail order customers, please call for shipping estimate on orders 
exceeding 5 lbs. Foreign customers please send $5 00 U.S. funds for catalog . 



high fidelity 
range_ 

morel (u.k.) Itd. 
11 Foxtail Road, 
Nacton Rd, (Ransomes) 
Industrial Estate, 
Ipswich, IP3 9RT 
England 
Tel: (0473) 719212 
Telex:987601 Morel G. 

morel 
acoustics usa 
414 Harvard Street 
Brookline, MA 02146 
Tel: (617) 277-6663 
FAX: (617) 277-2415 

MW1275 Specification_ 
Overall Dimensions 
Nominal Power Handling (Din) 
Transient Power — 10ms 
Voice Coil Diameter 

0- 306mm(12") x 94mm(3.7 
250 1 
10001 

75mm(3 
Voice Coil Type / Former Hexatech Aluminiu 

DPC Cone 
Frequency Response 
FS — Resonant Frequency 
Sensitivity 1W/1 M 

20-12000 F 
22 F 
90 c 

Double Magnet 
12" Woofer 

Z — Nominal Impedance 
RE — DC Resistance-
LBM — Voice Coil Inductance @ 1 Khz 
Magnetic Gap Width 
HE — Magnetic Gap Height 
Voice Coil Height 
X - Max. Linear Excursion 
B — Flux Density I BL Product (BXL) 
Qms — Mechanical Q Factor 
Qes — Electrical Q Factor 
Q/T — Total Q Factor 
Vas — Equivalent Cas Air Load 
MMS — Moving Mass I Rmec 
SD — Effective Cone/Dome Area 

8 ohn 
6.4 ohn 
0.62 rr 

1.35mm(0.053 
6mm(0.25 

14.5mm(0.57 
4.25mm(0.167 
0.65 T / 5.4 N 

3.8 
1 
0. 

270 litres (9.6 ft 
55gm / 2.25ns/i 

503 cn 
Cone/Dome Material DPC (Damped Polymer Composit 
Nett Weight 1.50 k 

A high quality 12" woofer — unique vented 
double magnet system housed in a magnesium 
pressure cast chassis. An extremely shallow 
DPC (Damped Polymer Composite) cone 
with foam surround — low resonance 
frequency — smooth frequency response 
and with high power handling capability 
— 3" voice coil with aluminium wire — 
suitable for three-way systems. 

Excellent bass response and 
low distortion resulting from the 
longer voice coil, allowing a more 
linear excursion. 

Specifications given are as ah 
24 hours of runnir 

Sensitivity Hagnitude dB SPL/uatt Sensitivity Phase - deg 

30° 

1000.0 1ÍMXM) 

Tiae - isec log Frequency - Hz 
Morel operate a policy of continuous product design improvement, consequently specifications are subject to alteration without prior notice 

log Frequency - Hz 100.0 

[■pulse Response - volts 

log Frequency - Hz 100.0 

Iipedance Magnitude - ohis 

1000.0 
Fast Reply HIFI 




