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1531 Lookout Drive
AGOURA, CA 91301
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Tel: (818) 707-1629
Fax : (818) 991-3072

For informations, call or write.
Free brochure upon request.

Stocking distributors:

Transducer Technology
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Dallas, TX 75244

Tel:(214) 991-6994 Fax:(214) 991-
5016

Zalytron Industries

469 Jericho Turnpike

Mineola, NY 11501

Tel:(516) 747-3515 Fax:(516) 294-
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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 52¢ 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 1W/1m, a
nominal impedance of 6§, 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 8Q and effi-
ciency is rated at 88dB 1W/1m.
Derived from Sonance's rectangular
footprint M10 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-
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Good News

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 600 (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.
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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 $2.95in 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 6%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 11Y4”. The YCS-6023
sells for $100/pair, including snap-on
grilles and speaker cords.

Yamaha's other speaker, the YCS-5021,
is a 5% " 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 11", 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
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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

fra—sarae = = 3 =

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
allits cables and connectors. For informa-
tion, contact Gary Reber, Monster Cable
Products, Inc., {714} 677-4668.

O R N RO T

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 1MO, (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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- four-layer voic> coil

- custom double-roll cloth

- flared hard paper diaphragm
- treated-cloth dustcap attached directly to the voice coil

Now available exclusively at:

3170

DRIVER DESIGN 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 European drivers, the V6/20 incorporates
several high -performance features. Among them are:

- large vented-pole magnet structure
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!

A&S Speakers

23rd St

San Francisco CA 94110
Tel J415-641-4573

driver design Itd
charlottesville va 22903
804 971 3822
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Speaker Builder is published bi-monthly by Ed-
ward T. Dell, Jr., PO Box 494, Peterborough, NH
03458. Copyright © 1991 by Edward T. Dell, Jr.
All rights reserved. No part of this publication may
be reprinted or otherwise reproduced without the
written permission of the publisher.

All subscriptions are for the whole year. Each
subscription begins with the first issue of the year
and ends with the last issue of the year. A sample
issue costs $4 in the US, $5 in Canada.
Subscription rates in the United States and
possessions: one year (six issues) $25, two years
{twelve issues) $45. All sets of back issues are
available beginning with 1980. Canada add $6 per
year for postage. Overseas rates available on re-
quest. Subscribers residing outside the US and
Canada are served by air.

To subscribe, renew or change address in all
areas write to Circulation Department or call (603)
924-9464 for MC/Visa charge card orders. For gift
subscriptions please include gift recipient’s name
and your own, with remittance. A gift card will
be sent.

A Note To Contributors
We welcome contributions for possible publication
in the form of manuscripts, photographs or draw-
ings, and will be glad to consider them for publica-
tion. Please enclose a stamped, addressed return
envelope with each submission. While we cannot
accept responsibility for loss or damage, all mate-
rial will be handled with care while in our pos-
session. Receipt of material is acknowledged by
postcard. Payment is on publication.

Speaker Builder (US ISSN 0199-7920) is published bi-
monthly at $25 per year; $45 for two years, by Edward
T. Dell, Jr. at 305 Union St., Peterborough, NH 03458 USA.
Second class postage paid at Peterborough, NH and addi-
tional mailing office.

POSTMASTER: Send address changes to SPEAKER
BUILDER, PO Box 494, Peterborough, NH 03458.

About This Issue

Robert Spear and Alexander
Thornhill 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 Colloms' High
Performance Loudspeakers.

On our cover: NHT drivers produced
on the assembly line. Photo by Bruce
Edgar.




-
SpeakerBuilder

THELOUDSPEAKERJOURNAL

VOLUME 12 NUMBER 5 OCTOBER 1991

FEATURES

11 FIBROUS TANGLE EFFECTS
ON ACOUSTICAL TLs

BY ROBERT J. SPEAR and ALEX F. THORNHILL

18 QUASI-ELECTRONIC CROSSOVER
BY PAUL BECKER

22 THE SPEAKER DESIGNER

AS ENTREPRENEUR
BY BRUCE EDGAR

30 THE DOALS PARTY SPEAKER
BY JOSEPH R. DEMERS

472 A LOUDSPEAKER CABLE

BY JOHN D. JACKSON

44 SPEAKERTO-EAR INTERFACE

BY DONALD F. SCOTT

DEPARTMENTS

10 ﬁ/g\ﬁsgvgt?iagilsﬁr{;ﬂumems ALEX THORNHILL, and PAUL WILLIAM
BY SID TETENS 64 MAILBOX

46 KIT REPORT Lite V 87 CLASSIFIED
BY GARY GALO 89 AD INDEX

54 BOOK REPORT 91 MORAN in the MARKET

High Performance Loudspeakers
BY DAVID W. DAVENPORT

56 CRAFTSMAN'S CORNER
BY PETER J. GROTH

BY DAVID R. MORAN

—

Speaker Builder / 5/91 7



S AR R U N ST T
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.

Fast Reply WIF69

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

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.

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
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.

8 Speaker Builder / 5/91

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.

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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tegically separated to provide a null off-
axis vertically. A treated 1%” woven
dome tweeter with a 48 0z. 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 4Q 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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3'170 23rd Street
‘ &s San Francisco 94110
spea"ers (415) 641-4573

(415) 648-5306 FAX

"'“"" PHILIPS

ULTIMATE AH&
'Peecless .
m g Solen Electroniave inc.

WOODSTYLE PRODUCTS

7 (seas)
'A arasound

VMPS AUDIO

Emsnence Speaker Corporation

A & S SPEAKERS — Your source for the widest selection of hi-fi
speaker systems, kits, cabinets and crossovers for every automotive
and home hi-fi application.
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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 SBs, 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, "I've 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

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.!
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.?

In April 1976, a paper entitled '"The
Use of Fibrous Materials in Loudspeaker
Enclosures'’ by the English aeronautical
engineer L.].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

BY ROBERT J. SPEAR
ASSISTED BY ALEX F. THORNHILL

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.?

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 inan un-
stuffed line mainly due to viscous drag
(friction) along the enclosure walls and
absorption by enclosure panel reso-
nances, particularly at bends.? Air alone
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PHOTO 1: Dual oscilloscope trace. Upper
trace shows a square wave at 146Hz taken
with the microphone Smm 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.* 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.! 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 7.9msS 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.!
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.! 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.! 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.?
The fiber's attenuation potential at a
given frequency remains fixed. If a cer-
tain amount attenuates by 10dB, a 90dB
woofer input produces an 80dB port out-
put. At 50dB input, the attenuated port
output is 40dB, again 10dB 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
A, 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:

A=A x {u/d?¥ x (P/rhoF)*

A = 1010.8758 kg/{m3-sec) for our high-
est packing density of 6.694kg/m?
(0.417 1bs./ft3). A value of 27 is used for
A. Using the extreme values for A pro-
duces A 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, «, represents the
velocity of sound in the tangle, and the
imaginary part, 3, 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
(V4 / Vg). However, probably for ease
of graphing, Bradbury expressed this
as Vg / V,, which equals 1/ «, where:

a = ({{1 + P/rhoAjz + gw x P/ A2/
{1 + (w x P/ N2 x cos(©)

w = 2 x ® x frequency (f)
and

© = .5(arctan{w x P/ \) - arctan
{(w x P/ /(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 (Vi) to velocity in air
(V4)) 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 u 0.0000181kg/
m-sec

Stuffing density in kg/m3

P
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 the
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 2ZmS 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.
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FIGURE 1a: 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 Ve/\,.
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FIGURE 1b: Same data as Fig. 7a 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 program® and the information
presented by Hillman,” 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.

L

Figure 1b 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.!

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
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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.! The measured frequency
should be above 200Hz where attenua-
tion is the dominant factor. Even four
ounces of fiber (0.086 1bs./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./{t3, 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 line 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  CORRECTED
(Hz)  (dB) (dB) (dB)

200 +9.26 -13.10 -22.36
190 +9.48 -1285 -22.33
180 +49.19 -1410 -23.29
170 4957 -11.20 -20.77
160 +9.20 -10.12  -19.32
150 +8.86 -1240 -21.26
140 4877 -1070 -19.47
130 +8.77 -10.23  -19.00-
120 +8.19 -9.00 -17.19
110 4770 -7.00 -14.70--
100 +7.39 -7.10 -14.49
90 +6.54 -730 -14.27
80 +528 -797 -13.25
70 4445 -780 -12.25
60 4365 -770 -12.02
50 4208 -9.07 -11.15
45 +1.18 -1030 -11.48
40 -042 -11.10 -10.68
35 -148 -1223 -10.75
30 -3.80 -13.40 -9.60
25 -540 -15.18 -9.78
20 -830 -17.10 -8.80

* A 9’ line stuffed with Dacron polyester
fiber at 0.417 Ibs./ft3 showing the attenu-
ation of sound.

** Woofer rolls off.

*** Lowest port reading.
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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
I 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 lbs./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. ]
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QUASHELECTRONIC CROSSOVER

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-

BY PAUL BECKER

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 16Q taps of the tubed power amps
with R1 and 2; R3 and C1 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.

{LEFT SFKR}

.,.‘\

o—— SUBWOCFER

FIGURE 1: Passive center-channel crossover.

RIGHT SPKR |

3. You can modify method two with
a passive crossover between preamp and
power amps (Fig. 2). C1 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.

C1 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.

R1-3 and IC1 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 1uF
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Continued from page 18

ance; 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 1,800uS. (Table 3
shows other frequencies.) I used the
same formula to determine C1 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
RS, 6 47k
R7 50k
R8 100Q
R9 10k
Capacitors

C1,2 0.003
C3 1uF
Miscellaneous
IC1, 2 741, 318, or any quality op amp

20 Speaker Builder / 5/91

values according to your application and
needs. For instance, if you're using two
subwoofers, you can eliminate the stage
surrounding IC1 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 6dBl/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 C1-3 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, 145, 0+6, and so on. My first at-
tempt had a hump of about 0.5dB, so I
changed C1 and 2 from 0.004 (which the
formula yielded) to 0.003. As I began, the
crossover was 80Hz. Changing C1 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. I 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 (u8)
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 2,200uF at 16V or greater
D1, 2 1A, 50 PIV or greater
m 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. »
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THE SPEAKER DESIGNER
AS ENTREPRENEUR

AN INTERVIEW WITH KEN KANTOR OF NHT

en Kantor (Photo 1) 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 [ 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 engineer/scientist for a
Los Angeles aerospace company. His interests in-
clude the history of loudspeakers, hom design, and
woodworking.
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BY BRUCE EDGAR
Contributing Editor

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,
"'l 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
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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.




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 17

KK: When 1 started the company, 1
thought long and hard about how to im-
prove a loudspeaker’s performance with-
out increasing the cost. One idea I had
was that [ could eliminate most parts of
the crossover if I designed into the 6”
woofer the desired rolloff characteristics.
[ 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.
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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?
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DOME TWEETER

Polydax Speaker Corporation is starting

accuracy. Using our

own proprietary Radially

Compliant Surround
(RCS) technology, the
DTIOI tweeter has an
extended operating
range above 20 kHz.

» Resonant Frequency: 1700 Hz
» Frequency Range: 3500-30 kHz
» Sensitivity: 94 dB

» Power Handling: 50w

Other features include a Kapton voice coil
former for high power handling, extraordi-
nary sensitivity of 94 dB (1W/Im) and a
protective phasing ring over the dome.
Instead of fading into the sunset, the DTIOI
rises above the standards of the normal one
inch dome tweeter.

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

- TV

PHOTO 7: The Model Zero as compared to the size of a CD.
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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% " 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.

I

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 X,,,x 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?
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KK: I 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?7

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.
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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 8Q 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 0.1dB and 14S.

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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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
Y-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-

PHOTO 9: The VA-1 utility amp undergoing checkout.

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,

PHOTO 10: Ken Kantor's driver test setup, including a PC/AT control computer, an Audio Preci-

sion system, and an HP FFT analyzer.

32 Speaker Builder / 5/91

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




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. | 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
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Select Distributors
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T N N (anada R N
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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
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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%2” 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

“In 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: o — - ‘
* 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 1
polypropylene films. o— . ‘

* And not only the selection of the best foils available. . . 9
This cross-sectional drawing shows the

* But in each MultiCap, you get ten precision, paralleled coaxial construction of a Multicap. For
capacitors wound into one compact, optimized unit—that is, simplicity's sake, only two of the ten sections
the MultiCaps are internally bypassed. 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.”

Fast Reply ¥iF703



THE DOALS PARTY SPEAKER

Aparty 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
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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.!

DESIGNING THE LENS. At first, 1
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?
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FIGURE 1: The phase front at an angle to and moving down the driver’s axis.
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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
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FIGURE 3: The lens angles.

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
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FIGURE 4: The driver radiates like a point
soufce 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

1
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FIGURE 5: Approximating a lens curve from the calculated slope, the 90° slope, and the 45°

slope.
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FIGURE 6: The redirecting effect caused by
the hyperconic section.

only area where it is necessary to apply
the principle.

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 [ stated
earlier, I didn't want a simple cone, but
a lens specifically designed to reflect the
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drivers’ output away from the wall and
to spread it uniformly throughout the
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 (V1) 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 V1. 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.
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FIGURE 7: The bottom of the wave vector is moving parallel to the driver’s axis and has the
phase front associated with it.
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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, 1
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, 1
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 1 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 1 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, 1
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.

fect of the lens. All the components I
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
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FIGURE 10: The crossover schematic.

TABLE 1

DOALS PARTS LIST

Attenuation resistors (15W)

R1 0.5Q tweeter, series

R2 37Q tweeter, parallel

R3 2Q midrange, series

R4 12Q midrange, paraliel
Capacitors (nonpolar and 50W +)

C1 5.6uF tweeter-midrange
c2 33uF midrange-woofer
Inductors (air core and 50W +)

L1 0.15mH midrange-tweeter
L2 1.25mH woofer-midrange
Orivers

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 6%2” woofers in an Isobarik align-
ment. The amount of flawless bass that
can be produced in this alignment al-
ways amazes me. ['ve also discovered
that the Isobarik design is forgiving
about the woofer quality. As long as the
driver with a Qg 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 8Q
drivers in parallel means a 4Q system.
I used a Polydax MHD12P25 FSM
rated at 50W and with a 49 resistance
for the midrange.2 For experimentation,
it's cost-effective, as is the tweeter I
employ, a 4Q Polydax TW60A.
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FIGURE 11: The cabinet modules.

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 = 2Q) and 1dB for the tweeter
(R2 = 37Q, R1 = 0.59). 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 ft* enclo-
sure for the Isobarik woofer (Photo 4).

THE ENCLOSURE. The cabinet is
made from %" particle board covered
with %4“ 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 %" 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,
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FIGURE 12: The cabinet dimensions.
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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

5

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? [ 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, 1
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 1 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. 1 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
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A LOUDSPEAKER CABLE

hat I'm proposing here is a high-
quality loudspeaker cable con-
struction you can modify to suit your ap-
plications. The largest diameter wire 1
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 O 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 O, rep-
resenting an area of 2.075mm?. Going by
that, each 1mm?2 using copper can carry
7.23A. To use the suggested example,
20AWG has an area of 0.52mm?, there-
fore a current capacity of 3.76A. The
20AWG as used above has a resistance
of approximately 0.032Q/m. Considering
that some tube power amps have an out-

BY JOHN D. JACKSON

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

put impedance as high as 2Q, you won-
der what's the point in spending lots of
money on super conductors.

According to Martin Colloms,! a cable
with a resistance of 0.4Q would represent
an audible 1dB drop with a 4Q speaker
(0.5dB with 8%Q). This should be okay if
you can keep the cable resistance down
to 0.29. James Moir? 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 NACS5R = 0.048/m; L. = 4.9uH/m
(5uH represents 0.63Q at 20kHz). My
cable construction has little inductance,
virtually no self-inductance, and is phase-
coherent up to a frequency of 26.6kHz.

PHOTO 2: Cable constructed from PVC insulated wires (photo by Ulrich Otte).
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FIGURE 1: Ends of the cables placed in a vise
jaw.

90°

FIGURE 2: Diagram of how to plait the cables.




TABLE 1

APPLICATION VALUES

SINGLE NOMINAL FINISHED
RUN (m) LENGTH () LENGTH () X2 X3 X4
1 0.064 0.08 0.04 0.027 0.02
2 0.128 0.16 0.08 0.053 0.04
3 0.192 0.24 0.12 0.080 0.06
4 0.256 0.32 0.16 0.110 0.08
&) 0.320 0.40 0.20 0.130 0.10
6 0.384 0.48 0.24 0.160 0.12
TABLE 2 . :
a high-quality loudspeaker connector, 1
Z VALUES recommend Edison Price's Music Post.
o To help you decide on the number of
E(i ) ng @ bundles you'll need for your application,
4 0.2 I have drawn up Table 1. James Moir
2 0.1 recommends you keep DC cable resis-

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. 1) 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
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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.]
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