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Cabasse

True geodesic

Exclusively from:

ORCA, Design & Manutfacturing Corp.
1531 Lookout Drive

AGOURA, CA 91301

United States of America

Tel: (818) 707-1629
Fax : (818) 991-3072

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

3 dlapiuag iny from Cabasse.

Stocking distributors:

Transducer Technology

4320 Spring Valley

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-
1943
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To make the scoring of the real-time analy-
sis portion of IASCA car stereo contests
easier, faster, and always accurate, AUDIO
CONTROL INDUSTRIAL has announced a scor-
ing computer that connects to the printer
interface of the SA-3050A’s %-octave spec-
trum analyzer. This computer, model
HAL-100, analyzes the frequency re-
sponse curve of the judged vehicle and
prints out the IASCA score and the vari-
ous points on the curve. The entire pro-
cess using the HAL-100 is quick and elim-
inates hand scoring and calculations.

e Siaa
AUDIO ELECTRONIC SYSTEMS has announced
the AES-.5 and the AES 4. The AES-.5 is
a compact, "‘full range,"” two-way in-wall
system designed for applications where
the budget is a significant consideration,
or as a high-fidelity surround channel
speaker in top-of-the-line audio/video
sound systems.

The AES-.5 employs a 5%" (57mm)
polypropylene woofer and 2% " (133mm)
ferrofluid-cooled tweeter with on-board
thermal protection circuit and five-way
binding post connections. Frequency re-
sponse is 70Hz-20kHz; recommended
amplifier power is 10-50W RMS per
channel.

The AES-4 dual voice coil subwoofer
employs a 6" by 9" {152 by 229mm)] poly-
propylene cone, which has the same sur-
face area as an 8" {203mm) round cone.
Normally sold in single units for each
stereo installation, the AES-4 comple-
ments the AES-3 subwoofer, which is sold
in pairs. Both are designed to be mated
with all AES full-range in-wall speakers
and are shipped with dividing networks
that contour the full range speaker’s low-

&=ma Fast Reply #GF29

Good News

The unit is powered by a standard 9V
battery or an external 12V power supply
shipped with it. An additional parallel
printer cable is necessary to connect the
HAL-100 between the SA-3050A and the
printer.

The HAL-100 AISCA sells for $350. For
more information, contact Rick Chinn or
Tom Walker, AudioControl Industrial,
22313 70th Ave. West, Mountlake Ter-
race, WA 98043, (206) 775-8461, FAX
(206) 778-3166, TELEX 3711409,

Fast Reply #6F123

frequency response, ensuring correct mu-
sical balance and creating a true in-wall
satellite/subwoofer system. Frequency
response of the AES-4 is 28-90Hz; recom-
mended amplifier power is 10-100W
RMS per channel.

The AES-.5 sells for $99.95, the AES-4
for $295. For more information, contact
Jeff Myers, The J&] Myers Co., 22 Par-
sons Dr., Swampscott, MA 01907-2930,
(617) 592-4966, FAX {617) 581-2164.

Fast Reply #6F55

OWI has introduced the OWI-290, a multi-
mini loudspeaker system that includes a
weatherized® subwoofer and two weath-
erized two-way satellite speakers.

The subwoofer measures 6% " by 10" by
6" and weighs 7 Ibs. The satellites are 7"
by 4%2” by 4” and weigh less than 4¥; lbs.
The subwoofer is rated at 60W maximum,
the satellites at 80W. The two-ways have
adecibel rating of 92; the subwoofer rates
at 93dB. The frequency response of the
two-way units is 90Hz-20kHz. The sub's
omnidirectional frequency response is 40-
450Hz and satellite speakers disperse
sound in a 140° radius.

OWT s also introducing the OW1-3302,
a full-range weatherized speaker, and the
OWI1-3301, a coaxial speaker. Both have
a power rating of 60W and will run in a
4{2]oad. The Thindy IlI series speakers are
10” in diameter, but will fit into an 814"
diameter hole. Moreover, the speaker re-
quires a depth of only 1% " for mounting.

For more information, contact OWI,
Inc., 1160 Mahalo Place, Compton, CA
90220, {213) 638-8347.

Fast Reply #GF50

SUB-CALC has announced a speaker enclo-
sure design software package for IBM
compatibles. Thiele/Small transfer func-
tions and equations have been converted
to algorithms and used to create a com-
puter program that accurately predicts
speaker/enclosure performance for closed
(sealed) box or vented systems.

The software is easy to use. When you
enter the basic parameters supplied with
the driver, the program suggests an ideal
volume, tuning frequency, port diameter,
and vent length. You can accept these
values or enter your own. The program

displays a graph showing the predicted
performance and cutoff frequency. If you
change any parameter, the program re-
draws the response curve. Also included
in the package are utilities that compute
box volume, box resonance, and tube
equivalents.

The program sells for $49, plus $3 ship-
ping and handling. For more information,
contact Dan Patton or Roger Eakin, SUB-
CALC, 202 37th NE, Suite G, Auburn,
WA 98002, {206) 931-0173.

Fast Reply #6F256
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L SCan-speak

Compressionless

MADE IN DENMARK
HIGH DYNAMIC TECHNOLOGY

Expertly engineered e Carefully hand-crafted e
Finest cone materials ® Kevlar, Polypropylene e
High acceleration large vented magnet e

High power handling e
Very high dynamic ¢ Truest reproduction of music ®
Excellent sonic performance

k- sCan-speak

SOLEN
4470 Thibault Ave.

Canada

A & S Speakers

3170 23rd Street

San Francisco CA 94110
U.S.A. (415) 641-4573
FAX 415-648-5306

St-Hubert, QC J3Y 779

Tel: (514) 656-2759

Fax: (514) 443-4949

Madisound Speaker Components
8608 University Green, Box 4283
Madison WI 53711

U.S.A. (608) 831-3433

FAX 608-831-3771
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Low-Frequency Designer 1.0 from SPEAK-
EASY is a computer-aided design program
written for the IBM PC and compatibles.
It models the low-frequency performance
of loudspeaker systems and offers features
such as models for three types of the
popular bandpass systems, System Syn-
thesis, Curve Fitting, and Curve Families.

System Synthesis calculates a set of
driver and box parameters based on
specified system response. Curve Fitting
alters the value of selected driver and box
parameters to provide the best fit to the
specified system response. Curve Families
varies a parameter in steps over a given
range and generates a family of curves.

LFD 1.0 is executed with a graphical
user interface and on-line context-sensi-
tive help. It requires a minimum of 512K,
EGA/VGA/Hercules or AT&T graphics,
and Epson or HP compatible printer
support.

The program sells for $195. A freedemo
disk is available by contacting SpeakEasy,
46 Cook St., Newton, MA 02158, {617)
969-1460.

Fast Reply #6F68

AUDIO CONCEPTS has announced the forma-
tion of a new subsidiary, AC Compo-
nents, to better serve speaker hobbyists
and manufacturers, while allowing the
staff of Audio Concepts to focus on the
needs of mainstream audio consumers.
AC Components will supply a full line
of drivers, crossover components, and ac-
cessories. Included in the catalog are
comprehensive specifications featuring
the company's own tests of the raw driv-
ers. The specification sheets show the
performance of actual production sam-
ples and compare drivers from different
manufacturers using the same format.
To receive more information or manu-
facturers’ spec sheets, send an SASE {(for
up to three spec sheets) to AC Compo-
nents, PO Box 212, La Crosse, WI 54601,
(608) 784-4579, FAX (608) 784-6367.
Fast Reply W6F177

MIT has introduced a metallized version of
its MultiCap capacitor, designed for use
in audio products to eliminate the distor-
tions caused by parasitics in capacitors.

The metallized MultiCap is recom-
mended for low-current applications such

| as preamps, amps, and other electronic

circuits. They offer the same precision in
design and construction, the same pat-
ented coaxial structure, and the same son-
ics found in the film-and-foil MultiCap.
Each unit contains multiple paralleled
capacitors optimized into one package.
For more information, contact Music In-
terface Technologies, 3037 Grass Valley
Hwy., Suite 8212, Auburn, CA 95603,
(916) 883-1186, FAX (916) 823-0810.
Fast Reply #6F635




To make the scoring of the real-time analy-
sis portion of IASCA car stereo contests
easier, faster, and always accurate, AUDID
CONTROL INDUSTRIAL has announced a scor-
ing computer that connects to the printer
interface of the SA-3050A's %-octave spec-
trum analyzer. This computer, model
HAL-100, analyzes the frequency re-
sponse curve of the judged vehicle and
prints out the IASCA score and the vari-
ous points on the curve. The entire pro-
cess using the HAL-100 is quick and elim-
inates hand scoring and calculations.

Good News

The unit is powered by a standard 9V
battery or an external 12V power supply
shipped with it. An additional parallel
printer cable is necessary to connect the
HAL-100 between the SA-3050A and the
printer.

The HAL-100 AISCA sells for $350. For
more information, contact Rick Chinn or
Tom Walker, AudioControl Industrial,
22313 70th Ave. West, Mountlake Ter-
race, WA 98043, (206) 775-8461, FAX
{206) 778-3166, TELEX 3711409.
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AUDIO ELECTRONIC SYSTEMS has announced
the AES-.5 and the AES 4. The AES-.5is
a compact, ''full range,” two-way in-wall
system designed for applications where
the budget is a significant consideration,
or as a high-fidelity surround channel
speaker in top-of-the-line audio/video
sound systems.

The AES-.5 employs a 5%" (57mm)
polypropylene woofer and 2% " (133mm)
ferrofluid-cooled tweeter with on-board
thermal protection circuit and five-way
binding post connections. Frequency re-
sponse is 70Hz-20kHz; recommended
amplifier power is 10-50W RMS per
channel.

The AES-4 dual voice coil subwoofer
employs a 6" by 9” (152 by 229mm) poly-
propylene cone, which has the same sur-
face area as an 8” {203mm) round cone.
Normally sold in single units for each
stereo installation, the AES-4 comple-
ments the AES-3 subwoofer, which is sold
in pairs. Both are designed to be mated
with all AES full-range in-wall speakers
and are shipped with dividing networks
that contour the full range speaker’s low-
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frequency response, ensuring correct mu-
sical balance and creating a true in-wall
satellite/subwoofer system. Frequency
response of the AES-4 is 28-90Hz; recom-
mended amplifier power is 10-100W
RMS per channel.

The AES-.5 sells for $99.95, the AES-4
for $295. For more information, contact
Jeff Myers, The J&] Myers Co., 22 Par-
sons Dr., Swampscott, MA 01907-2930,
(617) 592-4966, FAX (617) 581-2164.
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OWI has introduced the OWI-290, a multi-
mini loudspeaker system that includes a
weatherized® subwoofer and two weath-
erized two-way satellite speakers.

The subwoofer measures 6% " by 10" by
6" and weighs 7 Ibs. The satellites are 7"
by 42" by 4" and weigh less than 4¥; Ibs.
The subwoofer is rated at 60W maximum,
the satellites at 80W. The two-ways have
adecibel rating of 92; the subwoofer rates
at 93dB. The frequency response of the
two-way units is 90Hz-20kHz. The sub's
omnidirectional frequency response is 40-
450Hz and satellite speakers disperse
sound in a 140° radius.

OWTlis also introducing the OWI-3302,
a full-range weatherized speaker, and the
OWI-3301, a coaxial speaker. Both have
a power rating of 60W and will run in a
4Qload. The Thindy I1I series speakers are
10" in diameter, but will fit into an 8%z
diameter hole. Moreover, the speaker re-
quires a depth of only 1% " for mounting.

For more information, contact OW]I,
Inc., 1160 Mahalo Place, Compton, CA
90220, (213) 638-8347.

Fast Reply #6F50

SUB-CALC has announced a speaker enclo-
sure design software package for IBM
compatibles. Thiele/Small transfer func-
tions and equations have been converted
to algorithms and used to create a com-
puter program that accurately predicts
speaker/enclosure performance for closed
(sealed) box or vented systems.

The software is easy to use. When you
enter the basic parameters supplied with
the driver, the program suggests an ideal
volume, tuning frequency, port diameter,
and vent length. You can accept these
values or enter your own. The program

displays a graph showing the predicted
performance and cutoff frequency. If you
change any parameter, the program re-
draws the response curve. Also included
in the package are utilities that compute
box volume, box resonance, and tube
equivalents.

The program sells for $49, plus $3 ship-
ping and handling. For more information,
contact Dan Patton or Roger Eakin, SUB-
CALC, 202 37th NE, Suite G, Auburn,
WA 98002, (206) 931-0173.
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satellites for $449. For more information,
contact AudioSource, 1327 N. Carolan
Ave., Burlingame, CA 94010, {415) 348-
8114, FAX (415) 348-8083.

Fast Reply #6F99

AUDIOSOURCE has announced the SW Thrce
subwoofer system. The 12 passive sab-
woofer has a power handling range of
150W maximum, 25 minimum. The built-
in passive matrix crossover is set at

150Hz.

Available in a matte black or gloss white,
the SW Three measures 15% " by 18" by
12 %4 {including feet) and was designed
as a companion to the AudioSource LS
One or 1.5 Two/A compact loudspeakers
alorg with the company's component
scparates.

The SW Three subwoofer system sells
for $299. With the LS One satellite speak-
ers, it sells for $399 or with the LS Two/A

MADE IN DENMARK
HIGH DYNAMIC TECHNOLOGY

Expertly engineered ¢ Carefully hand-crafted e
Finest cone materials ¢ Kevlar, Polypropylene e
High acceleration large vented magnet e

Compressionless ¢ High power handling °
Very high dynamic e Truest reproduction of music ®
Excellent sonic performance
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St-Hubert, QC J3Y 779
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Fax: (514) 443-4949

A & S Speakers

3170 23rd Street

San Francisco CA 94110
U.S.A. (415) 641-4573
FAX 415-648-5306

Madisound Speaker Components
8608 University Green, Box 4283
Madison WI 53711

U.S.A. (608) 831-3433

FAX 608-831-3771
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Low-Frequency Designer 1.0 from SPEAK-
EASY is a computer-aided design program
written for the IBM PC and compatibles.
It models the low-frequency performance
of loudspeaker systems and offers features
such as models for three types of the
popular bandpass systems, System Syn-
thesis, Curve Fitting, and Curve Families.

System Synthesis calculates a set of
driver and box parameters based on
specified system response. Curve Fitting
alters the value of selected driver and box
parameters to provide the best fit to the
specified system response. Curve Families
varies a parameter in steps over a given
range and generates a family of curves.

LFD 1.0 is executed with a graphical
user interface and on-line context-sensi-
tive help. It requires a minimum of 512K,

1 EGA/VGA/Hercules or AT&T graphics,

and Epson or HP compatible printer
support.

The program sells for $195. A free demo
disk is available by contacting SpeakEasy,
46 Cook St., Newton, MA 02158, (617)
969-1460.

Fast Reply #6F68

AUDIO CONCEPTS has announced the forma-
tion of a new subsidiary, AC Compo-
nents, to better serve speaker hobbyists
and manufacturers, while allowing the
staff of Audio Concepts to focus on the
needs of mainstream audio consumers.
AC Components will supply a full line
of drivers, crossover components, and ac-
cessories. Included in the catalog are
comprehensive specifications featuring
the company's own tests of the raw driv-
ers. The specification sheets show the
performance of actual production sam-
ples and compare drivers from different
manufacturers using the same format.
To receive more information or manu-
facturers’ spec sheets, send an SASE (for
up to three spec sheets) to AC Compo-
nents, PO Box 212, La Crosse, WI 54601,
(608) 784-4579, FAX (608) 784-6367.
Fast Reply #6F177

MIT has introduced a metallized version of
its MultiCap capacitor, designed for use
in audio products to eliminate the distor-
tions caused by parasitics in capacitors.

The metallized MultiCap is recom-
mended for low-current applications such
as preamps, amps, and other electronic

| circuits. They offer the same precision in

design and construction, the same pat-
ented coaxial structure, and the same son-
ics found in the film-and-foil MultiCap.
Each unit contains multiple paralleled
capacitors optimized into one package.
For more information, contact Music In-
terface Technologies, 3037 Grass Valley
Hwy., Suite 8212, Auburn, CA 95603,
(916) 883-1186, FAX (916) 823-0810.
Fast Reply #6F635
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M&C SPEAKERWORKS has announced the
Series Iloudspeaker system. The speaker
incorporates two 6% " polymer woofers
and one %" soft-dome tweeter with a sen-
sitivity of 90dB/1W/1M and a frequency
range of 37Hz-20kHz at 4. It also has
24kt gold solid brass binding posts for a
steady connection from your amplifier
and has a maximum power rating of 150W
RMS. The Series I loudspeaker system,
complete with its accompanying stand,
measures 12" by 9%:” by 39" and has a
handcrafted ported enclosure covered
with real oak veneer.

The Series I sells for $800 per pair. For
more information, contact M&C Speaker-
works, Dept. SR, PO Box 151082, San
Diego, CA 92175, (619) 281-6463.

Fast Reply #6F11

AccuPower, designed and manufactured
by EUPHONIC TECHNOLOGY, is a patented,
four-channel, isolating power-line filter.
Each output channel incorporates an in-
dependent four-stage LC filter network
employing 70dB of attenuation for fre-
quencies between 10kHz and 250MHz.
Independent isolating filters prevent com-
ponent interactions, which can degrade
audio and video performance. Each out-
put channel can handle 1,550W of con-
tinuous power and surges in excess of
100A. Total continuous power handling
is 1,875W.

All outputs incorporate six stages of
spike and surge suppression with one
picosecond response time. Components

are fully protected from the hazards of |

damaging line surges and transients. The
AccuPower AP-4 also includes a fifth out-
put that provides spike and surge protec-
tion with no filtering.

For more information, contact your lo-
cal audio dealer or Euphonic Technology,
19 Danbury Rd., Ridgefield, CT 06877,
(203) 431-6434, FAX {203) 431-3660.

Fast Reply #6F248

THE MOD SQUAD INC. has introduced the Won-
der Link digital cable, which carries the
digital signal from the output of each dig-
ital source to the inputs of your outboard
processor (or digital preamp). The manu-
facturer claims that Wonder Links' trans-
parency reveals natural music, instead of
creating artificial hi-fi sound. It cures hard
glare, harsh background smear, unmu-
sical distortion, and fuzzy defocus that of-
ten make digital fatiguing.

Wonder Link is said to be designed to
match real digital systems, not paper spec-
ifications, to reveal music more accurately
than 75Q cable. It comes in two standard
lengths: 0.5m and 1m. You can also cus-
tom-order the length your installation re-

Fast Reply #GF1342

quires. Wonder Link comes with RCA
phono and BNC connector

For more information, contact The Mod

Squad Inc., 542 N. Hwy. 101, Leucadia
CA 92024, (619) 436-7666.
Fast Reply #6F640

In January, TOROID CORPORATION OF MARYLAND
consolidated its Bowie and Salisbury man-
ufacturing operations. As of March 18, the
new corporate address and telephone
numbers are Toroid Corporation of Mary-
land, 608 Naylor Mill Rd., Salisbury, MD
21801-9627, {301) 860-0300, FAX (301}
860-0302.
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Music to your eyes.

Speaker cabinets for the custom builder.
Grenier Cabinets offers a full line of speaker cabinets and
stands that allow you to custom design your own speaker system.
You can choose from 25 models in several different styles of

laminated finishes are avail-
able in all colors of Formica}
Wwilson Art® and Pionite®

Choice of brown or black
grille cloth. Stands can also
be made to complement the
cabinets. Round holes cut for
drivers at nominal charge.
Terminal plates and ports
available.

Call or write for our new,

color brochure and price list.
Formica® is a registered trademark of the
Formica Corporation. Wilson Art* is a regis-
tered trademark of Ralph Wilson Plastics.
Pionite® is a registered trademark of Pioneer
Plastics Inc.

Grenier Cabinets, 5901 Jennings Road,
Horseheads, NY 14845, (607) 594-3838

oak and walnut veneer. The cabinets come fully assembled and
unfinished, allowing you to create just the right
finish te match your room. Lacquer and matte-
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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 $4 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}
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and your own, with remittance. A gift card will
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About This Issue

That dreaded radar that puts fear into
speeding motorists can also be used to
measure the low-frequency response of
speaker enclosures. Eldon Sutphin’s
treatment of the subject {beginning on
page 10) will help you determine
whether your enclosure is functioning
as you intended.

If you desire a fast, accurate sub-
woofer and are not concerned with high
volume levels, check out Jerry McNutt
and Mike Aughtman'’s article on page
18. Their subwoofer, constructed for
Mike's GMC Jimmy, has the added
advantage of being easily removable.

Next, Roy Mallory describes how
to model almost any speaker system as
an equivalent circuit and shows how to
use PSpice to make graphs of frequency
response, phase response, transient re-
sponse, and cone excursion versus fre-
quency. Turn to page 20 for the details.

A trip to the Consumer Electronics
Show inspired Scott Wolf to create an
unusual-looking speaker system using
ribbons and PVC pipes. Read about his
adventure on page 28.

If you prefer a system that's less flam-
boyant, Ralph Gonzalez’ DELAC §10
may suit you. This elegant, unusual, and
compact speaker puts soundstaging, tim-
bral balance, musicality, and aesthetics
above high power handling and bass
response below 50Hz. The construction
information begins on page 32.

Joseph O'Connell’s offering is a vol-
ume control for remote speakers. His
project starts on page 40.

Contributing Editor Gary Galo
highly praises Audio Concepts Sub-1
synthesized bandpass subwoofer, saying
it complements the company's Sapphire
11 loudspeakers. See page 51 for his
review.

On our cover: Scott Wolf's trek in-
to the world of pipes and ribbons has
produced a very atypical-looking
speaker system. Photo by the author.
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technologie d’avant-garde

AUDIOM 15VX Polyglass 15” subwoofer

for your free copy of the complete FOCAL catalog: call or write Focal America, Inc.
1531 Lookout Drive, Agoura, CA 91301. USA. TEL: (818) 707-1629 FAX: (818) 991-3072




Guest Editorial

RECORDING: PHOTO OR PAINTING?

By Mako Natsume

I am writing in response to your editorial "Will Loudspeakers
Become Irrelevant?” from SB 2/91. It's important to distinguish
between two recording/mixing methods. One, which has a long
and distinguished history, is to re-create a musical event as
closely as possible to how it sounded when performed (such
as old Deutsche Grammophon recordings and new Telarc CDs).

The other style attempts to establish a balance between in-
struments that have inherent differences in the level of sound
they can produce. Anyone who has tried to talk in the same
room where a drummer is playing could see the futility of try-
ing to sing in the same room without amplification.

Synthesizers generate little acoustic energy of their own—
most require external amplification. To impart an illusion of
space to the dry sound of DI'ed instrument, a mixing engineer
will add reverb. There is little difference between amplifica-
tion, the various delays, digital reverbs, flangers, and choruses
and these new enhancement devices; they all alter signals in
ways that may or may not be pleasing to all ears, but which
will undoubtedly allow artists to express themselves in the same
way a cellist will wiggle a finger to put vibrato into a note.

You cannot use a "‘purist’”’ microphone placement in a modern
pop session to capture the complete musical event realistically;
musicians seldom play together at the same tinie. If these record-
ists and mixers are "people {(who) believe sound ought to be
an 'experience,’ "’ then we are talking about matters of contex-
tual preferences—live unamplified performance versus live
amplified or multitrack studio recordings.

As for the mono incomipatibility "problem,”” what radio sta-
tion would broadcast a Q sound disc in mono save for those
with a 5kHz audio bandwidth. The two Q sound discs I've heard
have no dearth of “sum"’ {monoj signal, and on Sting's Soul Cages,
the extreme outside-of-speaker effects are kept to a minimum.

These effects are far less noticeable on boom boxes and car
stereos than on my system, which consists of home-built bi-
amped Dynaudio loaded cabinets in a room with reflective sur-
faces treated with convoluted foam to minimize early reflec-
tions—something that will enhance the quality of reproduction
for any recording method by eliminating room cues.

If you believe the ultimate goal in audio is to obtain total
musical accuracy from playback through two spaced speaker
systems, then that is a worthy aim. Saying that realism is the
only valid goal of audio is like saying color photographs are better
than impressionist paintings. Recorded music will always be an
approximation of a live musical performance. Why not use this
to our advantage and make the playback more fun?

Will loudspeakers become irrelevant? Not as long as new
recording techniques become available and place new demands
on speakers—and speaker builders.

Mr. Natsume is quite correct that many people enjoy recorded
concoctions composed of synthesizers, or electrically amplified
‘,;érformances in a variety of locations assembled in a unified pro-

duction. But these are synthetics, cleverly assembled and pre-
sented. They are cute, they have their place, and many enjoy
them, myself included.

But that is not what my editorial is objecting to. I believe a
performance by real people at a given time and in a particular
space has a validity and wholeness which is unique. I have
watched London's engineers carefully and painstakingly capture
the sound of the L'Orchestre Symphonique de Montreal and at-
tempt, as best they can, to lay it down with just as little manipula-
tion of the signal as possible.

My editorial was not a worry directly about some "'enhancers’’
Jjuicing up a rock performance per se. What I and others are
worrying about is permanently altering the recording of a per-
formance to "‘enhance'’ ambience by playing games with the
phase. I have no objection whatever to anyone taking the original
recording of a performance and making an "entertainment’’ out
of it in terms of ambient dynamics or whatever. I am only say-
ing that the original, made as near as can be to the standards
of either the Blumlein patent or the more recent Ambisonic defini-
tion, should be offered as well.

Pop versions of music have a long and distinguished history.
But I would prefer not to have "pop’ dynamics chosen for me
by the engineers who get to decide they can make it better than
the reality.

Like others who have attended recording technology seminars
at AES, I have seen the red faces of the CBS and RCA engineers
who multi-miked and multi-mixed great symphonic performances
of the sixties and seventies only to have their sins hung out on
the digital reprint clothesline for all to hear. The art of undoing
as much of that as possible to make the performances present-
able in the unforgiving CD format has become a minor industry.

I have no idea how many stations broadcast with a 5k Hz band-
width, but if the BBC is worried about broadcasting Q sound,
I think we can take it as given that the system is genuinely prob-
lematical technically and their concern is not merely a fit of pique.

No present recording system can capture a live performance.
The industry hasn't the will or the wit to adopt an Ambisonic
technique {with one exception in England] or to invest the money
needed to discover a substantial improvement on the Blumlein
or Middle-Side or Ambisonic systems. They are busily outspend-
ing one another to compete in the race to make the dominant DAT
asin Philips' DCC, Sony's new Micro-Dat, and whatever is next,
all to reproduce the same old, same old 45/45 two channels.

I think Mr. Natsume's impressionist paintings analogy is
flawed. Qur "cameras” for sound are primitive and all have short-
comings. But I do not believe the Q Sound group or Hughes Air-
craft's engineers are giving us the means to enable a Matisse
of the recording arts. We're being offered more gimmickry rather
than a better camera. I'm sure Lincoln's Gettysburg address can
be edited, enhanced, and "'clarified" by those who believe it could
be more entertaining in a modern version. But the original
deserves its integrity. So does each live musical event. —E.T.D.

l 4= Fast Reply #GF1151
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MEASURING DRIVERS
WITH RADAR

One major problem facing the seri-
ous speaker builder is whether a

finished enclosure is functioning as in-
tended. The greatest factor in determin-
ing an enclosure’s size and shape is its
low-frequency response, one of the more
elusive measurement areas. Most inex-
pensive sound-level meters lack accuracy
over this frequency range, not to men-
tion errors associated with room acoustics
or the inconvenience of outdoor measure-
ments. I will present a reasonably low-
cost approach to solving the low-fre-
quency measurement problem.

BACKGROUND. Since building loud-
speaker enclosures is a hobby for most
of us rather than a profession, a good low-
cost method of making reasonable mea-
surements in the 10-200Hz range is
needed. I considered calibrating my
Radio Shack sound-level meter over this
range and using correction factors. But
what would I use for a low-cost, variable
frequency acoustical standard to deter-
mine the factors?

I needed something capable of deliver-
ing a known amount of acoustical energy
over the desired frequency range. First,
I considered using the piston in a model
airplane engine mounted on an air-tight
box to create a specified pressure level;
a variable speed motor could vary the fre-
quency. This approach might create too
much additional acoustical noise, mak-
ing a cumbersome filter necessary.

ABOUT THE AUTHOR

Eldon Sutphin is a consulting engineer for a large
electronics firm and is involved in the design of
defense electronics systems. He is a graduate of
the Pennsylvania State University College of Elec-
trical Engineering and has been an electronics and
audio enthusiast for many years. An avid speaker
builder, he particularly enjoys the scientific side
of speaker building and audio measurements.
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BY ELDON M. SUTPHIN

PHOTO 1: The microwave transceiver.

Next, I thought about using a speaker
as the piston if I could measure its dis-
placement. With a laser inferometer, I
could paint or glue a reflector to the cone
and directly measure displacement, but
that seemed economically out of the
question.

Finally, I decided to go to a lower fre-
quency—microwave.

Over the years, I have experimented
with X Band microwave transceivers
(yes, those gadgets we dread on the high-
ways when they are attached to a police
cruiser). Using one to indicate speaker
displacement is ideal because it lacks a
mechanical connection to the speaker.
Since these transceivers are also used for
intrusion alarms and automatic door
openers, they are inexpensive and are
built to meet FCC specifications. They are
available from several sources {such as
Alpha Industries and MACOM) and cost
from $50-$80.

I connected a signal generator to an am-
plifier and speaker and observed the out-
put diode of the X Band transceiver. I was
pleasantly surprised to see a clean signal
after properly positioning the transceiver
about 2-3” from the speaker. The metal
voice coil does a great job of reflecting
the microwaves. By adjusting the ampli-
fier volume and viewing the scope, I
could keep the speaker displacement con-
stant as frequency varied.

To avoid producing a distorted wave-
form, the speaker displacement during
test must be less than a quarter wave-
length (at 10.525GHz, this amounts to a
displacement of less than 0.28"). Position
the transceiver so when the speaker is at
one extreme, the reflected microwaves
add in-phase, causing a signal maximum
at the detector diode. When the cone ex-
cursion is at the other extreme, the re-
flected microwave signals are more Q}xt-
of-phase, causing a signal minimum.
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FIGURE 1: X Band microwave transceiver.
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This technique works from DC to
many megahertz and is quite flat in deter-
mining relative displacement over the
audio range. Since you can accurately
control speaker displacement by varying
the drive voltage at various frequencies,
you can establish a relative sound-level
reference.

There is, however, one small catch.
The sound level varies with the square
of the frequency if the speaker displace-
ment is held constant. In other words, if
the cone deviation is constant at 0.1”, the
sound level would be 16 times greater at
100Hz than at 25Hz since the frequency
ratio is 4:1. You must consider this when
you calibrate a sound-level meter. A com-
puter with a spreadsheet program makes
this task simple.

While experimenting with calibrating

a sound-level meter in this way, I real-
ized if I measured the speaker voltage re-
quired to keep the displacement constant
as frequency varied, I could measure the
speaker's frequency response directly
{keeping in mind the square law relation-
ship of displacement to frequency). The
direct method is more accurate than
sound-level meter calibration since it
eliminates meter errors, and room
acoustics are completely eliminated for
closed-box designs and greatly reduced
for bass-reflex designs. (You can always
use the outdoor anechoic chamber if your
neighbors are far enough away and ex-
traneous noise sources such as wind and
traffic are negligible.)

X BAND TRANSCEIVER. Figure 1 is
a diagram of a microwave transceiver

used for speed and motion detection. It
outputs a continuous signal, rather than
a pulsed microwave signal used for dis-
tance-measuring radar systems. The
transceiver contains two diodes: a Gunn
diode (D1} and a detector diode {D2).

The Gunn diode resides in a resonant
cavity tuned to the selected frequency,
in this case 10.525GHz. Biased in a region
of negative resistance, it causes oscilla-
tions to occur at the cavity's resonant fre-
quency. Microwave energy is coupled to
the outside through an iris, actually noth-
ing more than a hole in the cavity.

Some of this energy is coupled to D2,
which detects the returns by a mixing
action. This diode is then placed in the
waveguide section in a way that a small
amount of the outgoing microwave en-
ergy is mixed with as much of the incom-
ing target reflections as possible.

As a reflective target moves toward the
transceiver, the outgoing and incoming

signals may be in-phase with each other.
As the target gets closer, the reflected
signal starts going out-of-phase, causing
the signal’s amplitude to decrease. When
the signal becomes 180° out-of-phase, a
voltage minimum is created at the diode.
As the target gets even closer, the re-
flected signal becomes more in-phase
with the outgoing signal, which increases
until a maximum is reached when no
phase shift is present at D2.

As the target moves closer, this process
of adding in-phase and out-of-phase
repeats. The faster the target moves to-
ward the transceiver, the more often the
in-phase/out-of-phase condition exists,
giving a direct method of measuring the
target's speed. The frequency at which
this in-phase/out-of-phase condition oc-
curs is directly proportional to the speed
of the target and is known as the Dop-
pler frequency. To keep speaker displace-
ment constant, the transceiver is not used
in its normal Doppler mode, but in in-
ferometer mode.

For this application, however, I am not
interested in the speaker’s speed, but in
its relative cone deviation to cause the
voltage at D2 to vary between a voltage
minimum and maximum, but not to have
so much deviation that the voltage will
alternate between multiple minimums
and maximums. This would produce dis-
tortion and frequency multiples rather
than a clean waveform at the driven
speaker frequency.

Supply voltages for these microwave
transceivers usually vary between 6 and
12V, depending on the model and power
output. For this application, transceivers
in the 5-10mW range are fine; the larger
50-100mW units are more expensive.
The target in this case is only an inch to
several inches away and unless you have
a different application need, you may find
lower power units more economical.

The lower power units can also be bat-
tery powered; however, you should use
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FIGURE 2: Curve for a closed-box design of 1 cubic foot using an 8” Radio Shack speaker.
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FIGURE 3: Block diagram of the test setup.

a regulated power supply for this par-
ticular application. If the batteries are
weak during the measurement, your re-
sults will be erroneous since the sensitiv-
ity of the transceiver will change with
supply voltage. If you reverse the supply
voltage on the transceiver, the Gunn di-
ode will be damaged if the supply has suf-
ficient current (the diode will be forward-
biased in this case).

EQUIPMENT. In addition to the micro-
wave transceiver, you will need other test
equipment.

1. Oscilloscope. Since the measure-
ments occur in the low audio range, the
oscilloscope should have input AC cou-
pling well below 10Hz or DC coupling.
If you use the latter, you must provide
your own AC coupling into the channel.
This is necessary since the microwave
transceiver's detector diode has a DC
component much larger than its AC com-
ponent. [Excellent, used military Tektronix
scopes are readily available on the surplus
market from several suppliers, including Fair
Radio Sales, Box 1105, Lima, OH 45802.
New import types are also widely avail-
able.—Ed.]

For scopes with a 1M input imped-
ance, a coupling capacitor of 1uF between
the detector diode and the scope input
will suffice. The scope should have a
voltage sensitivity of at least 0.01V per
centimeter. If it doesn’t, use a preampli-
fier with good low-frequency character-
istics—remember, the measurements you
will be making are in the 10-200Hz
range.
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2. Signal generator. Almost any sig-
nal generator with a sine wave output
that covers the 10-200Hz range will do.
If the front panel dial is inaccurate, you
may wish to connect a frequency counter
to the generator output.

3. AC voltmeter. The AC voltmeter
should be either DC coupled or capable
of accurate measurements to 10Hz. Dig-
ital is preferred for better accuracy: the
more accurate your measurements, the
smoother the response plot. You can use
a second scope input channel if a
voltmeter is unavailable.

4. Sound-level meter. If you plan to
test bass-reflex enclosures, you will need
to measure the difference in decibels
when the port is open and when it is
closed at various frequencies. Radio
Shack's low-cost meter (part number
33-2050, $31.95) works well. Low-fre-
quency errors caused by the sound-level

PHOTO 2: 1 cubic foot closed-box enclosure
using Radio Shack’s 40-1021 8" driver.

meter are eliminated since a difference
in decibels is measured with having the
port open and having it sealed at the same
frequency.

5. Computer. A computer with a
spreadsheet and plotting program will
help you with data calculations and graph
plotting.

CLOSED-BOX DESIGN AND TEST.
Of the two designs I will present, the
closed box is the simpler in construction
and test. It is based on Radio Shack's
40-1021 8" driver (now discontinued;
however, the 40-1204 is similar). I used
my MacSpeakerBox (available from Old
Colony) to design the enclosure. The soft-
ware uses Thiele/Small design parame-
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FIGURE 4a: Scope display with proper dis-
placement and speaker/transceiver distance.
Distance should be adjusted for best display.

FIGURE 4b: Scope display showing improper
speaker/transceiver distance or speaker being
overdriven.




ters to predict speaker enclosure response
and handles closed-box, infinite-baffle,
and bass-reflex designs.

The graph in Fig. 2 shows the predicted
response. I built the enclosure using 9% "
wide by %" thick wood (1" by 10” board)
for the sides and %" particle board for the
front and back. This allows quick con-
struction for experimental purposes since
you can use drywall screws to fasten the
front and back panels directly to the sides.
I sealed the seams with RTV and damped
the box by stapling ordinary building in-
sulation fiberglass to the interior walls.
Photo 2 shows the 1 cubic foot enclosure.

Next, I tested the box's low-frequency
end using the microwave transceiver test
setup shown in Fig. 3. As the signal gen-
erator's frequency is varied, the signal
amplitude is adjusted so the cone excur-
sion represented by the waveform on the
oscilloscope remains constant. Figures 4a
and 4b show proper and improper align-
ments of the microwave transceiver to
the speaker cone.

I measured and recorded the voltage
on the speaker terminals after I adjusted
the drive signal for constant amplitude
as displayed on the scope at each mea-
sured frequency. You should make the
measurements going from a high fre-
quency to a low frequency since mea-
surement sensitivity is less at the high fre-
quencies due to the square law effect of
cone deviation versus applied voltage.

The higher frequencies will be much
louder than the lower, so you can adjust
the drive level for measurement sensitiv-
ity and noise tolerance level during the
test. If the variation in sensitivity is too
great, split the measurements into two
or more groups and merge them, but
keep overlapping frequency points to
reference one group against the other. Be
careful not to disturb the position of the
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FIGURE 5: Measured response of a 1 cubic foot closed-box design using the 40-10218B driver.
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FIGURE 6: Response of optimum bass-reflex, closed-box, and 3 cubic foot enclosures using

Radio Shack’s 40-1021B 8" driver.

microwave transceiver relative to the
speaker during test since the amplitude
will shift with position resulting in er-
roneous measurements.

Test measurements on the 1 cubic foot
enclosure along with calculated data are
shown in Table 1. Column A is the test
frequency and column B is the voltage
measured across the speaker terminals
required to keep the excursion constant
as displayed on the scope. Column C is
the calculated speaker terminal voltage
response of an '‘ideal’’ speaker, with the
highest starting frequency and voltage
from columns A and B used as references.

If you used a completely flat speaker in
the test setup, this column represents the
voltage that the following formula would
calculate:

Ideal speaker volts = (V,) x (F/F,)?
where V, is the voltage across the
speaker at the highest frequency, f, is
the highest frequency, and F is the se-
lected measurement frequency.

Column D is the relative response in
decibels obtained by comparing the mea-
sured voltage of column C to the ideal
voltage of column B as a function of fre-

TABLE 1

TABLE 2

MEASURED CHARACTERISTICS OF 1 CUBIC FOOT CLOSED-BOX ENCLOSURE

SPREADSHEET EQUATIONS FOR CLOSED-BOX DATA REDUCTION

Measured Volts Required A | 8 o] D
Voltage Required for Constant 1 Measured Volts Required
for Constant Cone Excursion 2 Voltage Required for Constant
Frequency | Cone Excursion for Ideal Speaker d8 3 for Constant Cone Excursion
100 3.540 3.540 0.00 4 | Frequency|Cone Excurslon |for Ideal Speaker dB
93 3.210 3.062 -0.41 5 100 354 =B5 =20°LOG10(C5/B5)
84 2758 2.498 -0.86 6 |93 3.21 =$C$5°(A6/SA$5)"2 | =20°LOG10(CE/B6)
A 2.531 2.209 -1.18 (7 |84 2.758 =$C$5°(A7/3A$5)2  [=20°LOG10(C7/B7)
20 2219 1.735 -2.14 8 |79 2531 =$C$5'(AB/SASE)2 | =20"LOG10(C8/BB)
o eose 50 ] 9 |70 2219 =$C$5°(A9/SAS5)"2  |=20°LOG10(CS/BS)
58 1.911 1.191 4.1 10 |64 2038 =$C$5°(A10/$A85)72 | =20°LOG10(C10/B10)
i 1850 e 4 (11 |58 1911 =$CS5"(A11/SAS5)2 | =20°LOG10(C11/B11)
X 162 i &3 12 |ss 185 =$C$5°(A12/8A$5)2 | =20°LOG10(C12/B12)
:g :;g: g';ég ;g's EENEY 1842 =$CS5"(A13/5AS5)"2 | =20'LOG10(C13/B13)
35 1.701 0'434 K 1' 87 114 |45 1.701 =$C3$5'(A14/$A$5)"2 =20:LOG10(C14/B14)
30 1'701 0:319 _14:55 15 |40 1.701 =$C3$5'(A15/$A$5)"2 =20.LOG10(C1SIB15)
25 1.701 0.221 -17.72 | 16 {35 1.701 =$C$5° (A16/3A$5)2 =20.LOG10(C1SIB16)
20 1.701 0.142 -21.59 17 |30 1.701 =$C3$5° (A17/$A%$5)"2 =20 LOG10(C17/B17)
10 1.701 0.035 -33.63 18 |25 1.701 =$C3$5°(A18/$3A$5)"2 | =20°LOG10(C18/B18)
A 8 c D 19 |20 1.701 =$C$5"(A19/$A$5)"2 | =20°LOG10(C19/B19)
20 |10 1.701 =$C$5°(A20/3A$5)*2  |=20°LOG10(C20/B20)
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DRIYER PARAMETERS FOR SPEAKER RS 40-1021B 8~

Speaker Compliance Yolume(Vas): 255cu.ft. = 72.22]1iters
Speaker Resonant Frequency (Fs): 30.0 Total Q(Qts): 0.41
SPEAKER BOX PARAMETERS:
Box Box Optimized Optimized

Design * 1 Design *2 Bass Reflex Closed Box
Box Yolume in Cu. Ft.: 3 0 2.69 1.29
Alpha (Yas/¥b): .85 0 .95 1.97
OPTIMUM tuning Freq. in Hz: 28.52 None 29.65 None
ACTUAL tuning Freq. in Hz: 28 None 29.65 None
Tuning Ratio h (Fb/Fs): 93 None .99 None
System Q: ? 0 ? |
Duct Diameter in Inches: 2 None 2 None
Duct Length in Inches: 2.13 None 2.1 None
Approx. -3 dB Frequency: SR == 29.26 51.22

FIGURE 7: Design parameters for optimum bass-reflex, closed-box, and 3 cubic foot enclosures
using Radio Shack’s 40-1021B 8" driver.
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FIGURE 8: Bass-reflex response using the 40-10218B driver.
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FIGURE 9: Measured 40-1021B driver response in 3 cubic foot bass-reflex enclosure.

TABLE 3

MEASUREMENTS OF BASS REFLEX*

—

B c 3]
* 3 cubic foot enclosure using Radio Shack’s 40-1021B 8" woofer using

with port closed and sound-level meter differences with port open.

Measured Speaker Voits Required Enclosure Total
Voitage Required for Constant Response Change in dB | Bass Reflex
for Constant Cone Excursion with port with port Enclosure
Frequency Cone Excursion for ideal Speaker closed in dB open Response
200 4.530 4.530 0.00 1.00 1.00
160 2.891 2.899 0.02 0.00 0.02
140 2.151 2.220 0.27 2.55 2.82
120 1.552 1.631 0.43 1.00 143
100 1.216 1.133 -0.62 -2.00 -2.62
90 0.932 0.917 -0.14 -1.00 -1.14
80 0.765 0.725 -0.47 0.00 -0.47
70 0.590 0.555 -0.53 0.50 -0.03
60 0.479 0.408 -1.40 1.50 0.10
55 0.444 0.343 -2.25 2.00 -0.25
50 0.402 0.283 -3.04 3.00 -0.04
45 0.367 0.229 -4.08 4.00 -0.08
40 0.314 0.181 -4.78 5.00 0.22
35 0.286 0.139 -6.28 7.00 0.72
30 0.276 0.102 -8.65 9.00 0.35
25 0.243 0.071 -10.71 4.00 -6.71
20 0.237 0.045 -14.37 3.00 -11.37
15 0.233 0.025 -19.22 11.00 -8.22
10 0.204 0.011 -25.11 12.00 -13.11
A E F

microwave transceiver
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PHOTO 3: 3 cubic foot bass-refliex enclosure
using Radio Shack’'s 40-1021 8” driver.

quency. Table 2 shows the spreadsheet
equations used in constructing Table 1.
The equations in column C take into ac-
count the square law. Figure 5 is a graph
showing the measured response of the 1
cubic foot closed-box enclosure. As you
can see, this response closely agrees with
the predicted response of Fig. 2.

BASS-REFLEX DESIGN AND TEST.
I also designed the bass-reflex enclosure
using Old Colony's MacSpeakerBox pro-
gram. Figure 6 shows the frequency re-
sponse plots for optimum bass-reflex,
closed-box, and 3 cubic foot enclosures
based on measured Thiele/Small param-
eters and Fig. 7 lists the various design
parameters of each.

Photo 3 is the partially finished bass-
reflex enclosure, constructed for my
youngest daughter who asked for “'tall”
enclosures. Although you might expect
enclosure resonances due to the tall con-
struction, the boxes sound good with ex-
cellent low-frequency response as pre-



TABLE 4

SPREADSHEET EQUATIONS FOR BASS-REFLEX DATA REDUCTION

A B c D E | F
1 Measured Speaker | Volts Required Enclosure 1 Total
2 Voltage Required for Constant Response Change IndB | Bass Reflex
3 for Constant Cone Excursion with port with port Enclosure
4 _|Frequency |Cone Excursion for Ideal Speaker closed in dB open Response
5 |200 4.53 =B5 =20°LOG10(C5/BS) 1 =E5+D5
6 |160 2.891 =$C$5'(AC/$AD5)"2 =20'LOG10(C6/86) 0 =E6+D6
7 1140 2.151 =$C$5° (AT/$AS5)"2 =20°LOG10(C7/87) 2.55 =E7+D7
8 [120 1.552 =$C$5°(AB/$A$5)72 =20"LOG10(C8/B8) 1 =E8+D8
9 {100 1.216 =$C$5" (A9/$A$5)"2 =20"LOG10(C9/89) 2 =E9+D9
10 |90 0.932 =$C$5°(A10/$A85)*2 |=20°"LOG10(C10/B10) -1 =E10+D10
11_|80 0.765 =$C$5°(A11/8A35)*2 [=20"LOG10(C11/B11) 0 =E11+D11
12 |70 0.59 =$C$5°(A12/$A$5)*2 |=20°LOG10(C12/B12) 0.5 =E12+D12
13 |60 0479 =$C$5'(A13/3A85)*2 |=20°LOG10(C13/B13) 15 =E13+D13
14 |55 0.444 =$C$5°(A14/3A$5)*2 |=20°LOG10(C14/B14) |2 =E14+D14
15 150 0.402 =$C$5°(A15/3A%5)*2 |=20"'LOG10(C15/B15) 3 =E154D15
16 145 0.367 =$C$5°(A16/$A35)*2 |=20°LOG10(C16/B16) 4 =E16+D16
17_140 0.314 =$C$5°(A17/$A$5)*2 |=20°LOG10(C17/B17) 5 =E17+D17
18 |35 0.286 =$C$5°(A18/$A35)"2 |=20°LOG10(C18/B18) 7 =E18+D18
19 |30 0.276 =$C$5°(A19/3A$5)*2  |=20°LOG10(C19/819) 9 =E19+D19
20 125 0.243 =$C$5'(A20/$A%$5)*2 |=20°LOG10(C20/820) 4 =E20+D20
21 {20 0.237 =$C$5°(A21/8A%$5)*2 |=20°LOG10(C21/B21) 3 =E21+D21
22 |15 0.233 =$C$5'(A22/$A%$5)*2 |=20°LOG10(C22/B22) 1 =E22+D22
23 |10 0.204 2$C$5°(A23/3A$5)"2  |=20°LOG10(C23/823) 12 =E23+D23
5.00
. 0 . I \.\\IO"“‘L&.I
dicted and measured. As with the 1 cubic s\_eg“,r,:—‘r o 0
foot closed-box design, 1 used 9% " by %" 0.00 7 - o
board for the sides and particlc? boarc.i for D /';',g g o Ei Cioeed
the front and back. Overall dimensions -5.00 5. A st .,
for the enclosure are 48” by 15” by 10%2". o ELAT Vo - g
This technique for measuring bass- 0.00 )= <Ry / b -+ Cone-2 in. pont
reflex response is similar to that of the -10. 7 Jr’ «a. Box-3 in. port
closed box, and, for the microwave mea- /; il — Cone-3 in. pon
a 3 B A
surements, the port is temporarily sealed. 15.00 +—AAA ¥ < Box-7 in. port
Measurement steps for determining bass- j
reflex response are as follows: -20.00 A
1. Seal the port so the enclosure acts 20 40 60 80 100 120 140 160 180 200
as a closed box. Frequency in Hz

2. Starting with the highest frequency, FIGURE 10; Response of 40-1284C driver for various port lengths.

adjust the signal generator or amplifier  a positive number; if lower, as a negative

f for a good signal as viewed on the scope  number.
- - — using the test setup as illustrated in Fig. 3. __Since a difference in decibels is mea-
R - : ! 3. Measure the voltage across the sured at the same frequency, low-fre-

AN 1&_:_‘-(/% »

speaker terminals and record the fre- quency response errors of the sound-level
quency and voltage. Be careful not to meter are cancelled. You may have to ex-
disturb the transceiver’s alignment rela- = periment with this step to cancel room
tive to the speaker once you start taking effects. Fortunately, the change in deci-

these measurements. bels is smaller at the higher frequencies
4. Repeat steps 2 and 3 for each fre- where standing waves are closer together.
quency you will measure. Table 3 lists the tabulated measure-

5. Position a sound-level meter 3-4° ments and calculations for the bass-reflex
away from the speaker. Depending on  design. Between 100 and 200Hz, the mea-
room acoustics, you may have to adjust  sured voltage is close to the calculated

this distance. voltage for the ideal speaker using the
’ 6. Using the same set of frequencies same starting voltage at 200Hz. As the fre-
by A | as in steps 2-4, measure the difference quency decreases, the measured voltage

in decibels using a sound-level meter with  increases relative to the ideal speaker.
the port sealed and with it open. A book Since the bass-reflex box with the port
PHOTO 4: 0.22 cubic foot bass-reflex Works well for sealing the port momen-  sealed is rolling off at a nearly constant
enclosure using Radio Shack’s 40-1284C 5  tarily. If the sound-level meter reads rate, the measured voltage between 10
speaker. higher with the port open, record this as Continued on page 17
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PREAMP POWER SUPPLY KG-5
Gary Galo/Linear Technology $185

This low-impedance, dual-polarity power supply uses the excellent
Linear Technology LT1033CT and LT1085CT 3-Amp IC regulators. The
regulators feature low dropout voltage, which helps maintain regulation
even in situations where line voltage is low. Although the parts supplied
provide = 15 volts, the output can be varied from =12 to = 18 volts by
changing two resistors. An oversized Avel-Lindberg 120VA toroidal trans-
former will operate many KG-5 regulator boards, allowing separate regula-
tion of the left and right channel circuitry, or separate regulation of a phono
preamp and line level stages. The printed circuit board has heavy traces
on the input and output lines to minimize resistance. Case not included.

The KG-5 is ideal for many low-level applications, including pream-
plifiers and electronic crossovers. Gary Galo also uses the KG-5 to power
the analog circuitry of his CD) player. From TAA 4/90

Purchasing options available:

PCBG-5 Printed Circuit Board Only $ 15.00
PCB and Parts Only (less Transformer) $134.95
Transformer Only § 64.95
Complete Kit $195.00
AOCOM POWER SUPPLY REGULATOR KY-2

Kit Ryan $99 per chan.

This popular mod was designed for taming Adcom’s GFA-555, but it
adds sweetness and definition to just about any amp in the 80V-in, 60V-
out, 10A-regulated family. Mounts in existing case; complete with PCB,
custom heatsink, and Japanese transistors. Two usually needed. From
TAA 4/89.

Yes! Please send me

MITEY MIKE SPECIFICATIONS
Response + 1dB, 20Hz-10kHz
(rel. 1kHz) +2dB, 10kHz-20kHz
-3dB @ 3Hz and 25kHz
Sensitivity 39mV/Pa, +2dB
Max Undistorted
SPL > 120dBA
Wideband Noise
Level < 42dBA
Power
Consumption SmW typ. / 7TmW max
MITEY MIKE TEST MICROPHONE KD-2
Joseph D'Appolito $149

At long last, a top-quality test mike at a great price! Mitey Mike is the
answer to many an audiophile's loudspeaker testing dreams, providing
flat free-field frequency response; high, undistorted SPL capability; good
measurement repeatability; and guaranteed long-term stability. Plus, it's
asnap to build! Complete with PCB, mike cartridge, custom brass wand,
all components, and {undrilled) blue case. Typical specs are shown in the
inset. For greater accuracy, a mike calibration service is available. Tripod,
9V battery not included. From SB 6/90.

THE WARBLER OSCILLATOR KK-3
Richard Crawford $69

The Warbler produces a swept sig-
nal covering any Y5 octave between
16Hz and 20kHz. With a mike, it's
a pink noise source to evaluate
speaker system performance and
the effects of reflection and absorp-
tion. Comes with PCB, trans-
former, all parts. Case not included.
From TAA 1/79.

MITEY MIKE/WARBLER SET
D’Appolito/Crawford $199
Both of the above, at a special savings of $19!

# @$ =$ Y — - MAGIC NO
# @$ -

# @$ _ STREET D B

SHIPPING oIy T STATE zP

TOTAL $ OLD COLONY SOUND LAB ] - -

PO Box 243, Dept. B91 MCIVISA EXP DATE

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

Please inquire. 24-hour FAX:

Peterborough, NH 03458 USA
24-hour telephone: (603} 924-9464

CALL OR WRITE FOR YOUR FREE CATALOG!

(603) 924-9467 DEALER INQUIRIES INVITED.




Continued from page 15
and 30Hz is more constant. Table 3 is the
same as Table 1 for the closed-box design,
but with the addition of the two columns
for the change in decibels when the port
is open and closed. Table 4 shows the for-
mulas used in the Table 3 spreadsheet.

Figure 8 plots the data shown in Table
3. Notice its resemblance to the predicted
response of Fig. 6. A curious peak in the
measured response occurs around 15Hz
and seems to be real since the speaker
visibly makes a longer excursion in this
frequency range with the port open, but
not with the port sealed. I have noticed
this on other bass-reflex systems, but not
on closed-box systems.

If you use the microwave transceiver
approach to measure driver cone re-
sponse on the bass-reflex enclosure with

the port open, you can directly measure |

the frequency to which the system is
tuned since the driver cone excursion is
at its minimum at the tuned frequency.
Figure 9is a plot at 5SHz increments show-
ing the cone deviation for the bass-reflex
enclosure. The notch clearly shows the
system is tuned to approximately 30Hz.
Rather than make a series of measure-
ments to check the tuning, sweep the gen-
erator about the desired range and watch
for a minimum from the transceiver on
the scope.

Figure 10 illustrates the effect of various
port lengths on overall box response, as
well as on tuning frequency as evidenced
by nulls in the driver cone response. 1
constructed the enclosure in Photo 4 us-
ing %" thick pine with inside dimensions
of 5%2” by 9%2” by 7'2”, yielding an in-
side volume of 0.22 cubic foot. The vari-
ous ports had an inside diameter of 2”.
I designed the enclosure using Radio
Shack's 5” speaker, part number 40-
1284C. At $10.95, it represents a low-cost,
reasonable-sounding driver for small sin-
gle-speaker enclosures.

The Radio Shack catalog does not pro-
vide Thiele/Small parameters, perhaps
due to variation in characteristics; how-
ever, a magnet size of 9.80z. relative to
the cone diameter indicates reasonable
parameters. Measured values on the
speaker I tested are V,; = 0.22 cubic
foot, f; = 96Hz, and Qs = 0.4. The thin
solid and dashed lines of Fig. 10 show the
cone responses for 3” and 2” long ports,
which indicate tuning frequencies of ap-
proximately 93 and 103Hz. The bold lines
represent overall enclosure response as
a function of various port lengths. The
bold plot for the response with the 7” port
is starting to rise, giving evidence of
the previously mentioned low-frequency
resonance.

CONCLUSIONS. Although I have sug-
gested using the microwave transceiver
for measuring woofers, you can extend
the technique to the midrange and per-
haps to the tweeters if you have the mea-
surement sensitivity available {remember
the square law effect). You may need a
preamplifier on the transceiver to mea-
sure the midrange.

An important point to remember is that
this technique is good only for the low-
frequency response of a given speaker
where the cone functions as a piston. At
higher frequencies, the cone may be de-
forming, so the voice coil is making the

deviation, but the cone material may not.
This is precisely why adding a whizzer
cone to a speaker increases its high-
frequency response.

Although I have presented only closed-
box and bass-reflex systems, this tech-
nique may also be useful for transmission
line and horn systems to measure cone
loading. »
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ADVANCED ENCLOSURES
ENGINEERED
TO YOUR DIMENSIONS |

GREGENG wilt design and fabricate
enclosure panel components to the
height/width/depth specifications of
your next loudspeaker project.

The Audibility of Enciosure Panel
Resonances has been determined
through controlied listening tests.* As
ilustrated below, the SPL developed
by panels of typical enclosures is
unacceptable

GREGENG Composite Honeycomb
Panefs Thin aluminum sheets bonded
to a HiIPS plastic honeycomb core
possess bendingrigidity ten timesthat
of 19mm thick fiberboard. Solid
hardwood is used for the less critical
top and bottom panels and radiused
edge pieces.

A network of Internal Tensioned
Cables (patent pending) attached
between enclosure panels produces
a grid of forces pulling inward and
prestressing each panel. A simple,
inexpensive alternative to rigid
internat braces is provided

Enclosures are shipped as
unassembiled kits with or without the
hardwood components. A free
brochure will be sent on yourrequest.

* References to research iiterature are
given in the brochure,
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JIMMY NEEDS DEEP BASS

BY JERRY L. McNUTT and MIKE AUGHTMAN

ike needed a subwoofer in his

GMC Jimmy—a very fast and ac-
curate sub to augment his Soundstream/
KEF system and one that was as small
as possible. He was not concerned with
ear-shattering volume levels. With these
criteria in mind, we designed and built
a dual-channel Isobarik sub.

We chose SEAS 8” woofers because
their performance-to-price ratio is very
high. They have cast magnesium baskets,
long-throw rubber surrounds, and high
power voice coils.

We decided to give each pair of drivers
0.8 cubic feet. You cannot simply halve
the optimum single woofer air space to
get a corresponding Isobarik design. For
best results, tight and articulate bass, we
cut the volume by one-third. We also
used “clamshell”” or front-to-front woofer
mounting because it gives the tightest
coupling between the drivers and all
even-order woofer harmonics cancel.

THE BOX. The partially completed en-
closure, made out of %” medite, is shown
in Photo 1. The box's lid is removable so
you can load and service the inner woof-
ers. The framework on each end protects

ABOUT THE AUTHORS

Jerry L. McNutt received an electrical engineer-
ing degree from Auburn University. He is em-
ployed by Choctaw Electronics Enterprises,
who manufacture Premium OEM loudspeakers
for Chrysler, Ford, and Peavey. He has a ten-
year background in audio, including two years
of running his own loudspeaker production
company and six years in custom home stereo
installation.

Mike Aughtman received an industrial engi-
neering degree from Auburn University. He is
employed by Mizuno America, who make the
word's finest golfing equipment. He has been
interested in home and car hi-fi for nearly six
years. He worked at Accurate Audio {local high-
end stereo shop) during his matriculation at
Auburn.
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PHOTO 1: The partially completed enclosure.

and hides the outer woofers. We left two
sides of the end caps open to let the sound
radiate through and we used an angled
divider to break up standing waves and
stiffen the enclosure.

After we sealed the enclosure with sil-
icone caulk, we painted all interior panels
and some of the exterior ones with four
heavy coats of Magic Paint. Photo 2 shows
the enclosure ready to be sanded, before
the Magic Paint arrived. After we sanded

and painted the enclosure, we loaded and
wired the drivers with AudioQuest wire.

To seal the lid, we used black wind-
shield caulk—great stuff. It sticks to any-
thing, always makes an airtight seal, and
is very pliable. The best part is it will let
you get back into the enclosure. You can
buy it at most windshield repair shops.

DOUBLE DUTY. Mike wished to be
able to remove the sub from his truck and

37—

Y

14"

-

M

L |‘. .I

—]2% |
TOP-TO-BOTTOM DEPTH: 11"

LRECEPTACLE FOR HUBBELL

L4 3/4 '—bl

HEIGHT 3" O0.C.

FIGURE 1: A top view of the outside dimensions of the enclosure with the lid off.




PHOTO 2: The enclosure ready to be sanded.

replace it quickly, so we had to find the
right connector system. At an electrical
supply store, we found a male chassis-
mount, three-phase locking connector
manufactured by Hubble Corporation. It
has four 30A connections, making it per-
fect for two-channel operation. We put
this on the enclosure {mounted in a 2%2”
diameter hole}.

On the wire end, from the bass power
amp, we attached an appropriate female

body-locking connector. This system
never vibrates loose, is easy to undo, and
makes a superb electrical connection.
For the final touches, we painted the
two ends flat black and wrapped the en-
closure in thin black automotive carpet.
The painted ends did not need carpeting
because they are covered by the Jimmy's
rear wheel wells. We also added a pair
of musical instrument handles to help in
loading and unloading the subwoofer en-

PHOTO 3: The sub about to be loaded into Mike's Jimmy.

=

closure. Photo 3 shows the sub ready to
be loaded into Mike's Jimmy.

The sub is electronically crossed over
at 80Hz by a Soundstream SX-1 and is
driven by a Linear Power 2202 power
amp. The front and rear KEF satellite
speaker pairs are crossed over at 125Hz
by passive crossovers built into the mod-
ified Soundstream D-200 and Class A-50
power amps. The crossover gap is inten-
tional to compensate for a resonance in
the Jimmy of around 100Hz.

HARDWARE ROSTER. The system's
source is a Soundsteam TC-308. All sys-
tem interconnects are MIT's PC Squared.
The KEF drivers are hooked up with
Monster Cable’'s Power Line 3 and the
subwoofer with AudioQuest Type 8. All
power and ground wires are 8-gauge
stranded copper by Phoenix Gold.

The music this system reproduces is
stunning. The subwoofer blends in per-
fectly. Low bass response has been ex-
tended to well below 35Hz. The KEF
speakers sound so much better now that
they do not have to play low bass. This
proves again that adding a subwoofer to
a system adds more than just low bass;
it improves the critical midrange frequen-
cies as well.

STONECRAFT
SPEAKER SYSTEM

The ultimate
SPEAKER SYSTEM
in genuine
Marble or Granite!

Complete systems

or ready to nstaill
marble c_abmets
Where Beauty and
Performance are in
Perfect Harmony
No—thmg man-made
compares to genuine
marble 1in sound and

beauty

STONECRAFT SPEAKER SYSTEMS CO.
8690 SW 10th STREET
PEMBROKE PINES, FL 33025
305-436-8582

Fast Reply #GF1148
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CALCULATING LF RESPONSE
WITH PSpice

he standard way to analyze speaker

systems’ small-signal behavior is to
model the speaker and its cabinet as elec-
trical components, then use circuit-analy-
sis techniques to determine the system’s
response function. It's easy to translate
a speaker design into an equivalent cir-
cuit; calculating the response, however,
is cumbersome.

You can derive and solve the equation
for an enclosure's frequency response,
but it varies for each type of enclosure.
And, what if you wished to solve for the
transient or phase response? The answer
is simple: use a circuit-simulation soft-
ware package such as PSpice {reviewed
in TAA 1/91, p. 28). Within minutes after
you describe a speaker system’s equiv-
alent electrical circuit, PSpice will provide
you with high-quality graphs of fre-
quency response, phase response, tran-
sient response, and cone excursion versus
frequency.

PSpice was derived from SPICE (sim-
ulation program with integrated circuit
emphasis), a public-domain software
package developed in the 1970s by re-
searchers at the University of California
at Berkeley. This software was developed
primarily as an aid to integrated-circuit
design, hence its acronym.

Several companies sell versions of
SPICE that operate on personal comput-
ers. The most successful of these pro-
grams is PSpice, which is sold by the
MicroSim Corporation. PSpice is avail-

BY ROY MALLORY
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FIGURE 1: The simple enclosure (a) diagram
and (b) circuit diagram with losses.

able for several computers, including
IBM PC compatibles and the Macintosh
II. A student version of the software is
also available.!

You can get a more complete package
with up-to-date software directly from
MicroSim. They sell an evaluation ver-
sion of their software for $75. The pack-
age includes the Tuinenga' book, the
most recent revision of their software,
and a complete user’s manual. If you ex-
pect to use PSpice enough to justify the
extra cost, this package is an excellent
value. MicroSim's phone number is (714)
770-3022.

ABOUT THE AUTHOR

Roy Mallory is a graduate of Tufts University
with a degree in electrical engineering. He is
employed as a Principal Engineer at a small
high-tech company in Massachusetts where his
focus is analog circuit design, but where he also
contributes in the areas of transducer and soft-
ware design. He has had a long-standing interest
in audio and has completed many projects in-
cluding preamps, amps, test equipment, and
a few speaker systems.
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FIGURE 2: The ported enclosure (a) diagram,
(b) circuit diagram, and (c) circuit diagram with
losses.

CIRCUIT ELEMENTS. To predict loud-
speaker performance with PSpice, you
must be able to model a loudspeaker sys-
tem as an electrical circuit. I will describe
the simple rules and equations that en-
able you to do so. For an understanding
of the theory behind the models, read
Beranek's? thorough discussion of the
subject.

First, let's look at how we model each
component in a loudspeaker system.
Then we will see how to combine these
components to make most of the usual
types of enclosures: acoustic-suspension,
ported, passive-radiator, infinite-baffle,
Isobarik, and bandpass (two types). In
Table 11 summarize this information; the
formulas use MKS units {meters, kilo-
grams, seconds), but you can use the
values in Table 2 to convert to more
familiar units. Also, Table 3 is a glossary
of the symbols I used.

Square One. A simple enclosure is a
closed box with a single hole for mount-
ing the loudspeaker (Fig. la). For low-
frequency analysis, you can model such
an enclosure as a pure compliance (as
having springiness). The electrical analog
is a capacitor, one of whose terminals is
connected to ground. The larger the en-
closure, the larger the compliance and the
capacitance will be.

An infinite baffle {an infinitely large
enclosure) is a special case of the sim-
ple enclosure. As such, you can model
it as an infinite capacitance—a short to
ground. The following equation relates
the capacitance to the enclosed volume:

CCAB = VAB/ (Pa C?

Where P, is the density of air and c is
its velocity.

To model a simple enclosure with
losses requires the addition of two resis-




TABLE 1

TABLE 2

ELEMENTS, CIRCUITS, AND FORMULAS

CONVERSION FACTORS

EQUIVALENT
CIRCUIT

.
T Cenp
—L

Simple enclosure =

ELEMENT

CAB /K
Simple enclosure TR \R AL
with losses g ) {
jt__‘ |
Ported enclosure
T “che SLyap

Ported enclosure

with losses
Vao
Speaker
Rar
L MAS

Passive radiator

"

LMAR Ccar

FORMULA
(MKS UNITS)

V,
Cess = pAéz
o

Loss due to leakage
Loss due to internal damping

1

fg = 2 \”I;;AP—CCAB

P, (L + 0.85r + 0.61r)

L = — 2

0.85r is the effective length of the flush
end, 0.61r is the effective length of the
free end, andr = V2/x for noncircular
ports

Q, =R, VCCAB ! Lyap
A B
A Ras YCeas / Luap
N B
g Rae VCoas ! Luae
1
=T a
-
Q Q  Q
V,
CCAS = P A(s:z
-]
A
as (27fs)2 Ceas
1
Rar

) 2nts Qrs Ceas
V,p hormalization:
Vip = 27 Ly, (AC analysis)
Vip = Luag / 2 (transient analysis)

Vip = 1/2x C4s (cOne excursion)

(Use same formulas as for speaker.)

tors as shown in Fig. 1b. R,; represents
losses due to leaks in the enclosure and
R,p represents losses within the enclo-
sure, typically due to stuffing material.
(I will discuss adding stuffing to a sim-
ple enclosure when I describe acoustic
suspension speaker models.)

With Holes. A ported enclosure has two
openings: one for the speaker and one

for a vent or port (Fig. 2a). It can be rep-
resented as a compliance (the enclosed
volume) and a mass (the port). The com-
pliance is modeled exactly as for a sim-
ple enclosure and the mass is modeled
as an inductor. The two components are
in parallel; one connection goes to
ground as shown in Fig. 2b.

As described in Beranek's book,? the
equivalent inductance of the port is:

Length
1 inch = 0.00254 meter
1 foot = 0.305 meter
Area

1 square foot = 0.0920 square meter

1squareinch = 6.45 x 10 4square meter
Volume

1 liter = 0.001 cubic meter

1 cubic foot = 0.0283 cubic meter

1 cubic inch = 1.64 x 10 5 cubic meter

TABLE 3

SYMBOL DEFINITIONS

C Velocity of sound in air (345m/sec)

Ccas  Acoustic compliance of enclosure
(mS/newton)

Ccan Acoustic compliance of passive

radiator suspension

Ccas  Acoustic compliance of speaker
suspension

f Frequency (Hz)

f, Resonant frequency of passive
radiator

fe Resonant frequency of speaker

| Length (m)

Ly  Acoustic mass of port (kg/m?)

Lue  Acoustic mass of passive radiator
cone including air

Luss  Acoustic mass of speaker cone

including air load

Q Ratio of resistance to reactance
(parallel circuit) or ratio of reac-
tance to resistance (series circuit)

Q, Q of cabinet due to internal energy
absorption

Q; Total Q of cabinet

Q, Q of cabinet due to leakage losses

Q, Q of cabinet due to port losses

Q;q Total Q of passive radiator

Qrs Total Q of speaker

Ras Acoustic resistance of enclosure
losses due to internal energy ab-
sorption (newton-sec/m?3)

Acoustic resistance of enclosure
losses due to leakage

Acoustic resistance of port losses
Acoustic resistance of passive
radiator losses

Total acoustic resistance of
speaker losses

Area (m2)

Enclosure volume (m3)
Normalized acoustic pressure out-
put of speaker

Volume of air having same acoustic
compliance as driver suspension
Density of air (1.18kg/m3)

D DIV D
= Py X
~ D v ~

3
o

3
7]

v < <<0
[S]

o

Lyap = (P, 1) / wr?

r represents the port's radius and 1’ the
effective length, which includes not
only the port's length, but end effects as
well. Beranek notes that the free end of
the port adds effective length by the
formula:

1 = 061r

The end flush with the cabinet (the so-
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FIGURE 3: The speaker circuit diagram.

called flanged end) adds effective length
by the formula:

]l = 0.85r

Thus, for most enclosures whose ports
have one free end and one flush end, the
equation for port length would be:

Lyap = (P, (I + 0.85r + 0.61r)) / wr?
Solving for | gives you:
1 = {(wr2 Lyap) / P,) — 1.46r

As with the simple enclosure, losses in
the ported enclosure can be modeled by
adding the same two resistors and an ad-
ditional one to model port losses as
shown in Fig. 2c. I will discuss these
three resistances further when I describe
bass-reflex enclosures.

Driver. A speaker is modeled as a volt-
age source in series with a resistor, ca-
pacitor, and inductor, as shown in Fig.
3. Either one of this circuit's free termi-
nals represents the cone’s back surface;
the other represents its front.

The capacitance, Cg,, represents the
speaker suspension’'s acoustic compli-
ance and is calculated by the formula:

Ceas = Vas / (P, C?)

The inductance, L, s represents the
speaker’s acoustic mass, including the air
load, and is calculated by the formula:

Las = 1/ (Ceas (27f)?)

The resistor, R,r, represents the acous-
tic resistance of all driver losses and is
calculated by the formula:

Ryr = 17 (27, Qs Ceas)

The voltage source, V,,, represents the
acoustic pressure the speaker’s magnetic
circuit provides. Since our concern is
only the speaker system'’s output relative
to frequency (not efficiency), the value
of V,p is unimportant. However, it is
customary to normalize the graphs to a
simple value. Small,® when deriving the
efficiency expression for direct-radiator
speaker systems, broke it into two main
terms, one containing the frequency-
invariant information and the other the
frequency-response function. Small ma-
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nipulated his expression so the fre-
quency-response term equals 1 in the
speaker's passband. To follow this prece-
dent, use the formula:

Vio = 2w Lyas

You can test the transient response by
feeding the modeled speaker system a
step. The formula shown below causes
a critically damped or overdamped di-
rect-radiator speaker’s output to be a
pulse of one unit:

VAD = LMAS 12

Normalizing cone excursion versus fre-
quency is more problematical; in no fre-
quency band does the cone excursion
reach a steady-state value that is the
same for all direct-radiator enclosure
types. Two approaches seem sensible:
not to normalize at all or to normalize
to 1, the steady-state value that an un-
loaded speaker (infinite baffle, bass re-
flex) reaches at low frequencies. The first
suggestion obviously requires no further
discussion. To accomplish the second,
use the formula:

Vip = 1/ (2w Cgyg)

The Interconnected. A passive radia-
tor's enclosure consists of a cabinet with
two holes (Fig. 4). One contains the
driver, and the other the passive radia-
tor. The box is modeled as a compliance,
as is the simple enclosure. The passive
radiator itself is modeled like a speaker
with no voltage source. You calculate the
values of its equivalent capacitance, in-
ductance, and resistance exactly as those
for a speaker. The cabinet compliance
and passive-radiator equivalent circuit
are in parallel, and one end of the cir-
cuit is connected to ground.

THE PROGRAM. These instructions
on using PSpice apply to the IBM PC
version. Usage is similar for other com-
puters, but may differ in some details.
Also, I assume you have a basic famili-
arity with your computer, so I will only

FIGURE 4: The passive radiator enclosure.
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FIGURE 5: Sample circuit for using PSpice.

TABLE 4

EXAMPLE.CIR

example 1

*Comment lines start with an asterisk

V110AC 1 PULSE(-1V 1V 0SEC 10U
10U .2S8EC .4SEC)

R1 12100 ;Appended comments start
with a semicolon

C1233U

C2344U

L14585

RGND 5 0 1.2K

RBIG 3 0 100MEG

.AC DEC 20 1 1000

AC v(1)=0

.TRAN .05 .5 UIC

.PROBE

.END

address issues directly related to using
PSpice.

To use PSpice, you must have a text
editor capable of producing standard
ASCIHI files. Any programmer’s editor is
ideal; most spreadsheets can also make
text files, although not as efficiently.

PSpice is a complex program that
would take many pages to describe fully.
Therefore, I will describe, mostly by ex-
ample, only those features needed to
model speaker systems.

For PSpice to analyze your circuit, you
must describe it to the program. Use the
circuit in Fig. 5 as an example. You must
give all components a unique label:
resistors (RXXX), capacitors (CXXX), in-
ductors (LXXX), and independent volt-
age sources (VXXX], where XXX repre-
sents alphanumeric characters.

Also, you must number all nodes (a
junction between two or more compo-
nents). These numbers are not required
to be contiguous, but the ground node
must be 0.

Next, make a text file EXAMPLE.CIR
in Table 4) that contains the description
of this circuit. (Unless you tell it other-
wise, PSpice expects circuit-description
files to have a .CIR file extension.) The
first line, the title line, may contain any-
thing you wish. The second is an exam-
ple of an optional comment line.

The next seven lines describe the cir-
cuit. The first describes a voltage source
named V1 that connects from node 1 to
node 0 and is a source for the AC |fre-
quency response) and the transient analy-



ses. "AC 1" tells PSpice the AC analysis
should be done with a source whose out-
put is 1.

The next block of text, starting with
"PULSE," describes information used in
the transient analysis, performed by mak-
ing V1 a low-frequency square wave. The
remaining entries on the line {from left
to right) specify the wave: the output
starts at — 1 and goes to + 1, with no de-
lay; it has a rise time of 10xS and a fall
time of 10uS, a pulse width of 0.2S, and
a period of 0.4S.

The next six items in the circuit file de-
scribe passive components. Each line fol-
lows the general format of ''name node
node value."” For example, the first de-
scribes a resistor named R1 that connects
from nodes 1 to 2 and has a value of 100.
This line also demonstrates how to add
a comment to a line. The value designa-
tion can have a multiplier at the end; the
most common ones you might wish to
use are MEG for mega (1 x 108), k for
kilo {1 x 103), m for milli {1 x 1073), u
for micro {1 x 1078, and p for pico (1
x 12,

Following the component descriptions
are lines that tell PSpice the kinds of
analyses you wish done. The line that
starts "'.AC" specifies that the frequency
response be calculated. "DEC" indicates
the frequency is swept logarithmically by
decades, the last three numbers specify-
ing a calculation of 20 points per decade
and a response from 1Hz-1kHz.

The next line, ".IC", specifies the ini-
tial conditions for the transient analysis;
that is, the program should consider V(1)
to be at OV when starting the transient
calculations. The next line specifies a
transient-response analysis of 0.5 sec-
onds, with the results printed every 0.05
seconds (if you wish to have them
printed). "UIC" tells PSpice to use the
initial conditions specified in the .IC
statement.

The next line, ".PROBE," tells PSpice
to write a file the Probe graphics post pro-
cessor will use. This program lets you
"‘probe’’ various parts of the circuit and
graph their voltages and currents. As
such, it is much like an oscilloscope and
spectrum analyzer rolled into one. The
final line in the file simply marks the end
of the circuit.

PSpice has a few quirks you may en-
counter. First, every node in the circuit
must have a DC path to ground. If any
circuit has a "floating node," placing an
arbitrarily large resistor from it to ground
will solve the problem. In Fig. 5, node 3
shows this problem and its solution.

Also, PSpice will not let you place two
inductors in parallel. Placing an arbitrar-

ily small resistor in series with either in-
ductor will solve the problem. Finally, if
you have an old version of PSpice and
place a carriage return after the “.END"’
statement, it will give you an error mes-
sage, but continue to analyze your circuit
correctly.

Save the example circuit file in the
same directory that contains PSpice, then
type PSPICE EXAMPLE to run the analy-
sis. After much ruminating, PSpice asks
if you wish to see results of the AC or the
transient analysis. Choose AC. When the
next screen comes up, you will note sev-
eral optional actions listed at the bottom
of the screen. Choose “add trace,” then
type v(3). If all goes correctly, a plot of
the voltage versus frequency at this node
will appear.

It is important to note that you can
enter a mathematical expression when
you add a trace. If you type v(3/*3,
v(3)/4.6, v(3]v(2], or v(3)*frequency, for ex-
ample, PSpice will graph the result of the
expression for you. This feature is impor-
tant for showing speaker response. Now,
press O (zero) for older versions of PSpice
or E for newer versions to return to the
screen that allows a choice between AC
and transient analysis.

This time, choose transient. Once
again, choose ''add trace'’ and type v(3).
A plot of the voltage at node 3 versus time
will appear. Now is a good time to famil-
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FIGURE 6: Infinite-baffle design data.

TABLE 5

INFINITE.CIR

INFINITE BAFFLE DESIGN EXAMPLE

VAD 1 0 AC 310 PULSE(-25V 25V .1SEC
10U 10U .5SEC 1SEC)

RAT 1 2 26.2K

LMAS 2 3 49.4

CCAS 3 0 .704U

.AC DEC 20 1 1K

.TRAN .05 .2 UIC

IC V(1)=0

.PROBE

.END

Frequency response:
I(R,;)* FREQUENCY
Phase response:
IP(R,;) +90
Transient response:
D(HR.7)
Cone excursion:
I(R,,)/FREQUENCY

iarize yourself with some of the Probe
program's other options. Incidentally, it
takes PSpice much longer to perform a
transient analysis than an AC analysis.
Therefore, if you are interested only in
frequency response, omit the " TRAN"
statement in your circuit file or put an
asterisk before it. You may also leave out
the part of the "V1' statement referring
to the transient analysis.

When analyzing this circuit, PSpice
created a file called EXAMPLE.OUT. If
your circuit file contained errors, error
statements would be listed here, as would
other information PSpice calculates.

OTHER SYSTEMS. In this section, let's
look at the equivalent circuits for most
of the popular enclosure types and also
their PSpice circuit files. For all equiva-
lent circuits, the current through any
component represents the so-called
volume velocity of the air movement in
the part of the speaker system that com-
ponent represents.

Sound pressure level, however, is pro-
portional to acceleration, not velocity, so
the current PSpice calculates must be dif-
ferentiated to show frequency or transi-
ent response. For the frequency response,
you can differentiate by multiplying by
frequency. Relative cone excursion is the
integral of the volume velocity, so the cur-
rent in the speaker part of the equivalent
circuit must be integrated, which can be
accomplished by dividing the current by
frequency.

For each example, I give the mathemat-
ical expressions necessary for graphing
the various speaker responses. For the
first example, the infinite baffle, I also
provide instructions that, for reasons of
brevity, I will not repeat for the other
examples.

In several of the following examples,
the equivalent circuits have floating
nodes, as described in the section 'The
Program.” In all such cases, the large re-
sistor connected to the node that provides
a DC path to ground is named Rgg.
These resistors, of course, are not an in-
herent part of the speaker’s equivalent
circuit.

To make the examples more concrete,
all represent real alignments for a myth-
ical 8” woofer with the following param-
eters: f, = 27Hz, Q; = 0.32, and V)5 =
99 liters. Let's start by converting these
manufacturer’'s specs into the values
needed for this speaker’s equivalent cir-
cuit. First, convert liters into cubic meters
using the conversion factor in Table 2.

Vis = 99 (0.001) = 0.099m?
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FIGURE 7: Acoustic-suspension design data. FIGURE 8: Bass-reflex design data.
TABLE 6 TABLE 7
and
PASSIVE.CIR REFLEX.CIR

ACOUSTIC SUSPENSION DESIGN EXAMPLE

VAD 1 0 AC 310 PULSE( - 25V 25V .1SEC
10U 10U .5SEC 1SEC)

RAT 1 2 26.2K

LMAS 2 3 49.4

CCAS 3 4 .704U

CCAB 4 0 .182U

RBIG 4 0 100MEG

.AC DEC 20 1 1K

TRAN .05 .2 UIC

IC V(1)=0

PROBE

END

Frequency response:
WCcas)*FREQUENCY
Phase response:
IP(Ccpp) +90
Transient response:
D(Ccus)
Cone excursion:
Kq4r)/FREQUENCY

Using the formula from Table 1, calculate
the acoustic compliance:

Ceas = (0.099/ (P, C2)) = (0.099 / (1.18
(345)7) = 0.704 x 106

Again using Table 1, calculate the acoustic
mass:

Lyas = 1/ ((0.704 x 1078) (2727)2) =
49.4

Next, calculate the acoustic resistance:

R,y = 1/(2727{0.32) (0.704 x 107 6)) =
26.2k

Finally, calculate the equivalent voltage:

Vip = 27 (49.4) = 310 (AC analysis)

Vip = 49.4/ 2 = 25 (transient analysis)

Now let's start with the simplest exam-
ple, an infinite baffle.

Big Ones. In an infinite-baffle enclosure,
the speaker's front and back are effec-
tively connected to an infinitely large en-
closure and are thus shorted to ground,
as the circuit in Fig. 6 shows. To analyze
this enclosure, make a text file exactly like
the one shown in Table 5 and name it IN-
FINITE.CIR. Now run PSpice by typing
PSPICE INFINITE at the DOS prompt.

When PSpice has finished, choose AC
analysis, select "'add trace,” and, as in-
dicated in Table 5, type ifrat}*frequency.
The program will graph the loudspeaker
system's frequency response. Now select
"remove trace,”” "all,” and "'add trace”
and type ipfrat}+ 90 to graph the phase
response. Next, select "'remove trace’’
and "all.” Then select ""add trace' and
type ifrat)/frequency*1e6 to graph cone ex-
cursion versus frequency. If you had not
selected ''remove trace,’” PSpice would
have graphed the responses on top of
each other, an outcome you may occa-
sionally desire.

To view the transient response, back
out of this screen by pressing '0"' or "'e"’
{depending on which software revision
you have) until the screen that allows a
choice between the AC and transient
analysis appears. Choose transient. Then
choose ''add trace” and type dfifrat))
(which means take the derivative of the
current in component R,q}.

When you are interpreting your simu-
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FIGURE 9: Passive-radiator enclosure design data.

BASS REFLEX DESIGN EXAMPLE

VAD 10 AC 310 PULSE(- 25V 25V .1SEC
10U 10U .5SEC 1SEC)

RAT 1 2 26.2K

LMAS 2 3 49.4

CCAS 3 4 .704U

CCAB 4 0 .289U

RAL 4 0 130K

LMAP 4 0 99

.AC DEC 20 1 1K

.TRAN .05 .2 UIC

IC V(1)=0

.PROBE

END

Frequency response:
W(Ccas)*FREQUENCY
Phase response:
IP(Cca5) +90
Transient response:
D(Css)
Cone excursion:
I(R,;)/FREQUENCY

lated speaker system’s transient plot, re-
member that the equivalent circuits you
are building do not accurately predict any
loudspeaker’s high-frequency response.
Consider that for any direct-radiator sys-
tem, the models presented here predict
perfectly flat frequency response extend-

TABLE 8

PASSIVE.CIR

PASSIVE RADIATOR DESIGN EXAMPLE

VAD 10 AC 310 PULSE(-25V 25V .1SEC
10U 10U .5SEC 1SEC)

RAT 1 2 26.2K

LMAS 2 3 49.4

CCAS 3 4 .704U

CCAB 4 0 .3U

RAL 4 0 124K

LMAR 4 5 80

CCAR 56 1.7U

RAR 6 0 960

.AC DEC 20 1 1K

.TRAN .05 .2 UIC

IC V(1)=0

.PROBE

END

Freguency response:
I(Ccas)*FREQUENCY
Phase response:
IP(Ccap) +90
Transient response:
D((Cus)
Cone excursion;
I(R,;)/FREQUENCY
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L3 lecting V.5 from an alignment table and  equivalent circuit for a passive-radiator
ISOBAR.CIR calculating its equivalent compliance loudspeaker system looks much like a

ISOBARIK DESIGN EXAMPLE

VAD1 5 6 AC 310 PULSE(-25V 25V
SEC 10U 10U .5SEC 1SEC)

VAD2 1 2 AC 310 PULSE(-25V 25V
1SEC 10U 10U .5SEC 1SEC)

RAT1 6 7 26.2K

LMAS1 7 8 49.4

CCAS1 8 0 .704U

CCAT 5 0 .04U

RAT2 2 3 26.2K

LMAS2 3 4 49.4

CCAS2 4 5 .704U

CCAB 10 .1U

RBIG 1 0 100MEG

RBIG2 5 0 100MEG

.AC DEC 20 1 1K

.TRAN .05 .2 UIC

IC V(1)=0 V(7)=0

.PROBE

.END

Frequency response:
I(R.7,)* FREQUENCY
Phase response:
IP(R,r,) + 90
Transient response:
D((R47/)
Cone excursion:
KR,;,JFREQUENCY (external speaker)
(R, )/FREQUENCY (internal speaker)

ing out forever. Thus, the transient-re-
sponse plot displays sharp edges that no
woofer can really reproduce. Therefore,
it is best to use the transient-response
graphs to look for low-frequency phe-
nomena such as ringing and try to ignore
the impressive crispness of the graphs.

Inner Spring. Figure 7 and Table 6 show
the pertinent information for the acoustic
suspension system. In this type of enclo-
sure, one side of the driver {its front) con-
nects to an infinite baffle, the room, and
s0 is shorted to ground. The other side
connects to the enclosure and therefore
to an acoustic compliance (capacitance)
as shown.

I determined the capacitor's size by se-

from the equation in Table 1. I chose a
total system Q of 0.707 {maximally flat)
for this example. Making the enclosure
smaller by reducing the size of C.4;
shows how increasing the system Q
causes a response peak just before rolloff.
Note that in this example, enclosure
losses, R,z have been ignored.

The effect of stuffing on the response
and efficiency of acoustic suspension
speaker systems is not a trivial topic and
is well beyond the scope of this article.
For those interested in learning more
about it, Small* and Bradburys provide
some good insights.

Bass Reflex. As Fig. 8 shows, one side
of the speaker connects to the room and
is thus shorted to ground, while the other
side connects to a ported enclosure whose
equivalent component values have been
calculated from Table 1. Note that the
only loss associated with the enclosure
that has been modeled is Ry;.

Thiele$ assumed no cabinet losses in
deriving his alignments, but experiments
by Small” indicate that the Q of most bass-
reflex speakers lies in a range from about
5 to 20, and that despite its somewhat
unexplained (at least by Small) origin, the
loss acts as if it were caused by a leak.
Thus, R, is included in the equivalent
circuit, and its value is calculated using
Table 1, assuming a cabinet Q of 7.

A bass-reflex speaker has four branches
where you could measure the current or
volume velocity. Both Small” and Ber-
anek? show that the system's sound out-
put is proportional to the current in the
circuit’s cabinet leg—the current through
Ccas- Cone excursion, however, is pro-
portional (not surprisingly) to the current
in the driver part of the circuit.

Passive Radiator. As Fig. 9 shows, the
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FIGURE 11: Bandpass 1 design data.

bass reflex, except the passive-radiator
cone takes the port's place. As Table 1
shows, the passive-radiator cone itself is
modeled much like an ordinary driver.
In fact, you can use an ordinary driver
as a passive radiator if you leave its ter-
minals unconnected and calculate its
equivalent circuit using Qs instead of
Qr. Component R,; is once again in-
cluded, for a cabinet Q, exclusive of the
R,s of the passive-radiator cone, of 7.

Isobarik. As Fig. 10indicates, an Isobarik
speaker system consists of two cones
driven in parallel; one is internal, with
one surface connected to a simple enclo-
sure, while its other surface is connected
to the exterior driver by another, typically
small, simple enclosure. In the equivalent
circuit, the drivers are represented by
two voltage sources with their respective
components.

In the PSpice circuit file (Table 9), these
sources are listed with identical parame-
ters. Thus PSpice will consider the volt-
ages to be identical in amplitude and
phase, as the output would be for two

Continued on page 27

TABLE 10

BPASS1.CIR

BANDPASS1 DESIGN EXAMPLE

VAD 5 1 AC 310 PULSE( - 25V 25V .1SEC
10U 10U .5SEC 1SEC)

RAT 1 2 26.2K

LMAS 2 3 49.4

CCAS 3 4 .704U

CCAB1 4 0 .075U

RAL1 4 0 160K

LMAP1 4 0 40

SCAB2 50 .16U

-MAP2 50 110

3AL2 5 0 184K

AC DEC 20 1 1K

.TRAN .05 .2 UIC

AC V(1)=0

.PROBE

END

Frequency response:
(KL ap1) + (L yarz)) " FREQUENCY
Phase response:
P((Lyaps) + l(Lyapz)) + 90
Transient response:
D((Lpap) + (L psar2))
Cone excursion:
I(R,;/FREQUENCY

Speaker Builder / 3/91 25




OLD COLONY'S
USER-FRIENDLY SOFTWARE

Speaker Designer™
Release 1.2 by Stuart E. Bonney
A loudspeaker system design aid and modeling tool for use with
both closed and vented systems over the frequency range from
10 to 300Hz. Computes and displays system frequency response,
power handling capabilities, and relative sound pressure level
{SPL} outputs for each of 26 discrete frequencies over this range.
Includes one year support by the author when the user registers
this Shareware product. Each $19.50
IBM 5'4" 360K DS/DD SPD-1BS

Loudspeaker Modeling Program
by Ralph Gonzalez {SB |, 2, 3/87)
LMP produces a full-range frequency response prediction for
multi-way loudspeakers, including the effect of the crossover,
driver rolloffs, interdriver time delay, "'diffraction loss,” etc. {In-
cludes author support.} Each $17.50
Specity:

Hy:
Apple I 5% $S/DD (DOS 3.3)

LMP-1AS
Apple Macintosh 32" 88/DD LMP-2M3G
1BM PCIXT/AT 5v” DS/IDD LMP-2B5G
Commodore 64 5'%" DS/DD LMP-1C5

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

Each $49.50 (upgrade price: $39.50")

ity:
IBM PC/XT/AT 5% " DS/DD LMP-3B5G
Apple Macintosh 3%:" 88/DD LMP-3M3G
“Original LMP disk or sales receipt must be included w/ order.

Driver Evaluation

and Crossover Design
by G. R. Koonce (5B 5/88)

Disk 1 evaluates the suitability of drivers for closed, vented and

passive radiator enclosures, and allows detailed designs of vented
boxes.

Disk 2, in addition to driver evaluations, allows the design of

first-, second-, and third-order crossovers. 54" 1BM: 360K, DS/DD.

Each $12.50

. DRI-1BS
CRS-1BS

ity:
Driver Evaluations
Crossover Design

Active Fliter Design
by Fernando Garcla Viesca (SB 4/88)
Calculates component values for Butterworth filters in four con-
figurations: High- and low-pass in second- and third-order. {In-
cludes author support.) Each $17.50
1BM 5%"” 360K DS/DD ACT-1BS

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

Performs the calculations for the eight two-way active crossover

designs described by Bob Bullock using formulas exactly as given

in the articles; plus a program to calculate Vp,,. (Includes one

year user support.) Each $20
IBM 5" 360K DS/DD TWO-18S
1BM 3%” 720K DS/DD TWO-183

Stepped Volume Controls

by Joseph O'Connell (TAA 4/88)
These ready-to-run Mac programs come on a 3%-inch SS/DD disk
initialized as a 400K disk for compatibility with all machines.
Also included are the Pascal source codes, should you wish to
customize them for your own use. Program A. Precisely matches
the resistor values to the measured or estimated source and load
impedances, yielding great accuracy. Your volume control can
have 3 to 99 positions. The program will ask you how many dB
each step should be attenuated and has provisions for a standard
audio taper or any other taper you devise. Program B. Calculates
the taper that will result with your actual resistor values, because
you are limited to standard values or with series and parallel com-
binations. It can also show the effects of different source and load
impedances on the taper. Both programs {contained on the same
disk) allow you to save their output to a text file and include
author support via mail. Each $25

Apple Macintosh 32" 88/DD SVC-1M3

BULLOCK & WHITE

BOXRESPONSE

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

Air Core: This program was written as a quick way of eval-
uating the resistance effects of different gauge wire on a given
value inductor. The basis for the program is an article in
Speaker Builder (1183, pp. 13-14) by Max Knittel. The pro-
gram asks for the inductor value in millihenries (mH) and
the gauge wire to be used. (NOTE: only gauges 16-38.)

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

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

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

Response Function: Calculates the small signal response
curve of a given box/driver combination after inputting the
free-air resonance of the driver ({5 ), the overall “Q"" of the
driver {Qps ), the equivalent volume of air equal to the
suspension (V4 ), the box tuning frequency (fy }, and the
box volume (Vg ). Output is the frequency and relative out-
put at that frequency.

L-Pad Program by Glenn Phillips: Appeared in Speaker
Builder (2183, pp. 20-22). It is useful for padding down a
tweeter or midrange while still retaining the same load as
the driver itself.

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

Medium: 5% " SS/DD Disk. Price, $25.

Specify:
BOXRESPONSE
Apple........... ... BOX-1A5
Commodore 64 (Disk) ............ BOX-1C5
Commodore 64 (Cassette)......... BOX-3CC
IBM.............. BOX-1B5
IBM Plus Graphics
BOXRESPONSE ......... BOX-2B5G $50
PASSIVE CROSSOVER

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

Specify:
PASSIVE CROSSOVER CAD
Apple ...l PAS-1A5
Commodore 64 (Disk)............. PAS-1Cs
111, {5 8805500000000000000008886655 PAS-1B5
IBM Plus Graphics
CROSSOVERCAD ......... PAS-2B5G $50

CALSOD

Computer-Aided Loudspeaker
System Optimization and Design
by Witold Waldman

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

pects to mount a driver combination on a flat baffle,
the summed response can be optimized to compen-
sate for rearward displacement of a woofer’s acoustic
center with respect to atweeter. CALSOD can model
up to seven drivers at atime in a four-way system giv-
ing the summed response and acoustic phase response
of the entire system.

The CALSOD program comes on a single 360K
floppy, and requires one directory and two subdirec-
tories in installation, plus access to the DOS GRAF-
TABL file, which it uses for a couple of special sym-
bols. The 133-page User Manual, provided on a sec-
ond disk, is well written, adequately describes the
various program functions, and contains an excellent
tutorial example, which demonstrates the use of the
program.

Specity:

IBM 5% " 360K DEMO . .. .CAL-2B6D $ 5.00*
IBM 2 x 5%~ 360K DS/DD . .CAL-2B8 $65.00
IBM3v2"720KDS/DD . .... CAL-2B4 $67.50
* Usable as credittoward later purchase of tull CALSOD.

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

POSTAGE & HANDLING: In US, please add $2.00 for first disk and 75¢
each additional disk. In Canada, please add $4,50. Overseas, please include

20% of total order for shipping.

DEALER INQUIRIES INVITED

OLD COLONY SOUND LAB

PO Box 243, Dept. B91, Peterborough, New Hampshire 03458 usa

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

Answering machine for credit card orders only: (603) 924-6371
before 9:00 a.m., after 4:00 p.m. and weekends.
Have information plus MC/VISA available.

CALL OR WRITE FOR YOUR FREE CATALOG!
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FIGURE 12: Bandpass 2 design data. n

Continued from page 25

identical speakers connected in parallel.
The small volume connecting the two
speakers is labeled C.,r (T for tunnel).
The analysis of the speaker system re-
veals two interesting facts: (1) that the
system's response is not independent of
the rearmost enclosure’s size {the exterior
speaker is not truly in an Isobarik en-
vironment) and (2) that the small volume
connecting the two speakers can cause
minor frequency-response anomalies,
especially as the rear enclosure becomes
smaller.

Bandpass (Type 1}. In this type of band-
pass-speaker system, Fig. 11 shows that
both surfaces of an internal speaker are
connected to a ported enclosure (like the
B--e Acoustimass system). If you experi-
ment, you will discover that for any given
speaker, an infinite number of alignments
are possible that differ in their passband
frequency and efficiency.

Bandpass (Type 2). Figure 12 shows a
bandpass speaker system with one sur-
face of an internal driver connected to a
simple enclosure, and the other to a
ported enclosure. Jean Margerand wrote
articles on this type of speaker system in
the 6/88 and 1/89 issues of SB.

REFERENCES

1. Old Colony has available a how-to book
on PSpice, titled SPICE: A Guide to Circuit Sim-
ulation and Analysis Using PSpice ($19.95,
BKPH2), and a student version of the software.
You can also purchase the book packaged with
the software ($27.95, BKPH2/S, specify soft-
ware). Software: PC version ($12.95, SOF-
SPC1B5GD), Mac Il {$12.95, SOF-SPC1M3GD),
PS/2 ($12.95, SOF-SPC2B5GD).

2. Beranek, L.L., Acoustics, McGraw-Hill,
1954,

3. Small, R., ''Direct-Radiator Loudspeaker
System Analysis,” JAES, Vol. 20 #5, p. 383 {June
1972).

4. Small, R., ''Closed-Box Loudspeaker
Systems, Part 1: Analysis,’’ JAES, Vol. 20 #10,
p- 798 (December 1972).

5. Bradbury, L.J.S., ""The Use of Fibrous
Materials in Loudspeaker Enclosures,” JAES,
Vol. 24 #3, p. 162 (April 1976).

6. Thiele, A.N., ""Loudspeakers in Vented
Boxes: Part 1,"" JAES, Vol. 19 #5, p. 382 (May
1971).

7. Small, R., "Vented-Box Loudspeaker

Systems, Part 1: Analysis,"”” JAES, Vol. 21 #5,
p- 363 ({July 1973).

CONCLUSION. PSpice offers a quick
way to plot the response of virtually any
kind of speaker system. Because results
are available so quickly, you do not have
to stick to known alignments, but can
easily experiment with all manner of
crazy ideas. It is so easy to play with cab-
inet, port, and loss parameters, you can
design and simulate many speaker sys-
tems in an hour or two. The general meth-
odology is quite simple; follow the step-
by-step procedure below.

1. Choose a driver and calculate its
equivalent circuit values by using Table 1.

2. Choose a basic cabinet arrangement
(bandpass, bass reflex, and so on) and
draw its equivalent circuit.

3. Using dimensions retrieved from an
alignment table, or from educated
guesses, use Table 1 to calculate the cir-
cuit values of the cabinet components.

4. Make a circuit file.

TABLE 11

BPASS2.CIR

BANDPASS2 DESIGN EXAMPLE

VAD 5 1 AC 310 PULSE( - 25V 25V .1SEC
10U 10U .5SEC 1SEC)

RAT 1 2 26.2K

LLMAS 2 3 49.4

CCAS 3 4 .704U

CCAB1 4 0 .09U

RAL 4 0 165K

LMAP 4 0 50

CCAB2 50 .1U

RBIG 5 0 100MEG

.AC DEC 20 1 1K

TRAN .05 .2 UIC

IC V(1)=0

.PROBE

END

Frequency response:
I(Lyap) ' FREQUENCY
Phase response:
IP(Lyy0) + 90
Transient response:
D(I(Lpsp))
Cone excursion:
{(R,;)/FREQUENCY

5. Run PSpice

6. Most importantly, play with some
of the circuit values and see what kind
of unusual designs you might be able to
build. ()

RAMSDELL AUDIO

DiVvISION OF RAMSDELL ENTERPRISES

MODEL SW2710

6.3" Edgewound voice coil
103dB/1W/1M

(band limited pink noise—
32-150Hz in 15 ft.3 cabinet)
Power Handling—500W RMS
1000W Program

52 Ibs.

Fs 18.5Hz
Qts .275

Qes .293

Qms 4.16

No 4.0%

Re 5.7Q

Le 3.0mH
Xmax +4mm
Vas 1720 liters

Piston Dia. 23.3"

27" SUBWOOFER

Polypropylene cone—Double Roll Cloth Surround
Retail only $1,250. Unbelievable Bass!
Call or write to:

P.O. Box 76186
St. Petersburg, FL 33734-6186
(813) 823-8037

NOW AVAILABLE: 27" Passive Radiator $145

Fast Reply #GF163
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PIPE AND RIBBON ODYSSEY

BY SCOTT WOLF

\_ J

PHOTO 1: A 164 mounted in a coupler. | used
Mortite to form an unbroken seal between the
MDF ring and the 164. It was more effective and
much easier to work with than silicon rubber,
and also many times less expensive.

In January of 1987, I attended the Con-
sumer Electronics Show (CES]) in Las
Vegas, always a marvelous learning ex-
perience. Before that time, I had believed
the Dynaudio transducers were the most
cost-effective method of reproducing a
musical event.

I found several enjoyable loudspeakers
at the Riviera. The speaker with perhaps
the most realistic sensation of a live mus-
ical event was the Duntech Crown Prince
PCL-1000 driven by Rowland gear. I lis-
tened to several planar-ribbon types also.
The Apogee Caliper powered by Lazarus
was a close second, yet the same speak-
ers driven by Carver equipment in a
stereo store sounded terrible—a very am-
plifier-dependent loudspeaker.

THE GOLD RIBBON. I had seen the
Gold Ribbon in several issues of SB and
was very curious about it. I believe it was
operated in a sealed enclosure with two
7" Focal bass drivers in transmission
lines. This setup was crossed over to a
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PHOTO 2: While the PVC lines are 72" deep by 62" tall, they take up littie floor space when
against side walls. The ribbon panels are 68" by 17" by 0.85". The base is 12" by 12",

single Velodyne subwoofer. The deep
bass was non-musical. I've never enjoyed
most vented alignments with the inherent
ringing imposed on the driver from such
an enclosure. The midbass wasn't bad,

but you had to sit close to on-axis or the
high-frequency performance suffered.
Yet, something about the Ribbon mes-
merized me; it had a sense of immediacy.
The company claimed the Ribbon could
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PHOTO 3: Monster Cable power line 2 is used
for internal and external wiring for the woofers.
The solid copper alligator clips allow the driver-
coupler to be removed with a twist-and-pull mo-
tion. The Old Colony spade lugs terminate to
0ld Colony five-way binding posts on the PVC
pipe.

resolve differences as small as 3uS. 1
asked a salesman what that meant. He
said it was far too complicated to explain.
I lucked out, though, and talked to Allen
Hulsebus, a company engineer. He drew
a p-shaped curve in the air and said the
time between the peaks was 3uS. This
driver could start and stop very quickly.
I listened to the speaker for 30 minutes.
For the $1,600 asking price and the per-
formance limitations, however, I couldn't
justify grabbing a pair.

ALTERNATE SOLUTIONS. When I
read ‘A Low-Cost Two-Way Ribbon Sys-
tem'’ by Richard Painter (SB 4/88, p. 38),
I became intrigued. For $57, I had 4”
wide, %" thick steel cut to a length of
72", and had 2" holes drilled with cen-
ters 1” apart. The pole pieces are 2” wide
by %" thick. A friend who does vapor
deposition for optical instrumentation
told me about a company that would do
vapor deposition onto Kapton. The prob-
lem: a minimum order of $500, but I still
planned to go ahead. When Edmund Sci-
entific ran out of 4 lb./ft. Alnico V mag-
nets, I checked out Permag's price. Each

PHOTO 4: Top view of the ribbon’s base.

-

PHOTO 5: Capacitors mounted on %" plexiglass using Old Colony binding posts, 12-gauge
Monster wire, 10 IAR 10uF WonderCaps, and a 100xF Chateauroux, purchased from Audio

Concepts.

magnet cost $4, quite a bit more than Ed-
mund's price. Project terminated.

I first saw the RD-57s in SB 3/89 when
I flew to the west coast to audition them.
They were driven with solid-state Har-
man-Kardon amps, with a single sub-
woofer up against the rear wall. The rib-
bons were operated as dipoles and were
placed in the middle of a fairly large
room. The driver had the sense of speed
that the Gold's had, yet could resolve an
acceptable stereo image anywhere in
the room.

I listened to the Duntech Sovereigns at
Christopher Hansen, Ltd. Those 2001s
were the earlier version using the D-76
midrange unit. The amplification was in
four large boxes per channel, manufac-
tured by Cello. The RD-57 yielded a more
musical experience than Duntech'’s use
of the Dynaudio line, with far less costly
araplification. Also the RD-57 is made in
America.

I accumulated information from sev-
eral sources to guide me. I've been read-
ing Richard Heyser's articles in JAES
Loudspeakers Anthology, Vol. I since
1987. I don't claim to understand most
of the math. It's been eight years since
I had a class in Laplace transforms and
the Convolution Integral. If [ had to solve
a problem now, I'd probably burn out a
frontal lobe. Heyser's articles, however,
convinced me of the need to adhere to
the idea of a loudspeaker as a minimum
phase network, where the phase re-
sponse is a Hilbert Transform of the am-
plitude response.

THE SPEAKER BASICS. My one re-
quirement in building these speakers was
for them to be powered by a single stereo
amp. To accomplish this and approximate
minimum phase behavior, I needed to
use a first-order 6dB/octave passive filter.
Ralph Gonzalez's article (SB 1/87, p. 20,
Fig. 4} illustrated the minimum phase na-
ture of the first-order filter.

My crossover is very simple. [ used Bob
Bullock's program to generate the values
on an Apple Ile. It spat out 198.9uF and
3.18mH for a crossover point at 200Hz.
[ used ten 10uF IAR caps and one 100uF

Chateauroux in parallel and a 3.18mH
Perfect Lay inductor from Solen.

The ribbon or electromagnetic trans-
ducer was invented by E. Gerlachand W.
Schottky about 60 years ago. It is an
elegant use of the Lorentz force, F = qv
x B. Problems of rise time and perhaps
more importantly time to cease motion
associated with cone and dome designs
are greatly reduced.

The RD-57 uses a four-turn motor
structure with three rows of ceramic V
magnets in front of and behind the voice-
coil diaphragm for a push/pull setup. The
aluminum voice coil, polyamid (Kapton)
diaphragm is convoluted. If viewed edge
on, it would resemble a square wave.

I mounted the ribbons in panels of %"
MDF type 44 and laminated black for-
mica on front and back. The panels are
bolted to bases with three %" bolts each
2" long. The bases have a groove routed
out about % " deep into which the panels
fit. [ used red oak as a trim material and
ran the oak strips on the panels through
a table saw with the blade set at 23°. This
allowed me to bevel both sides of the
strips to approximate a rectangular trun-
cated pyramid and parallel-piped (SB
1/80, p. 29, Fig. 5), figuring in dipole op-
eration. To obtain the correct width of the
panels, I used B. Berg's technique (SB
2/84, p. 30} to avoid cancellation above
200Hz.

0
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PHOTO 6: The wiring for the ribbons is
12-gauge Monster cable, runthrough the 1.1"
ID PVC pipe frame. The ribbon base "‘floats’’
on brass insert-machine screws.
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PHOTO 7: Close view of the ribbon’s front.

PERFORMANCE. While the RD-57s
sounded quite good with a single sub-
woofer, using a passive filter with such
shallow slopes makes such a setup un-
suitable. I've been pleased with the low-
frequency performance of the Morel In-
tegra Is in a 7.84’' PVC line (SB 5/89,
p. 51). I had some spare pipe, approxi-
mately 7’. I removed the lower part of
the u-shaped structure, about 34" in
length, and substituted the 7’ length. The
bass was considerably deeper.

I bought four Morel 164s from Zalytron
for $194 including shipping. These dual-
magnet beauties have 75mm diameter
voice coils and doped paper cones. They
remind me of the plastiflex-treated paper
Dynaudio 21W54s, except the 164's dust
cover is paper instead of cloth, the sur-
round is neoprene instead of foam, and
the voice coil diameter is 75mm. Morel
claims an fg of 37Hz with a flat response
out to 6kHz.

In 1936, Ben Olney reported that a
driver with a resonance at 50Hz dropped
to 40Hz when placed in a labyrinth. I've
been using the 164s in 12.3' long pipes
with an allowed fundamental of about
23Hz. I placed Acousta-Stuf in the final
5' of the lines, using only enough to elim-
inate any resonances stimulated by my
talking into the open end. Besides ex-
tremely deep bass, the internal reflections
found in so many enclosures are greatly
reduced, if not eliminated. This allows the
driver to cease motion sooner after an im-
pulse has been reproduced.

Front-panel resonances are also elimi-
nated. Examples of these problems may
be seen in the third edition of High Per-
formance Loudspeakers by Martin Col-
loms. On page 13 of this book, Fig. 2.3
is the directivity pattern for a rigid circu-
lar piston in the end of a long tube. At
200Hz, Ka for my speakers is 0.10 and
even at 5kHz, Ka = 2.6. The 164s with
no crossover sound fairly three-dimen-
sional [polar response plot, © in degrees,
r in decibels).

Tapping the cone lightly and placing
your ear at the open end results in an
uncomfortable sensation due to low-fre-
quency propagation. There is consider-
able output from the pipes while repro-
ducing a 20Hz, %-octave warble tone.

Because I left the PVC in the stands and
lines unglued, I was able to observe the
behavior of the 164s in much longer lines.
I disassembled the lines in which the In-
tegras were mounted and used the elbow
joints to increase the line length to 28'.

By using a block of wood and a mallet,
I pushed the MDF rings about 3” into the

PHOTO 8: ““Near-field" listening position with ears about 0.9 meters from the ribbons, while
the woofers are about 1.5m from the side walls. Note the lack of oak trim. | spent about seven

months listening in this position.
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couplers. This allowed me to experiment
with the 28’ line in a conventional single
driver and push/pull alignment. In this
setup, the 164s could not handle the ex-
cursion forced on them by air movement
they themselves stimulated, even at quite
low volume.

To couple the bases holding the ribbon
panels to the floor, I used threaded brass
inserts and 2" long brass machine-screws
(Photo 4}, not so much for vibration reduc-
tion as for compensating for old floors.
By varying the length of each screw com-
bination in each of the base's four cor-
ners, I got the panels to appear orthognal
to the floor.

I've listened to many planar-ribbon and
electrostatic-type loudspeakers at quite a
few high-end audio stores. The perfor-
mance of the RD-57 is not found wanting.
Depending on the low-frequency align-
ment and associated woofers chosen, it
is possible to construct a loudspeaker ca-
pable of holding its own with any speaker
I've heard regardless of price.

I prefer transmission-line labyrinth
types. The low-frequency performance is
tight, clean, and 3-D. I'm using Carlos
Bauza's (SB 4/85, p. 32) ''near-field"’ lis-
tening position (Photo 8). The perfor-
mance of the 164s in the 12.3’ long lines
has convinced me it will be worthwhile
to load my four Dynaudio 30W54s into
18’long, 10" internal diameter pipes. My
speakers cost me $2,400, less than half
the retail price of the Seas woofer/Focal
tweeter combination of the Wilson Watts.

PREVIEW

Elektor Electronics USA

July/August 1991

* 50 small, but interesting
articles presenting new and
practical ideas, concepts,
and developments on all
aspects of electronics

¢ Timecode interface for slide
controller

* Multi I/O for IBM

¢ Black-and-white video
digitizer

* Radio data systems

* Modern LED clock

* Logic analyzer

® Measurement techniques

¢ Laser

* One-shot solid-state relay
timer

* 8088 single-board computer




YOUR ONE STOP SHOPPING CENTER
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IF YOU HAD THESE ZALYTRON
CABINETS, YOU'D BURN
i YOUR OLD ONES!

" YOU HAVE NEVER
SEEN CABINETS LIKE |
THESE BEFORE |

These cabinets are the latest of Zalytrons efforts to bring the finest cabinets
to the market. They are made with 11/8" MDF to start. then the side walls are i
laminated with 1/2" flake board (thus giving 1 5/8" sidewalls!! ). Next the N
sides are rounded to give 1 1/2" radius curve. We then wrap Nevamar brand :
laminate around the cabinet. The result is a strong attractive cabinet with
less diffraction loss. The thick walls improve the bass remarkably. They RS
simply have to be heard and seen to be believed and appreciated. 5’
Plctured are the Aria 5 with Accuton tweeter and the brand new
Time-aligned models of Focal 033 and 133 systems.

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

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

Our warehouse is open for pick-up 10AM to 6 PM daily, Monday thru Saturday
UPS oraers shipped same day * Minimum order $50.00
FOR ALL YOUR SPEAKER NEEDS OR INQUIRIES - WRITE OR CALL ASK FOR ELLIOT

—

Fast Reply GF1131



PHOTO 1: The DELAC S10.

he 510 loudspeaker was my attempt

at designing a system that did not
compromise important performance
characteristics (soundstaging, timbral bal-
ance, musicality, aesthetic acceptability)
at the expense of those I could do without
(high power handling, bass response be-
low 50Hz).

The result, based on my own and other
owners' observations, is an elegant, un-
usual, and compact (5" by 3.5” by 40"}
loudspeaker that produces a 3-D yet fo-
cused soundstage, a tight and surprisingly
deep bass, an extended yet mellow tre-
ble, and a realistic vocal and string tone.
Due to power limitations, it is best suited
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BY RALPH GONZALEZ

to small and medium-size rooms, where
the dynamics can be very lifelike. As an
unexpected benefit of the design, the
sound quality remains musical even
when you are positioned well off-axis or
in another room.

DELAC (Delaware Acoustics) was an
ill-fated attempt to bring the S10 loud-
speaker to a wider audience (see the side-
bar “What Went Wrong?''). While 1
would not have attempted to introduce
another "box’* loudspeaker to the already
saturated market, I believed the unusual
aesthetics of the S10 would help differen-
tiate it.

This article presents construction de-
tails on the DELAC S10, as well as several
design features that can be incorporated
into your own designs.

REVERBERANT RESPONSE. At low
frequencies, dynamic loudspeakers ra-
diate sound in all directions. At a given
frequency, typically 300-800Hz, the baf-
fle begins to become an obstacle to the
sound waves and limits the radiation of
higher frequencies to the forward hemi-
sphere. If you make no attempt to cor-
rect this, the speaker will exhibit a gen-
tle 6dB rise in its frequency response—
termed the "'response step’'! or (viewed
as a 6dB falloff at low frequencies) "'dif-
fraction loss.”” This phenomenon is often
visible in the manufacturer's frequency
response graphs for woofer or midrange
drivers, when the measurement condi-
tions involve a small baffle. It is also
responsible for the “forward'’ sound of
poorly designed small speakers.

Most good loudspeakers eliminate the
response step by means of the crossover
design to achieve a flat anechoic re-
sponse. Thus, the forward radiation is
made flat, while the rearward radiation
is limited to the bass and lower midrange.
As a result, the overall energy the loud-

THE DELAC SIO

PHOTO 2: SEAS drivers.

speaker radiates is unbalanced. In my
opinion, this discrepancy causes loss of
a convincing soundstage, particularly in
large speakers.

I designed the S10 to be a loudspeaker
whose reverberant response (the sound-
field which reaches the ears only after
reflecting from one or more room sur-
faces) was as well-balanced as its on-axis
response. The approach involved placing
a second bass/midrange driver on the rear
of the enclosure so the forward and rear-
ward responses are the same up to the
tweeter crossover frequency (around 3-
4kHz). The intent was NOT to increase

TABLE 1
SPECIFICATIONS
Power Recommended for amplifiers
from 15-100W/channel
Nominal 80W

power rating

Sensitivity 85dB/W/m (2.83V), though the
perceived sensitivity is some-
what higher due to the enhanced
reverberant response.

Nominal 49, with a minimum of 3.5Q

impedance




the overall ratio of reflected/direct sound
energy (as in some B__e loudspeakers),
but to improve the frequency balance of
the reflected sound.

ENCLOSURE CONSTRAINTS. This
seemingly simple solution introduced
constraints that determined several other
areas of the design.

The output from the rear-mounted
driver is omnidirectional at low frequen-
cies and is limited to the rear hemisphere
at higher frequencies. This helps “fill in"
the bass and lower midrange response on
the forward axis to compensate the afore-
mentioned response step. However, com-
puter simulations indicated that the rear-
mounted driver's time delay caused its
output to interfere with the forward-fac-
ing driver's on-axis response at certain
frequencies.

To minimize this partial cancellation,
I made the time delay as small as possi-
ble. This necessitated a shallow enclo-
sure, made unusually narrow to raise the
frequency of the effect to the 600-800Hz
region. The crossover helped compensate
the remaining effect. To maintain inter-
nal volume, then, required a long vertical
dimension, leading to the columnar floor-
standing design of the S10.

Rather than using a second, rear-
mounted tweeter to maintain the balance
of the reverberant response above the
crossover frequency, I mounted the
tweeter angled partly away from the lis-
tener. In this way, extra high-frequency
energy could be fired into the room with-
out producing a bright on-axis response.
As a side effect, high-frequency beaming
is reduced. (This technique is also seen
in some Spica designs.}

DRIVER CONSTRAINTS. The narrow
enclosure, in turn, suggested a small bass/
midrange driver. Such drivers have the
advantage of having better upper-mid-
range performance than larger drivers.
This allows a highish crossover frequency
to a small tweeter whose high-frequency
response is especially smooth and well-
dispersed.

I chose the 4.5” SEAS 11FG-X bass/
midrange driver (Photo 2) for its excep-
tional bandwidth (50Hz to 6kHz) and
quality construction, including a rigid cast
magnesium frame and well-damped di-
aphragm. Its magnet is so large it deter-
mines the size of the driver's mounting
hole. This driver has found its way into
commercial designs by ProAc and Thiele,
for its absence of coloration, wide band-
width, and long-throw design. The 0.75”
SEAS H225 dome tweeter is a ferrofluid-
cooled design with an amplifier-smooth

PHOTO 3: The crossover/backplate.

response not found in larger tweeters.

What attracted me to the Scandinavian
SEAS line was the completeness of the
driver specification sheets. These in-
cluded graphs of each of the following:
on- and off-axis response, impedance, and
second- and third-order distortion prod-
ucts. Most importantly, they provided

details on the measurement conditions.

MINIMUM-PHASE CROSSOVER. A
rarely attempted design goal is a multi-
driver system with a flat frequency re-
sponse and a phase response near zero
throughout the crossover region. Unlike
conventional speakers, such systems pre-

PHOTO 4: The passive bass equalizer.
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FIGURE 1: Enclosure plans.

| 32-15/16" high on front
]

rout 3-3/4" dia, 1/8" deep

2-7/8" dia. hole (rout rear panel
to accept tweeter magnet)

rout according to 11FG-X frame,
3/16" deep

[~

3-7/8" dia. hole

5" wide by 3-1/2" deep. All panels
/ are 1/2" MDF except front and base
i which are 3/4" MDF.

Slot inside of panels, 12" from end;

\insen 1/8" (or 1/4") divider

containing 1" hole. Also, cut spare

~insert 4" X 2-1/4" X 2" block

10" X 10" base, beveled;

\ drill holes to attach to block

in main column,

3"x2"x1/8" piece 1o seal hole later.

serve the shape of the musical waveform
in the same way as does the rest of the
reproduction chain {although it has not
been conclusively demonstrated that this
has an audible effect on typical music sig-
nals). In theory, a first-order crossover
produces this effect; however, due to the
additional phase shift real-world drivers
produce, most commercial systems using
first-order crossovers are anything but
minimum phase.

One technique [pioneered by Spica) for
approaching the minimum phase ideal
with real-world drivers requires that the
tweeter be delayed slightly with respect
to the woofer.2 The S10 uses this tech-
nique, along with a computer-optimized
crossover. If you listen above the axis,
however, you will experience a response
dip near the crossover frequency.

Apart from its minimum phase aspira-
tions, I designed the S10 crossover to

compensate for the falling response usu-
ally produced by the angled mounting of
the tweeter.

BASS EQUALIZATION. Unfortu-
nately, the SEAS 4.5 woofer is so well-
damped by its oversized magnet that its
response is —6dB at 100Hz. Even with
a vented loading, this will produce an
overly "lightweight’' sound (as noticed in
the ProAc Tablette minispeaker).

Instead of using a vent, the S10 tackles
this problem with a simple line-level
equalizer inserted between preamp and
power amp or in a tape loop. Since the
driver’s natural rolloff is rather gentle, a
simple first-order equalization serves to
extend the — 6dB point to 50Hz. The com-
bined response remains well-damped and
integrates well with typical listening
rooms. The response continues to fall nat-
urally below 50Hz, unlike the sudden cut-
off of vented designs.

The circuit to produce this equalization
was designed with no active components
(transistors or tubes), which might other-
wise influence sound quality. The price
paid for this passive circuit is a 10dB loss
of preamp gain, compensated for by
higher volume control settings. Adding
a single op amp will restore this gain, if
necessary.

Unfortunately, bass equalization re-
duces the low-frequency drivers’' power
handling. The S10's dual 4.5” units have
a combined surface area equivalent to a
single 6.5” woofer. This is sufficient for
satisfying levels in average-size rooms.
However, the speakers cannot produce
live sound levels in large rooms. For-
tunately, the SEAS 11FG-X drivers tend

TABLE 2

DELAC $10 PARTS LIST

Crossover Parts (each channel)

(5) 0.47uF film capacitors (or one each: 1uF,
1.54F)

(1) 15uF film capacitor

(1) 0.4mH air-core inductor, DCR > 0.49

(1) 109, 10W resistor

(1) 5%, 10W resistor

(2) binding posts (four for optional bi-wire
connection)

Equalizer Parts (each channel)

(1) 7.5kQ, vaW resistor

(1) 5.1kQ, aW resistor

(1) 1.6k, vaW resistor

(1) 0.33uF film capacitor

(1) 0.068uF film capacitor

(2) phono jacks

(1) DPDT switch to ‘‘bypass’’ both channels

Overall Parts, less enclosures*

(4) SEAS 11FG-X bass/midrange drivers (89)
(2) SEAS H225 tweeters

(2) crossover boards plus crossover parts

(1) bass equalizer box plus parts for two chan-
nels

(2) speaker grilles, if desired

(8) carpet spikes and inserts (T-nut or
threaded)

weatherstrip tape, polyester fiberfill, sand,

drywall screws, and so on

Parts Available from the Author**

SEAS 11FG-X 4.5" bass/midrange driver ($21)

SEAS H225 0.75" ferrofluid dome tweeter
($8.25)

Fully assembled bass equalizer, low-imped-
ance version only ($58)

Punched and silk-screened metal equalizer
enclosure ($13)

Etched and silk-screened backplate/crossover
board ($12)

5" by 12" by 34" acoustically transparent foam
grille ($2.75)

Set of four multi-way binding posts ($2)

Four-way patch cord for equalizer in/out ($6)

12" by va" threaded carpet spike (40¢)

0.4mH Sidewinder inductor: DCR = 0.29
($2.68)

15uF Mylar capacitor ($1.48)

0.47uF polypropylene capacitor (56¢)

5 or 109, 10W wirewound resistor (25¢)

DELAC S10 owner’s manual, including bi-
amping instructions ($2)

* If you buy from a speaker component distrib-
utor, the total cost not including enclosures is
about $200-$250.

** To save money or if you need parts for an-
other project, | have these parts available in
limited quantities which I'll sell at my cost. All
are new. Due to quantity purchases, these
prices are considerably lower than retail. Please
send orders or questions to Ralph Gonzalez,
PO Box 54, Newark, DE 19711, Add 7% for

shipping.
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FIGURE 2: Crossover diagram.

to compress the sound when overdriven,
rather than failing catastrophically.

BASS CORRECTION. I've also experi-
mented with a small subwoofer, to re-
place the line-level equalizer. A simple but
effective design consists of a Madisound
81524DVC 8.5” dual voice-coil woofer,
mounted in a 28-liter sealed box. I added
weights to the cone to reduce its sensitiv-
ity by 3 or 4dB |try three or four size 5
fishing weights) and to lower the resonant
frequency and raise the Q. The first-order
crossover consists of a 6mH iron-core in-
ductor (DCR > 0.5} in series with each
voice-coil connection. (That is, you need
two such inductors.) By using a down-
firing arrangement, the effective cross-
over slope becomes more like a second-
order one.

I did not use a high-pass crossover with
the S10 (a series capacitor would be inef-
fective due to the bass-midrange driver's
impedance peak), since the S10's natural
response is equivalent to a second-order,
high-pass filter at 100Hz. Its power han-
dling is increased significantly by the re-
moval of the bass equalization circuitry.
The overall response with this subwoofer
is extended to 35Hz (- 6dB), and the sys-
tem may be used with amplifiers up to
150W/channel.

MORE BENEFITS. Some features of the
S10 design served several purposes. For
example, in addition to minimizing the
rear driver's time delay, the narrow en-
closure has another beneficial effect: us-
ing 2" and %” medium density fiber-
board eliminates the need for additional
wall bracing. Rapping on the enclosure
produces the same sound as rapping on
a solid block of wood.

Internal damping consists only of

polyester fiberfill, since the frequencies
at which standing waves develop are high
enough to be readily absorbed. I partially
attribute the speaker's soundstaging
qualities to the absence of enclosure col-
orations, which would otherwise inform
the ear that the sound is indeed coming
from the speaker. The tall, narrow en-
closure also eliminates the need for costly
speaker stands.

An important side-effect of the rear-
mounted driver is to cancel residual fore/
aft enclosure motion produced by the
front-facing driver, which might other-
wise produce a form of intermodulation
distortion. The angled top surface pro-
vides the desired off-axis tweeter listen-
ing angle and the time delay required for
the near minimum phase crossover. Al-
though somewhat tricky to construct, this
angle contributes to the aesthetic appeal
of the slender enclosure.

FINE-TUNING. I obtained measure-
ments with a calibrated microphone in
a semi-anechoic room, which validated
the computer-designed crossover. While
computer simulation and measurements
help in obtaining a crossover that inte-
grates the drivers properly, they can't
judge the ear's sensitivity to certain as-

068 uF
. 51kQ
Input 75KkQ Output
———+— AN \—o
Bypass
- 16kQ =
033 puF

FIGURE 3: Equalizer diagram (one channel).

pects of musical sound or to the subtle
effects of listening-room acoustics.

I spent many lengthy listening sessions
tweaking the tweeter level by 1dB at a
time to find the one that sounded neither
dull nor bright in a real-world listening
room. Similarly, [ experimented seem-
ingly endlessly with slight changesin the
bass equalization to obtain the most mus-
ical balance. As noted below, my initial
choice was probably a little lightweight
in the bass, due to the absence of a true
full-range system to serve as a reference.

ENCLOSURE PLANS. Figure I isa plan

What Went Wrong?

Delaware Acoustics was a one-man
operation aimed at selling S10s (as well
as a smaller, more conventional
speaker and subwoofer). All manufac-
turing (enclosures, boards, and equal-
izer) was contracted out, save for the
final assembly of speakers. I created
not-quite-glossy brochures and an
owner's manual using desktop-pub-
lishing software. Sales were factory-
direct, since retail sale would have
nearly doubled the $629/pair list price.

My marketing plan for the S10 was
(too) simple: get a good review in a na-
tional magazine and wait for orders. I
managed to get a few press releases and
finally a review in Stereophile {April
1989). The reviewer was "'stunned’’ by
the precision of the vocal image and
thought the soundstage was ''holo-
graphic,”’ but ultimately withheld a
recommendation on the grounds of a
perceptible midrange coloration and
lightweight bass response.

In later listening tests and compari-
sons, I discovered both of these effects
were room- and placement-dependent.
As a compromise, I moved the bass
equalization frequencies slightly to "'fill
in'’ the lower midrange and to raise the
bass response by 2dBin the 50-100Hz

range. By this point, however, the fun
had gone out of the project and (not
wishing to invest in advertising) I let
the business fall aside.

Only a handful of S10s were sold. In
hindsight, the mail-order speaker bus-
iness has limited potential since audio-
philes naturally prefer to see and hear
speakers before buying. DELAC was
limited by my lack of marketing know-
how, as well as by my failure todevote
the kind of money and effort required
to start a new business. On the bright
side, my startup costs were low, mak-
ing it a relatively inexpensive failure.

Since then I've applied a few of the
design ideas to consulting projects, but
haven't done anything with the S10
design, save use one for my own listen-
ing. I'still think the design has commer-
cial potential if marketed effectively,
sold through retail outlets, and perhaps
re-engineered for easier manufacture.
A fully active version of the bass equal-
izer could eliminate the gain and load-
ing requirements which may have
scared off non-technical purchasers.

From this experience, I'd advise po-
tential entrepreneurs to seek outside
financial and managerial backing. No
matter the product, success requires
commitment and outlay as well as
planning.
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FIGURE 4: Cutaway view of the S10.

for the S10 enclosure. All pieces are ¥2”
medium density fiberboard (MDF}, ex-
cept the front and bottom panels which
are %”. Since the dimensions are small,
butt joints will suffice. A few tricky tasks
are cutting the sharp top edge, routing a
crescent shape inside the back panel to
accommodate the tweeter magnet, and
correctly sealing the subenclosure for
sand filling. Don't substitute thicker
MDF, since the bass/midrange magnets
will not fit.

Not being a woodworker, I had a local
craftsman construct the enclosures, at
$200-$250/pair including finishing. For
finishes, 1 tried Braewood? laminates,
which consist of stained wood {the Rose-
wood is especially attractive) on an eas-
ily applied backing. Dull or glossy for-
mica was also attractive, durable, and
economical. You may wish to paint the
enclosures, though this will require care-
ful sanding and several coats due to the
sharp edges.

CROSSOVER PLANS. Figure 2 is the
circuit diagram for the S10 crossover. In
appearance, this is a simple first-order de-
sign using impedance compensation,
with different corner frequencies for the
high-pass and low-pass sections. How-
ever, by combining the natural rolloffs of
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FIGURE 5: LMP Professional model (a) for the front woofer, (b) for the rear woofer, and (c) for

the tweeter.

the selected drivers and the enclosure ge-
ometry, you get a near minimum phase
design with acoustical slopes varying
from 6-18dB/octave {see ''LMP Model-
ing'" below).

For easy wiring, I used heavy-duty
printed circuit boards, though you may
prefer to glue the components to a piece
of 4% by 8%"” by %" fiberboard. The
binding posts are attached directly to this
board, which mounts on the back of the
enclosure. Table 2 shows each speaker’s
parts.

BASS EQUALIZER PLANS. Figure 3is
the bass equalizer circuit diagram. Its ef-
fect is a 6dB boost at frequencies below
100Hz, relative to higher frequencies.

Due to its passive nature, the circuitim-
poses requirements on the input and out-
put impedance of its associated power
amp and preamp. The power amp input
impedance should be greater than 10k
and the preamp output impedance less
than 1kQ. This will generally be the case
with transistor systems.

However, you can multiply all the re-



sistors by 10 and divide all capacitors by
10 to use the equalizer with power amps
whose input impedance is greater than
100k and preamps whose output imped-
ance is less than 10k}, appropriate for
most tube systems.

As I mentioned earlier, the equalizer
causes about 10dB of insertion loss. If you
have insufficient gain to tolerate this, add
a single op amp to recover this gain. This
has the secondary benefit of allowing you
to eliminate some loading requirements.

ASSEMBLY. Before attaching the base,
mount T-nuts in the corners of the under-
side to accept carpet-piercing spikes {or
carriage bolts for leveling on hardwood
floors). I recommend the PinPoints spikes
available from AudioPrism,* since they
are sharp enough to pierce carpets.
AudioPrism also sells threaded inserts
that are more reliable than T-nuts.

As shown in the cutaway in Fig. 4, you
should glue a piece of absorptive foam
{using silicone sealer] inside the enclosure
to partially separate the two bass/mid-
range drivers. Fill the lower compartment
with sand to provide mass and stability
and then seal it to prevent sand from
reaching the drivers. The remainder of
the enclosure is stuffed with polyester fi-
berfill to control standing waves. [Be sure
to thoroughly dry the sand before filling.
Bake it in shallow pans in an oven, if
necessary.—Ed.]

An easy, effective means of sealing the
drivers and crossover plate to the enclo-
sure was by using %” thick, self-stick,
open-cell urethane weatherstrip tape.
Simply apply the adhesive side around
the edge of the hole and press the driver
over it. This avoids the usual hassle when
trying to remove or replace drivers sealed
in place using silicone sealer.

Once you have mounted the drivers
and crossover ([ used 2" and 1” drywall
screws), you can attach the grille. A sim-
ple, frameless piece of %" reticulated
foam works well. Since the dimensions
are small, the foam holds its shape nicely
and has no effect on the sound. I attached
it using several small pieces of Velcro for
easy removal. (Radio Shack and many
hardware stores sell Velcro with a sticky
backing.) The grille was the one feature
my wife, criticized.

LMP MODELING. I used my Macin-
tosh-based LMP Professional software
{sold as ''Souped-Up LMP"" by Old Col-
ony) to help develop the crossover for the
DELAC S10. LMP Professional offers the
choice of specifying the crossover model
conventionally via circuit component val-
ues or directly specifying the crossover
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transfer function. I used the latter ap-
proach to incorporate the bass equaliza-
tion and minor driver aberrations into the
woofer transfer function (Fig. 5).

The predicted system response (Fig. 6)
suffers from partial cancellation at 1kHz
due to the delayed rear driver output. I
lessened the relative magnitude of this
cancellation with the crossover by reduc-
ing the overall response in the region
above 1kHz. (Subjectively, the additional
midrange reverberant energy produced
by the rear driver helps "“fill in"* this can-
cellation further.)] What remains is a
broad 3dB ""hump’’ centered at 250Hz.

This is ameliorated if the floor reflec-
tion is included in the model, as shown
in Fig. 7. If not for the rear-mounted
driver, the jaggedness caused by the floor
reflection would be worse. Also notice on
this graph that the system’s —6dB point
relative to the midrange sensitivity is
around 30Hz. (You can model the floor
reflection using LMP by adding an im-
aginary driver with the same character-
istics as your woofer, but attenuated and

FIGURE 8: Predicted response to 1kHz square
wave.

delayed according to the extra path length
of the floor reflection. The carpet’s effect
may be modeled by adding a first-order,
low-pass filter to the imaginary driver, at
about 300Hz.)

LMP Professional’s predicted square
wave response is shown in Fig. 8. This
unusually good result is a tribute to the
$10’'s minimum phase crossover. A re-
lated result is the relative absence of
phase shift from 200Hz to 10kHz shown
in Fig. 6.

I apologize for not having up-to-date
empirical measurements available. How-
ever, [ have had good correlation be-

Continued on page 39
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Continued from page 37

tween LMP predictions and such mea-
surement with earlier incarnations of the
speaker. One purpose of simulation soft-
ware like LMP is to reduce the need for
repeated empirical measurements, which
would otherwise mandate access to an

REFERENCES

1. Gonzalez, Ralph, "An Introduction to Fre-
quency Response and LMP,"”” SB 1/87, p. 18;
2187, p. 42; 3/87, p. 38.

2. Gonzalez, Ralph, "Minimum Phase Cross-
overs,”” SB 3/88, p. 34.

3. Braewood is a product of Brookside
Veneers, Ltd., 215 Forest St., PO Box 4348,
Metuchen, NJ 08840-0990, {201} 494-3730.

4. AudioPrism, PO Box 1124, Issaquah, WA
98027, (206} 392-0399.

anechoic chamber and/or computer data
acquisition hardware.

hind you rather than directly forward or
directly at you. Your seated ear level

should be at or below the tweeter level.
USE. Connect the bass equalizer in a tape Now, fire them up! L )
loop {make sure your Tape Mon button
is pressed) or between the preamp and
power amp.

Due to the 4§ nominal impedance, be
sure to use 16-gauge or heavier wire for
the speaker connection and (for tube
amps) the 4§ speaker tap.

Position the speakers 12-18" {or more)
from the wall behind them, and slightly
closer together than the distance from
your listening position. For best results,
place the speakers along the long wall of
the room. Angle the speakers inward
slightly so they are aiming at a point be-

if you should have a

TECHNICAL QUERY...
about an article appearing in this magazine,
write # clearly, leaving space for a reply and
referencing the magazine, the article and
the page about which you are inquiring.
Enclose a self-addressed stamped
envglope and send these to Speaker
Buitder, PO Box 494, Peterborough, NH
03458.

It it's warranted, we will forward your
quiery to the author or a Contributing Editor
for a prompt reply.
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g.-_-.-.v,-‘dax C)__/ N ln_ ., Power Resistors, Mylar Capacitors,
- - ¢ A |l Plastic Grill Fasteners, Nylon Ty-Wraps
- fig Grill Cloth, Car Speaker Grills, Misc. Parts.
% sCan-spedx - 1 5
SOLEN INC. COMPUTER AIDED DESIGN FOR

4470 Thibault Ave
St-Hubert, QC J3Y 779
Canada

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

ENCLOSURE AND CROSSOVER
AVAILABLE TO CUSTOMER

Product specifications and prices
available upon request
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AN INFRARED
REMOTE VOLUME CONTROL

his project is an inexpensive gadget

that allows you to control your
stereo system's volume and other func-
tions from another room. Also, you can
add a set of extension speakers without
degrading the main system's sound. Over
the four wires connecting the remote unit
to the base unit, this project will vary the
volume over a 113dB range, switch on
a separate power amplifier for the exten-

ABOUT THE AUTHOR

Joseph O’Connell received his B.A. in history
and philosophy of science, graduating from the
University of Chicago with highest honors, and
plans to work as a professional historian or in-
ventor. He has electronic experience as a hob-
byist and is the author of 20 Innovative Electronic
Projects for Your Home (TAB Books).

BY JOSEPH O'CONNELL

sion speakers, and relay the commands
from a hand-held infrared remote control
to your main stereo.

The block diagram in Fig. 1 shows how
you can use this project and an extra
power amplifier to add extension speak-
ers to a main stereo system. Extension
speakers are often connected to a main
stereo system by switching them in par-
allel with the main amplifier's existing
speaker outputs. Connecting two sets of
speakers to one amplifier, however, has
a number of disadvantages. The amplifier
may have trouble driving the lower im-
pedance presented by the two speakers.

Also, since the two sets of speakers will
probably differ in sensitivity, impedance,
and power handling, their volume levels

will be difficult to match. Without an L-
pad, the extension speakers’ volume de-
pends on the same control the main
speakers use. With an L-pad, however,
the usable power is limited and the am-
plifier still sees a lowered impedance.
Either alternative results in a disagreeable
compromise.

Driving the extra speakers with a sep-
arate amplifier helps you avoid these
problems. In addition to the extra ampli-
fier, a remote volume control is neces-
sary; it controls the volume of the signal
sent to a power amplifier, but it does so
without sending the audio signal to the
remote location and back.

The stereo signal is taken from the mas-
ter system through its tape output jacks.

MAIN SYSTEM

\___ SOURCE PREAMPLIFIER

AMPLIFIER

SPEAKERS

TAPE OUT

an LED

FOUR WIRES ARE NORMALLY USED, BUT ONLY TWO
ARE NECESSARY IF SOME MODIFICATIONS ARE MADE

SET MAX
VOLUME

-

POWER AMPLIFIER

OTHER ROOM

REMOTE
SPEAKERS

: =D

o ‘&

- ) - i

FIGURE 1: Block diagram of extension speakers added to a stereo system with the help of this project.

‘ D
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PHOTO 1: The base and remote units.

At this point, the signal level is indepen-
dent of the main speakers’ volume set-
ting. The base unit takes that signal, elec-
tronically attenuates it in response to a
remote potentiometer’s setting, and sends
it to the amplifier that drives the exten-
sion speakers. The amplifier is plugged
into an outlet in the base unit where it
¢ receives power when the remote power
| switch (S2) is turned on. That way, it is
used only when necessary. The remote
and base units are shown in Photo 1.

THE BASE UNIT CIRCUIT. The cir-
cuit for the base unit is shown in Fig. 2.
The Motorola MC3340P is an inexpen-

PHOTO 2: The back of the base unit has connections for the remote
unit, the IR-emitting LED, and the power amplifier.

sive IC designed for this type of applica-
tion. It has a control range of -90 to
+ 13dB and contributes a maximum total
harmonic distortion of 0.6% or less. This
is unacceptable in the main system, but
is satisfactory for casual listening through
extension speakers. The volume at the
MC3340P'’s output (pin 7) depends on a
variable resistor placed between its con-
trol (pin 2) and ground. A separate IC is
used for each channel, but a single poten-
tiometer controls both simultaneously.

POTS3 is the remote volume control. It
determines the ICs' output volume. Back
at the base unit, POT1 is connected in
series with POT3 to limit the maximum

volume level allowed. This feature is op-
tional but might be desirable if the exten-
sion speakers are particularly sensitive or
if you wish to keep people from raising
the volume above a certain level from the
remote location.

The attenuation of the MC3340P ICs
is not linear in response to changes in con-
trol resistance. Nor does it have a loga-
rithmic response to compensate for the
way the ear perceives sound levels.
Rather, it is somewhere in between, mak-
ing a compromise inevitable. Figure 3
plots the measured attenuation (in deci-
bels) of either channel of the circuit ver-
sus the control resistance placed across

| - —y——————— = o1
| - — - ) SHIELDED CABLE  PL2
—) =
. - o |
= |%11 uF ' i | 10%?(11 rLlrﬁrgr1 | J
== OUTLET S J1(& o
= | (NPUT)
1 MC3340P
l u . s L
e JOJTTTT a——
+ r )IEB ’ 681 C?
—— 0
c2 TRIAC [ T | ’ oFl |
2ASLOBLO| o uF .
2 100K §2
- B . OUTPUT
¢ A
390 =
OPTO-ISOLATOR '—HJ
MOC 3031 . j
LED2 SHIELDED CABLE o
) . N
| POWER | ————€% SO
INDICATOR — ]
L 100K £ et ‘
A\ Ic3 |
MC3340P
| 5 | pum—
| - c11
| heed T e
Tu
| RY" ‘ [ | * « SEE TEXT
[ | 100K £ |
L S . S— 4
TERMINAL RS ’ - )
STRIP §390 K2 PINOUTS
T a 7812
1A CONTROL | T—— T— e ——
| “SET MAX VOLUME* 2N3904
VOLUME |o— S — e
— Cc3 L POT1
GND |o—of T 1M 10K |

FIGURE 2: The base unit.
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FIGURE 3: Plot showing the measured volume of the project as a function of control resistance.
Ideally, it would be a straight diagonal line. The response of both channels was nearly iden-
tical, so only one is shown. Power supply voltage was 9V.

the two paralleled ICs. From this plot, I
decided that a 7.5k linear-taper poten-
tiometer would give the right amount of
range. Since that value was not readily
available, I settled on a 10kQ pot.
When S2 is on, current flows from pin
2 of each volume control IC through the
remote circuitry and through Q3 to
ground. The current through Q3 causes
Q1 and Q2 to conduct, powering the opto-
isolator, which causes the TRIAC to fire.

The TRIAC allows power to flow to the
extension amplifier, which is plugged into
the outlet.

You can gang S2 with POTS3 to control
power and volume with a single knob.
The schematic also shows an optional
muting switch (S3). When activated, it
switches from the control potentiometer
to a fixed resistor, preselected to give a
low volume level. If you wish to include
a mute switch on your project, select the

muting resistor {R17) according to your
preferred sound level. Adding a switch
or relay at the base station is a similar way
you could activate muting. You can con-
nect the relay to mute the volume level
automatically in response to a phone call
or ringing doorbell or when a tuner is
scanning the dial.

THE REMOTE CIRCUIT. As Fig. 4in-
dicates, a small piece of infrared filter
plastic shields the photodiode (D3} in the
remote unit from ambient light. This
material looks dark red and is nearly
opaque to visible light. You can obtain
it at low cost from some electronics sur-
plus dealers. If you can't find the correct
filter material, use a thin piece of translu-
cent red plastic instead.

The photodiode is biased by POT2,
which must be tweaked to get the maxi-
mum range from the circuit. Three of the
inverters in IC1 form an amplifier, while
the remaining three are connected in
parallel to drive the IR-emitting LED. The
output from IC1 is sent back to the base
unit over a wire where it drives LED1,
carefully placed to shine on the IR win-
dows of any equipment in the main sys-
tem that you can control remotely.

CONSTRUCTION. You should build
this project in a metal box to shield the
audio circuit from hum pickup. As with

—0 +12VDC
OR
R15 avDC*
R10 Pt D4 68 KQ o
22 KQ ¢ D5 220 uF
C14 | —
1000 pF [
R11
1MQ R13
1 MQ
POT2
200 KQ
o IR CONTROL
- r‘1r1rL1J1r1r'1rL
S2
:%13 “»I(():gg “POWER"
1uF| L3 o ~o——0 VOLUME
C12 K LrILJLlJLIJL,J I T —
1000 pF c17
I .0047 uF
[ R12 cl6 P%3' R17
.0047 pF 5
D3 11\0/0\}(\'9 1 “VOLUME" LU
D 75 ) SFH205 11 16
PHOTO- 680 KQ oy o
IR Ci15 R14 “MUTE”
FILTER 1000 pF | 680 KQ 1000pF
o GND
FIGURE 4: The remote unit. *=SEE TEXT
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TABLE 1

REMOTE VOLUME CONTROL AND INFRAREO RELAYER PARTS LIST

Resistors

R11, 13
R12
R14, 16
R15
R17

Capacitors
C1,2

C3, 6, 13
C4
Cs

Cc7
Cs, 10

3900

2200

22k

470kQ

390kQ

100k, metal film. These
form a pair of optional input
attenuators if your stereo
system’s output would other-
wise overload the 0.5V RMS
maximum input voltage of
the MC3340P.

1MQ

100kQ

680kQ

68k

approximately 2.7kQ. Find
this muting resistor’s value
experimentally.

0.01uF, 200V or better by-
pass, value not critical
0.1uF, 50V or better bypass,
value not critical

3,300uF, 16V or better elec-
trolytic filter

330uF, 16V or better elec-
trolytic filter

47uF, 16V electrolytic

1uF, 16V

Nonpolarized electrolytic is
OK, but polystyrene is better.
3900

R1

C9, 1

C12, 14, 15, 18
Cc16, 17

Cc19

Semiconductors
D1, 2

D3

D4, 5

IC1

IC2, 3

IC4
LED1

LED2
opto-isolator

Q1,3
Q2
TRIAC

Miscellaneous
fuse

3900

680pF

1,000pF

0.0047uF

220uF, 16V or better elec-
trolytic filter

50V (1N4001), 1A or better
silicon rectifier diode
SFH205 photodiode

(from Active Electronics:
800-343-0874)

1N914

7812 or equivalent 12V
three-terminal regulator
MC3340P electronic attenu-
ator (Motorola)

4069 hex inverter
IR-emitting LED (LD271,
from Active Electronics)
red LED

MOC3031 or equivalent
TRIAC opto-isolator
2N3904 or other general-pur-
pose NPN transistor
2N3906 or other general-pur-
pose PNP transistor

200V, 2A or better

2A slo-blow fuse, unless your
power amplifier draws more
current

R1 3900
J1, 2 panel-mount RCA jack

outlet panel-mount power outlet

PL1 line cord and wall plug

PL2, 3 RCA plug

POT1 10kQ, panel mount pot (op-
tional)

POT2 200k, trimmer pot (to adjust
photo-diode bias)

POT3 5kQ or slightly higher (7.5k2)
panel-mount pot (main vol-
ume control)

S1, 2 panel-mount power switch

S3 panel-mount DPST toggle
switch (necessary only for
muting)

shielded cable shielded cable, or cut an in-
terconnect cable in half and
use cable in lieu of this and
PL1 and PL2

T power-supply transformer
with 24V CT secondary
four-position, panel-mount
terminal strip or other form of
two-strip to four-terminal
feed through

terminal strip

suitable enclosure, circuit boards, fuse holder,
mounting for LED1, panel-mount holder for
LED2, IR filter plastic, two to four conductor
cable to connect remote to base, knobs,
hookup wire, rub on letters, solder

PHOTO 3: The remote circuit board mounts inside the remote unit with much room to spare.

all audio circuits, try to separate the audio
portion of the controller physically from
the AC wiring and power supply com-
ponents. Other than these considerations,
construction should present no special
difficulties and depends mostly on your
enclosure’s dimensions.

The board etching and parts-placement
diagrams in Fig. 5 should simplify con-
struction for those who etch their own
boards. If you don't have access to PC
etching equipment, the circuit is simple
enough to build onto perfboard or onto
a universal PC board like the Radio Shack
#276-168.

The circuit's power supply is not very
critical since the ICs can operate over a
supply range of 9-18V, so you can use
whatever power supply parts are avail-
able. For the prototype, I mounted the
power supply and TRIAC components on
a piece of PC board, cutting the foil into
conductive islands with a Dremel Moto-
Tool. Perfboard and hard-wiring will
work just as well. Connections to the re-
mote are made through a four-position
terminal strip as shown in Photo 2.

You can tuck the base unit away some-
where and forget it, but it perhaps should
remain visible so you can see LED2,
which indicates that the remote system
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FIGURE 5: Parts-placement and etching guides for the base and remote units.

Base

is in use. If the power amplifier for the
extension speakers has its own pilot light,
this can serve the same function as LED2.

How you build the remote station de-
pends on where you will use it. For in-
stallation in a wall, you can mount POT3
and S2 in a faceplate since the station will
not need a complete enclosure. Or you
could use a small minibox if it will stand
alone, as in Photos 1 and 3. Notice that
the parts-placement guide indicates three
holes are provided for D3, which actu-
ally has only two leads. This is so its orien-
tation can be reversed to allow its sens-
ing window to face the right direction.

As drawn in the schematics, this proj-
ect requires four wires between the re-
mote and base units. But if a common
ground is available (as it should be in a
house), you can reduce the wire count to
three. To further reduce this to two wires,
provide the remote unit with its own

44 Speaker Builder / 3/91

9-18V power supply and eliminate the
supply wire coming from the base unit.
You should mount the IR-emitting LED
a short distance from the sensing win-
dows on your main system, but keep it
as unobtrusive as possible. It should not
block the window completely since you
will probably wish to use the remote con-
trol directly. If your system is inside a
cabinet, the sides of the cabinet make a
good mounting surface for the LED.

OPERATION. The remote volume con-
trol should be left switched on all the time
and connected to your stereo as shown
in Fig 1. Until you turn on the remote
switch, it remains in a standby condition.
Only when switch S2 is on is LED2 lit
and the extension amp activated. The
power the remote volume control draws
during standby is insignificant and the
part of the circuit connected to the stereo

is isolated from the 120V AC power line
for safety. If you do not wish to leave it
on all the time, plug the remote volume
controller intc one of the switched con-
venience outlets your main system’s com-
ponents provides.

MORE CIRCUIT USES. With its wide
control range, the MC3340P IC can serve
as an inexpensive preamplifier for line-
level signals. With it connected between
a tuner or tapedeck and a power amp,
it becomes easy to set up a simple stereo
system without a preamplifier. Since the
circuit is so compact and its power sup-
ply requirements are easily met, you
could probably build it inside a tuner,
tape deck, or amplifier chassis without
much trouble. It could then obtain the
power supply it requires from the equip-
ment within which it is operating. %
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OLD COLONY’S NEW REFERENCE TOOLS!
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BKT16
$14.95

COMPACT 0ISC PLAYER
MAINTENANCE AND REPAIR
Gordon McComb, John Cook

Complete with a preventive maintenance schedule you can follow, this
well-illustrated guide walks the reader through the steps involved in taking
apart, cleaning, and lubricating 2 CD player. And if problems do occur, the
troubleshooting techniques in this book provide easy relief. The book also
includes background information on the theory and operation of CD players,
what criteria you should use when shopping for one, a list of major manufac-
turers, a2 ‘‘similar model’’ cross reference table for troubleshooting, and a
handy glossary. 1987, 245pp., 7 %2 x 9 %, softbound.

DESIGN AND BUILD AUDIO AMPLIFIERS
—INCLUDING DIGITAL CIRCUITS
Mannie Horowitz

This second edition is a complete course in designing and building audio
circuits for all electronics applications, covering JFETs, equivalent noise
generators, and much more. Whether you need a preamp, amp, power amp,
mixer, tone modification circuit, power supply, or special accessory, here
is all the data you need to create completely up-to-date circuits. 1980,
350pp., 5 x 8, softbound.

BKT17
$19.95

HOW TO MAKE PRINTEO CIRCUIT BOARDS
—WITH 17 PROJECTS
Calvin R. Graf

In addition to general workshop principles, in this book Graf discusses
tools and safety habits and offers a complete refresher course on electronics
theory, schematic diagrams, and soldering. He also explains design and layout
as well as numerous types of boards and wiring. Key subjects covered in-
clude: how to get from an electronic schematic to a printed circuit board,
etching a printed circuit board; cleaning, drilling, and mounting electronic
parts onto the board; soldering and desoldering components; a listing of
commercially available ¢lectronic project kits; and the various types of
diagrams used in electronics, including block, pictorial, layout, and wiring.
1988, 207pp., 7 x 9, softbound.

BKT18
$15.95

TROUBLESHOOTING AND REPAIRING
AUDIO EQUIPMENT
Homer L. Davidson

This volume supplies all the basic information you need, along with specific
examples, to fix stereo components, compact disc players, telephone answer-
ing machines, and much more. The detailed discussion of servicing and repair
procedures for individual items includes probable causes of malfunctions
and tips on difficult-to-diagnose problems. Scores of photos, diagrams, and
drawings are used, as well as actual manufacturers’ schematics and service
literature. ln addition to the equipment above, the book also covers auto
CD players, compact cassette tape decks and portable stereo players, boom-
box cassette players, deluxe amplifiers, auto stereo casscettes, and stereo
turnatables and speakers. 1987, 325pp., 7 %2 x 9 Y%, softbound.

BKT19
$18.95

ACOUSTICS: WAVES AND OSCILLATIONS BKW2
S. N. Sen $34.95

The result of the need in an honors course at Jadavpur University for a
better text, this rare yet refreshing book supplements the physical bases
of acoustics with mathematical and experimental details wherever possi-
ble. Topics include simple harmonic motion; theory of forced vibration and
resonance; theory of coupled oscillations; vibration in an extended medium;
vibration of strings, bars, tuning forks, membranes, rings, and air columns;
reflection, refraction, diffraction, reception, and transformation of sound;
sound measurement and analysis; acoustics of building; recording and
reproduction of sound; and ultrasonics. India, 1990, 234pp., 6 2 x 10,
hardbound.

THE MUSICIAN'S GUIDE TO ACOUSTICS "'._ ~ BKS35
Murray Campbell, Clive Greated §27.95

The result of the authors’ fifteen-plus years of lecturing on musical acoustics
to students at Edinburgh (U.K.) University, this book is a must for everyone
with some musical background who feels the need for a clearer understand-
ing of the practical basis of their art. While reasonable familiarity with musical
notation and terminology is required to make best use of the book, only
elementary mathematics is needed. Chapters include The Creation and
Transmission of Musical Sounds; Hearing Musical Sounds; Anatomy of a
Musical Note; Playing in Tune; Sound Production in Musical Instruments;
Bowed and Plucked Stringed Instruments; Stringed Keyboard, Woodwind,
Brass, and Percussion Instruments (one chapter each); Organs; The Human
Voice; Electronic Instruments; and The Musical Environment. 1987, 612pp..
6% x 9 Y%, hardbound.

SEMICONDUCTOR CROSS REFERENCE DATA BOOK BKS37
Engineers of Howard W. Sams & Company $19.95

0ld Colony Sound Lab uses cross references all the time, every day. Of
all the versions available for semiconductors, this is easily one of the very
best. Sams’ engineers have assembled replacement data for over 319,000
registered type and part numbers, including those for the United States,
Europe, and the Far East, and present it here in a very easy-to-read and use
format. Four suppliers are featured: NTE Electronics, Radio Shack, Philips
ECG, and RCA. Semiconductors covered include bipolar transistors, FETs,
diodes, rectifiers, ICs, SCRs, LEDs, modules, and thermal devices. 1991
520pp., 8 2 x 11, softbound.

BKSM1
$16.95

THE RECORD SHELF
GUIDE TO THE CLASSICAL REPERTOIRE
Jim Svejda

From the host of American Public Radio’s *' The Record Shelf,” this classy
book is an irreverent, selective, and highly opinionated recordings guide
to the best in CDs, LPs, and cassettes. Just as on his radio show, the author
tries to include something pointed, interesting, amusing, or enlightening
about each work, and then suggests which of the available recordings should
be bought. 1988, 462pp., 6 x 9, softbound.

THE FOUNDATIONS OF ACOUSTICS:
BASIC MATHEMATICS AND BASIC ACOUSTICS
Eugen Skudrzyk

The goal of this book is to provide the acoustician with a mathematically
based insight into the physical phenomena of acoustics. Combining into
one volume such subjects as mathematics, dynamics, hydrodynamics, phys-
ics, statistics, signal processing, and electrical theory, the author comes up
with a powerful reference for the academic or professional acoustician. Well
illustrated. Austria, 1971, 790pp., 7 %2 x 10, hardbound

BKSV2
$189.95

AUDIO AMPLIFIER CONSTRUCTION BKEV10
R. A. Penfold $7.95

The purpose of this book is to provide the reader with a wide range of
preamplifier and power amplifier designs that will hopefully fill almost
anyone's needs. The preamp circuits include low noise microphone and
RIAA types, a tape head preamp, a guitar preamp, and various tone con-
trols. The power amplifier designs range from low-power, battery-operated
to 100% MOSFET types. Also included is a 12V bridge amp capable of giv-
ing up to 18W output. All of the circuits are relatively easy to construct
using the PCB or stripboard designs given. Where necessary any setting-up
procedures are described, but in most cases no setting-up or test gear is re
quired in order to successfully complete the project. Most of the designs
should be within the capabilities of constructors with limited experience
as well as more advanced hobbyists. United Kingdom, 1983, 128pp.. 4 %
x 7, softbound.



SALE ENDS JULY 1!

BUY THREE, TAKE 10% OFF!

AUDIO ENTHUSIAST’S HANDBOOK BKEV12
B. B. Babani $4.95
This book discusses 2 number of audio and hi-fi topics, including
record/playback curves, stylus compliance, vinyl recordings then and now,
evaluating loudness, acoustic feedback, hi-fi vs. stereo, stereo tape track
standards, equipment performance figures, and tracking error’s cause,
effect, and cure. United Kingdom, 1975, 96pp., 4 % x 7, softbound.

BKEV13
$4.95

BUILD YOUR OWN SOLID STATE
HI-FI AND AUDIO ACCESSORIES
M. H. Babani, editor

This volume presents the reader with the design and construction plans
for a variety of useful projects, including a stereo decoder, three-channel
stereo mixer, FET preamp for ceramic PUs, microphone preamp with ad-
justable bass response, stereo dynamic noise filter, speaker protector, and
voice-operated relay. United Kingdom, 1976, 96pp., 4 % x 7, softbound.

DIGITAL AUDIO PROJECTS BKEV14
R. A. Penfold $9.95
The first section of this book takes 2 look at the basic principles involved
in converting an a2udio signal into digital form and then converting it back
again to an analog signal. 1t also deals with some practical aspects that have
to be borne in mind when considering digital audio projects. The second
section contains some useful and extremely interesting practical circuits
for constructors to build and experiment with. The projects are not highly
complex, but nonetheless they are probably beyond the range of complete
beginners. United Kingdom, 1988, 96pp., 4 % x 7, softbound.

ELECTRONIC CIRCUITS FOR THE BKEV1S
COMPUTER CONTROL OF MODEL RAILWAYS $9.95
R. A. Penfold

This innovative book is an examination of the problem of interfacing the
computer to the layout. It includes projects consisting of various types of
controllers, including 2 high-quality pulse type, as well as circuits for train
position sensing, signal and electric points control, sound effects, and more.
Projects are equally adaptable to large or small layouts. United Kingdom,
1986, 96pp., 4 % x 7, softbound.

MODEL RAILWAY PROJECTS BKEV16
R. A. Penfold $6.95
This handbook provides 2 number of useful but reasonably simple proj-
ects for the model railway enthusiast to build, including such things as con-
trollers and signals and sound effects units. Stripboard layouts are provided
for each project. United Kingdom, 1981, 112pp., 4 % x 7, softbound.

MOOEL RAILROAD SPECIAL! BKEV/RR
$14.95
Both Electronic Circuits for the Computer Control of Model Railways

(BKEV15) and Model Railway Projects (BKEV16), at a savings of $1.95!

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE BKEV17
Adrian Michaels $11.95

This book, one of two transistor guides recommended by Old Colony,
is designed to help the user find possible substitutes for 2 popular, user-
oriented selection of modern transistors. It includes devices produced by
over 100 manufacturers, 2nd wherever possible the equivalents are sub-
divided into European, American, and Japanese types. Also shown are the
material type, polarity, and manufacturer, as well as an indication of device
use or application. United Kingdom, 1981, 1990, 320pp., 4 % x 7, softbound.
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THE WOOD EFFECT BKMA1
R. C. Johnsen $12.95

According to the author, masked by random combination with other distor-
tions in the music reproduction chain an unsuspected major contributor
has lain hidden: aural sensitivity to ‘‘phase inversion,” the Wood Effect.
In this book the results of an extensive study of the Wood Effect are reported
and discussed, including 2n exhaustive survey of the relevant literature.
Although no means are proposed to correct countless errors, customary
practice in acoustics and audio is severely scrutinized. BKMA1's subtitle
is ““Unaccounted Contributor to Error and Confusion in Acoustics and
Audio.” 1988, 99pp., 6 x 9, softbound.

THE HOMEBUILT DYNAMO: DYNAMO DESIGN
AND CONSTRUCTION WITH CERAMIC MAGNETS
Alfred T. Forbes

We added this book to our offerings not just because it is a2 physically
handsome volume, but also because it is unique and, as many reviewers
have pointed out, an experimenter’s ‘‘delight.” In 1969, Al Forbes and his
wife decided to live the simple life and retreated to a parcel of undeveloped
land. Soon enough, they needed 2 generator. This book is the extremely
detailed account of how Al built one from scratch. But it is more than that:
it’s 2 head-on encounter with just about every principle of electricity, mag-
netism, and hands-on construction known to man. Along the way, inciden-
tally, the reader runs into how to build precision wire-winding jigs, 2 small
lifting magnet, 2 foot-powered version of the dynamo, 2 diamond saw, a
sheet metal cutter, 2nd 2 139-pound flywheel. With more than 300 illustra-
tions, this volume is slowly becoming 2 worldwide cult favorite among do-
it-yourselfers everywhere. New Zealand, 182pp., 8 %2 x 12, hardbound.

BKTF1
$64.95

THE VTL VACUUM TUBE LOGIC BOOK BKVT1
David Manley $12.95

This third edition of every tube freak’s must-have book is replete with
tube matter of every description, including circuits, specifications, reviews,
and history, presented with more than 2 liberal dash of humor and
puckishness. 1991, 120pp., 5 %2 x 8 %, softbound.

AUDIO AND HI-FI
ENGINEER’S POCKET BOOK
Vivian Capel

This book is a concise collection of practical and relevant data for anyone
working on sound systems. The topics covered include microphones, record
players, compact discs, tape recording, high-quality radio, amplifiers, loud-
speakers, and public address systems. A lengthy section on acoustics is in-
cluded for dealing with most aspects 2 technician is likely to encounter,
from human hearing to sound insulation, and qualities such as heat and
magnetism are covered as well. This is 2 pocket book, in 2 very handy size.
United Kingdom, 1988, 190pp., 3 % x 7 %, hardbound.

BKHN1
$27.95

STRUCTURE-BORNE SOUND BKSV4
L. Cremer, M. Heckl $84.95

Translated from the German and revised by E. E. Ungar, this second edi-
tion is a thorough introduction to structural vibrations, with emphasis on
those at audio frequencies, and the attendant radiation of sound. The book
presents in-depth discussions of fundamental principles and basic problems,
in order to enable the reader to understand and solve his own. Included
are chapters on the measurement and generation of vibrations and sound;
the various types of structural wave motions; structural damping and its
effects; impedances and vibration responses of the important types of struc-
tures; the attenuation of vibrations, and sound radiation from structures.
Germany, 1973, 1988, 573pp., 6 %2 x 9 ¥%, hardbound.

——
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BUY FOUR, TAKE 15% OFF!

SALE ENDS JULY 1!

HOW TO USE OP AMPS BKEV3
E. A. Parr $9.95

Parr’s book is a designer’s guide covering many operational amplifiers
which serves both as a source book for circuits and as a reference book for
design calculations. The approach is as nonmathematical as possible and
is thus equally understandable by the hobbyist or the engineer. United
Kingdom, 1982, 160pp., 4 % x 7, softbound.

ACOUSTICS SOURCE BOOK BKMHS
Sybil P. Parker, editor-in-chief $39.95

This widely-sought member of the McGraw-Hill Science Reference Series
is an accumulation and explanation of all that has to do with acoustics, focus-
ing on basic concepts, sound production, sound transmission, sound detec-
tion, and practical applications. One of the clearest and most basic references
on acoustics available today. 1988, 333pp., 7 x 9 %, hardbound.

AUDIO PROJECTS BKEV4
F. G. Rayer $6.95

This book covers in detail the construction of a wide range of audio proj-
ects, including preamps, power amps, mixers, tone controls, and many
others. All are fairly easy to build, and to that end the author has included
a number of board layouts and wiring diagrams. United Kingdom, 1981,
96pp., 4 ¥% x 7, softbound.

AN INTRODUCTION TO
LOUDSPEAKERS AND ENCLOSURE DESIGN
V. Capel

In this volume may be all you need to know about the theory and opera-
tion of speakers and the various boxes into which they may be fitted. The
book also includes the complete design and construction details for the in-
expensive but high quality enclosure called the ‘‘Kapellmeister.” United
Kingdom, 1988, 160pp., 4 % x 7, softbound.

BKEVS
$9.95

MODERN OP-AMP PROJECTS BKEV6
R. A. Penfold $6.95

BKEVG includes a wide range of construction projects which make use
of the specialized operational amplifiers available today, including low noise,
low distortion, ultra-high input impedance, low slew rate, and high output
current types. Circuits using transconductance types are also included. United
Kingdom, 1982, 112pp., 4 % x 7, softbound.

HOW TO GET YOUR ELECTRONICS PROJECTS WORKING BKEV7
R. A. Penfold $6.95

We have all built circuits from magazines and books only to find that they
did not work correctly, or at all, when first switched on. The aim of this
book is to help the reader overcome just these problems by indicating how
and where to start looking for many of the common faults that can occur
when building projects.

Chapter 1 deals with mechanical faults such as tracing dry joints, short
circuits, broken PCB tracks, and so forth. The construction and use of a
tristate continuity tester to help in the above is also covered. Chapter 2 deals
with linear analog circuits and also covers the use and construction of a
signal injector/tracer which can be used to locate and isolate faulty areas.

Chapter 3 considers ways of testing the more common components such
as resistors, capacitors, op amps, diodes, transistors, SCRs, unijunctions,
and so forth, with the aid of only a limited amount of test equipment. Chapter
4 deals with both TTL and CMOS logic circuits and includes the use and
construction of a pulse generator to help in fault-finding. United Kingdom,
1982, 96pp., 4 % x 7, softbound.

CONCERT HALL ACOUSTICS BXSV3
Yoichi Ando $69.95

Number 17 in the Springer Series in Electrophysics, this book provides
an interdisciplinary approach to solving acoustic design problems in con-
cert halls. Considered one of the original sources in this field, the volume
explains in detail the importance and interrelationship of total sound energy,
delay of early reflections, reverberation, and the ‘‘spatial-binaural criterion,”
a measure of the spatial impression of the sound field. Germany, 1985,
151pp., 6 % x 9 ¥%, hardbound.

LISTENING: AN INTRODUCTION TO
THE PERCEPTION OF AUDITORY EVENTS
Stephen Handel

This book combines broad coverage of acoustics, speech and music percep-
tion, psychophysics, and auditory physiology in a lively introduction to
the perception of music and speech events. Coherence and clarity are the
hallmarks of this book, and the author’s strategy is to discuss specific points
in detail rather than every possible thing superficially. All in all very fascin-
ating, especially the treatment of the physiology and neurophysiology of
the auditory system. 1989, 597pp., 6 %2 x 9 %, hardbound.

BKMT1
$39.95

AUDITORY PERCEPTION BKMX1
F. Alton Everest $159.95

This thorough, inventive, and understandable audio training course on
psychoacoustics comes complete with eight lessons on four tapes and a
manual with hundreds of technical diagrams illustrating the concepts. The
aural examples and classic experiments enable the student to clearly and
quickly comprehend the complexity of the hearing process. Topics include
the perception of delayed sounds, auditory filters, masking of critical bands,
the perception of pitch, timbre, and much more. 1986, 104pp.,5 % x 8 %,
softbound, 4 cassettes, vinyl case for all.

POWER ELECTRONICS HANDBOOK:
COMPONENTS, CIRCUITS, AND APPLICATIONS
F. F. Mazda

The purpose of this book is to provide all the information required by
power electronics engineers. It describes the design of power circuits used
for a variety of applications, the characteristics of power semiconductor
devices, and how they are used in power circuits. The author’s approach
is to give the maximum amount of information in a concise form, with the
emphasis on the practical rather than the theoretical. United Kingdom, 1990,
417pp., 6 %2 x 9 ¥, hardbound.

BKB4
$79.95

AUDIO ELECTRONICS REFERENCE BOOK BKBL1
Alan R. Sinclair, editor $164.95

Written by a team of expert, specialist contributors, this volume is of in-
terest and profit to audio design and service engineers and technicians, as
well as any amateur users of audio equipment who want to learn the tech-
nology of the art. BKBL1 is both a summary and a guide to the new state
of audio, and includes in its coverage those areas where professional and
amateur audio have begun to overlap, such as electronic music and public
address systems. United Kingdom, 1989, 615pp., 6 %2 x 9 %, hardbound.

TROUBLESHOOTING AND REPAIRING
COMPACT DISC PLAYERS
Homer L. Davidson

This is an invaluable reference for both the electronics technician and
the do-it-yourselfer alike. With it, you'll be able to troubleshoot and repair
servo control loops, remote control systems, optical lenses and laser as-
semblies, and much more! Detailed examples of actual repair and adjust-
ment procedures and a chapter on the care and handling of the discs them-
selves further enhance the usefulness of this book. 1989, 337pp., 7 %2 x
9 %, softbound.

BKT20
$18.95




INCREDIBLE INTRODUCTORY BOOK SALE!

LOUDSPEAKERS, VOLUME 1 BKAS1/1
Raymond E. Cooke, editor $29.95

From The Audio Engineering Socicty’s Anthology Series, 61 papers, cover-
ing the years 1953 to 1977, written by the world's greatest transducer ex-
perts and inventors on the design, construction, and operation of loud-
speakers. 1980, 448pp., 8 % x 11 %, softbound.

LOUOSPEAKERS, VOLUME 2 BKAS1/2
Raymond E. Cooke, editor $29.95
Also from The Audio Engineering Society’s Anthology Series, 49 papers
from 1978 to 1983 by experts in loudspeaker technology, extending the
work initiated in Volume 1. 1984, 464pp., 8 % x 11 %, softbound.

LOUDSPEAKERS SET! BKAS/S

Raymond E. Cooke, editor $53.95
From The Audio Engineering Society’s Anthology Series, both BKAS1/1

(Volume 1) and BKAS1/2 (Volume 2) as above, at a savings of $5.95!

MICROPHONES BKAS2
Louis A. Abbagnaro, editor $29.95

Sixty-three papers covering calibration and testing, general purpose
microphones, directional microphones, miniature types, and associated clec-
tronic circuits. From The Audio Engineering Society’s Anthology Series.
1979, 392pp., 8 % x 11 %, softbound.

SOUND REINFORCEMENT BKAS3
David L. Klepper, editor $29.95

Seventy-three papers dealing with the significant aspects of the develop-
ment of sound-reinforcement technology and its practical application to
sound system design and installation. From The Audio Engincering Society’s
Anthology Series. 1978, 339pp., 8 %4 x 11 %, softbound.

STEREOPHONIC TECHNIQUES BKAS4
John M. Eargle, editor $29.95

From The Audio Engincering Society’s Anthology Series, 67 articles and
documents on the history, development, and applications of stercophonic
techniques for studio technology, broadcasting, and consumer use. 1986,
390pp., 8 % x 11 %, softbound.

SPICE: A GUIDE TO CIRCUIT SIMULATION
& ANALYSIS USING PSPICE
Paul W. Tuinenga

Designed as a reference on PSpice for the design and analysis of analog
circuits, this book clearly explains how to use the features of PSpice to solve
common electrical and electronic problems, as well as some in nonelec-
trical areas. Topics include DC operation, transfer functions, frequency
response, and noise analysis. SPICE is an acronym for Simulation Program
with Integrated Circuit Emphasis, and PSpice is a SPICE-derived simulator
created by MicroSim Corporation. Companion software for the book is
available (see below). 1988, 200pp.. 7 x 9 %, softbound.

BKPH2
$19.95

SPICE BOOK/SOFTWARE SPECIAL! BKPH2/S

$27.95

Student-version software to accompany BKPH2 is available for both the
IBM PC and Macintosh II. The PSpice program can simulate circuits of up
to five nodes and ten transistors, with the parameters inserted by the user.
Special BRPH2/S includes both the book and one software package at asav-
ings of $4.95!

Software packages available (be sure to specify!):

SOF-SPCIB5SGD IBM PC

SOF-SPC2B5GD IBM PS 2

SOF-SPC1IM3GD Macintosh 11

TIME DELAY SPECTROMETRY BKAS5
John R. Prohs, editor $29.95

From The Audio Engineering Society’s Anthology Series, 32 articles of
the works of Richard C. Heyser on measurement, analysis, and perception,
reprinted from the pages of the Journal of the Audio Engineering Society
and other publications representative of the field, including Audio magazine
and that of IREE Australia. The anthology serves as amemorial to the author’s
work and as fundamental material for future developments in audio, and
will undoubtedly provide the stimulus for expanded discussion. 1988,
280pp., 8 % x 11 %, softbound.

AUDIO IN DIGITAL TIMES: BKASG
CONFERENCE PROCEEDINGS $34.95
Forty-four papers presented by experts on digital audio at The Audio
Enginecering Society’s Seventh International Conference held in Toronto
on 14-17 May 1989. Digital audio, from the history, basics, hardware, and
software, to the ins and outs, was the topic of the conference. Illustrated
with many figures and tables. 1990, 384pp., 8 % x 11 %, softbound.

THE SOUND OF AUDIO: BKAS7
CONFERENCE PROCEEDINGS $34.95

Twenty-four papers presented by authors highly regarded in the engineer-
ing community at The Audio Engineering Society's Eighth International Con-
ference held in Washington, D.C., on 3—-6 May 1990. The topics were devoted
to the progress of sound, including measurement, recording, and reproduc-
tion. Textbook style, fully illustrated. 1990, 384pp., 8 % x 11 %, softbound.

DIGITAL AUDIO: COLLECTED PAPERS BKASS
Barry Blessner, et al., editors $34.95

First publication of papers presented at The Audio Engineering Society's
Premiere International Conference held in Rye, N.Y., on 3-6 June 1982,
authored by the world’s leading experts in the application of digital tech-
niques in the field of audio engineering. Twenty-five of the 27 papers are
transcribed, edited, and published for the first time. Subjects include basics,
converters, measurements, rate conversion, recording formats, error cor-
rection, manufacturing, and applications. Includes a Soundsheet disk with
audio demonstrations of digitally synthesized sounds. 1983, 268pp., 8 % x
11 %, softbound.

MICROPHONES: TECHNOLOGY AND TECHNIQUE BKB3
John Borwick $29.95
Beginning with a brief history of the relevant technology, this book then
goes on to explain the basic theory of acoustics, electricity, and magnetism.
The working principles and design of all types of microphones are explained
in considerable detail, with examples of popular current models and descrip-
tions of microphone accessories. The second half of the book provides guide-
lines on the creative balance techniques to be used for musical instruments,
voices, and ensembles of all kinds, in both classical and pop music. Produc-
tion methods are outlined both for studios and for on location, with notes
on public address operations for live shows. Borwick is considered THE
authority. United Kingdom, 1990, 241pp., 7 %> x 9 #, softbound.

THE ART OF ELECTRONICS BKC1
Paul Horowitz, Windfield Hill $54.95

Completely up-to-date with the latest technology and standards, this sec-
ond edition features completely rewritten chapters on microcomputers and
microprocessors, digital electronics, and low-power and micro-power design
(both analog and digital). Many new tables have been added, including ones
for A/D and D/A converters, digital logic components, and low-power de-
vices. The quintessential electronics text and reference. 1989, 1100pp., 7 V2
x 10 1Y, hardbound.

MICROPHONES




HARD-TO-FIND BARGAINS FROM AROUND THE WORLD!

ACOUSTICAL MEASUREMENTS BKAC1
Leo L. Beranek $44.95

Here is a completely revised edition of the famous text by the well-known
authority, with more than half the pages and chapters revised or completely
rewritten to cover new developments in acoustical instruments and mea-
surement procedures, including sound and vibration meters, intensity meters,
spectrum analyzers, recorders, computers, and noise measurement devices.
1948, 1989, 841pp., 5 % x 8 %, hardbound.

BKAC2
$37.95

ACOUSTICS—AN INTRODUCTION TO ITS
PHYSICAL PRINCIPLES AND APPLICATIONS
Allan D. Pierce

This volume introduces the physical principles and theoretical basis of
acoustics, concentrating on those concepts and points of view that have
proven useful in applications and phenomena such as noise control, under-
water sound, architectural acoustics, audio engineering, nondestructive
testing, remote sensing, and medical ultrasonics. The text is supplemented
by problems and their answers. 1981, 1989, 678pp., 6 % x 9 ¥, hardbound.

EXPERIMENTS IN HEARING BKAC3
Georg von Bekesy $27.95

Considered obtigatory reading for all those who want to claim literacy
in the auditory sciences, this classic on hearing contains many of the vital
roots of contemporary auditory knowledge. 1960, 1989, 760pp., 6 x 9,
softbound.

ACOUSTICAL DESIGNING IN ARCHITECTURE BKAC4
Vern O. Knudsen, Cyril M. Harris $27.95

This book is a comprehensive, nonmathematical treatment of architec-
tural acoustics, completely revised with new illustrations and updated to
climinate obsolete materials. 1In handbook format, it covers all the general
principles of acoustical designing and includes specific applications. 1950,
1980, 408pp., 5 3/8 x 8 %, softbound.

ACOUSTICS BKACS
Leo L. Beranek $27.95

This volume is an indispensable source of practical acoustical concept
and theory for acoustical and electrical engineers, scientists, and consultants,
with new information on microphones, loudspeakers and speaker enclosures,
room acoustics, and acoustical applications of electromechanical circuit
theory. 1954, 1986, 491pp., 6 x 9, softbound.

HEARING: ITS PSYCHOLOGY AND PHYSIOLOGY BKAC6
Stanley Smith Stevens, Hallowell Davis $27.95

This multidisciplinary book leads readers from the fundamentals of the
psychophysiology of hearing to a complete understanding of the anatomy
and physiology of the ear, including the relationship between stimulus and
sensation. 1938, 1983, 512pp., 5 % x 8 Y2, softbound

ELECTROACOUSTICS: THE ANALYSIS OF
TRANSDUCTION AND ITS HISTORICAL BACKGROUND
Frederick V. Hunt

This volume provides a comprehensive analysis of the conceptual develop-
ment of electroacoustics, including the origins of echo ranging, the crystal
oscillator, the evolution of the dynamic loudspeaker, and ¢lectromechanical
coupling. 1954, 1982, 260pp., 5 %2 x 8 ¥, softbound

BKAC7
$27.95

VIBRATION AND SOUND BKACS
Philip M. Morse $27.95

One of the most widely used texts and references on the science of acous-
tics, this volume provides students and professionals alike with abroad spec-
trum of acoustics theory, including wave motion, radiation problems, the
propagation of sound waves, and transient phenomena. 1936, 1981, 468pp.,
6 x 9, softbound.

ACOUSTICS/HEARING SPECIAL #1 BKAC/X2
$49.95
Your choice of TWO from BKAC3 through BKACS8, at a savings of $5.95!

Be sure to specify books. (BKAC1 and BKAC2 not eligible.)

ACOUSTICS/HEARING SPECIAL #2 BKAC/X3
$74.95
Your choice of THREE from BKAC3 through BKACS, at a savings of $8.90!

Be sure to specify books. (BKAC1 and BKAC2 not eligible.)

TOTAL HARMONIC DISTORTION
—CARTOONS FROM STEREO REVIEW
Charles Rodrigues

This hilarious collection of 118 of the author’s classic cartoons on audio,
video, and music is the perfect gift and/or a wonderful conversation piece.
Also featured are a foreword by William Livingstone and an illustrated
autobiographical sketch by Rodrigues himself. One of akind. 1988, 132pp.,
6 ¥ x 7, softbound.

BKPB1
$7.95

MARQUETRY AND INLAY:
TWENTY DECORATIVE PROJECTS
Alan and Gill Bridgewater

Complete with 200 illustrations, a glossary, and an introduction to tools
and techniques, BKT21 provides step-by-step directions for easy-to-do proj-
ects. This book gives woodworkers an opportunity to add a valuable new
skill to their repertoire—inserting fine woods and decorative veneers into
finished surfaces. 1989, 192pp., 7 x 10, softbound.

BKT21
$15.95

TONMEISTER TECHNOLOGY: RECORDING ENVIRONMENTS,
SOUND SOURCES AND MICROPHONE TECHNIQUES
Michael Dickreiter

Recently translated from the German by Stephen F. Temmer, this rare
book for the first time provides an ¥nglish-language reference integrating
music and musical engineering. Used by the German Broadcasting System
Technical Training Center as a text to train people who graduate from a
music conservatory and opt to go into broadcast, TV, recording, or sound
reinforcement engineering, this book will appeal to neophytes as well as
professionals in the music and audio engineering ficlds. Profusely illustrated.
with every other page illustrations. 1984, 1989, 142pp., 6 x 9, softbound.

BKTE1
$19.95

SHEET METAL HAND PROCESSES BKDE2
Claude J. Zinngrabe, Fred W. Schumacher $18.95

For help in building that special enclosure, this volume will prove indis-
pensable, introducing the beginning sheet metal technician to basic instruc-
tion in the properties and selection of metal and the processes performed
with measuring and marking, bench, cutting, piercing, joining, and solder-
ing tools. BKDE2 includes an excellent selection of illustrations, and every
process is described in an easy-to-understand, step-by-step fashion. 1974,
209pp., 7 % x 10 Y, softbound.

CABINETMAKING, PATTERNMAKING, AND MILLWORK BKDE4
Gaspar J. Lewis $34.95

1f making your own speaker cabinets has led you into woodworking, this
book will be a great addition to your library. Designed for advanced high
school, vocational, technical, and apprenticeship programs, it provides the
reader with the skills necessary for proficiency in each of the three areas
of specialization. Also included are three sections common to all three fields:
the nature of wood and its uses; how to use hand tools, portable power
tools, and stationary woodworking machines; and methods of joinery. 1981,
438pp., 7 2 x 9 %, hardbound.




BUY FIVE OR MORE, TAKE 20% OFF!

SALE ENDS JULY 1!

BEGINNER’S GUIDE TO BKT14
READING SCHEMATICS $11.95
Robert J. Traister

This outstanding handbook takes you step-by-step through every phase
of understanding and using schematics. Coverage includes how and why
schematics are used; how each symbol is derived, used, and drawn; how
individual symbols are combined to represent electronic circuits; proper
numbering of components; and units of electronic measurement. 1983,
134pp., 5 x 8 ¥, softbound.

AUDIO (BABANI ELEMENTS OF ELECTRONICS, BOOK 6) BKEVS
F. A. Wilson $11.95

In this book, analysis of the sound wave and an explanation of acoustical
quantities prepare the way. These are followed by a study of the mechanism
of hearing and examination of the various sounds we hear. A look at room
acoustics with a subsequent chapter on microphones and loudspeakers then
sets the scenc for the main chapters on audio systems, amplifiers, oscilla-
tors, disc and magnetic recording, and electronic music. United Kingdom,
1985, 320pp., 4 % x 7, softbound.

GREAT SOUND STEREQ SPEAKER MANUAL BKT15
—WITH PROJECTS $16.95
David B. Weems

In thisbook, Weems strips the mystery from drivers, crossovers, and con-
struction materials in order to help you build your own speakers and get
the best possible performance from all of your sound equipment. Included
are current trends in speaker design, getting great stereo sound from units
you build yourself, calculating design parameters, transmission- line systems,
crossover networks, and much more! 1990, 248pp., 7 %2 x 9, softbound.

PRACTICAL STEREO AND QUADRAPHONY HANDBOOK BKEV11
B. B. Babani $4.95

A reference book for all those interested in modern stereophonic and multi-
sound-channel equipment. The subjects covered include explanations of
many of the technical terms used in this audio field, stereo equipment and
techniques, positioning of multiple loudspeakers for best results, stereo and
four-channel pickups, and more. United Kingdom, 1975, 96pp., 4 % x 7,
softbound.

AUDIO SYSTEM DESIGN AND INSTALLATION BKS33
Philip Giddings $59.95
This book is a practical, hands-on tool designed to help the audio profes-
sional find information quickly. The many useful tables, checklists, photos,
and diagrams included are all intended to improve and expedite system
design. Giddings also provides many effective tips and strategies for effi-
cient audio system installation. 1990, 350pp., 7 % x 9 Y%, hardbound.
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AUDIO AMPLIFIER FAULT-FINDING CHART BKEV9
C. E. Miller $4.95

This tool is actually a foldable wall chart which will help the user trace
most common faults which might occur in audio amplifiers. All the reader
has to do is select one of the faults shown at the top of the chart and then
follow the arrows, carrying out the suggested checks in sequence until the
fault is cleared. United Kingdom, 1987, 17 % x 25.

THE ART OF DIGITAL AUDIO 8KB2
John Watkinson $52.95

This book begins with clear definitions of technical terms specific to par-
ticular technologies employed in digital audio. The theory of each area is
then discussed and their practical applications considered. All of the major
digital recording formats are explained. Consumer machines, compact discs,
DAT, and mastering recorders are covered, as well as multitracking. The
professional’s first digital audio reference, written in laymen’s terms, United
Kingdom, 1988, 500pp., 6 % x 9 %, hardbound.

PRACTICAL DIGITAL ELECTRONICS HANDBOOK BKPC1
Mike Tooley $14.95

Aimed at amateurs and professionals alike, this book features nine digital
test gear projects, pinouts for CMOS and TTL devices, and numerous tables
of reference data. It introduces digital circuits, logic gates, bistables, timers,
microprocessors, memory, and input/output devices, as well as looks at
the RS-232C interface and the IEEE-488 and IEEE- 1000 microprocessor buses.
United Kingdom, 1988, 1990, 208pp., 5 %2 x 8 %, softbound.
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Kit Report

Synthesized Bandpass Subwoofers

Sub-1, Audio Concepts, Inc., 901 S. 4th St.,
La Crosse, WI 54601, (800) 346-9183 (or-
ders only), FAX (608) 784-6367, (608)
784-4570 (customer service).

At the end of my review of Audio Con-
cepts’ marvelous Sapphire Il loudspeaker
(SB 6/90), I promised to ask AC president
Mike Dzurko for a pair of Saturn subwoof-
ers for review. Audio Concepts has discon-
tinued the Saturns and replaced them with
the Sub-1, a completely different design
from the push-pull, compound Saturn.
Each Saturn enclosure contained a pair
of Audio Concepts’ AC-12 woofers in a
large floor-standing enclosure. If you used
the Saturns with Audio Concepts’ out-
board passive crossover, subwoofer posi-
tioning was critical. System integration
was most successful if you placed the
subwoofers to the sides of the listening
position, rather than next to the satellite
loudspeakers. This arrangement was not
always convenient, however. Also, assem-
bly required critical attention to the seal
between the two woofers. If any leakage

PHOTO 1: Top view of Audio Concepts’ Sub-1
subwoofer.

By Gary Galo, Contributing Editor

PHOTO 2: Bottom view of the Sub-1 showing the modified JC-12 woofer.

occurred, the compound system failed to
operate as designed.

The Sub-1 is the result of two years of
design work by Mike Dzurko. It isan ape-
riodic design using a modified Audio Con-
cepts JC-12 woofer. In addition to offer-
ing performance superior to the Saturn,
the Sub-1 is smaller, easier to construct,
and less critical of placement. Best of
all, the Sub-1s are $300/pair less than the
Saturns.

The JC-12isa 12” dual voice coil driver
with a long fiber cone, foam surround, and
a rear-vented pole piece. It is a superbly
constructed woofer with voice coil lengths
of 50mm and a peak linear excursion
{(Xpax) of 10mm. This is the longest peak
excursion I've found in any readily avail-
able 12” driver (even the 12” Dynaudios
are limited to 8mm).

Like the other woofers in the Audio Con-
cepts line, the JC-12 was designed specif-
ically for sealed and aperiodic enclosures.
(Like me, you may be frustrated because
woofers with Thiele/Small parameters op-
timized specifically for non-vented enclo-
sures are in the minority. I suggest look-
ing at the Audio Concepts drivers next
time you need such a woofer.)

The JC-12s have been modified by a coat
of silicone seal applied to the cone and dust
cap, forming a series of swirl patterns on
the cone. The silicone application has sev-
eral effects beneficial to the Sub-1 design;
it further dampens the cone and seals the
dust cap, both resulting in lower distor-

tion. The damping also adds mass to the
cone, lowering the free-air resonance (fg).
I measured the JC-12s supplied with the
review kit and found fg to be 15Hz.

In the Sub-1, the JC-12's dual voice coils
are connected in parallel. The Sub-1s are
sold in pairs and you must use them that
way. You can't use a single Sub-1 as a
mono subwoofer. From a perfectionist
point of view, I have never believed in
mono subwoofers, especially if they are
crossed over as high as 80-100Hz.

Photos 1 and 2 show the Sub-1’s top and
bottom views; its woofers are downward-
firing. Four posts support each Sub-1
enclosure, elevating the bottom by about
2”. The enclosures are heavily damped
with AC Bonded Dacron, with two pieces
measuring 6’ by 27” folded into each. The
enclosure's bottom contains six ¥2” holes,
covered on the inside with four pieces of
%” foam, which provides the woofer’s
aperiodic damping.

The enclosures are made of %” MDF
and are extremely well-braced internally.
Like the Sapphire IIs, the Sub-1ls are
beautifully crafted. The veneer work is
first-class, and production pairs are sup-
plied with matched grain.

The crossover components are mounted
on separate Masonite boards, one for the
low-pass section and one for the high-pass.
These are on opposite sides of the enclo-
sure to prevent magnetic crosstalk be-
tween the two sections. A special, 10AWG
oxygen-free copper cable connects the
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FIGURE 1: The Sub-1 crossover network. Do not use the boost input with Audio Concepts’ satellites if you desire the most natural sound.

crossover, woofer, and terminals. The
connectors are mounted on a %” piece of
Masonite, mounted on the bottom rear of
the enclosure. Audio Concepts uses the
same high-quality, gold-plated posts sup-
plied with the Sapphire II.

Crossover Design

Audio Concepts has a trademark on the
term "‘synthesized bandpass.’’ A bandpass
filter contains low- and high-pass sections.
Below system resonance, the response
rolls off like a second-order high-pass fil-

ter. This is a normal characteristic of
sealed-box and aperiodic designs. The
system’s: natural high-frequency rolloff
does not form the filter's low-pass portion.
Instead, it is synthesized with a second-
order passive crossover network. Figure
1 shows the complete crossover.

We're dealing with a very low crossover
frequency and a low impedance load {49,
since the JC-12's two voice coils are con-
nected in parallel). This results in ex-
tremely large component values. The for-
mulas for calculating series inductance are

the same as for series resistance. How-
ever, magnetic coupling between induc-
tors makes the formulas useless if the coils
are too closely spaced. Audio Concepts has
left sufficient spacing between the induc-
tors to prevent this problem.

The low-pass section actually has two
inputs. The boost input provides a 3dB in-
crease in output in the 50-90Hz region.
This may be helpful in matching satellites
other than those made by Audio Concepts
to the Sub-1s. The Sub-1 crossover has

Continued on page 54

Announcing Old Colony Sound Lab’s

SUPER ‘““SAVE YOUR INVOICE” SALE!

That'’s right! When you order from Old Colony from now through June, be sure to save the
invoice which comes with your shipment! It’s worth cash! In July or August, you may sub-
tract 10% of the invoice’s bottom line from any order of double or greater value—in addition
to any other discount which may apply!

For example, if you placed an order for $50 worth of products now, in July or August you would
be eligible for a $5 credit (10% of your earlier order) on any order of $10 or more (double or
greater the amount of your credit)! Plus any other discount!

BUT PLEASE REMEMBER:

YOU MUST SUBMIT YOUR ACTUAL PREVIOUS INVOICE WITH YOUR
NEW JULY OR AUGUST ORDER, SO BE SURE TO SAVE IT!

SEE OUR ADS ELSEWHERE IN THIS ISSUE
AND ORDER TODAY!
START YOUR SUMMER SAVINGS NOW!
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Continued from page 52

been carefully designed to provide an ideal
match with the Sapphire Ils and their
smaller satellite, the Little Vs. When you
use the Sub-1s with the Audio Concepts
satellites, unless your room has a serious
anomaly in the affected area, don't use the
boost input because it raises the crossover
frequency. You must install a jumper
when you use this input, which bypasses
the first inductor.

The high-pass section of the Sub-1
crossover is a simple first-order filter that
begins electrically around 165Hz. When
you take into account the Sapphire II
satellite’s response, the actual acoustic
crossover point is around 100Hz. A capa-

citance of 200uF was required for such
a low crossover frequency. Audio Con-
cepts has used four 50uF nonpolar elec-
trolytic capacitors to achieve this value.

To minimize the sonic problems caused
by electrolytics in the midrange and high
frequencies, the four capacitors are by-
passed with a 2uF Chateauroux polypro-
pylene cap and a 0.47uF WonderCap™,
Purists may prefer only polypropylene ca-
pacitors here. Bear in mind that using
polypropylenes instead of electrolytics
adds nearly $100 to the cost and would
probably not be audible unless the asso-
ciated electronics were quite expensive.
Mike says he considers replacing the elec-
trolytics a legitimate tweak for those who

Great designs are never out-of-date!
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believe the rest of their equipment will
allow them to hear the difference. If you
wish to do this, I suggest a 200uF Cha-
teauroux polypropylene bypassed with
the other two caps. I have not performed
this modification to the review samples.

Assembly

The first pair of Sub-1s I received were fac-
tory assembled prototypes. After living
with them for a few months, I ordered a
complete Sapphire II/Sub-1 system for my
production studio at The Crane School of
Music. This studio is used primarily for
preparation of tapes for our monthly radio
series ""Music from Crane,"’ which I co-
produce with our local public radio sta-
tion. I needed an accurate monitor system
for evaluating my live concert tapes of
unamplified classical music {this is not a
rock and roll studio). You're not supposed
to know whether I like this system until
you read the listening evaluations below.
I guess I've just given you a hint.

Building the second system for my stu-
dio helped me prepare this review since
I gained a few insights I can passonto you.
The Sub-1 Kkits are shipped in three well-
packed cartons, one for each enclosure
and the other containing the woofers,
crossovers, stuffing, and remaining parts.
The enclosures are double-boxed, which
further protects them from shipping dam-
age. The kit comes with a 10-page man-
ual covering assembly, installation, and
operating instructions. As a supplement
to the manual, Audio Concepts has in-
cluded a four-page description of the
design philosophy behind the Sub-1. The
Sub-1 is not available as a parts kit; you
must purchase the full kit, including the
enclosure.

The Sub-1 manual is fairly well-written,
but I'd like to offer some helpful hints I
discovered when building my pair. Audio
Concepts’ assembly instructions follow,
in italics, along with my comments. Begin
by turning the enclosures upside down,

Continued on page 57

Manufacturer’s
Specifications

Woofer: Modified Audio Concepts
JC-12

Frequency response: 20-80Hz;
low-frequency cutoff will vary
from 18-22Hz, depending on room
placement and dimensions

Crossover frequencies: 80Hz, sec-
ond-order low-pass; 100Hz, first-
order high-pass; fo = 28Hz; Q =
<0.89

Dimensions: 23" by 13 %"

by 14%2"

Price: Full kit, $699 pair plus $50
shipping; special limited time in-
troductory price, $599 plus ship-
ping; assembled, add $100




The Audio Concepts, Inc.
Synthesized Bandpass™ Sub 1

What if you could have a stereo pair of
attractive, compact subwoofers that gave
clean, precise response to below 20Hz
with low distortion and outstanding
impact?

Introducing the revolutionary Sub I from
Audio Concepts, Inc. At only 25" tall by
13" wide by 14" deep, the Sub I is the
first design using the "Synthesized
Bandpass" (SB™), principle developed by
Audio Concepts, Inc.

What is the "Synthesized Bandpass ?"
The SB™ utilizes a passive filter
interacting with the driver and cabinet to
approximate the characteristics of a
vented bandpass design. However, the
SB™ does not require multiple chambers
and tuned ports, therefore the SB™
provides the dynamic range and compact
size of a conventional bandpass while
eliminating the tuning difficulties and
resonances of ports and chambers.

What does the Sub 1 compare to?

The only competition for the Sub 1 comes
from large transmission lines, giant vented
enclosures and motional feedback systems.

All competing systems are much larger
and or much more costly.

How is the Sub 1 used in a system?
Each Sub 1 contains two completely
separate crossover boards. One board
feeds the subwoofer driver and one board
connects to the outputs. All connections
are heavy duty gold-plated five way posts
and are mounted out of sight on the
bottom of the enclosure. Connect your
amplifier to the input posts and connect
your main speakers to the output posts.
The upper bass output level is adjustable
via a jumper to compensate for your
listening room and listening tastes.

What can the Sub 1 be used with?

The Sub 1 makes an excellent match with
our own Sapphire II or Little V speakers.
Package pricing is available. The Sub 1
can also be successfully matched with
most speakers having a four to eight ohm
load and a sensitivity of around 87 to 90
db. The Sub 1 presents an easy amplifier
load and can be driven with as little as 40
watts per channel.

The Sub 1 is the finest subwoofer Audio
Concepts, Inc. has produced. Low organ
pedals, symphonic bass drums, and
synthesizers are all reproduced with stunning
realism by the downfiring 12" drivers.
Equally important, the Sub 1 faithfully
reproduces the subtle but musically critical
qualities of difficult instruments such as
plano and string bass.

All who have heard the Sub 1 agree, it is
an exceptional subwoofer in a very
attractive package. At $649 for a pair of
full kits, ($749 assembled), including UPS
Ground shipping, it is the absolute best
value in high-performance subwoofers!

Call today to order or find out more!

Audio Concepts, Inc.
901 South 4th Street, La Crosse, WI 54601
Sales: (608) 784-4570 Fax: (608) 784-6367
Orders and Catalog requests: (800) 346-9183
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Continued from page 54
preferably on a soft carpet so you won't
scratch the veneer.

1. Carefully unpack your parts kit. Check
to see that you have all the parts on the list.
Remove the bag of hardware stapled to
the inside of the enclosure. One of mine
had fallen loose during shipment. Locate
the staples used to fasten the bags to the
inside of the enclosure and remove them.

2. Vacuum the inside of the cabinets to
make sure they are totally free of any dust
or chips.

3. Use the supplied nut and bolt pairs to
attach the terminal strip to the two metal L-
brackets. Attach these L-brackets to the bot-
tom of the cabinet using supplied drywall
screws (the holes are pre-tapped). The bind-
ing posts should be mounted to face outward.

The terminal strip mounts on the bot-
tom of the enclosure, near the back edge.
Only two aperiodic holes are near the
back, and pre-drilled pilot holes are for
the L-brackets. There’s only one correct
way to mount the terminal strip. Page 4
of the manual shows the five binding
posts’ correct orientation when the enclo-
sure is turned right side up and you are
facing the back. The edge with three gold
posts will be closest to the floor, and the
edge with two posts will be next to the
enclosure's bottom.

4. Fold one of the pieces of supplied stuff-
ing material and push it down into the lower
half of the cabinet. Distribute evenly. Two

internal braces around the enclosure’s in-
side periphery separate the inside into
three even spaces. Fold the first piece of
stuffing material along its length, making
a double-thick piece a little more than 12
wide. The piece should be 6’ long. Cut off
a 2'length. Fold the remaining 4’ length
and stuff it into the top third of the en-
closure. Fold the 2’ piece and stuff it in-
to the middle third of the enclosure.

5. Use the supplied silicone sealant to at-
tach the two crossover boards to the insides
of your cabinets. When looking down at the
open driver hole, position the cabinet so the
terminal strip will be closest to you. The up-
per range crossover board should be mounted
on the same side as the terminal strip, directly
against the first brace. The lower range cross-
over board should be mounted on the opposite
side in the opposite corner.

The wiring is extremely stiff. Handle
the crossovers carefully to avoid break-
ing component leads and solder connec-
tions. The large inductors are heavy and
may cause the crossover board to pull
away from the enclosure before the sili-
cone seal cures. Mount the crossover
boards in two steps. Turn the enclosures
on their sides, with the terminal strips to-
ward the top. Apply a generous amount
of silicone seal to the low-pass board'’s
back side. Orient the board so the large
12mH coil is toward the woofer opening
and press it into place onto the enclo-
sure's side, against the internal brace.

Allow the silicone to cure for at least eight
hours before moving the enclosures.

Now turn the enclosures over so the
terminal strip faces the floor. Mount the
high-pass crossover the same way. Allow
four hours for the silicone to cure {this
board is much lighter and won't pull away
as easily). I'm sorry to add an extra day
to the assembly for the silicone to cure (I
know you can't wait to listen to them}, but
you'll have a far more time-consuming
problem on your hands if the boards come
loose before the silicone cures.

6. Run the wires from the crossover boards
up through the two holes in the bottom of the
cabinet. Follow the crossover-terminal board
diagram to make the correct connections to
the terminal strip. Remove each loose locknut
and washer from the backs of the binding
posts. Install the correct flags on the posts
and secure them with the washers and nuts.
Seal the wires into the holes using the sup-
plied silicone sealant.

Refer to page 4 of the manual and make
sure the wires are connected to the cor-
rect binding posts. Apply your favorite
contact cleaner to the gold flags before fas-
tening them to the posts. Be sure the nuts
are tight. Apply a generous amount of sil-
icone seal to the holes where the wires
come through. If you cut ¥2" off the ap-
plicator supplied with the silicone, you
can force the silicone into the holes. AN
AIRTIGHT SEAL IS ESSENTIAL.

7. Use silicone to install the foam pads over
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the aperiodic pressure release holes. The
foam is installed from the inside sealed up
against the holes. Use only enough silicone
to seal the foam over the holes {do NOT al-
low the silicone to block the holes). The
larger foam pads cover the two holes in
each front corner. Apply a very thin bead
of silicone to the foam pads’ outer edge
and press it into place, making sure no sil-
icone covers the foam where it is exposed
by the holes. THIS IS EXTREMELY
IMPORTANT.

8. Fold the second supplied sheets of stuf-
fing and insert them into the cabinet through
the woofer cutout. Distribute them evenly in
the upper half of the cabinet. Fold and cut
the second piece of stuffing material as

I described in step 4. Fold the 2’ piece and
stuff it into the middle third of the enclo-
sure, on top of the one you just put in.
Fold the remaining 4’ piece and stuff it
into the bottom third of the enclosure. If
you follow these hints, you are assured
of even stuffing distribution.

9. Apply the foam gasket tape around the
woofer cutout. Discard the cardboard gasket
that comes with the woofer; it is only for pro-
tection in shipping. Audio Concepts sup-
plies an ample amount of foam tape. Cut
a length about 2” longer than you will
need. Peel off the backing and apply the
tape next to the cutout’'s edge. When you
get within 2” of your starting point, cut
the tape Y¢” longer than needed. The

foam will compress to form a tight fit
with the other end.

10. It is now time to hook up the woofer
leads. Check the slip-on connectors for fit.
They should fit snugly. If they don't, use pliers
to gently squeeze them a little tighter. The
use of contact-enhancers such as Tweak,
Cramolin, or Aurium will ensure a perfect
electrical contact, but are not essential.

Soldering is a good way to ensure perfect
electrical contact, but unfortunately, several
years ago about 80% of our warranty claims
were due to careless soldering. Do it at your
own risk; we will not replace drivers that
have been soldered!

I recommend soldering the drivers. If
you do so, don't apply any contact clean-
ers. First, check each voice coil's elec-
trical continuity with a primitive analog

NOW AVAILABLE FROM

OLD COLONY SOUND LAB!

THE PUBLICATIONS OF

THE AUDIO
ENGINEERING SOCIETY

e | oudspeakers, Vols. 1 and 2
e Microphones

e Sound Reinforcement

e Time Delay Spectrometry

e Audio in Digital Times

e The Sound of Audio

e Digital Audio

ADD THESE CLASSICS TO YOUR
LIBRARY TODAY!

SEE OUR BOOKS AD ELSEWHERE
IN THIS ISSUE!
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VOM on the RX1 scale. Each voice coil
should read around 3. If you read be-
tween the two voice coils, on RX10,000
the resistance should be infinite. Now
that you know your woofers aren’t defec-
tive, you can proceed with the soldering.
The cable Audio Concepts used is so stiff
you may have difficulty removing the
slip-on connectors and bending the wire
around the woofer posts.

There's a simpler way. Slip the connec-
tors over the woofer terminals as the
manual indicates. Then carefully solder
the connectors to the woofer terminals.
While you're at it, you can solder the wire
to the connectors (they're crimped rather
than soldered). Do all of this at your own
risk. As soon as you solder your woofers,
your warranty is VOID. You may wish
to complete the assembly without solder-
ing. After you've listened to the Sub-1s
for a couple of weeks, and you're con-
vinced they're working properly, it will
be easy to pull the woofers out to solder
the connections.

11. You can now carefully lower the
woofer, magnet first, into the enclosure.
Align the woofer so the terminals are on the
sides rather than on the top and bottom.

12. Install and tighten the screws evenly
so the woofer fits flat into the enclosure. Af-
ter you've finished tightening the woofer
screws, check for air leaks. Take your
primitive analog VOM and connect it to
the input binding posts. When the meter
is connected and disconnected, on RX1,
| the woofer cone will move slowly. The
| Sub-1is a heavily damped system. If the
| cone movement is fast and "'springy’’ you
| have an air leak. Check the holes where
the wires come through to make sure
they're sealed. If necessary, apply more
silicone seal. The cone movement may
also be springy if the aperiodic holes are
covered with silicone seal. You must
avoid this.

13. The jumpers installed on the terminal
boards provide additional bass output. We
| recommend you remove the jumpers, store
| them in a safe place, and reinstall them only

if you wish to have additional bass output.
I recommend permanent removal of the
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FIGURE 2: The Sub-1s’ 1/3-octavé, near-field
response. The solid points show the first re-
sponse, the open points the second.

jumpers. The system is simply too heavy
in the upper bass region with the jumpers
installed. Personal taste may play a role
here, but the Sapphire I11/Sub-1 system is
more accurate with the jumpers removed.

At this point, the manual recommends
breaking in the Sub-1s for 30-50 hours.
I use a pink-noise generator for this pur-
pose. Two days of continuous pink noise,
at moderate level, will do the trick. If you
can't stand the sound of pink noise for
two days, lay the enclosures on their
sides, with the woofers facing each other.
Connect them to your amplifier out of
phase. They will play much more quietly
this way. If you own a CD test disc with
a pink-noise band, you may be able to set
your CD player to repeat the track con-
tinuously. Be careful with the level when
running pink noise through the woofers.
An eighth of an inch of visible movement
is plenty to loosen the suspensions over
a two-day period.

Measurements

The Sub-1 was interesting to measure. The
design goal was to obtain flat low bass
in the listening room, rather than in an
anechoic or near-field situation. Figure 2
shows the near-field response. I measured
this using my Josephson Engineering Mea-
surement Microphone and Old Colony's
third-octave warble tone generator.

For this measurement, I turned the
Sub-1s upside down and suspended the
microphone to within ¥%2” of the woofer
dust caps. The results aren’t particularly
useful. You certainly wouldn't buy a
loudspeaker that reproduced only a few
bass frequencies, rolling off everything on
either side. But, this curve is instructive
in terms of what the subwoofer is doing
acoustically and electrically. The left-
hand slope shows the system's natural
low-frequency roll-off, and the right-hand
slope shows the high-frequency roll-off
synthesized by the crossover network.
This measurement demonstrates that the
high-frequency roll-off begins, electri-
cally, around 50Hz. But, this is obviously
not the way the Sub-1 was intended to
be used.

For the Sub-1s to operate properly, the
woofers must fire downward. This is an

essential part of the Sub-1 design. Figure
3 shows the combined response of the
Sub-1s set up in my living room. I used
the Audio Control Richter Scale Series III
to make this measurement, since it is the
best "'in-room'’ low-frequency analysis
system I own. The curve in Fig. 3 was
made with the satellites disconnected. It
shows the Sub-1's response, with the
microphone placed in my normal listen-
ing position. The performance is impres-
sive to say the least. The Sub-1s are flat
+0.5dB from 22.5-90Hz, and the enclo-
sure volume is less than 2 cubic feet.

Is this possible? Have the laws of phys-
ics been defied? Certainly not. Not even
Mike Dzurko can change the laws of
physics. Like most resourceful designers,
he has used them to his advantage. In an
enclosure of this size, a forward-firing 12"
woofer will never be flat to 22.5Hz. But,
the downward firing woofer can take ad-
vantage of the rising low-end response of
most listening rooms when woofers are
placed extremely close to the floor.

Bear in mind that most of the woofer's
radiating surface is 2-3” off the floor. You
can’t achieve the same result by position-
ing a forward-firing woofer close to the
floor, since only a small portion of the
radiating surface is within a few inches
of the floor. I can't accurately measure
my room much below 22.5Hz, but the
measurements I made indicated a —3dB
point around 18Hz.

If you look at Figs. 2and 3, you can see
the bandpass characteristic isn't synthe-
sized by the crossover alone. Firing the
woofer downward flattens the response
on the upper end as well. So, the final
bandpass characteristic is synthesized by
a combination of the crossover character-
istic and the woofer/room interaction.

Figure 4 shows the Sub-1s' impedance
curves. Over most of their operating
range, the left and right samples were
identical. Fo was actually a bit higher
than Audio Concepts had specified. Sys-
tem resonance was 31Hz for both. This
obviously did not prevent the Sub-1s from
operating as specified, in terms of fre-
quency response. The aperiodic loading
and the heavy internal damping resulted
in an extremely well-controlled imped-

FIGURE 3: The Sub-1s’ in-room response
without the satellites. The performance is
remarkable: 22.5-90Hz, +0.5d8.

FIGURE 4: The Sub-1s’ impedance curve.
Aperiodic damping provides superb woofer
control at system resonance. The solid points
show the first response, the open points the
second.

ance curve. This system’s maximum im-
pedance at resonance is only 11.3Q.

Connection Choices

My system currently consists of my ""way
beyond POOGE-4"" Magnavox CDB-650,
a highly modified Adcom GFP-565 pre-
amp, and an Adcom GFA-585 power am-
plifier. I'm also using a pair of Adcom
ACE-515 power-line filters, one on the
power amp and the other on the low-level
equipment. I was quite impressed by
the GFA-585 prototype Victor Campos
loaned me for the Sapphire II review.

I had to return the prototype to Adcom,
but I purchased a pair of these amplifiers
as soon as they were in production. Right
now, I'm using only one of them, power-
ing the Sapphire II/Sub-1 system with the
complete, built-in passive crossover. I
bought the second one knowing I would
ultimately pursue system bi-amplification.
I make my own interconnects, using Jo-
seph Grado Signature Laboratory Stand-
ard Audio Cable, along with Neglex 7551
RCA connectors. My speaker cable is Live-
wire Indigo.

You must make a couple of choices
when you connect the Sub-1s to your sat-
ellite loudspeakers. The simplest ap-
proach is to connect your power ampli-
fier to the Sub-1 main inputs and connect
the Sub-1 outputs to the satellite inputs.
This arrangement doesn't take advantage
of the Sapphire IIs' bi-wiring capability,
but I ran the system this way for quite
some time.

My listening partner, Lorelei Murdie,
Concert Halls Manager at The Crane
School of Music, offered a few second
opinions in my review of the Sapphire II.
She also logged a fair amount of time lis-
tening to the Sapphire II/Sub-1 combina-
tion. Although impressed with this
system, she had one reservation: the Sap-
phire IIs sounded ‘‘stressed’’ in the high
frequencies, as if the tweeter was "‘at its
limit'"’ at realistic volume levels. I didn't
disagree with this, although I might ex-
press it a bit differently. To my ears, the

Focal tweeter lacked some of the smooth-
Continued on page 61
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Continued from page 59
ness it had before the Sub-1 was added.
It sounded a bit brighter and "‘rougher."

I decided on a different connection ar-
rangement. The high portion of the Sub-1
crossover is not required to be in the
tweeter signal path. It's needed only for
the mid-bass driver. I reconnected the
system as shown in Fig. 5. This arrange-
ment has the power amplifier connected
to the Sub-1 main inputs and the Sapphire
Il tweeter inputs. The satellite outputson
the Sub-1s feed only the mid-bass drivers
on the Sapphire IIs. This arrangement
takes advantage of the Sapphire IIs' bi-
wiring capability.

Connecting the system this way im-
proved performance significantly. First,
Lorelei and I agreed the Focal tweeter’s
"'stressed’’ nature disappeared. She now
says the high-frequency balance is just
right. The Sapphire II's high end sounds
the way it did prior to connecting the sub-
woofers. The system also has greater in-
ner detail and articulation from the up-
per midrange on up, the stereo image is
more precise, and the soundstage is a bit
larger. You may conclude that those elec-
trolytic capacitors in the Sub-1 crossover
were causing the problem. I believe this
is part of the story; polypropylene bypass-
ing will greatly minimize the effects of
electrolytic capacitors, but it can't elimi-
nate them completely.

There's more to it, however, than sim-

ply removing the electrolytics in the
tweeter signal path. The Focal Kevlar
tweeters are known to be difficult to con-
trol. To provide the best control, you must
feed the tweeter and its crossover from a
very low source impedance. Connecting
them directly to my Adcom GFA-585's
output does this nicely. The GFA-585 has
a damping factor of over 600, from 20Hz
to 20kHz, at 8Q. This translates into a
source impedance of less than 0.013(
(Zsource = Zioaq ! DF). At 3kHz (the Sap-
phire II's crossover frequency), a 200uF
capacitor's reactance is 0.265Q (X = 1/
27FC). Adding the cap's reactance to the
amplifier's source impedance reduces the
damping factor to around 33 (DF = Z, 4
! Z e the Sapphire Il impedance is 9.2Q
at 3kHz). This doesn't take into account
a further reduction that the speaker cable
causes.

Although the capacitor’s reactance
drops, the frequency increases, sodoes the
Sapphire Il impedance (Fig. I in SB 6/90).
At 10kHz, the Sapphire II impedance is
4.3Q. The 200uF cap's reactance is 0.08%
at this frequency and the damping factor
is reduced to 86. Again, further degrada-
tion from the speaker cable’s resistance
hasn't been taken into account. From this,
it should be obvious the connection in Fig.
5 is best.

Listening

A subwoofer can’t be evaluated by itself.

ENISCUS

PRESENTS:

ENTRE '6

SYSTEM:
vented.. 45Hz - 20KHz

CABINET:

DRIVERS:

nveeter.

2nd order, series, constant
voltage, using air cored chokes

and film capacitors.

MENISCUS
2442 28th St. S.W. Ste D
Wyoming, MI 49509

Phone: (616) 534-9121
Fax: (616) 534-7676

Big enough to serve - small enough to care.

Fast Reply HGF568

6.5" Two way, 4th order

Warm, Oak veneers and solids
black grill. 10" x 16" x 8"

6.5" Polypropylene, foam edge
woofer, 19mm soft dome

Its performance can be judged only in the
context of a complete loudspeaker system.
The evaluation must also take place with-
out any other loudspeakers in the room.
So, with the help of Lorelei, her husband,
and their pickup truck, we moved my 6’
tall transmission line systems into stor-
age. My wife was delighted. {"'The Sub-1s
look so much better than those 6’ mon-
sters. I hope you like the sound.")

I positioned the Sapphire IIs, on the AC
Stands, in front of the subwoofers. The
AC Stands aren't optional, in my opinion
if you are to achieve the real potential of
this system. Placing the Sapphire IIs on
top of the Sub-1s is the worst thing you
could do. One advantage of having satel-
lites and subwoofers in separate enclo-
sures is the absence of low-frequency vi-
bration coloring the midrange. If you set
the satellites on top of the subwoofers,
you'll defeat the purpose of having a sys-
tem like this.

Adding the Sub-1s to the Sapphire IIs has
produced a reference-quality dynamic
loudspeaker. Mike's two years of work
have really paid off. Integrating subwoof-
ers with satellites can be difficult and is
not always successful. Audio Concepts'
system integration is absolutely superb.
The Sub-1s blend seamlessly to the Sap-
phire IIs. No discontinuities exist in the
tonal balance between the subwoofers and

satellites and no hint exists that the bass
Continued on page 63
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Continued from page 61

iscoming from a different enclosure. The
low end is clearly defined within the
soundstage the Sapphire IIs reproduce.

Subjectively, the Sub-1s go lower than
my large transmission lines. They rival
my system in terms of bass detail and
definition. The bass drum whacks on
Robert Shaw's Telarc CD of Stravinsky's
Firebird have tremendous weight, impact,
and clarity. Even more impressive are the
very soft bass drum beats, earlier in the
piece. The soft, fluffy ""woof" of the drum
literally fills the room. The balance and
extension of the low end is simply natural.

Compared to live, unamplified classical
music {which Lorelei and I hear nearly
every day), the low end is as tonally accu-
rate asany I've heard. So many extremely
large dynamic loudspeakers sound fat and
bloated on the low end. I find the Duntech
Sovereigns and many of the large Infinity
systems are this way. In a large room at
high voiume levels, these large systems
will certainly deliver more extreme low-
frequency power than the Sub-1s. But, in
a normal size listening room, the Sub-1s
are more refined and more accurate.

The Sapphire II/Sub-1 system re-creates
a large, three-dimensional, rectangular
soundstage. One of my reference discs for
soundstaging and imaging is Mercury's
CD of music by the Second Vienna School,
conducted by Antal Dorati. Dorati and the
London Symphony gave the best perfor-
mance ever captured in stereo of Schoen-
berg's Five Pieces for Orchestra. On the
Audio Concepts system, this recording is
reproduced with pin-point accuracy. In-
struments literally dance around the
soundstage, and the trombones are so far
to the rear you feel transported to the hall
where the recording was made.

The soundstage never collapses to mono
at the rear. It maintains its rectangular
character right to the back of the stage.
RCA's CD of Fritz Reiner and the Chicago
Symphony performing the Mussorgsky/
Ravel Pictures at an Exhibition is a case in
point. The Gnomus (track 2) contains col-
orful percussion writing, all placed clearly
across the back row of the orchestra. You
can hear the cracking of the whip deepin
the far right corner of the stage. The bass
drum literally bounces off the back wall.

From top to bottom, the Sapphire II/
Sub-1 system is incredibly clean. In my
Sapphire Il review, I mentioned the mid-
range lost some detail in heavily scored
passages. Adding the Sub-1 has removed
the stress on the midbass driver, result-
ing in superb midrange clarity even in the
most densely scored music. The perfor-
mance of the Focal midbass driver used
in the Sapphire II completely surprised
me. | never expected a 7” driver to be
clean and detailed in the upper midrange.
But Focal's Kevlar driver is a very unus-
ual driver. With clean electronics and a
clean power line, the midrange is free of
hardness or breakup. (If you are unable

to get consistently clean midrange from
your system, I suggest power-line filter-
ing. It made an amazing difference in my
system.)

The system reveals an uncanny amount
of harmonic detail from instruments. The
string passages in the Gnomus are partic-
ularly impressive. Massed violins are
smooth and detailed. Hall ambience is re-
produced in abundance. Subtle ambience
cues let you precisely determine the re-
cording location size and the engineers’
recording techniques.

Vocal music is extremely impressive on
this system. Herbert von Karajan's Lon-
don CD of Verdi's Aida, with Tebaldi,
Bergonzi, and Simionato, is one of my fav-
orite tests. The soloists sound warm and

lifelike, free of any edge or harshness.
The massed choral passages, such as Sul
del nilo on track 5 of disc 1, are detailed
and clean. Choral music is a real test of
the midrange. Many otherwise fine loud-
speakers add a hardness to massed choral
music. This system doesn’t. This record-
ing is also an excellent demonstration of
soundstaging and you can hear every solo-
ist's exact location.

Charles Dutoit's London CD of Res-
pighi's Pines of Rome is a difficult disc.
The orchestration contains a tremendous
amount of high-frequency energy, which
the Decca/London engineers realistically
capture. On many systems, this disc
sounds edgy and harsh. On the Sapphire
II/Sub-1 system, this recording sparkles,
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with superb inner detail and articulation.
This is one recording that really shows the
importance of connecting the system as
shown in Fig. 5. The treble doesn't sound
strained, overly bright, or edgy.
Overall, the Sapphire II/Sub-1 system re-
produces music with a sense of effortless-
ness. Dynamics leap out at you without
any sense of strain or compression. This
isaloudspeaker system you can easily de-
scribe as "'musical’’ and "accurate.”’

Comparisons

In SB 6/90, I compared the Sapphire IIs
to Lorelei's Vandersteen 2Cis. I believed
that, with a good subwoofer, this system
would give them stiff competition. As it
turns out, the Sapphire II/Sub-1 system
isn't really competition for the Vander-
steen's at all; it is vastly superior in vir-
tually every area of performance. The
system has a far better low end, much
cleaner midrange and treble (without the
Vandersteen harshness), and better
soundstaging. What's amazing is you can
purchase both units as kits for just under
$1,500. This is only $200 more than the
Vandersteen 2Cis, if you include the cost
of their stands.

The Sapphire 1I/Sub-1 combinationis a
formidable competitor to far more expen-
sive loudspeaker systems. Using my CDs,
[ have listened critically to the highly re-
garded B&W 801 Matrix Series II. The 801
Matrix has earned the reputation of being
one of the best dynamic loudspeaker sys-
tems. It should be, considering its $5,900
price tag.

The first time I heard them, they were
connected to Mark Levinson electronics
and a Proceed CD player. Thisis, indeed,
a superb loudspeaker. It is virtually state
of the art in soundstage presentation. The
B&Ws are very analytical. At the time I
heard them, I thought they were a bit hard
and bright in the treble in comparison to
the Sapphire [I/Sub-1 system, which to my
ears is more musically natural. The sonic
differences may be a matter of personal
taste. If you consider the $4,400 price dif-
ference, you can appreciate the system'’s

plies. The 801 Matrix allows bi-wiring or
passive bi-amping with four channels of
amplification. The total cost of the ampli-
fication was $5,980. The preamp was a
Linn LK-1 MK III with the Dirak supply,
costing $2,140. A Marantz CD-94 player
and the CDA-94 outboard digital pro-
cessor, totaling $3,600, completed the
system.

We were both quite disappointed. Im-
aging was not as precise as the Audio Con-
cepts system and the soundstage was lack-
ing in depth. The B&Ws' bass wasn't as
well defined, and the midrange and high
end were not as clean as on the Audio Con-
cepts. The B&W system failed to reveal
differences in my recordings, as if they
were done in the same hall by the same
engineer. Dynamics were compressed. In
particular, the quiet passages were too
loud. The system didn’t have power-line
filtering, which could be part of the prob-
lem. To be fair, I haven't evaluated the
B&W loudspeakers in my living room with
my electronics. My first experience with
the B&Ws was far more favorable than the
last one. It is fair to say the Sapphire II/
Sub-1 system can at least hold its own with
this highly regarded system costing four
times as much.

I haven't used the Vandersteen and
B&W loudspeakers for comparison be-
cause of any prior dissatisfaction with
them. On the contrary, these two loud-
speakers have become standards by which
other dynamic loudspeakers are judged,
in their respective price categories. When
amanufacturer setsa high standard, they
invite comparisons. Such comparisons
should be viewed as a compliment, even
if something better finally comes along.

Conclusions

The Sub-1 subwoofer is an outstanding
performer that integrates superbly with
the Sapphire II satellites. Together, they
form a highly refined full-range loud-
speaker system rivaling the best dynamic

impressive achievement. S ipialin S

[ wished to get Lorelei's opinion on the DR
801 Matrix, so I arranged a visit to another i
dealer and brought along a stack of CDs, o™
including the ones mentioned in this re- r LOW
view. This time, the B&Ws were driven
by a pair of Linn LK-280 stereo power
amps with the optional Sparks power sup-

suB-1
RIGHT LEFT
L} - L o —l-.
STEREO
POLHER AMP BATELLITE MAIN
QUT N
[ e &

FIGURE 5: Recommended method for connecting the Sub-1s to the Sapphire Il satellites. The
left channel is shown. The right channel is identical.
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systems. In fact, the Audio Concepts sys-
tem has a transparency and effortlessness
that will compete favorably with many
dipole systems. At the price Audio Con-
cepts is asking, these loudspeakers are a
steal. Buying the complete system factory
assembled adds only $160 to the total
price, but you won't learn as much or have
as much fun.

If you are skeptical and think these loud-
speakers are 'too cheap’’ to be as good as
I've said, bear in mind something about
Audio Concepts’ pricing. They sell their
systems factory direct to you. If they were
to offer their systems to dealers, the deal-
ers would pay roughly the same prices you
and I pay. Then, the dealers would add
the usual 80% to 100% markup, and that
would be the list price of the loudspeakers.
So, just tell your friends the "'list price’’
is twice what you actually paid, and every-
one will feel better.

If you intend to use the Sub-1s with sat-
ellites other than those made by Audio
Concepts, the high section of the crossover
may not be optimum. With some experi-
mentation, you should be able to design
a high-pass filter right for your satellites.
You could mount your own filter on the
back of your satellites or place it inside.
If you do this, the Sub-1 outputs won't be
used. Bi-amplification should be possible,
but you should not defeat the low-pass fil-
ter in the Sub-1s. The low output on your
electronic crossover should be a simple,
flat unity-gain buffer. The high output
should be a first-order filter with a - 3dB
point of 165Hz.

Audio Concepts is beginning to gain the
recognition they deserve in the high-end
audio community. The company is pro-
viding a great service by offering out-
standing loudspeakers amateurs can build
themselves. If you're not into building
your own, they offer assembled systems
at bargain prices, which compete favor-
ably with some of the best high-end loud-
speakers available.

I'm afraid my towering transmission
lines won't see my living room again. The
Sapphire 1I/Sub-1 system has become my
new reference loudspeaker, and I plan to
purchase the review samples. They have
given me months of musical satisfaction,
and ] look forward to many more.

Mike Dzurko comments.

Gary's conclusions closely parallel those of
other reviewers and owners of the systems.
Having originally conceived of the concept
more than 12 years ago with much of the last
two years spent perfecting the design, it isin-
deed gratifying to receive such high praise.
Gary's review is so thorough and accurate
that it should serve as an excellent guideline |
for potential Sapphire II/Sub I owners. One |
small correction: the introductory system |
price of a pair of Sapphire IIs, Sub Is, and |

AC Stands is less than $1,400 and carrie;z ‘I

money-back guarantee.
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Technology Watch

90th AES CONVENTION

Several times each year, the Audio Engi-
neering Society holds conventions in
which exhibitors display their wares and
audio engineers, acousticians, experts in
psychoacoustics, mathematicians, and
others meet, exchange ideas, and generally
catch up onthelatest research and technol-
ogy. Also, papers are presented at the of-
ficial forum. These are published directly
from the author's manuscript without edit-
ing, corrections, or any formal considera-
tion by the AES review board. This year, I
attended the 90th convention in Paris,
where several fascinating papers were
presented.

Monitoring music during the recording
process has alwaysbeen a problem. Qual-
ity evaluation of the recording depends on
the monitor speakers’ accuracy and the
control room’s acoustic properties. To
date, no standard control room is interna-
tionally recognized. Dr. A. Persterer of
AKG proposed a solution to this problem:
binaural simulation of an '‘ideal control
room'' for headphone reproduction.! Mon-
itoring is done on headphones to eliminate
the room acoustics and to simulate a cons-
tant ideal control environment.

Headphonelistening, however, hastwo
problems: in-head localization (which dis-
tortsthe stereo perspective) and the outer
ear transfer functions (which varies widely
from person toperson). The binaural signal
overcame these problems by using com-
plex digital audio processing.

Four presets related to four classes of
head shapes are available. Also, you can
measure your own outer ear transfer func-
tion and store the information ona ROM
card the size of a credit card. AKG was
displaying a market model of the processor
with headphones, soit's not simply an in-
teresting idea, it's a product.

Also related to headphone technology,
V. Barteis of Sennheiser?described a head-
set with active noise reduction. In a noisy
environment, you need to block out back-
ground noise in communications headsets.
Conventional closed-type headphones and
hearing protectors give a good range of at-
tenuation of sounds outside the ear piece
in the high-frequency range, but are not
very effective below 500Hz.

Active or electronic cancellation of this
low-frequency sound is the goal. The prin-
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By Peter Muxlow

ciple is simple, the implementation more
difficult. A microphoneinside the ear cup
samples sound within the closed ear cup.
This is fed back 180° out of phase into the
transducer's earphone, creating a sound
wave that cancels the offending noise. I
believe active cancellation techniques will
be commonplace soon, as much is being
done in this area with at least one headset
on the market.

The thorny subject of subjective evalua-
tion of loudspeakers? was addressed by R.
Jason, who gave a current overview and
the experiences at National Public Radio
USA. Subjective evaluations of preferred
loudspeaker directivity* was tackled by
researchers from Cannon and the Institute
of Sound and Vibration Research. They
concluded listeners had no clear consensus
of preferences, although naive listeners
showed atendency for amore omni-direc-
tional response. Researchers from the
Audio Research Group, University of Wa-
terloo, investigated the effect of sound
radiation by speaker cabinet walls.5

Of the two papers on Class D ampli-
fiers,s7I thought one had extremely prom-
ising prospects.¢ The aimistoconvert over-
sampled digital signals directly to analog
via pulse width modulation—Class D. This
work hasbeen continuing for decadesand
has been the subject of several previous
preprints. AsIlistened to the paper being
read, and the subsequent questions and
answers afterward, I sensed the authors'
excitement at the way it was progressing.
They have a large team working on the
project, including some of the circuitry
fabricated as an application-specific inte-
grated-circuit (ASIC) in a package requir-
ing 6800 transistors. If it can be made to
work well, and economically, the Class D
amplifier may at last become a commercial
reality.

A loudspeaker using the corona effect®
by A.Deraedt of France looked interesting.
The prototype demonstration was disap-
pointing. It seemed to work only ata very
low level with some hiss. Also, the problem
of ozone production acknowledged in the
paper had not, I think, been solved. Ozone
generationisalsoaproblem of the Magnat,
the only commercial corona speaker in
production of which I am aware. Inciden-
tally, the Magnat was also invented by a

French designer, S. Klein.

Computers are playing an increasingly
important partinacoustics. EASEisapro-
gram generating a lot of interest particu-
larly with acoustic consultants. You input
the dimensions of your auditorium, hall, or
other location and EASE simulates the
ETC, the frequency response, and the re-
verberation time. Dr. W. Ahnert, the pro-
gram originator, presented simulated re-
sponses of two theaters and one planetar-
ium and compared them to the measured
results.?

The range of topics of other papers in-
cluded ""Overheat Protection Circuits for
Moving Coil Loudspeakers,''!° "'Elec-
tromagnetic Compatibility—The Art of
Grounding,''!! and ''Optimization of the
Nearfield Monitoring Environment.''12 As
you can see from the few papers I have
selected, the subjects were diverse, all with
acommon goal—better audio. It wasanex-
hilarating experience.

Thisisalimited coverage of some of the
papers. A complete index of the preprints
is published in the JAES, and you can ob-
tain copies of the preprints for $4 each by
writing to the Audio Engineering Society,
60 E. 42nd St., New York, NY 10165. &
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Tools, Tips & Techniques

A SIMPLE CROSSOVER
NETWORK

Electronic crossover design is out of the
question for most novice speaker builders.
Eighteen decibel per octave zobelled net-
works probably come in a close second.
But a simple passive network suggested
by Ashley and Kaminsky in an AES article!
offers simplicity, minimal phase shift, and
surprisingly good sound at low cost.
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FIGURE 1: A two-piece two-way network (on

the left) daisy-chained to form athree-way net-
work (on the right).

The two-piece two-way network (Fig. 1)
offers a 12dB/octave slope in the crossover
region and can be daisy-chained to form
three- and four-way dividing networks. It
behaves symmetrically and has so few
parts that experimental swapping will not
break the bank.

I first tried the network as an upgrade
to Radio Shack’s Minimus two-way that
always struck me as sounding dull in the
midrange. The cost was incidental, the im-
provement dramatic.

TABLE 1

VALUES FOR NOMINAL 8% DRIVERS

CROSSOVER  ZETA = 0.707  ZETA = 0.5
FREQUENCY L (mH) C(:F) L (mH) C (uF)
15849 568 178 402 250
25119 358 112 253 158
501.19 1.80 56 1.27 80
79433 113 35 0.80 50
1,000.00 0.90 28 0.64 40
1,584.89 0.57 18 0.40 25
1,995.26 0.45 14 032 20
2,511.89 0.36 12 025 16
5011.87 0.18 6 013 8
10,000.00 0.09 3 006 4
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Table 1 gives you a starting point for ex-
periments. Selecting the zeta = ' option
gives you the smoothest transition. This
option allows you to put a bump in the
midrange for a more forward sound. This
bump can be quite pleasing with smooth
drivers, but grating if matched with the
wrong combination. The values do not
seem critical and a little cut-and-paste will
take off the rough edges.

A simple crossover like this would make
an inexpensive choice for a satellite/sub-
woofer combination. It worked wonder-
fully on my main speakers that consist of
a pair of large ported solid oak towers with
Peerless 1599 woofers and 655 tweeters.
Perhaps a pair of Peerless 1591 woofers
and a 1730 tweeter in a * “'Aprolito con-
figuration would make a 475 = onder.

Jerry Stump
Portales, NM 88130
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CLOSET BOLTS

Over the years, I have seen advertise-
ments for speaker spikes. Due to the ex-
pense of some spike sets, I have looked
for alternatives.

Recently, at a local hardware store, 1
found a viable solution—''closet bolts,"’
which have standard machine threads cut
into one end and standard wood threads
cut into the other (Fig. 1). How I used
them as speaker spikes is quite simple
and provides an effective speaker-to-floor
coupling. I screwed the half with the
wood threads into the bottom of the
speaker and formed the machine thread
half into the spike.

Select an appropriate size nut and
washer to fit the machine thread half of
the bolt. Then screw on the nut and make
the point of the spike by carefully grind-
ing the bolt on a grinding wheel or plac-
ing it in a vise and filing it to a point. If
you do the latter, wrap the wood threads
in a heavy cloth or place them between
two pieces of soft wood to avoid damag-
ing them. [Two nuts on the machine-thread

FIGURE 1: Closet boit.

end will make vise clamping easier, safer,
and more stable.—Ed.)

If the length you need is quite a bit
smaller than the size of the bolt, first cut
it to the desired length with a bolt cutter
or hack saw. Next, paint the bolt if you
wish, place the washer on the wood
thread end of the bolt, and screw the
newly machined spike with a wrench in-
to the appropriate size hole drilled into
the bottom of the speaker (Fig. 2). When
the nut has reached the end of the thread
on the bolt, the spike is screwed tight

FIGURE 2: Machined spike.




enough into the speaker. Thus, you are
forcing the nut (and ensuring it is tight
and will not back out) onto the non-ma-
chined portion of the bolt.

These bolts come in several lengths and
diameters suitable for different thick-
nesses of cabinet walls. As a final note, not
every hardware store carries these bolts
or often they are not called closet bolts.

Todd M. Kreuser
Green Bay, WI 54304

L-PAD IN
A SPREADSHEET

To use a spreadsheet for Glenn Phillips’
(SB 2/83, p. 20) and Kurt Klockeman's (SB
6/89, p. 56) L-Pad calculations, place the
required load impedance in a cell you will
use as a reference. I use row 1 for titles
and notes, row 2 for impedance reference
and column headings, and the remaining
rows for results. In my spreadsheet {Table
1), cell A2 is the load impedance, column
B is the value of the parallel resistor {Rp),
and column C is the value of the series
resistor {Rg). Column A is the amount of
required attenuation for the circuit, in
0.2dB increments.

TABLE 1

SPREAOSHEET CELLS ANO FORMULAS

CELL FORMULA/NOTES

A2 Load impedance (for example, 8)
A3 - 0.1 (minimum attenuation)
A4 —-0.2 Copy A4 down column A in

-0.2 steps to the maximum re-
quired attenuation.

B2 Rp column heading

B3 = ((10A%20)*§A$2)/(1 — (10A3/20))

B4 Copy B3 down column B to match
column A

Cc2 Rg column heading

C3 =8$A3%2 - (((1/B3) + (1/3A$2)) - 1)

Ca Copy C3 down column C to match
column A

To use Klockeman's formulas
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B3 = ($A$2/((8A$2/D3)" ($AS$2 - D3)))
*$AS2

c3 =$A$2-D3

D3 = (1/(10ABS(A3)/20))* §AS2

To change the load impedance value,
altering the value in cell A2 will update
the spreadsheet automatically. The dol-
lar signs in front of the references to cell
A2 are absolute reference symbols for my
spreadsheet {Microsoft Works); you may
need to use a different symbol.

|

Gregg S. Irwin
Seal Beach, CA 90740 >

DRIVER DESIGN LIMITED

Proudly introduces the V6/20 bass-midrange

This versatile 6-inch driver deftly balunces the demanding
requirements of both Pro Audio and lligh 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:

- flured hard paper diaphragm

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

- lurge vented-pole magnet structure

- custom double-roll cloth surround

All this helps to make the V6/20 well suited to high power

high fidelity midrange applications such as in large three-way
monitors or small, high-quality PA systems. It even makes an
excellent little guitar speaker of unusual accuracy and warmth!

Now availuble exclusively at:

A&S Speakers
3170 23rd St
San Francisco CA 94110
Tel J415-641-4573

driver design Iid
611 rughy rd #118b charlottesville va 22903
804 971 3822
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All a Speaker Builder Needs to Know About Dual Voice Coil Woofers

Model 81524DVC 10204DVC | 10207DVC 1052DvC 12204DVC 7‘;4 1252DVC | 15254DVC | 15258DVC -
r__Siz_clnchcs, 8 10 | 10 10 12 12 | 15 15 |
_FsHz 30 25 | 21.5 | 21 ! 22 [ 19 19 | 20 1
Mmd g i 38 53 53 ] 46 106 | 98 | 160 . 170
Cms 7x10°© 9x10° C9x10® | 1.3x10° 48x10° | 75x10° | a8x10° | 41x10°
Vas Liters 46 1 165 139 212 ! 206 318 | 360 1 360
Rscc Q per coil 3.6 ] 35 58 57 | 3.5 | 5 Il 35 5%
ZminQ 4.3 | 35 | 7.1 | 6.5 | 3.36 L 7.0 ) 38 .63
Zmax Q 100 | 46 92 | 86 | 24.9 I 69 —4: 43 ! 58 |
Vel Mh 1.0 1.2 .63 ol ¥is] 1.7 72 1.2
@1Khz - 4 ! L — | I — ==
_Qms 9.2 33 | 3.7 | 411 | 212 | 44 1 4.79 }! 469 |
Qes | 32 27 L 24 .29 | .36 | 39 41 L83
Qs .31 25 | .23 | 27 L 318 | .36 1 .38 1 47 ﬁ
Xmax mm peak 27 | 6 | 6 l 6 6 1 6 Ai.— ES15 h o =5 Bl
Efticiency db 1w 1M | 90 904 90.4 | 91 | 90 | % | 904 B 904
Response 30-2.3K 30-1.6K | 30-1.5K | 25-25K 25-1.5K | 20-1.8K |  30-15K 30-1.5K
. Power Watts | 80 (40/40) 200 (100/100) 200 (100/100) 100 (50/50) | 200 (100/100) | 100 (50/50) | 200 (100/100) | 200 (100/100)
'Magnet Wt. oz. 20 1 40 40 I 30 40 | 3 | 60 i 60
All units have Black Polypropylenc Cones, foam surrounds, and voice coils made of high temperature aluminum.
Voice Coil 1.5" 1k 2" I 2" jEs" | 2" | 1.5" | 2
Cutout & 7.12" 9.12" 9.12" 9.12" 1111 11.11" 13.87" 13.87"
Depth 3.37" 1 4.45" | 4.45" 4.45" 5" 1 5" 1 6" | 6" "
PriceEach | $32 |  $47 | $49 %40 | s52 $40 | $68 $68 |
Alignments | 81524DVC | 102040VC Ijozomvcl 10520VC | 12204DVC 1 1252DVC 15254DVC 15258DVC |
Vb Liters 14 19 1283 21 28 |36 21|35 56 . 42 |56 | 7028 4214270 . 92 |30 |56 |70 120170 56 | 70 |100/100| 56 | 70 | 70 | 100
F3 Hz 7 51 | 43 395‘. 54A48'4_4"49>4-0 3‘;742:38135'55‘53'43 36-31748.7‘438 408 28.7’25.5““—13-42*40 39#4-1‘39.40“367
+—+—+—¢— 4+ L 41 | 3 S— - e s & S TN N S S —
Fb Hz 35|39 {372/ 40 |39 |36 37|39 3636|3235 , NoFill | 32 | 31 | 28 | Fill | Fill ::_Jltl)l 26 |255] Fill | Fill | Fill :tl)l‘ Fill r::; Fill | Fill
PcakAthcs T 0 A-5*+.8~+,4' 0 »+—.2' 1 ‘_o T+_e:'+4‘ -T+_3‘-.5'+1o +2 o'*e 0 ‘-.3‘112 +43%+2”o .4 | o‘n 11,:5:'5 0

+ 4 4 4+ 4 | N T —al

33 |0c|x Ocioe 0 e Ol
83| 71 92 73 78 874 66 75 96[104 89| 79

. —~ - +— - - - + - ~+ - -+ +

PortLengthIn. |125 68 475/56 | 4 (3716679561583 725 4.1

- - + + — + —T— ¢ e

Port Dia. In. 2 2|2 |25(25/251 3 | 3|33 (3|3 (Qtc.Qtc.|] 3,33 |Cc| i O

— —— + . L 1

Sealed (124 45 38 Sealed 45 38 Sealed Sealed

We thought that Speaker Builders would appreciate a chart of Madisound Dual Voice Coil Woofers with specifications and ap
plications. There are several reasons why you may wish to choose a woofer with two voice coils:
1) You want to use a common subwoofer and drive it with a stereo amplifier.
2) You wish to parallel the voice coils at low frequencies to give added bass boost to your system.
3) You may use an impedance not commonly available. Two 4 ohm coils can be paralleled for a 2 ohmn net impedance. Two
8 ohm coils can be used in series for a 16 ohm load.
4) Many Madisound dual voice coil woofers can be used in very small boxes. This is ideal for quality autosound bass and
unobtrusive video systems.
5) Adding a subwoofer is not expensive; low frequency crossover filters are available starting at $50 a pair, (even less if
you buy parts for home assembly). Cabinets are limited only to your imagination.
6) A subwoofer is the most dramatic improvement you can make to the average existing stereo system.

So as Arsenio would say, “Let’s get Busy!”

Madisound Speaker Components
A S P T A ' O vchsily (ergen
shippment Adding 10" for shipping charges (Residents of Alaska, Canada and BOX 4 2 83 Mad | SO n W I 5 3 71 1
17611 ek tising Y e eI 1 koot g Phone: 608-831-3433
charge We accept Mastercharge or V-usa.' -(jn %n‘l‘and phone orders Fax: 6 08— 83 1 - 3 7 71
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MITEY MIKE FIXES

Two equations in Table 1 of my ''Mitey
Mike'’ article (SB 6/90, p. 10} are incor-
rect. ‘'‘Max Undistorted SPL’’ should be
>120dBA and “Wideband Noise Level"
should be <42dBA.

Joe D'Appolito
Andover, MA 01810

VENTED-BOX ERROR

Figures 3 and 4 of my ‘"New Guidelines
for Vented-Box Construction’’ article (SB
2/91, p. 14) were interchanged.

G.L. Augspurger
Los Angeles, CA 90039

24W100 PROBLEMS

I am writing to comment on Stephen
Wakeman's letter in SB 6/89 (p. 62) and
Robert Bullock's response concerning the
performance of the Dynaudio 24W100
woofer. I have had a negative experience
evaluating two of these units.

I built a three-way system in a sealed
box with a volume of approximately 50
liters. I am currently using the Dynaudio
21W54 woofer, D76 midrange dome, and
21AF tweeter. Obviously, I am not prej-
udiced against Dynaudio. At one point,
I had narrowed the choice of woofer to
the 24W100 or the 21W54 and had al-
ready tested the 21W54. The first
24W100 had what I consider major prob-
lems, so I sent the unit back to the dealer
with a rather detailed explanation.

The dealer apparently did not test the
driver, but instead sent me another of the
same type. This unit had exactly the same
characteristics, so it did not seem to be
an isolated problem. I sent the second one
back with a plea to replace it with a
21W54, which the dealer did. I never
heard further from the dealer or anyone
else on this matter.

The problemsI encountered were three-
fold. First, at rather modest power levels
(about 1-2W) at frequencies of 50Hz and
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below, the driver, when mounted in my
sealed box, created an objectionable
“wheezing.”’ I think this is because the
driver magnet is not vented to the rear,
asitisin the 21W54. Rather, several small
holes are found in the front of the cone
approximately where the voice coil is
attached.

I suspect the sound I heard was gener-
ated by the air being forced through these
holes when the cone underwent the large
motions necessary for good base response.
The wheezing is probably due to turbu-
lence this motion generates. The sound
was inaudible when the speaker was
driven at frequencies above 100Hz or at
much lower power levels.

Second, I carefully measured the im-
pedance curve of the drivers to establish
the resonant frequency and Q in my box.
The method I used is rather sophisticated,
I think, because I measure the real (re-
sistive) and imaginary (reactive) parts of
the impedance as a function of frequency.
From this data, you can easily obtain the
resonant frequency and Q,,, where Q,,
refers to the mechanical Q neglecting the
effect of electromagnetic damping.

The Q,; was roughly consistent with
that quoted by Dynaudio after including
the Thiele/Small factor of square root of
1 + alpha. However, the calculated total
system Qg was considerably larger. Spe-
cifically, from Dynaudio's claim of Qg
= 0.3 in an infinite baffle, you can cal-
culate a Q¢ of about 0.46 for a 50 liter
box. My results indicated a Qg of about
0.8, which is much larger. Only with the
24W100 driver have I had this sort of
discrepancy; I have measured three other
woofers and always come fairly close to
the expected value.

Furthermore, I believe Dynaudio’s lit-
erature belies their claimed value of Q.
The point is that by examining the imped-
ance curve, you can infer the value of
Qgs from the Q,,. The ratio of these two
Q values is equal to the ratio of the net
resistances for open and closed circuit
connection. For example, the minimum
resistance is about 6.5Q, while the max-
imum according to Dynaudio’s data sheet
is about 13Q. This implies that the elec-
trical equivalent of the mechanical resis-
tance is about 6.5Q (13 — 6.5). Hence, if
the Qp = 1.6 as Dynaudio claims, the
Qrs should be about half that, or 0.8. It

is impossible for the Qs to be as low as
0.31, as Dynaudio claims, without the im-
pedance curve rising much higher {to
about 40%). Something is inconsistent
with their measurement techniques.

Third, the sound quality with modest
power drive was rather bad at 50Hz. The
harmonic distortion was very objection-
able, aside from the question of the
wheezing noise.

I would gladly relay this criticism to
Dynaudio, except their address in Den-
mark seems to be a well-kept secret.

I close with two rather irrelevant re-
marks. First, I am a Ph.D physicist and
am deeply involved in research into an-
other kind of resonance—nuclear mag-
netic resonance. The point is I am very
familiar with the physical and mathemat-
ical principles of resonance. Second, the
systems I did build sound beautiful, and
I am grateful to Dynaudio for the high
quality of the driver I selected.

I would be interested to hear of the ex-
periences of other speaker builders on
this matter, and especially to learn the
opinion of Mr. Bullock whose expertise
is well-known.

Peter M. Joseph
Upper Darby, PA 19082

POWER AMP
QUESTIONS

I am breadboarding a mono power amp
onto the back of each bass box. This
eliminates building an amplifier chassis.
Each side will have its own amp and
power supply. The power supply trans-
former and caps will reside inside the
box. I increased the box depth by 1%2” to
allow for a recess in back and for the
power supply’s extra volume. Figure 1
shows an idea of the physical layout. I
have several questions, however.

1. I am concerned about 60Hz noise,
since the input cables and power cord
will most likely be near each other. As-
suming I buffer the output of the pedal
coupler, is regular coax cable OK? Would
it be advantageous to gain up the signal
as well to run a high-level signal through
the input cables? Any other suggestions

Continued on page 74
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NOW IN NORTH AMERICA

Low distortion
and resistance
Sinterbar Coils.

Transformer
Core Coils have
super low
resistance and
with our
unique core
configuration,
less distortion.

This style
former can be
used for Air
Core Coils as
well as with a
Ferrite bar.

Metal-Polyester
Foil Capacitors.

Bell Core Colls
reduce
strayfield and
saturation.

Metal-
Polypropelene
Foil Capacitors.

Corobar Coils
for High End
Crossovers with
High Power
Capability and
' Low Distortion.

High Quality
bipolar
Electrolytic

' Capacitors.

Ferrobar Coils
for super low
distortion.
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FIGURE 1: Rear view of the Swan IV bass
speaker, showing the power amp.

or thoughts on this approach would be
welcomed.

2. 1 am having trouble locating 2%2" ID
conduit for the tuning ducts. Can you
recommend either 2” or 3” diameter, and
at what length?

3. Does anyone know how to produce
a "black walnut'’ or ''black ash'* wood-

grain finish? [ am laminating with ash and
wish to match the gloss black satellites.

Hubert Biagi
Tuscon, AZ 85719

SERVO
PROS AND CONS

Speaker Builder has featured several the-
ory and construction articles on servo-
controlled speaker systems {Brown, 3/89
and 1/91; Mortensen, 1/90). While I am
always willing to be shown a new or bet-
ter way to do things, in my experience,
servo-controlled woofers simply do not
perform adequately. Perhaps these SB ar-
ticles embody provisions to eliminate the
serious deficiencies inherent in these sys-
tems; if so, I have missed them.

I am concerned that readers who lack
experience in this area will spend con-
siderable time, effort, and money con-
structing such systems, only to discover
their deficiencies are significant. Any
real-world design necessarily embodies
compromises and tradeoffs, but servo-
controlled bass speakers are inherently
flawed and problematic—at least in terms

—

—
Acoustic Engineer

|

( Amplify your success =
with a global leader.

\.

Make yourself heard taking on dynamic engineering challenges with a multi-billion
dollar competitor in worldwide consumer electronics. We're the Home Audio Sys-
tems Division of Thomson Consumer Electronics. Our innovative strengths have
expanded our global reach, creating exceptional opportunity for an ambitious, take-
charge Acoustic Engineer to provide technical leadership to our Hi-Fi team.

Interacting directly with the Manager of Hi-Fi Engineering, you will develop loud-
speaker product concepts, design acoustic systems to meet business needs,
negotiate with suppliers/manufacturers of speaker drivers and enclosures, and
maintain high quality products

This multi-faceted position requires at least 3-5 years' experience in acoustic/
speaker design, including analytical design to production. Strong knowledge in the
areas of acoustic properties, parameters and performance, as well as speaker
measurement/test/evaluation/assembly/construction is essential. In addition, you
must be a self-starter able to motivate others. A Bachelor's degree in Electrical
Engineering or Physics is required; previous project leadership and planning skills
desired. Involves domestic and international travel.

For prompt consideration, please call (315) 452-4213 or send resumel/letter to:
Mary A. Jaworski, Thomson Consumer Electronics, 6225 Running Ridge
Road, Syracuse, NY 13212. An equal opportunity employer.

/X THOMSON CONSUMER ELECTRONICS
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of today's technology. My purpose in
writing is to identify and define these
problems and to question the wisdom of
using servo control for most applications.

Let me describe these alleged deficien-
cies and why I believe servo control ac-
tually causes more problems than it
solves. First, I think we can agree that an
ideal woofer in an ideal enclosure does
not need servo correction. Woofers and
enclosures are not ideal, however, so all
speakers embody compromises.

The servo system is usually employed
in two circumstances: when the woofer
system needs added low-frequency exten-
sion and when a reduction of harmonic
distortion is desired. More often, it is the
first case servo designs address.

In both cases, you can achieve the same
benefit by using either more or better
drivers or larger cabinets—in simplistic
terms, ''more speakers.” Solving the
problem this way is more than equivalent
to using a servo, as linearity is naturally
improved. But, this often leads to what
some describe as an unacceptably large
system.

In brief, the servo design is intended to
provide the benefits of the "large’’ system
in a small system size. I include those
commercial 18” servo-controlled sub-
woofers in this ''small system’’ category
{since their cabinets are undersized). This
is the crux of the matter. Trying to get
large system performance from a small
system through the use of electronic cor-
rection by feedback is what is being at-
tempted. Can you do this successfully?

Immediately, the problems leap out.
The main issue is one of linearity, the
driver's ability to move exactly according
to the electrical signal input to it. Most
drivers are nonlinear to some extent.
They are typically fairly linear for most
of their range, with deviations from linear
behavior increasing dramatically at the
extremes of motion. In practice, the more
you try to make the driver move, the
louder it is played, the higher the distor-
tion, and the less the linearity.

This leads to the simple understanding
that more drivers + lower level per driver
= less distortion. Also, the relationship
to mass for an infinitely stiff material says
that less moving mass = lower distortion.
Electrostatic speakers take advantage of
both ideas. Given enough surface area,
ESLs will produce as much bass as any
other speaker design. Horn designs, like
the Klipshorn, also take advantage of
these principles to produce lower har-
monic distortion.

In practice, the servo system is trying
to trick the speaker into displaying the
above two characteristics. Here is the
catch. The speaker is being given elec-
trical signals, presumably instantaneously
and concurrently with the input, to "'cor-
rect'" its motion. This creates unavoidable
problems.

Continued on page 76




EL84/6BQS
6VEGT

6L6GC
5881/6L6WGC

VACUUM TUBE DEALER PRICE LIST (MAY 1991)

SOVTEK, USSR
$2.60 each 12 at $2.25 each 25 at $1.75 each
3.90 3.35 2.95
4.50 3.95 3.65 50 CALL FOR SPOT QUOTE
6.75 6.20 5¥5 100 CALL FOR SPOT QUOTE

The 5881 is Russia’s selected military BLBWGC and regarded as the very best 6L6 type in the world. Eric Clapton recently replaced the Philips
Sylvania 6L6 STR's in his custom Soldano amp which he uses live, with SOVTEK 5881's because of their milky smooth sound. Discriminating
musicians thruout the world are retubing with the SOVTEK 5881/6L6WGC.

5U4G
EL34
6L6GC
12AX7a
12AT7
6146B
6550
KT88

EL34/6CA7
6DJ8
12AU7/ECC82
12AX7/ECC83

SINO, CHINA
$4.60 each 10 at $4.15 each 25 at $3.75 each 100 CALL FOR SPOT QUOTE
5.70 4.80 4.25 A ' '
4.70 4.20 3.95
3.85 3.35 3.15
3.90 3.40 3.30
12.50 11.50 10.50
9.40 8.95 8.50
13.50 12.25 10.95
El, YUGOSLAVIA
$5.10 each 10 at $4.65 each 25 at $4.10 each 100 CALL FOR SPOT QUOTE
3.25 2.95 2.65 o " " "
3.15 2.80 2.35
3.15 2.75 2.35

SIEMENS, GERMANY

EL34 $7.25 each 10 at $6.75 each 25 at $6.20 each 100 CALL FOR SPOT QUOTE
GE
5U4GB $11.85 each 10 at $11.25 each 6550a $17.95 each 10 at $16.50 each
6CA7 14.95 13.50 7025 14.75 13.25
6L6GC 14.95 13.50 7027a 16.95 16.25
6LF6 19.50 17.95 7591a 14.75 13.50
12BH7 9.95 9.50 7868 16.95 16.25
12AT7 6.85 6.40 8417 15.75 14.25
12AX7a 4.95 440

SOLID STATE RECTIFIER

Built into tube socket. Direct plug-in replacement for all 5Y3, 5U4 and 5AR4 types. $6.25each 10 at $5.90

ODD BALL TUBES (MOSTLY USA STOCK)

5AR4 $7.95 each 6BA6 $2.25 each 6J5 $4.50 each 6X5 $3.90 each 6189W 3.80 each
5BC3/9 195 6BK11 7.90 6J7 5.50 6X8 2.25 (12AU7W industrial)

5V4GT 550 6C4 2.50 6K11 6.90 12AY7 5.95 6973 11.90
5Y3GT 495 6C56T 275 6SC7 6.90 12AZ7 3.90 7189 7.90
6ALS5 2.75 6C10 4.50 6SG7 3.50 12DT8 4.95 7199 17.80
6ANS 4.95 6CA4 3.50 6SJ7 4.45 12DW7  12.95 7247 11.95
6AQ5a  4.25 6CG7 6.90 6SK7 3.15 12FQ8 4.75 OA2 2.75
BAT6 3.25 6EU7 11.80 6SL7 4.35 57 1.50 OA3 1.95
6AU6 2.50 6FH8 10.90 6SN7 5.45 5749 475 OB2 1.50
6AV6 2.50 6GT5 14.75 6U10 4.90 (BBABW industrial) OC3 4.75
BAX5 4.90 6GW8 6.90 6X4 3.75 5879 $6.50 4CX350A 139.00

GIVE US A CALL ON ANY TOUGH-TO-GET TUBE. WE'LL FIND IT FOR YOU!
ALL TUBES GUARANTEED! QUANTITY DISCOUNTS AVAILABLE!
MINIMUM ORDER $50.00
ADD $5.00 SHIPPING ($10.00 OUTSIDE UNITED STATES)
SEND CHECK OR MONEY ORDER TO:
245 EAST 63RD STREET, SUITE 526, NEW YORK, NY 10021
CONTACT: MIKE MATTHEWS  TELEPHONE: (212) 980-6748 TOLL FREE: 1-800-633-5477 FAX: (212) 753-7340
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AudiAnateur

THE JOURNAL FOR AUDIOPHILE CRAFTS

The innovative, independent
audiophile journal for the thoughtful
and capable music lover

Audio Amateur’s articles deal with how
audio equipment works, as well as how
to build or modify it. Construction and
modification articles are plentiful, supply-
ing all needed parts, performance and
assembly details. Exceptionally high qual-
ity designs.

Audio Amateur offers a number of fea-
turesin each issue that abound with useful
ideas. The Letters column is an open
forum for problem solving and informa-
tion interchange: Classic Circuitry
reprints schematics of state-of-the-art
gear—old and new; Audio Aids relates
readers’ experience with simple modifica-
tions to equipment and construction
techniques. We aiso feature many useful
and practical hi-fi accessories vou can
build to further vour audio enjoyment.

For a small investment you can make your

music system sound better—very prob-
ably a lot better.

AUDIO AMATEUR
Two years (8 issues) $35
Dne year (4 issues) $20

Canada add $4 per year postage

‘NAME B
'STREET&NO
cIy

STATE R

MCORVISA

AUDIO AMATEUR PUBLICATIONS
PO Box 576, Dept. B91
Peterborough, NH 03458-0576
(603) 924-9464  FAX: (603) 924-9467
Answering machine for credit card orders only:

betore 9:00 a.m., after 4:00 p.m. and weekends.
Have all information plus MC/VISA available.
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Continued from page 74

If this motion is large, two things hap-
pen. First, large levels of ''correction’’ sig-
nal are applied to the amplifier and to the
speaker’s motor assembly. Correction ap-
plied to the latter is often in opposition
to the input signal and to cone motion
{out of phase). To "correct’ this {the sum
of the input + correction = motion —
error), the correction signal must differ
from the input signal.

Even at modest levels, the amp can be
overdriven, creating additional distortion.
Even more importantly, the speaker mo-

| tor can become saturated and overheat.

To avoid this, the designer must use a lar-
ger power amp and a driver with a larger,
heavier motor assembly. In the 3/89 arti-
cle, a 200-500W amp is called for to drive
a single 8’ speaker. Or, you can choose
to live with reduced output and dynamic
range.

Second, as the output level from the
system goes up, so does the percentage
of servo feedback. In other words, the
louder the system is played, the more the
servo is required to work. This is fine, un-
til the mechanical limits of driver suspen-
sion are approached. In practice, you
would be shocked at how often a typical
system is driven into this limit. Usually,
our ears forgive much of it (no, not all,
which is one reason you pay more for bet-
ter speakers), since it is heard as a ''soft"’
limiting, and is not audible as a discrete
sonic event.

This second problem is often the more
serious. The servo loop is given the '‘elec-
tronic program’’ to keep the system linear
at all costs. As the system is driven
harder, the loop tries more and more to
keep it linear. It does this by creating a
signal that is the inverse of the nonlinear
motion. In effect, this electrical signal lit-
erally tries to stop whatever the cone is
doing at that time. No amount of servo
correction can fix input signals instruct-
ing the speaker to exceed its nonservo
output range. Practically speaking, servo
correction under these conditions amounts
to amplitude compression. The Philips
Little David system is an excellent exam-
ple of the compression problem. I have
found this compression effect to be audi-
ble in all servo-controlled systems I have
heard.

The idea of a real system trying to get
extended frequency response through the
application of a servo loop is terrifying to
me. Why? Well, if you look at the system
to which a servo is to be applied, before
the servo is added, and plot the low-fre-
quency excursion limitations of the driver
in the cabinet, you will find that usually
there isn’t much excess diaphragm option
available, especially below f/fg/f;. If
there is sufficient excursion, then either
fg is very high (no bass extension), the
driver is from an alien civilization, or the
extension is not needed. Practically speak-
ing, this excursion limitation is clearly un-

derstood by the servo sensor. It sees the
limitation, with the attendant onset of
nonlinearity, and tries mightily to correct
it—once again, with diminishing returns.
The driver, alas, cannot exceed its own ex-
cursion limits.

Why not simply add an equalizer to ob-
tain the extension or shaping of response
you desire? Obviously, this will not work
in many cases, since the system alignment
is so far from optimal that the distortion
produced by such an attempt is unaccept-
able. Certainly, without some control, the
cone could be blasted out from the front
of the cabinet.

Advocates of the servo system might
suggest it is best not to operate a system
near its limits; that is, if you operate your
system within a ""window’ of loudness,
most objections are eliminated. Thisis a
good idea, to some extent. However, if you
are going to build a servo system that will
operate with sufficient output, keeping the
speaker cone operating below a certain
electrical/mechanical threshold, then
haven't you actually built a larger, more
linear, standard speaker system? If this is
the case, why bother with the added ex-
pense and difficulty of a servo?

In practice, more often than not servo-
based systems are not designed to improve

Continued on page 78
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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 MuItiCap":

* 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
polypropylene films. o L—
* And not only the selection of the best foils available. THi ctional drawing shows th
* Butin each MultiCap, you get ten precision, paralleled ] connial cometmona 3‘:'&%;;&‘;’ 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: 916.823.0180

@ MIT MultiCap™: “The most advanced capacitor in the world.”
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Plots Frequency, Excursion, Impedance, Group Delay and Phase Responses for any Driver/Box Combination

* (losed (Air Suspension) or Vented Enclosures
MacSpeakerz

* Trapezoidal and Rectangular Box Calculators
* Calculates Vent Dimensions
The Speaker Design Toolbox

o Large Driver Library Included (easily expandable)
* Units Conversion

¢ Lasy Parameter Entry

* Basic Crossover Design

To Order Software and Speaker Design Reference
Send $249.00 plus $3.00 for shipping
for Charge Card Orders call: ~ 619-480-8961

(California Residents add 74% sales tax)
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CUSTOM SPEAKER
ENCLOSURES

M/ -
1 1 offer the serious home builder the
very finest speaker enclosures
| available. The materials I use are the
best and every cabinet is carefully hand
assembled. If it isn’t perfect, I don't
ship it!

My cabinet manufacturing
operation is very efficient and 1 keep
my overhead low. Thats how I am able
to offer you better quality cabinets at a
lower price

,—'/> i
i

/

With 16 years of speaker building
experience, I can also offer you
| valuable advice. If you have any

7 questions, please feel free to call.

4/%/77’ ool

om Suriano

Sound Mart

PO. Box 27
Conover, Wi. 54519

(715)479-7532
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Call For Free
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Continued from page 76
already high-output/wide-bandwidth
speakers. Rather, most servos are still set
up to try and get something for nothing—
more output, more linearity, and deeper
bass than a given driver/cabinet can ac-
tually produce. You cannot expect mod-
ern digital dynamic range sources to stay
within relatively narrow {dynamic level)
windows. It seems to me a better idea to
spend your time and money on better driv-
ers and more linear cabinet loading
systems, with a "‘rumble’’ filter to elimi-
nate excess subsonic excursions and limit
the driver's thermal load, if required.
In the end, the age-old tradeoffs of band-
width for output and loudness for distor-
tion remain immutable. Also, you must
weigh the added costs of servo electronics
and mechanics against the costs of other
possible solutions.

Randall Bradley
Hannacroix, NY 12087

Arthur Brown replies:

I will attempt to give the basis for my enthusiasm
for servo-operated woofers and relate my comments
to your letter where I can.

I agree that no woofer/enclosure is ideal. Any real-
world design, whether an open loop or servo speaker,
embodies compromises and tradeoffs. Harmonic dis-
tortion reduction is the servo speaker’s primary bene-
fit, with extended frequency range a desirable extra.

One point you discussed was trying to get some-
thing with “more speaker and more cabinet.” If
this more speaker gives you a wider operating limit,
then it is a good solution. The servo speaker does
not extend the fundamental speaker limits. A servo
design must also take advantage of improvements
in speaker operating limits. I am referring to the
maximum cone travel, maximum input power, and
cone area (sound pressure). It is necessary, there-
fore, to identify the benefits of servo speakers over
open-loop ones.

If you must operate with a given set of speaker
limits, improved or not, more box may help the
open-loop speaker. Generally, the speaker operating
limits dictate the amount of improvement possible.
In this case, a servo speaker can also extend the
system's performance in much the same way, but
without more box volume. In fact, it is often de-
sirable to have a smallfer) enclosure in a servo
speaker than in an open-loop one to help establish
the servo open-loop gain/phase characteristics. I

Continued on page 80
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Sledgehammer Excellence in Auto Sound

The SLEDGEHAMMER PLATE system answers many of the needs
of high quality autosound installation. It can be surface mounted with a below
surface opening of only 3 inches in diameter and 1 inch depth. It gives you the
quality of a one inch titanium dome tweeter and a polyester film filter
capacitor. It can be used as low as 100 hz. or as a full range system with the
provision to add a subwooferata later date. The construction is an all metal cast
structure found in only the most expensive systems. This system can be
installed on the rear deck or door panelin a fraction of the time it takes to mount
flush mount systems. Dimensions:8.25” x 4.5" x 1.375"

The system is sold complete, and when you add up the savings in time
and extras, you will see that the SLEDGEHAMMER PLATE system is an
extremely good value.

Introductory Special Price:$79 per pair.

The SLEDGEHAMMER TWEETER MODULES allow you to put
quality high frequency reproduction exactly where it is needed. You can now
surface mount tweeters on the dash or doors, headliner, rear deck, or literally
any upholstery panel. The units are self contained and include grills and a
quality film filter capacitor. Response is from 4.5 to 22K Hertz. The dome is
a high fidelity polyamid construction for reliability and smooth response.
There are two models available: one with a rounded shape, and the other is a
wedge, so you can match the units to the cosmetics of the auto interior.
Installation is easy, and it does not require cutting the interior panels. You can
take these tweeters for use in your next vehicle.

Because you can buy these units without all of the customary steps in
distribution, you will find the cost a very pleasant surprise.

Introductory Special Price: ~ Model 23 Square $25 per pair.

Model 25 Round $25 per pair

In the past Madisound has offered an autosound electronic filter called
the MGT 33, but the company that assembled them for us went out of business.
Since we were, in effect, back to square one, we decided that we would
completely redesign the filter and develop a product that would be the best in
the field.

As a result we are proud to introduce the SLEDGEHAMMER CX-33
Electronic crossover with the following features:

*  Two OrR THREE WAY OPERATION.

Bass BoosT AT 40 Hz vARIABLE +/- 12 Ds.
SEPARATE PHASE SWITCH FOR BOTH LOW AND HIGH BANDS.
GoLp pLATED RCA INPUTS AND OUTPUTS.
LEVEL ADJUSTMENTS FOR EACH AMPLIFIER
SWITCHED BIPOLAR POWER SUPPLY
CROSSOVER SLOPES 12 DB BUTTERWORTH
pecifications include:
FreQUENCY RrESPONSE 10 Hz-50K Hz +/- 3 Dn
Totar. HarMoNIC DisTorTION BELOW .01% @ | K Hz.
CroSSOVER FREQUENCY: WooFER 50/80/120/180 Hz
Mipbass Low: FLA1/80/120/180 Hz
Mipgsass Hicn: 2.4K/3.5K/5K/FLat Hz
TweeTer: 2.4K/3.5K/5K/7K Hz

The SLEDGEHAMMER CX-33 comes with individual packaging and
a comprehensive owner's manual.

For a limited time, Madisound is offering the SLEDGEHAMMER

* * * * * * N

CX-33 at a special introductory price of §74. -
Ordering Information: All speaker orders will be shipped \
promptly, if possible by UPS. COD requires a 25% prepayment,
. and personal checks must clear before shipment. Adding 10%
Mad'sound Sp.eake.r Components for shipping charges facilitates shipping procedure (Resicgjents of
8608 U nlve.rsn Green Alaska, Canada and Hawaii, and those who require Blue Label
Box 4283 Madison WI 53711 air service, please add 25%). There is no fee for packaging or
Phone: 608-831-3433 handling, and we will refund to the exact shipping charge. We
Fax: 608-831-3771 \accept Mastercharge or Visa on mail and phone orders. J
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Continued from page 78

agree we are trying to get large speaker performance
in a smaller package with the servo speaker. In ad-
dition to the smaller enclosure for the given speaker
driver, we also reduce the system's distortion with
the servo speaker.

I will describe a significant deficiency I see in
the open-loop speakers to which I have listened.
The characteristic can be described as the boom-
box response, the exaggerated low-frequency re-
sponse of speakers designed for popular music. Too
many open-loop hi-fi speakers exhibit this low-fre-
quency behavior, generally to a much lesser ex-
tent than the boom box.

Another way of looking at this characteristic is
based on the fact that the speaker has mass. Once

excited, the cone continues to move until an op-
posing force is applied. Most open-loop speakers
are designed to have less than critical damping (Qs
of more than 1) to obtain the maximum flat or slight
emphasis in the low-frequency range.

The speaker, therefore, is under-damped and be-
haves according to the laws of an under-damped
oscillating spring-mass system. Uncontrolled mo-
tion is the result. This behavior results in a speaker
being heard after the input signal is no longer pres-
ent and in some cases when no intentional signal
has been supplied.

This rise in response can be included in a servo
speaker also. A flat response, though, can easily
be provided in a servo speaker while truly extend-
ing its response range. Have you seen a speaker

3 layer Keviar
Honeycomb Diaphragm
HEXACONE

® 70% greater stiffness

Injected molded Carbon
Graphite chassis

Rubber/PVC surround
Edgewound Ribbon wire

Isophase ribbon drivers
Hexacone Car speakers
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system flat within + 1dB from 20-110Hz? Low-mass
speakers can reduce this tendency to oscillate to
a large extent. As you pointed out, relative to distor-
tion correction, ESL speakers and multiple speaker
arrays are good candidates. A practical compromise
in these designs is the limitation of low-frequency
response. It is still difficult to get enough air move-
ment with them.

Horn speakers are a different breed of animal.
They can move the air, but need very large cabinets
to accomplish the low-frequency response. When
these approaches are used, the system cost {space,
as well as dollars) is excessive. These speaker sys-
tems are usually very large. Separate high-power
driver amplifiers are almost always recommended
with these high-end speaker systems. The servo
needs a separate amplifier also, but the result is
a smaller cabinet and low distortion.

The servo speakers with which I have experience
are absolutely quiet when no sound input is pres-
ent. People who have listened to my servo speakers
initially think the speaker has no bass response until
they hear a low-frequency passage on the record-
ing. They are amazed and convinced the speaker
is reproducing the lowest frequencies. I have some
records [ use to demonstrate the speaker perfor-
mance; Telarc's thunderstorms and soft jazz records
are typical. I would appreciate hearing more of your
servo speaker experience.

I agree that you cannot operate any speaker driver
outside of its operating region without generating
distortion. It was my primary consideration to know
my drivers’ operating limits. I demonstrated this
in my concern with knowing the driver linearity
as shown in Fig. 6 of the 1/91 article. I have run
the same data on the AR-1 system to establish its
limits.

T'also got into the problem of low-frequency travel
limits. The sidebar "‘Travel Limits of Drivers" {SB
1/91, p. 27 investigated the problem and showed
the speaker’s /imits in terms of drive power. As
you know, the travel limit requires reduced power
as the frequency decreases. This is a requirement
of any speaker, whether servo or open loop. I at-
tempted to build a circuit that automatically limits
the drive power to the curve of Fig. B. I have not
yet found a satisfactory answer, free from hum and
noise. [ therefore use an LED VU meter to monitor
the instantaneous power going to the speaker. This

FETON—
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allows me to avoid excessive sound levels.

I calibrated the VU meter so the maximum power
segment just lights at 50W RMS. I have yet to see
| a speaker input power that exceeds —9dB of the
| maximum segment, or 6.25W in my listening situa-
| tion. I can and have turned the volume up and ap-

proached 50W on occasion. This is not my listen-

ing practice since that level is too loud for my 16’

by 197 listening room. Those who will exceed the

level I find satisfactory in my listening room should
take into account their listening habits when speci-
fying a low-frequency speaker system. See my dis-
| cussion below.
| Ialso monitor the frequency of the signal going
to the overall speaker system using a segment level
device associated with various equalizers. Mine is
| a BSR. It shows the decibel level between 32Hz
and 1.6kHz for each octave. It also shows the total
| level.
| Although this device is not complex, it does in-
| dicate the frequency range of the sound going to
| the speakers and gives me further confidence I am



not exceeding the speaker limits. I recall listening
to one Christmas record. Everyone in the room
wondered aloud what they felt. On investigating,
we decided it was probably the signal of a 16’ organ
pipe. It was felt rather than heard due to the pres-
sure the subwoofer generated. The power meter
indicated a level of less than 6.25W at the time.

You speak of large levels of correction when using
a servo speaker. These potentially large levels oc-
cur only when the speaker motor is not generating
a feedback signal consistent with the input signal.
A music transient into the system normally creates
this type of condition. The transient’s high frequen-
cies, however, do not go to the low-frequency
speaker due to the crossover. The low-frequency
speakers, servo or otherwise, do not see severe tran-
sient signals.

Observe on an oscilloscope a square wave signal
at the amplifier’s speaker connections and at the
low-frequency speaker driver after the crossover
to understand what I am saying. The square wave
signal will become almost a sine wave. The sub-
woofer hardly sees a pulse. The servo is easily fast
enough to keep the speaker in phase with this in-
put signal and the speaker drive signal (correction
or error) will be moderate.

This error signal is controlled even when the
speaker cone tries to oscillate as a spring-mass sys-
tem. The feedback signal causes a correction that
opposes that part of the movement not in the in-
put signal. This correction is always within a defined
phase/gain relationship (SB 1/91, steps 5 and 6,
p- 20 and Fig. 16, p. 28) in a correctly designed
servo. This servo action provides dynamic damp-
ing of the oscillation to make the speaker follow
the input signal closely. The damping is automatic-
ally adjusted to match the situation—large some-
times, small others.

An open-loop speaker, however, is designed with
a given Q for the system. The speaker/enclosure
alignment and the amplifier damping determine the
speaker damping (1/Q). Most open-loop speakers,
as mentioned earlier, are designed to have less than
critical damping (Qs of slightly more than 1) to
obtain the maximum flat response. The speaker
damping is therefore fixed and must handle aii von-
ditions as they come. The servo speaker damping
adjusts to the conditions at the time.

I believe that any proposed system specification
must include the low-frequency power {displace-
ment) versus frequency I described in Fig. B. To
establish the power level a system requires at low
frequencies, it is necessary to have a clear idea of
the type of music to be played, its frequency range,
and the sound energy at these various low frequen-
cies. If this information is unknown, you are choos-
ing any speaker (not just servo speakers) with too
little information. I estimated power level require-
ments briefly in Step 1 of designing a servo speaker
(1/91, p. 20).

Let's explore these power levels further. I found
the statement that peak-to-average signal power in
recorded music is 10dB in some publication, which
one escapes me now. The other variation in power
requirement comes from the speakers’ inherent re-
quirements. They fall off in their output at low fre-
quencies. If the response is to be made flat to some
low frequency, it is necessary to add drive power,
either by shaping the amplifier response curve or
by servo techniques. Refer to my open-loop data

tween the maximum value and the 20Hz gain is
about 11dB. This falloff is typical of open-loop
speakers at low frequencies also. Therefore, you
must add 11dB or 3.6V gain to the speaker drive.
By design, the servo does this.

Let's add up these numbers. You might start by
specifying an average sound pressure level in the
room of 110dB. If you use an average speaker sen-
sitivity of 86dB at 1M for 1W input, you need a
24dB increase in sound pressure at 20Hz (24 -
11 or 13dB at 100Hz). Each increase in sound
pressure of 3dB requires doubling the input power.
Thus, 86 + 3, or 89dB, requires 2.8284W x 2
= 5.6658W. Applying this relationship, you get a
speaker input power of 724W for 110dB at 20Hz.
This is the average or RMS power requirement for

110dB sound pressure at ! meter at 20Hz. Gener
ating 110dB at higher frequencies requires less in-
put power. That sound pressure level is excessive
and causes deafness. Never use it in any reasonable
music listening room without ear protection.

Applying the 10dB peak-to-average rule above,
you have the 110dB only on peak levels of sound
and an average of 100dB. This requires about 90W
average input power at 20Hz. The 724W still must
handle the peak signals at 20Hz if you can provide
the drivers with sufficient cone travel. I doubt
however, that peak sound pressures would occur
at 20Hz in most music. Not many instruments can
generate that kind of power at 20Hz. I also doubt
that many people would listen to this 100/110dB
level for more than a test minute.
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Thus, we have the problem of determining the
system specs. You might say you need these num-
bers to be sure the system distortion is acceptable
at the listening level. In which case, you should
define acceptable distortion levels in the specs. Do
not expect to actually attain these power levels if
distortion is your rationale; you have unrealistic
specifications. You must evaluate the signal input
behavior at all frequencies before you can specify
a speaker system fully. My experience with my LED
VU meter and frequency indicator has convinced
me I can live with my system as discussed above.

As listening room requirements call for more
sound power, several options are available. You
can use two servo subwoofers rather than one. You
can use larger diameter cone speakers or longer
cone travel (larger V). You can also probably use
multiple speakers in a servo system, although I have
not devised such a system. Multiple speakers in

an open-loop configuration will increase the effec-
tive radiating area. The distortion of multiple
speakers can be low if each speaker is limited to
a low enough level input.

I continue to believe that a servo speaker is not
an excessive complication considering the results.
I do not recommend just anyone trying to design
and build one since special knowledge and in-
strumentation are necessary. I am continuing to look
for new drivers with extended limits. I would like
a larger speaker and longer travel. I wish to build
a future system design that can stroke linearly (not
exceed its travel limits) with 100W input at 20Hz.
I still need a relatively small box to provide the
servo loop characteristics necessary for the servo.
1 have sent inquiries to several manufacturers for
information on their products.

I hope I have responded to your concerns and
I thank you for your interest in servo speakers.

MP 14 RE-COAX/F
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tweeter, the two drive units have
identical acoustic centers and
matching directivity in the crossover
frequency region. MP 14 RE-COAX/F is
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Hans Mortensen replies:

Thank you for your stimulating letter about servo-
controlled bass speaker systems. It's always nice
to get thought-provoking comments. I hope my
remarks will clarify my standpoint.

The Swedish audiophile Josef Svalander (designer
of the all-tube preamplifier “Tuba,”” among other
things) is a rare individual who has had the oppor-
tunity to create a truly ideal woofer system. He
used a basement room as a speaker enclosure. So,
from that point of view, you are right: ideal is best.

In general, it is also true that “‘more speakers”
is better than corrections. It is interesting, however,
that even many speakers in Infinity's large systems
use servo controlling. Moreover, | am unsure it is
a matter of "'naturally” improving speaker perfor-
mances. [ cannot see much that is “‘natural” in
highly sophisticated technological devices like
speakers and enclosures. It is true, nevertheless,
that from a purist's point of view, all the electronics
servo systems require tend to lengthen the signal
path, usually an undesirable effect.

Your objection that servo correction amounts to
“amplitude compression” is very relevant and ser-
ious. I'll deal with that objection below, but one
comment on your premises is needed: “In effect,
this electrical signal (the inverse of the nonlinear
signal fed to the speaker) literally tries to stop what-
ever the cone is doing at that time.” This is not true,
for several reasons. First, speakers shouldn't do
whatever they choose, but should follow the elec-
trical representation of the music as closely as possi-
ble. This is done in all sorts of ways in conventional
speakers: by securing a near perfect power ampli-
fier to speaker interface, by keeping the internal im-
pedance of the power amp down, and so on.

Second, in a servo system, any cone movement
is immediately converted to an electrical represen-
tation. In principle, this conversion is done at a
speed of the order of the speed of light. In prac-
tice, quite a bit of delay is introduced. Compared
to the speed of sound and the speed of cone move-
ments, however, the electrical monitoring of the
cone movements is much faster. It is so fast, it is
fair to say the servo more resembles the eye-brain-
sensation combination when you move your ex-
tremities toward a goal: a constant monitoring of
whether or not the goal is reached. If reached, the
movement is stopped; if not, it is continued. Con-
sequently, a servo system basically provides an ultra
precise control over the cone.

But you're right about the amplitude compres-
sion. The explanation is quite simple: Mr, Brown
and | are trying to apply acceleration feedback to
our systems. Klaassen and de Koning! show that
pure acceleration feedback is the electrical equiv-
alent of adding mass to the cone.

This has at least three consequences: lowering the
resonance-frequency, increasing the quality factor
(Q), and lowering the sensitivity. The relationship
is this: increasing the cone mass by a factor of 2.5
lowers the resonance frequency f, by a factor of
2.5 and increases the Q by the same factor. The
increased Q is taken care of by adding velocity feed-
back, which Mr. Brown's careful phase and am-
plitude checks have provided to some extent. As
for my own design, refer to ’An Acceleration Feed-
back System”’ (SB 1/90, p. 10). The decreased sen-
sitivity is compensated for by an extra power
amplifier.




But that is only a tiny part of the wretched busi-
ness. Usually, a servo-controlled speaker's driver
enclosure unit is of the acoustic suspension, or “in-
finite baffle’’ (IB}, type. IB units quite often suffer
from a sense of amplitude compression without cor-
rections (even true, to my ears at least, of the famous
LS 3/5).

Undersizing doesn’t help. In principle, the servo
ought to take care of this problem, but it doesn't
{always) for many reasons. The first one comes to
think of it as a power amp with too few muscles,
as you indicate. That can be remedied without much
effort or cost—at least if you're an amateur. But,
honestly, [ do not believe this is the worst problem.

I've tried my systems with heavy power amps
with little difference compared with the 70W
devices I'm currently using, but they provide a lot
of current anyway. What I consider to be the worst

problem is this: the accelerometer is mounted at |

the speaker’s most rigid point and it monitors the
movements at that point. What the rest of the cone
is doing while playing heavy transients is not the
accelerometer’s business.

I don’t believe ordinary cones in undersized
acoustic suspension enclosures move as the voice
coil tells them because the spring constant of the
compressed air behind the cone influences the
movement of different parts of the cone somewhat.
How much depends on the cone in question. In
some cases, undersizing, perfect electronic Q, and
amplitude compensation result in lower distortion.
In all, extremely rigid cones in reasonably sized
enclosures ought to be a good bid. Modern Kevlar
fibers and the like may be part of the answer.

Finally, your comments on the drivers’ excur-
sion limits are very relevant and true, even though
I think you overrate the practical consequences.
It is my experience that surprisingly little cone
movement is required—even during loud music—
in ordinary living rooms.

All this said and done, I wish to make it clear
[ don’t know whether [ "'go in for"’ servo-controlled
speakers as such. But I do find such systems in-
teresting and experimenting with them is worth-
while. If [ have given the impression that servo
controlling provides something for nothing, my
command of written English is worse than [ thought.
There's always a penalty to be paid. It is the de-
signer's choice with which sort of currency he
wishes to pay: space, drivers, enclosures, elec-
tronics, or any combination of these.

With my article, I only wished to share my en-
thusiasm with others. That is also why I tried to
write the article the way I did: as bench notes.
Nobody could be more sorry than I if 1 have in-
flicted wasted time, effort, and money on others.

Thank you for the opportunity to rethink prob-
lems. The questions, choices, and parameters are
so many, the answers too often ambiguous.

[I invite Mr. Bradley’s disclosure of which servo
systems he has experienced, and especially any he
has built himself.—E.T.D.|

REFERENCE

1. Klaassen, J.A. and S.H. de Koning, "'Mo-
tional Feedback with Loudspeakers,'" Philips
Technical Review, Volume 29, pp. 148-157.

A 5/2 SYSTEM

I have been interested in loudspeaker de-
sign and construction since I was a teen-
ager and yearned for systems that were
far beyond my budget. My main consid-
erations have been clean, detailed sound
and the ability to reproduce high SPLs.
Although many of my systems have ful-
filled the first requirement, I was inevi-
tably disappointed by shrillness and ring-
ing in the high end and bass bottoming
during high-volume listening sessions.
When the Swan IV system was pub-
lished (SB 4/88, p. 9}, my brother and I
were immediately struck by this system's

dynamic capabilities. We had considered
using dual 12” drivers per side and a
D’ Appolito-type configuration for the top
end in our design, but since the Swan IV
was fully designed, we decided to con-
struct that system.

I cannot say enough about the Swan
IV's quality and Mr. D’ Appolito’s and Mr.
Bock's friendly advice and help. Their
system has supplied many hours of high-
quality listening. During high-volume ses-
sions, the Swan IV outperformed any
other loudspeaker | have heard. Although
we have been quite pleased with this sys-
tem, the need to experiment has urged us
to try to improve the dynamic capabilities
of even this formidable audio force.

e‘ﬁ

*“‘WIDE ANGLE’’ DOME TWEETER

The remarkable feature of our new
“wide angle’’ tweeter is its ‘‘controlled
directivity.”” A general problem for
tweeters is too much directivity in the
high end and unwanted omnidirec-
tionality in the low end. To solve this
problem Peerless has developed a new
concept in dome tweeters which has
proved to give distinguished musical
qualities.

Here is what can be obtained by con-
trolled directivity contributing to ‘‘spa-
tiality”” in reproduction.

¢ Less difference between frequency
response for direct and reflected sound.

® Less early reflection to disturb spa-
tial information in a good recording.

/\’gu)
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eerless

Hi-FI speaker

Reliable in supply and quality

® Less interference from box edges and
other nearby boundaries.

® Less room influence on reproduction.

® Less discontinuity at cross-over from
woofer/midrange to tweeter.

® Less critical stereo listening position.

For more information on our new
““Wide Angle’’ Tweeter, please respond
to reply number below.

PEERLESS OF AMERICA, INC.

800 W. Central Road
Mt. Prospect, IL 60056
708-394-9678

<t
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FIGURE 1: A 5/2 system.
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This brings me to my specific ques-
tions. Has Mr. D’ Appolito considered ex-
panding his 3/2 geometry to a 5/2 system
(Fig. 1) to reduce the strain on the mid-
and high-frequency components? Would
the separation between high-frequency
components cause problems with the
'D’'Appolito effect''? The three midbass
units would present either a parallel wir-
ing problem (very low impedance at 2.6Q
nominal) or a series one (at least 129).
Any suggestions?

Also, when the Swan IV was in its ini-
tial design stages, did Mr. D' Appolito con-
sider using a dual Isobarik or compound
bass system? Since they had originally in-
vestigated closed-box designs for their

“THIFI
NEWS
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purportedly superior transient character-
istics, but abandoned them due to box
size limitations, it seems a compound sys-
tem would have fit the bill.

Lincoln Fowler
Milwaukee, WI 53202

Contributing Editor Joe D'Appolite replies:

The 5/2 configuration you suggest would not work
well. There would be serious combing error in the
vertical axis throughout the tweeter's working range.
That is, there would be multiple nulls in the ver-
tical polar response. Dynamic compression of the
Dynaudio tweeter in the Swan IV is not a problem.

At the low end of the satellite’s range, you could
conceivably need some help. Here you could use
four midbass drivers, two above and two below
the tweeter. The outermost midbass units would
be active in the 100-800Hz or so range. Their func-
tion would be twofold. First, they would double
maximum SPL capability in that range. Second, by
appropriate choice of crossover, they would com-
pensate for diffraction loss. These would be single
voice coil units like the Focal 5K013L.

A closed-box bass module was rejected for the
Swan IV on the basis of maximum SPL in the lowest
octave and not physical size. We considered a com-
pound system, but dropped it because the bass
module goes well up into the midrange and radia-
tion off the back of the cone at higher frequencies
is seriously compromised by diffraction and reflec-
tion off the driver frame. An Isobarik configura-
tion was deemed too expensive and too difficult
to build for the gain in performance. Again, there
is a problem with interdriver cancellation over the
active range of the bass module.

SWAN IV QUESTIONS

I have a couple of questions regarding Joe
D'Appolito and James W. Bock's article
in SB 4/88 (p. 9) about the Swan IV
speaker system. Is there an advantage in
placing the drivers in the symmetrical
bass speaker in a push-pull configuration
to cause odd-order nonlinearities to can-
cel and improve distortion? Also, can I get
by with smaller drivers in a sealed enclo-
sure with a Qg of 0.5? The distance be-
tween bass drivers and the opposite wall
is less than 15 feet.

Steve Andersen
N. Highlands, CA 95660

Contributing Editor Joseph D’Appolito replies:

The Swan IV bass module uses a relatively slow
slope crossover and produces significant output to
several hundred hertz. These higher frequencies are
not radiated efficiently off the back of a woofer.
Serious response anomalies caused by diffraction
and reflection off the woofer frame would be more
objectionable than low-frequency distortion.
Your second question falls into the category of




a system redesign, which we clearly stated in our
article as being the type of question we would not
entertain. Without trying the modification ourselves,
we cannot guarantee the quality of the result.

I will, however, offer the following comments.
Small rooms can provide substantial gain below
their fundamental resonance modes. You may well
realize satisfactory bass performance with smaller
drivers in a sealed box, but it is something with
which you must experiment. You might consider
using two of the Eclipse 10W38Rs in a closed box
with a resonant frequency in the range of 40-45Hz.
The Pedal Coupler Bass boost circuit must be re-
vised slightly to produce around 6dB of boost in
the range of 27-30Hz. Alternatively, you can elim-
inate the boost circuit, use a Q in the range of
0.5-0.6, and hope the room boost is sufficient for
satisfying bass.

THE ARIA 7

I need the assistance of Mr. D'Appolito,
the designer of Aria 7, which I plan to
build. I am working on the plans for the
cabinets and have noticed a few discrep-
ancies between the plans Focal has pro-
vided and your comments and the overall
appearance of the cabinets versus their
dimensions.

The volume is written in the accompa-
nying article as 34 liters; however, using
the plan’s dimensions (less bracing and
venting), the volume comes to 38.56 lit-
ers. What should it be? Is there some tol-
erance in which modifications can be
made without changing the sound? Or
has the design changed?

The width of the front is noted at 8%2"
and the Focal speaker flange is 8”. This
leaves only %“ on each side, making
rounding the corners to %" rather diffi-
cult. The picture of the completed speaker
(SB 6/90 cover) looks more like %" to 1"
per side. If this is the case, the total width
would be closer to 9%2" to 10”, making it
necessary for one or both other dimen-
sions to change (to maintain the volume
as a constant at whatever it should be).

Can the front be widened without
changing the sound? If yes, by how much?
What should the other dimensions be?

If any changes or improvements to the
"'7" have been made since the original
plans/crossovers/speakers as provided by
Focal America, I would appreciate your
advice.

R.T. Brownlee
Clinton, NJ 08809

Contributing Editor Joe D’Appolito replies:

Unfortunately, I do not have a copy of the current
Aria 7 literature. The dimensions of my cabinets,
however, are 442" by 8%2" by 9%". These yield
a gross internal volume of 40.7 liters. However,
the port and vent tunnel occupy 5 liters and the
drivers and crossover roughly another 2 liters for
a net of approximately 33.7 liters.

there is just enough room for the driver flange. Ad-
mittedly, this may present problems in construc-
tion. If you prefer, you can widen the front baffle
to 9%”. You should then attain the correct volume
by reducing the enclosure’s height and not its depth.
You must not change the port area; instead reduce
its height to compensate for the increase in width
from 77 to 8.

Also, do not change the vent length. With the
wider front baffle, I strongly recommend that you
mount the T120K tweeter slightly off-center to
reduce the diffraction problems. With a 9%2” baf-
fle, place the tweeter center 4" from one edge.
Make the speakers in left and right versions and
place them in the listening area with the 4" distance
toward the center.

DTW 100
TI 25 FFG
TWEETER

Reaching the top is one of the

most satisfying rewards that

life has to ofter. Which path you
choose to take you there may

offer the key 1o your success.

The DTW 100 TI 25 FFG twecter
employs state of the art technology
to optimize an already proven design.
By depositing a micro-thin layer of

ROOM ACOUSTICS

I wish to express my thanks to Donald F.
Scott (SB Mailbox 3/89, p. 61 and 6/89, p.
70) and add my comments concerning the
subject of room treatment. Like Mr. Scott,
I'm a ""mature’’ audiophile, having put to-
gether my first hi-fi set in 1954. From
time to time, I've attempted to improve
my system by upgrading its components.
For a long time, I thought that upgrading
was the only way available and that I
could overcome "'deficiencies’ if only I
could afford this or that exotic compo-
nent. I was wrong.

Elevate Your

Performanc

pure titanium onto a soft polymer dome. the
moving mass is stiffened. allowing extended

operation into the high end frequency response.

The smooth sonic properties of this tweeter are
characteristic of the quality transducers we
have been engineering since 1932

There are plenty of choices to make when you
design a loudspeaker system. With the
introduction of this model. the decision of
which tweeter will contribute the most to your
system is now clear. The DTW 100 TI 25 FFG
will take you to a higher level.

’é

Y 4

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

‘ TECHNOLOGY & INNOVATION

The 7K011DBL frame is 7" wide, not 8", Thus, |
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combination of up to 5 axes

XOPT V3.0 : LOUDSPEAKER CROSSOVER DESIGN
AND OPTIMIZATION PROGRAM

* Easy to use pop-up menu driven program with graphics

* Design optimized low, high or band pass crossover networks

* Optimize the frequency response of a speaker system with up to 5
drivers and 33 interconnected crossover components on any axis or

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

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

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

* Used by many of todays top loudspeaker designers

Why settle for anything less than optimum crossover designs ?

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

1705 Rodin Way, Orleans,
(613) 824-3822

For IBM PC, AT, PS/2 and compatibles including 80386's with 640K, Hercules, CGA,
EGA or VGA graphics with or without a 80x87 math chip running DOS 2.0 or higher

Ontario, Canada KI1C 4Y9
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How to distinguish a thinking
audiophile from
a gullible, tweako cultist.

Thinking audiophiles worry about,
and focus on, listening room acoustics
and speaker placement, speaker system
design and transducer technology, A/D
and D/A converters, surround-sound
processors, microphones, recording
techniques—all the things that make a
genuine difference. And they read The
Audio Critic, the journal that combines
the highest standards in equipment test-
ing with an insistence on sanity and
scientific accountability.

The tweaks and cultists, on
the other hand, focus on wires
and cables, tiptoes and CD
rings, tubes vs. transistors,
$200 line cords, etc. They
are on their 37th pream-
plifier but only their 3rd
speaker. They seem lo be
oblivious to the snickers of

A

itic

academics and industry professionals,
and they read those...well, those other
“alternative” audio magazines to which
The Audio Critic is the best alternative,
Special offer! Send $17.50 for an
introductory package of the last five is-
sues published (Nos. 11 through 15),
all of them still 100% timely and up-to-
date. That represents a 50% discount
off the newsstand price and a 36% dis-
count off the regular subscription price.
Afler you have read these five fat is-
sues and understood what The
Audio Critic is all about, we
are just about cerlain that you
will become one of our
staunch and enlightened

0 long-tcrm subscribers.
The Audio Critic, Inc.,
P.0. Box 978, Quaker-

town, PA 18951.
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Mr. Scott's clear, unhyped, and persua-
sive discussion got me moving. I have
made nine portable panels and arranged
them around my listening room. Also, I
placed four approximately 5’ by 6’ sheets
of 2” polyurethane foam on top of some
panels. It's not a pretty sight and my wife
gets canonized next year. But what it
lacks in beauty, it more than makes up
for in creating a ''music friendly’* envi-
ronment. I know now what Mr. Scott
means when he says something '’sounds
the way you always hoped it would
sound.” I won't bore you with claims of
frequency response, SPL, and the rest. I
now simply hear the orchestra in my
room, not the recording. Instruments re-
veal their timbre, Kunzel brings his gang
over any night I wish.

Not being a woodworker of even the
most meager skill, I built my panels from
"linen shelving,”” obtainable at home fix-
up stores. It can be cut to any length and
it's inexpensive, rigid, and mostly open
air. I attached a layer of 2” polyurethane
foam to each side of this frame and for
good measure put in 3” of fiberglass in-
sulation in the center {as per Mr. Scott).
This has held firmly for almost a year
using nylon wire ties obtainable at radio
parts stores. I'm still experimenting with
placement, but anywhere seems OK as
long as most of the panels are between
me and the walls.

I have a satellite/subwoofer system and
I believe it lends itself particularly well
to this treatment. My subs are in the cor-
ners of the back wall and the Spica Con-
gelus pair are 6’ from the back wall and
4’ from the sides. The system is bi-amped
and the subs are 15” home-built, com-
pound units in sonotubes.

I strongly believe any system will bene-
fit from room treatment and the serious
music listener should consider its possi-
bilities and benefits. I'm glad I did.

Oz Miller
Lake Mary, FL 32746

D.F. Scott replies:

Thanks for your kind comments on my suggestions.
I'm quite taken with the way you built your panels.
Using nylon ties is especially noteworthy. This
shows there are always better ways to accomplish
something.

Your comment on bringing Kunzel and the gang
in for an evening of entertainment closely parallels
my listening experiences and the mention of Kunzel
brings to mind an article by Jack L. Renner, Chair-
man of Telarc International in their "’Quarter Notes"
Vol. 4 No. 3. In his opening statement, he opines,
"The use of acoustical materials in helping smooth
out frequency response and control reflections in on-
location control rooms {as well as permanent stu-
dios, concert halls, and home listening rooms) is ab-
solutely essential.”” This seems to indicate we are
not too far off the beam in recognizing the impor-
tance of that last link in the chain, the "'speaker to
ear” interface. That old "“weak link in the chain
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thing" applies to the tail end, as well as to the middle. |
I'd be interested in learning how you optimized

your listening geometry. To establish best vertical

stereo window, I assumed a normal listening posi- TA RG ET

tion in the apex of a triangle and with a wide-range =B =T==n % |
recording playing; then I crouched down near the [ = & |

floor and slowly rose to standing position. I went
to an approximately 3’ tall window where detail
really came alive. I figured this was the area where
mid, woofer, and tweeter were in best alignment
by time coincident with smoothest response through
crossover. | then lifted the speakers to where this
centered on a normal listening height.

For horizontal alignment, I started with toe-in axes
intersecting about 1" in front of the listening posi-
tion. Then I fine-tuned toe-in, toe-out to where a
3-D illusion appeared behind the speakers. Too
much toe-in caused the image to go toward mon-
aural; too much toe-out brought on a flat ping-pong
effect with no depth. When properly aligned, the
speakers are sonically non-existent and you're in
Symphony Hall with Kunzel breathing down the
back of your neck—you're on the podium.

I have a burlap curtain behind my satellites hiding
[f/; BT 1

WALL BRACKETS FOR SPEAKERS

the subwoofers, plus a sheet of acoustifoam (5’ by BT 3 BT 4
9'). All listeners, who are not familiar with my idio-
syncrasies, swear | have a monstrous kilobuck sys-
tem back there.

Tell me more about the acoustifoam over the top

Z;Y"c‘:)f S?“;’-ill& c]sut'}rlxigs to “’s":; Cgilit“g,mﬂwsie‘:"57 For your free copy of our catalogue contact:

acoustic tile ceiling seems adequate in my setup.

During early experimentation, I also found the most MAY AUD'O MARKETING INC'

important thing was to erect an absorbent barrier P.O. Box 1048, Champlain, N.Y. 12919 - Tel.: (518) 298-4434

between me and the walls or other reflective ob- in Canada: (514) 651-5707

jects. The barrier seemed to work better by heading Fast Reply #GF661
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Performance Computer
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off stray sound as close to the speakers and listen-
ing spot as possible, without interfering with direct
sound.

Reflected sound, which leaks through if unbal-
anced, will affect image and tonality. Hold a book
or notepad {about 5” by 7”) behind your right ear
with the long dimension extending outward. Move
the outer edge toward the front until it reflects more
left speaker information than normal into your right
ear. The image shifts to the right, the left side loses
body, and the right side gains body and can't be
completely corrected because tonality, as well as
amplitude, is altered—reflected sound differs from
direct sound.

I'll bet you've noticed that smoothing out response
isn't the best part; it's preservation of transients
that really brings things alive.

Keep me posted on any new methods or discover-
ies; I like to talk shop.

COMPUTING
BOX RESPONSES

SB 6/90 {p. 24) published formulas for
computing response of a vented-box sys-

o

tem. Can you please also supply the for-
mulas for a sealed-box system?

Philip Casper
Justice, IL 60458

Contributing Editor G.R. Koonce replies:

The response equations for the closed-box (CB),
vented-box (VB), and passive-radiator (PR) systems
are shown in Figs. 1-3. Each equation computes
the relative response in decibels at the frequency
of interest (f).

When a driver is mounted in a tuned enclosure,
its resonant frequency slightly shifts {from f; to f,5
in a VB). Since I believe people wish to investigate
a system's performance before they construct it,
I have used f; in all the equations. This, in my ex-
perience, produces very little error and is no less
realistic than assuming the total box Q is known
before you construct the system.

The following terms pertain to each system:

f  Frequency of interest in hertz

f,  Driver free-air resonance in hertz

fs  Box tuned frequency in hertz

f.  System resonance of CB system in hertz

f,  Final passive radiator resonance when tuned
in hertz

fy2

N (N

fo= i,

Starting with the T/S parameters and the net effective box volume, you compute f, and Q¢

as follows:
OTC = OTS \'i + VASNB = OTS Vi 4+ «a

fo =1s Ji+ VasVg = s V1 + a

FIGURE 1: Closed-box system response equation.

fh4

RdB = 20 LOG,O T S
v

(e - Cf2+ AZ+f2Df2- BR

fh = M
= fglty2 = h2

A
B = A/OTS + fB/(OB fs) = A/OTS + h/OB
C

=1+A+ VAS/VB + fB/(fs OB O'rs) =1 +A+a+ h/(OTS OB)

D = 1/07-5 + fB/(fs OB) = 1/01‘5 + h/OB

FIGURE 2: Vented-box system response equation.

fn5 - fn3 (fp/fs)2

Fog = 20L0Gu0 G s ~ 81,2 + DF + (A1e — C12 + EF

f, = flfis Numerator can be written as: f,5 - f,3y2

A = 1Qps + fg/(fs Qg) = 1/Qrs + h/Qg

B =1+ Vus/Vg + fgllfs Qrs Qp) + (p/f)2 (1 + Vyp/Vi)
=14+ a+ h(Qrs Qg) + y2 (1 + 9)

C = (A + Vapl(Vg Qrs)) (1/1)2 + 15/(1s Qp) =

E = (f/l)2 15/(fs Qg) = y2 h/Qg

y2 (A + 6/01‘5) + h/OB

D = (11021 + Vag/Vg + Vap/V) + E/Qrg = y2(1 + o + &) + E/Qrs
FIGURE 3: Passive radiator system response equation.




Driver total Q at f;

Closed-box system total Q at f.

Total box Q for VB or PR system (sometimes
called Q,)

Net effective box volume in same units as
Vys and Vyp

Driver compliance volume

Passive radiator compliance volume

The following standard relationships are defined:

f,  Normalized frequency—all response equations
are in terms of f;; f is the frequency of
interest

ff; for VB and PR systems

flf. for CB system

fg/f; for VB and PR systems

f/f, for PR system

Vis!Vy for all systems

Vip/Vy for PR system

S Q s E‘B_.'B—.'

For information on obtaining the parameters for
the passive radiator unit, see the references below.
Remember, the value of f, used in the equations
is the final value after the box has been tuned.

REFERENCES

1. Dickason, Vance, The Loudspeaker Design
Cookbook, Old Colony Sound Lab, PO Box 243,
Peterborough, NH 03458, p. 30.

2. Koonce, G.R., "Finding f, for Passive
Radiator Speakers,”” SB 4/81, p. 25.

KLH 9 PARTS

Having been in the consumer electronics
business for many years, I purchased four
used KLH model 9 electrostatics. I have
owned them in the past, and so I was dis-
appointed to find all conventional sources
for parts long gone.

Mike Thompson at KLH, a subscriber,
advised me to see your recent issues for
schematics for the model 9. Also, I need
any source you can suggest for ES panels
and other items for rebuilding these great
speakers.

Gary Beckstrom
Moorpark, CA 93020-8099

Roger Sanders replies:

The KLH 9 used a single Janszen tweeter and four
bass panels made for or by KLH. {I'm not sure who
actually manufactured them.) I know of no con-
temporary source for these panels. | haven't seen
your speakers, but will assume they have not been
physically damaged. If so, they can be fixed. The
problem surely is either in the electronics, the con-
nections, the diaphragms, or a combination of all
three.

Like most electrical problems, check out the ob-
vious first. Make sure you actually have drive and
polarizing voltages at the ESL panels. My experience
with the Janszen tweeters suggests you should look
closely at the contacts for the polarizing power sup-
ply. These tend to oxidize, which prevents transfer
of the charge to the diaphragm.

]

|

ARE YOU LISTENING
TO THE BEST?
ACOUSTICAL MAGIC will bring you a step closer to MUSICAL REALISM.

Flexible Borosilicate Ceramic Coating is a space age product adopted
to the audio industry, especially for speaker enclosures.

» Better dynamic contrasts.
* Increased sense of speaker speed.
* Finer resolution of low level detail.

HOW? Application of recommended three coats on the inside of
cabinets will significantly reduce resonant distortions.

ACOUSTICAL MAGIC is also highly effective on turntables, tone arms
and cartridges.

$18.00 per quant $60.00 per gallon

plus shipping
Available in 5 gallon containers at large discount.

&

BUY THE ORIGINAL.

ACOUSTICAL MAGIC COMPANY

1201 JAYNES DRIVE GRANTS PASS OREGON 97527
800) 654-4761
OFFICE HOURS: 9.9 PACIFIC TIME J

Fast Reply wsr27

AUTHORIZED
DISTRIBUTO
West Cost N ESE I 5| N NEE Y | R

A&S Speakers Speaker C|ty Speakers, Etc
3170 23rd Street 1

San Francisco, CA 94110 Bumank CA 91505 PhOPnlx AZ 85029
(415) 641-4573

IS [o5i Coasi RN O N

Audlolab of GA

Circle Sound
2772 West Olympic Blvd
Los Angeles, CA 90006

(213) 388-0624

Select Distributors
6036 S.W 23rd Street
Miramar, FL 33023

(305) 985-2698 (404) 455-05

| Centpal

Madisound Speakers Martin Sound {(Wholesale only)
8608 University Green 28 Alpha Park
Middleton, W1 53562 Cleveland. OH 44143
(608) 831-3433 (216) 442-2286

Zalytron Industrles

Donw le GA 30340 Mineola ‘Y 1

T B T TR N
Parts Express Gold Sound

340 East First Street 4285 South Broadway

Dayton, OH 45402 Engle wood. CO

- Canada
McBride Loudspeaker Source Solen Incorporaed
638 Colby Drive 4470 Thibault Avenue
Waterloo, Oh TN2V 1A2 St. Hubert. QC J3Y 779 e Y ».é
(519) 884-3500 (514) 656-2759 E'-'_;da‘
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HIGH TECH
ASPIRIN

by
CIZEK

NEW AUDIOPHILE SERIES
SOLID WOOD SPEAKER SYSTEMS
(SATELLITES ARE 2 INCHES THICK)

FEATURING RED OAK, WALNUT
CHERRY, ZEBRA, PURPLE HEART

DRIVER AND SYSTEM
CATALOGS AVAILABLE

CUSTOM DRIVERS / SYSTEMS /
ENGINEERING / CONSULTING
UPON REQUEST
(28 YRS EXPERIENCE)

HTA, INC.

1611 Crenshaw Boulevard
Suite 142, Department SB0291
Torrance, CA 90501
(213) 539-2469

Fast Reply #GF643

MLS2XOP V1.0

MLSSA to XOPT
interface program

MLS2XOP is a post-processing program
that allows you to convert

® |inear-scaled ASCIl ouput data files from the
Acoustical Measuring System MLSSA

to a:

® | ogarithm-scaled ASCIl input data file re-
quired for the Loudspeaker Crossover Design
and Optimization Program XOPT

Easy to use pop-up menu driven program
with two process methods to chose from

® |nterpolation using Lagrange polynomial
method

® Closest point method
Only... $99.00 US!

Solen Electronique, Inc.
4470 Thibault Avenue
St-Hubert, QC J3Y 7T9
Canada

Tel: 514-656-2759

Fax: 514-443-4949

For IBM PC/AT/386 and compatibles,
MS-DOS 2.0 or higher.

Fast Reply #GF1149
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Keep in mind that it is unlikely that alf circuits
have failed. If you get zero output from all panels
in all speakers, look for something like blown fuses,
power supply failures, or other factors that could
affect the entire speaker.

If you get voltages at all the panels and still no

| sound, suspect the panels themselves. The weak

point will be the diaphragms. The diaphragm con-
tacts could have failed, but foreign material between
the diaphragm and a stator can short it out. Again
it is unlikely all diaphragms have failed. If all the
panels in all the speakers produce no sound, yor:
probably should look elsewhere for the trouble.

Replacing the diaphragms requires no magic. You
can do so by running a sharp putty knife around
the perimeter of the cell to separate the stators. Us-
ing the putty knife, clean off the glue and old dia-
phragm material from the insulators.

Installing new diaphragms is beyond the scope
of this letter, but is not difficult. I suggest you follow
the instructions in my ESL article in SB 2/90. Some-
what more detailed instructions are in my upcom-
ing book, The Elecirostatic Loudspeaker Design
Cookbook, which ! expect to be available in
late 1991.

Having told you how to fix your KLH 9s, I must
now say you shouldn’t bother—they are obsolete.
Their performance falls far short of modern ESLs
in three critical areas: output, frequency response,
and imaging.

Their output is poor because they use dipole woof-
ers. Their frequency response is poor because they
deal with phase cancellation in the bass and mid-
range by increasing the diaphragm area at lower
frequencies. This concept is sound, but its execu-
tion in the KLH 9 is woefully inadequate. The im-
aging is poor because you must listen to them
off-axis.

Because you have owned KLH 9s in the past and
liked them, you understandably are probably ques-
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FIGURE 2: Frequency response trend of the
KLH 9.

CHOOSE THE
“TEE”
THAT BEST
SUITS YOU

Please Print in clear block capitals quantity and
amount enclosed. Postpaid in US. Canada please
add $2.00. Overseas add $4.00 Remit US $ only.
Please send me:

TOTAL QTY

Audio Amateur togo: White on red
. S_M__L__ XL
Speaker Builder logo: White on blue
_S_M_L__XL JE—
Speaker Builders Do It With Raw Drivers:
Red/white on black
_S__M__L__XtL
Glass Audio logo: Black on ecru
_S_M__L XL
0ld Colony logo: White on green
S M__L_ XL

TOTAL SHIRTS

{13191 (8117241 AMOUNT ENCLOSED
0 mcC 0 visa CK/MO
NAME MAGIC NO
STREET & NO
cITy STATE  ZIP
MC/VISA EXP

Audio Amateur Publications, Inc.
PO Box 576, Dept. B91
Peterborough, NH 03458-0576

(603) 924-9464 FAX: (603) 924-9467

Answering machine for credit card orders only:
before 9:00 a.m., after 4:00 p.m. and weekends
Have all information plus MC/VISA available




tioning why [ have criticized them so harshly. Per-
mit me to explain.

KLH chose to use segmentation to correct the fre-
quency response problems inherent in dipole rad-
iators (speakers that radiate sound in front and
behind them). This means they used crossovers and
shifted the drive to smaller area drivers with in-
creasing frequency. In the case of the KLH 9, they
changed from four large bass panels to a single small
4" square tweeter at around 1.5kHz. Such a huge
change in radiating area over such a small frequency
range doesn't come close to matching the falling
frequency response curve for which the segmenta-
tion must correct.

Figure I shows the general trend of a full-range
ESL’s frequency response of the approximate di-
mensions of the KLH 9. The large peak at around
70Hz is the speaker’s fundamental resonance. Figure
2 shows the frequency response trend of the KLH
9 with its single step of segmentation overlaid on
Fig. 1. The dashed line is the speaker’s response.
This is an on-axis response. Let's analyze what's
going on here:
® The poor deep bass performance is due to the
severe phase cancellation and radiation resistance
losses suffered by all dipoles at low frequencies.

CAVEAT CORRESPONDENTS

Things that go bump in our round
file:

1. "I'm thinking of building a 16-in,
8-out console in my basement. What
tape recorder should I buy?"

2. "'Is my Fisher Z-705 receiver
worth updating? Where should I
begin?"*

3. "Although I forgot to enclose a
stamped, self-addressed envelope,
please answer the following nine
questions based on my experiences |
building your inverted RIAA kit."”
4. ''Please forward this {unstamped)
letter to Ralph J. whose letter ap-
peared in one of the 1970 issues—
don’t remember which.”

5. "I havea Milhous 10W integrated
stereo amplifier and a Gesundheit
turntable. Which of the following six
cartridges would you recommend?"!
6. Queries with no stamped, self-
addressed envelope or postal cou-
pons enclosed.

7. Letters without return addresses
on them whose envelopes have
strayed away somewhere.

8. Illegible hand-written letters
scrawled on odd scraps of paper. If
you have no access to a typewriter,
please try to be sure our typesetter
doesn't lose his eyesight and his mind
in deciphering your writing. (This is
especially important if you want us to
publish your classified ad.)

|

Last Chance !

To own a Reference
Standard at this low price.
Focal Aria 5 complete Kits
at  $499/pair.  Serially-
matched driver sets, black
3/4" MDF cabinets with
integrated grills, premium
parts PC board crossovers,
and brass binding posts.
Offer limited to stock on
hand.

Coming Soon !

A three-way design from
Joe D’Appolito using the
outstanding Accuton
drivers.Ceramic-dome
midrange and tweeter mated
with a Focal 8" kevlar
woofer - destined to be
another reference.

Focal Spring Sale !
7V313 Midrange $69, reg. $82
94 dB, Phasc Plug, fast!
8V416 Woofer $59, reg. $72
12 mm Xmax, polyglass
10KS515 Woofer $88, reg. $101
8 and 4, ohm, kevlar

Advanced Audio Products
1916 Pike Place
Suite 1243
Seattle, WA 98101-1013
(206) 527-3393

Now stocking quality drivers
by Focal and Accuton. Also
stocking premium
polypropylene capacitors by
SCR, spikes by latelier
audio and many other
audiophile accessories. Oh
yes, and free good advice by
Chris, call or write me.

Fast Reply #GF1343

Specializing in Speaker & Crossover Design

_Versa-Tronics inc.

ronlcs

== @ =P

BcsreacenTcorPoRATION

VIETA woofers from Spain

SCR metallized
polypropylene
capacitors

ACCUTON
ceramic concave

Dome Drivers m
<

e i

1828 W, Peoria
Phoenix, AZ 85029
(602) 944-1878

Fast Reply WGF412
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AC Components, Div. of
Audio Concepts, Inc.
Presents:

Hot Summer

Sale 11,
The Sequel

“I suggest looking at Audio Concepts
drivers next time you need such a
woofer," Gary Galo, writing in the
3/91 issue of Speaker Builder.

To make room for new Fall stock
we've put some of our hottest
sclling drivers on sale. Experienced
builders know that AC Drivers
outperform expensive European
imports at a fraction of the cost.
Last year’s "Hot Summer Sale” was
s0 successful that people were upset
when they called too late.
Quantities are limited at these
prices so order today!

ACS
5" doped cone with exceptionally
smooth, wide range response:
Fs=70Hz, Qts=.514, Vas=7It. Sale
price: $24.90 cach

AC8
8" polycone with stitched rubber
surround, 40mm voice coil:
Fs=32Hz, Qts=.417, Vas=89IL.
Sale price: $39 cach

AC10
10" polycone with S0mm voice coil,
superior scaled box performance:
Fs=23Hz, Qts=.39, Vias=144lt. Sale
price: $49 cach

ACI2
12" polycone with 50mm voice coil,
superior scaled box performance:
Fs=20Hz, Qts=.38, Vas=297It. Sal¢
price: $55 cach

Vifa D25AC

1" aluminum dome ferro-fluid
tweeter with chamber, one of the
very finest tweeters available, sale
priced at only $19 cach

No further discounts apply to
these sale items.

To order: Call toll-free
1-800-346-9183
Questions? call (608) 784-4570
Audio Concepts, Inc.

901 S. 4th St.

La Crosse, WI 54601
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* The midbass peak is due to the speaker’s unsup-
pressed fundamental resonance.
© The large “'suck out" in the lower midrange re-
sults because the tweeter's area is too small to match
the bass panels in the 500Hz to 1.5kHz range.
o The generally falling midrange response is due
to the relatively small tweeter area compared to
a large-diaphragm, full-range ESL.
© The hot high end is caused by boosting the overall
tweeter level to try to compensate for the lack of
midrange output. In the bandwidth covered by the
tweeter linearly (6kHz and up), the tweeter actu-
ally has very linear frequency response.

KLH couldn't do anything about the deep bass,
but to compensate for the phase cancellation in the
midbass, they left the fundamental resonance in

FIGURE 3: Dimension these two cells to fit
within the normal KLH 9 enclosure.

place. This made the speaker sound "bassy" at the
expense of bass linearity—and it compromised
output.

The midrange was a major problem. The solu-
tion to this problem in a segmented speaker is to
use many segments of different sizes as did Quad.
Instead, KLH increased the tweeter output ex-
cessively to pull up the midrange, then advised
owners to listen to their speakers off-axis to try to
tame resulting sizzling high end.

Their tweeter was laser-beam directional as are
all relatively large planar radiators, and listening
off-axis greatly attenuated the highs. Unfortunately,
off-axis listening completely destroys any semblance
of precise imaging. Also, the high-frequency balance
is heavily influenced by the room’s absorptive
qualities.

The aesthetics of the KLH 9 are wonderful. It
is a beautiful-looking speaker. Despite its sonic flaws
by today’s standards, it was head and shoulders
above magnetic speakers of that vintage with regard
to detail, transparency, and delicacy—legendary
traits shared by all ESLs.

Unless you value the speakers as collector's items,
I recommend you gut the enclosures and build new
cells and electronics for them. This probably
wouldn't be much harder than rebuilding what you
have, and the performance difference would be
astounding.

I suggest you build two large cells to fill each
enclosure per Fig. 3. Operate these cells full-range
using equalization to correct the frequency response
problems. My 1980's articles in SB explain how
to do this as does my book, but you can get an
adequate idea from my 1990 SB articles.
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FIGURE 4: A reasonably compact transmission line enclosure capable of electrostatic quality
bass when used with a Dynaudio 30W54 driver.




1t is impossible to get high output and deep bass
simultaneously from a relatively small dipole ESL
like the KLH 9. Therefore, [ suggest you mate them
to transmission line woofers using a 400Hz cross-
over point. Doing so will dramatically increase out-
put and deep bass. Figure 4 shows a reasonably
compact transmission line enclosure capable of elec-
trostatic quality bass when used with a Dynaudio
30W54 driver.

While you probably agree a magnetic woofer pro-
duces deeper bass and more output than an elec-
trostatic woofer, I suspect you believe a magnetic
woofer system cannot hope to match the detail you
hear from the KLH 9's electrostatic bass. Let me
assure you this is not the case. | have done many
tests with skeptical "golden ear listeners and
proved to them that the bass from a well-designed
transmission line is as clear and detailed as elec-
trostatic bass—while providing linear frequency
response and high output levels.

If you still have doubts, feel free to visit me and
hear my system, which is very similar to what I
just described. If eastern Oregon is too far for you
to travel, perhaps the Sacramento area would do.
My co-author Barry Waldron lives there and I'm
sure he would be happy to have you audition his
ESL system.

If you have questions, please contact me. In any
case, tell me what you do with your KLH 9s.

WATERED-DOWN
SILICONE?

PINPOINTS

A sound
foundation for
all components
of vour system.

SPEAKERS
EQUIPMENT
RACKS

STANDS

Call, Write or FAX
your order to

AUDIOPARISM

A Division of RF Limited

P.Q. Box 1124
Issaquah, WA 98027
Tel: 206/222-4295
FAX: 206/222-4294

PinPoints have been
designed to enhance
the sound of your
speakers through
better coupling to the
flooring eliminating
unwanted distortion
Better coupling to the
floor improves
imaging, and bass
resolution. Unlike other
products that are
simply placed under
the speakers, PinPoints
are designed to be
permanently attached
to the speaker. This is
mechanically and
sonically better than
just placing the cones
under the speakers.
The PinPoint is a spike
that has been threaded
so that the rake angle
can be adjusted to
improve the vertical
dispersion of the
speaker. Each PinPoint
is rated at 75 Ibs,
constant pressure
Threads are 1/4x20.

Select From Two
Mounting Systems.

speaken [ |
CABINET
_— - e— =

T-Nut Insert
Kit Contains:
4

8 4

4

$8.00 suggested retail

 —
SPEAKER
CABINET ‘1

Threaded Spiral Insert
Kit Contains:

4 - PinPoints

8 1

4  Threaded Inserts

) 6mm Allen Wrench

$11.00 suggested retail

Elmer’s glue is water soluble, so it can be
""watered down'' to become '’spread-
able.”” This allows it to be spread easily
over paper woofer cones, thereby plasti-
cizing them.

How can this be accomplished with sil-
icone? Is there a substance in which sili-
cone can be dissolved sufficiently so you
can "'siliconize’’ or rubberize woofer cones
as per above? This would also be handy
for sealing woofer cloth surrounds and
dust caps, thus abating air leaks.

Any response from the readership
would be greatly appreciated.

Angel Rivera
Brooklyn, NY 11204

DIGITAL RECORDING

I've been involved with audio sound since
1987 and wish to have whatever is re-
corded sound as good as the original. Since
the advent of a digital recording medium,
it seems as though whatever medium's be-
ing used to record, it's unlimited in design,
as long as the reproducing end is accurate.

I realized this when I was visiting House
On the Rock, a tourist attraction near
Dodgerville, WI. What impressed me
were the real instruments, playing famil-
iar music, with a recorded medium con-
trolling various relays, air compressors,
things that pushed and pulled at violin

|

Fast Repiy HCF595

GLENMONITOR @ USA

GLENMONITOR HOME AND CAR LOUDSPEAKERS

NOW AVAILABLE THROUGH:

PEARL AUDIO CATALOG

Specializing in

» Custom Designed Speaker Systems
» Custom Designed Enclosures

‘Arerica’s Audio Authority”

« Custom Designed Crossover Networks
« Kits/Entertainment Systems/Electronic Parts

We design, engineer and build everything you need to complete
the home, car or audio/video system you want.

CALL NOW FOR CATALOG AND FREE CONSULTATION
PEARL AUDIO CORPORATION (518) 393-5077

Fast Reply KGF1118
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"The Cure for Speaker Headaches”
e Custom Grilles
For B.L.C. Formula 6's
e Polypropylene Cones
For Reconers - 8", 10", 12" & 15"

e Factory Service For ALTEC,
ADVENT, B.I.C., JBL & RTR

e We buy blown speakers.
CALL US.

e BUY o SELL e TRADE
MARANTZ, MCINTOSH,
Tube Equipment

e 22 Years Audio Experience
Call Us For Hard To Find Parts

1-800-526-8879

3115 S. Sheridan « Tulsa, OK 74145

XM9
Electronic Crossover
24dB/octave

Fourth-order active filter
Single channel; on board level
controls; RCA plugs for input/output
Crossover frequency 20Hz-5kHz
Easy frequency change with
pluggable frequency modules
3.2" x 4.1 glass epoxy board
double sided, plated through holes
polystyrene caps, metal film resistors

XM9-B  bare board with manual $14.95
XM9-K  complete kit with manual 39.95
XM$-A  assembled with manual 49.95
XM9-FMK frequency module kit 1.45
XM9-FMA frequency module assembled 2.95
XM8-M  manual only 2.95

Write or call for more information about this and
other electronic crossovers with 24 dB/Oct and
48 dB/Oct slopes priced from $19.95 to $495.

Marchand Electronics, Inc.
1334 Robin Hood Lane
Webster, NY 14580
(716) 265-4930

Fast Reply #GF1068
84 Speaker Builder / 3/91

bows, piano keys, wind instrument keys,
and percussion instruments.

This in an experience not soon forgot-
ten. On some classical songs, the music
becomes very loud, and all the while
maintaining exceptional sound quality.
My first thought was "Wouldn't it be great
to have something like this at home?'' It's
the closest you could get to being live with-
out having the performers there.

Maybe this could be the next generation
of home audio. It sure would be nice and
solve those messy calculations of speaker
type and cabinet-size matching. Now, all
I'd have to do is learn how to tune all those
instruments so they sound as good as the
original.

Steve Fisher
Ames, IA 50010

COMPUTER HUBRIS

Mr. Tucker'sarticle in SB 3/90 (p. 26) was
a nice lesson in computer hubris. A slide
rule would have told him right away he
was in trouble with the MW162 and
spared us things like 22.2442331 liters and
33.4647658Hz.

He chose a closed box (Vg = 221) and
took Morel’s specs (V4 = 16.5], Qpg =
0.87). So will we.

Following Small, a = V,4/Vz = 0.75.
Note that this qualifies as a "‘wastefully
large'’ box according to Small, who pre-
ferred a = 3 for economy. Mr. Tucker's
knickknacks are being unreasonably
crowded.

Continuing, Qr¢c = Qps V1 + a = 1.15.
No good; it's too high to risk if you are aim-
ing at 0.9 as was Mr. Tucker. Don't rely
on stuffing to help; let it compensate for
the ignored volume taken up by the driver.
But Mr. Tucker actually measured Q¢ =
1.4, about 20% higher still. The reasonable
conclusion is that his driver's actual Qg
{unreported) was about 20% high. But, if
actual Qrs = 1.0, then Mr. Tucker is
lucky he didn't build the 301 boxes he con-
sidered. They would give:

a = 16.5/30 = 0.55
Then:

Qrc = Qrs V1 + @ = 1.0¥1.55 = 1.24.

Still too high. When ais so small, the 1 + &
operation ruins you. Besides, you can't do
it on a slide rule.

The Morel 164 with Q7 = 0.53 would
be a better bet, but check actual Qg first.
So, in the end, all computations were off
and the humps were dispelled by two of
those mysterious, unquantified bathroom
ventilators. Or can they be modeled?

Derek Wooldridge
Princeton, NJ 08540 )

Acousta-Siuf

A SOUND ABSORPTION MATERIAL THAT ELIMINATES
STANDING WAVES AND REFLECTIONS WITHIN THE
SPEAKER ENCLOSURE TO FOCUS THE
ACOUSTIC IMAGE IN THE LISTENER'S MIND

A MULTI-DIRECTIONAL CRIMP IN EACH STRAND
FORMS A COHESIVE MASS WITH A HIGH ABSORPTION
COEFFICIENT OVER A WIDE FREQUENCY RANGE
USE IT IN SEALED, VENTED, APERIODIC, AND
TRANSMISSION LINE SYSTEMS, IT'S ALSO GREAT
FOR SPOT ABSORPTION PANELS AND BASS
ATTENUATION TRAPS

PRICE 1S $7.00 PER LB. PLUS $1.00 PER LB. FOR
SHIPPING (CANADIAN RESIDENTS MAKE THAT
$1.50 PER LB.) IN ALABAMA, ADD 4% SALES TAX

PLEASE PAY BY CHECK OR MONEY ORDER,
NO C.0.D. OR CREDIT CARDS.

Speaker Hits

WE ARE PROUD TO INTRODUCE THREE NEW
SPEAKER KITS COMPLETE WITH PRECUT OAK
OR WALNUT VENEERED CABINETS BY WOODSTYLE
THESE KITS WILL BE HELPFUL TO THOSE WHO.
FOR WHATEVER REASON. HAVE TROUBLE
WITH THE WOODWORKING ASPECTS OF HOME
CONSTRUCTION. THE LINE FEATURES A 12° PORTED
SUB-WOOFER, A DUAL 6 1/2° SYMMETRICALLY
ALIGNED APERIODIC FULL RANGE SYSTEM, AND
A SMALL 5 1/4° APERIODIC BOOKSHELF SPEAKER
ALL OF THESE SPEAKERS USE ACOUSTA-STUF AS
THE DAMPING MATERIAL. WRITE FOR MORE
INFORMATION ON THESE NEW KITS.

2480 Schillingers Rd. #488
Mobile, Alabama 36695

(205)-633-2054 After 5 PM CST

Fast Reply HGFT3

A MANUAL OF VENEERING

by Paul Villlard
This book is a clear, well-written manual on
the craft of veneering which explains how to
turn out your own hardwood veneers beauti-
fully and economically. Mr. Villiard shows you
all the techniques of veneering: how to match
veneers; how to glue, clamp, tape, and edge
veneered panels; how to veneer curved
panels; and how to inlay, finish, and repair
veneers. Sixty-five photographs and drawings
amplify the text, and 16 different veneered
woods are shown in full color on the covers.

Veneering is an ancient and honorable
craft, and when you select the wood yourself
and do your own construction, you can be sure
that the veneers you make will retain their
beauty for years, even for generations.

Index, 174pp., 53" x 8%2", softbound.

BKD-4 $4.95
Please add $2.00 S/H for first book, 75¢ each add!

OLD COLONY SOUND LAB
PO Box 243, Dept. B91, Peterborough, NH 03458
(603) 924-6371 / 924-6526 / FAX: (603) 924-9467
Answering machine for orders only: (603) 924-8371
before 9:00 a.m., after 4:00 p.m. and weekends.
Have alt information plus MC/VISA avallable.

CALL OR WRITE FOR YOUR
FREE CATALOG TODAY!




e T e BSOS W e S
Tools, Tips & Techniques

continued from page 69

SPEAKER CABINET
STANDING WAVES

A common misconception seems rampant
among speaker builders that rectangular
speaker cabinets are particularly suscep-
tible to internal standing waves. The con-
cept is important and is worthy of our
attention because standing waves are det-
rimental to the speaker's sound.

As an example of popular statements re-
garding standing waves, typical commer-
cial advertising in SB has commended
nonrectangular enclosures (Focal's Egg
and Transcendental Audio’s Un-box, for
example) as being beneficial. Also, various
SBauthors!~* refer to an absence of stand-
ing waves in their odd-shaped cabinets,
with the presumption this is beneficial.

While it is perhaps true that certain com-
binations of height-width-depth ratios of
rectangular cabinets are not optimal with
respect to enclosure resonances, it is not
at all clear that odd-shaped cabinets are
any better. In theory at least, nonrectan-
gular enclosures do not prevent the gen-
eration of internal standing waves. The
purpose of this article is to convince the
average speaker builder that this is true,
both by application of mathematical the-
ory and by calculation of special cases.

To begin, consider a rectangular enclo-
sure. The cabinet is assumed to have rigid
walls. Although this is demonstrably not
true in cheaper speaker systems, it really
does not significantly affect our results.
Also, the effects of internal damping are
not of primary influence unless it is ex-
traordinarily dense.

A standing internal wave is one which,
once generated, maintains at least a few
repetitive oscillations at a fixed frequency
without further input of energy. In the
jargon of mathematical physics, the spa-
tial characteristics of these standing waves
are typically called resonances, normal
modes, eigenmodes, or the like, and the
associated frequencies are called natural,
resonant, or eigen-frequencies.

Each enclosure always has a lowest fre-
quency standing wave and an infinite se-
quence of higher order ones, the specific
details of which are associated with the
shape of the cabinet. For the rectangular
example, assume the height H is greater
than the other lengths. Then, the mode
having the lowest frequency is the stand-
ing wave or fundamental mode, which
exhibits a vertical oscillation.

A horizontal plane across the middle of
the enclosure is a node that exhibits no
pressure changes, while the upper and
lower halves of the cabinet exchange max-
imum and minimum pressure over one-
half the period of the wave. The result is

7

For hot voice coils,
the cool solution.

| Introducing the APG
Voice Coil Ferrofluid 900 Series — ferrofluids
\ / designed specifically to
e b \‘ ‘g ool RS safely withstand 200
om0 R (e e
A « FL Z | degree untl,_rl.k ¢
RN OS0! | temperatures in speaker
: | voice coils while
. SLEILUN _J maintaining long-term
thermal stability. Offered in the low to medium viscosity range,
APG 900 terrofluids are ideal for all high efficiency speaker
systems. This Series complements our existing product line of

high viscosity ferrofluids widely used in tweeter and mid-range
drivers. Call or fax us today. And, our in-house audio lab will help
you with the speakers you have designs on.

Ferrofluidics

40 Simon Street, Nashua, NH Q361 Call: (603) 8839500 Fax: (603 50 3.2308
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Technical Audio Insight

Technical Paper Series from Audio Control

Send the coupon below (or a photocopy) today for the complete
series of Audio Control technical papers by author and sound
engineer Rick Chinn. Normally $1.50 each ($1.00 plus $.50
shipping), receive all 7 for only $5.00.

No. 101! The Effect of Car Acoustics on rEl Send all 7 technical papers. My hard —I
Automobile Sound Systems | earned $5 is enclosed |

No. 102 Crossover Networks from A to {J Send Richter Scale information
Linkwitz-Riley Name |

No. 103 Level Matching I Address I
No. 104 Crossover and Biamplification City State ___ Zip

No. 105 How Recordings are Made | |
No. 106 Constant Q and Equalizers | |
No. 107 Real Time Spectrum Analyzers 22313 70th Ave West « Mountlske Terrace, WA 98043
as a Sound Tool |_  __ (204775-8461 - FAX (206)T78-3166 _I

Fast Reply KGF123
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SOUTHEAST SPEAKER SUPPLY, INC.

Your Source for Speakers

PEERLESS e POLYDAX PRO AUDIO © PHILLIPS

We also feature our own full line of speakers

Call us for:

SPEAKERS © GRILLS  CAPACITORS e PORTS © COILS

Distributor for:
DYNAMAT vibration and resonance absorption for
auto motive and speaker enclosures.

Literature available on all products.
We offer a full line of automotive, home, commercial and professional equipment. All
speakers are backed by a 1 year replacement warranty against manufacturers defect.
We offer computer-aided enclosure design free to our customers.

P.O. Box 52-0637, Longwood, FL 32752-0637

ORDERS: (800) 292-5559 OR FAX (407) 831-4490

Fast Reply #GF1340

Audio Lab of Georgia Inc

SDEAKEQCOQDOQAYION

DA-100

4" MIDRANGE
$5800 $5510

The research objective was to obtain
a balanced tonality with perfect
equilibrium across a wide pass band
(+ 1dB trom 450 Hz to 6 5 kHz)
The pertormance
of this new driver
1s unmatched. and
the smooth response
allows applications to
employ a mimimum of
crossover equalization

The remarkable TPX
matenal exhibits
excellent properties
of damping. ngidity
and low mass.
making it ideal for use as a dia

distortion generated from cone
nnging 1s ehminated

The Pure Titamium former ensures
that energy
transfer from the
voice coil 1o the

cone 1s maximized

The Supra Magnet

structure guarantees

motional inearity
over the full cone
excursion

An ultra ngid

die cast Zamac
chassis and a pure
NORSOREX phasing plug complete
phragm Coupled to a surround this design to make it the ideal choice
made of NORSOREX. all undesirable for your next system

Dramatic transient response resulls
from the unobstructed venting of the
magnetic structure.

1-800-554-9248

the same as the lowest standing wave in
a room, and it is explained in many arti-
cless:® and books.” The fundamental slosh-
ing mode in your bathtub is a perfect anal-
ogy, where the surface displacement of
the water is the analog of the acoustic pres-
sure in the cabinet.

This fundamental mode’s frequency is:

f =05xC/H

where Cis the speed of sound in air, about
1,100 ft./sec. This frequency is indepen-
dent of the cabinet's width and depth; for
a 3’ cabinet, this is about 180Hz.

This is in a typical woofer’'s operating
range, and this mode will be excited effi-
ciently if the driver is near either end of
the cabinet. In fact, the next higher lon-
gitudinal mode (first overtone or second
harmonic) occurs near 360Hz and is op-
timally excited by a woofer placed in the
center or near either end of the cabinet.

Standing waves in the other directions
also occur in the cabinet, and they all
have frequencies higher than the funda-
mental. These occur closer together, and
the modes are more easily dissipated by
damping materials in the cabinet’s inter-
ior space. Everest gives a good descrip-
tion of these modes and the associated
frequencies.”

The rectangular enclosure is a particu-
larly useful one because it is easy to con-
struct from stock lumber but, more impor-
tantly in the present context, because it
is amenable to an especially simple math-
ematical solution for the standing waves.
The mode shapes are sinusoids, and the
natural frequencies are related by integer
multiples of the cabinet dimensions.

Now, consider a nonrectangular enclo-
sure. Right cylinders having horizontal top
and bottom panels, but more complicated
geometrical shape around the perimeter
are popular, and examples include the
pentagon,?circle,®and hexagon.® The im-
portant point is that the longitudinal
modes in the vertical direction discussed
previously are not affected by these non-
rectangular enclosure sides. The funda-
mental frequency is unchanged if the
height is larger than the lateral dimen-
sions, and a 3’ high cabinet will exhibit
a 180Hz standing internal wave resonance
no matter what the particular shape of the
sides.

Even the lateral modes, directly affected
by the more complicated sides, do not
change appreciably with the shape of the
sides. As an example that is almost as easy

YOUR MAGIC NUMBER
HELPS US ANSWER FASTER
Do you want quick service on orders and
subscription requests? If so, make sure you
use your ‘‘magic number’’ when corre-
sponding with us. This number which appears
in the upper left corner of your mailing label
is your key to a speedy reply. Use it to help

us serve you better.

Fast Reply #GF318
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to calculate in theory as the rectangular
cabinet, consider the right circular cylin-
der such as the Transcendental Audio Un-
box. It has adiameter D that is larger than
the cabinet height. The driver on the side
will excite a fundamental mode which,
looking down from the top, will have a
nodal plane coincident with the diameter.
This mode's frequency is approximately:

f =059 x C/D

independent of the enclosure height. For
adiameter of 1', this frequency is approx-
imately 650Hz, and the side-mounted
driver can generate this mode efficiently.
This is a well-known mathematical result,
with the specific noninteger constant aris-
ing because the solutions of the equation
of motion of the air in the cylinder are now
Bessel functions instead of sinusoids as in
the rectangular enclosure.

The water-wave analogy is easy to ex-
cite in my circular hot tub as a side-to-side
sloshing mode. Higher frequency modes
also exist, asin the rectangular enclosure,
and examples of the mode shapes are
available.?.1° The natural frequency given
above is not identical to the frequency of
the first transverse mode given in these
references because the boundary condi-
tions for the standing acoustic wave of in-
terest is different from the boundary con-
ditions for the standing membrane waves
presented in those references.

Cabinets with no parallel sides are more
complicated to analyze mathematically,
but even oddly shaped ones like the |BL
L250 can be analyzed. This enclosure is
distorted from a rectangular shape, with
the top being narrower than the bottom,
and the fundamental longitudinal mode
is much like that in a rectangular box of
nearly the same dimensions.

I think by now you get the gist of my
argument. The details of the mathematics
change, but not the fundamental physics
for an enclosure of any shape. The Focal
Egg, for example, has standing waves like
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any other enclosure. The fundamental
longitudinal mode is similar to those dis-
cussed above. For an Egg of 1’ internal
height, the fundamental frequency would
be a little higher than the cylinder of the
same dimension, probably in the vicinity
of 700Hz. For other sizes of an egg-shaped
enclosure, this value scales inversely with
the longer dimension as in the formulas
above.

In light of the above discussion, I hope
I have convinced you that the purported
"advantage'' of odd-shaped enclosures
does not exist. My opinion is that the "'ad-
vantage'’ exists only in the uninformed,
or perhaps clever, marketing departments

On the other hand, nonrectangular sides
do appear to have other advantages. A nar-
row front panel and curved sides are ef-
fective treatments to reduce imaging deg-
radation due to edge diffraction.!%:!! Also,
curved panels are stiffer against flexural
vibrations than flat ones of the same wall
thickness, so curved panels can reduce
colorations due to panel motion. These
panel motions are combinations of panel
resonances, a different type of vibrational
mode than the internal standing waves
discussed above. But these resonances are
another story.

John P. Dugan

‘Loudspeaker Cabinets,”” SB |

of the commercial speaker manufacturers.  Burke, VA 22015 »
1< _LITTLE GRIPPER
END SPIN OUT!
PARTICLEBOARD HINGE SCREW
The “Little Gripper” is the answer to your
small fastener problems in particleboard
and MDF. With the wide spread use of these
man made woods the right fastener that
works each and every time is essential to
your production requirement.
The “Little Gripper” with it's wide spaced angled threads is
especially designed for use with your hinge application in
particleboard and MDF. Avoid the frustrating and time
consuming problem of spin out, so common with sheet-
metal screws in these man-made woods. USE THE RIGHT
FASTENER-—Use the “Little Gripper” by Equality Screw Co
____________________________ (CUT OUT AND SENDJ . ..o,
call or write 6 X 2 phillips flathead
for your
FREE 5 .
ol 6 X 78 phillips flathead
© X ¥ phillips flathead
SPECIALIZED FASTENERS for CABINETS & COUNTERTOPS
SCREW COMPANY INC.
P.O. BOX 1645, EL CAJON, CA 92022
1-800-854-2886 800-552-8844 (IN CALIFORNIA)
Fast Reply #GF370
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Classified Advertising

MYLAR FILM. 2 mil, genuine DuPont, 48" wide, $1
per running foot; also ESL transformers. ROGER
SANDERS, R1, Box 125, Halfway. OR 97834, (503)

742-5023. T3/91
MIT AUDIO CABLES, Van den Hul, Cardas, MAS
Masterlink, OCOS, Magnan, including Teflon insu-
lated hookup wire for rewiring components; MIT ca-
pacitors; Solen polypropylenes to 200uF!, Wonder-
Caps-solder-wire; HOLCO, Vishay & Resista resis-
tors; Music posts & all types of audio connectors;
RAM tubes; Tone Cones; NAVCOM products; Shall-
cross attenuators, many parts & accessories. $1
catalog ($3 overseas). MICHAEL PERCY, Box 526,
Inverness, CA 94937, (415) 669-7181. T6/91

CUSTOM PASSIVE CROSSOVERS built to your
specifications. No minimum quantity. Only the finest
components used. Quick response, satisfaction guar-
anteed. AMS ENTERPRISES, 1007 Capello Way,
Ojai, CA 93023. T2/92

CUSTOM MADE PASSIVE crossovers at reason-
able prices. V/rite your needs to CUSTOM SOUND,
Box 3853, Antioch, CA 94531-3853. T5/91

SPEAKER MEASUREMENT SERVICES. Get the
data you need to make first class speakers! We can
measure Thiele/Small parameters, frequency, imped-
ance, phase-response, and interdriver-offset needed
to run crossover-design programs like LEAP, XOPT,
CALSOD, CACD, or COMTRAN. Complete compu-
ter-optimized active/passive crossover/filter design
with optional assembly is also available. TCSOUNDS
LABORATORY, Thilo Stompler, 13173 Portofino Dr.,
Del Mar, CA 92014, (619) 792-7924. T3/91

WHALE COVE AUDIO for SWAN IV drivers and
crossovers, Pedal Coupler | or |l active crossovers,
and the Right Whale Kevlar mid-range, ceramic
tweeter and crossover set for either the SWAN IV or
the ARIA 5. Box 98, Swan’s Island, ME 04685, (207)
526-4343.

T2/92

YOUR 50 WORDS

in our private classifieds
ARE FREE
OVER 50: Send money
(20 cents/word)

bﬁm w?’-,f‘-
R CLASS IEL
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[J Private For Sale

Private Wanted

If Trade, please indicate # of insertions

Private For Sale ads are for non-profit use. Individuals selling items for retail/profit should be using Trade ads. Private For
Sale and Private Wanted ads are on a one time insertion basis. Ads must be resubmitted for renewal. Ads will not be taken

over the phone.

Definlition of a word: A series of letters with a space before and

after. Count words, not letters. Any words over 50, 20¢ per word.
Trade ads are 70¢ per word and indicate number of insertions.
Deduct 10% for a 4 x contract in Audio Amateur and a 6 x con-

tract in Speaker Builder, deduct 5% for a 2 x contract in Glass

Audio.

Please remember to include your name, address and telephone

number. In order for Private For Sale and Want ads to be free,

you must be a current subscriber. Ten dollar minimum for charge

Check/Money Order Enclosed [] ][] [ [][]

card orders. Payment MUST accompany first ad.

Please charge to my MasterCard/Visa:

CARD NUMBER

Magic No.
NAME - — _
PHONE —
COMPANY — E— o
STREET & NO -
B ExP DATE oy — -5
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Electronic
by
ACE AUDIO CO.

s est. 1973 «
#532-5th Street
E. Northport, NY 11731-2399
write for free flyer

Crossovers

NEW MATCHED PAIRS of Gold Ribbons, the best
ribbon transducer available, build the ultimate
speaker that beats IRS/WAMM. Retail $2,000/pair,
now 50% off. $1,000/pair. SERIOUS LISTENERS,
(415) 365-5032. T3/91

ROTTEN FOAM? Re-surround any speaker! (412)
375-9203.

T6/91

Cover for EICO HF35 or HF50; Prof MET 7, TC50 or
SL6 reasonably. Info on Curcio Daniel H preamp, prob-
lems? Joe Jennings, 4903A South Orchard, Tacoma,
WA 98467, (206) 473-3572

Any information on modification rewiring or improve-
ment to Infinity 4.5 reference speakers will be appre-
ciated. Jonathan Usha, 1261 East 102 St., Brooklyn,
NY 11136, (718) 444-5773.

AR remote control, Paul Salamon, 2052 East Bivd. SE,
Cedar Rapids, 1A 52403, (319) 363-3173.

Technics SB 7070 speaker systems, cabinet must be
in good condition. Debbie, (904) 392-0622.

FILLIN THE BLANKS
JOINANAUDIOCLUB

Learn about the latest equipment,
techniques and recordings through
group meetings, tours, and newslet-
ters. Ask questions. Share viewpoints
and experiences. Stretch your mind.

If there’s no club in your area, why
not start one? Our clubadsarefreeup
to 75 words ($.20 per word there-
after). Copy must be provided by a
designated officer of the club or soci-
ety who will keep it current.

B&K model 707 tube tester; two pair Genalex KT66
tubes; Leak TI/25 plus amplifier. Stan Bungard, 915
Brickner Rd., College Place, WA 99324, (509)
529-8715.

Any information on Bozak CM199-1 or CM199-2
speaker systems. Believe they may use Bozak
B199AC 12-inch drivers. Need specs on drivers or
systems or any info available. Will pay copy and mail-
ing costs. Don, 112 St James Ave., Merchantville, NJ
08109 or (609) 665-6512 evenings.

One Quad ESL, black only. Cash or trade for VPI TT
Isol. L. Larsen (301) 587-8143 evenings.

Do you sell spiders? Voice Coils? Surrounds? Cones?
Dust Caps? Adhesives? If you sell these components
for speaker assembly, please contact us. Thompson's
Electronics, 1122 Oak Street, Eugene, OR 97401,
(503) 343-9273.

Replacement parts-information wanted for Daniel
Queen omnidirectional tower loudspeaker system. All
letters answered. Send all correspondence to Attn:
Speaker Parts, PO Box 302, Middlesex, NJ 08846

Audio Control SA3050A V3-octave spectrum analyzer
or equivalent. Peter Bandurian, (303) 666-7588
evenings.

Who in Los Angeles area has built ribbon speakers
and would like to embark on another project? | seek
a partner. Eduard, (213) 395-5196.

Win Labs SDC-10 reference turntable, have original
packing crate, as new, top rated turntable, $1,800.
Waliter Leemans, (403) 282-1862.

Thorens turntable TD-147 Shure 97HE, all accessor-
ies, used only 250 hours to tape record, mint condi-
tion, $250. Eugene Marshall, 34-13 80th St., Jackson
Heights, NY 11372, (718) 478-9011.

JBL L-300 pair, $1,700 or best offer; JBL B-460 18
subwoofer with electronic crossover, $500 or best
offer; Gold Sound 15" 4Q woofer pair, new, in factory
boxes, $200. Jim, (702) 746-9513 (NV).

One pair show horns, bass cabinet only, bench, no
drivers, $450. Will deliver 100 miles Chicago, IL. Jim
Eldridge, (815) 469-3204.

Kenwood passive reverb and light display with depth
andtime delay controls, $100; SEAS 62-inch woofer,
tweeters and crossover from Dynaco A-10, $75. All
items sold plus shipping. Mr. Willes, (800) 227-6121
weekdays from 9-5 central time.

Two Focal T120KF tweeters, used once, $50/pair; four
Focal 5N411L, never used, still in boxes, $40. An,
(301) 583-8293 or (301) 893-3463.

Accuton C2-11 tweeters with ultra stiff diaphragms,
$240/pair. Bernard Diaz, (415) 930-9104.

Twelve JBL 117H-1 8" woofers, factory sealed, $40
each; four SEAS P14RCY 5" woofers, never used, $20
each; four Dynaudio 24W100 9" woofers, excellent
condition, $75 each; two Eton 11-580 11" woofers, ex-
cellent condition, $135 each. Clay Jordan, (404)
969-8319 after 5 p.m. EST.

172" x 112" x 25" professionally built walnut
speaker cabinets, undrilled baffles, perfect, $60/pair;
Electro Voice SP 15B Radax super fifteen (1965), mint,
$45, JBL N2400 crossovers, mint, $40/pair; Mcintosh
MQ101 equalizer, walnut case, panlocs, manual,
pristine, $150. Horace, (703) 578-4929 VA.

Electro Voice ST350B 8oz. tweeters, good condition,
$100. David, (614) 267-9476.

Bose 901 Series 5 with equalizer, excellent condition,
$595/pair; CV D9s, two pair, $495/pair. Good condi-
tion. Derek Galatas, 31125 Marshall Vaughn Rd.,
Lacombe, LA 70445, (504) 882-3955.

Rare and unusual KEF model K-2 Celeste MK Il two-
way speakers made in 1966 in England. Solid wood
construction, never abused, first class condition,
woofer is oval shape, truly collectors’ items. Good deal
for the right person, cash price, $200/pair, | pay ship-
ping. Ed, (305) 891-2267.

TYPES:

For Sale are personal and not for
profit.
Trade feature items for sale or
resale at a profit.
Wanted can fulfill your wildest
dreams.
Club ads can help you start a club
or find new members. Items can-
not be offered for sale in *'‘Club”
ads.

PRICES:
For Sale, Wanted, and Club ads are
free to subscribers up to 50 words;
20 cents per word thereafter. Don't
forget to count your name, ad-
dress, and phone number.
Please: only one ad per category
per issue. Ads are open to non-
subscribers at 20 cents per word.
All overruns and nonsubscriber
ads must be prepaid.
Trade ads are 70 cents per word,
prepaid. Two tearsheets are sent
to the advertiser upon publication.
Call for information about classi-
fied space ads.

WORDS:
We count words as any collection
of letters or numbers with a space
on both sides. No abbreviations,
please, spell out all words. Ad
copy should be clearly printed or
typed, preferably submitted on the
Classified Order Form. lllegible ads
will be discarded.

DEADLINES:
Ad copy must arrive by the first of
the month of the issue mailing.
Ads arriving late will be run in the
next issue. Ads are run only once,
then discarded.

DON’T PHONE:
Personal ad questions, copy, and
copy changes cannot and will not
be answered by phone. All cor-
respondence must be in writing.

MAGIC:
Please include your Magic Num-
ber with your ad copy (located in
the upper left corner of your mail-
ing label). If only your name and
phone number are to appear in the
ad, your address must accompany
your copy.

R.S.V.P:
For acknowledgment of your ad,
including issue date, include a
stamped, self-addressed postcard.

Speaker Builder / 3/91 99




KLH Model 7, $250; Tektronix 502 dual beam scope
with C12 Polaroid camera, $200; Dyna PAT-4, $75,;
two sick Dyna ST-120s, $75 each; Maclntosh 60 out-
puttransformer, $200; HH Scott tube amp, 50W mono
drives, 0.7€ to 6009, $200; Mattes SSP200 HIf, 200
wichannel, $100; phase linear 1000, $125; EV Artisto-
crat clone w/EV 12 TRXB, $150; K-Horn clone
(SpeakerLab), $300; Sony PCM F1, $850; AR-1W
woofer, $150. Marshall Buck, (213) 559-3946, FAX
(213) 836-3763.

IQS 401 FFT spectrum analyzer, QS impedance
analyzer, Apple Il +, Apple dual disk drive, Epson
MX80 printer, $750 for all. PAC, 120West 5th St.,
Frederick, MD 21701, (301) 694-7874 or (301)
847-5622,

Two Dynaudio D54AF, new, $110/pair; four AR3A
woofers, new, have T/S parameters, $140; Precision
TA305F5W dual coil, $30. All plus shipping. Phil Roy,
(606) 342-7124,

Four Eclipse 1038R woofers, $100; Soundcraftsman
DX4000 preamplifier, $195; AC23 Rane three-way
stereo crossover, $225; Swan |V system without ac-
tive crossover, $600. Chris Manikas, 412 N Second
St., Chambersburg, PA 17201, (717) 263-3751.

ACTIVE
ELECTRONIC
CROSSOVERS

MODEL 120 CABINET & NEW 120-R
“RACK AND PANEL" DESIGNS
Plug-in Butterworth (maximally flat) filters
6 db.. 12 db,, or 18 db. per octave slopes.
any specified frequency. Model 120

instrument style case or 120-R Rack and
Panel” case with all termtnations and
regulated power supply.

Made in monaural or stereo bi-amp, tri-amp,
or quad-amp with optional tevel controls,
subsontc filters supplies with or without
bass boost, and summers for “single
woofer” systems. Also available, 500
Series filters, plugn fiters, regulated
power supplies
New catalog and price sheet. Free!

De(Zoursey gng. Lab.

11828 Jefferson Bl. Culver City, CA 90230
PHONE (213) 397.9668

Below wholesale, $10 misc. electrical parts only, $2
+ 50¢ postage and handling. Tom Williams, Box 297,
Middlebranch, OH 44652,

Belle Klipsch all horn speakers, walnut, three years
old, over $2,800 new, consider splitting for use as
center speaker between Klipschorns, sale for $1,950;
Thorens TD147 turntable with Shure V15V cartridge,
$325; new Electro Voice SM120A midrange horn with
1824M driver, list $280, take $160. All mint condition
with original boxes to ship in. Michael Beasley, 332
South Calderwood, Alcoa, TN 37701, (615) 984-0748
or (615) 983- 6414 evenings.

Several pairs of Focal T90K, T120K and 5K013L
drivers in new condition. Used only in testing and
development of the ARIA 5 and 7 loudspeakers. Will
sell at wholesale cost. Joe D'Appolito, 9 W. Knoll Rd.,
Andover, MA 01810, (508) 470-1346.

SoundLab Dynastat panels with transformers, HV sup-
plies, $650; Gold Ribbon panels, $650; Kepco 400-8
lab supply (HV), $75; Scott 330 AM/FM tuner, $60; EPI
LS-841 auto speaker, $185. Trades for Ho trains. Ron
(201) 543-2971, 7-9 p.m. EST.

Four Dynaudio D-76 mids, $50 each; two pairs of
Dynaudio 30W5Y woofers, $120/pair; Dynaudio D28
tweeters, $50/pair; Dynaudio D21 tweeters, $50/pair,
two pairs of Swan 305 woofers, $70/pair; four Eclipse
10" woofers, $35 each; JBL 2235H 15" woofers,
$200/pair. Bernardo Diaz, (415) 930-9082.
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TEAC 2340 4-channel reel-to-reel and model 2 mixer,
$400; pair of KEF T33A tweeters, brand new, $45; pair
of Eton 4/203-25 midbass drivers, original boxes,
$110. Ron Meyer, 1508 Cedar Grove Plantation Dr.,
Savannah, GA 31419. (912) 356-6193 weekdays or
925-2311 evenings/weekends.

Swan IV satellites (SB 4,5/88) very solidly built (1Va
MDF) SCR electronic parts, crossover mounted out-
side on the rear baffle in a bi-wire arrangement plus
pedal coupler electronic crossover for the Swans,
modified, will not separate, $600/all; Kenwood L-09M
monoblocks, 300W each, very good condition, $750.
Eduard (213) 395-5196.

Subwoofer with nice furniture finish, doubles as bench
or coffee table, local only NYC area, $75; pair of Jor-
dan 5" aluminum cone speakers, very rare, $200;
Celestion HF 1300 pressure tweeters $25/pair; VIFA
C17WH 6'2" speakers, $30/pair; Dyna FM-5, $50.
Jerry (212) 364-3485.

Lazarus H-1 amp, $850; JBL 2441s, $995/pair; JBL
2380A horns, $250/pair; TAS 1601 15" woofers,
$300/pair; JBL N2400 crossovers, $25; Fostek FT-90H
Alnico super tweeters, $125/pair; EV T-350, mint, new,
$225/pair; Techniques 5SHH10, $75/pair. Steve, (203)
397-3886.

TAD 1" compression drivers, 500Hz-22kHz, pure
beryllium diaphragms, EC, in original boxes, engineer-
ing notes plus planewave tube response included,
$360/pair. Dave, (614) 292-5323 8 a.m.—4 p.m. EST.

Community Light and Sound CB594 bass horns can
be used with 15 or 18" driver, available with or without
drivers, ElectroVoice DL15X professional woofer,
400W, 89, perfect match for above horns, full specs
on both available. Have four of each. Don, (609) 665-
6512 evenings.

Mcintosh MC-2505 50W/channel, C-28 with cabinets,
owners manuals, service manuals, and original war-
ranty certificates, $700 or best offer; Kenwood KT700
tuner, $20; all in excellent condition. Dave, home (317)
883-7575, work (317) 451-9381.

Altec 816 horn loaded cabinets, small VT type; 511
horns; 806 drivers, ER-15 woofers, 415A woofers,
604E coaxial speakers, JBL 3115 crossovers, 2425
horn drivers, constant directivity horns, 2 pair for JBL
1" and 2" throats, Marantz 170-DC power amp, Eumig
preamp, Soundcraftsman AE2000 analyzer/equalizer.
David, (914) 688-5024.

Marantz 10B, $1,250; 8B, $750; SLT-12, $200; 7T,
$200; ARC EC-21, $375; Berning TF-10, $750;
EA-230, $400; SAE MK1B MK3CM, $450; Magnepan
tympani three speakers, $600; PS Audio phono line
preamp model 3, $200; Heathkit WM-5, $75; ARC
RMV, $100. All A-OK. Lee Sulka, 7233 Tuolumne,
Goleta, CA 93117, (805) 685-8130.

Raw speakers: Peerless 831715-12" woofer, ultra-
linear CC-line unit, poly 4 layer vc, Fa = 18Hz, $70/pair;
MB MCD19e %" metal dome, used by high end man-
ufacturers, $40/pair; Audax HD12.9D25 famous 1"
dome, $10/pair, Hi-Tech W85 8" woofer, poly, 400z
magnet, 1-1%2 aluminum vc, Fa = 34Hz, robust, clean,
unused, $20/pair; Piezos: #1016 2x5 horn, $7/pair;
dual element line source tweeter, $7/pair; Single driv-
ers: Dynaudio D21, Infinity modified Philips AD5061,
Philips %" dome tweeter, all 3 for $7, or free with any
3 items ordered above. All units in perfect operating
order. MO or check (personal must clear) to: Mike
Wayne, 3541 North Overhill, Chicago, IL 60634. (312)
777-7000, ext. 4189 days, (312) 589-2976 (home).

Superphone Rev 2 preamp, almost new, $400; Hafler
DH-100 preamps, black, new in box, $170; Dalesford
D153 6Y2 woofers, new, $50/pair; AQ sorb mat, new,
$20; everything must go, make offers! Shipping on
preamps paid. Walter Fleming, 182 Plain Hill Rd., Nor-
wich, CT 06360, (203) 889-5018, 5pm best.
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&
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Three Speaker Builder and six Audio Amateur binders,
as new, $6/each or $50 for all. Peter Bandurian, (303)
666-7588, evenings.

PAS, $65; FM3, $50; with manual and box, $95,
Pioneer TV9500 UHF TV tuner, $50; pair of original
AR1 woofers, pair of AR1 crossovers. Joe Jennings,
4903A South Orchard, Tacoma, WA 98467, (206)
473-3572.

Audiophile Accessories

0BP-2J (5) * Switch Box §69.95

DBP-2J {5) AU « Switch Box with Gold Jacks $89.95
Selects among up to 3 inputs. When used with
DRBP-6 or -6MC, allows for selectable loading of
cartridges. Alps level control available.

DBP-10 » Phono Alignment Protractor §29.95

Allows adiuslinﬁ the lateral tracking error of a
mounted cartridge to within 174 of a degree.
Non-technical instructions and case included.

DBP-16 * 12dB iInput Attenuators (pair) §12.95
DBP-CK ¢ C| in Audio Kit ( $19.95
DBP-SC » Souther Record Clamp §19.95

Other Accessories
Gold-plated phono plugs/jacks, banana plugs
jacks, spade {ugs. Y adapters, custom cabies,
many other useful accessories.

Test Compact Discs

We carry almost every worthwhile test CD available,
including 5 from the Japan Audio Society (tone bursts
and stereo pink noise), 2 from Pierre Verany (1/3
octave warble tones), 3 from Denon (Ancchoi
Orchestra), and Auditory Demonstrations,

Electronic Components

We can create electronic crossovers from 6 to 36dB per
octave, custom engineered for vour application. 24
and 36dB are Linkwit/-Riley " [n Phase™ design.
Madels for Snell and Magnepan speakers available.

The renowned DB Systems preamps, power amps,

tone controls, head amp, and phase inverter/bridging

adapter are also available through dealers or direct.
DB Systems
Main Street, P.O. Box 460
Rindge Center, NH 03461
Phone (603) 899-5121

VISA/MasterCard accepted

PIEDMONT AUDIO SOCIETY Audio club in the Ral-
eigh-Durham-Chapel Hill area is meeting monthly to
listen to music, demonstrate owner-built and modified
equipment, and exchange views and ideas on elec-
tronics and speaker construction. Tube and solid state
electronics are of interest and all levels of experience
are welcome. Kevin Carter, 1004 Olive Chapel Rd.,
Apex, NC 27502, (919) 387-0911.

CONNECTICUT AUDIO SOCIETY is an active and
growing club with activities covering many facets of
audio — including construction, subjective testing,
and tours of local manufacturers. New members are
always welcome. For a copy of our current newsletter
and an invitation to our next meeting, write to: Richard
Thompson, 129 Newgate Rd., E. Granby, CT 06026,
(203) 653-7873.

THE COLORADO AUDIO SOCIETY is a group of
audio enthusiasts dedicated to the pursuit of music
and audiophile arts in the Rocky Mountain region. We
offer a comprehensive annual journal, five bi-monthly
newsletters, plus participation in meetings and lec-
tures. For more information, send SASE to: CAS, 4506
Osceola St., Denver, CO 80212, or call Art Tedeschi,
(303) 477-5223.

THOSE INTERESTED IN AUDIO and speaker
building in the Knoxville-East Tennessee area please
contact Bob Wright, 7344 Toxaway Dr., Knoxville, TN
37909-2452, (615) 691-1668 after 6 p.m.

TUBE AUDIO ENTHUSIASTS. Northern California
club meets every other month. For next meeting an-
nouncement send a self-addressed, stamped #10
envelope to Tim Eding, PO Box 611662, San Jose,
CA 95161,

Continued on page 102
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TEKTON 21

6 in. diam VC

The TEKTON Infra-bass drivers
are uniquely featured to offer true
extension below audibility. Uncom-
promising design in collaboration
with Kimon Bellas called for ma-
chined steel motor assemblies, mas-
sive cast frame and immense mag-
net structure.

High power (over 1.2 KW at 20 Hz)
and long throw ( close to 1 in. each
way) guarantee the deepest and
tightest bass available anywhere
today.

Tm to Orca Dsgn & Mfg Corp.

3 Loudsgeaker Enclgsure Anal Dpte:19-25-98
AP e e €5°1859 50 "M Vi i ProaTen tineiie ia:00

Exclusively from

Watters Sound Wave Co(214)991-6994
4320 Spring Valley,Dallas TX 75244
Orca,Dsgn & Mfg Corp.(818)707-1629
1531 Lookout Dr. Agoura CA 91301

TEKTON 18
5 in. diam VC

LEHP Loudssoaker Enclosu Analysis Progr: Dlt 1 -2
Ver. 3.10, (C) 190 B CNS Electronu:s 1@ 95
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Continued from page 100

SOUTHEASTERN MICHIGAN WOOFER AND
TWEETER MARCHING SOCIETY (SMWTMS).
Detroit area audio construction club. Meetings every
two months featuring serious lectures, design analy-
ses, digital audio, A B listening tests, equipment
clinics, recording studio visits, and audio fun. The club
journalis LC, The SMWTMS Network. Corresponding
member’s subscription available. Call (313) 477- 6502
(days) or write David Carlstrom, SMWTMS, PO Box
721464, Berkley, M| 48072-0464.

THE ATLANTA AUDIO SOCIETY is dedicated to fur-
nish pleasure and education for people with a com-
mon interest in fine music and audio equipment.
Monthly meetings often feature guest speakers from
the audio manufacturing and recording industry. Mem-
bers receive a monthly newsletter. Call: Chuck Bruce,
(404) 876-5659, or Denny Meeker, (404) 872-0428, or
write: PO Box 361, Marietta, GA 30061.

QUALITY [T-SF

DRIVERS & @

SPEAKER
¢ Write for Catalog *

PARTS
The Speaker Factory

9141 Arbuckle Drive
Gaithersburg, MD 20877-1428

301-840-0747

ELECTROSTATIC LOUDSPEAKER USERS
GROUP is now a world-wide network for those in-
terested in sharing valuable theory, design, construc-
tion, and parts source information. If you are interested
in building, or have built, your own SOTA ESL we in-
vite you to join our loose-knit organization. For infor-
mation, send an SASE to: Barry Waldron, 1847 Coun-
try Club Dr., Placerville, CA 95667.

THE HI-FI CLUB of Cape Town in South Africa sends
a monthly-newsletter to its members and world-wide
subscribers, To receive an evaluation copy of our cur-
rent newsletter, write to: PO Box 18262, Wynberg
7824, South Africa. We'll be very pleased to hear from
you.

LONDON LIVE D.1.Y. HI-FI CIRCLE meets quarterly
in London, England. Our overall agenda is a broad
one, having anything to do with any aspect of audio
design and construction. We welcome everyone, from
novice to expent. For information contact Dick Bow-
man, 081 520 6334.

MEMPHIS AREA AUDIO SOCIETY being formed.
Serious audiophiles contactJ.J. McBride, 8182 Wind
Valley Cove, Memphis, TN 38125, (901) 756-6831.

NEW JERSEY AUDIO SOCIETY meets monthly.
Emphasis is on construction and modification of elec-
tronics and speakers. Dues includes monthly newslet-
ter with high-end news, construction articles, analysis
of commercial circuits, etc, Meetings are devoted to
listening to records and CDs, comparing and A-B-ing
equipment. New members welcome. Contact Bill Don-
nally, (201) 334-9412, RD2, Box 69D, Miller Dr., Boon-
ton, NJ 07005; or contact Bob Young, (201) 381-6269.

IF YOU ARE an 'Organ Music Lover” and like to test
your audio system, SFORZANDO has room for a few
more members. We have about three thousand
“Live"”, on-the-spot, cassette tapes that are not avail-
able in the stores. We are happy to lend them to you
via the mail. Just ask EA Rawlings, 5411 Bocage St.,
Montreal, Canada, H4J 1A2.

PACIFICNORTHWEST AUDIO SOCIETY (PAS)
consists of 60 audio enthusiasts meeting monthly, se-
cond Wednesdays, 7:30 to 9:30 p.m. at 4545 |sland
Crest Way, Mercer Island, Washington. Be our guest,
write Box 435, Mercer Island, WA 98040 or call Bob
McDonald, (206) 232-8130.
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AUDIOPHILES IN THE DAYTON/SPRINGFIELD,
OHIO AREA: We are forming an audio club. Please
contact me if you're interested in construction, modi-
fications, testing, recording or just plain listening to
music. Ken Beers, 1756 Hilt Rd., Yellow Springs, OH
45387, (513) 767-1457.

AUDIO SOCIETY OF MINNESOTA. Audiophiles,
music lovers, scratch builders, record collectors, tube
freaks, digital freaks — we’ve got ‘em all! Monthly
meeting, tours, audiophile concerts, special guests,
etc. Now in our 13th consecutive year! Write ASM, PO
Box 32293, Fridley, MN 55432.

THE BOSTON AUDIO SOCIETY invites you to join
and receive the bi-monthly B.A.S. SPEAKER with
reviews, debates, scientific analyses, and summaries
of lectures by major engineers. Read about Apogee,
Nytal, Conrad-Johnson, dbx digital, Snell, music crit-
icism and other topics. Rates on request. POBox 211,
Boston, MA 02126.

THE CATSKILL AND ADIRONDACK AUDIO SO-
CIETY invites you to our informal meeting. Join our
friendly group of audio enthusiasts as we discuss life,
the universe and everything! Toobers, Tranzzeestors,
vinyl canyons or digital dots. No matter what your ievel
of interest, experience, or preferences, you are wel-
come. Contact CAAS at (518) 756-9894 (leave mes-
sage), or write CAAS, PO Box 144, Hannacroix, NY
12087. See you soon!

CHICAGO AREA ENTHUSIASTS WANTED for
audio construction club. Call Tom, (312) 558-3377 or
(708) 516-0170 evenings for details.

In 1989, Madisound Speaker
Components processed 20,000
orders.

VIFA
FOCAL
PHILIPS
EUROPA
MOREL
KEF

DYNAUDIO
MB QUART
AUDAX
PEERLESS
SOLEN
ETON
PERFECT LAY
SIDEWINDER
ELECTROVOICE
SLEDGEHAMMER

Doesn’t your hobby deserve
these fine product lines?

AI Madisound Speaker Components
" 8608 University Green
Box 4283 Madison WI 53711
Phone: 6G08-831-3433

Fax: 608-831-3771

WASHINGTON AREA AUDIO SOCIETY Meetings
are held every two weeks, on Fridays from 19:00 hours
to 21:30 hours at the Charles Barrett Elementary
School in the city of Alexandria, Va. Prospective mem-
bers are welcome but must register in advance in order
to be admitted to the meetings. No exceptions please.
If interested please call Horace Vignale, (703)
578-4929.

THE WESTERN NEW YORK Audio Society (WNY
Audio Society) is an active and growing audio club
located in the Buffalo area. We issue a quarterly news-
letter and hold meetings the first Tuesday of every
month, Our meetings have attracted many local and
distant manufacturers of audio related equipment. We
are involved in all facets of audio—from building to
purchasing at discount prices. For a copy of our cur-
rent newsletter and information regarding our society,
please write to M.A. Monaco, WNY Audio Society, PO
Box 312, N. Tonawanda, NY 14120.

I O (616) 534-9121

| Meniscus

HIGH FIDELITY SPEAKER COMPONENTS

‘ DYNRUDIO MOREL FOCAL €ECLIPSE
| 2442 28th St., S.W., Suite D, Wyoming, MI 49509
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High quality 12" woofer
hade in the U.S A
Polypropylene cone with
poly foam surround.
-1/2" voice coil. 4 ohm
3.69 DCR) impedance.
b6 oz. magnet. Response
P4-3,000 Hz. ts = 28.5 Hz.
SPL =92 dB 1W/1M. 150
watts RMS. Qts = .48
VAS =915 cutt

$SA-290-187

Made in US A

EMINENCE 12" POLYPROPYLENE

bARTS EXPRESS NOW

. PYLE
5TOCKS PYLE DRIVERS! & )
“j":

Mage n U S 2

12" LONG THROW
WOOFER

Resonant frequency 20 Hz. 2-1/2"
voice coil. 70 oz. magnet. 105

watts RMS. Response: 20 3,000
Hz SPL =97 dB 1W/1M. 8 ohm.

Made in the U.S.A. $6290
Each

#SA-292-050

1" SOFT DOME PAIR

High temperature, poly thgrmal,
ferro fiuid cooled voice coil.

Response: 4,000 - 20,000 Hz. SPL
- 90dB 1W/1M. 8 oz. magnet. 40

Made in the US.A.

( Wish List
MPo/ydax Titaniums

%{/"y/e woofers
Phillips soft domes

%Pioneer polys

Eminence M.|.'s
Thruster drivers

PHILIPS SOFT DOME PAIR

4 - -
OO-;R ; =

ilips’ ular tweeters. 1° .
. Oc;‘lec?afrsgr':ftz (rjnooni:;\)/\?i?h 1" terro fluid cooled voice
201\* g ohm. fs = 1,600 Hz. Response. 2.:1(20 ot
20000 Hz. SPL = g2 dB 1W/1M. 10 c>szi.:F 3_3/4."
20'watts RMS. Philips #PKAD01624T

dia. 2-7/8" hole. $3280

4SA-270-220 Par

- '

-

12 GA. SPEAKER mel‘ GOLD PLATED

Rope lay ONNECTORS

construction. Over s

250 strands of 36 — e ¥ ‘\m  —

ga. wire. Extra - £ v—rime

thick, yet flexible

insulaton. Made in | -

the US A > 4 We _— - -

(Connectors - Ock a full jin

available). connectors, Speaif:;g?r? lt(;r%?te?

#SA-100-151 39¢| e srades RCaang - gng
Y cables y

Foot and adaptorg Send

for our fuy Iin

€ catalog below

watts RMS. 8 ohm. Boxed in pairs.

50
#SA-272-010 $359mr

Parts
iLxpress

0 E. First St., Dayton, Ohio 45402
)cal' 1-513-222-0173
hX: 1-513-222-4644
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FREE 148 PAGE CATALOG

We stock one of the largest
selections of speaker drivers
in the country. Send for your
FREE copy of our catalog
today.

s

rl

CALL TOLL

FREE
1-800-338-0531

* 15 day money back guarantee - $15.00 minimum order ‘
We accept Mastercard, Visa, Discover, and COD |
orders - 24 hour shipping - Shipping charge = UPS chart |
rate + $1.00 ($3.00 minimum Charge) - Hours 8 30 am - |
7:00 pm EST, Monday - Friday, 9 00 am - 2:00 pm EST,
Saturday - Mail order customers, please call for shipping
estimate on orders exceeding 5 Ibs. ‘- Foreign customers
please send $500 U S funds to receive catalog

-
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The MDM 85 is a mid range 75mm
soft dome unit of extremely high
standard, both from a design and
technical viewpoint.

It incorporates the renowned Morel
double magnet and Hexatech voice
coil techniques, and results in a unit
of above average sensitivity with
extremely low distortion and high
power handling capability.

With an output level of 96d8
distortion in the area of 400-800Hz is
slightly over 1% falling to 0.015%
from 1Khz.

There are two different types
available, one with a rear enclosure
and one without (MDM 85NE}).

The type with the rear enclosure can
be fitted into a cabinet as an integral
unit.

The MDM 85NE without the rear
enclosure can only be fitted into a
system having a separate housing to
enclose the unit. A volume of 0.7
litre is recommended for this housing,
which is essential to prevent inter-
reaction with the bass unit
compressions and expansions. This
housing must be filled full with
damping material, such as fibreglass
or rock wool.

The Thiele small parameters are given
for both types under specifications.
The contribution of this unit to a
suitably designed system will be
evident in the clarity and detail given
in the 500-5000Hz region.

Morel operate a policy of continuous product design improvement consequently specit

Specification

MDM 85 (with enclosure)

Overall Dimensions @-160mm x 113mm
Nominal Power Handling Din 300w
Transient Power 10ms 1500w

Voice Coil Diameter 75mm (3")
Hexatech Atuminium
Voice Coil Former Aluminium
Frequency Response 300-5000 Hz
Resonant Frequency 250 Hz
Sensitivity 92 dB (1W/1M)
Nominal Impedance 8 ohms
Harmonic Distortion
for 96 dB SPL <1%
Intermodulation Distortion
for 96 dB SPL <0.25%
Voice Coil Inductance @ 1 Khz 0.2mh
Air Gap Width 1.05mm
Air Gap Height 3.0mm
Voice Coil Height 6.0mm
Flux Density 1.0T
Force Factor (BXL) 4.6 WB/M
Rdc 5.2 ohms
Rmec 37.90
Qms 0.29
Qes 2.66
QT 0.20
Vas 0.33 litre

Moving Mass including Air Load 7.0 grams

Variations to specification for MDM 85
{without enclosure)

Overall Dimensions @ - 160mm x 60
Frequency Response 250-500(
Resonant Frequency 174
Rmec 39
Qms d
Qes

QT q
Vas 0.7
Nett Weight 1.09

Effective Dome Area 63.50 cm?
Dome Material  Chemically Treated Fabric
Nett Weight 1.25 kg
Specifications given are as after 24 hours of running
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