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Whether your acoustic analyzer requirements are in home

theatre, cinema, church and stadium installations, car stereo,or indus-

trial standards in factories and airports, the pcRTA has applications
and solutions for you.Today's ever improving audio standards, and
increasingly technical and creative acoustic applications,require preci-
sion realtime acoustic measurements and documentation more than
ever before. Now you don'’t have to rely on vague LED readouts,
inconsistent information,and limited test options,and you don't need
to waste time copying and recopying information for the documents
you require.Now there is a real solution that will solve problems and
save you money!

True RMS Detection THX home theatre testing
Peak Hold Curve storage and processing |
Long term averaging ASCII data import/export
RT60, RT40,and RT20 Bar or graph displays
SPL measurements Macro control for Q/A
Power response averaging testing
Impedance measurements Full data storage and
IASCA Scoring printing facilities
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l he LinearX pcRTA gives you affordable laboratory precision and quality with all the power and functionality of a PC-based
system.Designed with the same experience and expertise that brought the industry LEAP and LMS,the pcRTA is an easy-to-use,
powerful,and reliable precision test and analysis tool for all real time audio acoustic measurements.

The pcRTA system consists of a full-length 8-bit PC slot card,a 4 microphone connector box,and the new LinearX M51 High
Performance Measurement Microphone.The M51 is a calibrated microphone with an astonishing 156 dB clipping level,extremely low
noise and distortion levels,and temperature coefficient.

It features four mic multiplexing for spatial averaging, true RMS detection,32 bands (31 ISO 1/3 octave bands plus a full width band)
with ultra stable precision 4-pole 2nd order MLF filters,A,B,C,D and E ANSI weighting filters, built-in White and Pink Noise spec-
trums,and a custom 20-bit digital sequencer.The pcRTA also performs direct impedance curve measurements,as well as full SPL mea-
surements with +0.5 dB accuracy and £0.025 dB resolution.

The MS-Windows based software is extremely well structured, easy to learn,and intuitive in operation.The pcRTA provides curve

storage, curve inverting,ASCIl data export/import, spatial averaging, Peak-hold, Long term aver-

1 aging,RT60/40/20 plots,Macro controls for Q/C testing,and full printing facilities. It -
performs IASCA scoring,as well as THX home theatre testing,and can generate an = Q) ‘

. array of reports with a few clicks of the mouse. Simultaneous viewing of multiple = e 7

m curves can be quickly produced in several different formats including bar,line,multi-

color 1/3 octave,and single octave,all at a resolution only a computer can display. L I N ' E A R x
LinearX Systems Inc. 7556 SW Bridgeport Rd.,Portland,OR 97224 USA Tel:503-620-3044 Fax:503-598-9258

™

Al data can be quickly stored for documentation or recall.
International Dealers: Argentina: Interface SRL 54 | 741-1389/Australia: ME Technologies 6/ (0)65-50-2200/Austria: Audiomax 49 (0)71-31-162224/Belgium: Belram
32 (0)2-736-50-00/Canada: Gerraudio 416-696-2779/Denmark,Finland: A&T Ljudproduktion 46 (0)9-732 | | 77/France: Belram 32 (0)2-736-50-00/Germany: Audiomax
49 (0)71-31-162224/Indonesia: Ken's Audio 62 (0)21-385-4591/Italy: Outline snc 39 30-3581341/Luxembourg: Belram 32 (0)2-736-50-00/Malaysia: AUVI 65 283-
2544/New Zealand: ME Technologies 6/ (0)65-50-2200/Norway: A&T Ljudproduktion 46 (0)9-732 11 77/Poland: Inter-Americom 48 (22)43-23-34/Singapore: AUVI 65
283-2544/Sweden: A&T Ljudproduktion 46 (0)9-732 il 77/Switzerland: Audiomax 49 (0)71-31-162224/Taiwan: Gestion Taycan Intl 886 2-786.3468-9/Thailand: AUVI
65 283-2544/The Netherlands: Duran Audio 3/ (0)41-80-15583/UK(England): Munro Assoc 44 (0)71-379-7600.

Product and Trademark names are the property of their respective owners. © Copyright 1994 LinearX




Good News

O CELESTION SUBWOOFERS ® AUDIO CLASSICS
The new CR Series™ loudspeakers, the CR151X and the CR181X, are sub-bass ported reflex The Reference Catalog from Audio Classics,
enclosures. An internal passive crossover network allows them to be used in a sub/top cabinet Ltd.SM features stereo components from manu-
combination without an additional amplifier and facturers such as AudioQuest, B&K, Dahlquist,
crossover network. For traditional biamplifier Denon, KEF, Philips, Rotel, Soloist, and Sound
setups, the subwoofers can be connected so that Lab, among others. The new and pre-owned
the crossover is not activated. Celestion Industries, components include amplifiers, cartridges, CD

Inc., 89 Doug Brown Way, Holliston, MA 01746, players, equalizers, headphones, interconnects,
(508) 4296706, FAX (508) 429-2426. preamps, receivers, records, cables, speakers,
Reader Service #101 tuners, turntables, books, and magazines. To
receive the catalog, contact Audio Classics, Ltd.,
PO Box 176, Walton, NY 13856-0176, (607)
865-7200, FAX (607) 865-7222.
Reader Service #109

®m RIBBON DRIVERS
Newform Research offers a full fine of ribbon-based loudspeakers, including raw
ribbon drivers (8, 15”, and 30"), in-wall units, ribbon modules, and full-range
systems. Ribbon technology offers the definition and air of large electrostatics in
smaller, easier-to-drive packages. These wide-bandwidth ribbons cover the
midrange and treble so the woofer operates within its natural range with minimal
distortion. Newform Research, Inc., PO Box 475, Midland, ON L4R 4L3, Canada,
(705) 835-9000, FAX (705) 835-0081.
Reader Service #106

O ROCK-IT SCIENCE

The Radio Rock-It RDS add-on internal board for home PCs enables

your computer to receive FM-stereo signals as well as display radio

text information on screen, including traffic announcements,

news, and weather updates. The board picks up the signal from

the Radio Broadcast Data System and converts it into text. The

*smart radio” also offers SRS surround sound, five-band graphic

equalizer, and onscreen digital paging system. For more infor-

mation, contact Advanced Digital Systems, 13909 Bettencourt

St., Cerritos, CA 90701, (800) 888-5244, FAX (310) 926-0518.
Reader Service #107

> SATELLITE SPEAKER
M&K Sound has introduced Ken
Kreisel's 20th anniversary edition of
its flagship S-1C Satellite Speaker
System. The S-1C incorporates features
such as push-pull dual drivers, user-con-
trolled vertical directivity, open-back trans-
mission line tweeters, bi-wiring capability,
adjustable tonal balances, a tweeteriwoofer driver
offset for time alignment® , and a selectable, high-
frequency radiation pattem control. Miller & Kreisel Sound Corp., 10391 Jefferson Blvd., Culver City, CA
90232, (310) 204-2854, FAX (310) 202-8782.

Reader Service #110
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Good News

m ACCULINE PLANARS

Acculine's new mode! 2.8 dipole driver

(28" long, 4 -5/8" wide, and 1- 3/16" thick)

is a wide-range planar transducer. Its fre-

quency response is +3dB from 120Hz to

19kHz, with 2Q2 impedance, 87dB sensi-

tivity, and power handiing of 200W RMS. > COINCIDENTAL SPEAKERS

Lateral dispersion characteristics are The SYN-519A, SYN-619A, and SYN-825A drivers
enhanced by the 1.25" source width. For from Madisound feature die-cast frames, PVC sur-
more information, contact Bohlender rounds, Kapton formers, aluminum dome tweeters,
Graebener Corp., PO Box 8888, Incline and ferrofluid cooling. The tweeters are mounted at
Village, NV 89452, (702) 832-5402, FAX the base of the cone, in the middle of the woofers’
(702) 832-5407. voice coil, a design which places the woofer and
Reader Service #103 tweeter in phase with each other. The in-wall WS008A

speaker offers the same features in a one-piece poly-
carbonate chassis. Madisound Speaker Components,
PO Box 44283, Madison, WI 53711, (608) 831-3433,
FAX (608) 831-3771.

Reader Service #102
Speaker Buider (US ISSN 0199-7920) is published every six |
weeks {eight times a year), at $32 per year, two years;
Canada add $8 per year; overseas rales $50 one year, $90
s, Inc., Edward T. Dell,

tfr’f r!ereas'g%%’f‘ 3 305 Unon éﬁé’g,%gneox ,494{ Peterborough, m CLEAR-FINISH EPOXY
NS 0 i ocond_casepostage pai atiRslsttiorsiigh, ' Syon's Tru-Set® General Purpose Adhesive is a two-part epoxy which sets to the

NH and an additional mailing office. > - : 8 . ) A
POSTMASTER: touch in about 20 minutes; full cure is achieved in four hours. This adhesive has a

Send address change to:

Speaker Builder, PO Box 494 ‘ flexural strength of 8,000 psi, and a mix ratio of 1:1. The cured product resists
moisture, acid, and alkali. Syon Corp., 280 Eliot St., Ashland, MA 01721, (508)
881-8852, FAX (508) 881-4703.
Reader Service #104

Peterborough, NH 03458-0494
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EMINENCE

Loudspeakers, Drivers,
Diaphragms and Recone Kits

Electro Voice

Recone Kits

McCauley

Loudspeakers & Drivers,

Acoustician

Drivers, Horns, Tweeters,
Diaphragms & Crossovers

°
Loudspeakers, Drivers, Horns, Tweeters, Crossovers, Hardware, Connectors... and much, much more! waldom
Image delivers virtually every component for the speaker builder. Audio Products

See for yourself. Call or FAX for your FREE catalog today! Hardwans: Cofneelors Bio.

-~ :
‘ I I I age 4301 W. 69th St. « Chicago, Iilinois 60629 « (312) 585-1212 « FAX (312) 585-7847 « 1-800-552-1639

Reader Service #22
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Good News

@ SPEAKER SPECIALS
Zalytron's 1995 speaker catalog is packed
with new products, including a car-audio line
from Focal, high-end speakers and shielded
drivers from SEAS, Polydax' 60 new drivers,
and ERSE Electronics' line of coils.
The 160-page catalog features sys-
tems and products for both the experi-
enced hobbyist and the beginner on a
budget. Zalytron Industries Corp.,
4679 Jericho Turnpike, Mineola, NY
11501, (516) 747-3515,
FAX (516) 294-1943.

Reader Service #111

O CLEAN ETREMA
The new ETREMA speaker has a flat, sealed
plastic face, so no exchange of dust, pathogens,
or other materials can occur between it and the
environment. It can be mounted flush with a wall
surface and covered to become invisi-
ble. The solid-state units require no
maintenance, and can be used in virtu-
ally any environment. ETREMA
Products, Inc., 2500 North Loop Dr.,
Ames, 1A 50010, (515) 296-8030,
(800) 327-7291.

Reader Service #105

HoLocGraPHIC INJECTED MOLDED
GRAPHITE SUBWOOFERS
MabE IN THE USA.

O MOUSER CATALOG |
The latest catalog from Mouser Electronics
contains over 45,000 items from more than
100 manufacturers in 276 pages. Selections
include semiconductors, passive components,
electromechanical devices, resistors, capaci-
tors, switches, wire and cable, connectors,
and more. The guide also provides specifica-
tion drawings and up-to-date, guaranteed
pricing information. Mouser Electronics, 2401
Hwy. 287 North, Mansfield, TX 76063, (817) ,
483-4422, (800) 992-9943. ,
Reader Service #108 |

MOUSER

ELECTRONICS

The combination of
stiff, light-weight
components of
Graphite together
with Polypropylene
insure proper
damping & musical

accuracy.

Holographic cones
are up to 60%
lighter and ten times stronger than conventional cones.

L P

Coupled with large vented magnetic structures, Kapton voice
coils and insulated lead wires, the ITolographic woofers
producce tight & dynamic bass responsc.

Model: CWi10-4 $139.00* | Model: COWi124 $159.00*
: Dl Surround: Byutel Rubber Surround: Rolled Foom
(800) 346-6873 Re: 3.27 Ohms Le: 0.56 Mh Re: 3.28 Ohms Le: .93 Mh
Qm: 93‘ Qe: 033 Qm: 777 Qe: 057
01: 0.32 X-Mox: 4.6 mm 0t: 0.53 X-Mox: 5.5 mm
BL: 721 T-M V( Diom: 15° BL:9T-M ¥C Diom: 2.5°
m INSTALLER OLYMPICS (Ziap He‘;zhzt:dilﬂﬁ' :;‘19‘}1216 (Ziap He;zh; 3750° Fs: 33Kz
The first National Installer Olympics will be held max; 962 Ohms Al | e 483 s WMhs: 6702 g
. P ) Y ) (MS: 1.5574 MM/N RMS: 5597 N*se/m | CMS: 3433 MM/N RMS: 1.798 N*se¢/m
in conjunction with the 1934 IASCA Finals on Vos: 9.19 . SD. 43388 Sqm | Vos: 437 wh. $D: 50671 Sqem
Noverr)be{ 4-6in Dallas, TX. Thg Installer . VD: 158.66 « Mognet: 56 oz VD: 27752 « Mognet: 70 0z
Olympics is a fun-filled event designed to give SPL: 90 dB Winding: .625° SPL: 91 dB Winding: .750°
installers from all over the country an opportunity i

to interact. A $10 registration fee will be charged
10 enter, and the number of contestants will be
limited to the first 300. For more details or a reg-
istration form, call (800) 354-6782. Installer
institute, 460 Walker St., Holly Hill, FL 32117,
FAX (904) 255-3965.

*Prices include UPS freight & COD charges in the contiguous USA.
Call or write for our complete Catalog featuring over 50 drivers.

CAd E N C E Call Toll-Free 800/477-2328

6519 Highway 9 North
Howell, N) 07731

Dealer inquiries welcome.
Reader Service #60
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WORKSIHOP VIDIEO

[ ———————e

1502, N Harrison St,, Ft. Wayne, IN

LEARN SPEAKER RECONING

SPEAKER
RECONING VIDEO

¢ COMPLETE RECONING VIDEO

* HOW TO GET STARTED INFORMATION
¢ PARTS DESCRIPTION CATALOG

* PARTS ORDERING

This offer is designed 10 get you started right away. No hidden costs, No restrictions or other red tape 10 hinder
you from getting started NOW! Act now if you wans (0 recone yowr own speakers and expand yowr knowledge.

[ on1y$39.95

mmm——————————

16808

Make checks payable o
| CHECK . WE MAKE IT EASY.
| MONEY ORDER 1‘/5‘;2; kl‘thp Yldeo
C.0D. . Harrison Street
: VISA Ft. Wayne, Indiana 46808 YOU MAKE IT
| MASTER CARD (219) 4245463 SOUND GOOD. N
Reader Service #66
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About This Issue

Who says transmission line designs have to be
complex, unmanageable, impractical beasts? In
search of a smaller, shorter transmission line
design, intrepid author Darin Johns (“A 15"
Transmission Line Woofer,” p. 10) traverses
uncharted jungles to tame the TL tiger. He
takes the mystery out of these misunderstood
creatures and illustrates that the sound rewards
can be great.

Mark Sanfilipo reminds us (“Inductor Coil
Crosstalk,” p. 14) that the placement of induc-
tor coils on the crossover mounting base aftects
sound reproduction, and, if you’re not careful,
could create unwanted noise. He conducts an
interesting crosstalk experiment to test this
assertion, and demonstrates the optimum posi-
tion for placing coils in your design to mini-
mize crosstalk.

For those ready to start thinking about “sur-
round sound,” Gregory Smith outlines a con-
struction piece—requiring a ridiculously low
expenditure—for a pair of dipole rear speakers
to incorporate into your system (“Quick Home
Theater on a Budget,” p. 18). Like the speakers
themselves, this article gives depth, as well as
width, to this new branch of sound reproduction.

Gary Galo chronicles the evolution of loud-
speaker technology in part 2 of “Loudspeakers:
A Short History” (p. 30). His focus on the devel-
opment of vented speaker designs cites the events
and individuals responsible for their acceptance.

The aphorism “necessity is the mother of
invention” applies not only to loudspeaker his-
tory, but to individual speaker designers as well.
Just ask Bill Waslo, who, faced with a particu-
lar speaker requircment, developed not one, but
two, unique solutions (“Silk Purses: A Two-
Way Salvage Design,” p. 24). Purists might
cringe at his somewhat undisciplined approach,
but, in author Waslo’s case, “chance favors the
prepared mind.”

This installment of Bob Wayland’s “Wood
World” introduces the magic of veneering,
which can transform your most unattractive
woodworking project into a work of art.

In response to reader comments and con-
cerns, we introduce a new column entitled
“Loudspeakers 101." As the name implies, its
focus is educational and will emit some light on
loudspeaker design, operation, terms, and prin-
ciples. And who better to compose this series
than Dick Pierce, who is involved in the indus-
try—in an instructive way—as consultant,
author, and lecturer.

Also in this issue, Gary Galo tests a new
piece of audio gear from Crystal Lake Designs,
and Robert Bullock tackles some tough reader
questions in “Ask SB.”
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Editorial

Share the Health

built a device which became a working tool? My earliest

experience at making a gadget that actually worked hap-
pened when I was not quite ten years of age. I cannot remember a
time when I was not interested in how things worked, but until that
point, I had fashioned nothing which actually “did something.”

Building that small code practice oscillator was a watershed in
my life. The base was of wood, cut from an apple box end, planed
and sanded and beveled. The tube socket was surface-mounted
with screws, and the battery, code key, and headphone connections
were all executed with fahnestock clips. (The wire was neither
pure nor oxygen-free, alas.)

Ordinarily, you might suppose I learned about Morse code and
the joys of amateur radio from my father. Unfortunately, although
he worked most of his life for Western Electric and American
Telephone and Telegraph, the inspiration for the project came from
another quarter altogether. Our local church had a troop of Boy
Scouts which I longed to join but was unable to because of family
conventions. The scoutmaster, however, sought me out and sug-
gested I try ham radio. He invited me to his house for a session on
his shortwave rig, which provided me with the first technical
excitement of my young life.

The parts for the project were readily available at a local repair
shop. The sound in my headphones from the little glowing tube as I
tapped out what every ham learns first, SOS (three short, three long,
and three short), seemed a miracle. The greater miracle, of course,
was the technology seed planted in a youngster’s mind. Not long
afterward, my scoutmaster friend Robert Honeycutt presented me
with a large book of building plans for dozens of useful gadgets. I
made a wooden mapping transit with a tripod for doing scaled draw-
ings of all sorts of geography. I learned to build waterproof tents
from recycled cotton sugar sacks and how to camp out overnight.

The book was important in opening my eyes to a new and excit-
ing range of possibilities. Even more fundamental was the interest
and encouragement my friend invested in me and the important
discovery that I could make things, exciting things. Recently a
friend and former employee sent me a letter from his desk at a new
job. In it he mentioned, to my surprise, that his time on our staff
had been the most important mentoring experience of his editing
career. I have had the distinct pleasure, in these past months, of
welcoming back to the staff three former employees who all men-
tioned the value of what they learncd earlier.

In our not-too-long-ago history as a culture we had a very strong
tradition of entrusting the learnings of one generation to another.

Can you recall your joy the first time you made an object, or

€ Reader Service #21

This happened between fathers and sons, between mothers and
daughters, between masters and apprentices. Such links seem to me
to have become rarer in our times. I believe we are poorer for it.

Most of us who share this wonderful enthusiasm for speaker
designing and building invest a surprising amount of time gaining
for ourselves experience and know-how about its complexities.
Along the way some of us acquire an impressive array of infor-
mation and some few share this through this periodical by words,
pictures, and diagrams. This interactive enrichment is one of the
very best parts of the whole process. But is it enough?

How many other speaker builders do you know? If you are part
of a club, chances are you know a few, possibly a dozen or so. If
not, speaker building colleagues may be very few indeed. In the
larger picture, this current generation of Americans will not be
remembered as avid electronics craftspeople. Is what we enjoy so
much something we ought to be keeping exclusively for our own
purposes: building speakers, dreaming about new systems,
upgrading to the next level toward that elusive grail of perfect
reproduction?

Hardly anything is more satisfying than sharing an avocation’s
pleasure with another. Speaker builders have a unique advantage in
the matter of mentoring younger people. Sound has become almost
as necessary an ingredient in the daily life of the young as food. The
idea of building a loudspeaker of your own has a strong appeal to
teenagers. If we believe it is important for people of this generation
to rediscover the satisfactions and sense of fulfillment in working
with their hands, then sharing our enthusiasm and know-how with
another, possibly younger, person must be important.

Sharing a talent and experience could, as in the case of my carly
good fortune, be accomplished one-on-one with a relative, a neigh-
bor, or a friend’s youngster. It might take the form of a course
offered through adult education programs for which you might
volunteer. The traditional crafts are flourishing well enough. But
too few see the new crafts’ potential in shaping electrons and sound
waves and video screens.

Such an investment in another human being pays more divi-
dends of incalculable dimensions than any other of life’s opportu-
nities. Offering the means of awakening another person to his or
her own undiscovered capabilities is a profoundly gratifying, and
usually surprising, experience. Sharing with another is a small pay-
back for what all of us have received from others. Nothing we learn
happens in a vacuum or without a history. I commend mentoring
to you. It will pay immediate and long-term dividends not only to
your lucky friend, but to you as well —E.T.D.

Speaker Builder / 754 9



A 15" TRANSMISSION LINE

transmission line (TL) using a 15"

woofer. Most common woofer sizes for
TLs range from 4-12". | wanted to be differ-
ent and try a 15" TL. My goal was a sub-
woofer transmission line that delivers a flat
response from 25-200Hz. A one-quarter
wavelength line for 25Hz would measure
11.3" long. Although my wonderful wife has
accepted my speaker building hobby, such
an enormous subwoofer in our living room
was out of the question. | decided to use the
research of others to base my design for a
shorter transmission line.

Idon’t often come across articles about a

BACKGROUND

I was never really interested in transmission
lines until 1 heard a pair while I was in col-
lege. These speakers were four-way systems
based around KEF B-139 woofers loaded
into wool-stuffed 11’ lines. They had the
smoothest, most accurate bass | had ever
heard. A friend built these 200 Ib giants in

ABOUT THE AUTHOR

Darin K. Johns is a band director at Franklin Middle
School in Abilene, TX. Besides designing and building
speaker projects, he enjoys hitting the trails on his dirt
bike. He also works part-time as audio consultant for
Spectra Sound Systems. He is married and has one child.

WOOFER

By Darin K. Johns

his first TL attempt. Despite his success and
my immediate interest, | placed the TL idea
on the back burner.

As a theory-minded person who believes
there is not enough established theory on
TLs, I spent my time designing and building
vented boxes. I'm also a tuba player in the
band and a sub-bass freak, so my interests
centered on subwoofers. Using calculator
formulas at first and computer programs
later, 1 designed and built successful “bass-
reflex” subwoofers that performed amazing-
ly close to theory.

After several years of building vented
cabinets, | was ready for a change. | bought
two 15" dual voice-coil woofers from Petras
(38 SW8 DVC) with the intent of building a
bandpass enclosure. Even though these
woofers are designed for car use, they were
reasonably priced with good-looking specs.
After my first attempted bandpass enclosure
failed, 1 turned the large box into a 10 fi3
vented enclosure for a single 15" woofer.
This left me with an extra woofer.

The idea of a transmission line resurfaced.
A glance back at the many wonderful TL
articles in SB by Gary Galo, Craig Cushing,
John Cockroft, Thomas Cox, and others
rekindled my interest. | saw others success-
fully using smaller than “optimal” lines. |
searched these articles for any formulas that
might help.

I was unsure and confused by so many
different ideas on stuffing, line length, cross
section, and their relationship to each other.
About that time, Larry Sharp wrote a short,
but insightful, TL article, “Optimizing
Transmission Line Lengths” (SB 4/91,
p. 30). Using formulas from this article, |
started designing a transmission line for my
15" Petras.

SYSTEM DESIGN

I have leamed not to rely on manufacturers’
specifications, so | performed my own tests to
determine fg, Qrg, and V. I used an old
Heath sine-wave generator and a digital mul-
timeter to obtain the results and performed all
measurements with the two voice coils wired
in parallel. Measured specs turned out to be
amazingly close to the manufacturer’s
(Table I).

With a resonance frequency of 27Hz, my
goal of 25Hz for a low range seemed right
on target. According to the table in Larry’s
article, I could achieve —3dB at 25Hz with a
4’ line using the standard stuffing density of
0.5 Ib/fi3. This almost seemed unbelievable
in comparison to my friend’s 11’ line; but
according to Larry’s equations and detailed
explanations, it actually made sense.

The well-known equation for calculating
a line length assumes an air speed of 1,130
ft/sec at sea level. This is fine for an un-

woofer
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-10db
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FIGURE 1: Speaker profile.
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FIGURE 2: Frequency response graph using generator direct to speaker.
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stuffed line, but when you stuff a
line (or put anything in it), the speed
of sound changes, as Robert Spear
and Alex Thornhill (“Fibrous Tangle
Effects On Acoustical TLs,” SB
5/91, p. 11) have demonstrated. With
a stuffing density of 0.51b/ft3, the
speed of sound is only 408 fVsec, as
derived from Bradbury’s law
(Equation 1) to determine the speed
of sound through fiber.

speedofsound _ 1130 ft/sec (1)
through fiber V1 +(Pa/P)

Pa = density of stuffing
P = density of air at 72° (0.0736
1b/f3)

By plugging values into the transmis-
sion line formula:

1141, = 408 fifsec + 25Hz(fg) + 4 = 4.08 f

I chose to taper the line to avoid
major resonances and standing
waves. My 15" woofer has an effec-
tive cone radiation area (Sy) of 154
in2. I arbitrarily chose a cross-sec-
tional area of 229 in2, which is
almost 50% larger than S.

CONSTRUCTION

The external dimensions are 17" x 17" x
48.5", with the woofer mounted in the top,
and the port at the bottom of the front panel.
A board runs diagonally through the
box forming the taper (Fig. /). Table 2 lists
the board cuts you must make. [ made the
entire enclosure with %" industrial grade
particle board.

I assembled the parts, except for the top
and face, using wood glue and screws (#6 x
2"). 1 caulked all joints with clear silicone
rubber, and then placed weather-stripping on
the exposed edges where the face board and

TABLE 1

SPECIFICATIONS COMPARISON

fs Qrs Vas
Rated 26 0.41 8.78
Measured 27 0.44 7.88

TABLE 2
BOARD DIMENSIONS

@  17xar toplbottom
@ 47 x17 sides
(1) 47 x155" back
(1) 42" x 155" front
(1) 48" x 155" divider

PHOTO 1: Author’s TL woofer (right) next
to system’s right main speaker.

top board would go. The weather-stripping
provides a good seal, but lets you remove
these boards at a later date, if necessary,
without destroying the cabinet.

STUFFING

1 chose Acousta-Stuf® to fill the line. This
is a good substitute for wool, but much
easier to work with, and you don’t have to
worry about moths. The total line volume of
4.3 fi3 required slightly over 2 Ibs. Acousta-
Stuf is normally self-supporting. However,
because of the greater cross-sectional
area of my line, it needed a little help. I sta-
pled fish netting at the port opening and
every 10-12" up the line, which solved
the problem.

WIRING AND EQUIPMENT
For the intemal wiring [ used 12-gauge, oxy-
gen-free speaker cable. I connected separate
wires to each voice coil lead so 1 could later
wire them in parallel, series, or individually
to separate channels. The wires, stapled to an
inside wall so they would not disturb the
evenly spaced stuffing, ran out the port
directly to the amplifier to avoid any extra
resistance which could degrade the amplifier
damping factor.

My home audio system features a
Kenwood 55W/channel receiver (for highs),

o

§ an Ashly 24dB/octave electronic
crossover, and a Proton D540 inte-
grated amplifier (for lows), which |
use only as an amplifier via amp
inputs on the back panel. This
extremely clean model is conserva-
tively rated at 40W/channel into 8Q),
stable down to 2Q2, and is bridgeable
for high power. I highly recommend
this great little unit, with its dynamic
headroom of 6dB and a damping
factor >90.

I wired the two 8Q coils of the
Petras woofer in parallel for a 4Q
load. Because 1 was only using one
subwoofer, | combined the outputs of
my crossover for a mono input into
my bridged amp giving it a 2Q load
and over 200W RMS. To minimize
damping loss I kept the amp within
four feet of the TL.

PIDITIPT T IS PP 55w cee®

LISTENING TESTS

After stuffing the cabinet and screw-
ing down the top and front, I began
listening tests. For the first one, |
bypassed the crossover to get an idea
of the full-range sound. I decided to
judge the sound quality myself
before measuring instruments biased
my opinion. I used a variety of music: hard
rock, country, classical, movie soundtracks,
orchestral, wind band, and so on. | wired the
10 fi3 vented box with the identical woofer
to the B speaker outputs on the amplifier for
A/B comparisons.

After the first tests, 1 determined that the
new TL was lacking in the sub-bass region,
compared to the vented box (tuned to 29Hz).
To fine-tune the TL, | added more stuffing
just beneath the woofer. Stuffing density
ended up approximately 0.6 lbs/ft3. I also
stapled 8" long strips of 1" fiberglass insula-
tion from Radio Shack to all four wooden
surfaces behind the woofer.

1t was ready for another listening test,
and this time, the sound was much
smoother. The bottom end seemed to open
up, and its slight mid-bass boominess disap-
peared completely.

I reconnected the electronic crossover
into the system. By varying the crossover
frequency between 40-100Hz, I performed
actual “subwoofer” listening tests. The TL
was less efficient than the vented box,
but it controlled cone motion much better.
Although my ears were accustomed
to the mid-bass hump of a vented box,
TL’s clear, natural-sounding bass was a
pleasant change.

MEASUREMENTS

I began by making an impedance curve on
the woofer in the TL to compare with the
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woofer curve in free air. One advantage of a
TL is its ability to smooth out an impedance
curve and ease the load on the amplifier.
Usually two peaks are noticeable in trans-
mission lines, but my line only contained
one of only 11.4Q at 50Hz (see Tables 3 and
4). Because I could not find a higher peak, |
assumed this represented the high peak. The
low peak may be below the range of my fre-
quency generator.

I made a graph of the frequency response
between 20 and 200Hz. Measurements were
made with the TL lying horizontally on my
couch, With pillows and couch cushions, |
attempted to isolate the outputs of the
woofer and port. I placed a Radio Shack
SPL meter even with the top baffle at the

center of the woofer and level with the front
baffle at the center of the port.

The first measurements, with the speaker
wired directly to the frequency generator,
confirmed what my ears were telling me
(Fig. 2). It seemed too good to be true
(20-200Hz, £3dB). For the next test, I con-
nected the generator to the receiver. From
there the signal went through the electronic
crossover set at SOHz and into the bass amp
(Fig. 3). The system still looked good.

PLACEMENT AND ADJUSTMENTS

It was now time to place the TL in the
desired location in the living room, which is
approximately 12’ wide and 16’ long with a
10’ vaulted ceiling. The 6’ wide, 6’ tall enter-

100db

90db

80db

70db

60db

;_1

20 25 30 35 40 45 50 55 60 66 70 75 80 85 90 95 100110120 130140150 160 180 200

= Woofer

Line exit

FIGURE 3: Frequency response graph, with signal going through crossover and amp.

TABLE 3
WOOFER IN FREE AIR
fs Imp(W)
20 11
25(27) 36 (65)
30 6
35 16
40 10
45 7.5
50 6
55 5
60 5
65 5
70 45
75 45
80 45
85 45
90 45
95 4.5
100 4
110 45
120 45
130 45
140 45
150 4.5
160 5
170 5
180 5
200 5
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tainment center is against the 12' wall. The
main speakers are flush with either side of
the entertainment system, while the TL is
against the back wall on the right, so the port
exits into the space behind the right main
speaker.

Choosing 50Hz as a crossover frequency
was based around the main speakers, whose
frequency response is rated at 42Hz-20kHz
(+3dB). I experimented with various
crossover settings. Using 100Hz made the
whole system sound muddier. At 80Hz the
system sounded good, but the bass became
localized on the right side. Since my main
speakers covered this range well, I decided
to go lower. Using 40Hz cut out too much,
but 50Hz blended well. I made final
crossover level adjustments to fit my person-
al preferences.

CONCLUSION
This short transmission line does not fall
short in sound quality. I have spent much

.

TABLE 4

WOOFER IN STUFFED LINE
fs Imp.(W)
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w
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time listening to this system and am now
spoiled by the smooth, tight sound of my
TL subwoofer. All types of music sound
great. Movies are startling with effects you
can feel. The sound from the subwoofer
and the surround sound speakers really
engulfs you.

Why did I leave wasted space on one side
of the cabinet? My original intention was to
build two of these lines and two-way sys-
tems on the opposite side of the TL opening.
With a volume of 2.2 i3 and a nonparallel
surface, this is a good candidate for a sealed
system with an 8” or 10” woofer, which |
may consider for a future project. >
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THE SPEAKER WORKS, INC.
1021 E. Camelback Rd.
Phoenix, AZ 85014
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(BO2)230-0344 FAX (602)230-8533

LOOKING FOR A GREAT SET OF SPEAKERS? DON'THAVE LOTS OF SPARE TIME?
THE KIDS WANT TO PLAY NINTENDO ON YOUR COMPUTER?

PERHAPS WE CAN HELP

TSW SPEAKER KITS ARE DESIGNED FOR THE SERIOUS LISTENER AND ALL HAVE PROVEN
THEIR MERIT BY THEIR EXCELLENT SALES HISTORY! ALL ARE DESIGNED FOR PREMIER
PERFORMANCE AND MAXIMUM RELIABILITY WITH TOP QUALITY DRIVERS AND
COMPONENTS. WE, AT TSW, DO NOT FEEL THAT SOMETHING AS ENJOYABLE AS AN
EXCELLENT SET OF LOUDSPEAKERS SHOULD BE A BURDEN ON YOUR TIME, ENERGY OR
POCKETBOOK. WE OFFER THE FOLLOWING SOLUTIONS TO EAR POLLUTION:

THE TSW D-1 KIT

A petite two-way system using our TSW 5” woofer and
a 13mm tweeter in a 10” high x 7" wide x 5" deep oak
veneer enclosure. Designed originally as a dialogue
channel system for AV systems, the D-1 has been equally
popular for AV rear channel application for bedrooms
and offices and as a satellite system with our D-10
SUBWOOFER. Available in stained oak, black oak and
white oak.
COST: A petite $62.25 each.

THE TSW TUCSON

A serious two-way system comprised of a SEAS 8" woofer
and a SEAS 1” dome tweeter. The crossover is designed
to give outstanding sonic performance from this medium
sized book shelf system. The furniture quality oak
veneered cabinets available in stained oak, black oak or
white oak compliment most any decor. THE TSW
TUCSON has long been our best selling loudspeaker
system. Their 19” height x 12” width x 10” depth enclosure
produces tight and unbelievably low bass.
COST: An unbelievably low $259.50 per pair.

TSW D-10 SUBWOOFER

Our own TSW 10" poly dual voice coil woofer with 125
Hertz second order roll off and first order satellite roll in.
Subwoofer is 4 ohm and set up for 8 ohm satellites.
We do not supply an enclosure but recommend 1.5 cu. ft.
sealed. Works well in a down fire or front fire
configuration.

COST: All parts except enclosure $72.50.

THE TSW MINI MONITOR

Maybe it's not a Rogers, but maybe it's pretty close! We
feel the cost may be the most significant difference. The
SEAS 6.5” woofer and the SEAS .75” dome tweeter are
painstakingly melded together with a carefully designed
crossover and installed in an oak veneered enclosure
13.5” high x 8" wide x 7" deep. TSW MINI MONITORS
fare well as an independent system or may be used as
satellites with our D-10or D-12 SUBWOOFER SYSTEMS.
COST: A mini $194.50 per pair.

THE TSW BUCKINGHAMS

This three-way system equipped with our own TSW 12"
woofer, a PEERLESS 4” poly midrange and a SEAS 1”
aluminum tweeter was rated by the president of the
Arizona Audiophile Association as being equal to any
$2000 system he has heard. Prejudice aside, we are
inclined to agree. Magnificent cabinetry in stained oak,
black oak or white oak veneers compliment THE BUCK-
INGHAM'S superb sound. BIWIRE INPUTS AND MID
AND TWEETER LEVEL CONTROLS make this system a
best buy. Cabinet 25" high x 14” wide x 12" deep.
COST: A paltry $449.50 per pair.

TSW D-12 SUBWOOFER

Our own TSW 12" poly dual voice coil woofer with 100
Hertz second order roll off and first order satellite roll in.
Subwoofer is 4 ohm and set up for 8 ohm satellite roll in.
We do not supply an enclosure but recommend 2.5 cu. ft.
sealed. Works well down into the 20s in a down fire or
front fire configuration.

COST: All parts except enclosure $89.50.

ANY QUESTIONS — CALL US
ALL KITS F.0.B. PHOENIX VIA UPS
We Accept VISA - Mastercard - Check — No C.O.D.
195 PAGE CATALOG $10.00



INDUCTOR COIL CROSSTALK

By Mark Sanfilipo

s a fledgling electronics
Abuff, I accumulated the
usual hodgepodge of spare

parts, old TVs, and other electrical
odds and ends that those bitten by
the electronics bug seem to collect.
Among my most prized possessions
were two 25 1b spools of insulated,
I12GA copper wire. Their weighty
status, however, didn’t spare them
from featuring in many of my early
experiments,

One day, | managed to connect one
of the spools to an old kitchen radio and
the other to an ancient driver of unknown ori-
gin. Much to my astonishment music popped
out of the old driver. | also discovered that
changing the orientation of the two spools
caused the driver’s output to vary amazingly.
I spent hours listening in wonderment to this
latest electrical contrivance of mine, unaware
at the time that | was observing the phenome-
non of mutual inductance coupling.

Although the experiment ended when the
radio finally conked out in a magnificent
plume of smoke, my observations were far
more lasting. They would later gain new
substance and serve me well in my loud-
speaker design efforts. In this article | dis-

PHOTO 1: Wire spools. The author used the
larger spools to connect the function gener-
ator and oscilloscope to provide signal.

cuss a more recent experiment investigating
mutual inductance applied to inductor coils
in passive crossover networks.

MAGNETIC PERSONALITIES
Like most loudspeaker engineers, | am con-
stantly on the lookout for cost-effective

methods of lowering the noise
floor of the systems I design.

Crossover networks, when

improperly designed and/or

laid out, are a proven, signifi-
cant contributor to a system’s
noise picture. Inductor coils
can generate unwanted noise in
a handful of ways, primarily by
mutual coupling or, as it is better
known, “crosstalk.” Before proceeding,
however, a very brief look at the physics of
an inductor is in order.

Imagine uncoiling an inductor and
straightening out the wire. When a steady
current, [, flows through the wire, a magnetic
field is created. The Biot/Savart law is
shown in Fig. I:

B=(po/4m)*|((ld®r)/r%)

Simplifying, B at a perpendicular distance R
from the wire is found by: B = (pox*[)/2n*R.
If the formula looks a bit troublesome, no
need to worry. The key point to remember is
that a wire carrying a current will always set
up a magnetic field.

Now imagine coiling this wire into a sin-
gle large loop (coil I). Place it next to anoth-

PHOTO 2 and 2A: For my mutual inductance experiment, 1 hooked
one coil to a function generator to provide a sinusoidal signat and
connected the other to an oscilloscope. The left-hand photos (2-7)
depict the various wire coil arrangements, while the right-hand pho-

tos (2A-7A) show the corresponding oscilloscope readings. The top
waveform represents the voltage fed to the coil, while the bottom is
the crosstalk reading. Note the high crosstalk when you stack the
coils on top of one another.
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PHOTO 3 and 3A: The crosstalk reading is still poor when the coils are close together and in the same plane.
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PHOTO 4 and 4A: Increase the distance between coils, and you decrease the crosstalk.

PHOTO S and SA: Coils in close proximity placed perpendicular show no improvement.

er loop (coil 2} with a diameter equal to that
of coil 1. Energize coil | with, for example, a
sinusoidal signal to set up a magnetic field.
Its flux, @, will link coil 2 and will, in turn,
set up an induced electromotive force (emf),
measured in volts in coil 2. This induced emf
equals the rate at which the magnetic flux of
coil 1 changes with time.
By Faraday’s law:

emf=—(dd/dt)

Where there is voltage (in this case, the emf)
and resistance, as found in any piece of wire,

there exists, of course, current.
A second way to express the emf that aris-
es in coil 2 is:

Coil 2 emf =—Mx(di/ dt)

Where i is the current flowing in coil 1, tis
seconds, and M is the mutual inductance
proportionality constant, expressed in hen-
ries (H) (Fig. 2). Where

M=(po/4r)*fj{d1Odi2) /1

Essentially then, the current, changing

} (

)
)
)

with time in coil |, sets up a magnetic field
that links coil 2. In turn, an induced emf,
given by Faraday’s law, appears in coil 2.

TEST SETUP

The magnitude of coil 2’s emf depends not
only on the distance from coil 1, but also on
the physical orientation of coil 2 to the direc-
tion of coil 1’s magnetic flux. To verify the
latter point | set up a simple experiment. For
my test coils I chose two virtually identical
3mH air-core inductors (Photo I). | connect-
ed coil | to a function generator, which pro-
vided a sinusoidal signal source, and attached
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PHOTO 6 and 6A: Once again, distancing the coils minimizes crosstalk, and dramatically improves the crosstalk reading.
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the second coil directly to my oscilloscope.
Photos 2-7 show the various coil orienta-
tions, while Photos 24-74 show the respec-
tive results. In the oscilloscope photos the
top waveform represents the voltage fed to

7 2 UNIT VECTOR POINTING
I FROM CURRENT ELEMENT
P
'
dl ;4'\
B s MAGNETIC FIELD AT
POINT P, IN TESLA

FIGURE 1: Graphic representation of the
Biot/Savart law that mathematically express-

es B @ point P.

A\
il2 COIL 1's CURRENT

FIGURE 2: lllustrating emf generated at coil
2 according to Faraday's law.

1dL = CURRENT ELEMENT

10 = PERMEABILITY CONSTANT
= (4w % 10777 « m/A)

1 = CURRENT, IN AMPS

cowl oI 2

dlz

r0) =rop =LOOP RADIUS

RULE {5
PHOTO 7 and 7A: Where tight quarters do not allow much space between the coils, consider this arrangement, which provides optimum results.
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coil 1, while the bottom waveform corre-
sponds to coil 2 measurements. The results
clearly indicate that, although putting enough
space between the coils will certainly mini-
mize crosstalk, a far better solution exists,
particularly where space is at a premium.

By placing the coils as shown in the last
orientation photo in the series, you can reduce
crosstalk to immeasurably low levels, even if
they’re as close as shown in the photo.

TALKATIVE NEIGHBORS

You needn’t worry if you don’t have a func-
tion generator or an oscilloscope. I’ve used
whatever signal source | could conveniently
feed through my power amp: CD, FM radio,
tapes, and so forth (with the amp’s output
properly terminated).

For the measuring device, you can use an
oscilloscope, a multimeter, a midrange driv-
er, a woofer, or even Walkman-style head-
phones; I don’t recommend using a tweeter.
Assemble your test setup as shown in Fig. 3
and simply move coil 2 around until you get
no more signal at the measuring device. If
you have no test equipment available, just
orient your two coils as shown in the last
series photo.

CoILl cowz

SIGNAL
SOURCE

AMPLIFIER MEASURING

8l DEVICE
RESISTOR

FIGURE 3: Author’s test setup.

When you plan the location and orientation
of your crossover network inside your cabi-
net, take into consideration that your driver’s
voice coil is also an inductor. Locate them
improperly and your inductors and voice coils
will become undesirably talkative neighbors.
Properly orienting your inductor coils is well
worth the time and effort, since you’ll gain
substantial improvements in your system. %
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FAST CAPACITORS

Metallized Polypropylene (Non-Polarized)
Values from 1.0 mfd to 200 mfd.
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SOLEN INDUCTORS

Perfect Lay Hexagonal Winding Air Cored
Values from .10 mH to 30 mH
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Custom Computer Design
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QUICK HOME T
ON A BUDG

ne of the *90s buzzwords is “home
Otheater." which promises TV audio

excitement previously experienced
only during rare FM simulcasts. Now that
good surround receivers are only slightly
more expensive than their stereo-only
brethren, the surround sound market is tak-
ing off. According to the standard line on
selecting such speakers, you should match
the sound of the rear to that of the front. This
is fine when you buy a matched set of speak-
ers from a manufacturer, but for the speaker
builder it means producing another set of
speakers.

I usually start with specifications and
work toward a system to meet them, so, in
this case, | investigated the requirements—
and what is unnecessary—for a surround
system. This article presents the results of
that research: a set of dipole rear speakers I
built for about $25 each (see Photo I). It’s
difficult to determine the important features
of a speaker in a particular application
unless you have heard one performing.
These speakers let you listen and decide
what you really need in a rear speaker
before you spend a lot of money.

SURROUNDED BY CHOICES
The simplest setup for surround is to feed
the out-of-phase information from a record-
ing to a set of rear speakers. “Ambience”
sounds, such as hall reverberation or back-
ground noise in soundtracks, naturally occur
out of phase in most recordings. Putting
information out of phase is intentional on
many pop recordings because such music
isn’t localized like in-phase material.
Extracting this information is easy; fig. /
shows one sample configuration.
WARNING: This circuit (Fig. /) can
cause problems with certain amplifier types,
whose instruction manuals warn you about
connecting their channels together. Check if

ABOUT THE AUTHOR

Gregory Smith recently completed a master's degree in
computer science and occupies himself by listening to
music and building speakers while searching for a full-time
job. He knows he needs a real job eventually or else his
designs will forever feature only cheap drivers.

18 Speaker Builder / 7/94

By Gregory Smith
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FIGURE 1: Matrix decoding.
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FIGURE 2: Pro-Logic speaker locations.

your amplifier can handle a common ground
between its left and right output channels.
My NAD amplifier is unusual because one
set of outputs can handle this, but the other
can’t. Be sure to start with a low volume and
turn it up slowly; usually an amplifier that
can’t handle this configuration will recog-
nize this setup as a short circuit and shut
down gracefully.

Systems with this simple decoding are
referred to as matrix surround, pseudo-quad,
or Hafler setups. For years Dynaco has made
products based on this concept. Matrix still
shows up on modem surround decoders as

EATER

|

an effective method of getting four-channel
sound out of tracks that weren’t recorded
that way.

The first standard for recording four-
channel sound was Dolby Surround, cata-
pulted into fame by its use in the recording
of Star Wars. In this format rear speaker
sounds are encoded out of phase with the
rest of the sound. Since this rear signal is
mono, the same signal is applied to both rear
speakers. On playback, a delay (typically
20ms) is added between the front and rear
speakers to improve the sound.

The Dolby Pro-Logic standard followed,
and has become most popular for home the-
ater applications. It improves upon Dolby
Surround by adding logic for a center front
speaker connection that enables viewers—
no matter where they are seated—to hear
sound coming from the area of the screen.
Rather than a different way of encoding,
Pro-Logic is an extension of the processing
at the end of the listening chain. Since
Pro-Logic is the de facto standard nowa-
days, | concentrated on building a set of
speakers to its specifications rather than for
another setup.

Frequency response below 100Hz is
rolled off (12dB/octave) in the rear channel
of a Dolby-encoded soundtrack. Everything
above 7kHz is rolled off by the surround
processor during playback. Full-range
speakers, then, aren’t required for rear use
with Pro-Logic.

THX-101

The new kid on the block, the one with all
the expensive toys, is THX. This standard
originated at Lucasfilm with the goal of pro-
ducing home playback as close as possible
to the sound the recording engineers intend-
ed. THX is not a new recording format, but a
certification process.

A THX surround decoder’s two main
functions—beyond that of Pro-Logic—are:
equalization to a standard curve for all
speakers and pitch shifting, so different sig-
nals are applied to the rear speakers. It also
performs auxiliary features such as setting
volume level. Overall, the signals produced
by a THX surround decoder are fundamen-
tally the same as those produced by Pro-



Logic, but the sound is tweaked to be more
accurate to the original source.

THX systems feature three identical front
speakers (the only design point | disagree
with, but who am | to argue with George
Lucas and company?). But its rear speakers
deserve special attention.

Rear THX speakers are laid out in a
quasi-dipole format, that is, at least one dri-
ver firing both forward and backward, wired
out of phase to each other. This system is
configured so the sound field radiating from
a driver is diffuse and hard to localize, which
is what you desire from rear sound. The
speakers are actually placed to the side of
your listening position; Fig. 2 is a diagram
of the setup.

This arrangement has caught on, and
dipole speakers—some certified as good
enough for THX, some not—have flooded
the market. Since it seemed like a good idea,
and [ wasn’t feeling particularly original, |
decided to use this setup as my driver con-
figuration and build a dipole speaker.

GETTING CHEAP
A bandwidth of 100Hz-7kHz isn’t difficult
to achieve. Even some expensive THX
speaker designs don’t exceed this range, so
why should 1? This was also the perfect
opportunity to use one full-range driver, and
avoid messy crossover work. Why pay for
highs and lows you don’t need?

| searched for a single driver meeting this
response requirement, and with good sensi-
tivity, too. Also, since I didn’t wish to spend
too much for essentially a proof-of-concept
set of speakers—and | needed four of
them—the drivers must be inexpensive. Of
course, initially [ found no drivers meeting
all these requirements.

ENTER ZALYTRON
While 1 was leafing through the Zalytron
catalog, | spied their 4" speaker. It claimed to
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FIGURE 3: Zalytron 4" woofer frequency response.

approach 100Hz in a small closed box, highs
were just above 7kHz, and response was
smooth except for one peak which looked
easy to notch out. It also promised 89dB sen-
sitivity, which was good enough. But best of
all, it was on sale at the time. As a bonus, it
had a 4Q impedance, so hooking up two per
speaker as required would resuit in an effi-
cient 8Q load. I rushed to the phone and
ordered four. This marked the first time I’ve
ever had trouble meeting an order minimum
on a speaker-related project.

MEASURING T/S
I marked the drivers A through D so | could
keep track of them individually. I hooked up

TABLE 1
MEASURED T/S PARAMETERS
Driver fS QM s QES Qrs
A 78 1.710 0.384 0314
B 87 1.818 0.444 0.357
C 87 1837 0.469 0.374
D 80 1.843 0.398 0327

PHOTO 1: The author’s 4" dipole rear speaker system.

all four drivers in succession and measured
their parameters (7Table [). All four had
slightly higher—but not too far off—f; and
Q values than the specifications. But my
readings may not have been accurate, since
the only frequency generator | could get was
from the local high school. The equipment
looked like it had been there since World
War I1, and had been through worse than
that afterward.

I tested Vance Dickason’s prediction that
f¢/Qy is approximately the same across a
run of drivers, and that proved to be true.
Because V, ¢ is so small for this driver, |
couldn’t measure it accurately. | also tested
Dickason’s other production-quality predic-
tion—that 2V, ¢ is constant despite differ-
ences in other constants—and calculated
V, for each driver accordingly, assuming
this value would be the same as stated in the
ad. I checked all four carefully because |
wished to pair the enclosures to match. |
ended up putting A and C in one box and B
and D together.

TEST BOX

1 found a pile of %" plywood left over from a
big subwoofer project I had just finished. |
cut the scraps into just the right size, and
built two 11" x 8.25" x 6" test boxes, giving
an internal volume of 0.153 ft3. That worked
out to a Q.- of 0.5 or so with a projected f3
around 150Hz.

LISTENING TEST
Pretending they were a set of full-range
speakers, I hooked up the pair of enclosures
to my (still stereo, not surround) amplifier.
The sound from such small drivers was sur-
prisingly full, and bass sounded much deep-
er than the f3 suggests, probably because of
the low 0.5 Q. The peak in response was
clearly audible as a slight harshness, but the
sound was smooth enough.

Since the peak was so noticeable, 1 used
the Radio Shack meter to measure sound
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pressure levels above 1kHz near-field. The
results for all four drivers are shown in Fig.
3. Response was close to the sample in the
catalog, and the tightness of the deviation
between drivers established my faith in
Zalytron quality control. I guessed a sharp,
2dB notch filter centered at 1.75kHz would
probably smooth out the peak without drop-
ping the level of adjacent valleys in
response. But [ never actually tried it.

AXIS AS ALLY
I’d been evaluating the direct sound of the
driver. But that’s unrealistic because of
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FIGURE S: Side view (internal).
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FIGURE 7: Final enclosure, with peaks at 56 and 132Hz.

speaker location; the sound you actually hear
has bounced off some walls first. It’s better
to pay attention to the off-axis sound, since
the drivers are 90° off axis to your ears.
When I moved off axis, the drivers exhib-
ited no glaring response problems and
sounded smooth all around. So I decided
against attempting to flatten the response,
since the drops from off-axis sound dwarfed
the response peak. Besides, just leaving the
response alone was a better fit with my
“keep it cheap” approach to the design.

FINAL ENCLOSURE

The test box size was fine for listening, but
still seemed too big. After analyzing several
possibilities, | determined that the f3 points
stayed about the same between a Q7. of 0.5
and 0.7. An enclosure with two 11" x 6" x
2.5" sections gave a Q of 0.6 and was a con-
venient size to build. This gives f. = 148Hz
and f; = 174Hz, assuming the average for
the driver parameters.

I built my final enclosures out of %" ply-
wood, but a project with small drivers and
restricted bass such as this one would work
fine with the 4" type. The layout for the
wood pieces is shown in Figs. 4 and 5.
Please note that the cutout tolerances are crit-
ical for the 4" driver; you should measure it
twice and cut accordingly. [ cut a rough
guideline, slightly smaller than the driver,
and carefully routed out to the full size.

ASSEMBLY

The simplest way to assemble the enclosure
is to attach the top 7.5" x 7.25" piece to one
of the 7.25" x 6" side panels. Carefully affix
the three 6” x 11" pieces with the proper
(2.5") spacing between them. Then, connect
the bottom piece, being careful to keep the
middle partition straight. Caulk the entire
enclosure. Join the other side panel, and be
sure to use lots of glue on this one because it
will be difficult to seal later.

Reach through the driver hole to caulk
this last panel. You'll find that space is tight,
so if you have an assistant with small hands,
he/she might be able to help. If not, be sure
the glue itself makes most of the seal. Drill
two holes through the middle partition to
accommodate internal wiring,

After this dries, check out the two large
12.5" x 7.5" panels. Pick the better-looking
one for your finished side, the one that will
face the room. Wire the desired input

Input Terminals

//"/ \
/
\

\
]
. .
Drivers are wired out of phase

FIGURE 6: Wiring diagram.

through the other side. 1 used two terminals
with five-way binding posts for no other rea-
son than they were available. When you
select your terminals, keep in mind that the
available width is only 2.5". My terminals
were 2" high and placement was pretty tight.

The internal wiring for the drivers is
shown in Fig. 6. You need only be careful to
wire the drivers out of phase. I’'m not
certain whether polarity makes any differ-
ence between the two pairs of dipoles; I
chose to ignore this, but you may want to
investigate it. Final chores included coun-
tersinking all holes, using wood filler, sand-
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ing, and painting. [ painted mine black, not
only to hide any mistakes, but to match my
other speakers.

FLASH MEASUREMENTS

[ wished to compute the final f; and Q for
the box, but soon realized that the two dri-
vers interacting no longer made it a simple
closed box, since the parameters between
them were slightly different. I ran an imped-
ance curve for one completed speaker,
shown in Fig. 7, the other was similar
enough not to bother with a separate mea-
surement. The SPL. meter measured around

6dB down at 100Hz, as expected. That was
the only SPL measuring | did simply
because | wasn’t sure exactly how to mea-
sure a dipole—it certainly isn’t near-field,
and my equipment wasn’t sensitive enough
to measure at other positions accurately.

LISTENING

1 tested the speakers using the laserdiscs for
all three Star Wars movies. If you're skepti-
cal of the home theater phenomenon, tune
into the Empire Strikes Back scene in which
the Falcon enters the asteroid belt. This will
convince you it’s worthwhile. Even with just
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simple matrix decoding, almost zero cost,
the whole soundtrack was enhanced signifi-
cantly over simple stereo.

Front-to-back effects were impressive,
even with minimal matrix decoding. The
same material was spectacular with a Dolby
Pro-Logic decoder; with surround, detail
was even more pronounced. | must empha-
size that even matrix decoding adds greatly
to movie sound. If you’ve never used a sur-
round system, | highly recommend this setup
as an introduction, but be sure to heed the
warning about common-ground-intolerant
amplifiers before wiring.

CONCLUSION

This design is especially useful for those
who are inexperienced, like me (this is only
the second set of speakers I've built), and
should help to get you started building sur-
round speakers. Now that | know this design
works—and is a great value besides—I can
investigate and justify spending more build-
ing the speakers. »
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SILK PURSES: A TWO-WAY
SALVAGE DESIGN

’I\his is not your usual speaker construc-
tion article. Whereas most speaker
designs derive from a builder’s vision
and involve trade-offs and careful compo-
nent selection, this one began as an attempt
to develop a system with minimal expendi-
ture of time or money. In addition, you’re
not likely to duplicate this project exactly,
which | made from salvaged and closed-out
components. But the process and techniques
may offer a few ideas you can use in more

By Bill Waslo

aggressive designs, as well as provide some
brief examples of using IMP in speaker
development.

WHAT’S COOKING?

It all began when my wife Carol asked if I
had any speakers which could mount in our
kitchen soffits. Our main system is on the
lower floor, so she thought it might be con-
venient to listen to music or radio news
shows in the kitchen area. She didn’t wish to

spend a lot of money or time on the idea and
suggested I use some of the equipment clut-
tering up the basement workbench.
Fortunately, I had a pair of two-way cabi-
nets which looked about soffit size. Their
drivers had suffered the curse of many of
their brethren of the late *70s: the foam sur-
rounds had deteriorated from the 6.5”
woofers and the ferrofluid had evidently
drained out of the tweeters (or had they
always been that peaky?). A few years previ-
ously I had given what was left

fs 26772 Kz 0Qp =0.649 PRy =5.08

g Vag = 0.33 1143, = 9.38 litres

H O = 0. Oy = 5.32 ='2.00 W

+ 1 (TEST resistor=10.0 ohm, effective dia.=5.30 inches, = 13.4 on

fs(n) = 41.05, nass added = 28.5 grams, = 1.00 ounces
frequency shift = -39% l

| ¥k

\

of the drivers to my 10-year-old
son to “experiment” with during
his brief interest in magnets.

So, I needed some drivers.
About that time, Madisound
advertised a closeout sale in SB,
including many items which
were clearly surplus and not of

(L

the quality of their regularly
stocked drivers. They listed 6.5”

paper-cone woofers with cloth
surrounds and parameters that

;\1; \

seemed roughly usable in my
boxes for $7.50 each. They also

]
9375 1:5.31, 11.9¢

woofer.

m.ﬂh:ﬂli.lﬁ, 8.41°
FIGURE 1: Impedance and parameters of unmodified
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fied woofer.

320.Mr: 3,395 -100,°
FIGURE 2: Impulse and frequency response of unmodi-

ers for $10 each.
At those prices, I didn’t expect
much. But $35 didn’t seem like

FIGURE 3: Waterfall plot of unmodified woofer in

box.

(L2

too much to risk, and 1 hoped
that a 6.5” paper-cone woofer
would go high enough to cross
with a 1” tweeter which claimed

I

to work down to 3kHz. So, I
ordered the drivers and assem-
bled the speakers.

COMPLICATIONS
One problem was that I actually

neglected to measure the avail-
able space in the soffits—and

my boxes wouldn’t quite fit. So
I had to make custom boxes for

the installation, after all.
The other complication con-

[
B20.Ha: ~7.5408 145.1° 02,2368

above, frequency below.

4
10170 : -5.308 121.6°
FIGURE 4: Tweeter responses in box (no grille); time

cerned the drivers. Dealing with
these was interesting enough,
and the result pleasing enough
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that I ordered more of the bar-




gain drivers and repeated the
process. | again recycled the old
two-way boxes, but this time for
speakers to use near-field style

while I worked at the computer.
And this time [ made plots along
the way for this article.

SOW'S EARS IN THE PURSE
FACTORY

Measured after an hour’s break-
in with high-level 20Hz sine

()

waves in free air, the woofers’
Thiele/Small parameters were
not very far off from what the
vendors claimed them to be (Fig.

N

). Resonance was about 68Hz,
V 4 was only 0.33ft3, and the Qp
was a high 0.65. | was hoping to
reduce the Q by adding some

150.0k2: Z6.17, 2.16°

FIGURE 5: Tweeter impedance showing resonance.

2010.He: 2-7.22, 5.04¢

2820.Hz: 6.10d8 -149.°

MO K 0.8 177.4°

FIGURE 6: Woofer impulse and frequency response

after silicone coating of cone.

mechanical loss, since modeling
showed that I would otherwise
barely reach an f; of 59Hz (along
with about 2dB of peaking at
90Hz) if  ported my 0.453 box.

The real shocker came when |
measured the on-axis response l
of the woofers mounted in the

=a

box (Fig. 2). The curve was
already dropping sharply by

2kHz, then bouncing back fora | %"
“monster” resonance at 3.42kHz

(Fig 3). “Drat!” I thought, “No | ™!
wonder they only cost $7.50 R

each. They can’t do decent bass

or midrange.” Lifiin

J

The tweeter’s response in the box
(Fig. 4) showed that it wasn’t
going to let me push it down to

2620 .Hx: -2.7048 130.7°

FIGURE 7: Woofer responses with sealed dust cap.

T 3
0:-3.178 420 He: -5.67d8 176.7°

13,65

FIGURE 8: Waterfall of woofer after silicone coatings

over cone and cap.

cover the 2kHz region, where its

barely discernible suspension |
resonance occurred (Fig. 5). L

GOOLELY SOLUTION

Clearly, this was a case of not
having much to lose. From a box
labeled “Glues, Coatings, Small
Bottles, and Tubes of Maybe

Lethal Substances,” I pulled out
general-purpose silicone rubber
sealant, selected exclusively

because it was the first thing |
found. I applied a moderate coat-
ing of goo over the paper cone of
the nonmidwoofer, then mea-

sured again. This showed some
promise (Fig. 6), dropping the
resonant peak almost 4dB and
somewhat filling the notch just

4
9.3 1:5.20, 12.8°

FIGURE 9: Woofer free-air impedance and parameters
after silicone coatings.

fo 652K Qp:0.60 Re:5.2 | W% [ fs =Ml G4 -05 Rezdd% | e
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H %-o.m Gn=5420 Lo =206 H i Qg = 0.818 Q=154 Lozl 0mM
¢ 1 | TEST resistor=10.0 ohw, effective dia,=5.30 inches, = 0.4 o ! i | TEST resistor=10.0 ohw, effective dia.=5.30 inches, = 13.4 o0
: fs(n) = 39.31, nass added = 28.5 grans, = 1.00 ounces : ‘E fs(n) = 37.63, nass added = 2.5 ermns, = 1.00 ounces
frequency shift = -39 ; L fraquency shift = -36¢
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FIGURE 10: Impedance and parameters after adding
loss resistance.

below the peak. Interestingly, the
peak frequency was unchanged, but the
notch increased in frequency—not what I
expected from adding lossy mass to a reso-
nant surface.

So maybe the silicone was affecting, but

hadn’t actually been applied to, the offend-
ing source. | recalled an article (“More
About Dust Caps,” SB 6/92, p. 35) in which
Ole Winberg and Knud Thorborg discovered
that pole piece reflections radiating through

an acoustically transparent dust cap caused a
similar “dip and peak.” They alleviated the
problem quite a bit by sealing the dust cap
and then buming air release holes through
the cone undemeath the cap with a soldering
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FIGURE 11: Crossover circuits.

ly didn’t improve the outlook for pro-
ducing bass in my box size, so | pulled
out a sample of thin felt from the family
art-supply box.

A return trip to “Glues, Coatings,
Small Bottles, and Tubes of Maybe
Lethal Substances” netted me a tube of
“Shoe Goo,” made for repairing the
soles of running shoes. Other glues
would probably work as well, but this
stuff dries fast and sticks with a

iron to restore ventilation. My woofer’s dust
cap was of the ventilating open weave type
also. Since the tube of silicone was open and
a soldering iron was in reach, I decided,

“Why not?”

I promptly smeared the cap
and made four small holes just
above the seam to the voice
coil former in the inside of the
paper cone. This time, the
results were more dramatic
(Figs. 7 and 8). The dip stayed
at the same frequency and, in
fact, became much deeper, but
the frequency range just
below it came up nicely and
the peak dropped 5dB more.
This was beginning to look
like a usable midrange. Later
measurements showed that the
driver’s response changed
very little from the silicone
curing.

Interestingly, the “ledge”
visible in the waterfall of Fig. 3
between 1kHz and 3kHz and at
around 0.3ms is essentially
gone in Fig 8. Could that have

been the delayed pulse from the pole piece?

LOSSES AND GAINS

Of course, the added mass of the silicone
would change the driver’s T/S parameters, so
I measured them the next day, after the sealant
cured (Fig. 9). As you might imagine, free-air
resonant frequency went down a few hertz.
Qg increased as well, as did V 4. This certain-

vengeance to nearly anything, and it
was handy. I cut the felt into 1.5” x 3.5"
rectangles and glued them over the
openings in the woofer basket to add
drag to the air movement. I cut a few
slots into the rectangle covering the
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10,00 2:3.31, 4.55° L s 2.4, 19.20
FIGURE 12: System impedance for upper frequencies.
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FIGURE 13: Tweeter crossover electrical responses.
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FIGURE 14: Woofer crossover electrical response mag-

nitude and phase.

opening in which the connection termi-
nals resided to allow the terminal strip
to protrude, and sealed around it with
Shoe Goo. The entire operation took
about five minutes.

I don’t pretend to understand all the
results (Fig. 10), but not only did Q,,
and Q; go down, so did fg, while Qz and
V 4s increased. This kind of intentional
loss will adversely affect a driver’s effi-
ciency and probably also its power han-
dling, but modeling showed that bass

o] | 9o

Grile —  Foam %

FIGURE 15: Foam for moderating diffraction

inside grille frame.

T~

output in a ported arrangement (box fre-
quency = 51Hz) could now extend to
around 52Hz if about 1.5dB of peaking
could be tolerated,

In a kitchen soffit or near-field sys-
tem, efficiency and power handling are
minor considerations, so the trade-off
was worth it. The alignment is, of

]
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midrange response.

course, nonclassical, but I chose it as the
best compromise between extension and
flatness in the given box size. The applica-
tion of the felt only slightly affected the

i)
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FIGURE 16: System impulse and frequency response
with grille frame removed.

HACKING A CROSSOVER

This section will probably get me into trou-
ble with methodical speaker designers,
assuming they haven’t already skipped over
this article after determining its rather hap-



We’ll tell you no lies...

Sapphire 111

Awarded Component of Exceptional Merit By Martin G. DeWaulf, publisher
Bound for Sound

"In terms of midrange and highs, this is not only the best speaker known to me
below a thousand dollars, it’s one of the better speakers one can buy, period. If I were
building a bookshelf 2-way, this is probably the way I would do it...for the most part.
The Focal woofer is of Kevlar composition, and it plays its part by being ruthlessly
revealing; what goes in is basically what comes out. The driver sounds sooo clean and
fast as it, without blur or smearing, reveals detail and nuance with the precision of the
Accuton vapor deposited ceramic driver. And, as this driver is a true 6 1/2" driver, it is
able to move more air and be more forceful than the Accuton ever dreamt of being.
Connected to the Focal driver is a Scanspeak softdome tweeter that integrates with the
woofer oh-so-sweetly. Crossover is 6dB per octave (1st order), and as a result thereof
this speaker properly captures the true ambience in a recording, and low level
resolution, no matter how low it goes, is perfectly present. Very few speakers, regardless
of cost, open up and seem so dynamically effortless in a system of equal capabilities."

Sapphire III $929 pair
(plus shipping and handling, and 5% sales tax in W1 only.) Call for finish availabilities.

ACI (Audio Concepts, Inc.)
901 South Fourth Street, La Crosse, WI 54601 (608) 784-4579 Fax (608) 784-6367
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hazard approach. I designed the |

crossover by trial and error, and ]
selected only readily available

components. | avoided modeling
and trade-off analyses, and sim-
ply stuck together a handful of
clip-leads, various inductors, ,
power resistors, and film capaci-

tors on the fly while watching

the results on IMP using the |"%*i !

cycling (quasi-real time) feature.
Of course, some basic knowl-

edge of filter network operation is
required to pull this off, and I

Vi I

wouldn’t recommend the “hack-

ing” approach for high-end sys- Pl

‘& o

tem design. Nor would I recom-
mend that you smear glop all
over your expensive, carefully
engineered drivers. This, remem-

2760 Hz: -4.1548 100.4°

I &
60.63848 9720 Hr: -3.31dB 42.5°

FIGURE 17: Impulse and frequency response with grille
and grille frame installed.

2160.H2: 0.511d8 125.7* 0:-2.35d8 9720.Hr: -1.84d8 32.39°

FIGURE 18: Impulse and frequency response with foam
piece installed in grille frame.

ber, is a salvage operation.

I brought out the leads for
both the tweeter and the mid-
woofer separately to patch
together the crossover on the
table top alongside the speaker
box. I arranged the box facing
upwards and hung the micro-
phone about 2’ above it. (In this
rather cramped work area, dis-
tances were less than optimum.)

I made and declared a 2,048
point ‘Cal’ for the high-
frequency acoustic measure-
ments, then selected [2] from
the [* auto_Measure Setup
Cal_source] menu, so that
the same cal would be used

13,

FIGURE 19: Waterfall of finished near-field speaker.
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FIGURE 20: System low-frequency measurements.

repeatedly. | then selected
[* auto_Measure Setup cYcling
oN] so the response measurement would be
repeatedly made, up-dated, and displayed. |
started it using [* auto_Measure Acous].
This allowed me to watch the response on
the screen while I fiddled with the crossover.

If you try this, you must be careful
to avoid accidentally connecting a capacitor,
inductor, or a short directly across your
amplifier’s terminals (you may fry your
amp). If you have any fears, use a series
resistor between the amp and the cross-
over to avoid this possibility. You’ll find
details on this technique in “IMPcycling,”
SB 5/94, p. 40.

The crossovers (Fig. /1), such as they are,
are electrically first-order and rather power-
inefficient (notice the use of resistors to
moderate the driver reactances and adjust the
filter corners). As an unplanned side-benefit,
the impedance (Fig. /2) is rather nonreactive
below 10kHz, but that isn’t particularly diffi-
cult to accomplish if speaker efficiency is
sacrificed. In examining the tweeter and
woofer electrical responses (Figs. /3 and
14), notice that the tweeter section has a
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bandpass shape to flatten out the otherwise
hot high end.

AVOIDING THE GOTCHAS

| took a couple of shortcuts when building
the computer speakers as compared to the
kitchen speakers. | avoided the tendency to
ignore the system impedance while hacking
the crossover. This error resulted in a kitchen
speaker with a decent response, but an
impedance which dipped below 2€2. I had to
redo the crossover. The lesson here is: don’t
wait until after the last fine tweak to check
the system impedance.

When | developed the kitchen units, I
optimized everything with the grilles off. But
exposed woofers and tweeters are not usual-
ly appropriate kitchen decorations, and the
unclothed speaker responses were irrelevant.
With the wooden-framed grilles back on, the
response was lousy. I eventually fixed this
by (1) readjusting the crossover, and (2)
installing a sheet of 1" foam rubber inside
the grille frame (Fig. /5), with openings cut
out to provide a clear path for the tweeter,

woofer, and port output through the grille,
but not to the grille frame.

The response using this arrangement was
actually smoother than with no grilles. To
illustrate the effects, | plotted the responses
of the near-field speakers with the bare baf-
fle (Fig. 16), with the grille only (Fig. 17),
and with the grille and the foam (Fig. /8).
The response of the finished near-field
speaker (not bad for a salvage project) indi-
cates that the foam sheet had a very benefi-
cial effect (Fig. 19).

LOW END

Because the port exits from the front baffle,
the bass response for this system was easy to
measure (Fig. 20) by putting a few books on
the floor, spacing them a little narrower than
the baffle size, and then placing the micro-
phone with its capsule between them. I then
placed the speaker face down so the woofer
and port fired between the books. The gap
between the baffle and floor was about 3".

The microphone senses the combined pres-
Continued on page 65
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SOUND PERFORMANCE.

Brought to You by Speaker Materials of DuPont KAPTON".

Everything — from Louis Armstrong to

Led Zeppelin — sounds better coming out

of loudspeakers designed with DuPont
KAPTON. A truly sensational speaker
material, KAPTON improves acoustics and
stands up to high wattages and harsh
environments better than any other.

You've probably heard about the success
of KAPTON in voice coils...and now it's
available for other speaker parts, too.
Precision-formed parts
of KAPTON exhibit a
high stiffness-to-

ter than conventional

speaker materials.
VOICE COILS OF KAPTON  \/gice coils of

KAPTON are non-conductive and non-mag-

netic, with a broader frequency response
than aluminum in both high and low

weight ratio — bet-

ranges. No matter
where it’s found in
the speaker, KAPTON
enhances acoustical
performance.

And unlike aluminum and
paper, KAPTON resists heat

SPIDERS OF KAPTON
damage to glue joints. It stays cool and
dry when the power, heat and humidity

are turned up. So not only do
your speakers generate
better sound — even under
environmental extremes —
they last longer, too.

DOMES OF KAPTON
Available as flat film for voice coils or as
precision-formed spiders, cones, sur-
rounds and domes, KAPTON is extremely
lightweight and stiff. And it won't dent,

tear or crease, for added durability and
easier speaker manufacturing.

Sound Good?

Want to hear more about how KAPTON
can improve the
acoustics and dura-
bility of speakers
you design? Just
call 1-800-356-6714.
We'll put you in touch
with our applications engineers. We'll
also send you sample film and technical
information on designing speakers
using KAPTON parts. We're sure that
once you evaluate DuPont KAPTON

for yourself, you'll be impressed with
its sound performance.

CONES OF KAPTON



Part 2

LOUDSPEAKERS:
A SHORT HISTORY

Part 1 (SB 6/94) highlighted some of the pio-
neers and key developments in the history of
recorded sound, and examined the types of
closed-box speakers. Part 2 continues with a
short history of vented loudspeakers—from
early bass reflex systems to the latest multi-
way models.

The bass reflex loudspeaker uses a fully
enclosed box, except for a small port
or vent, usually on the front baffle
board below the woofer (Fig. /). Some of the
back radiation from the woofer cone emerges
from the port in phase with the front radia-
tion, reinforcing the low bass frequencies.

In 1930 A.C. Thuras of Bell Laboratories
performed the first experiments with ported
loudspeaker enclosures. Thuras’s model was
based on the Helmholtz resonator. His 1932
patent describes the interaction of the driver
and the port.! Voigt in England and Olson
in the United States conducted similar work
in the early 1930s, and in 1937 Jensen intro-
duced the first modern bass reflex speaker
system. 2

EARLY BOOM BOXES

Early versions had highly inaccurate low-fre-
quency response by today’s standards. The
system output was normally excessive at
resonance, resulting in what many have
described as “boom box” response. Never-
theless, due to their relatively high sensitivi-
ty, they were extremely popular during the
days of low-power amplifiers.

During the 1950s L.L. Beranek, B.N.
Locanthi, R.H. Lyon, and J.F. Novak devel-
oped more precise mathematical models, but
Australian A.N. Thiele first described the
modern vented loudspeaker in 1961.1 Thiele
defined them in terms of their electrical
equivalent circuits, and showed that it was
possible to achieve a smooth low-frequency
response equivalent to an ideal electrical
high-pass filter. Thiele first presented his
paper at the March 1961 1.R.E. Radio and

An edited version of this article appeared
in The Encyclopedia of Recorded Sound in
the United States, published in 1993 by
Garland Publishing, Guy Marco, editor. For
this publication, | have made several revi-
sions to my original manuscript.—GG.
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By Gary A. Galo
Contributing Editor
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FIGURE 1: A bass reflex, or vented, speaker
enclosure. (Figures 1, 3, 4, 5 courtesy of
Dover Publications, The Reproduction of
Sound in High Fidelity and Stereo
Phonographs, by Edgar M. Villchur, 1965.)

Electronic Engineering Convention in
Sydney. His work did not receive wide-
spread attention until 1971, when the JAES
reprinted his paper.

Richard Small did much to enhance
Thiele’s findings, and the results of his work
were published as a series of four articles in
JAES in 1973.4 Small showed that the vent-
ed speaker was a fourth-order, high-pass fil-
ter, which could be adjusted for a variety of
mathematically predictable responses. He
also demonstrated the effect of enclosure
losses on the speaker performance, and pre-
sented the mathematics for matching an
enclosure design to a specific driver, using
the driver’s electrical and mechanical speci-
fications. These characteristics are now uni-
versally known as Thiele/Small parameters.
The work of Thiele and Small revolution-
ized vented box design, and nearly ali mod-
ern vented speakers are based on their
research.

The work of another Australian, J. Ernest
Benson, should not be overlooked. In 1968,
1971, and 1972 he published a series of
papers in the Amalgamated Wireless
Australasis Technical Review covering both
vented and closed box designs. These
papers have been collected and published in
the US by Synergetic Audio Concepts.>

(See Robert Bullock’s review in SB 5/94.)
In the preface to the US edition, respected
engineer and audio writer Don Keele notes
that Benson’s writings are “even more com-
prehensive and detailed” than the JAES
articles by Thiele and Small. Benson notes
that he obtained his results using a digital
computer from theoretically derived
equations, in contrast to the analog simula-
tor used by Small. Benson was, inci-
dentally, a reader for Richard Small’s PhD
dissertation.

It is important to differentiate between
bass reflex and vented loudspeakers.
Although superficially similar, bass reflex
is normally confined to designs developed
prior to the work of Thiele and Small;
whereas, vented speaker describes the
modern, mathematically predictable
designs based on their research. The
mathematics described in the Thiele and
Small articles is quite complex, and often
inaccessible to non-mathematicians.
American Robert M. Bullock III has done
much to synthesize Thiele’s and Small’s
work, and has published his results in a
series of SB and JAES articles.6.7.8

DRONE CONES

A speaker category related to vented designs
is the passive radiator, which actually con-
tains two woofers—one with the usual voice
coil and magnet structure, and the other
without. The passive driver is acoustically
coupled to the active speaker at low frequen-
cies. As such, they contribute as much to the
output at low frequencies as the vent does in
a vented design. One advantage of passive
radiator systems is the absence of wind noise
and pipe resonances sometimes experienced
in vented systems.!

Harry F. Olson received the first patent
on these systems in 1935, and followed
his original work with an article published
in JAES in 1954.9 Olson referred to the
passive drivers as “drone cones.” In 1974,
the same journal published Richard Small’s
landmark article, which is still consid-
ered representative of current thought on the
subject.10

Most of today’s passive radiator sys-
tems use an active driver smaller than the
passive unit. An 8" active speaker coupled
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FIGURE 2: A transmission line enclosure.
The illustration on the right is a side
view showing the internal construction
(from The Loudspeaker Design Cook-
book, 4th ed., by Vance Dickason, Audio
Amateur Press, 1991.

to a 10" passive driver is quite typical.
Today, the best-known commercial pro-
ponent of passive radiator systems is Polk
Audio, an American firm based in
Baltimore, MD. Their systems typically
use multiple 6'2” active drivers with
much larger passive units.

A CULT LEADER

The transmission line unit is a refined
descendant of the Stromberg-Carlson
acoustic /abyrinth, which was invented by
Benjamin Olney in 1936 (Fig. 2). The
acoustic labyrinth is a long pipe into which
the back radiation of the woofer is loaded.
The pipe length is normally one quarter
wavelength of the woofer’s free-air resonant
frequency, which produces a pressure node
at resonance, controlling the cone motion of
the woofer. Since the labyrinth is a com-
pletely open pipe, except for a fiberglass lin-
ing, a substantial amount of sound emerges

from the end of the tube.
A.R. Bailey first described the modern
transmission line speaker in 1965.11.12

Although superficially resembling the
acoustic labyrinth, the transmission line
operates quite differently: It is completely
filled with absorbent material, either long
fiber wool or Dacron® polyester. The damp-
ing material acts as an acoustic low-pass fil-
ter, effectively increasing the length of the
line as the frequency drops.

At the lowest operating frequencies the
woofer is mass-loaded by the air in most of
the line’s length, resulting in excellent
woofer control at low frequencies. The trans-
mission line is a theoretically nonresonant
enclosure, and the internal pressures in
closed-box designs are nearly absent in a
well-designed system.

In a classic transmission line, all of the
back radiation from the driver is absorbed in
the line, but some variations on this concept
have made use of a portion of the back radia-

tion. A negative side effect is the relatively
poor control of the woofer cone below the
system cutoff frequency.

The transmission line is probably the least
scientific of all present-day enclosures, and
there are no hard-and-fast formulas for deter-
mining line length and stuffing density.
Recent research by Robert Bullock and Peter
Hillman has led to a more precise under-
standing of the transmission line, but designs
are not as mathematically predictable as they
are for closed and vented boxes.!3.14

Since Bailey’s 1965 article, only a hand-
ful of commercial designs have employed
transmission lines; their relatively large size
and complex internal construction make
them somewhat expensive and impractical.
But they have attained a kind of cult status
among home builders. Irving M. Fried is the
best-known commercial proponent of the
transmission line, having marketed many
such systems under the IMF and Fried
Products brand names.

DAMPED DANISH MODELS

The aperiodic speaker is a closed box sys-
tem containing a vent stuffed with damping
material—usually foam or fiberglass—
which provides a pressure release at low fre-
quencies. Aperiodic literally means an
absence of resonances at any specific fre-
quency or multiples. Damping is “of such a
high degree that the damped system, after
disturbance, comes to rest without oscilla-
tion or hunting.” !5

In a standard acoustic suspension system
the trapped air in the box is quite reactive, or
springy, at very low frequencies. The reac-
tive nature of the air will cause excessive
cone excursion at system resonance. Adding
an aperiodic vent to the system releases
internal pressure at resonance, resulting in
better control of the cone motion at very low
frequencies.

The aperiodic speaker offers some of the
performance advantages of the transmission
line in terms of excellent woofer control and
a reduction in internal pressure at frequen-
cies near system resonance, but with enclo-
sures which are much more manageable in
size. It is important to note that no sound
emerges from an aperiodic vent, so this
design does not resemble a vented speaker.

The first patent on this type of enclosure
was issued in 1936 to Marvel W. Scheldorf,
an engineer for RCA.16 Scheldorf never
used the term aperiodic in his patent, instead
describing his invention as an acoustic resis-
tance device. Since Scheldorf’s original
patent appeared, information on aperiodic
speakers has been sketchy, at best.

The greatest interest in this concept seems
to be in the Scandinavian countries. In 1969
Dynaco introduced the model A-25, the first

in a series of critically acclaimed aperiodic
units made for them in Denmark by SEAS.
The Dynaco A-25 was considered, by many
reviewers, to be the best bookshelf loud-
speaker since Acoustic Research introduced
the model AR-3A. 17

Today, another Danish firm, Dynaudio, is
a leading advocate of aperiodic loading. For
many years they have manufactured a device
called a Variovent, which contains tightly
packed fiberglass stuffing held in place by a
plastic grille and frame. A third Danish firm,
Scan-Speak, manufactures a similar device.
Audio Concepts, an American manufacturer
based in LaCrosse, WI, also produces speak-
ers with aperiodic loading, including the
Sapphire series, introduced in 1990.18

STUCK IN A CORNER

Since the first acoustic phonographs
appeared, horns have been used as ampli-
fiers. A horn functions as an acoustical
impedance matching device, coupling the
relatively small surface area of the radia-
tor to the large volume of air in the room
(Fig. 3). Acoustic phonographs contained
a small diaphragm attached to a stylus
which vibrated according to the mechani-
cal information in the disc or cylinder
groove. By themselves, sound vibrations
from the diaphragm would be very weak,
so an acoustic phonograph must be cou-
pled to a large horn to fill a large room
with substantial volume. The size of the
mouth opening determines the horn’s
low-frequency cutoff.

The horns’ shapes prior to 1925 were
determined largely by trial and error. No
mathematical procedures had been devel-
oped for determining the size and rate of
expansion between the throat and the mouth,
and the horns usually had very uneven fre-
quency response. In 1919 the American
physicist Arthur G. Webster patented the
first exponential horn.!9 The cross-sectional
area of the horn increases exponentially, as
the name implies, with distance from the
throat, resulting in a far more uniform fre-
quency response than its predecessor.

Continued on page 34
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FIGURE 3: Horn loading for a dynamic
speaker.
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AEON 250 VDC 5% FINE CAP

Metallized polypropylene capacitors for loudspeaker passive network.

Another brand of metallized polypropylene capacitors ? Well, not ex-
actly ... At Orca we have been thinking for a while about how to make
polypro caps more affordable for a larger number of speaker builders,
people who use caps only for speaker passive X-over network. We thought
that it would be tremendous if we could offer a line of polypro caps that would
be so affordable that people would have no reason to use cheap mylar, as they would
be able to get for not much more money a much much better cap. As you know, even
extremely powerful solid state amps (we are talking KW here) can barely produce rail voltage
higher than 60 V. So it is safe to assume that a 100 VDC cap would be a pretty robust cap to use in a passive
loudspeaker network. So to be really safe, we decided to make all the AXON cap of our FINE CAP basic line 250
VDC. Now that's about where the compromises start and stop. On the other hand for example, you may or may
not know that when a cap value is said to be 10.0 uF with 5% precision, it means that the manufacturer of caps sets
its winding machine to 9.7 UF and then produces this series with 2% tolerance (not very difficult with numeric
controlled winding machines). The result: the manufacturer saves more than 3% in material, the precision is
respected, but chances are all your caps will measure on the low side ! Orca made the special arrangement that all
the AXON caps were to be wound with 5% precision with the target value set at exactly the nominal value. That
means now, as most of you do, and rightly so, expect, that you should find a much greater proportion of caps very
close to exactly 10.0 pF, if not 10.0 uF exactly! As for the rest, we could display here all sorts of figures and graphs
that would only makes sense to 1% of our customers, but what for ? We can simply tell you this is the first polypro
cap at a price closing on mylar caps. It is made by the same company that makes all our high voltage and very
high voltage SCR caps, as well as our film and foil caps. Some of the best loudspeaker manufacturers have already
made that easy choice. Now see for yourself and ... let your ears make the call.

Value Diameter Length SRP Value Diameter Length SRP
uF mm mm IR uF mm mm us$
1.0 11 2] 1.23 120 25 33 3.56
1.5 12 22 1.44 160 25 38 4.18
1.8 13 22 1.49 200 29 38 5.16
22 16 22 1.58 240 29 43 5.98
27 14 25 1.67 300 32 43 7.30
3.0 15 25 1.73 330 32 48 7.74
3.3 16 25 1.78 410 35 48 9.32
3.9 16 25 1.83 50.0 37 53 10.96
4.7 18 27 1.96 510 37 53 11.16
5.6 18 30 2.10 56.0 39 53 12.00
6.0 19 30 220 620 39 53 12.98
6.8 20 30 2.33 7560 43 58 16.12
8.0 20 33 291 820 45 58 16.28
8.2 2] 33 2,97 91.0 47 58 17.50
9.1 22 33 3.08 100.0 49 58 18.76
100 23 33 3.23 120.0 51 63 21.98

110 24 33 3.38 130.0 54 63 23.38

STOCKING DISTRIBUTORS: COMING SOON:

BIG COVE RESEARCH EFILM / FOIL 630 VDC CAPS for
tel: (205) 722 9867 fax: (205) 430 3961 % . electronics and bypass from
SPEAKERS ETC... 0.1 uF to 1.0 pF.
tel: (602) 944 1878 fax: (602) 371 0605§ POLYPRO ULTRA HIGH
TECHNOLOGIE MDB VOLTAGE

1200 VDC 20 pF
or power supply & tube elec-
tronics.

tel: (514) 526 8851 fax: (514) 443 5485
ZALYTRON INDUSTRIES :
tel: (516) 747 3515 fax: (516) 294 1943 |




A better speaker damping material...

If you've been building speakers for some time. you know how much guesswork goes with speaker
damping and stuffing. The choices seem endless: fiberglass, wool, Dacron, flat foam, convoluted foam,
felt, tar. plus various “magic” compounds that you're invited to brush or pour into your new cabinets.
Everyone has their own recipe. and who knows if it's a recipe for disaster? Or what eftects the vapors
rTpT———— citlcd by these chemicals might have on the glues that bond your woofer surround to its cone and
chassis? In this era of costly. space-age drivers and computer-assisted design, we think such risks are
totally unacceptable. So we went to work to find the ideal solution.

The problems are fairly well-known: a driver transtorms electrical energy into mechanical energy. This mechanical energy is trans-
formed into acoustical energy which is radiated to the outside of the cabinet - the useful front wave - and to the inside - the sometimes-
useful back wave. Unfortunately. it is also transmitted though the frame of the driver to the cabinet itself, which acts as a very large
“cone” of very small excursion. This means that the spurious resonances and vibrations of the cabinet have to be controlled in a predict-
able and reproduceable way. That's how we came to BLACK HOLE 5 and the BLACK HOLE PAD.

First. THE PAD. It's a thin (1/16 inch) black flexible viscoelastic damping material (filled vinyl copolymer) with maximum perfor
mance between 50 and 100 degrees F (we hope that that covers the temperature range of your listening room) and excellent flame
resistance - it meets ULL94 V-O. Thanks to its outstanding damping characteristics, THE PAD will dramatically reduce the vibration
energy stored in the walls to which it is applied.

Easy to cut and apply. THE PAD has a pressure-sensitive adhesive back: simply peel off the release paper and press hard onto a clean
surface. You can use THE PAD on just about anything you suspect of vibrating: driver frames, thin panels like car doors. and. of course.
the walls of your speaker cabinets. And it can be used to recess a driver without using a router: just laminate enough layers to match the
thickness of the driver frame and apply to the front batfle. Finally. it is the ideal material for “constrained layer™ wall construction. where
two panels are laminated on each side of a damping material for optimum transmission loss. Because THE PAD has a fine grain leather
finish. you can wrap an entire cabinet exterior and give it an attractive appearance at the same time!

For applications which require maximum damping, isolation and absorption, we've developed BLACK HOLE 5. One and 3/8"
thick. BLACK HOLE 5 is a high-loss laminate that provides optimum acoustical damping performance. It consists of five layers:

Thin diamond-pattern embossing. densitied with a polyurethane film surface. This unique surface layer dramatically improves the
performance of the whole acoustical system, especially the lower mid-range and mid-bass frequencies where simple acoustical foam loses
its effectiveness. — . S e

One-inch deep polyester urethane foam, structurally optimized for acoustical damping. Highly effective at
“soaking”™ maximum sound energy with minimum thickness. -

F S s e

Barrier septum. 1/8 inch thick. Made of limp flexible vinyl copolymer loaded with non-lead inorganic fillers, itis a
~dead wall” that isolates the vibrations in the walls of your cabinet from the vibrations created inside the enclosure.
Polyester urethane flexible open-cell foam, 1/4 inch thick. Thanks to special vibration-isolation characteristics. it l_—
decouples the vibrating structure (the wall) from the rest of the damping system, thus optimizing performance. T
High-loss vibration damping material, same as The Pad. It is strongly bonded to the cabinet wall with pressure \\uuu;;u;:
sensitive adhesive. :
These layers are laminated using an adhesive-free mechanical and thermal process. thus optimizing performance and eliminating the
risk of solvent fume damage. BLACK HOLE 5 can be used in any enclosure, as well as for acoustical panels to improve the characteristics

of your listening room. YOU PROVIDE THE MUSIC; BLACK HOLE FIVE WILL TAKE CARE OF THE NOISE!

1531 Lookout Drive 818-707-1629

Agoura, CA 91301 U.S.A FAX 818-991-3072

A ON cables New from ORCA!

AX-ON (Greek avon, avxis): that part of a nerve cell through which impulses travel away from the cell bodyv. AXON 8 speaker cable
combines outstanding design features with component quality usually associated with the most expensive cable. With eight AXON 1
solid-core conductors and utilizing mylar/ polypropylene construction, AXON 8 offers outstanding performance for amp-speaker connec-
tions and perfectionist internal speaker wiring. Our superb AXON I AWG 20 solid core conductor is also
available separately. Oxygen-tree and 99.997% pure, it is ideal for most internal wiring applications.

Outer insulation: UL approved TPE
Cable geometry: non interleaved spiral
Individual conductor insulation: 105 degree Celsius, UL approved PVC
Cable equivalent gauge: 101al - AWG 11, 2 conductors - AWG 17. 4 conductors - AWG 14
Individual conductors: solid core AWG 20 copper. long-grain and ulira-sof1. free of all contaminants and oxygen
Cable core: crushed polypropylene
Inner envelope: mylar film
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Continued from page 31/

Webster’s work failed to affect the
phonograph industry until 1925, when
acoustical recording was abandoned in favor
of the electrical process. The Orthophonic
Victrola, mentioned in Part 1, was the first to
incorporate an exponential horn. It was also
the first to use a folded horn design (Fig.4).
An exponential horn with low-frequency
response adequate for the reproduction of
electrical recordings required a large mouth
opening, and consequently had to be quite
long. The folded horn reduced the size to
manageable proportions.

The first experiments with horns coupled
to dynamic speakers were conducted by
Rice and Kellogg in 1925. Because of the
very high efficiency of horn-loaded speak-
ers, they were most effective in large rooms
requiring a high volume of sound. This
made them especially suitable in early talk-

=

FIGURE 4: A folded-horn system.

ing motion picture theaters, since the vacu-
um tube amplifiers at that time had very lim-
ited power output capability. While horn
systems were used extensively in theaters
during the 1930s, their large dimensions
made them impractical for home use.

That situation changed in 1940 when the
American engineer Paul W. Klipsch invent-
ed the corner horn, which is a complex fold-
ed horn design using the walls of the room to
form extensions to the mouth of the horn.!?
The Klipschorn loudspeaker in production
today is still based on the original 1940
model, and uses a horn midrange and tweet-
er to fill out the remainder of the audible
spectrum. Klipsch was not the first engineer
to advocate corner speaker placement. In
1925 M. Weil filed the first patent applica-
tion, which was issued in 1931.20

The audiophile community has shown lit-
tle enthusiasm for horn designs over the past
two decades, and a survey of reviews in
Stereophile and The Absolute Sound
magazines over the past 15 years shows a
nearly complete lack of interest in horn
systems in the high-end audio community.
The 1993 Audio magazine equipment direc-
tory lists over 325 system manufacturers for
home use, yet fewer than 20 use horn load-
ing; six offer speakers with horn loading on
the woofer.2!

Only a few years ago Klipsch advocated
horn loading over all other types. Now,
Klipsch also offers models made entirely
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with direct radiators. However, due to their
exceptionally high efficiency, horn systems
continue to be the preferred speakers for
sound reinforcement and motion picture
applications.

DIAPHRAGM DESIGN
BREAKTHROUGH

The electrostatic loudspeaker, unlike the
dynamic speaker, does not make use of
electromagnetism for its operation (Fig. 5).
An electrostatic model uses a thin plastic
sheet, stretched over a rectangular frame,
as the vibrating diaphragm. The plastic
sheet is coated with an electrically conduc-
tive material, and is connected to a high
voltage power supply which charges the
diaphragm to a potential of between 2,000
to -3,000V DC. Suspended on either side
of the plastic diaphragm is a pair of metal
screens, called stators.

The audio output from the amplifier is
connected, through a transformer, to the two
stators. The charged diaphragm interacts
electrostatically with the polarities of the sig-
nals on the screens. When the audio signal
on the front stator is positive, the signal on
the rear stator will be negative. The nega-
tively charged diaphragm will be attracted
toward the positively charged stator, and
repelled by the negative stator.

When the audio signal reverses polarity,
the opposite will occur, with the diaphragm
moving back toward the rear, positive sta-
tor and away from the front, negative stator.
The Fig. 3 electrostatic speaker is typical of
modern designs in that it radiates an equal
amount of sound from the front as well as
the rear. The acoustical outputs from the
two sides of the loudspeaker are reversed in
polarity with respect to each other. This
type of speaker is known as a dipole, and
has no enclosure.22

With the absence of an enclosure, low
bass information is normally weak due to
cancellation. To overcome this problem,
electrostatic panels for low-frequency repro-
duction are usually very large, floor-stand-
ing arrangements. Smaller electrostatic ele-
ments are usually used in conjunction with
the large panels for midrange- and high-fre-
quency coverage. The earliest electrostatic
loudspeakers were small units used only for
high-frequency reproduction, and normally
in conjunction with a conventional dynamic
woofer forming a two-way system.

The 1920s saw much experimentation
with electrostatic speakers, particularly in
England and Germany, but produced few
commercial products. Among the first was
the Kyle condenser loudspeaker, which
Peerless used in a radio receiver introduced
around 1930.23 The Automatic Musical
Instrument Company (AMI) used one of the
first electrostatic speakers in a coin-operated

DIAPHRAGM (CHARGED
WITH FIXED VOLTAGE)
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FIGURE 5: A side, cut-away view of an
electrostatic speaker.

phonograph, also introduced in 1930.24
These early units employed a single stator, in
front of the diaphragm, and were enclosed at
the rear; they were not dipoles.

Early commercial electrostatic models
were not nearly as reliable as conventional
dynamic speakers, due to, among other
things, frequent electrical breakdown and
low sensitivity. These speakers also generat-
ed ozone, which caused oxidation of the
construction materials. Few of the materials
available for the diaphragm were thin
enough to allow the theoretical advantages
to be realized.

At the 1954 Audio Engineering Society
convention in New York City, Arthur
Janszen described a breakthrough in electro-
static design which overcame most of these
problems.23 At the time Janszen operated
Janszen Laboratory in Cambridge, MA, and
conducted much of the research which
formed the basis of his developments at the
Acoustics Research Laboratory of Harvard
University. Janszen’s new design used the
first truly low mass diaphragm, made possi-
ble by advances in polyester plastics. His
design was noteworthy for its relatively high
sensitivity, mechanical and electrical relia-
bility, as well as an unusually wide frequen-
cy response of 1kHz—20kHz.

Janszen’s speaker was intended for use as

Continued on page 38



e Over 200 speaker models

e Sizes range from 1" tweeters to 18"
massive motor subwoofers

e Parameters and recommended
enclosures available for all woofers

PYLE

PYLE INDUSTRIES, INC. - 501 CENTER ST.
HUNTINGTON, IN 46750 - (219) 356-1200

H A Harman Intemational Company

Made in U.S.A.
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D2010/8513

3/4" Dome Tweeter

Similar to the D2008, but with several
improvements, a foam impregnated front
face plate and a lower resonance. Double
chambered 3/4" damped textile dome
tweeter with the same diaphragm and
voice coil as the D2008.

The lower resonance of this driver will
allow it to be crossed over lower than
most other 3/4" dome tweeters, yet retain
the low distortion and  clarity
characteristic of a 3/4" dome. We
recommend a steeper x-over slope be used
when the x-over point is below 3KHz

TECHNICAL DATA:

Characteristic sensitivity 90dB 1W/1m  Lin. & max. excursion +0.8/+1.2mm
Free air resonance fs 800 Hz Air gap flux density 16T

DC resistance 5.7 ohm Force factor BL Product 1.8 Tm

V.C. inductance 0.02 mH Moving mass incl. air 020g

Power 12dB@Hz 150W@4K Net weight 0.41kg
Effective cone area 3.8cm Vas -

V.C. diameter 19.4 mm Qms -

V.C. height 3.2mm Qes -

Air gap height 1.6 mm Qts -
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D2905/9300

1" Dome Tweeter

The D2905/9300 is of the same
construction as the well known
D2905/9000 tweeter. This newer version
achieves a lower resonance and increased
clarity by using several coatings of
damping material on the dome and a more
refined chambering behind the dome.
Both these damping factors and the use of
a light magnetic fluid, reduce the
resonances as much as possible, while
reducing compression affects. this
tweeters linear response and openness
make it a good choice for any system.

TECHNICAL DATA:

Characteristic sensitivity 90dB 1W/1m  Lin. & max. excussion
Free air resonance fs 600 Hz Air gap flux density

DC resistance 4.9 ohm Force factor BL Product
V.C. inductance 0.09 mH Moving mass incl. air
Power 12dB@Hz 150W@2.5K  Net weight

Effective cone area 8.5cm Vas

V.C. diameter 28 mm Qms

V.C. height 3.5mm Qes

Air gap height 2.5mm Qts

+0.5/+1.5 mm
1.67T

46Tm

0409

0.70 kg

5" Midrange

This midrange has a very Tow resonance
frequency for its size and can be used in
an extremely wide band width. It features
a magnesium cast frame, paper cone and
rubber surround. The magnet system uses
the Scan-speak Symmetric Drive short
circuiting system for less distortion and a
linear impedance.

This driver has a rich full-bodied sound,
detailed and clean, with a natural tonal
balance. It's intended uses are high
quality 3-way sytems that require low
crossover frequencies.

TECHNICAL DATA:

Characteristic sensitivity 88dB 1W/1m  Lin. & max. excursion +1.5/15 mm
Free air resonance fs 58 Hz Air gap flux density 076 T

DC resistance 5.8 ohm Force factor BL Product 4.6 Tm

V.C. inductance 0.1mH Moving mass incl. air 38¢

Power 12db@Hz 100W@300Hz Net weight 1.1kg
Effective cone area 48 cm Vas 6 liters

V.C. diameter 38.0 mm Qms 2.56

V.C. height 9mm Qes 0.38

Air gap height 6 mm Qts 0.33
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13M/4535R

5" Car Full-range

The 13M/4535R is a compact full-range
autosound driver. Paper cone, rubber
surround, magnesium diecast frame and
grotective metal grill. This driver uses

can-speak’s ventilated magnet system
with symetric lathed pole piece and
Symetric Drive with copper cap, for
lowest distortion and linear impedance.
This driver offers good bass reproduction
and clear treble to 14 KHz. The quality of
this driver can be compared to real hi-fi
units and is recommended in connection
with high quality car stereo components.

TECHNICAL DATA:

Characteristic sensitivity 90dB 1W/1m  Lin. & max. excursion
Free air resonance fs 56 Hz Air gap flux density

OC resistance 3.0 ohm Force factor BL Product
V.C. inductance 0.13 mH Moving mass incl. air
Power 12db@Hz 35W Fullrange Net weight

Effective cone area 48 cm? Vas

V.C. diameter 38 mm Qms

V.C. height 11 mm Qes

Air gap height 6 mm Qts

+2.5 /+6mm
0.76T
4.15Tm
459

1.1kg

5 liters

2.93

0.28

0.26



18w,/8544
7" Kevlar Woofer

This 7" bass/mid driver uses a cast
Kevlar cone material with a hand painted
special coating. The frame is magnesium
cast with a rubber/PVC surround. The
magnet system uses the symmetric pole
piece and Symmetric Drive copper cap.
The long throw voice coil uses aluminum
wire and an aluminum former.

This driver offers a precise and clear
sound, even at high volume levels.
ComFression is minimized resulting in a
lot of head room. Transient reproduction
is reproduced flawlessly.

TECHNICAL DATA:
Characteristic sensitivity 89dB 1W/1m

Lin. & max. excursion

Free air resonance fs 29 Hz Air gap flux density

DC resistance 5.5 ohm Force factor BL Product
V.C. inductance 0.1 mH Moving mass incl. air
Power 100w Net weight

Effective cone area 143 cm? Vas

V.C. diameter 42.5 mm Qms

V.C. height 19 mm Qes

Air gap height 6 mm Qts

S Aoy e ==

16.5/+10 mm
116 T

80Tm

17g

2.05kg

50 liters

1.48

0.27

0.23

18wW/8546
7" Kevlar Woofer

This new 7" Kevlar cone magnesium
cast frame woofer features the new SD-1
magnet system, that eliminates
mudulation and dynamic distortion, as
well as lowering clipping distortion
caused when the driver exceeds it’s linear
excursion. The new magnet system
coupled with a new non resonant low loss
linear suspension, gives you a drive unit
with a very "open" sound with excelent
dynamic range and detailing combined
with low coloration and very precise
imaging. The best we have to offer.

TECHNICAL DATA:

Characteristic sensitivity 89dB 1W/1m  Lin. & max. excursion +6.5/+10 mm
Free air resonance fs 30 Hz Air gap flux density 1.16T

DC resistance 5.50hm Force factor BL Product 7.2 Tm

V.C. inductance 0.4 mH Moving mass incl. air 179

Power 100W Net weight 2.05kg
Effective cone area 150 cm? Vas 54 liters

V.C. diameter 42 mm Qms 230

V.C. height 19 mm Qes 0.34

Air gap height 0.30

6 mm

Qts

ot
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21w/ 85549
8" Kevlar Woofer

This 8" cast magnesium/Aluminum
frame woofer features a hand coated cast
Kevlar cone with a hand coated foam
surround. The magnet system uses the
patented SD  copper ca and
symmetrically shaped pole piece ?or lower
distortion. The damped cone and
surround offer a good balance between
clarity and tonal balance.

This driver is fast and accurate even
with the most demanding transients. A
good choice for any high end system.

TECHNICAL DATA:
Characteristic sensitivity 90dB 1W/1m

Lin. & max. excursion

Free air resonance fs 25 Hz Air gap flux density

DC resistance 5.5 ohm Force factor BL Product
V.C. inductance 0.1 mH Moving mass incl. air
Power 110W Net weight

Effective cone area 200 cm? Vas

V.C. diameter 42.5 mm Qm

V.C. height 19 mm Qes

Air gap height 6 mm Qts
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+6.5/+10 mm
1.16 T
8.0Tm

2059

2.2kg

115 liters

1.72

0.28

0.24

. Description A B C | D | Price
D2010/8513 |3/4" textile dome tweeter 98 5 | 41 69 $45.00
D2905/9300 | 1" textile dome tweeter 1045 3 | 41 | 74 | $66.00
13M/8640  |5" Paperconemidrange | 130 | 6 | 48 I 100 | $58.00|
| 13M/4535R |5" Car full-range wi/grill | 130 | 6 48 | 100 | $61.00
| 18W/8544 | 7" Kevlar cone woofer | 177 | 4 | 70 | 157 | $95.00,
18W/8546 | 7" Kevlar cone woofer - New | 177 | 4 | 70 | 157 | $112.00
21W/8554 | 8" Kevlar cone woofer 12225 77 | 192 | $105.00
| Flow resistorTApeﬂiip resistive vent | 130 | 3 19 | 109 | $6.00)

< A >
B .
A A
C
v
Flow resistive vent - aperiodic D

| 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. Add 10% for shipping charges. Residents of
Alaska, Canada and Hawaii, and those who require Blue Label air service, |
please add 25%. There is no fee for packaging or handling, and we will

refund or bill you to the exact shipping charge. We accept Mastercard or

Visa on mail and phone orders. |
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Madisound Speaker Components
(8608 University Green)
P.O. Box 44283
Madison, WI 53744-4283 U.S.A
Voice: 608-831-3433
Fax: 608-831-3771

Reader Service #8




Continued from page 34

the tweeter section of a two-way speaker
system. A complete tweeter array consisted
of four individual electrostatic modules
placed side by side in a semicircular or stag-
gered arrangement.23 This design became
the basis for the Janszen model 130. It was
frequently used with the AR-1W and KLH-1
woofer systems mentioned in Part 1. Since it
was enclosed at the rear, Janszen’s electro-
static loudspeaker wasn’t a dipole.

CRITICS’ CHOICE
The first modern, dipole electrostatic loud-
speaker was the Quad, which was intro-
duced in 1958 by its inventor Peter Walker
(Quad is a trademark of the Acoustical
Manufacturing Co., Ltd., a British firm, and
has nothing to do with four-channel audio).
The following year, KLH introduced the
Model 9, which consisted of two tall dipole
speakers, held at a fixed angle by a pair of
brackets. A stereo installation, therefore,
required the use of four panels.25

Because of the extremely low mass of the
plastic diaphragm, electrostatic loudspeak-
ers are capable of exceptional clarity and
inner detail in the midrange and high fre-
quencies. Stereophile’s “Recommended
Components” lists, and the “Reviewer’s

Choice” listings in The Absolute Sound
show that critical audiophiles often prefer
electrostatic loudspeakers to designs using
dynamic drivers.26.27

However, since electrostatic speakers
often suffer from a lack of the low bass
frequencies, many designs use a convention-
al dynamic woofer system, coupled to elec-
trostatic elements for the midrange and high
frequencies. Since electrostatic dipoles are
completely free of enclosure-related reso-
nance problems, successful integration with
dynamic woofer systems is difficult and rare.

Planar loudspeakers are a category of
speakers related to electrostatics. These are
physically nearly identical to electrostatics,
having a large, thin plastic diaphragm as the
vibrating element. However, planars use
conventional magnetic principles which
makes them dynamic loudspeakers. Thin
wires are embedded in the plastic
diaphragm, forming the equivalent of a
voice coil. Magnetic strips are placed in the
front and back of the diaphragm, where the
stators would be in an electrostatic loud-
speaker. Magnetic interaction, rather than
electrostatic, causes the diaphragm to move.

Magnepan, an American firm based in
Minnesota, is the best-known manufacturer
of planar loudspeakers. Their first such

speaker, designed by company founder Jim
Winey, was the Magneplanar Tympani |,
introduced in 1971 and featuring three tall
panels operating as dipoles.28

DOME TWEETERS

As early as 1925, Rice and Kellogg realized
that the very large speakers suitable for low-
frequency reproduction were far from opti-
mum for reproducing the midrange and high
frequencies. Their first multi-way system,
developed that year, consisted of three horn-
loaded drivers, each dedicated to a limited
portion of the frequency spectrum.

There was little practical use for such a
system until the sound motion picture indus-
try was formed, since most early electric
phonographs and radios used a single driver
to cover the entire available range. In 1934
Shearer and Hilliard built the first modern
two-way horn system for MGM’s Culver
City, CA, studios.2 Before the late 1950s,
multi-way systems for home use employed
either small direct radiator cone drivers
(which radiate directly into the room, with-
out any horn loading to improve efficiency)
for the midrange and treble, or cone drivers
with horns attached.

In 1958 Edgar Vilichur and Roy Allison
introduced another significant development

service and selection.
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High Performance
Without the High Price

Introducing the latest in outstanding speaker value; MCM Audio Select.
Manufactured exclusively to our specifications, these drivers offer
outstanding performance at half the cost of most name brand
competitors. Along with MCM Audio select, you will find the MCM
catalog is packed with hundreds of woofers, midranges, tweeters,
crossovers and all the accessories you'll need for any sound
application. Call MCM Electronics today and discover true audio value,

Serving you coast to coast! Distribution Facilities in Dayton, OH and Reno, NV!

For a FREE Catalog, Call...

1-800-543-4330

Product Questions...
1-800-824-TECH (8324)

New hours: M-F 7 a.m.- 9 p.m., Sat. 9a.m.- 6 p.m. EST.

FREE

CATALOG
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CALL TOLL FREE 1-800-543-4330
FAX 1-513-434-6959

MCM ELECTRONICS®

650 CONGRESS PARK DR
CENTERVILLE, OH 45459-4072

SB-18

A PREMIER Company
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VANCE DICKASON'S

LOUDSPEAKER RECIPES

BOOK ONE

An owner-built loudspeaker with truly dazzling
performance is now within the reach of almost any
reasonably intelligent constructor. Loudspeaker
building, only a very few years ago, was a matter
of a few hand tools and some plywood, plus some
guesses as to the technical details. Our knowledge
of what makes a special combination of driversand
crossover components the best possible has been
growing explosively in the last decade.
L 2 2R 4
Vance Dickason, bestselling author of The Loud-
speaker Design Cookbook (over 33,000 English copies
sold, with German and Portuguese versions also
available) brings almost twenty years of experi-
ence, research and hands-on knowledge to this
new book on designing and building four tested
and proven two-way loudspeaker systems.
* o0
The best news, however, is that the directions,
definitions and instructions for realizing these four
demonstration systems, contain all the right ques-
tions and the dear paths to their answers which
enable you to build excellent performing two-way
systems with an almost endless combination of
available woofers and tweeters.
L 2R 2R 4
Dickason shows you how to look for the right
driver characteristics to be paired successfully

FOR S/H INCLUDE: L $3 usa
[ $5 oTHER SURFACE LI $10 OTHER AIR
TOTAL AMOUNT OF ORDER $§

with the right crossover components and also
how to fix any anomalies which may trouble
your particular choices. Although the four two-
way systems which are meticulously docu-
mented in this book, along with an outstanding
general purpose subwoofer, may be built just as
they are defined here, you are not limited to
building these systems only.
L 2K 2R 4

Loudspeaker Recipes, Book 1, lays a firm
groundwork, both theoretical and practical,
for building as many varied and successful
two-way loudspeaker systems as you wish.
The book benefits fro