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Perfect Harmony

The dream of a wonderful “bi-wire” system is now reality.

WBT has a perfect contact system!

This system allows the use of spade terminals
and banana plugs AT THE SAME TIME in any
combination with or without the

NEW WBT-0725 Biwire Bridge in place.

You don‘t need to worry that this system conforms
to CE and other international safety standards, you
don‘t need to know about the Patented features.
Pay no mind to the Made in Germany precision.
Don’t bother reading the rave reviews. Don't fret
the fact that you can change from spades to
bananas and back again on your speaker cables.

Your only requirement is the enjoyment of
perfect harmony, in both function and fidelity!

WRBT-USA - 2752 South 1900 West - Ogden Utah 84401 - 801-621-1500 - Fax 801-627-6980 - www.wbtusa.com

More affordable than ever.

WBT - Recognized worldwide as a leader in quality and technology.

In 1985, WBT developed the first RCA type plug machined from a single piece of metal, it also
featured an adjustable locking mechanism. Since then, WBT has continued to refine the art
and science of cannection. From a single idea has developed an impressive array of audio
connectors. Today, WBT is known worldwide for the best connectors in the industry.

WBT connectors feature:
« High Machining Tolerances 7 models of RCA type Plugs

e Multi-Layer Gold Plating ’ é" é\' /f /4
«Unique Patented Designs ’ ’\y 0 T o P R
« Teflon™ Insulation -

«High Copper Alloys

[ !
All products made in Germany! 6 models of RCA type Sockets

Dealer inquiries welcome! ‘} c,\ <> o g/. ey
OEM quantity prices available! ' 1 ‘ " " » b o

Silver Solder (4% Ag)

CAS R -
Kol o
Tﬁ«é afto o ~ =
R
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Quality Tools and Accessories o ’

2oy
WBT-USA - 2752 South 1900 West - Ogden Utah 84401 S
801-621-1500 - Fax 801-627-6980 — www.wbtusa.com 7
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FOSTEX

 COMPONENTS

For High End Systems

Over the years, Fostex has earned a reputation for engi-
neering innovative speaker systems. Now, for the first
time, the same high quality components that comprise
these systems are available direct from Fostex on-line at
www.store.yahoo.com/fostex.

<RP Tweeter

o

The RP nweeter family employs a Regulated Phase Full Surface Drive
diaphragm, which ofters wide dynamic range and superb frequency response.
models: FT 7RP - 80 watts, FT 33RP - 60 warts

<JDome Tweeter

Fostex’s FT27D ofters a scaled magnet dome tweeter with excellent
high frequency response, while the FT48D features a state-of-the-
art soft dome tweeter employing a UFLC diaphragm. The FT27D
is suitable for AV applications.

models: FT 27D - 40 watts, FT 48D - 50 watts

Horn Super Tweeter

The horn super tweeter features Alnico magnets and delivers high
efticiency and high transient response.

models: FT 66H - 70 watts, FT 96H - 50 watts, T 90A - 50 watts, T 925A - 50 watts

*
FE Series
The FE Serics offers a line of full-range speakers designed specifically for
AV applications. Their super-low magnet leakage of 0.15 gauss eliminates
video noise when placed in close proximity to video monitors

models: FE 87: 3" - 5 watts, FE 107: 4" - 5 watts, FE 127: 4" - 22 watts,
FE 167: 6.5" - 33 warts, FE 207:8" - 45 watts

FW Series

FW Series wooers feature die-cast aluminum frames and large ferrite magnets. The FW 208N and
FW 800N use composite cones, the FW 108 and FW 168 use pulp, and the FW 127,

FW 187 and FW 227 use polypropylene, which are particulardy well-suited for AV use.

models: FW 108: 4" - 17 watts, FW 168: 6.5" - 34 watts, FW 208N: 8" - 34 watts,
FW 800N: 31.5" - 150 watts, FW 127: 4.5" - 50 watts, FW 187: 7" - 100 watts, FW 227: 8.5" - 100 watts

o *
Sigma Series ,
The Sigma Series is highly suitable for horn-loaded speaker systems. These
full-range speakers provide high efficiency with excellent sonic performance.
models: FE 108% 4" - 5 watts, FE 168% 6.5" - 27 watts, FE 208% 8" - 34 watts

FOStEwaw.fostex.com

Fostex Corp. Of America © 15431 Blackbum Ave.» Norwalk, CA 90630 o Tel: 562-921-1112 Fax: 562-802-1964
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Design Loudspeaker Boxes

with BassBox Pro

State-aof-the-art loudspeaker enclosure
cesign software that is easy to use and

J

Includes

Design Crossover Networks

with X*0ver Pro

Versatile passive network design scft-
wa-e for crossovers, filters, impedance

thas many professional-strength feztures. EQ and l-pads with DCR/ESR estimator.
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« Includes an innovative Design Wiza-d. ’

« includes a huge d-iver datapase wita
the specs for thousands of drivers.

« Models many box types including:
closed, vented, Be vented, doube
and triple-chamber tandpass and
passive radiator boxes.

« Vents can have any shape inc uding
round, square and rectangular and
can include flared ends.

» 18 single-chamber bex shapes ad
4 multi-chamber skap2s are provided.

« Acoustic measLrements of ooth the
driver and the listening env ronmment
can be imported frcm many popular

« Plot vent “pipe’ resorance.

« A 2-D drawing of the box is
drawn to scale automatically
whenever a box dimension
or parameter is changed.

« Creates box drawings with
dimensions and parts :ists.

* A1 "Expert” mode helps to
identify "bad" parameters.

« A passive network can be
incorporated into a design

« Passive networks car. be
imported from Xeover 2ro.

* Inc:udes a procedure for
testing driver and passive

* Design 2-way and 3-way passive
crossovar networks.

« Des'gn separate 0v/-pass, band-
pass and high-pass filters.

» Filters cen have 1st, 2nd, 3rd or
4th-oraer slopes.

» Filter ty7es and ardars can be
mixed ir a crossavar netwark.

» Des:ign ‘L-pad" attemuators.

« Des,gn mpedance eqtalization
networks (Zabels).

» impedance EQ can inc ude: the
the resonance peaks cf both
driver ar-d bex and the inductive
reactanze of the voice coil.

« Includes a huge drive- database
with the specs for thousands
of drivers. (Includes tweeters }

= Advanzed algorithms use the
driver Thiele-Smal! and box
parame:ers to model the net
speaker (System) response.

«Inclhides 4 performence g-aphs:
normelized amplitude response,
sys:em impedance, piase
respomse anc group celay.

 Graphs can include tr.e driver
acoustic and box response

» Schematics and component lists
can be printed and export2d.

dipnensions
for many
thousands

of drivers!

measurement sys:ems, including
CLIO, IMP, LMS, JBL/SIA Smaart,
MLSSA and TEF-20.

» Includes 9 performarnca graoks
normalized and custor amolituoe

radiator parameters.
«Handles multi-driver designs,

inctuding isobaric & bessel Jesigrs.
=English and/or metric units can be usad.
--Can be customized with user preferences.

« Inciudes an easy-to-use compenent ESR and DCR estimatcr.

Buy a

« Includes a convenient paraflel-seres value calculator.
» {ncludes a versatile component colo- stripe cecodar.
« Caniimport driver and box data from EassBex Pro

« Can be custamized wich user preferences
« Inzfudes an extensive cnline manual
« Includes contextual balloon help

» Includes an illustrated 169

page printed manual.

Pro Bundle
with both
BassBox Pro
and Xeover Pro for
$199° and save $29!

~{nciudes an extensive: online manual with tutorials
and sample designs with step-by-step instrections.

« Includes context-sensitve balloon help.

« Inzludes an illustratec 204 page printed manual.

response, max acotstic power, Max
electric input power, one displace-
ment, vent air velccity, impedance,
phase response anc group defay

BassBox 6 Pro: $I 29'01)'

*Ples:shipping & handfing. At tha trae o this printing shippiag and

handiing fees were $7 n the US. $91n
Canada and $£23 for alloter desinations

Also available: BassBox | ite

BassBox Lite is a streamlined version of BassBox Pro without the driver database.

Xeover 3 Pro:

$ 99.00‘

“Hue shipaing
& hanching

Visit us on the
worldwide web at
www.ht-audio.com.

Our internet website inctudes additional
information and support for our software

BassBox Lite prov:des 85% of the most
powerful featurzs of BassBox Pro. It offers

a streamtined user interface wnich integrates
the graphs into the main window and merges
the drives and box properties inte a single win-
dow Pro and Lite design files can be exchanged'

Special discount pricing is available for licensed
users of older versions of BassBox and Xsover who
wish o upgrade. Please contact Harris Tech for details

ARISTECH

Harris Technologies, inc.
Post Office Box 622
Edwardsburg, M1 49112-0622 USA.
Tel: 616-641-5924
Fax: 616-641-5738
Email: sales@ht-audio.com

» Includes a full online men Jal with tutorials for oe-
ginners and step-by-step sample designs. (A
Design Wizard & printed manual are not incluoed.»

« Driver data can be saved in d2s.gn files and re-used
latzr. (The driver database is nct supported.)

« The 8 most popular single-chamber box shapes are
supported. All 4 multi-chamter shapes are supported.

« The bass doost in simple acoustical envirnomeats car

BassBox 6 Lite: $69-00° be modzl2d. (Measurements cannot be imported.)

Copytight € 2000 by Harmis TecBnolagies, Inc. All rights reserved worldwide. BassBox it a lradem ark of Harrts Tech. Othertrademarks belong ta thewr respeciive companws. Harrts Terh reservesdhe nght to make shanges withou! nofice

*Plus shipping & handfing.
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Good News

Cambridge SoundWorks®™ announces the availability of Sound-
Works Digital, a newly enhanced version of its three-piece multi-

O NEW CLASSIC SPEAKERS

media speaker system. Based on the FourPointSurround

FPS2000 Digital design, this digitally enhanced speaker system
includes an improved wooden subwoofer and a S/PDIF digital
audio input. Using custom-designed amplifiers with 22W of

power to the subwoofer and 16W to the stereo satellite
cubes, this speaker system features digital input that
connects easily to high-performance PC sound cards, as
well as to home and portable components including
compact disk (CD}) and MiniDisc (MD) players. The new
system incorporates two stereo analog inputs, providing
a convenient, permanent connection for analog-only
computer audio, plus a second connector for portable

devices including CD or MD units, or an MP3 pocket-player.

Cambridge SoundWorks, 311 Needham St., Newton, MA 02164, (800)

367-4434, (617) 332-5936, FAX (617) 244-3743, Website www.hifi.com.
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@ MONSTER® SELECTORS AND VOLUME CONTROL

Monster Cable Products, Inc. has unveiled three new products—Monster Multi-
Speaker Selector MSS-6, Multi-Speaker Selector MSS—4, and Stereo Volume
Control (SVC-75). MSS—6 allows control of up to six speaker pairs, while MSS—4
allows up to four pairs throughout the home or cffice. They provide the convenience
and flexibility of listening to one speaker pair or several pairs at a tme, in any
location of the house or backyard. MSS—-6 and MSS—4 feature high Current
Amplifier Protection Circuitry, Monster’s impedance-matched circuitry that allows
you to safely use multiple speaker pairs simultaneously without overloading your
amplifier. Audiophile-grade resistors deliver maximum power from systems using
power-hungry amplifiers—up to 150W per channel. Monster's Multi-Speaker
Selectors not only offer the fiexibility to enjoy music anywhere in the house, but
protects the amplifier from overloading, thereby maximizing the performance of
the entire music system. MSS—6 and MSS—4 are inteally wired with high-
performance Monster Cable. SVC-75 enables separate volume control for one
additional speaker pair anywhere in your home or office. This is the companion
product to the speaker selectors because volume can then be adjusted room-by-
room as desired. Monster Cable, 455 Valley Dr., Brisbane, CA 94005, (415) 840-
2000, FAX (415) 468-0204, Website www.monstercable.com.

Reader Service #138

l ANALYSIS SOFTWARE FOR WINDOWS
HpW announces V2.70 of the FFT-based analysis soft-
ware HpW Works. The new release includes an improved
lookout and several new display options—THD, THD-+ N,
dynamic range (DR), SNR, and level calculations. The
analysis data showng more detailed information is pre-
sented on a separate data window. Using dual channels,
the phase relationship is also shown. Analyzing signals, in
the labor, development, or music studio is the target use
of HpW Works. The full system includes an FFT-software
plus signal generator, operating with any PC soend or
digital VO hardware. The FFT analyzer uses 64-bit
resolution intemally and supports up to one million sample
points. The wave generator delivers various signals: sine,
sweep, various harmonics (1-24), multiwaves (1-44),
static signal (DC), IM signals, d-jitter test signal (fs/4 or
fs/8 with LSB toggle), test sequences, and various noise
signals. Hanspeter Widmer, E-mail hpwidmer@
hpw-works.com, Website www.hpw-works.com.
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> EMPIRE
A new material called
KEVLITE-Ti™ (composed
of KEV_AR™, graphite, and
titanium) has been developed
for the 5.25” drivers to en-
hance vocals and impart rich
luster to the glow of brass,
according to the company.
A special magnetic material
called neodymium lends
clarity to the NEOdome™
tweeter. EMPIRE's baffie
and base are machined from
1.5% thick Ulira-LITE. Legacy
Audio, Inc., 3023 E. Sanga-
mon Ave., Springfield, IL
62702, (800) 283-4644,
FAX (217) 544-1483, Website
www.legacy-audio.com.
Reader Service #140

B SOUND-ABSORBING PANELS
The series of Eckoustic® Functional Panels (EFPs)
offers a solution for reducing background noise and
reverberation in auditoriums, theaters, assembly
halls, and music-performance centers. These fire-
resistant wall and ceiling sound-control parels not
only provide a cost-effective method for correcting
acoustic problems in existng facilities, but also help
ensure that a suitable environment for speech and
music is achieved in new construction. Because of
the sound-absorption characteristics of these panels,
full coverage of wall and/or ceiling surfaces with
EFPs is not required to obtain the desired room
acoustics. EFPs can be spot-focated on walls or
ceilings, thereby eliminating the need to disturb
existing sprinklers, lights, ventilation outlets, or other
utlities. Eckel Industries, inc., Acoustic Division, 155
Fawcett St., Cambridge, MA 02138, (617) 491-3221,
E-mail eckel@eckelacoustic.com.
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B HIGH-END LOUDSPEAKER
Norwex B-2 Nisse is designed to be
placed on a bookshelf or in a wall
unit, since its dimensions are only 9”
x 77 x 9”. Custom-mage floor stands
are also available. The bass-reflex
design uses a 412" wooferand a 1”
soft-dome tweeter. Frequency
response is 53Hz-20kHz, impedance
842, and sensitivity 84.5dB/1m/1W.
Well suited for stereo music and
home theater front or rear channels.
Norwex, PO Box 86, Palmyra, VA
22963, (804) 589-8043, E-mail
norwex @ cfw.com.
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About This Issue

As we enter the third decade of publishing Speaker Builder, we’d like to thank
the speaker building community for its continuing support and interest over the
years. In appreciation, we’ve redoubled our commitment to bringing you the best
in design, theory, and construction coverage in the coming issues. Stay tuned.

We kick off this issue with the first of a three-part series by veteran speaker
builder Jim Moriyasu, who shows us that big sound can come from a small pack-
age. His compact design features a vented subwoofer and a satellite with a Morel
mid-range and Scan-Speak tweeter (“The Menehune MX-1,” p. 10). Part 1 includes
many simulations of system performance.

Car acoustics is a topic that concerns everyone who spends any time on the
road. Its quality depends on several considerations, primarily speaker placement.
In the passenger compartment, your options are limited. Bohdan Raczynski's
modeling method shows the optimum location to mount your car speakers
(“Auto Passenger Space As a Listening Room,” p. 20).

The use of fiber stuffing is critical in transmission-line performance. In the con-
cluding article in his series, A. Monk investigates how fiber characteristics and se-
lection for your design will affect system optimization (“Transmission Lines: The
Real Story,” p. 24).

When designing your speaker system, you need to know the difference be-
tween the acoustic centers of drivers. David L. Ralph shows how to find relative
acoustic offsets with the right software and a good measurement system (p. 36).

Talk about flexibility! Kim Girardin’s article (A Breadboard for Passive
Crossovers,” p. 40) shows you how to build and set up a breadboard to easily con-
nect—and change—crossover components for testing.

In this issue’s guest editorial (p. 8), regular contributor Gary Galo reports on
the latest AES convention and uncovers a couple of encouraging trends.

|
ICROSSTECH AUDIO INC.

PREMIUM HIGH POWER 12dB PASSIVE
CROSSOVER NETWORKS

We manufacture and supp]y the loudspeaker industry with the highest
quality crossover networks.The components such as polypropylene fast
capacitors, perfect lay air cored inductors, and printed circuit boards are
used to manufacture our crossovers that handle from 300 to 1000 watts.
Companies Keep Trying To Design Crossovers Like Ours...
Funny, we haven't tried to Design crossovers like theirs

CUSTOM FREQUENCIES NOT A PROBLEM
30 Francine Lane Staten Island N.Y. 10314
Phone (718) 370-8399 Fax (718) 370-8279

www.crosstechaudio.com
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Guest Editorial

THE HIGH-END AT AES

THE AUDIO ENGINEERING SOCIETY
held its 107" convention at the Javits
Convention Center in New York City,
September 24-27, 1999. Particularly
striking was the extremely high quality
of the audio demonstrations offered by
several manufacturers, which certainly
reflected the convention theme “Advanc-
ing the Art of Sound.”

For audiophiles, the AES convention
has not traditionally been the event of
choice for high-quality sound reproduc-
tion. I began attending New York AES
conventions over 20 years ago, when
| they were held at the Waldorf-Astoria
Hotel. For many years, 1 was appalled at
the audio demonstrations.

In the late 1970s through the early
1980s, many manufacturers used a par-
ticular line of large coaxial “studio moni-
tor” loudspeakers in their demonstration
rooms. The colorful horn tweeters in the
center of these drivers sounded like
bacon frying. | walked out of many sonic
sizzlers in those days, unable to bear the
screeching treble. Most audiophiles
would never tolerate such sound in their
living rooms.

[ recall Harvey Rosenberg of New
York Audio Labs demonstrating in the
early 1980s his company’s output-trans-
formerless tube amplifiers using 30ips
master tapes played on a modified Studer
A-80. When I asked Mr. Rosenberg why
he was using one of the popular studio
monitor loudspeakers to demonstrate
high-end amplifiers and source material,
he conceded that the AES market was
quite different from the audiophile one.

IMPROVED EQUIPMENT

In recent years, those grossly inaccurate
loudspeakers have become a small mi-
nority at AES. Since the early 1980s, the
quality of “studio monitor” loudspeakers
has improved by several orders of magni-
tude, with manufacturers such as B&W
(whose excellent loudspeakers have
gained acceptance in high-end listening
rooms and recording studios alike) lead-
ing the way. I believe Speaker Builder
has also had a significant positive influ-

By GaryA. Galo

ence on the science of loudspeaker de-
sign and the desire for higher-accuracy
reproduction in professional monitoring
applications. Back in the 1980s several
SB authors, including Bob Bullock and
Joe D’Appolito, regularly presented pa-
pers at AES conventions.

The vast improvement in professional
studio loudspeakers is only part of the
story, at least in my view. What has also
been striking at recent AES conventions
is the increasing presence of high-end
consumer audio equipment, including
preamps, amplifiers, and even cables.
The AES made a serious attempt to dis-
credit the high-end in 1991, with the
New York convention theme “Audio
Fact and Fantasy—Reckoning With the
Realities” (see my report in 744 1/92,
and letters in 3/92).

Yet despite the continued insistence
of a large contingent in the AES, many
mainstream audio manufacturers aren’t
buying the view that all amplifiers and
cables sound alike. This was most evi-
dent in the demonstration rooms of
three of the leading manufacturers in the
professional audio industry.

DEMOS
Cirrus Logic demonstrated the Crystal
CS$4396 D/A converter, capable of up to
192kHz/24-bit performance. A Pioneer
DV-525 DVD player was used as a trans-
port for a 96kHz/24-bit demonstration
CD, feeding a C$4396 evaluation proto-
type board. Bryston’s SP-20 preamp and
4B power amplifier fed a pair of PMC LB-
1 loudspeakers. Interconnects were Kim-
ber, and the loudspeaker cables were
Nordost Blue Heaven. Cirrus Logic's Fred
Valenzuela noted that they did not wish
to color the superb resolution of the
CS$4390 DAC with inferior equipment.
The JVC demonstration room featured
their Digital K2 professional clock-jitter
suppressor, intended for digital produc-
tion and mastering applications. All elec-
tronics were from Mark Levinson, includ-
ing the No. 37 CD transport, 36s digital
processor, 38s preamplifier, and 332
stereo power amp. Madrigal and Har-

monics interconnects were used for the
low-level connections, along with loud-
speaker cables and power cords by MIT.
The loudspeakers were WATT Puppies.

Digital K2 could also be auditioned
with Grado RS-1 headphones powered
by a custom-built Holmes-Powell tube
amplifier. Only three of these head-
phone amps exist, selling for around
$3,000.

It goes without saying that the im-
provements rendered by Digital K2 were
readily audible on this high-resolution
equipment. JVC's representative noted
that expensive equipment isn’t needed
to hear improvements effected by Digital
K2, but high-end equipment is necessary
to show the maximum performance ca-
pabilities of the K2 system.

Sony demonstrated its Super Audio
Compact Disc (SACD), a format offering
up to six channels of high-definition digi-
tal audio, with a sampling rate of
2.8MHz. Their five-channel demonstra-
tion was, without a doubt, the finest
sound I have ever heard at an AES con-
vention. The loudspeakers were Sony SS- |
MOIED, designed in the US, manufactured |
in Park Ridge, NJ, and retailing for
around $16,000 per pair. They were
powered by Pass X600 Class-A mono am-
plifiers, and all interconnect and loud-
speaker cables were manufactured by
Straightwire.

The demonstration room was treated
with panels made by RRG. Sony’s David
Kawakami noted that although the supe-
riority of the SACD system will be audi-
ble on normal consumer equipment, the
high-end equipment used in this demon-
stration was selected to reveal the full ca-
pabilities of the format.

Sony also held a special presentation
on the SACD, featuring several distin-
guished panelists including recording en-
gineer Tom Jung of DMP. Jung's endorse-
ment of SACD was most enthusiastic. He
believes that the SACD system yields
recordings closer to the direct feed from
the mixing console than anything he has
previously heard, noting that he has ob-

to page 51
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A unique feature of this author’s design—a rumble filter—allows this satellite/sub combo to

pack plenty of wallop.

Part 1

The Menehune™ MX-

A Compact Satellite/Subwoofer System

By Jim Moriyasu

his design attempts to maximize

sound output and quality from

relatively small enclosures.

Since low-frequency output is
limited by the woofer’s infrasonic cone
excursions in a passive design, this
speaker system uses a rumble filter in
conjunction with an active crossover op-
timized to minimize low-frequency cone
excursions and provide some low-end
boost. The satellite uses a mid-bass driv-
er with a large voice coil to minimize
thermal output limitations caused by
voice-coil heating.

The popularity of vented woofer de-
signs requiring high output stems, ac-
cording to Dickason,! from their 3dB
higher efficiency and lower cone excur-
sion at or in the vicinity of the box reso-
nance frequency (f.). However, vented
designs have greater cone-excursion po-
tential below the f..

To compensate for this problem in

ABOUT THE AUTHOR

Jim Moriyasu has been an avid speaker enthusiast for
over 20 years. Despite a B.S. in biochemistry, he has
been a financial advisor (stockbroker) with Morgan
Stanley Dean Witter for the past 21 years. He has
been using Loudspeaker Enclosure Analysis Program
(LEAP) and Loudspeaker Measurement System (LMS)
for the past four years, and Liberty Audiosuite (Laud)
since last summer.

*The Menehune (may-nay-who-nay) are mythical
Hawaiian forest-dwelling beings who are not only
diminutive, hard-working, and playful, but also shy and
furtive. According to legend, the Menehune were cred-
ited as master builders capable of completing major
projects in a single night! They worked at night so as to
go unnoticed.
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PHOTO 1: ScanSpeak

D2905/9300 Morel MW142
the design, Tused  and VIFA M22WR readly for
LEAP software  SPL testing.

(Loudspeaker En-

closure Analysis

Program), a sophisticated loudspeaker-
modeling program from LinearX, to de-
sign an optimized sixth-order vented en-
closure.

This was accomplished with active
filter modeling, which determined the
optimum low-frequency crossover
point and filter Q for a second-order
high-pass (or “rumble”) filter. (For
those who don’t know what *rumble”
refers to, it’s the unwanted 5Hz to
10Hz signal generated from warped LP
records.) With this active equalization
in place, the woofer’'s maximum cone
excursion (Xy,x) is the same both
below and above the box-tuning fre-
quency. Thus, the woofer’s output isn't
limited by undue driver excursions
caused by unwanted or unplayable in-
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FIGURE 2: Low-frequency cone-excursion simulation of the
Vifa M22WR at 1, 4, 16, and 64W, with 32.5Hz port tuning.
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FIGURE 3: Low-frequency SPL simulation of the M22WR with
a standard third-order Butterworth rumble filter at 1, 4, 16,
and 63W.
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FIGURE 4: Low-frequency cone-excursion simulation of the
M22WR with the Butterworth rumble filter at 1, 4, 16, and

frasonic signals. LEAP simulations indi-
cate this alignment will ¢nable the
woofer to play 12.5dB louder than the
unfiltered, fourth-order version.

WOOFER DESIGN AND SIMULATIONS
I've chosen the Vifa M22WR for this de-
sign, since I've had several years of expe-
ricnce with it after seeing it in a design
by Vance Dickason in the Loudspeaker
Design Cookbook. It has a large vented
magnet, damped paper cone, cast frame,
and an X,,,y of 6.5mm, which is abouw
the maximum for a woofer of this size. It
was designed for subwoofer use with a
resonant frequency of 28Hz. With its
10mm voice coil, it is rated at 1S0W.
While an optimum-sized cabinet
would be in the 1.2-1.4ft? range, 1 de-
cided to limit the subwoofer cabinet to
1fi% or less, since a compact size would
have a higher spousal acceptance factor.
Even though I have a workshop and

built the prototype
cabinets myself, 1
uscd the Woaodstyle
WS803 cabinct
units from Madi-
sound for the sub-
woofer enclosures.
These cabincts,
nicely finished in
oak with rounded
hardwood corners,
come with a blank
front baffle, but
have a rear cutout
for an input panel,
and ar¢ complete
with black-fabric-

TABLE 1
PARTS LIST

Scan-Speak D2905/9300, 1” tweeter, from Meniscus

Morel MW142, 5” mid-bass from Meniscus

Vifa M22WR, 8” woofer, from Meniscus

Woodstyle WS803, .88ft° cabinet, clear finish, from Madisound
Woodstyle WS602, .188ft® cabinet, clear finish, from Madisound
GB cup, input panel, from Madisound

Sheet of 1” open cell foam for damping, hardware store
Acousta-Stuf, 1 Ib, Mahogany Sound

3" black ABS plumbing pipe (usually 8’ length), hardware store
90°, long-sweep, elbow, 3” ABS plumbing pipe, hardware store
#6 x 34" black screws, from Meniscus

#8 > 1” black screws, from Meniscus

Roll of foam weather-stripping tape, from Meniscus

8’ of 16 gauge wire, red/black jacket, from Parts Express

ROSSOVER PARTS (FROM MENISCUS)
L1, 1.0mH, 16 ga, .11Q, 500W, Quantum super ferite
C1, 9.0uF, 250V, 5%, Solen
R1, 7€2, 15W, 5%, wirewound sand filled
C2, 22uF, 100V, 10%, nonpolar electrolytic
C3, 6.2uF, 250V, 5%, Solen
C3, 1.0uF, 250V, 5%, Solen
C3, 0.22uF, 250V, 5%, Solen
L2, .3mH, 16 ga, .23QQ, 500W, air-core
C4, 12.0uF, 250V, 5%, Solen
C4, 2.0uF, 250V, 5%, Solen
C5, 3.0uF, 250V, 5%, Solen
R2, 5.6€2, 10W, 2%, Lynx
R3, 102, 16W, 2%, Lynx
R3, 1€2, 10W, 2% Lynx
Note: C3, C4 and R2 are paralleled to produce the specified value
ELECTRONIC CROSSOVER
XVR-1, from Audio Arts
MEASUREMENT EQUIPMENT AND CAD SOFTWARE
Liberty Audiosuite, from Liberty Instruments

Loudspeaker Measurement System (LMS), from LinearX
Loudspeaker Enclosure Analysis Program (LEAP), from LinearX
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covered grilles and male/female grille
fasteners.

The WS803 has an internal volume of
.88ft3. For the simulations, I assumed a
volume of .80ft3 with approximatcly
.08ft? occupicd by vent, bracing, and

woofer. I made all the simulations with
output in an anechoic environment, in-
stead of half-space, and at one¢ meter.
The finished unit is shown in Phioto /.
Figure I shows the simulated sound
pressure level (SPL) response curves of
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third-order Butterworth rumble filter.

FIGURE 5: Active filter-transfer function for the standard

FIGURE 6: Low-frequency SPL simulation of the M22WR with
an optimized Bessel rumble filter at 1, 4, 16, and 64W.
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FIGURE 7: Low-frequency cone-excursion simulation of the
M22WR with the Bessel rumble filter at 1, 4, 16, and 64W.
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FIGURE 8: Active filter-transfer function for the optimized
Bessel rumble filter.
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the M22WR, with a box tuning or reso-
nance of 32.5Hz and with no raumble fil-
ter in place. The cutoff frequency (f3) is
at 45.10Hz relative to the 100Hz level at
1W, due to the Besscl-shaped rolloff.
The curves represent simulated output
for 1, 4, 16, and 64W.

TRANSDUCER EXCURSION CURVES
Figure 2 shows the transducer (woofer)
excursion curves. At 53Hz, the woofer’s
cone reaches its first rise in excursion,
but then declines with frequency as the
port begins to produce most of the out-
put. Below the port tuning, the transduc-
er excursion begins to rise rapidly, quick-
ly exceeding Xy, x. Since the M22WR
has an X,,,x of 6.5mm, adding 15 per-
cent gives 7.5mm, which is suggested as
the maximum excursion level before the
onset of audible distortion.?

Judging by the excursion curve for
64W, it appears that the woofer will play
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cleanly to 102dB at 100Hz as long as
there is no program content below
28Hz. Only at the 1W level will the cone
excursion be within 7.5mm at all fre-
quencies. Actually, while not shown, 2W
will still be within 7.5mm at all frequen-
cies, with an output at 100Hz of 88dB.

A simulation of a sealed-box woofer
would show X,y leveling off or rising
less dramatically below the f;.3 So it
seems the only way to bring a vented
box’s transducer excursion curve up to
parity with a sealed box would be to fil-
ter or limit the signal below the box
resonance.

Figure 3 shows the SPL response for
the same woofer and box and tuning,
except with a standard third-order But-
terworth rumble filter inserted. The filter
has a corner frequency of 30Hz and at-
tenuates the signal at 18dB per octave.
The corner frequency is the point at
which the filter’s transfer function is

down by 3dB in the case of a Butter-
worth alignment.

Figure 4 shows the excursion curves
and the attenuation due to the filter. At
the 64W level, the transducer excursion
reaches 7.90mm. Note how excursion
declines with frequency, nearing zero at
the box-tuning frequency at 32Hz. As
the frequency declines further, the ex-
cursion rises, peaking at 12Hz. Howev-
er, the excursion is 5.95mm, which
means the transducer could have anoth-
er 2mm of excursion to match the right-
side peak.

While the filter has reduced the excur-
sion, it has also reduced output enough
to raise the f; to 47.00Hz relative to the
100Hz level at 1W, as seen in Fig. 3. Evi-
dently, the standard Butterworth rumble
filter helps minimize transducer excur-
sion, but doesn’t maximize f_,,. Figure 5 is
the active filter-transfer function, show-
ing the 18dB per octave slope.



Madisound is pleased to introduce the latest drivers
in Scan-speak’s line of premium drive units. In the past
few years, Scan-speak has developed new drivers that
have quickly become industry favorites. Drivers like
the Carbon-paper cone 18W/8545 and the Revelator
D2905/9900 can be seen in super high end loudspeakers
throughout the world. The Scan-speak engineers are
consistently producing new products that meet the ever
demanding requirements of today’s audiophiles.

These three new Scan-speak drivers have all been
carefully engineered and are already causing excitement
in the speaker building community. If you are
interested in using these speakers in your next speaker
project, please consider our Leap design services to
assist you. We are happy to answer any further
questions regarding all Scan-speak products.

D2904/6000-01 $149.00 each
D2904/9800-00 $198.00 each
15W/8530K-01 $175.00 each
All other versions of these drivers are currently not
available for retail sale.

1) MADISOUND SPEAKER COMPONENTS, INC. (|
8608 UNIVERSITY GREEN —

e-mail: inffo@madisound.com
Web Page: http:/www.madisound.com

@t —
1 [l P.O. BOX 44283 ) B
14 freet | MADISON, Wi 53744-4283 U.S.A. Ll B
i N TEL: 608-831-3433 FAX: 608-831-3771 7 3

D2904/6000-01

The D2904/6000-01 tweeter has a 1™
coated textile dome and a neodymium
magnet system. This speaker uses a
compact self shielding Symmetric Drive
magnet system, utilizing three powerful
neodymium magnets. The cavity under
the voice coil is coupled to the chamber
through eight holes in the top plate. Pure
cotton is used as damping material. The
textile diaphragm is carefully hand
coated. he reproduction 1s very
dynamic and open, with low levels of
compression. Perfect for home, A/V or
automotive use.

TECHNICAL DATA:
Characteristic sensitivity 90.5dB Lin. & max. excur. 10.25/+1.3mm
Free air resonance Fs 750 Hz Air gap flux density -
DC resistance 3.5 ohm Force factor BL 27Tm
V.C. inductance 0.02 mH Moving mass 04g
Power 12dB@Hz 150W@2.7K  Net weight 0.13 kg
Effective cone area 8 cm Vas -
V.C. diameter 28 mm Qms -
V.C. height - Qes -
Air gap height - Qts -
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D2904/9800

The D2904/9800 is a high-end 1"
aluminum dome tweeter. The magnet
system uses the Symmetric Drive
technoloFy that almost eliminates
electrical phase shift. The specially
designed chamber reduces air noise
and compression. The geometry of
the dome causes the characteristic
“break-up” to appear beyond the
audible range. A specially designed
diffusor is used to equalize the
response in the upper octave. The
tweeter has a very clear and open
sound. The detailing is brilliant.

TECHNICAL DATA:
Characteristic sensitivity 90dB 1W/im  Lin. & max. excur. 0.1 /+1.6 mm
Free air resonance Fs 500 Hz Air gap flux density -
DC resistance 3.5 ohm Force factor BL 28Tm
V.C. inductance 0.01 mH Moving mass 0.50 g
Power 12dB@Hz 160W@2.8K Net weight 0.7 kg
Effective cone area 8.5 cm Vas -
V.C. diameter 28 mm Qms -
V.C. height - Qes -
Air gap height - Qts 5

Pt joe)

15W/8530K-01

The 15W/8530K-01 is a 5 %" reference
mid/woofer. It features a non-resonant
cone and dust cap structure, dynamic
linear suspension, SD-1 magnet system,
“Grasshopper” cast  chassis  with
maximized air flow and resonance
terminating mounting system. Less
resonance in all structures, lower
compression and higher linearity, faster
termination of excess energy and higher
sound pressure capability make the ISW
have more musical and dynamic
capability than any other 5 2" we know
of. Wonderful bass in a small box!

TECHNICAL DATA:
Characteristic sensitivity 84.5dB 1W/1m Lin. & max. excur. 16.5/19mm

Free air resonance Fs 30 Hz Air gap flux density -
DC resistance 5.8 ohm Force factor BL 6.1 Tm
V.C. inductance 0.35 mH Moving mass 13g
Power 12dB@Hz 60W Net weight 1.1 kg
Effective cone area 95 cm? Vas 28 ltrs
V.C. diameter 38 mm Qms 49
V.C. height Qes 0.38
Air gap height - Qts 0.35
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BACK TO LEAP

Well, back to the drawing board, or, ac-
tually, back to LEAP. Since the nonfil-
tered woofer-response curve approxi-
mates a Bessel response, I used LEAP’s
Design Graph Library Corrective Filter
System (DGLCFS) to produce a sixth-
order Bessel curve at 32Hz, using it as a
target to optimize the active crossover.
The LEAP Reference Manual has filter-
alignment tables that tell you what pa-
rameters to use in forming a specific
order alignment.

The SPL response curves in Fig. 6
show that the f; is about the same as
with the unfiltered woofer at 49.915Hz
relative to the 100Hz level at 1W.

The excursion curves in Fig. 7 show
that some excursion is still available
below the box tuning at the 64W level.
So, again it seems that optimal results are
not yet achieved in terms of low-frequen-
cy extension and management of the
woofer’s excursion potential. Figure 8
shows the active filter-transfer function,
which is the result of setting the second-
order high-pass filter at 33.90Hz with a Q
of .747.

So it occurred to me that an optimal
rumble filter would produce an excur-
sion curve shaped like the letter M. The
right side of the M is the excursion
above resonance, and nothing can or
should be done to limit it. The left side of
the M is the excursion below resonance,
and the design goal would be to have it
reach the same level as the right side. To
do this, I used LEAP’s DGLCFS to pro-
duce a sixth-order Butterworth target
alignment with f; at 35Hz. Then I set up
a second-order high-pass filter in LEAP’s
active crossover file. Next I had LEAP op-
timize the active second-order high-pass
filter with the woofer so that it would
match the sixth-order target. In essence,
I've designed a sixth-order Butterworth
vented alignment.

T/S ALIGNMENT TABLE
Having gone through this design
process, it dawned on me that a
Thiele/Small alignment table might have
been an easier approach. LEAP has a
Quick Cabinet utility to provide starting
parameters for low-frequency simula-
tions, but it doesn’t provide for sixth-
order alignments. So, while I “reinvented
the wheel,” so to speak, at least I refined
it by optimizing the shape of the excur-
sion curve and, I hope, increased power
handling and output.

Figure 9 shows the SPL response
curves of the sixth-order design with the
M-shaped excursion curve. The f; of the
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system is now 37.519Hz relative to the
100Hz level at 1W, and the response
curve has a Butterworth shape.

Figure 10 shows the transducer ex-
cursion curves, with 7.5mm being
reached at 38W instead of 64W because
of the filter’'s modest boost. Note, how-
ever, that the cone’s excursion below
the box resonance, at 32.5Hz, never ex-
ceeds the excursion at 50Hz.

Figure 11 is the active filter-transfer
function, which you accomplish by set-
ting the second-order active filter to a
crossover point at 32.5 and a Q of 1.176.
Since the Q is above .707, the filter has a
modest response peak that boosts low-
frequency SPL by up to 2.27dB between
30Hz and 150Hz.

LOUD MUSIC

From an output-versus-excursion stand-
point it is important to note that the SPL
reaches 100.5dB relative to 100Hz, with
an excursion of less than 7.5mm at all
frequencies. This is 12.5dB above the
unfiltered system, which means that
this design should be able to play—with
acceptable levels of distortion—all types

of music four times louder than the un-
filtered system.

In a real listening situation, maximum
SPL would rise to 106.5dB with two
subwoofers. At four meters this would
drop to 94.5dB, which might still be rel-
atively loud for most listeners. As it
turns out, according to Dickason, this
design is categorized as a Class II sixth-
order alignment.?

While an f; of 35Hz is quite good for
an 8” woofer in a .80ft? enclosure, to see
how much more I could get from a sixth-
order alignment, I tuned the box to
30Hz and increased the filter’s boost.
Figure 12 shows output at 1, 4, and
22W, with an f; of 30.60Hz relative to
the 100Hz level at 1W.

Figure 13 shows the transducer ex-
cursion curves, with 7.5mm being
reached at 22W instead of 64W because
of the boost of the filter. Again, note that
the curves have an M shape.

Figure 14 shows the filter puts out
5.42dB of boost. It has a crossover fre-
quency at 30.5Hz and a very high Q of
1.794. Output at X, plus 15%, though,
is down 2.5dB to 98dB at 100Hz. As ex-
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FIGURE 12: Low-frequency SPL simulation of 30Hz Class |
sixth-order alignment with M-shaped excursion curve at 1,

Q of 1.176.

4, 16, and 64W.

pected, there’s no free lunch when it
comes to low-frequency design. Output
is traded off for low-frequency exten-
sion. And this alignment requires a 19”
vent, which would then entail redesign-
ing the cabinet. And as it turns out, this
design is categorized as a Class I sixth-
order alignment.

SATELLITE MIDBASS DESIGN AND
SIMULATIONS

Madisound also offers several enclosures
suitable for use as satellites or minispeak-
ers. I used the WS602, which has a vol-
ume of .189ft3. Like the subwoofer en-
closure, it is finished in oak, has rounded
corners, and comes complete with grille
and fasteners installed.

My satellite prototype used a Vifa
P13WH mid-woofer, while the final de-
sign uses a Morel MW 142. While sonical-
ly excellent, the P13WH had two draw-

backs: first, it uses a 1” voice coil, so its
power handling is much less than the
Morel MW 142, which has a 3” voice
coil. The Vifa is rated at 40W, while the
Morel has a 150W rating.

Figures 15, 16, 17, and 18 show SPL
and transducer excursion for the Vifa
and Morel drivers hooked up to opti-
mized second-order Linkwitz-Riley high-
pass active filters at 150Hz, with 1, 4,
16, and 64W of input. Thanks to the
crossover, they stay within X,,,, at all
power levels, so excursion is not a prob-
lem. However, as shown in Fig. 15, the
effect of voice-coil heating shows up at
16W for the Vifa, where SPL has in-
creased by 4dB instead of 6dB. At 64W,
the Vifa increases SPL by only 1 to 2dB
over the 16W input. The Morel shows
no compression until 64W, where it in-
creases 4dB instead of 6dB over the
16W input level.

I also ran a test to show how voice-
coil heating would reduce SPL output. 1
performed a sine-wave sweep of the
drivers at 1, 4, 16, and 64W without a
crossover to examine the effects of
voice-coil heating on output. The
P13WH was in a .25ft? cabinet stuffed
with Acousta-Stuf®, while the MW 142
was in a Woodstyle WS602 cabinet simi-
larly stuffed.

Figures 19 and 20 show that as the
power is increased from 1 to 4W, the
output increases by 6dB for both drivers.
Between 4 and 16W, the output again in-
creases by 6dB for both drivers, but as
the power is increased to 64dB, the
P13WH shows the effects of compres-
sion by increasing its output by 4dB or
less, while the MW 142 shows an in-
crease of 4.5 to 5dB.

While the measured responses don’t
show as much compression in output as
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30Mz Class 1 sixth-order alignment at 1, 4, 16, and 6aW. shaped cone-excursion curve of Class I sixth-order align-
ment with crossover at 30.5Hz, Q of 1.794, and 5.42dB
boost.
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FIGURE 15: SPL simulation of the Vifa P13WH in 0.19ft3 en-
closure with 150Hz second-order high-pass filter at 1, 4, 16,
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FIGURE 16: Cone-excursion simulation of the P13WH with
150Hz second-order high-pass filter at 1, 4, 16, and 64W.

16, and 64W.

FIGURE 17: SPL simulation of the Morel MW142 in 0.19ft%
enclosure with 150Hz second-order high-pass filter at 1, 4,

and 64W.
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the simulations, I still think the simula-
tions are valid, since a sine-wave sweep
probably doesn’t heat up the voice coil
as much as assumed in the simulation or
as much as it would if the speaker were
played with music.

The second drawback of the Vifa
P13WH can be seen in Fig. 19, which
shows that the Morel MW 142 has more
output between 100Hz to 200Hz, thus
making possible a lower crossover to
the subwoofer. There might be some
subjective benefits to having the mid-
bass driver handle more of the signal in
that region.

The Morel MW 142 is also better suit-
ed for the enclosure in another way,
since the Q of the simulated impedance
curve is .692, which is very close to the
Q of .707 for a Butterworth sealed box.
The Vifa P13 comes in at .600, which is
a little more damped.

16 Speaker Builder 1/00

FIGURE 18: Cone-excursion simulation of the MW142 with
150Hz second-order high-pass filter at 1, 4, 16, and 63W.

TWEETER SELECTION

For the tweeter, I've chosen the Scan-
Speak D2905/9300 for its excellent repu-
tation and because of the satisfying ex-
perience I've had with it in another de-
sign. Initially, I used the Morel MDT30
because it came highly endorsed. To-
gether with the Vifa P13, the Morel
sounded very good, but to discover
what might be better, I tried the Morel
MW142 and the Scan-Speak and found I
preferred the new combination.

DRIVER SPL MEASUREMENTS

I installed the drivers into their cabinets
with #8 1” screws for the woofer and #6
34" screws for the midbass and tweeter. [
used a standard 16-gauge wire from Parts
Express that has red and black plastic in-
sulation, and 1 soldered all connections
to the drivers and the input panels. For
testing purposes, 1 built a dual-pair input

panel for the satellite enclosure so the
tweeter and midbass could be measured
separately.

Using LinearX’s Loudspeaker Mea-
surement System (LMS), its standard
M31 mike, an NAD2140 40W power
amp, and a “duct lift,” I measured the
Scan-Speak tweeter and the Morel mid-
bass using the gated-sine-wave meth-
od,’ which produces a quasi-anechoic,
free-field SPL measurement down
to about 300Hz.

Since the driver under test was more
than 7’ off the ground, the gating soft-
ware effectively windowed out reflec-
tions. However, the measurement was
limited to about 250Hz because as fre-
quency decreases, the wavelengths be-
come longer. I measured the drivers
with the satellite cabinets stacked on top
of the subwoofer cabinets, and with
grille frames not in place.
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it is crossed over
above 2kHz, a
ground-plane mea-

surement was not

necessary. The LMS

« | software allows
K you to “tail cor-

rect” the tweeter’s

i -= | response below
500Hz.

I performed the
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R

ground-plane mea-
surements with
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0.19ft3 enclosure at 1, 4, 16, and 64W.

FIGURE 19: Actual SPL measurement of Morel MW142 in

g
|

a 1W sine-wave
signal measured
from 2m. Nor-
mally, you would
measure with 4W

at 2m to get re-

sl

118

sults comparable
to measurements at
Im and 1W. How-

De

ise

138
ever, since the

ground-plane mea-

4l
b e | surement would be
14 6dB higher than a

measurement, you
would need to

“scale down” the

measurement by

18 frew 36 168 %68 ik T3

0.25ft? enclosure at 1, 4, 16, and 64W.

e
[

FIGURE 20: Actual SPL measurement of Vifa PI3WH in

A F% gated or anechoic
i :
[err=

18K A8k

6dB in order to
splice it to a gated
measurement.
Since I like to save
a step or two when-

I made all gated measurements with
the microphone 2m from the tweeter
and on-axis with it. To reference the
measurements to the standard 1m at
1W, I set the output from LMS to gener-
ate 4W from the power amp, or twice
the voltage as at 1W. While I could mea-
sure the satellite at 1m, when it was
stacked and combined with the sub-
woofer, the largest dimension was 31”.
So it needed to be measured at more
than 1m for the measurement to be in
the far field,% generally considered to be
two to three times the largest dimension
of the speaker cabinet.

GROUND-PLANE MEASUREMENT

I then measured the MW22 woofer
and the MW 142 using the ground-
plane” method to determine their SPL
response from 10Hz to 1kHz. The
ground-plane measurement for the
MW 142 is spliced to its gated measure-
ment at 250Hz to produce a full-range
response. The tweeter’s response
drops rapidly below 500Hz, and since

ever possible, I just
measure at 1W at
2m for ground-plane measurements.

I took impedance measurements
using the current-shunt or constant-volt-
age method. Using LinearX’s VI box, I
measured all the drivers from
10Hz-40kHz at 4W. I have compared
the constant-voltage method, which
uses a relatively low output, to the cur-
rent-shunt procedure and have found
differences that are due to port losses
or damping material. Generally, I think
it is best to measure loudspeakers at
levels that approximate those in the
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“real world.” Four watts is pretty loud,
but I suppose if I were designing for
very high levels, I could always mea-
sure at 16W or 64W with the VI box.

TAIL CORRECTING

The SPL and impedance measurements
still required some post-measurement
work. First, the SPL measurements were
“tail corrected” where necessary. This is
done at either end of the 10Hz-40kHz
spectrum whenever the measurement
drops so far down in level that all you
see is random noise.

Since you must generate phase off of
the measurement, it is critical to correct
the responses as if they were rolling off
or rising at 12dB per octave. With the
Vifa M22WR and Morel MW 142, these
“corrections” were made at 15Hz and
31Hz, respectively. With the Scan-Speak
tweeter, I made tail corrections at 350Hz
and 35kHz. The driver’s absolute phase is
then generated by the LMS software,
which uses the Hilbert method.

Finally, it is important to measure the
time delay between the drivers, which is
caused by unequal path lengths from the
drivers to the microphone. This is impor-
tant for crossover design, since the driv-

ers’ time delay causes dips and peaks in
the crossover region. This problem oc-
curs as the difference in driver path
length becomes close to the wavelength
in the crossover region. Since sound
from a driver originates in the plane of
the voice coil, each driver has a different
time delay or path length to the micro-
phone because of the depth of the cone
or driver frames.

To measure the time delay relative to
the tweeter, I measured the system with
the satellite on top of the woofer, and
the microphone 3m from, and on-axis
with, the tweeter. By comparing the tops
of the impulses, I found the MW 142 mid-
bass impulse to be 63us behind the
tweeter, and the Vifa M22WR woofer to
be 187us behind the tweeter. This infor-
mation is set up in the LEAP crossover-
modeling and optimization software. The
SPL and impedance measurements were
then imported into LEAP for crossover
optimization.

Part 2 will describe the various cross-
over and active-filter designs. | ~)
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No crash-test dummies are needed here to determine car acoustics. This author has devel-

oped a modeling method that shows the most effective speaker placement.

Auto Passenger Space As a

Listening Room

By Bohdan Raczynski

s a listening environment, the

passenger space of a car leaves

a Jot to be desired. The space is

rather limited, so you can
mount the loudspeakers only where
there is some available room, and where
the sound is not muffled or obstructed.
Often, this is in door panels, or in the
rear deck under the window, so you
can use the interior of the trunk as a
closed box.

To model harmonic acoustic behav-
ior of an enclosed space with a sound
source, the following equation is suffi-
cient:

K0[] - kM1 +jeCOIDpI] = jp, wv],

where k = w/c; o = 2nf; j=\/—1; KI[I(] is
the acoustic-stiffness matrix; M[][] is the
acoustic-mass matrix; C[](] is the system
damping; p[] is the sound-pressure vec-
tor; v{] is the excitation vector (in cubic
meters per second); f is the test frequen-
cy; and c is the speed of sound.

SOUND SOURCE
For the source of the sound, I assume a
point source, which is convenient, since
you can locate it in any of the mesh
nodes in my Finite Element Method
analysis.! Larger sources would need to
be part of the room boundary. Mathe-
matically, the problem now reduces to
assembling the K[][], M[][], and C[](}
matrixes and inverting the expressions in
the brackets. In this way, you can find
vector pf] for any frequency and location
of the sound source represented by exci-
tation vector v{].

Vibration of the compartment surfaces
can alter the sound generated by the
loudspeakers in varying degrees. The
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low-quality vibrating ETY)

doors can actually res-
onate to the point
where the door panel
behaves like a diaphrag-
matic absorber. This effect can quite sig-
nificantly alter the cabin’s resonant
modes and pressure distribution. Taken
to an extreme, the space could maintain
Y4-wave resonance.

Proper mathematical treatment of this
type of problem would involve “fluid-
structure coupled systems,” where the
air trapped in the interior of the space
(fluid) influences panel resonances
(structure), and vice-versa. The issue is
quite complex, involving a knowledge
of the physical properties of the materi-
als used in constructing the compart-
ment. Fortunately, the quality of the inte-
rior finish in today's cars tends to be
good, so at low-to-medium sound levels,
the panel vibration influences the sound
less than in yesterday’s cheaper models
with tinny doors.

In this article, I would like to concen-
trate on a somewhat simplified approach
where I assume that the vehicle’s interi-
or is a well-built, solid structure, with
most panels exhibiting damping effect
(soft but good-quality finish). I modeled
this damping as a uniformly distributed
square matrix, C[][] in my FEM comput-
er-program analysis.

Furthermore, I used simple “brick” el-
ements to approximate the complex
geometry of the passenger space—the
white, or non-shaded area in Fig. 1. With
this in mind, I proceeded to estimate the
modal influence of the compartment on
the low end of the frequency response
of the loudspeaker mounted in various
places inside the cabin. Figure I shows

1
| W Microphone
Location 1
(Node 347)
/
/Y | B 8 | I
. —., T s s
[ Speaker Location 1 Speaker Location 2
| (Node 294) |(Node 83) B-1581-1

FIGURE 1: “Brick” element approximation
of the passenger compartment.

the chosen locations for the loudspeak-
¢rs and microphone. I entered this
model into the FEM computer program
to obtain a 3D-view (Fig. 2).

THE ANALYSIS

It is often beneficial first to determine the
resonant frequencies of the passenger
compartment. The actual modal frequen-
cies and the corresponding distribution
of the acoustic pressure are a great help
in identifying the peaks of the frequency
response of the space itself. The FEM
analysis revealed 13 modal frequencies
below 200Hz. As you might expect, the
lowest mode (62Hz) follows the longest
dimensions of the car, with peaks at the
rear window and front pedals (Fig. 3).
Acoustic-pressure distribution for the
third lowest mode is shown in Fig. 4.

The modal analysis also allows me to
determine the areas to avoid as possible
speaker locations. The speaker placed in
the exact modal spot for a given fre-
quency will produce little acoustic out-
put at this frequency. It goes without
saying that the choice of mounting loca-
tions for loudspeakers is quite limited,
since the car was primarily designed as a
means of transportation, not as a listen-
ing environment.

For the purpose of further analysis, [
assume that my loudspeaker has a per-
fectly flat frequency response. Using
such a source is quite legitimate and
helpful in understanding the influences
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FIGURE 5: Final SPL; loudspeaker under rear window.

the compartment finish and geometry
exert on the frequency response of a typ-
ical loudspeaker. When you use the “per-
fect loudspeaker,” the only apparent am-
plitude irregularities are those intro-
duced by the environment.

When a “perfect loudspeaker” is
mounted under the rear window and the
listening position is assumed to be the
location of the driver’s head, the mod-
eled frequency response is that shown
in Fig. 5.

Close inspection of the plot indicates
(1) an overall gain of about 5-6dB aver-
aged across a 10-200Hz frequency
range; (2) a +12dB slope below 45Hz,
due to the cavity effect; and (3) the fre-
quency response is quite irregular from
60-130Hz, and then improves as modal
density increases towards 200Hz. The
62Hz mode determined from my FEM
analysis appears to be quite pro-
nounced for the amount of damping as-
sumed earlier.

Incidentally, a closed box with corner
frequency at around 45Hz mounted in

this car theoretically can produce flat
acoustic frequency response to DC. The
12dB/octave slope of the closed box is
ideally compensated by the 12dB/oc-
tave rise from the cavity effect.

DOOR-MOUNTED SPEAKER

With the loudspeaker mounted in the
lower part of the front door, the mod-
eled frequency response of my “perfect
loudspeaker” is shown on Fig. 6. Again,
inspection of the plot indicates (1) an
overall gain of about 4-5dB averaged
across a 10-200Hz frequency range; (2)
a +12dB slope below 40Hz, due to the
cavity effect; and (3) the frequency re-
sponse is quite irregular from 100-
190Hz, and then improves only slightly
as modal density increases towards
200Hz. The 62Hz and 80Hz modes de-
termined from my FEM analysis appear
to be quite pronounced for the amount
of damping assumed earlier. There is a
significant energy concentration from
55-90Hz. Also, the sharp dip at 52Hz is
likely to be audible.

Loudspeaker frequency response is
strongly influenced by the windows’ po-
sition. I have restricted my analysis to the
windows-up position, which seals the
vehicle interior and causes the space to
exhibit resonances. Also, a vehicle under
these conditions exhibits the cavity load-
ing that introduces a 12dB per octave
rise in the bass at the low end of the
audio spectrum. You can estimate the
corner frequency from the major dimen-
sions of the passenger space. It varies
from 45-90Hz, with the higher frequen-
cies pertaining to smaller cars.

If it were possible to design vehicles
with perfectly sealed passenger compart-
ments, the loudspeaker cone moving for-
ward would pressurize the space, and
the pressure would be maintained as
long as the cone stayed in the “forward”
position. This is really equivalent to a DC
(OHz) acoustic response.

The plats shown in Figs. 5 and 6 for
two different loudspeaker locations cap-
tured both the cabin resonances and the
+12dB/octave rise towards the low end
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FIGURE 6: Frequency response; loudspeaker mounted in

B-1581-6

FIGURE 8: Frequency response due to two speakers with
spatial averaging. Pressure amplitude squared at the four
measurement nodes: 347, 348, 340, and 341.
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FIGURE 7: Frequency response due to two speakers.
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FIGURE 9: Nodes as in Fig. 8, but damping is increased.

B-1581-9

of the audio spectrum. For the vehicle
of the size chosen for my model, the
corner frequency would be between 45
and 50Hz.

My initial assumption that the source
of the sound is a point source implies
that it radiates the sound uniformly in all
directions. This assumption agrees well
with restricting the analysis to about
200Hz, below which all sound sources
appear to be omnidirectional.

With both speakers operating simul-
taneously, the combined frequency re-
sponse would be similar to the one
shown in Fig. 7. Despite its “bumpy”
character, I would prefer this combined
frequency response to either of the in-
dividual plots obtained for single-driver
operation. The peaks and valleys can-
not be avoided in the closed compart-
ment, but you can significantly reduce
their influence by making the interior
“softer,” i.e., more absorbent. You can
further reduce the remaining irregulari-
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ties by electronic equalization, thus
making the total frequency response
more acceptable.

CONCLUSION

In the preceding short discussion, I
have presented one possible approach
to modeling car acoustics. I based the
discussion on the steady-state response,
where the compartment modes carry
the acoustic energy.Z With the addition-
al assumptions of decoupling the vol-
ume of compartment-air resonances
from the car-body resonances, and inte-
rior panel damping represented by the
uniformly distributed damping matrix
C[1{], I was able to obtain frequency-re-
sponse plots for two loudspeaker/mi-
crophone locations (Figs. 5 and 6). The
plots show clearly the modal (resonat-
ing) behavior of the passenger compart-
ment, together with the pressurization
at the lowest audio frequencies (some-
times called the cavity effect).

Another set of plots (Figs. 8 and 9)
presents the more realistic situation of
using space averaging over four micro-
phone locations, placed in the horizon-
tal plane of the driver’s head. The accu-
racy of the analysis in the upper range of
frequencies was limited by the size of
the “brick” elements I have used. The di-
mensions were: Y = 27cm, X = 25¢cm,
and Z = 20cm. Smaller elements would
increase accuracy around 200Hz, but at
the expense of significantly increased
computational time. The final frequency
response shown in Fig. 9 seems quite ac-
ceptable compared to where 1 started
(Figs. 5 and 0). -]
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With the conclusion of this three-part tour of transmission lines, you should now have enough

information to appreciate what makes the TL special and to tackle building your own.

Part 3

Transmission LINeS: me rea siory

By A. Monk

art 3 deals with the heart of

the transmission line, the char-

acteristics of the fiber as it af-

fects the optimization of the
TL. This requires a bit of mathematics—
the examination of Bradbury’s equa-
tions. However, you can visualize the
results in the graphs, and solving the
equations is necessary only for a specif-
ic design problem.

In the examination of the TL response
in standard acoustic texts, several ques-
tions arise relative to the modeling of the
response of a piston in a long tube. I ex-
plore these questions in the section
headed “TL Model Esoterica,” which you
can skip if you are not interested in the
modeling question.

HELMHOLTZ RESONATOR

Before diving into the fiber mass, I will re-
visit a subject previously touched upon.
Among TL practitioners, and even in the
general DIY community, the question as
to whether the TL is a Helmholtz res-
onator lacks a consensus. I hope to de-
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\ /
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G s N I
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FIGURE 36: Representation of a
Helmholtz cavity.

24 Speaker Builder 1/00

fine the question more rigorous-
ly and see whether an answer is
possible.

A model for the Helmholtz
cavity (Fig. 36) is given in .
Acoustics, by Beranek (p. 69), $
along with the derivation of
the response equation. The
Helmholtz resonator is object R
of volume V, with a neck
length 1; and a neck area Sg.
The lower figure is the equiva-
lent circuit model, where the
M,; and C,; elements repre-
sent the Helmholtz cavity.

Helmhottz Study Test Box #1
V=4073cm*3, 13= 2cm. area=9.0cm”™2

FIGURE 37: Measured response of a
Helmholtz cavity.

50 100 150
Frequency in Kz

From this model you can de-
rive the resonance frequency as a func-
tionof V, I, and Sy:

MA5= SR = [l]

\
CA3=;P: 2]
“’=(MMXCA5)°'5 (3]

Using these equations, you can simu-
late a typical Helmholtz-cavity response
(Fig. 37). The physical cavity is a box of
V = 4073.7cm3, with panel thickness
equivalent to neck length I; = 2cm, and
neck area SR = 9cm?.

With a frequency sweep of 20Hz-
1kHz driving a speaker at the neck of
the cavity and a microphone inserted
through the side of the cavity, you ob-
tain the following response: f, = 46.6Hz,
BW, = 10Hz, and Q = 4.6. Magnitude
and phase are plotted. Note that phase =
0% at £,

Now you can compare the response
of a 0.914m TL. Two response compar-

isons are necessary: an active, normal TL
response for an unstuffed line, and a pas-
sive response for the TL driven from the
terminus end with an external source
such as the Helmholtz resonator.

Figure 38 gives the nominal magni-
tude and phase response for a line dri-
ven at the closed end. The unstuffed line
response should be familiar. The har-
monics are frequency shifted and attenu-
ated as a function of line length.

The TL line has a distinct bandwidth
(BW) response, with the low-end slope
defined by —18dB/octave, and the high-
end characterized by line length. Note
that, unlike the Helmholtz response of
Fig. 37, the phase transition is shifted
lower from the f; peak.

Figure 38 is the line response at the
terminus end; however, the Helmholtz is
measured inside the chamber, so you
need to see how the line appears at the
top of the line, the closed end.

Figure 39 is the TL response at the
top of the line, i.e.. at the back of the
woofer. Ignoring the nulls that are
functions of the line harmonics, note
the response around 100Hz. It is flat
to about 20Hz, and when a fiber mass
is introduced, the nulls are sharply
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Heimholtz Study TL 0.9m. Dtr=1 response.
Actively driven Line

“eimhoRz TL 0 9m kne Otr=1 Response
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FIGURE 38: TL resonance response at the
terminus end.

| Helmholtz Study Intenor of Line
Actively driven ine
2

195

‘ of the line.

FIGURE 39: TL closed-end response at the top

verse function of tube
radius, is not adequate
for a TL. The more sig-
nificant point is that the
interior response is de-
fined by the line har-
monics that are attenu-
ated by the fiber mass.

A very interesting ob-
servation is that the Fg,
defined as the peak of
\ the response, moves
higher in frequency
from the calculated YA
value, and shifts lower
in frequency as D,y in-
creases. I'll explore the
significance of this later.

For the present, the
Figs. 39-40 data shows

TL 0 914m Intenor Response vs Dr
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FIGURE 40: TL closed-end response.
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FIGURE 41: TL response comparison (active

that the response of the
TL is more complex
than the one-end-open
piston-driven model of
the acoustic texts, and
4 that you must model it
' from the measured
data.
’ The comparison
f should be done for a TL
driven similarly as the
[ Helmholtz. For this,
you must remove the
driver, scal up the
o mounting hole, and
drive the line with an
external source.
Figure 41 shows

attenuated and the low-frequency
knee tends toward the DC limit.

Knowing that the Fy is approximately
90Hz for a 1m line, you can compare it
with the response BW around Fy = f;
of Fig. 37, the Helmholtz cavity’s BW.
The two responses are significantly
different.

TL MODEL ESOTERICA

In most acoustic reference books, the in-
terior line response is modeled as the
cone of the driver loaded by the air mass
in the line,

TABLE 7

REPRESENTATIVE FIBER PARAMETERS
FIBERGLASS LONG-HAIRED WOOL

Packing density P 21kg/m® 35kg/m?
Fiber diameter, d 0.005mm 0.028mm
Flow resistance, A 12600 5700

N x sec/m* N x sec/m*
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M, =Pl (4]

and the expected driver’s response
would be a high pass with the knee of
the slope moving down in frequency.
That is what you see in Fig. 40 for the
low-frequency slope. For the DTR =1,
the slope is approximately —18dB/octave
at S0Hz, and as DTR increases, the low-
frequency slope knee moves down to
about 30Hz. As the DTR value increases
further, you see a smaller but significant
lowering of the
slope point.

Thus you can sur-
mise that the effec-

MIRAFLEX tive air-mass density
(ESTIMATE) increases as the
3%“%"13 fiber density rises,
,032mm .

970 N x secin and that equation

[4], which relates
air mass as an in-

that the TL driven from
the terminus, i.e., as a
Helmholtz cavity would be driven, has a
unique signature compared with that of
the nominal TL D,y = 1. The critical dif-
ferences are the low-frequency slope, the
shift in f;, and the attenuation of the
higher harmonics. The harmonic struc-
ture is similar, so the geometry of the line
dominates.

To summarize the data:

o The unstuffed TL response is defined
by a harmonic structure, a function of
line length, and a complex BW whose
lower slope has an 18dB/octave atten-
uation, while the upper slope is line-
length dependent. The most promi-
nent feature is the harmonic content.

o The signature of the TL line in its nor-
mal, active mode is different from
that of the passive mode, i.e., when
the line is driven like the Helmholtz.

¢ The Helmholtz mathematical model
is inadequate to characterize the TL’s
response.



Prro=5

PIpo = 20

frequency for fiber density.

FIGURE 42: Chamge in speed of sound versus

Lﬁber density.

The necessarv conclusion is that the
TL is a resonant line, but it is distinct
from the Helmholtz cavity and must be
studied using a distinct model. To forgo
this distinction leads to verbal confusion
and impedes the development of a math-
ematical model for the TL.

THE FIBER QUESTION
The fiber mass used in a TL occupies

about 5% of the volume. The main effect
of the fiber mass on the sound passing
through it is aerodynamic drag, which is
symbolized by A, as used by Bradbury.
Unfortunately, this is the same symbol as
used for the wavelength when comput-
ing the line’s resonant frequency. To
change it would lead to confusion for
those who will later refer to the Brad-
bury paper, so I'll leave it as is.

The fiber diameter is
usually about 0.01mm,
very much smaller
than the wavelength
of the sound passing

| through the stuffed
line. In this model the
aerodynamic drag is
proportional to the ve-
locity of the air flow-
ing past the fibers.
You can characterize
this by Bradbury’s
equation:

Pipo =5

p U % g —pg) 18]

] | FIGURE 43: Attenuation versus frequency for dt

where P is the fiber
mass/unit volume, p, is the air velocity,
U, is the fiber velocity, and A is the
fiber’s drag coefficient.

This leads to the fiber equation, but
before using that, it is necessary to com-
pute A. Unfortunately, the available data
for defining A is somewhat ambiguous as
to the value of the exponent (1.4) and
the constant a (27). The drag-parameter
equation
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standing of the black art
of the use of fiber in TL
design.

EFFECTS OF FIBER
TYPES

Next I'll examine the dif-
ferent response and
flow-resistance values of
various fiber types, and
how these relate to line
length.

Historically, fibers
used to stuff TLs are
wool and a Dacron type,
HoloFill II, commonly
referred to as pillow
stuffing. Fiberglass has
also been used, and two

J—

0 %0

P

(-— (6]
pf

1/alpha response.
1.4
(2]

(where p = 1.18E-5 kg/(m/sec) at normal
temperature) relates the fiber diameter,
d, to the packing density P. Therefore
you can regard this as the heart of the TL
design, since it will define the optimum
packing density for a specific line length.
This is a very powerful result, since it will
define a unique response curve for each
fiber type. Thus, by knowing a single
data point for a fiber type, you can identi-
fy and characterize the fiber's parameters
(Table 7).

Using equation (5] and solving for a
simple harmonic sound wave of angular
frequency o that propagates through a
fibrous material, you arrive at the fiber
equation:

a+if= J-é

where a is related to the change of
speed of sound in the fiber mass; B is
related to the attenuation in the fiber
mass; p, is equal to the density of air,
1.18kg/m3; P is the fiber packing densi-
ty; and A is the fiber’s flow resistance.

You can separate the real and imagi-
nary parts of equation {7] and specify the
attenuation and the change-in-velocity
components of the wave in the fiber
mass.
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P/pa ) ioP/A

1+ iwP/A

(7]

_| G+Pp, ¥ + @PAY

{8]
- (wP/A)z ] cos B

.25
B= Q-+ Pp, F + PAY sing 191
1+ @PAY
6= Vz[tan -1oP tan 'lﬂ] [10]
1+ P/p,

Equations 8-10 can be solved numerical-
ly (Figs. 43-40).

Figure 42 shows the change in speed
of sound in the fiber mass as a function
of fiber density. The P/p, is a density
ratio, and F'll use the symbol D, to refer
to it. The fiber type is wool, and I did the
calculation for D = 5, 10, and 20. To
put these numbers into context, Dy =
12 is the optimum value for a TL 0.914m
long, since Fy is about 90Hz. The wool-
type fiber would exhibit a 30% reduction
in the speed of sound at F.

Notice that the curves flatten out
around 10Hz, so you can assume that the
fiber type will define a lower limit in ef-
fectiveness in modifying the speed of
sound in the fiber mass. From empirical
measurements for wool, this is about
50Hz. This data shows that your design
should aim for the middle of the curve.

Figure 43 is the corresponding solu-
tion for B normalized to line length. Note
that as Dy increases, attenuation rises
and it shifts in frequency. Thus for Dy, =
5, the effective range is 20—-100Hz, while
for Dg = 20, the range is 20-500Hz.
Since in TL design you wish to attenuate
the line harmonics, you need to select a
fiber that will give the maximum attenu-
ation, but this is counterbalanced by the
necessity for an effective 1/a ratio. Both
these values change with line length.
Now you should have a better under-

new types, Miraflex and
Acousta-Stuf, have recently been advo-
cated. Is there any basis for preference?
Bradbury’s equation [7] provides the
means of classifying their characteristics;
unfortunately, I do not have the funda-
mental parameters for the newer types.

Using these fiber parameters, you can
compute some response curves for com-
parison. As an arbitrary reference, I'll use
a 1m line and a Dy of 10. Figure 44
shows the response for the fiber funda-
mental variables of Table 8 for an arbi-
trary TL of 1m and Dy, of 10.

Note that the knee region moves lower
in frequency as the fiber flow resistance
decreases. Equation [6] shows this is re-
lated to fiber diameter, which is a second-
degree factor. Therefore you can say that
fiber diameter dominates. Of interest here
is the relative performance of the fibers at
low frequencies, i.e., below 50Hz, where
the TL construction is most difficult.

Figure 45 is a magnification of Fig. 44
data for the low-frequency range. Note
that below 50Hz, only wool and Miraflex
has any slope and that fiberglass is essen-
tially flat. This says you cannot expect
any change in the speed of sound in the
sub-100Hz region for fiberglass, or in the
sub-50Hz range for HoloFill. Miraflex is
slightly better than the old stand-by,
wool. With this data, you can begin to
gain a quantitative understanding of how
fiber characteristics affect TL line-length
tuning. Now take a look at the compara-
ble data for fiber attenuation.

FIBER-TYPE ATTENUATION

Figure 46 shows the comparative attenu-
ation for the fiber types of Table 8. The
attenuation is greatest for fiberglass and
least for Miraflex. The knee of the curves,
as for the 1/a data (Fig. 44), moves lower
in frequency with decreasing fiber flow
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resistance. This result shows
that the fiber with the smallest
diameter is best for attenuating
the higher harmonics; however,
this is the opposite of the re-

speed of sound in the fiber mass

quirement for the change of

low-frequency region. This data is a bit of
a puzzle, since it shows that fiberglass
has a lower attenuation below S0Hz than
the other fibers. My expectation was that
fiberglass would have exhibited a shelf-
type response. It is impossible to say
whether this is an accurate representa-

1| NG =i for low-frequency design. tion or an anomaly of the mathematical
¢ 1 Here is the crux of the stuffing  model, since 1 lack empirical data in this
i =+ question: contrary requirements  region to verify the computed model.

: LA and the necessity to balance  The problem here is that the acoustics of
them for a specific line length.  the line-attenuation characteristics are

: Now you can understand the fal  larger than those of the fiber mass for the

. lacy of using a single stuffing  harmonics, and it is difficult to separate

e A density, usually 0.5 Ibs/ft3, forall  the two effects.
Sequancy n Hz

FIGURE 46: Fiber-type attenuation

characteristics.

line lengths.
Figure 46 is the magnification
of the Fig. 45 response for the

TABLE 8

FIBER TYPE FUNDAMENTAL CHARACTERISTICS

It is clear from the Fig. 46 data that the
harmonics of the longer lines will be min-
imally attenuated, so in order to remove
the nulls in the TL's system response,
you must look to other techniques than
fiber density. The calculation was done
for a Dy of 10, while for a 2.5m line the
optimum value would be about 4; there-

PACKING ~ DIAMETER FLOW NOTES :
DENSITY RESISTANCE fore the expected attenuation for the first
210kgm® 50E-6m  4000Nxsecm‘  Measured data harmonics would be minimal.

Holo Fill I} 280kgm® 20E5m  1100Nxsecm*  Extrapolated data

Wool 350kgm® 28E-5m  10009Nxsecm* Measured data FIBER-DENSITY PUZZLE

mw gg m g§ Eg z g : : % Guess You might now have a good grasp of the

Nmmmwmmmsbaswmmwmmmmummmmm
sponse is approximately 30% that of wool in lines 0.914 to 1.5m. The Miraflex guess is based on simulation curves.

mulnway loud:

“

fiber characteristics as related to the TL,
yet remain puzzled as to how all of the
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will pe
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anger systems and kits show the .
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@acting attention to
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foregoing applies to the optimum fiber
density of a particular line design. In try-
ing to answer this question, I'll examine
two documented solutions. The first de-
sign is for a TL = 0.914m using Holofill,
and the second is an application for a
2.25m line using wool fiber.

To predict stuffing density, all you can
do is use reference-table data. It is not
possible to form an equation that would
be rigorous, since the variables versus
line length are too complex. The predic-
tion of the fiber effects on magnitude
and phase of the transmission line’s

length remains in the realm of a mathe-
matical TL model in which the response
simulation is possible.

Such a hypothetical model would in-
volve choosing a specific line length and
examining the characteristics for the
three most common fiber types. If you

make the Dy value a dy-

Fiber Change of Speed Retio

HoloFi 1l
09

oe

MiraFlex

10’

Frequency n Mz

Fiber 1/alpha, Window #1

Fiber Attenuaton

10’ o' 10*

Fiber Attenuation, Window #2

FIGURE 47: Simulation data for D, - 8 and line length = 0.914m.

MiraFiex

namic variable that you
can change with a mouse
drag, then the windows in
Fig. 47 become powerful
visualization tools to un-
derstand the solutions of
the Bradbury equations
(71, (8], and [9D).

Such specific variable
windows would be menu
selected and could com-
pare fibers or two types of
woofer response in the TL
line. The choice would de-
pend on the design re-
quirement. For instance,
you could compare a
saved design versus the
on-screen design, or the

response of parallel lines

TL08144m Dtr=1.0 response. HarmomcLineShift ( )
Phase ve. data

TLOZ Response.

T

12

Attenuaton i 08
o o
—

100 200 300 700

Dtr =1 Line Response Window #1

Revised Terminus BW model

TLO 9144 Otrag ve Computed BVY

150

260 X 0

Frequency in Hz

00

Terminus Response, Dtr variable, Window #3

SUM TL4s ret

100 150

Woofer Qtc = 0.5 Response, Window #2

T02S System response vs Simulation.

DEBUG of TLQ VectorSum()

200 2% 00 B0 400 450 s00

where one line’s dimen-
sion is variable. The visual-
ization of data opens new
design options that were
previously too difficult to
consider.

You could extend this
concept to a hypothetical
TL system-design window
consisting of the following
sub-windows (Fig. 48):

Data: TO2W

¢ the unstuffed line (D
= 1) response, indexed to
line length. This would
show the Fg slope and the
resonant harmonic struc-
ture of the line;

e the woofer’s Q- =0.5
magnitude and phase re-
sponse, as derived from
T/S parameters. Correlated
to the unstuffed line Fy fre-

Allenuatcr

450

FIGURE 48: TL mathematical-model response simulation.

TL System Vector Summation, Window #4

quency, this would show
you the driver’s applicabili-
| ty to the chosen line
length. You could read the
/ response data from a data

V. ¥ file for a measured re-

sponse, thus giving an in-
dication of the large-signal
response characteristics.

e the terminus response
window, indexed to the
line length, fiber type, and

400
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Ineedihce Mas and PF

D, value. This would dynamically
show the BW response and the atten-
uation of the line harmonics; and

e the TL system-response window,
which would show the vector sum-
mation of the woofer’s and terminus
responses, and would indicate the ef-
fectiveness of the selected fiber type
and the degree of optimum Dy value
achieved.

Since the display windows would be
composed by the user, any overlay type
of measured data from a reference file
versus calculated response would be
possible, and the calculated response

10 e Jah, b

- B
3
FIGURE 49A and 49B: Impedance shift: DTR = 1 to DTR = 12.

[+ [npedance N snd Phase |
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Tas (K1 5124, & Tou a8 R

necessary supporting
data, the graphs I'll
present will be small,
useful only to jog the
memory.

As you change the
fiber density in the
line, you see the
change in response at
several levels: the im-
pedance, the termi-
nus, and the system
response. I will at-

would be dynamic, indexed to the cho-
sen variable.

The visualization of the dynamic ef-
fects of the TL variables on the system
response could be, as well as a design
tool, a potent means of understanding
the TL dynamics. The underlying mathe-
matics would be hidden from the end
user, and the TL’s complexity reduced
to an interactive graph.

TL 0.914-METER RESPONSE

With the accumulated knowledge of the
first two parts of this article, you can ex-
amine the response of the line for an opti-
mum fiber density. Due to the amount of

tempt to show how—
according to fiber type—the change in
the speed of sound (1/a) is related to
these system changes. Finally, I'll show
how this leads to the vector summation
of the nearfield woofer and near-field ter-
minus, resulting in system response.

The first system response affected by
fiber density is the impedance data (Figs.
49A and 49B). Note how the peaks of
the impedance, the driver’s f;, and the
line-resonance primary defined by Fy
merge into the flattopped response. The
peak magnitude is diminished, the har-
monics are attenuated, and the phase re-
sponse is flattened.

The second system response is that

Solen crossover components -
used by the most discriminating

loudspeaker manu

e

SOLEN HEPTA-LITZ INDUCTORS

facturers.

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

SOLEN STANDARD INDUCTORS

Air Cored Inductors, Solid Wire Perfect Lay Hexagonal Winding
. Values from .10 mH to 30mH
Wire Size from 0.8 mm (20AWG) to 2.6 mm (10 AWG)

SOLEN FAST CAPACITORS
Fast Capacitors, Metalized Polypropylene
Values from 0.10 uF to 330 uF

Voltage Rating: 630, 400, 250 VDC

CROSSOVER AND SPEAKER PARTS
Metalized Polyester Capacitors, 1.0 uF to 47 uF, 160 VDC, Non Polar
Electrolytic Capacitor, 22 uF to 330 pyF, 100 VDC, Power Resistors

10W, 1.0 Q to 82 Q, 8 Q L-Pads plus all the hardware and supplies
to complete any speaker project.

CALL TO ORDER THE 2000 SOLEN CROSSOVER &
COMPONENT CATALOG FOR $8.00 PACKAGED ¥ 4
WITH THE COMPREHENSIVE 2000 SOLEN &
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Tel: 450.656.2759

Fax: 450.443.4949

SOLEN INC.

4470 Avenue Thibault
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Canada J3Y 779
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FIGURE 50A and 50B: Terminus response DTR = 1 to DTR = 12.

- fiber-shifted to about
35Hz resulted in an f,
of approximately
30Hz. The driver cho-
sen was a Cabasse
21NDC, whose simu-
lated Q¢ = 0.5 re-
sponse is shown in
Fig. 52. This choice
necessitated a termi-
nus gain of about 6—
7dB, which is close to
the maximum practi-

cal value and, when

Terminus Phese Shift

20
1 |
15 Dty =12 ey | — Oy =1

10

s

15

20
3 y 07

l
| FIGURE 51: Terminus phase shift.
I

Cabasse 21NDC driver, Qtc=0 5 alignment

|

“« LY & 100 120 140
Frequercy mn Hz

response.

TL Cab response, note it s 100H2 band pass kmited.

TL Cabesse Wooe'/Termirus Response

i
| . \ 21NDC, Qte=0 5

160 180 2C 220

FIGURE 52: A TL sub implementation, system

combined with the
wool’s fiber-response-
curve limits, is what
makes this particular
design so interesting.
Figure 53 shows
the fiber effect on the
terminus response.
The initial response
was for an unknown
density estimated as a
Dy of approximately
4 10 5, which was re-
duced until the final
measured response of
Dpg = 3.5 was accom-
plished. Notice that
the peak gain is high-
| er for the initial value,

Fnal Terminus Response (FnalVent tx)
Tlcab04T

Inhal Terminus

I'd

2 \ Final Termnus

«© . 100

FIGURE 53: TL 2.3m; terminus versus D, value.

See how the phase changes as
the fiber density increases.

Figure 51 shows the phase
response of a TL of 0.914m for
an empty-line (D = 1), and at
optimum density (Dpy = 12).
Note that all the transition fre-
quencies are shifted, but the
biggest shift proportionally is
around 50-70Hz, correspond-
ing to the Fy of the TL.

TL 2.25-METER RESPONSE

The 2.25m TL is interesting
from two points of view: it is a
TL sub design, i.e., where the
TL’s response has been deliber-
ately bandwidth-limited, and it

120

of the terminus (Figs. 504 and 50B).
Here you see that the harmonics of the
empty line are attenuated and replaced
with a BW shape response. The fiber
density attenuates the harmonics, but
how does it produce the TL system re-
sponse characterized by the peaks and
nulls? Simply adding the woofer BW
and the terminus BW will not get you
the 1m response. And what has the
speed of sound to do with it? Phase!
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extends and achieves an opti-
mized response close to the limits of the
wool fiber. As you examine the graphs,
please keep in mind that the signal to
the system has a —12dB/octave low pass
at approximately 100Hz, producing a
somewhat unusual slope response in the
terminus.

The aim of the design was to achicve a
30Hz response in a small box, so it incor-
porated an unusual folding scheme. For
the 2.25m line, the Fp = 38Hz that is

but at Fy = 35Hz the
gain is 12dB lower. Thus the final value
is the optimized value. Note also the
phase shift as shown in the figure.

This is an excellent demonstration of
the effect of phase on system response. If
you understand the implications of this
data on TL system response, you have
understood the TL design process.

OPTIMUM D, VALUE

Several times I have used the term “opti-
mum stuffing density” without giving a
rigorous definition that could be used
unambiguously in a design process. This
was not due to oversight, but to the ne-
cessity of laying out the empirical data
that would support such a definition.

It was necessary to provide a basis
for understanding the magnitude and
phase relationship in the vector summa-
tion of the two components making up
the system’s response, as well as the
concept of fiber-flow resistance that de-
fines the attenuation and the change of
speed of sound in the fiber mass, and
how this affects the phase of the termi-
nus signal and the limits of a particular
fiber type as related to these character-
istics. This question of optimum fiber
density has led to a great amount of
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FIGURE 54: TL 0.6; D;,, versus phase angle.
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FIGURE 55: TL 0.6; D, versus F, frequency.
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TABLE 9
TL 0.62 METERS, FIBER HOLOFILL
D=1 ACALC. D;p=73 D;p=102
153Hz +12Hz, +8.5% 128Hz/-13Hz 114Hz/~27Hz Opt=10.2
261 —22Hz, -7.8% 244Hz/-39Hz 238H2/—45Hz crossover
387 —37kz, ~8.8% 353Hz/-71Hz 337Hz/—87Hz
523 —42Hz, -7.5%
644 —62Hz, —8.8%
775 —73kz, -8.4%
870 —1194z, -11.2%

| confusion, sufficient
proof of its complexity.
‘ Figures 504 and 50B
showed how the termi-
‘ nus magnitude changed
with the increase in
fiber density, and Fig.

57 showed the corre-

sponding phase shift.

Since the terminus re-

sponse resembles a BW

response and that of
| the woofer resembles a
‘ Qe = 0.5 response, and
both arc¢ relatively
smooth, continuous
functions, magnitude
addition does not ac-
count for the TL system’s response of
peaks and nulls around the Fg slope
knee.

What changes is the phase angle, as
shown in Fig. 5/, and phase is directly
related to the fiber's 1/o. This data gives
an indication of the optimum density for
a specific line length and fiber type, but
it is soft data, and thus liable to misinter-
pretation. More desirable would be hard
data, i.e., distinct characteristics of the
optimum Dy, vilue.

" i
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tic PC based measurement system. CLIO is the easiest and
less expensive way to test electronic equipment, loudspeaker
systems and execute acoustical room analysis.

Measures rely on state-of-the-art proprietary hardware with
+30 +-40 dBV input range (10 dB step attenuation) and +12 +
-63 dB output level (0.1 dB step resolution).

The new 4.5 release is, once again, a crucial step forward adding
new functionality to an already complete package.

Three software versions configure the system best for you:
® CLIOLite is the entry-level at an unbeatable price: check it!

= CLIO Standard gives you all the power of the professional
system sold to more than 2000 worldwide end-users.

® CLIO for Quality Control is the choice If you are running an
industrial facility; the QC software will give you no-compromise
testing of your production lines at the lowest price.

Visit us at www.mclink.it/com/audiomatica: detailed technicat
information, distributors list, demo disk and software user's
manual on-line. E-mail; audiomatica@mclink.it.
AUDIOMATICA, Via Faentina 244/g - 50133 Florence - Italy.
Tel: +39-565-575221 - Fax; +39-55-5000402.

MIC-01 AND MIC-02 MICROPHONES

CLIO 4.5 FEATURES LIST

* Programmable Signa! Generator
» AC Vrms,dBu,dBV,dBspl Meter

* C & L Meter (real-time)

*Dual channel Oscilloscope

= Dual channel FFT Analysis with THD
» Sinusoidal Frequency Response

= Sinusoidal Impedance (CV,Cl,Int)

= MSE Thiele/Smail Parameters

= Polar plots with turntable control

= THD vs. Level or Power

* IMD vs. Level (SMPTE,DIN,CCIF)

= Distortion vs. Frequency (2nd,3rd)

* True MLS Analysis

= Impulse & Step Response

* Energy Time Curve (ETC)

* Cumulative spectral decay (waterfall)
= RTA 1/3 Octave Analysis

* IASCA Score calculator

= RT60 Analysis, Reverberant Decay

* Time History, Equivalent Levei (Leq) @
= Quality Control Plug-in
=Help On-Line

CLICLite is also available from

CLIOQC AMPLIFIER&SWITCHBOX
Standard lLite

SRERNRERRNRRNEERERRAREA
FOO00OCNORREIEO0ORRRACEREEA

Q

|

|

l

t

{

{

I

) l
~>-'N
J

y Q&
Y

A4

L SOUNY

Reader Service #23

Speaker Builder 1/00 33



Dtrvs Phase TLOOIm
Fiber HoloFill
40

TLO9IM Noer=HoloF |

83 “

Questionable Dats

4 14
fioe tr

FIGURE 56: TL 0.914; D, versus phase angle.
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FIGURE 57: TL 0.914; D, versus F, frequency.

process. Tables 9-11
are tabulations of three
different line lengths for
the shift of F for the
empty and stuffed lines.

The tabulated data
shows that for the
empty line, the Fp will
shift positive, and that
the harmonics will gen-
erally shift negative. The
difference from the cal-
culated value seems to
be almost constant re-
" e gardless of line length,
suggesting that it is relat-
ed to a geometric value.

Dtr vs. Phase TL8O data
Fiber Wool
20

TL 152m fber=wWoal

. y/—
Measured Data
Vanaton

2 3 4 L] 6 7 8

FIGURE 58: TL 1.52; Dy, versus phase angle.

is introduced into the line, it
will shift lower in frequency.

Figures 54-59 show data
points that are questionable,
and making such an interpreta-
tion requires both the recogni-
tion and repetition of the par-
ticular data point. This is but
another example of the com-
plexity of TL analysis. As the
line becomes longer, the data
around the optimum density
point becomes more stable;
however, the harmonic reso-
nance peaks become more
prominent, thus complicating
the identification problem.

Before tackling the definition, I'll look
at it from a slightly different perspec-
tive: that of measured Dy value versus
phase angle around the optimum densi-
ty point for several line lengths and fiber
types.

The optimum fiber density for a TL of
.61m is about 10.2 for the Dacron® fiber.
The optimum value is indicated by the
minimum phase angle and the maximum
frequency shift relative to Fp at Dy = 1.
Therefore you can use either of these
two criteria to define optimum fiber
density for a specific line length. Please
note that Fy is not a constant. While it is
calculated from %A for Dy = 1, as fiber

OPTIMUM STUFFING-

DENSITY DEFINITION

The data in Figs. 54-59 provides a basis
for the following definition of optimum
density: the optimum density is that
which results in the minimum phase
angle at Fy, and it is related to line length
and fiber type. This definition requires
that for accurate determination, you mea-
sure the phase angle as you change the
fiber density.

The measured data has revealed a
means to define the optimum fiber den-
sity. More desirable would be a model
of how this comes about. Figures 39
and 40 gave an indication of such a

TABLE 10
TL 0.914 METERS, FIBER HOLOFILL
CALCULATED D=1 ACALC. D =81 Dy =96
F§ 94Hz 104Hz +10Hz, +11% 90Hz/—4Hz 96Hz/+2Hz Opt=8.1
1% null 188 155 —33Hz, -7.8% 157Hz/-25Hz 157Hz/-25Hz crossover
1'peak 283 273 —~10Hz, -5.6% 238Hz/-45Hz 238Hz/—45Hz
2% null 377 353 —24Hz, —6.4%
2Wpeak 471 447 —-24Hz, -6.1%
39null 565 523 —42Hz, -7.4%
39peak 659 600 -59Hz, -8.9%
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' While a TL design cookbook is not

Unfortunately, data for
different cross sections of the line is not
available to substantiate this.

END-CORRECTION DEFINITION

The standard model used in academic
texts for calculating the acoustical mass
of a long tube requires an “end correc-
tion” if the tube terminates in an infinite
baffle. The assumption is that this
would account for the frequency shift

TL DESIGN SUMMARY

possible (there are just too many vari-
ables interacting in very complex
ways), | offer a design outline:

¢ A woofer’s applicability for a particu-
lar TL line can be defined by simulat-
ing a Q¢ = 0.5 alignment from T/S
parameters and using the f, as an
approximate Fg limit. The driver
should be chosen for midbass quali-
ties, since the low end is a line-geom-
etry function.
The line length is calculated from VaA,
for a simple line.
The fiber density is a function of line
length and fiber type. Lacking a simu-
lation model, the only option is
a look-up graph with the following
recommendations:
a) for line lengths < 0.8m, fiber glass;
b) for lengths between 1 and 1.3m,
HoloFill II;
¢) for lengths between 1.2 and
2.2m, wool;
d) for lengths > 1.8, Miraflex (howev-
¢r, hard data is lacking);
e) line lengths > 3m should be
designed as sub-BW types.
¢ To do an experimental design with-
out instrumentation that can mea-
sure magnitude and phase is almost
impossible. I recommend copying a
reliable design. —A. Monk




from the calculated values in an empty
line. In order to allow you to neglect vis-
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FIGURE 59: TL 1.52; Dy, versus F, frequency.
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FIGURE 61: Optimum D, versus line length.

cous losses inside the tube, the radius of
the tube must be greater than 0.05/f5,

and to enable you to neglect
transverse resonances, the ra-
dius must be less than 10/f.
Thus for a 1m line, the radius
(a) must be 0.5cm < a < 10cm,
or, expressed as an area,
0.78cm? < S < 314cm?,

The end correction 1” is de-
fined as:

2
= i‘\& =0.85a
Po

{11]

Thus the calculated line length
is equal to the sum of the actual
length plus the end correction
1”. This will move the Fy fre-
quency lower, since the appar-
ent line length is greater. So far
so good; however, the Fig. 40
data showed that for the empty
line, the Fp initially shifts higher
in frequency, and shifts lower
only when fiber is introduced
into the line.

Now, equation [11] is specifi-
cally for an empty line, and it is
a function of radius (a), so the
correction would be a constant
regardless of line length, and
would always shift the f; lower
in frequency. However, the
table data shows that f is shift-
ed higher in frequency, and is
shifted lower only with the ad-
dition of fiber mass to the line.
Examining the shift of the har-
monics, it is evident that fiber-
density shift is frequency depen-
dent. This is defined by the fiber
equations [5]-{7] and shown in
Figs. 42 and 43.

The end-correction equation
contradicts the TL measured
data and the TL frequency
shift; in my opinion, it must be
modeled on the empirical daia.
Continuing with the data of
Tables 9-11, the fiber effects

TABLE 11
TL 1.52 METERS, FIBER WOOL
CALCULATED  Dyz=1  ACALC. Dy =4.1 Dy =54

. 57Hz 76Hz +10Hz +33%  59HZ4+2Hz 58Hz/+1Hz Opt=5.4
ol 113 120 +7,46.2% 102HZ-11Hz ~ 102HZ-11Hz
1%peak 170 174 +4Hz,+23%  155HZ-15Hz  157HZ-13Hz
2nul 26 225 ~1Hz,-005%  20BHZ-18Hz  204Hz/~22Hz crossover
29peak 283 279 ~4Hz,-14%  258HZ-25Hz  248Hz-35Hz
Fnul 339 333 —6Hz, -1.8%
3%peak 3% 389 —THz, -1.7%

can be summarized for the data of Figs.
54-59 as Fig. 60.

Thus the optimum density is a very
narrow line in the fiber-density range,
and is defined by the minimum phase at
Fg. To define the relative fiber density to
optimum, it is necessary to determine
the slope. Thus you need to take two
data points as you change the fiber mass.

Based on this and similar data, you
can compile a Dyp-versus-line-length plot
that should provide some insight as to
the fibertype and line-length variables as
you approach the fiber limits indicated
by the Bradbury curves.

FIBER D, VERSUS TL LENGTH

Figure 61 shows the data for two fiber
types for which I have empirical data
that correlates with the fiber-equation
data. For line lengths of over 2.2m, I rec-
ommend trying Miraflex, since the fiber
analysis indicates it could extend the 1/a
past the point where the wool curve flat-
tens out. However, over 2.5m you are
entering the TL bandpass response de-
sign, and the problems of folding a line
and dealing with the harmonic nulls are
not trivial. The reward is a TL that would
complement the electrostatic loudspeak-
er (ESL). Good luck. »
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Using just the relative offsets and the right software, you can easily determine the acoustic

centers of drivers to help with your system design.

Finding Relative Acoustic

By David L. Ralph

esigning a speaker system for
the do-it-yourself crowd has a
number of problems, one of
which is how to determine
the acoustic center of the drivers. Of
greater importance is the relative differ-
ence between acoustic centers (called
relative acoustic offset). Knowing the ab-
solute acoustic center is useful if you in-
tend to test a number of drivers without
actually fabricating a baffle and mounting
them. But if you know which drivers will
be used and have access to a good mea-
surement system and appropriate CAD
software, it is possible to determine the
relative acoustic offset without actually
knowing the absolute acoustic centers.

FRUSTRATION
My first experience with this was when [
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FIGURE 3: The summation with the best-guess iterated resul-

tant offset.



had access to LMS and, later, MLSSA in
1996. 1 was learning how to use them
and Calsod at the same time. I tried the
typical physical-measurement techniques
described in Speaker Builder and other
books and magazines, but these never re-
sulted in a good correlation between my
optimized design and the subsequent
measured combined responses. Also, 1
did not have good facilities for making
and testing various baffles. I didn’t even
have a router for flush-mounting drivers.
I really did not need the absolute cen-
ters, but only the relative acoustic-center
offset between them. How could I deter-
mine this? After much frustration, I came
up with the idea (which I had never seen
presented anywhere) of using relative
offsets. I had a baffle with the drivers
mounted, which would not change.

EMPIRICAL BASIS

You determine the measurements for in-
dividual drivers, usually on each driver’s
axis, and import them into the CAD soft-
ware. Then you add the relative offsets
in the three axes, either by hand-measur-
ing the cone depth, as some recom-
mend, or by using the center of the
voice coil. Why not, I thought, make a
raw measurement of both drivers com-
bined, from the same position? This
would include the acoustic offset of both
drivers. Now all I needed was a way to
adjust one driver relative to the other for
that specific microphone position.

Since I had the combined raw result,
which intrinsically included the relative
offset, all I needed were measurements
of each driver taken individually, without
moving the microphone. I could then
import each measurement into Calsod
and use its capability of combining driver
responses to compare the result against
the combined raw measurement.

TECHNIQUE

The procedure is to import each driver’s
raw measurements into the CAD pro-
gram, model them, and create a single
file (in the case of Calsod) containing the
two driver models. Then use the com-
bined raw measurement as the reference
against which the resultant CAD com-
bined (system) result is compared. In
Calsod, the file is imported as an experi-
mental curve. It is important to point out
here that no crossover components can
exist in the model. All of this is done
using only the raw models.

I always measure the combined result
on the tweeter axis, since that is my typi-
cal listening position. I leave the tweeter
offset at 0. I then modify the woofer off-

| H [ | (Freguency Response Hag |

|

| & (menory trace):
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|
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2-Hay Systen 20WH73/D0277G-43 2000Hz Linkwitz-Riley On Tueeter Axis ®in
X CFila) D27L_XO0:
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—_ — — = —= —
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FIGURE 4: The measurement using optimized values for the final crossover.

set repeatedly until the combined result
from Calsod matches the measured re-
sult as closely as possible, with the em-
phasis on the area of the target crossover
frequency. I do this because the acoustic
centers of drivers vary with frequency.

I also use Ye-octave smoothing in
LAUD before I export the text file, thus
getting rid of the minor fluctuations
without changing the character of the

curve significantly. This makes it simpler
to model, doesn’t impact the actual re-
sults, and makes for easier matching of
the measured combined signal with the
calculated combined curve.

[ took the measurements with the
woofer and tweeter connected in posi-
tive-phase polarity. It is possible to do it
in any configuration, but you must be
sure that the model in the CAD program

Tel:(650) 595-8588

Accuracy, Stability, Repeatability

Will your microphones be accurate tomorrow?

Next Week? Next Year ? After baking them in the car ??7?

ACO Pacific Microphones will!
Manufacturered to meet IEC, ANSI and ASA standards.
Stainless and Titanium Diaphragms, Quartz insulators

Aged at 150°C.
Try that with a “calibrated”’consumer electret mic!

ACO Pacific, Inc.
2604 Read Ave., Belmont, CA 94002

FAX:(650) 591-2891

ACOQustics Begins With ACO™

e-mail acopac@acopacific.com
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IS ELECTRONICS AND/OR COMPUTER TECHNOLOGY
YOUR PROFESSION OR HOBBY?

If so, Elektor Electronics is just the magazine for you! Since 1977, it has been
publishing construction projects at professional level as well as informative
articles about the developing world of elec-
tronics and computers.

The world of electronics is in constant flux.
What is new today may be obsolescent in a
very short time. Of course, the basics do
not change, but applications do. Elektor
Electronics is quick to respond to the
changing face of electronics and to adapt
itself to the varying needs of its readers.
It contains fairly easy as well as more
complex construction projects on a
wide variety of electronics subjects,
from audio & hi-fi through com-
puters and microprocessors to
test and measuring instruments.
Moreover, each issue contains
a FREE 16-page supplement
dealing with one subject only, such
as Microcontrollers, Audio & Hi-fi, Test &
Measurement, Computers, and others.

Make sure you are kept informed regularly about the
changing world of electronics by taking out a subscription (price, airmailed,
$US67.00 per year) by writing or faxing to

Elektor Electronics
World Wide Subscription Service
Unit 4, Gibbs Reed Farm
Pashley Road, Ticehurst
East Sussex, England TN5 7HE
Telephone +44 580 200 657; fax +44 580 200 616;
e-mail wws.subscription@virgin.net
Apart from the magazine, the company also produces software diskettes, pro-
grammed chips, printed-circuit boards, CD-ROMs, and publishes books on
electronics and computers. All these are available from
Old Colony Sound Lab
PO Box 876, Peterborough NH 03458-0876
Telephone (603) 924-6371; fax (603) 924-9467
e-mail custserv@audioXpress.com.
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properly reflects the connections to pre-
vent it from being 180° out of phase,
which may not be obvious, depending
on the drivers’ relative offset.

You can also determine the offset
with measurement software alone, al-
though I have never attempted to do so.
I find that since I must model the drivers
in Calsod no matter what else I might do,
it makes more sense to use the program.
It is also much easier, because the itera-
tive process required is much simpler.
You edit the offset value in the file, re-
load it, and display the two curves.

As an example, consider a two-way
system comprising a Dynaudio 20W75
and a Vifa D27TG-45. The individual raw
measurements are shown in Fig. [ after
importation into and modelling in Cal-
sod. Only the portion above 500Hz is
shown, because I am interested only in
the acoustic-center offset at the
crossover point.

RESULTS

Figure 2 shows the initial Calsod summa-
tion curve, with both drivers’ acoustic-
center offset in the z-axis at 0. Figure 3
shows the summation with the “best
guess” iterated resultant offset for this
driver/baffle combination when the tar-
get crossover point is 2kHz. Compare the
two figures to see how small variations
can have a significant impact, especially
if you wish to design a minimum-phase
system using first-order crossover slopes.

The difference in this example is actu-
ally very small. The acoustic-center offset
added was only 0.006m (Calsod uses the
metric system for distances), which is ap-
proximately %2”. This is initially a surpris-
ing result for an 8” woofer, although the
Dynaudio does have a rather shallow
cone. The acoustic center of the Vifa at
this low frequency may also be rather re-
cessed. Since the typical acoustic-center
curve tends towards additional recess as
the frequency decreases, this should not
be so surprising in the end.

Figure 4 shows the measurement
using the optimized values for the final
crossover. I wish to point out here that
the crossover is actually one I derived
from a 30° window of measurements.
After determining the correct offset, I re-
measure at —15°, 0°, and +15°, and aver-
age the result. Then I import this average
for each driver and remodel it. I use this
for the actual optimization for the final
crossover, since this, to my ears, yields a
more accurate-sounding system. The
high-frequency upward tendency actual-
ly is seen only on-axis. The average is re-
ally closer to flat with this crossover.



Figure 5 shows the optimized on-axis ‘ Wisthour webslie of rwarlons.coi

curve generated by Calsod, with the im-
ported on-axis measurcment made using ‘
LAUD. You can easily sec the closc cor- ]
relation, especially in the area of the
crossover, 2kHz.

You can do this for any system, two- 1
way or more. The procedure must be fol-
lowed for each pair of drivers. For a
threc-way, it is probably necessary to '
make the measurements from the
midrange or woofer position. You would |
then add the offset determined for the
woofer to that of the midrange if the
tweeter is left at 0. Then all three drivers

will have the correct relative offsets. B I G I M PROVE M E NTS

One point 1o remember is that in the |

CAD program, you must enter the verti- Now COME IN SMAll PACKAGES.
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Here's a timesaver that lets you quickly and easily test circuit configurations. The author de-

tails the construction and use of a breadboard for passive crossovers.

A Breadboard for Passive
Grossovers

By Kim Girardin

hen it comes time to devel-

op a crossover for your

next loudspeaker project,

you can eliminate the usual
spaghetti of alligator-clip leads by making
a breadboard, scaled to accommodate
the capacitors, coils, and resistors of a
passive crossover. You still use alligator
clips, but instead of flexible wires, you
solder the clips to brass screws connect-
ed to conducting paths laid out to permit
most typical crossover configurations. I
made a couple, liked them, made a cou-
ple for some friends, received positive
and negative suggestions, made some
changes, and ended up with the design I
present here.

QUICK CONNECTIONS

The design lets you quickly and easily
connect the components of a crossover
and just as easily change them. Every-
thing is mounted on a rigid board that
you can pick up and move. Another fea-
ture is that the components are held in
a configuration that closely resembles
the way you would schematically draw
the network.

This breadboard can hold the compo-
nents to make a first-, second-, third-, or
fourth-order high pass (HP) and low pass
(LP), with Zobels on both bands and an
attenuator on the high pass. Or it can be
a third- or fourth-order bandpass (BP)
with attenuator and Zobel. Or you can
use it to make two second-order band-
passes with Zobels on both bands and an
attenuator on one. With two bread-
boards you can make a stereo two-way,
single three-way fourth-order, or a four-
way second-order.

Figures 1, 2, and 3 show some of the
possible ways you can use the boards.

40 Speaker Builder 1/00
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FIGURE 1: Fourth-order high and low pass.

The total cost should be around $10 to
$15 for each board, plus shipping for
anything you need to order by mail. The
2” alligator clips, the equivalent of
Mueller #60s, are available from Electron-
ix Express and cost 10 cents each in
quantities over 100. Brass screws are
about $5 for a box of 100).

I buy 4’ lengths of 4-GA stranded unin-
sulated copper wire at 25 cents a foot.
The 4-GA is made up of seven strands of
14-GA solid wire twisted together. Sepa-
rate the strands, and you have more than

S

B-1593-2

FIGURE 2: Fourth-order bandpass.

enough wire to make two breadboards.
Clean the wire with very fine sandpaper
before you use it. Figure another $2 to
$4 for the wood, solder, rubber feet, and
varnish for each board. Each one will
take about 12 to 2 hours to assemble.

CONSTRUCTION

The board itself is made of ¥%” plywood
and measures 7” by 22”. The distance be-
tween groups of clips needs to be 3” to
accommodate the components, and 1%”
between adjacent clips to accommodate



your fingers. Figure 4 shows the dimen-
sions and layout of the board. Mark the
locations of all the clips and the paths of
the connecting wires (the shaded areas).

Using a 32" bit, drill pilot holes for
the screws. These should go all the way
through the board, and must be smaller
than the screw’s diameter so the
threads will bite into the wood. If you
do not have access to a drill press, a
hand drill should work, but make sure
you drill straight. The clips will fit loose-
ly enough around the screws to allow
you to attach the clips reasonably
straight before soldering. After drilling,
put a coat of varnish on both sides of
the board.

On the front side, use a felt-tip marker
to draw the paths of the wires connect-
ing the screws and clips. Drive the 40 1”7
#06 brass screws into the back of the
board, but do not tighten them all the
way down. Leave enough of the shank of
the screw exposed to wrap a turn of the
wire around it.

On the back of the board, wrap the
wire around the screws and then cut it
to make the conducting paths (Photo I).
Then tighten down the screws, after
which they should protrude about 3%”
out of the front side. Double-check to
make sure the paths of the wire on the
back match those drawn on the front.
Then solder the wires to the screws. [
have found that a 100W to 150W solder-
ing iron or gun is needed for this.

AFFIXING THE CLIPS

Align and solder the clips to the screws
on the front side of the board, placing
two clips at a time on the screws. In Fig.
4, the circles indicating the locations of
the clips have lines showing the orienta-
tion of the clip jaws. Place a piece of %”-
wide thin metal stock in the jaws of the
clips to keep them aligned with each
other (Photo 2). A hobby store should
have suitable strips of flat brass stock
about .030” thick.

The same wire you used for the con-
ductors on the back side will work, but
the brass strips are handier because you
can pull them straight up and out of the
jaws of the clips without needing to
squeeze the clips to open the jaws. This
speeds things up since you can remove
the strips after the solder has set but
while the clips are still too hot to touch.
This piece of wire or flat metal should be
7" long so that you can use the clips that
have already been soldered in place to
help align the next pair of clips.

To solder the clips to the screws, I rec-
ommend a butane mini-torch. Rosin-core

PHOTO 1:
Board
screws
and wires.
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— FIGURE 3: Second-order bandpass.
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detail and listenability, try the MusiCaps.* Joe Roberts, SOUND PRACTICES
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Testing
Loudspeakers

by Joe D’Appolito

* The most comprehensive book
yet on the subject of loud-
speaker testing. Author Joseph
D'Appolito, loudspeaker design-
er and consultant and frequent
contributor to Speaker Builder
magazine brings his consider-
able experience and knowledge
to the professional loudspeaker
designer. More than a simple
“how-to” approach, the book
demonstrates the principles in-
volved in loudspeaker testing by
specific examples.

BKAA45 ... $34.95
Shipping wt: 2 Ibs.

OLD COLONY SOUND LABORATORY
PO Box 876, Dept. BO,
Peterborough, NH 03458-0876 « USA
Phone: 603-924-6371
Fax: 603-924-9467
-mail: custserv@audioXpress.co

To Order Call
1-888-924-9465

Free Catalog Available
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60-40 solder that is .062” in diamcter
works best. 1 first solder the clips that
hold components going to ground
(Photo 2), which can only be
done in pairs. Then I do
those that will hold
the components in
the scries branches.
Have about 6” of
solder sticking off
the spool. Feed
the end of it
to the in-

PHOTO 2:
Aligning the dlips.

side of the barrel of the alligator clip
near the point of the screw. When ap-
plying the flame of the torch to the bar-
rel of the clip, keep the flame aimed as
low as possible without scorching the
wood. If the flame is aimed too high up
on the barre! of the clip or for too long,
you risk overheating the spring and
weakening the clip’s clamping power.
You wish the heated metal of the clip to

PHOTO 3: Finished board.

melt the solder, so keep the direct flame
off the solder.

When the solder begins to melt, fecd
about 1%2” of solder into the barrel. (If
you try to use .031”-diameter solder,
you will need to feed about 6” into the
barrel.) You will see the melted rosin
pool ncar the top of the barrel. Then
stop feeding the solder, but kecp the
flame on the barrel for about five sec-

World Radio Histo
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well. I have been told the Kry-
lon will melt back when heated
(or maybe it was that solder will
flow under it), so that if you
ever must make repairs, you
needn’t strip or scrape it off to
resolder. I have not tried this,
so I can’t say for sure.

You absolutely must not get
the insulating varnish on the al-
ligator clips. So be very careful
if you varnish the top of the
board after assembly. In fact, as
I mentioned before, it would be
better to varnish the top of the

172

112

112

12

FIGURE 4: Dimension drawing and clip orientation. =

onds to make sure the brass screw be-
comes hot enough to take the solder,
while you make any necessary adjust-
ments to ensure the clip is as nearly ver-
tical as possible.

Remove the flame and let the joint
cool for a few seconds. After the solder
has set in the first clip, the alignment
strip helps keep the next one aligned
and vertical. Then solder the next clip.

TABLE 1
PARTS LIST

2" alligator clip—Part No. 0700AC60
Electronix Express

365 Blair Rd., Avenel, NJ 07001
732-381-9020

60/40 solder, .062” diameter

Digi-Key

701 Brooks Ave. South, Thief River Falls, MN 55987
800-344-4359

1” #6 brass screws

14 gauge bare copper wire
100W soldering gun
butane mini-torch

Minwax Polycrylic

Share the Wealth

Speaker Builder offers readers the opportunity to
share their knowledge and show off their handiwork
through the Tools, Tips, & Techniques column. Send
us your speaker-building tips or interesting circuit
designs. If you have built an especially attractive or
distinct piece of equipment, why not take some pho-
tos of it and write a description of your efforts? Send
your submission ta:

Tools, Tips, & Techniques
Speaker Builder

PO Box 876

Peterborough, NH 03458

FAX (603) 924-9467

E-mail: editorial@audioXpress.com

Remember, it's your magazine, and your contribu-

tion can help make it even better. And, we're willing

to pay you a modest stipend for your efforts. So, put

a few bucks in your pocket, but, most of all, become
an active part of the audiophile community.

L

Move the alignment strip and install
more clips, and so on until you have sol-
dered all the clips to the screws. After
everything is soldered in place, it woukl
not hurt to measure the resistance be-
tween the clips to make sure you have
made good solder joints.

FINISH WITH CARE

Some finishes will cause the copper to
react. Consult the manufacturer to be
sure. Minwax Polycrylic is good. Krylon
makes a clear finish that is suitable, as

board before installing the

screws. On the back side, brush
on a couple of coats of varnish to pro-
tect and insulate the wire. Four to six
adhesive-backed rubber feet will keep
the board from sliding around. Photo 3
shows a finished board, and Photo 4
one that’s loaded with the components
for a fourth-order two-way.
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American Bass VFL Cast Woofers

¢ Dual voice coil on a
3" high strength black
anodized aluminum
former.

Dual 2Q nominal
voice coil windings

of large gauge copper
clad aluminum wire.

» Dual mirror image
spiders to maintain
linearity and voice
coil alignment during
extreme excursion.

* Dual tinsel leads woven into the top spider.

e Dual stacked 6.125" or 7.5” Genox5 magnets.

» Symmetrical magnetic field and hyper extended pole piece.

* Ultra deep bottomless magnet structure eliminates coil bottoming.
e Available in 10, 12, and 15 inch sizes.

5242 Warrensville Center Road
Maple Heights OH 44137

Phone: (216) 662-2522

Fax: (216) 475-9311

E-mail: amerbass@aol.com

Website: www.americanbassusa.com
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SB Mailbox

SOUND ADVICE

Thank you for your letter in SB 6/99
(“Testing for What It's Worth,” p. 60). It
resonated.

1 also prefer the Dynaudio D-21 to
most 1” (and 28mm) domes. Are you re-
ferring to the current D-21/2 with the
flat front face or the original with the
short horn? Sometimes [ think that the
Scan-Speak D2010 (19mm dome) sounds
more musical; at other times it sounds
more sibilant. Probably both are true.

1 am now working on a system that
uses a Dynaudio D-21/2 (19mm dome),
a DS2AF (50mm dome), and a Scan-
Speak 7” woofer (Fig. I). My goal is to
produce a more modern version of the
AR-1, with its dome radiators and similar

c1
O
5
3u3
N\
D21/2
@ c2 U " skHz
" LS2 CROSSOVER
25,F 250uH
Ds2
L2
2m5H == U 500 Hz
CROSSOVER
7 WOOFER BLETTA

FIGURE 1: Reader Crawford's proposed
setup.

crossover frequencies. Notice that the
crossover networks are electrically 6dB
per octave (first-order). Do you prefer
first-order crossovers or higher-order
crossovers?

Thank you for your recommendations
on choral music for listening. My tired
old ears sometimes have difficulty sepa-
rating out all the relevant sounds, even
with good loudspeakers. Can you recom-
mend some recordings with single voic-
es, such as Lena Horne and “The End of
the Road?” Do you have any recommen-
dations for orchestral music? How about
guitar and piano?

[ appreciate your time, and I apologize
for having more questions than answers.
I do make good loudspeakers, but I
would like to make better ones.

Dick Crawford
Los Altos, CA

Jesse W. Knight responds:

Your first question is very easy. The tweeter |
am referring to is the current Dynaudio D-21/2
with flat face plate. Your hearing can’t be too
bad or you would not hear the differences be-
tween tweeters, which are generally above
8kHz. Most audiologists only test to 8kHz, and if
your hearing thresholds are normal below
8KkHz, your hearing is “excellent.”

Audio CD from Old Colony will allow you to
test to 20kHz. Speech comprehension does not
suffer until your high end drops to 5kHz. My fa-
ther could not tell whether a tweeter was oper-
ating or not, as he probably heard nothing
above 5kHz; however, he was very fussy about
midrange and bass. This is because his brain
was focused more on the lows to adapt to the
loss of HF input from his ears. Our senses adapt
to deprivation by becoming more acute to those
remaining.

Now my bombshell: As we age (I am 52) our
speakers should become bigger and our
midranges must be of higher quality. In re-
sponse, I have started a new system with two
10” Madisound woofers (1052 DVC) per chan-
nel. If nothing else, this will reduce bass distor-
tion by cutting cone excursion in half.

For midranges I will try a small Dynaudio
woofer-mid such as 17W LQ. This will allow
wide separation of crossover points, which [
think is important for the older listener (150
and 3000Hz). With this wide separation of cross-
over points, I can try all crossover orders and
polarities. This is a contentious area; I have
never before worked with good enough mids to
give a firstorder network a fair shake. I will re-
port what 1 find in detail.

Good solo voice recordings are very hard to
find. Choirs sound good when recorded in a re-
verberant space with only two microphones at a
large distance; hence, mike distortion is low due
to low SPL at the mikes. There are no mix arti-

Manufacturer of Loudspeakers for 50 years.

Traditional fabrication,
basket in aluminum and paper cone

Serie Mélomane

170 medium high. 200 * 19000 Hz. 101 dB » 215 RTF
64 * 60 to 10000Hz + 2dB. » 98 dB. * 45W RMS power.

215 double cone 60 to 19000Hz +2dB » 98dB * 45W RMS
power. Full range or medium use, perfect for tube amp. 285
RTF « 35 to 8000 Hz + 2 dB. « 98 dB. « 70W RMS power
GN 400 A * 23 to 4000Hz * 99dB. » 120W RMS power. Al-
nico motor 3.5Kg. GN 400 EXC with electromagnetic motor
98dB. Hom for 1” motor. 500Hz to 20KHz + 2dB.

SUPRAVOX

FRANCE
La haute fidélité Intégrale

Technical information and special fabrication
upon request.

SUPRAVOXx

9 Route de Tours

37 150 BLERE-FRANCE DISTRIBUTORS WANTED

Tel: 33 (0) 2 47 23 55 44 g ;
Fax: 33(0) 2 47 23 50 39 SUPRAVOX. Sckaly g ihass) line
E-mail: supravox @ wanadoo.fr ..1s your pa :
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facts either. Solo voices require compromises
that lead to inevitable control twiddling (tone-
meistering) and mixing.

If you do not hear anything above 12kHz,
make your own inexpensive recordings with
Crown 6D pzm or Audio Technica AT 853
mikes. The major problems with these occur
above 12kHz. You need an octave equalizer to
correct their rising response curves.

I just set the EQ for a mirror image curve to
the published curve; it works out to about
13kHz. Or you can open your wallet wide and
buy a Briel and Kjaer 4006 matched pair mike
system with flat omni capsules and forget about
distortion and response errors. To determine
the curve for this mike, just draw a straight line
with a ruler.

If you choose to use CD-R recorders, which
don’t have mike inputs, you will need to build a
mike preamp (which is not hard; I have lots of
ideas for everyone who wants them). At $400
these appear ideal in all other ways for making
reference recordings, where mixing and editing
will not be a concern. CD-R machines should be
compatible with rewritable disks, which are ex-
pensive but reusable (check before buying).
think you will need only a couple of disks. 1
don’t have CD-R yet, but a friend has reported
that since he got one for his university music de-
partment, students demand CDs for their audi-
tion recordings.

Electrostatic

Eoudspeaker,

Designed by Menno Vanderveen,
these impedance matching toroidal
transformers utilize the same
technology as PLITRON's acclaimed
wide bandwidth toroidal output
transformers for tube amplifiers.

Specifications [

Part Number PAT-4133-ES  PAT-4134-ES We speciaize in audio transformers. Since 1983

Step-up Ratio 150 175 Piitron has supplied toroidal Yransformers to

Power, Nominal 80 watts 80 watts high-end equipment manufacturers.

Input, Nominal Power 4 ohms 4 ohms

Secondary Inductance 79H 1600 H

Effective Sec. Leakage Induct. 15 mH 2mH

Primary DC Resistance 010ohms 0.1 ohms

Secondary DC Resistance 190 ohms 273 ohms

EN. Sec. Imemal Capacitance 700 pF 800 pF

-3d8 Power Bandwidth, Start  35.35 Hz 35.35Hz

wi Rep in-series 1.051 Hz 0.515 Hz RJ;U !A’CI;UIS'Q .lu\cI

Pri.imped. W/Rep, 10Hz  18.260hms  18.10 ohms

ey Fs’r;:d;dc:;er LA ;;;9 KHz 8, 601 Magnetic Drive -
Qfactor 0601 0642 Toronto, Ontario, Canada M3J 3J2 -\
o o L e-mail:techinfo@plitron.com 0
Sizs OD ,"’H“a'(m‘)e@ 140 1 66 14066 1-800-PLITRON (1-800-754-8766}
Price US / Can. $206/5284  s234/8322 | Tel. 416-667-9914 FAX 416-667-8928™
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Several years ago | worked for a studio that
made only language tapes. The owner main-
tained that he could best test any audio gear
with spoken-word recordings alone. This sound-
ed to me like fantasy, but he proved me wrong.
After years of speech recording, he had devel
oped a killer ear. 1 can't tell you how to do this,
only that it is possible provided you have a live
reference. |

Since 1 wrote this letter, two more CD re-
corders have entered the market. Recorders
range in ease from setting the record level to
automatic level adjustment, which is most unde-
sirable. Check analog record features carefully
before buying.

DESIGNING TLS :

In part two of his very enlightening arti- l
cle on transmission lines (“Transmission
Lines: The Real Story,” SB 7/99, p. 18),
Mr. Monk takes a pot shot at my Quick &
Easy TL Design method by saying that
the math equation for finding stuffing
density in my book is pure numerology
and that no proof is offered for its validi-
ty. Mr. Monk goes on to say that the re-
sults are logically incomparable, and I
will not dispute that second statement.
He is right... and this is why.

The equation, as shown in his article,
is incorrect. This is how it appears on
page 76 of LDC-5, which is also incor- |

§ Su1u0d3Yy |4 + UOXY + 0]0S/IV4D

ERIIVE

Focal + Dynaudio + Scan-Speak + Vifa

For the past 22 years, Speaker City
U.S.A. has been a leading supplier of
speakers, kits, and components to the
audio industry. We pride ourselves on the
quality of product we represent and the
excellent service we offer. Have a look at

our web site at www.speakercity.com.
115 S. Victory Blvd.
Burbank, Ca 91502
Voice: 818-846-9921
Fax: 818-846-1009
www.speakercity.com

Orders Only!
e 800-595-9924

aTVu..a.

Home Hi-Fi and Home Theatre Kits
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Our Samples Are Better Than

FREE!

We're so sure you'll love
our Square Drive Screws we

will practically pay you to try
them. Return this ad with $5
and we'll send you our famous
“Try-Pack” Sampler of 100
screws (25 each of #8 x 5/8, 8 x 1-
J 1/4, 8 x 1-1/2 and 8 x 2), a driver
bit for your drill, our catalog listing
350 types of Square Drive screws,
and take $5 off your first order of
$25 or more, or $10 off your first
order of $50 or more! (Limited time
offer. Available in USA only.)

| “We tried a box of 1-3/4" #8 prelubricated flat
heads with nibs from McFeely’s, which quick-

‘ ly became our favorite fastener.” Speaker-
Enclosure Screws, Robert J. Spear and

1 Alexander F. Thornhilt, Speaker Builder, 2/94

PO Box 11169 « Dept SB6F
Lynchburg ® VA » 24506-1169
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rect. The correct equation is shown here

r
A

Dy = |‘ TLXQTS
VS

In his landmark TL article, “The UN-
LINE,” SB 4/88, contributing editor John
Cockroft stated that driver parameters of
Sp and Q, as well as the cross-sectional
area of the line, all had an effect on stuff-
ing density and line length. Mr. Cockroft
said that as line area increased, so did
stuffing density. And, as Q¢ increased,
so did stuffing density.

This indicated to him that a line area
larger than §;) would require a higher
stuffing density, but that line length
would be shorter. A higher Q driver
would also need a higher stuffing densi-
ty. Conversely, a low Q driver in a small-
er line area would need a lower stuffing
density, but a longer line length. To
prove his point, he built the UNLINE, an
11”7 long TL enclosure which he claimed
sounded just as good as his larger TL
projects.

The preceding equation simply ties all
of these variables together to yield the
best stuffing density for a selected

woofer in a chosen line area. The other
math equations in my empirical step-by-
step TL design method use the calculat-
ed stuffing density to determine the actu-
al line length, in inches, that equates to
an acoustical quarter wavelength.

I make no claims that the Q&ETLD
method is the only way to design a trans-
mission-line speaker system. It is, howev-
er, a method that works quite well, as
over 5,000 copies of the book have been
sold, and the overwhelming majority of
my customers are very satisfied with the
TL speakers they designed and built
using this book.

The transmission line has become leg-
endary for its clean, natural-sounding
bass and the clarity of its midrange. It has
generated numerous articles, many con-
struction projects, and countless ques-
tions. I look forward to reading the rest
of Mr. Monk’s series in Speaker Builder,
and 1 hope that his work will add to the
body of public technical knowledge that
has been sadly lacking.

My thanks to Ed Dell and his staff for
giving us this open forum for informa-
tion exchange and discussion.

Larry Sharp
Mahogany Sound
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A. Monk responds:

Thank you for the correction to the cited equa-
tion as well as for your opinion. Please under-
stand that while my disagreement of the
methodology in Q&E TL stands, | appreciate how
difficult it is for an amateur to define and ana-
lyze the TL, and my criticism is not personal.
However, once published, your work, as well as
mine, is open to critical review and correction.

You cite that the equation in question is
based on the published results of J. Cockroft.
While 1 admire the contributions made by Mr.
Cockroft, his design methodology, by his own
words, is based solely on aural/subjective com-
parisons, as opposed to recent advances in in-
strumentation such as LMS analysis. 1t is my ex-
perience that without such tools the analysis of
the TL is impossible.

The number of variables as well as the com-
plexity of interactions mitigates against the pos-
sibility of using Mr. Cockroft's methodology.
This does not imply that his results are invalid.
Quite the contrary, I'm astonished by the
achieved results, as in the Freeline TL. However,
in my opinion, he is an artist whose methods
cannot be readily taught or quantified into an
equation as you have attempted to do.

In the equation

facey o
Dg = v’ gTL XQTS
D

you are expressing the proportionality of line
stuffing density to the line area, driver cone
area, and the T/S parameter Qs First, for the
equation to be meaningful, it must be consistent
in the units of the variables. Dg is in Ihs/ft3,
while on the right side of the equation A is an
area and so is Sy, thus canceling, while Qrg is di-
mensionless. Thus the left side does not agree
with the right side. You have committed a logi-
cal inconsistency.

Now to the derivation: “This indicated to him
that a line area larger than S, would require a
higher stuffing density, but that line length
would be shorter. A higher Q driver would also
need a higher stuffing density.” You offer no ex-
perimental data to buttress the conclusion. On
the contrary, measured data shows that TL line
length defines only the fundamental line reso-
nance frequency and is not S;) or A;; dependent.

TL stuffing density is a function of fiber type
and packing density used. Q¢ is a T/S parame-
ter relating whether a particular driver can be
used for a given line length. However, this is a
function of the terminus gain and not directly of
Qrg- Thus your variable usage in the equation is
not syntactically consistent, not experimental-
data-supportable, nor justified by measured data
in the Q&E TL pamphlet.

Given the preceding analysis, in my opinion
the characterization as numerology is not “a pot
shot at my Quick & Easy TL Design method,” but
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inevitable. As a practical point, | have attempted
10 use your work as a starting point in my study
of the TL, but Laud measurements have shown
the results to be inconsistent and unable to de-
fine an optimized TL design.

The fundamental error is that Q&E TL does
not show an understanding of fiber effects as to
the change of speed of sound in the fiber mass
and thus of phase. Since to measure phase you
need instrumentation based on LMS, any formu-
lation of the TL without this data must be in-
complete.

TLS ARE TOPS

1 thank A. Monk for contributing to the
de-mystification of transmission-line con-
struction (“Transmission Lines: The Real
Story,” SB 6/99, p. 20). 1 certainly look
forward to part two.

Your explanations were clear and con-
cise, but for one paragraph on p. 28:
“Fig. 12 shows the data for dual woofer
loading that results in a flat impedance
curve and translates into an outstanding
transient low-frequency response.”

My question is, does “dual woofer”
imply Isobaric or “dual woofer.” If you
are actually implying dual woofer, what
would be the best way to mount the driv-
ers at the start of the line (side by side,
top and bottom, push-pull)? I would be
most interested in your response.

By the way, 1 first fell in love with the
sound of T-lines while listening to a
friend’s extremely well-executed speaker
based on a relatively inexpensive Philips
12” driver (paper cone, rubber surround,
low Q and f;, 1” p-p excursion), which,
unfortunately, is no longer available. I can
honestly say that in all my years (quite a
few) enjoying this hobby, I have heard
most of what the high end has to offer in
commercial products, yet I have never
heard a loudspeaker reproduce the bot-
tom octaves as realistically (yes, I do at-
tend live concerts regularly) and with
such timberal accuracy as did this T-line.
It has left me quite dissatisfied with virtu-
ally any loudspeaker I have heard since.

Angelo Tullio
Adelaide, Australia

A. Monk responds:

Thank you for your kind letter concerning the TL
article. 1 hope that you shall find the remaining
parts as interesting and informative...perhaps suf-
ficiently so as to build a TL and enjoy its unique
characteristics. Your observation of the TL's tran-
sient response as compared to the sound of a
live concert sound is very high praise indeed. As
you mentioned, it can be achieved only by a very

perceptive and dedicated designer, and my arti-
cle is but a compilation of technical observations.

1 included the impedance plot you mentioned
to illustrate the relationship of a flattening of
the phase curve that can be achieved with ma-
nipulation of the impedance as a function of the
line-fiber affects. Since it is non-representative of
a nominal TL design, 1 was hesitant to include it,
so you have caught me out.

The dual-woofer design is a push/push topol-
ogy that is unique to the pressurization of the
TL's interior. In a non-TL configuration it would
result in low-frequency phase cancellation, but
in a TL it reinforces the terminus gain and is
used in a small bipole design to achieve a 4m
steradian response up to about 2kHz. Since this
was not germane to the basic TL, I did not dis-
cuss it in the article; a full documentation would
require a separate article, falling into the catego-
ry of esoteric TL configurations.

Perhaps you would be interested in a similar
usage described at http://139.142.118.15/
sites/diy, an interesting TL construction site.
Please understand that this site is ran by a ded-
icated amateur and that it reflects the interest
of the owner. You must exercise your own
judgment.

HELP WANTED

I’'m looking for a easy-to-build design for
a bass unit to work with my LS3/5As.
Lack of space prevents me from using a
bass reflex, and I wondered if a column
would be best. I can’t see such a design
in the list of back issues available.

1 once ran across a design using a 10”(?)
diameter concrete pipe. Was this ever
successful, and do you have instructions?
I would also need a crossover design.

Reg Kennedy
RegKennedy@kolumbus.fi

I am trying to locate replacement drivers
for a Spica Angleus. I'd greatly appreciate
any guidance you could provide.

Eric Vogel
evogel@flash.net

I am looking for a source of brown
open-cell foam for use as speaker
grilles. Any help for this would be great-
ly appreciated.

Don J. Cochran
907 Athan Ave.
Roseville, CA 95678-1405

Readers with information on these top-
ics are encouraged to respond directly
to the letter writers at the addresses
provided.—Eds.



Product Review

SkipDoctor™ CD Scratch and Re-
pair Device. Digital Innovations,
LLC, 906 University Place, Evanston,
IL 60201, 1-888-SMART-58, E-mail
sales@digitalinnovations.com, Website
wwuw.digitalinnovations.com. $34.99.

DiscRestore™. DiscRestore, 1190 Spru-
ance St., San Jose, CA 95128, (408) 298-
9008, FAX (408) 298-0607. $14.95
(enough fluid for 50 uses), $19.95 (100
uses).

When Sony and Philips introduced the
Compact Disc, consumers were not just
assured of “perfect sound forever,” but
we were also told that the new silver
discs were indestructible. Finally, there
was an audio storage medium requiring
no care whatsoever. Scratches and fin-
gerprints would have no effect whatever
on the “perfect sound,” since the miracie

| of digital error correction would replace
| any missing data caused by mishandling.

It wasn’t long before music lovers real-
ized that the hype had been grossly over-
stated (just like the perfect sound of the
early discs and players). Error correction
can certainly mask minor scuffs and
scratches, but beyond a certain point,
disc damage will cause discs to skip, dis-
tort, or simply not play at all.

SkipDoctor and DiscRestore are de-
signed for repairing scratched CDs (Pho-
tos 1 and 2). DiscRestore comes with a
bottle of repair fluid (light tan in color). a
bottle of care fluid (clear), blue and
white buffing cloths (called “Opti-
cloths™), and two ultra-fine cushioned
polishing sheets.

To repair a scratched disc, place the
CD on a newspaper or paper towel, label
side down. If the entire disc is scratched,
the manufacturer suggests pouring about
five drops of repair fluid around the disc.

CD REPAIR KITS

Reviewed by Gary A. Galo

Otherwise, just place a drop or
two on the scratched area. Then,
firmly buff the entire surface of
the disc with the blue Opticloth
until the tan fluid disappears.

The manufacturer notes: “You
have now created the miracle of
DiscRestore.” If this process is in-
effective—which it may be on a se-
verely damaged disc—use the ul-
trafine polishing sheets to buff the
problem areas of the disc. You
first use the coarser of the two
sheets (#2), followed by the finer
(#1). After successfully repairing
the disc, use the clear care fluid,
along with the white Opticloth,
to buff a damage-resistant finish
onto the disc.

SkipDoctor is an unusual repair
system that involves a large plastic
hand-cranked buffing tool, con-
sisting of a rotating disc holder

PHOTO 1: DiscRestore.
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300W
MOSFET
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Free Catalog:
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PO Box 473
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MAHOGANY SOUND
The Transmission Line Specialist
PO. Box 9044
Mobile, AL 3661-0044
334-623-2054

Acousta-Stuf
The Very Best Damping Material For
Speaker Systems. It Produces Deeper
Bass, Cleaner Mids, And Greater
Dynamic Range. Acousta-Stuf Costs
$9.50 Per Pound UPS Paid.

Q&ETLD
Quick & Easy Transmission Line
Speaker Design Booklet & LOTUS
1-2-3 Software. Learn How To
Design Optimizes 1/4 Wavelength
TL Speakers. QAETLD Costs
$6.95 Plus $2.05 P&H.

Acousta-Tubes
Round Paper Tubes For Building
Cylindrical Speaker Enclosures.

Please Note Our New Address
& Area Code

Call Or Write For A Free Catalog
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and a flexible plastic buffing wheel. The
buffing wheel’s mildly abrasive surface
resembles the coarser of the two polish-
ing sheets supplied with DiscRestore. To
repair a scratched disc, open the lower
jaw on SkipDoctor, insert the disc into
the CD holder, and spray the disc sur-
face with the supplied resurfacing fluid
(which is simply filtered water).

Now, close the jaw and turn the hand
crank until the CD has completed one
counterclockwise revolution. Then, flip
the reversibility switch and turn the
crank until the disc has made a complete
clockwise revolution. Open SkipDoc-
tor’s jaw, remove the disc, and dry it
completely with the supplied aqua dry-
ing cloth. Finaily, place the CD label side
down on the folded drying cloth and
buff the entire surface, radially, with the
felt buffing square.

SkipDoctor supplied a CD and a piece
of fine steel wool with my press kit and
suggested scratching an area on the in-
side of the disc until the player would no
longer index the CD. Scratches on the in-
side edge of the playing surface damage
the lead-in portion of the disc, including
the table of contents area. If the scratch-
es are severe enough, the CD will be un-
readable.

I was able to successfully restore the
damaged disc to playing condition, with
no skipping. The SkipDoctor process
leaves radial marks on the CD, which the
felt buffing square is supposed to re-
move nearly completely. Even with vig-
orous buffing, however, the radial marks
are clearly visible. In order to render a
useless disc playable once again, the sur-
face of the disc will be made less shiny
than it was when it was new. If only a
portion of the disc is damaged, it isn't
necessary to make a complete revolution
with the SkipDoctor. By using the re-
versibility switch, you can go back and
forth over only the damaged portion of
the disc.

ULTIMATE TEST

I used the steel wool supplied with
SkipDoctor to damage another CD,
which I then tried to repair with Disc-
Restore. I found that DiscRestore was
just as effective in repairing the dam-
aged disc as SkipDoctor, and I liked the
fact that DiscRestore didn’t leave perma-
nent radial markings on the CD. I then
decided to give both repair systems the
ultimate test.

Using a screwdriver blade, 1 put a
wide, deep scratch on two different
CDs, rendering both unplayable. I had to
be very persistent, but both systems al-

lowed me to at least restore the disc to
the point where my CD player would
index the disc and begin playback of
Track 1. Both discs still exhibited some
skipping, which I was unable to correct.

SkipDoctor is also marketed as Game-
Doctor, dvdDoctor, and DataDoctor. All
four products are the same—simply tar-
geted toward different markets. The
manufacturer claims that the products
are equally effective in treating CDs,
PlayStation discs, other CD/DVD-based
games, DVDs, CD-ROMs, recordable CD-
Rs, and photo-CDs. DiscRestore makes
similar claims for their product, noting
that it is “100% effective” on all optical
storage media, including CDs, CD-ROMs,
Laserdiscs, and DVDs.

Both DiscRestore and SkipDoctor are
quite effective in repairing discs with
mild scratches and abrasions. While a se-
verely damaged disc may be restored to a
playable condition, it may still exhibit
some skipping no matter how many
times you repeat the process.

Given a choice between the two, 1
have a slight preference for the DiscRe-
store system, since it is easier to work on
a specific area of a disc without leaving
permanent marks elsewhere on the CD.
DiscRestore will be the only choice for
repairing 12” video Laserdiscs, which are
too large to fit SkipDoctor’s mechanism.
On the other hand, discs which are more
or less evenly scratched around their en-
tire surface will be easier to restore with
SkipDoctor.

There is no substitute for proper care
of CDs and other optical discs. If you
take good care of your recordings, you
won't need either of these products. But,
when accidents do happen, you may find
one of these products extremely useful.

Manufacturer’s response:

SkipDoctor automatically provides fixed, even
pressure across the entire surface of the disc,
offering the greatest chance of repairing a dam-
aged disc, without risk of further damage. With
paste and sandpaper kits, the pressure is ap-
plied by hand, so manufacturers must decide to
make the abrasive either fairly aggressive and
risk burning the disc or so mild that it isn’t
very effective for the average user. As a result,
the hand-applied kits can be somewhat effec-
tive for the skilled user (such as the reviewer),
but are usually not very satisfying for the aver-
age consumer.

SkipDoctor works great for both the typical
consumer who doesn’t care to inspect the disc
and make decisions about where and how hard
to apply the repair, and for the more advanced
user who prefers to make focused repairs on



more severely damaged discs. This is why over
a2 hundred thousand consumers (for home use)
and a thousand game and video rental stores
(for in-store repair of rental discs) purchased
SkipDoctor in 1999, its first year on the market.
The value of SkipDoctor was also recognized at
the recent Consumer Electronics Show, where it
was selected “Best of Show” in the highly com-
petitive Audio Products division.

In addition to being harder to use than Skip-
Doctor, most paste-based kits are toxic. SkipDoc-
tor uses only filtered water as a lubricant and is
completely safe and environmentally friendly. It
can be used by kids and will not stain your car-
pet or furniture.

As noted, SkipDoctor does leave behind a
light radial pattern that is visible from an
angle to the light. This pattern is invisible from
straight on (which is how CD players read the
discs) and has been shown by extensive scien-
tific testing and, more importantly, the experi-
ence of our customers to have no effect on
performance.

Despite the claims of some manufacturers of
paste and sandpaper kits, no product is 100% ef-
fective in repairing damaged CDs. The good
news is that most of them can be repaired—with
the right product. We invite consumers wishing
to know more about how CDs are made, how
they work, and how to care for them to visit the
“About CDs” section of our web site at www.
digitalinnovations.com.

Collin D. Anderson
President
Digital Innovations

Manufacturer's response:

While Gary Galo did mention our Care solution
“to buff a damage-resistant finish onto the disc,”
it would have been informative for your read-
ers if he'd actually conducted another “damage
test” after so treating a disc. We highly recom-
mend use of this second stage of our kit to pro-
tect restored discs against further damage as
well as treating new and undamaged discs.
We've found that application of the Care solu-
tion very effectively prevents further damage
(including intentional damage via application of
a steel wool pad as Gary did in his tests) to re-
stored discs as well as protecting new and un-
damaged discs from ever becoming unplayable
in normal use.

Malfunctioning disc trays and changer mecha-
nisms are the culprits we’ve most frequently en-
countered in addition, of course, to the usual
“ohmigods” of dropping discs on the floor
(where, in the time-honored manner of peanut
butter and jelly sandwiches, they generally tend
to land exactly the opposite of how we'd pre-
fer). Everyone who uses digital discs (whether
they be audio CDs, DVDs, CD-ROM discs,
LaserDiscs, or game discs) will eventually en-

counter discs that have become damaged, and
DiscRestore will simply and easily restore about
98% of them to full playability.

We've actually field-tested our kit with 10-
year-old girls at an elementary school, and, with
no instruction other than the printed one includ-
ed with each kit, each of them was able to fully
restore an unplayable disc in less than 10 min-
utes! And, because our patent-pending system
uses no machines or solvents, it is completely
safe for use by just about anyone old enough to
read and follow the simple instructions.

Based on initial experiences with our new
Rx4 formulas, we strongly believe that we have
the world’s best disc repair and preventative
solution for the more sensitive data areas of
DVD, CD-ROM, and game discs. During CES
2000 we were able to effectively restore dam-
aged DVD demonstration discs for several
other exhibitors, including one on which repair
had already been attempted by a considerably
more expensive “machine based” repair system.
Should Gary have a bit of time to conduct
some further tests, we believe he’d be amazed
at how much more effective DiscRestore is at
repairing these higher-density discs than any of
our competitors.

While we're admittedly a bit prejudiced on
the subject, it is our belief that DiscRestore is
the simplest, safest, and easiest-to-use digital disc
restoration and protection system available
today, in addition to being the best value,. %

Rob Robinson
TRG Marketing (for DiscRestore)

S e S DR
Editorial

_from page 8

served greater differences between two
pieces of cable. No one on the panel
blinked, and no one in the large audi
ence attacked Mr. Jung for expressing
the view that cables sound different from
one another.

In writing this editorial, I did not in-
tend to provoke another heated, and ir-
resolvable, debate on this issue. Indeed,
these mainstream professional audio
manufacturers may have already done
s0. Despite the concerted efforts of
many of its members, the high-end may
have found a permanent place in the
Audio Engineering Society.

As audio manufacturers develop even
more sophisticated digital hardware, 1
believe we shall see an even greater pro-
liferation of high-end audio equipment at
AES demonstrations, in order to hear
these new products in their best light. [
find this change most refreshing. »

Powerful, versatile,
affordable, multi-function
loudspeaker test system

Liberty Instruments, Inc.
www.libinst.com
Phone/Fax: (513) 755-0252

P.O. Box 1454, West Chester, OH 45071 USA

Reader Service #67

VINYL-ZYME GOLD

Your record cleansing friend for
the next millennium.
Vinyl-zyme Gold is formulated
with only natural enzymes; it
contains no alcohol or man-made
chemicals. Vinyl-zyme Gold
digests oils, removing bacteria and
fungi, leaving your grooves
cleansed and non -attractive to
dust, microorganisms and other
forms of contamination. Next
time, don’t take a bath, -zyme it!
For records that sound like GOLD

BUGGTUSSEL, L.L.C.
1701 B. Vanderbilt Ave.
Portage, MI 49024 USA

(616) 321-9660,
kiblair@iserv.net
www.buggtussel.com
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VENDOR

assifieds

FORTE ACOUSTICS, INC.

Affordable Loudspeaker
Testing for the Hobbyist.

www.forteacoustics.com
(516) 249-9632

THE ORIGINAL
DIGIFLEX GOLD INTERCONNECTS

Your CANARE SOURCE
Offering a Complete Line of Audio, Video and
————————> Speaker cables utilizing
MHAVE /CANARE Cable & Connectors

DEALER & CLUB GROUP INQUIRIES INVITED!

518-822-8800
OUND o-mail: sound&video@haveinc.com
&

TG, oo

Electrostatic

Loudspeaker
Components &
Information

Parts for the DIY ESL
Enthusiast
From: Barry Waldron's
ESL Information eXchange
2820 Miller Way
Placerville, CA 95667
(530) 622-1539
Website: www.jps.net/eslinfo.

Reader Service #56

VISIT OUR
WEBSITE

www.audioXpress.com

or E-mail us at custserv@audioXpress.com

Premium Grade Parts

Don’t Pay More!
Absolutely the best selection of audiophile grade pants
at fai- prices! Extensive deep in stock inventory featur-
ing these vendors and many more. Free catalog!
MIT mMiuLTICAP. .. better selection than any other source
WoNDER Car, SOLEN, SCR, REL-Cap, NICHICON MUSE,
Buack GATE, ELNA, CADDOCK, VIsHAY, Muis, Holco,
RestsTa, Dale, TKD, ALPS, Nontg, Elma, Shal' 2, EAR
DFFFX PANELs - ultimate in speaker endlosure damping
CarDAS, KIMiFr, ACROTECH, & pure silver chassis wires,
Hexren diodes, Soto foil inductors, all types of audio
connectors, silver contact toggle & rotary switches,
stepped attenuator kits, hospital grade plugs, tubes,
tools, IC’s, super selection of damping materials & feet.
International/overseas orders are especially welcome!
Phone (415) 669-718] or fax (415) 669-7558 for a catalog.
Michacl Percy, Box 526, Inverness, CA 94937

BUILD/UPGRADE using SPHERE, EGG, or
TOWER shaped Composite enclosures

Lltimate Speaker
ENCLOSURE COMPANY

Visit http://members.acl.com/UitSpaaker
E-mail: Kmetaversefasl.com Tol. (309) 981-8866 Fax (809) 9460173

Why not the best? World's finest DIY sub-
woofer amplifiers by RCM Akustik of Germany.
Adjustable crossover, remote volume, numer-
ous bells and whistles. BURNETT ASSOCI-
ATES, tollfree 877-924-2383. Web site
http://pages.prodigy.net/dear2/audio.
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SILVER SONIC™

High Performance Audio Cables
You can afford the best!

Silver Sonic T-14 Speaker Cable
Silver Sonic BL-1 Series 2 Interconnect
Silver Sonic D-110 AES/EBU Digital
Silver Sonic D-75 Digital

D.H. Labs, Inc.

612 N. Orange Ave., Suite A-2
Jupiter, FL 33458
(561) 745-6406 (phone/tax)
www.silversonic.com

P |

lﬁﬁ;m has arrived!

A new loudspeaker designed for

BIG AGCURATE

| BASS!

| Patented transducer utilizes compression and di- |
| rect radiation for stunning bass quality. High effi-

ciency design with excellent transient response for '

pro applications and tube amps. 12" and 15" with |

or without enclosure and amplifier. |

Smaller sizes coming soon! l

| For sales or licensing inquiries: 978-887-8899

I CoDrive, 18 Johns Lane, Topsfield, MA 01983

www.codrive.com

FOR SALE

AudioClassics.com buys, sells, trades, repairs
high-end audio. (607) 766-3501, 3501 Old
Vestal Rd, Vestal, NY 13850.

WANTED

Vintage/newer speakers: Altec, JBL, EV, Tan-
noy, Rogers, Quad, Jensen, Western, B&W
etc. (405) 737-3312, FAX (405) 737-3355.

AudioClassics.com buys, sells, trades, repairs
high-end audio. (607) 766-3501, 3501 Oid
Vestal Rd, Vestal, NY 13850.

Yardsale

FOR SALE

ARS3 speakers, pecan finish, original, no modi-
fications, very good condition, $175 + ship-
ping, OBO; Garrard turntable Lab 80 with
wooden tonearm, good condition, $50 + ship-
ping, OBO. (703) 841-3482, E-mail
insoundaudio @netscape.net.

LMS 3.71 speaker measurement system, com-
plete, $350; CALSOD 3.00 professional
crossover software with 300 page printed user
manual, $100; CALSOD 1.30 crossover soft-
ware, $30; TEKTRONIX 2245A scope with
probes, $900. Phil (606) 341-1648.

ScanSpeak 18w8545 eight units, 18w8546 four
units, $105 each; D2905/9300 six units, $50
each; Dynaudio T-330D Esotar pair, perfect,
$350. All drivers new, tested for purity. Insured
shipping included. Daryl, (530) 265-2575, E-
mail datara@yahoo.com.

Current Model Simpson 2608 with nylon case,
mint, $75; University classic components,
C15W woofer, T30 mid-driver with 4409 homn,
4401 tweeter, x-overs, pots, diagrams, etc.,
$150/lot. Jim (708) 425-6719.

WANTED

Pair of K-horn crossovers (type AA or more re-
cent AK-3). John (414) 647-7614.

Schematics and/or service manual(s) for Fisher
X 100B Integrated amp, Fisher FM 908 tuner.
Roger J. Marshall, (912) 781-9537, E-mail
RMars67647 @aol.com.

1. For subscribers only. Include your account number
with each personal-ad submission.

2. This service is far subscribers to sell or find audio-re-
lated personal equipment or supplies. Submissions
not related to audio will be discarded. Businesses, or-
ganizations, and non-subscribers should contact the
advertising department to place their paid ads in the
classified advertising section.

3. All personal-ad submissions must be printed out via
typewriter or computer. lllegible or questionable sub-
missions will be discarded.

4. We will not be responsible for changing obvious mis-

takes or misspellings or other errors contained in ads.

We will not handle any submissions over the phone.

Please do not call to verify acceptance, or inquire

about the status, of your submission. We cannot

personally acknowledge receipt of submissions.

7. It is entirely up to the magazine's discretion as to

oo

Yardsale guidelines

when your free ad will appear in Speaker Builder.

8. Each ad submission will be used one time only. It
will be discarded after publication.

9.  Maximum 50 words (no accompanying diagrams
or illustrations or logos will be used). Submissions
over 50 words will be discarded. A word is any col-
lection of letters or numbers surrounded by
spaces.

10. Each submission must be clearly addressed to
“Yard Sale” and the name of the magazine.

11, Submit your ad to Speaker Builder, Yard Sale, PO
Box 876, Peterborough, NH 03458. Or send by
Fax to 603-924-9467. (Please be advised that
smudged, illegible faxes will be discarded.) Or, by
E-mail to editonal@audioXpress.com.

12. Noncompliance with any of these guidelines will re
sult in your free personal-ad submission being re-
fused for publication.

Exclusive
Distributor of
Acoustic Research
Advent & Jensen
NHT Parts

ARNAT

We can bring your speakers
and equipment back to life
using the original components.

. 4
\ W1/

~ MY Y T

dEN.

800-225-9847 FAX: 508-478-9816
17C Airport Drive
Hopedale, MA 01746
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U oustasheet’
Damplg Material

TYPICAL TRANSMISSION LOSS
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Improve the imaging and clarity of your
speakers by reducing cabinet resonance and
baffle diffraction. Transform the acoustics of
your listening room. Make your car or studio
whisper quiet. Coustasheet, a .083" thick, 1 Ib.
per sq. ft. loaded vinyl, will de all this for only
$2.98 per sq. ft. (12 min.) plus $5 handling.
FREE SHIPPING in USA.
_——
GASOLINE ALLEY, L.L.C. ~

1700 East Iron, Salina, KS 67401 5=
1.800.326.8372
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Tools, Tips, & Techniques

PIPING COOL

By Scott Wolf

I recently decided to upgrade my speak-
er design from SB 3/91 (“Pipe and Rib-
bon Odyssey,” p. 28). First, to clean up
the look of my speakers, I used silicone
rubber to attach birch plywood to the
PVC to make suitable stands (Photo 1).
I left the PVC unglued for ease of trans-
port. The bass is very tight, and the en-
closure is very nonresonant.

Second, 1 placed the crossover in a
Sunnix enclosure (chassis) which sits
beneath my Lang amp. I replaced the
Solen air cores with CFAC inductors and
then replaced the 100uF Solen caps
with 3-3uF polystyrene, MIT caps
(Photo 2) (3-20uF polypropylene film
and 1-30pF/channel). These were on
sale from Parts Connection ($415 both

channels). ]

The ultimate
subwoofer driver:

Inom 4/8/16 ohms
Fs 21.6 Hz
Qts 0.376
Vas 136.6 liters
Xmax 14.9mm one
way
Sd 481 cm?
Dual 8Q voice colls ~ Pmax 600W RMS
Blended Keviar™ cone SPL 87.2 dB/1W, Im

All stated parameters independently verified
with the DUMAX™ system by DLC Designs,

“Raw drivers (for the project minded): 12-
inch woofer: best mix of price and
performance for subwoofer projects.
These guys have long. clean stroke: Avatar
Shiva...”

- Tom Nousaine, “The $ensible Sound”,

Avatar Audio camies a broad range of complete
systems, custom drivers, fully engineered speaker kits,
and other specialty items.

For more information on Shiva or our other fine
products, please contact us at:

www.avataraudio.com
PHONE: 206-595-3524
FAX: 800-437-2613 or 630-839-6192

== s ]
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PHOTO 1: | siliconed the baltic birch to the PVC, which 1 left
unglued. The PVC is very inert.

PHOTO 2: Crossover with upgraded MIT caps.



PARTS.

“I Built It
S L neow [ yself!"

By using technology previously only available to high end speaker
manufacturers, we are able to offer audiophile speaker
cabinets at reasonable prices. Now you can build an
audiophile quality speaker system without expensive
woodworking tools or hours of labor. We have developed a
series of cabinets designed by audiophiles and computer
manufactured. The cabinets are made of 1" MDF (medium
density fiberboard) to reduce cabinet resonance and
coloration. They are precision milled with a CNC router to
incredible exacting tolerances. Dado and slot joinery are
used throughout to provide incredible strength. Internal
braces reduce unwanted cabinet resonances. All you have to do
is assemble, glue, and finish to your liking.

Blank Baffles: The cabinets come with pre-cut baffles for

standard drivers. Blank baffles are available for you to rout
yourself for flush mounting or custom drivers.

Step 1

Assemble cabinet on your workbench
and pre-drill and countersink screw
holes. Modifiy driver holes if
necessary at this time.

Step 2

Brush Paolyurethane glue (available at
most home centers) on both sides of
all joints. Assemble cabinet (clamp if
possible) and install screws.

Step 3

Fill screw holes with putty let dry
and sand. Apply your veneer or
laminate.

Step 4

Varnish or paint cabinet ta your liking.
Install crossover, rear

terminals and drivers.

.75 Cu. Ft. Dual Woofer Cabinet

.25 Cu. Ft. Bookshelf Cabinet

Reminiscent of the classic British mini-menitor, this
cabinet is well suited as a compact 2-way audiophile
system or home theatre setup. .25 cu. ft. internal
volume. Incluges 1" Dado brace. 1" Front Batfle is
pre- cut to accept most 5 - 6 in. mid/woofs and
tweeters. 100% 1" MDF Construction. Internal
dimensions: 5" W x 12-3/4" H x 7* D ®External: 7*
W x 13-3/4" H x 9* D ®Woofer hole: 4-5/8"
®Tweeter hole: 3 ®Net weight: 12 Ibs.

#300-704 ..........cccceevercvveveen.. $34.50
#300-703 (Blank Batfle, 1° MDF)

EACH
$3.95,,_,

.55 Cu. Ft. Cabinet

This is the perfect cabinet for any single 6-1/2"
woofer and 5-1/4" single or dual woofer arrange-
ment. .55 cu. ft. internal volume including 1* MDF
Dado brace. 1" front baffle pre-cut to accept
6-1/2" woofer and tweeter. Internal dimensions:
6-1/4" W x 15-1/2" H x 10" D ®External dimen-
sions:8-1/4"W x 17-1/2" H x 12" D eWoofer hole:
5-5/8" ®Tweeter hole: 3" ®Net weight: 20 Ibs.

#300-708.............cceevereueenenn. $46.80
#300-707 (Blank Baffle, 1° MDF) ...

EACH
$5.95,, .

&
Note: All of our MDF cabinets are &
shipped “knocked down’ ready to G b
assemble. They include detailed .. v
assembly instructions and \ & Lo
finishing recommendations. \/’

TO ORDER
CALL TOLL FREE

KEY CODE: SBM

1-800-338-0531

Build the popular D'Appolito style dual woofer speaker system.
The front baffle is pre-cut to accept two 5-6" mid/woofs and one
tweeter. Popular tall European style cabinet with twa internal
braces to help eliminate unwanted panel! resonance. .75 cu. k.
internal volume including 1* braces. Internal dimensions: 6-1/4"
W x 21-3/4" H x 10" D #External dimensions: 8-1/4" W x 23-3/
4" H x 12" D #Woofer holes: 4-5/8" ®Tweeter hole: 3* ®Net
weight: 26 Ibs.

#300-714 .......ccoeerrreiccnerereenen.. $59.80

EACH
#300-713 (Blank Baffle, 1* MDF) .

EACH

1 Cu. Ft. Esoteric Speaker Cabinet

When completed, this cabinet will rival audiophile systems costing
thousands! Designed to accept dual 6-%/2" mid/woofs and a cen-
ter tweeter in a D'Appolito configuration, or buy the optional blank
front baffle to design your own system. Two internal braces to help
eliminate unwanted cabinet resonance. Internal dimensions: 6-1/
4" W x 21-3/4" H x 13-3/4" D ®External dimensions:

8-1/4" W x 23-3/4" H x 15-3/4" D ®Woofer holes: 5-5/8" ®Tweeter
holes: 3" ®Net weight: 31 Ibs.

#300-718 ......c.cceeececrrecnnrerenenenenn. $69.50
#300-713 (Blank Baffle, 1* NIDF)

3 Cu. Ft. Subwoofer Cabinet

Finally, a high quality, high per-
formance MDF subwoofer cabinet at an afford-

able price. This cabinet utilizes 3/4” MDF (me-
dium density fiberboard) not particle board. MDF
has far superior sound deadening characteristics
than particle board, plywood, or OSB. 3 cu. ft. cabi-
net is perfect for 10*-15" subwoofers. Internal Dado
brace to reduce cabinet resonance. Inside dimen-
sions: 16-1/2" W x 14-1/4" H x 22-1/2" D ¢Qutside
dimensions: 18" W x 15-3/4" H x 24" D ®Woofer hole:
11-1/8" ®Net weight: 43 Ibs.

#300-728 .......cccovvvrrenrinirnenncen.. $89.95

EACH
$7.95

EACH

EACH

725 Pleasant Valley Dr.,

pringbora, OH 45066-1158
Phone: 513/743-3000 ¢ FAX: 513/743-1677
E-Mail: sales@partsexpress.com
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Twenty Years and More...

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

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

-« v

Integra Push-Pull Double Magnet

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

Standard Hexatech
Voice Coil Voice Coil

Morel
Voice Coil

-— ]
Standard Typical double magnet ducted woofer.
Voice Coil

For further information please contact:

morel acoustics usa,inc.
414 Harvard Street
Brookline, MA 02446 USA
Tel: ++617-277-6663
o5 5 A TR more Fax: ++ 617-277-2415

J ouble magnet tweeter E-mail: sales@ morelusa.com
Website: www.morelusa.com

Product Distribution Center
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