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Don’t be stupid!

Highest quality sound from the front of your speaker project requires
high quality signal to the back of your speakers. Be smarter, use WBT!

Binding Posts (crimp technique)

Ew ! WBT-0701 Topline each $50.00
N 58mm / 2.285" WBT-0701-KIT 2 m 1 Torx™ key, boxed kit 31 04.00

- S
-

If you have this much room (20mm) for performance...buy it!

400 amperes continuous current. The ultimate pole terminal for demanding applications.
Robust design with special elements and features. Patented clamping mechanism for high
compression connection of spade connectors and crimped wire ends up to 16mm?2 (6AWG).
Patented collet chucking device for banana plugs. New milled groove on both sides of
compression plates for high-strength connection of spades. Includes built-in insulation.
Color code: red or white. Can also be soldered.

WBT-0730 Topline each $30.00

WBT-0730-KIT 4 posts, 2 spacer blocks, 1 Torx™key, boxed kit $126.00
200 amperes continuous current. Patented clamping mechanism for high compression
connection of spade connectors and crimped wire ends up to 10mm2 (8AWG). Accepts
4mm banana. Color code: red or white.

Satety Lo

WBT-0735 Topline each $35.00
Highest performance, safety, quality. A bit more and worth it!
Fully insulated safety version of WBT-0730.

Conductor size

WBT Crimp sleeves mm?* AWG each WBT Crimp sleeves Conductor size
TN ,
WBT-0430 05  #20 $0.50 with insulated collar mm* AWG each
WBT-0431 JU— 075  #19 $0.50 WBT-0441 |l 15  #16 $1.00
WBT-0432 — 1.0 #17  $0.50 WBT-0442 s 25  #14  $1.00
WBT-0433 e —— 1.5 #16 $0.50 WBT-0443 h 4.0 #12 $1.00
WBT-0434 |l 25 #14 $0.50
WET-0435 i a0 O $0.75 WBT-0444 h 6.0  #10 $1.50
WBT-0436 — SR AR WBT-0445 h 100  #8  $1.50
WBT-0437 | 100  #8  $0.75
WBT-0438 [y 160  #6  $1.00  WBT-0446 h AN A
Binding Posts (solder technique)
51mm/2.0" WBT-0744 Midline each $17.50

- I Single pole terminal suitable for 200 amperes continuous current. Patented clamping
mechanism, for high compression connection of spade connectors and crimped wire ends
up to 6mm2 (10AWG). Accepts 4mm banana plug. Color code: red, white or black

WBT-0745 Midline @ each $20.00

Very popular for upgrades!
- Fully insulated safety version of WBT-0744.




Part A Insulating shoulder washer, fits to the body of the binding post, and can be positioned at 90° increments.

The “key”, which is visible, fits in a corresponding keyed hole in the panel. Mounting hole
Part B Insulating lock washer is placed on the inside of the panel. The binding post nut tightens directly on this dimensions

washer completing the assembly.

Part C Insulating cup washer is placed on the inside of the panel. This washer has a cavity that fits over the | |
shoulder and “key” of part A. The binding post nut tightens directly on this washer completing the assembly. ——
A+B for panel thickness from 2 - 6mm 7.75mm [
A+C for panel thickness from 0.1 - 3mm w r

- - |

Ali binding posts are priced with washer set A + B.
Set A + C may be substituted for A + B at time of order.
May be deleted at time of order if not required.

Available in the colors
white, red or black

WBT-0721 PCB adapter block
Fastens to circuit board with included bolt and
lock washer. Mounts herizontally or vertically.
Torx™ screw fastens jumper wire terminated with
crimp sleeve. Other end of jumper wire connects
to binding post.

WBT-0799 safety stick
Included with all [EEIEGAALLY binding posts.

Specially shaped plastic peg, inserts in banana
plug hole in binding post, required to
accomplish CE safety conformity.

May be deleted at time of order if not required.

WBT spacer block (19mm spacing)
Fits all binding posts except WBT-0701.
3/4" plastic insulating spacer block.

Color code: red or white

WBT-0716 thick panel mounting kit
Kit includes a gold-plated brass exterior bracket(1),
and a plastic interior bracket(2).

WBT-0717 holding tool (not illustrated)

Use when mounting binding posts in the WBT-0716. Snaps
into the two posts, holds them in alignment and

prevents the posts from rotating while tightening the nuts.

WBT-0403 Crimping pliers
Crimping pliers with special multiple spike jaw. The only tool designed to crimp all WBT crimp
sleeves. Gold-plating protects against corrosion. Comfortable, plastic-coated grip.

Associated parts

WBT-0488 Single Torx™ key (T6) $4.00

wBT-0716 Thick panel mounting kit $16.00

wBT-0717 Holding tool $12.00

WBT-0721 PCB adapter block (works w/crimped cable ends) $8.00

WBT-0799 Safety stick $0.50 WBT-0488 Torx™ key
PartA +B 2-6mm panel $1.50 T-6 size fits all WBT parts.
PartA+C 0.1-3mm panel $1.50

WBT - spacer block two pole spacer block $2.00

WBT-0403 Crimping pliers. $90.00

WBT silver solder
Highest quality solder with 4% fine silver content. The halogen-free flux is gentle on precious metal
surfaces, the melting temperature (178/180°C) is extremely low.

wBT-0800 small spool 0.9mm Dia. Weight 42 grams $14.00 each
wBT-0820 medium spool 0.8mm Dia. Weight 250 grams $41.00 each
WBT-0840 large spool 1.2mm Dia. Weight 500 grams $74.00 each
Tﬂ\ K )y ‘ In 1985, WBT developed the first RCA type plug machined from a single piece of metal,
/ % it also featured an adjustable locking mechanism. Since 1985 WBT has continued to refine
‘ v ,\ " the art and science of connection. From a single idea has developed an impressive array
| ! &{m H of audio connectors. Today, WBT is known worldwide for the best connectors in the industry.
¢ of conx
The or f oo Great Web Ste!

WBT-USA - 2752 South 1900 West - Ogden Utah 84401 - 801-621-1500 - Fax 801-627-6980 - ‘www.wbtusa.com
All products made in Germany! Dealer inquiries welcome! OEM quantity prices available!
12 page color catalog available, including tools, binding posts, RCA type connectors and more.
Reader Service #65



About This Issue

When the occasion calls for a small-sized speaker., it doesn't mean that the quality of
the system should suffer. Jim Moriyasu’s compact design features Vifa drivers in a
stepped-baffle arrangement. He provides plenty of construction details and measure-
ments to demonstrate how good things can come in small packages (A Vifa Compact
2-Way,” p. 8).

Transmission-line fans will enjoy A. Monk's seri¢s beginning in this issue. as he at-
tempts to sct the record straight regarding the performance of these labyrinthine de-
signs. Part 1 explores the characteristics and history of the development of these low-
resonant enclosure designs (“Transmission Lines: The Real Story.” p. 20).

Do you sometimes have a tendency to complicate the art of speaker building? Lester
Mertz shows you how to keep things simple without sacrificing the quality you desire
('High-Quality Two-Way Design,” p. 30).

In the first of a three-part series. Mark Wheeler stresses some fundamental pre-
cepts that we often tend to overlook ("Navigating Speaker Design: Defining the Prob-
lem,” p. 38).

Charles Hansen is 2 pro in the field of clectrical engineering, but untried as a speak-
er builder. So it is with no small amount of pride that he relates his successful restoration
of a pair of old Lafayette Radio Criterion two-way loudspeakers. He chooses the drivers
and crossover offered from Madisound, and, in the process, establishes a new set of Cri-
teria (“Reviving an Old Criterion,” p. 42).

We are pleased to announce that Charles Hansen is also finishing up a book entitled
The oy of Audio Electronics. The critical role this book may play in our industry's future
is discussed in the editorial on p. 7.

Readers should also be aware that noted S8 author Bill Fitzmaurice has recently
compiled his most popular speaker designs in a book entitled Lowdspeakers for Musi-
cians. It includes ten projects to help you get better sound from musical performances
(see p. 40).

For the DIYer, North Creek Music Systems offers a speaker kit that promises high-end
performance. Daniel R. Smith tackles this as his first speaker-kit project and finds the
results with the Rhythm Revelator are well worth the effort ('Kit Review.” p. 52).
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with BassBox Pro

State-of-the-art loudspeaker enclosure
design software that is easy to use and
has many professional-strength features.

with Xegver Pro

Versatile passive network design soft-
ware for crossovers, filters, impedance
EQ and L-pads with DCR/ESR estimator.

SOFTWARE
V2K vy

* Easy-to-use Design Wizard.

« Includes database with specs
for thousands of drivers.

* Box types: closed, vented, B6
vented, bandpass and PR.

* Import data from CLIO, IMP,
LMS, Smaart, MLSSA & TEF.

« Nine performance graphs.

BassBox 6 Pro: s I 29'00‘ *Plus shipping & handling
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* Plot vent “pipe” resonance.
+ Create box drawings with
dimensions & parts lists.
* Driver test procedure.
* Include passive
network response.
* Handles multi-driver
& isobaric designs.

SAVE SAVE

Buy

Both include
illustrated
manuals

Designed for
Windows
95/98

BassBox
and Xeover
for $199° and

[_]x] save $29!

For more
information visit
us on the internet at
www.ht-audio.com
or contact us
below.

Major Credit Call for a free

Cards Accepted 4-page brochure

ARISTECH

Harris Technologies, Inc
Post Office Box 622
Edwardsburg, M1 49112-0622 U.S.A

Tel: 616-641-5924

Fax: 616-641-5738 « Email: sales@ht-audio.com

1999 by Hainis Technologies. Inc. Al ighs reserved worldwide. BassBox 15 8 Irademark of Harris Tech. Other irademarks balong 1o their respective compames. Hartis Tech reserves the right 1o make changes without nofice

Al P [ 15 5%
me—mdno—w—m

Wot mekzed Ampiltude Response (0B SPLMz)

* Design 2 & 3-way passive
crossover networks,
fitters and L-pads.

* 1st, 2nd, 3rd, 4th-orders.

* Impedance equalization.

* Includes database w/ specs
for thousands of drivers.

* Four performance graphs.

« Print schematics and
component lists.

* Graphs can include
box response.

* Estimate ESR: & DCR.

« Parallel-series vaiue
calculator.

« Color code decoder.

*
X-over 3 Pro: s 99'00 *Plus shipping & handling
Reader Service #3




| amplifiers designed in conjunction with the drivers. All Contour speakers are  Speakers, mic-ophones, cabinets, tools, ,:3«
housed in solidiy-built MDF cabinets clad in matched-grain furniture-grade kits, and much more. Mouser Electronics, “#%
wood veneers. Inside the cabinets, each driver has its own separate enclosure, 958 No. Main. Mansfield, TX 76063-

operation. No skill required, and if you forget, instructions are included.
With a 20-hour battery life, light weight, small size, and the ability to
accept extension cables, the meter is perfect for general survey worx,
HVAC measurements, and more, according to the company. Scantek,
Inc., 916 Gist Ave., Sitver Spring, MD 20910, (301) 495-7738, FAX

2 MIKE PREAMP
The MP-200 from AudioControl is a
two-channel measurement microphone
preamplifier that features switchable input
gain, variable output pink-noise generator,
94dB acoustic SPL reference light for calibrating
computer programs and other level meters, a calibrated
microphone, and 3m mike cable. This compact (5” x
6.75” x 1.25”) preamp comes in a steel chassis for field
reliability, and may be powered by a 9V-battery for over 12
hours or by an AC adapter. AudioContro! Industrial, 22410
70" Avenue West, Mountlake Terrace, WA 98043,
(425) 775-8461, FAX (425) 778-3166.
Reader Service #135

B MAC SOFTWARE
True Audio released the latest
version of its loudspeaker enclosure
design software for the McIntosh
C MCFEELY CATALOG | computer. Version 3.5 has been completely
McFeely's latest catalog includes an rewritien, wtile at the same time retainmg the user interface familiar to
assortment of screwdrivers, drill bits, loudspeaker designers who have used the previous version. The program
cabinet-making clamps, measuring and includes a liorary of over 1000 lougispeaker drivers from various mnufacturers.
marking tools, saw blades, and more. You| may choose any of these ervers and work an fany of 18 czlﬁerer:t
) : enclosure tyoes to create a speaker system targeted for a specific application.
oA e by Tiue Audio, 387 Ducan Lane, Andersonvi, TN 37705, (423) 494-3386,

VA 24506-1 169. (800) 443_7937’ Website www.trueaudio.com.

FAX (800) 847-7136. Reader Service #136
B SONANCE SPEAKERS reproduction. You may paint the
g Sonance introduced the Mariner system to color-match surroundings. |
MISOURC-LEVEL METER H, 0 indoor/outdoor speaker. it
FOR DUMMIES 2

features a wea:her-resistant cabinet  Also from the company is the MC

Tt cogl e and components to ensure long life,  center-channel speaker. It features

NA-26 from Rion. The

. and includes two 5%4” woofers two magnetically-shielded 5%”
Mhaftedn gzt:genga;s Logv(a?ch made of magnetically-shielded polypropylene woofers that reproduce
Sl hediatel af¥er fliniod gvith ol threegke y g polyprepylene cones with rubber the full impact of Dolby Digital™ and
Y y 4 surrounds, which are placed DTS soundtracks, handles 100W of |

between a 1” magneticaliy-shielded ~ power and has a 90dB efficiency.
cloth dome tweeter. It also includes Sonance, 961 Calle Negocio, San
an integral “C” bracket that provides  Clemente, CA 92673, (714) 492-
flexible pole mounting capability so 7777, FAX (714) 366-6468, Website

p ; the speakers can be ideally Www.sonance.com. 1
ERE TS TR SC;Q;%Z? Se;?:/si;:ceo’rg,a\g\/ebsne L U positioned for dynamic sound Reader Service #137 ‘
M LINES FROM DYNAUDIO
Dynaudio’s current fine of loudspeakers fall into three separate ranges:
Audience, Contour, and the “statement” line, consisting of the Confidence 3,
Confidence 5, Consequence, and Evidence. Each Audience cabinet is 2 MOUSER CATALOG |
constructed from rigidly-braced MDF, and features a 28mm soft-dome tweeter. In Mouser™'s #599 catalog,
This line’s two subwooters employ Dynaudio drivers with internal 90W you'll find an array of wire and cable,

creating “boxes within the box.” This line features the company’s Magnaflux- 4827, (800) 346-6873, E-mail ‘
cooled and damped soft-dome tweeter. The woofers feature double magnet sales@mouser.com. Website ¢
systems, die-cast baskets, long-throw progressive spiders, aluminum voice Www.maeuser.com.

coils, and five-duct cooling systems. The Cenfidence 3 and 5, Consequence,
and Evidence were designed using Dynaudio’s standard-setting Aroiter
electronics. This line represents 20+ years of loudspeaker manufacturing
experience. Dynaudio, Website www.dynaudiona.com.
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Editorial

A SMALL STEP FOR ENGINEERING

I HOPE YOU WILL INDULGE the pub-
lisher of this periodical if I interrupt the
flow of useful material usually appearing
in this space for a personal anecdote or
two and an invitation. Having discovered
the blandishments of classical music and
at the same time being a nearly penniless
student, I had to find ways to listen to
FM broadcasts and play the few LPs |
was able to afford through equipment
which was better than the typical con-
sole or table top radio.

The kit offerings of Heath Co. were
cheap and promised superior sound. My
first foray into kit building was in 1952,
assembling a 7%’ 6VG6 push-pull integrat-
ed amp with volume, treble, and bass
controls. Assembly took place on my
landlady’s kitchen table, on a board that
could be put in the pantry during meal-
times.

Thanks to Heath’s remarkable assem-
bly manual, I was successful in my first
brush with electronic assembly—know-
ing nothing whatever about volts, am-
peres, resistance, and certainly pot
Ohm's law. The sense of achievement
and pleasure was, however, indelible.
That pride of accomplishment, and the
sense of beginning an unlimited adven-
ture, was just the first incident in almost
a half century of fascination with elec-
tronics, audio, and music.

As the years passed, I graduated to
schematics, tools, instruments, measure-
ments, and scratch building all manner
of devices. But it all started with that ini-
tial excitement and the incomparable
sense of achievement which comes from
building with your two hands and having
the device work as advertised.

That initial spark leading into a life-
long interest in electronics, and audio as
a special flavor of it, is, I have discov-
ered, one that I share with a very large
group of engineers, technicians, and en-
thusiasts like myself. I have asked the
question hundreds of times: “How did
you get started in audio?” Almost invari-
ably building some kind of kit project
was the catalyst.

Dynaudio, that highly sophisticated

Danish firm which manufactures some
of the world’s most impressive speakers,
offers a series of six do-it-yourself speak-

er designs without ever making much, if

any, money from them. When I asked
why, the director of engineering ex
plained that Dynaudio had discovered
that its worldwide OEM customers had,
almost without exception, entered the
loudspeaker manufacturing business be-
cause of a childhood enthusiasm for
building loudspeakers.

For a long time I have hoped to pro-
duce a guide for rank beginners like my
younger self. I am glad to report that [
have found the author for the task. We
are in the final stages of preparing a re-
markable introduction to hands-on audio
electronics. The author has 27 years as a
professional engincer for a very large
U.S. electronics firm, AlliedSignal.
Charles Hansen has been patient with
me in writing The Joy of Audio Electron-
ics. He was thinking of beginning the
book with Georg Ohm’s formula when 1
rudely intervened and turned his pro-
posed outline on its head, as it were.

The book begins with a small, simple
project of assembling a passive loud-
speaker overload indicator. Chuck takes
the reader through the project leaving
nothing whatever to chance. In the sec-
ond chapter, another more complex
powered project is presented, and the
reader learns how not only to build the
gadget, but also to put it into a neat box.

The third chapter talks generally about
electronics, how to test and measure
projects, safety issues, and the kinds of
tools and instruments the hobbyist will
need. Chapter four is all about a place to
work, from the simplest to the ideal
shop. Chuck discusses construction,
safety, and, best of all, how to keep good
records and organize both the bench and
the information.

Chapter five is a comprehensive direc-
tory of where to find everything the hob-
byist might need to build almost any-
thing electronic: tools, parts, instru-
ments, and design information. It is full
of web references, and will be regularly

updated on this company’s web site. Fi-
nally, in chapter six Chuck gets to talk
about electronic and audio theory with a ‘
general outline pointing to further |
growth and development.

The Joy of Audio Electronics is a fool-
proof, fail-safe guide into the pleasures of '
hands-on e¢lectronic construction. We ‘
have high hopes for it in a time when
the number of young people going into
engineering is shrinking by 5% per year.
The shortages throughout the industry |
are alarming, ‘

I hope each one of you who reads this |
periodical will give some thought to find- '
ing a young acquaintance who might be
mentored, with your help, toward the |
pleasures of discovering the exciting
world of electronics. If those of us who
know and love the joys of pursuing bet-
ter sound are not the people to recruit
our successors, then who is?

Audio is almost the ideal portal into
electronics since it is not only often sim-
ple enough to be grasped easily, but it
has the double reward of being an inter-
esting craft as well as producing pleasur-
able music. It will be the rare young per-
son who is not interested in some form
of reproduced music. The idea of learn-
ing to make the means of producing it
should have its own attraction, present-
ed by an enthusiast like yourself.

Priced at $19.95 and including a cir-
cuit card, this book sets a gold standard
for the art of electronic construction
which I have never seen equaled and of-
fers a source directory which will be
valuable to any experimenter. I believe it
will be the rare audio enthusiast who
builds his or her own who will not learn
something from Chuck Hansen’'s remark-
able book.

I welcome your comments on and
reactions to The Joy of Audio Electronics
and about our cause. I believe the book
is an important key to a solution for a
serious problem, but also a gate for many
lucky individuals to a lifetime of deep sat-
isfactions. I hope you will consider it and
the idea of using it to introduce a new-
comer to audio electronics—E.T.D. %

Speaker Builder 6/99 7



This two-way speaker may be small, but it packs plenty of punch and features a Vifa mid-

bass and tweeter in a stepped-baffle design.

A Uifa Gompact 2-Way

By Jim Moriyasu

designed these speakers for a

friend from New Zealand, so

they needed to be relatively

small to be included as part of
his luggage. Envisaging a compact sys-
tem, I decided to go with the venera-
ble Vifa P17WJ-08 6%%” poly-cone mid-
bass and the Vifa D25AG35 1”7 alu-
minum dome tweeter. While it was
tempting to try the newer Vifa MW18
or the Peerless CSC drivers, their
greater cost deterred me. I could have
used other tweeters, but I happened
to have a pair of the D25AG35s avail-
able from another project. I chose a
Woodstyle WS802 cabinet, which has
a volume of .41ft3, and ordered it
from Madisound.

BASS ALIGNMENT SIMULATIONS
I used LinearX’s Loudspeaker Enclo-
sure Analysis Program (LEAP) for sim-
ulations and crossover design. LEAP
simulations suggested that a box tuning
at 5S0Hz would generate bass response
down to 55Hz—pretty good considering
the size of the cabinet. I considered box
tunings at 45Hz and 55Hz, but they were
less flat than the 50Hz tuning (Fig. ).
Figure 2 shows the 50Hz tuned box
at higher power levels of 4, 16, and
32W. Figure 3 shows the simulated ex-
cursion with the driver’s cone reaching
its X, of 4mm + 15%, or 4.6mm at
32W. So, based on the simulation, this

ABOUT THE AUTHOR
oriyas S been an avid speaker enthusiast
Despite a BS in
a financial advist

tanley Dean Witter ]
> has been using LEAP and LMS for the p.
ye d LAUD since last summer. He lives in
Kula, Hawaii
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box alignment and driver should be
able to produce 99dB at 1m and
have acceptable harmonic distor-
tion! as long as there are no signifi-
cant amounts of program material
below 40Hz. At 4m, this corre-
sponds to 87dB, and a pair would
do another 6dB combined, or 93dB,
which would be relatively loud in a
modest-sized living room. Figure 4
displays the impedance curve at the
higher levels, showing that the 2”
port becomes less effective at 16
and 32W.

CONSTRUCTION DETAILS

The WS802 cabinets, 16”"H x 10”"W
x 8”D, are made from %" chipboard
covered with oak veneer. You can
order them with a clear or black fin-
ish. The cabinet corners are fitted
with solid oak and have a 34” radius,
as does the grille frame. Overall, the

PHOTO 1: Finished JM-2/vf speaker with cabinets are attractive, well built, and
gri"e removed’ showing stepped "top" niCCly ﬁnished. Madisound sells them
baffle, felt ring around tweeter, and off- for $96 a pair, and even with shipping

center driver positioning. by air to Hawaii, the time they saved me
TABLE 1
PARTS LIST
2 Vifa P17WJ, midbass, Meniscus Crossover parts (from Meniscus)
2 Vifa D25AG35, tweeter, Meniscus 2 L1,3.0mH, 16 ga., 212, 500W, Quantum Super
2 Woodstyle WS802, .41ft3 cabinet, clear finish, Ferrite
from Madisound 2 C1,15uF, 250V, 5%, Solen
2  GBcup, input panel, Madisound 2 C2,82uF, 250V, 5%, Solen
2 frim ring, 2”, Meniscus 2 L2, .5mH, 16 ga., 23Q2, 500W, Air core
2 tweeter felt ring, Meniscus 4 R1,10Q, 10W, 2%, Lynx
1 sheet of 1” open-cell foam for damping, hard- 2 (C8,2.0uF, 250V, 5%, Solen
ware store
1 271D black ABS plumbing pipe (usually 8 feet Measurement equipment and CAD software
long), hardware store LAUD—Liberty Audio Suite
24  #6 x 34" black screws, Meniscus LEAP—Loudspeaker Enclosure Analysis Program
1 roll of foam weatherstripping tape, Meniscus LMS—Loudspeaker Measurement System
1 8feetof 16 gauge wire, red/black jacket, Parts Vermette Load Jockey 350
Express
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FIGURE 1: Low-frequency simulation of Vifa P17WJ at °'**"
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FIGURE 2: Low-frequency simulation of Vifa P17W)
with 50Hz box tuning at 1, 4, 16, and 32W.

was worth their cost. They come
packed as a pair, and are double-boxed
for safety. Although the front baffle is
blank, the back of the cabinet is precut
for a Madisound GB cup that you can
order, and the latter comes with gold-
plated five-way binding posts.
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FIGURE 5: Driver and port placement details.
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FIGURE 3: Simulation of driver-excursion curves for Fig. 2.
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FIGURE 4: Simulation of impedance curves for Fig. 2.

They also come fitted with a grille that
attaches with male/female connectors.
This is made from %” medium-density
fiberboard (MDF), so it can cause quite a
problem with diffraction. To eliminate
this, I decided to add a %" MDF piece to
the front baffle that would sit just inside

the grille frame
and be flush with
the grille fabric.
Mounting the driv-
ers flush with this
“top” baffle mini-
mized if not elimi-
nated diffraction
from the grilles.
The grilles are
cut from a single
piece, forming a
1-1%" frame that
remains after you
make a cutout.
The hole, howev-
er, is not rectangu-
lar, but has round-
ed corners, and

there is a bulge for the woofer, so deter-
mining the correct baffle size is a prob-
lem. My solution was to lay the grille
with its fabric side down on top of alu-
minum foil and trace the outline of the
inside of the grille frame on the foil with
the rounded edge of a paper clip.

Using paper glue, I then attached the
foil to a piece of cardboard, and band-
sawed away the excess. I then used the
foil/cardboard template to draw an out-
line of the inside of the grille on a piece
of %" MDF and cut it out on a bandsaw.
I used a sanding block and file to
smooth out the “top” baffle, and then
test-fitted it to make sure the grille
would fit around it.

I determined the driver locations by
positioning them around the front baffle
so that they were not equidistant from
any edges. The tweeter is located 5”
from the top of the cabinet, 4” from one
side, and 6” from the other. The woofer,
because its size afforded less “wiggle”
room, is 5%” from the bottom, 4%"” from
one edge, and 5%” from the other. Since

Speaker Builder 6/99 9



the driver locations
are asymmetrical, I po-
sitioned them so that
one speaker has the
drivers to the left of
center and the other
has them to the right
(Fig. 5A4).

When you start lay-

]

I drilled a 534" hole
for the woofer and a
33%/42” hole for the
tweeter in the top baf-
fle. Then, since the
drivers must sit flush
or just below the grille
cloth, I rabbeted out
%" wide ledges with a

ing out the holes for
cutting, make sure C £ i
you orient the speaker
properly, meaning

that the output hole is
toward the bottom of

the speaker. That’s be-

cause you will install

the port in the top

part of the rear panel.

CUTTING THE HOLES Glurdly
Since the top baffle :
overlies the front one,

I first cut holes in the

front baffle. I cut a 3”

hole for the tweeter,

which is very close in

size to the tweeter

can. However, so as to

avoid “loading” the

woofer, I cut a 64"

hole, which is larger than the woofer
hole, in the top baffle. I also cut a 23"
hole for the port in the back panel of
the speaker, 4” from the top of the
cabinet and equidistant from the sides.

I did all this cutting with a fly cutter
on a 16” drill press (Fig. 5B).

Before attaching the top baffle, I
laid it down over the front baffle and
positioned holes for six 12" x 8”
wood screws. I countersank the holes
so the screw heads would sit flush.
It’s a good idea to position the drivers
so that these screw holes are not too
close to them. Glue the top baffle
into place first; then use screws to se-
cure it.

I roughed up the gluing area on the
front baffle with some 125-grit sand-
paper, then applied a layer of glue. I
positioned the top baffle, and then
placed the grille frame into its fasten-
ers to make sure the baffle was prop-
erly aligned. Since the glue doesn’t
provide the holding power in this sit-
uation, but is used simply to align the
two baffles, you need only a small
amount. Use enough so that air can't es-
cape from around the driver holes, but
make sure the glue doesn’t slop over the
side onto the grille frames. After the glue
dries, secure the top baffle with the six
wood screws.

10 Speaker Builder 6/99

hand-held router fitted
with a 2" rabbeting
bit. Determining the

o proper depth, howev-
32 er, took some figuring,
since the woofer has a
316”-thick surround
that protrudes above
the frame.

To measure the
surround with the
woofer cone fully ex-
tended, I hooked up
the woofer to a cou-
ple of AA batteries. It
has a 4mm X ., and
allowing for an extra
couple of millimeters,
I assumed that V4",
which is close to
6mm, would be ade-

PHOTO 3: JM-2/vf speaker
“walks the plank.”

quate clearance. Because the driver
frame is Y4 thick, I routed a %e"-deep
rabbet for the woofer. The tweeter also
has a 36" faceplate that protrudes %", so
I routed out a %s” rabbet. To finish off
the woofer, I took a %” rounding bit to
give the hole a nicer look, although 1

don’t think it has much impact on dif-
fraction.

Finally, I masked off the front and top
baffle with newspaper and duct tape
and spray-painted them with flat black
paint. Make sure you press the tape
tight; otherwise, paint will leak onto the
cabinet sides.

PORT INSTALLATION
The ports are made of 2” ABS pipe, com-
monly used for drain pipes in plumbing
applications, and usually available in
hardware stores. 1 prefer it to PVC be-
cause it is black. I cut the ports to 5%¢”
in length, which should tune the box to
50Hz. After cutting the ports, I cleaned
up the ends with some 120-grit sandpa-
per lying flat on the shop table. To
smooth the inside rims, I used a sanding
drum on a drill press to put a very slight
bevel on the side that meets the exterior
of the cabinet. I radiused the inside rim
as best as I could. I used a wooden mallet
to pound the ports into the cabinet, and
then added trim rings, ordered from
Meniscus, for a finishing touch, secured
with a little Super glue.
Finally, I damped the inside of the cab-
inet by installing 1” open-cell foam,
which is available at hardware stores. 1
purchased mine from Eagle for about
$12 fora 3’ x 12’ piece.

INSTALLING THE DRIVERS

I prepared the tweeter by trimming
the felt rings to fit the flange. They are
just a little larger in diameter than the
driver’s flange. Since the felt has a self-
adhesive backing, I attached it after in-
stalling the driver, and I placed %s” x
%" open-cell vinyl weather-stripping
tape along the inside of the back of the
tweeter’s mounting plate. I then
checked the tweeter’s terminals with a
AA battery to make sure I had the right
polarity. If the driver moves outward
when connected to the positive end of
the battery, then you have the positive
terminal for the driver.

To the tweeter, I soldered 16-gauge
wire that has red and black plastic
jacketing. Then, after drilling pilot
holes with a %4” bit, I installed the
tweeter with four 6 x 34" screws.
When the tweeter was in place, |

attached the felt ring. I confirmed the
positive terminal of the woofer, sol-
dered 16-gauge wire to the correct ter-
minals, and then attached the woofer
with four 6 x %4” screws. [ waited to
weather-strip the woofer until I had in-
stalled the crossover. Photo 1 shows the
finished speaker.
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The Parts Connection - Audio Definitive

Get your copy of the Definitive Parts Source ’
The Parts Connection Catalog %o

VOLUME 4 & BREADBOARD SUPPLEMENT

The Parts Connection’s Catalog - Volume 4 & BreadBoard “Clearance”
Supplement are here, packed with our regular selection of high quality
component parts, tubes, wire and cable, connectors, audio books,
capacitors, resistors and more. As well, we have added dozens of new
products and expanded existing product lines on 100+ pages.

You can download a FREE copy of The Parts Connection’s Catalog Vol.
4 & BreadBoard from our Web Site, OR you can order a copy for $5
postage paid, REFUNDABLE with your first order. Call, Write, Fax or
E-Mail us to place your order.

The TPC Catalog Volume 4 features new products from:

Assemblage * Sanyo - Oscon * Nichicon Muse * Blackgate
Jensen ¢ Audio Cap * Exotica Cap * Elna * Valve Art « Western
Electric « AVVT » Tesla * Ei * Etc.

TheBreadBoard

The Parts Connection's FREE Bulletin for

News, Specials, Overstock & Clearance items!

Published Quarterly, this issue features clearance items from Draloric, Roderstein,

Panasonic, Solen, Philips, Siemens, Gold Aero, RAM, Ruby Tubes, Golden Dragon,

Sovtek and many, many more. Nearly 1200 different parts in ali. Prices discounted from
25% to 78%!

Serving Speaker Builders Since 1988.

The Parts Connection has been providing Speaker Builders with the highest quality audiophile parts for
more than 10 years. Below is a small sample of our 1000’s of available products:
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FIGURE 6: Vifa D25AG35 tweeter measured SPL on-axis at 2 LG S

meters with 4W; gated and ground-plane measurement.
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FIGURE 8: Crossover simulation of fourth-order Linkwitz-
Riley with woofer and tweeter crossover at 1.5kHz with
125ps delay of woofer.
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FIGURE 7: Vifa P17W) woofer measured SPL on-axis at 2
meters with 4W; gated and ground-plane measurement.

SPEAKER TESTING

Since the drivers are mounted on a verti-
cal flat baffle, and the sound impulse
starts at the center of the voice coil, the
impulse from the woofer is delayed or
behind the tweeter impulse. Since it is
important to know the amount of delay
for proper crossover modeling, this was
the first measurement I made.

To measure interdriver time delay, I
loaded up Liberty AudioSuite and
clamped the loudspeaker to my shop
bench. Then I measured impulses from
both the tweeter and the woofer from
about 3m on axis with the tweeter. The
difference in the locations of the impulse
peaks was 125ps, which corresponds to
about 15", the distance from the front of
the woofer frame to the top plate that sits
atop the magnet.

Then, using LinearX’s Loudspeaker
Measurement System (LMS) in the gated
mode, I measured the sound-pressure-
level (SPL) response of each driver,
eight feet above the ground on a crank-
up stand, with 4W and from 2m away,
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ie Treq 3@ 100

and with the mi-
crophone on axis
with the tweeter.
This produced a quasianechoic mea-
surement down to 250Hz.

Photo 2 shows the speaker on my
Load Jockey 350, a manual forklift com-
monly used by airconditioner installers.
It has a 350 pound capacity and a lift
range of 3” to 7°. The microphone is
mounted at the end of a 2" x 30” alu-
minum tube fixed to the end of a home-
made stand made from a telescoping ex-
tension pole. My mike stand can extend
from 6’ to 12’ in height. Photo 3 shows
the speaker on a little “plank” to extend
it away from the over-wide forks.

I then took a ground-plane measure-
ment of the woofer from 10Hz to 1kHz.
In this case, I placed both the speaker and
the microphone on the ground and mea-
sured from 2m with 4W. Since the
ground-plane measurement was 6dB
higher than the gated/quasianechoic mea-
surement, I scaled it down to the level of
the gated measurement and spliced it at

4
} 1
EL ix Ns K

B-1529-9

FIGURE 9: Same as Fig. 8, except with woofer crossover at
1.8kHz.

552Hz. These tasks I easily accomplished
in LMS’s process and utilities menu.

DROOPING RESPONSE

Figure 6 is the Vifa D25AG35’s SPL re-
sponse taken at 2m with the grilles on.
The D25 response droops a bit, due in
part to the felt ring and the grille fabric,
which I had found in previous measure-
ments to lower the output by 1-2dB in
the 8-12kHz region. Between 1kHz and
S5kHz, edge-diffraction dips of about
2dB are evident, caused by the grille-
frame edges.

As pointed out by Joe D’Appolito,2 for
rounded edges to be effective in reduc-
ing edge diffraction, the edge radius
must be comparable to a wavelength.
For a %" radius, this corresponds to a fre-
quency of 18kHz. So the “ripple” in the
1kHz-5kHz region is due to the location
of the tweeter, which is 5” from the top
edge, 11”7 from the bottom, 4” from the
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Swans 71 kit

Great news from Swans!

New beautifully cabinets for Swans M1 kits
are available in three finishes: piano black,
solid walnut and resewood veneer.

Totdlly ipresistible!

The Bwans M1 speaket system is & two-way bass-reflex design.
The Yroet bafle is vety narrow/with rounded edges to reduce
cabiret diffraction fdr better gfagty and imaging. The internal
panel ard corner.feinforcgrhent substantially recuce unwanted
cabinet vibrations. A flared portts' mounted on the rear baffle for
smoath transition from the port to cabinet boundaries. This pro-
vides linear bass performance and absence of port noise. The
heavy-duty gold plated binding.posts are mounted directly on
the rear panel to'enable easy cable connection.

The S-inch paper/Keviar cone woofer has a rubber surround,
cast aluminum freme and a magnetically shielded motor system.
This driver ufilizes a central phase plug to avoid air compres-
sion, improving frequency response and dispersion. These key
featufes greatly contribute to the M1’s clear transparent sound
and effortiess dynamic performance.

The :weeter is a high-téch planar isodynamsc design that
employs Neodymium magnets and extremely light Kapton®fiim,
with fiat aluminum conductors

This ynit provides an immediate and precise response to any
transients in._ondinal signal, and gives the M1 an exceptional
abibty fo reveal the-true dynamics of instruments with a complex
high equency spectrum

The grossover is-a.second order Linkwitz-Riley type resulting in
an in-phase connection-of the drive units. The crossover fre-
quency between thetwo driversis 3.3 kHz and only high quali-
ty polypropylené capacitors are.used. Each filter has it's own
dedicated board mounted on a special rubber interface to
reduce vibrations-and microphonic phenomenon. The filter
boards are-spacéd-inside the loudspeaket with the inductors
positioaed at right"angles to-minimize the interaction.

Swans Mi-kit includes:

- 2x F5 paper/Keviar bass-midrange drivers,

- 2x RT1C isodynamic tweeters with sealing gaskets,

- 2x dedicated tweeter crossovers,

- 2x dedicated bass-midrange crossovers,

- two flared-ports,

- two pairs.of hen(&y duty gold plated terminals.

The ¢rawings of the cabinet shown here represent gensral
dimensions required for optimum bass performance. Rounded
corners. are advisable as they improve imaging and clarity.
Actua finish and appearance i$ a matter of personal taste.

Price: $410 delivered without cabinets;
$660 delivered with cabinets.
Warranty 3 years. We accept VISA.

Loudspeaker
with room friendly performance
“...explicit, easy to listen to, effort-

less, seamless and stunning.”
Ernie Fisher

Swans M1 Speaker Systems Review
INNER EAR REPORT

Volume10, #3 1998

SWANS
The step beyond the limits
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SPECIFICATIONS
Frequency response 60Hz-35kHz,=2dB e
(1m,half space) 55Hz-40kHz,-3dB - B J
Sensitivity, IW/1m 86 dB ‘ ;
(100Hz-8kHz averaged) for more info please

Nominal impedance 8 ohms
(7.2 ohms minimum at 250 Hz)

- Call: (905)-889-7876

Power handling 50W nominal,
90W music
Dimensions,HxWxD 310x180x250 mm
ACOUSTIC TECHNOLOGY
Amplifier requirements: INTERNATIONAL INC.

15 WEST PEARCE STREET UNIT 243,
RICHMOND HILL
ONTARIO L4B 1H8 CANADA
Tel: (905)-889-7876  Fax: (905)-880-3653
www.dulcet.com

30W recommended minimum.



B8-1529-10

4

] I

Freq 30 100

s@8 1K Hz SK 19K 40K

B-1529-13
FIGURE 13: Simulated tweeter crossover passive-network
transfer function.
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FIGURE 11: Simulated tweeter SPL and impedance
response with crossover optimized to fourth-order Linkwitz-

Riley target.
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FIGURE 14: Simulated tweeter impedance with and without
crossover network.

%0

by 2 L1
/ 3mH LS2
/ C1 P17WJ
73— e ] 15uF

7@

o

63

4

6

18 Frea 50 1006 Sea 1X Hz

FIGURE 12: Simulated tweeter SPL response with and
without crossover network.

left edge, and 6” from the right. Also,
some of the diffraction is causcd by the
woofer, since the cone creates a cavity.
The tweeter’s response below 450Hz
was “tail corrected” with an LMS utility
to 12dB/octave to remove the jagged re-
sponse of the gating measurement as the
signal falls into the background noise.
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Figure 7 is the P17 woofer’s full-range
response. As I mentioned previously, the
gated measurement was spliced to a
ground-plane measurement at 552Hz. It
shows the overall response and shape of
the measurement to be close to the sim-
ulation; however, the response is about
2dB higher than simulated. Above 2kHz

FIGURE 15: Crossover schematic for Vifa P17WJ wocfer.

the woofer’s response falls off a little
faster than expected, which may be due
to the slight recessing of the driver or a
change in driver paramcters. The P17
measured in Loudspeaker Recipes 13 has
a more extended responsc—out to 7kHz.

Finally, I measured the driver’s imped-
ance with LinearX’s VI box at a 4W level
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FIGURE 16: Simulated woofer SPL and impedance response
with crossover optimized to fourth-order Linkwitz-Riley target.
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FIGURE 18: Simulated woofer crossover passive-network
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FIGURE 17: Simulated woofer SPL response with and

without crossover network.

SK 10K 1e Frew Se

see an s K 18K

B-1529-19
FIGURE 19: Simulated woofer impedance with and without
crossover network.

via the constant-current method. I be-
lieve it's important to measure the driv-
ers at levels that are close to the power
levels at which they will eventually be
played. In that way, the SPL and imped-
ance measurements will correspond to
“real” situations. I have found that below
150Hz, impedance measurements done
at lower power levels with the constant-
voltage method can vary by several ohms
compared to the constant-current method.

Prior to my importing the measure-
ments into LEAP, some additional pro-
cessing of the data was necessary. I made
tail corrections to both the woofer and
the tweeter measurements at the ex-
treme ends of the spectrum to remove
noise that occurs as the signal drops to a
very low level. For the tweeter, | made
the correction at 30kHz and 450Hz; for
the woofer, at 25Hz and 12kHz. Finally,
phase for the response is generated
using the Hilbert transform. All of these
processes are available in LMS.

CROSSOVER DESIGN

I imported the impedance measurements
and the SPL data into LEAP, where I de-
signed and evaluated several crossovers. |
usually choose fourth-order Linkwitz-
Riley crossover slopes for all of their posi-
tive attributes. I chose a 2kHz crossover
point since it is about two octaves above
the tweeter’s 670Hz resonance. Because
the tweeter’s voice coil is damped with
ferrofluid, tweeter excursion was not a
concern. Also, the P17’s response starts
to narrow above 2kHz3, so a crossover at
that point would improve the system’s
dispersion. And since the woofer has
87dB of output at 100Hz, and the tweet-
er starts to fall below 87dB above 15kHz,
I chose 87dB as the target sensitivity for
the crossover optimizations.

My initial tweeter crossover was a
third-order design. (In case you are con-
fused, a third-order electrical filter com-
bined with the tweeter’s second-order
rolloff can be made to optimize to a

fourth- or fifth-order rolloff target.) How-
ever, since I wished to minimize
crossover parts, I tried a 1.5kHz crossover
point, and found I could achieve it with a
second-order crossover.

A quick check of LEAP’s crossover
utility showed that due to the woofer’s
125us delay, a 2dB dip develops at the
crossover point if both the woofer and
tweeter have a 1.5kHz crossover (Fig. 8).
However, by “overlapping” crossover
frequencies, you can lessen the dip with
the tradeoff of having a peak. By raising
the woofer crossover point to 1.8kHz
and leaving the tweeter at 1.5kHz, a 1dB
hump in the response is followed by a
1dB dip (Fig. 9.

So I then designed several second-
order circuits for the tweeter, and opti-
mized their responses to 1.5kHz with
fourth-order Linkwitz-Riley slopes. Simi-
larly, I tested several woofer circuits and
optimized them with a fourth-order
Linkwitz-Riley slope at a cutoff frequen-
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FIGURE 23: Simulated system impedance and phase.
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FIGURE 21: Simulated system SPL response of tweeter and
woofer.

48

measurement.

FIGURE 24: Measured system SPL response and reverse-
polarity SPL response on-axis at 2 meters with 4W; gated
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FIGURE 22: Simulated system SPL response of tweeter and
woofer with electrical polarity to one driver reversed.

cy of 1.8kHz.

Figure 10 is the best and final tweet-
er circuit. C2 and L2 form the high-pass
network. R1 attenuates the response,
while C3 shorts R1 at higher frequen-
cies to boost the tweeter’s drooping re-
sponse. | found no Zobel or series RLC
networks necessary. Figure I1 shows
how the optimized responsc fits the tar-
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get; it also shows the impedance of the
driver and the circuit. By the way, R1
uses (wo resistors to increase power
handling.

TWEETER RESPONSES

Figure 12 shows the response of the
tweeter with and without the crossover.
Figure 13 is the network’s transfer func-

FIGURE 25: Measured woofer SPL response with and
without crossover.

tion; it shows the crossover has a .5dB
peak at the “knee,” and has less attenua-
tion above 8kHz due to the boost capac-
itor C2. Also note that the signal to the
tweeter is down some 26dB at the
tweeter’s 670Hz resonance. Figure 14
shows the crossover-network imped-
ance compared to the tweeter’s imped-
ance curve.
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FIGURE 28: Measured horizontal system SPL response at 0,
15, 30, and 45 degrees off tweeter axis.

Figure 15 is the woofer circuit. L1
and C1 form the low-pass network. No
zobel or series RLC networks are neces-
sary. Figure 16 shows how the opti-
mized response fits the target; it also
shows the impedance of the driver and
the circuit. Figure 17 shows the woofer
with and without the network. Figure
18 shows the network transfer function,
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and Fig. 19 its impedance with and
without the crossover.

As you can see in these curves, the in-
teraction of the woofer’s impedance
peak and L1 forms a 1dB boost between
80 and 180Hz. This could have been
corrected with a series RLC, but I ig-
nored this because the peak was rela-
tively small, which meant it would add a

FIGURE 31: Measured system impedance and phase.

little bass without causing too much of a
drop in the impedance. Also, it would
mean three fewer parts in the crossover.

Figure 18 shows that a theoretical
second-order transfer function would
not optimize the woofer, since the actu-
al transfer function has a “knee” at
200Hz to compensate for the fall in the
woofer’s response due to “spreading

Speaker Builder 6/99 17
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FIGURE 32: Measured cumulative spectral decay for driver
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FIGURE 34: Measured system group delay on tweeter axis.
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FIGURE 33: Measured system step response on tweeter axis.

PHOTO 4:
Prototype
crossover
board.
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baffle resonances.

loss,”® which is related to the longer
wavelengths at the lower frequencies
wrapping around the speaker cabinet.
At around 1.25kHz, a second “knee” de-
velops, followed by a steeper rolioff
than in the 200Hz to 1kHz region.
Figure 20 shows the twecter and
woofer with their crossovers and a
crossover point at 1.6kHz. Figure 21 is
the full-range response predicted by
LEAP. Figure 22 is with the tweeter po-
larity reversed, showing a 9dB “dip” or

REFERENCES
1. Dickason, V., The Loudspeaker Design Cookbook

Fifth Edition, 1995, Audio Amateur Press, p. 19
2. D'Appolito, J., Testing Loudspeakers, First Edition
1998, Audio Amateur Press, p. 59.

3. Dickason, V., Loudspeaker Recipes 1, First Edition,
1994, Audio Amateur Press, p. 9.

4. Dickason, V., The Loudspeaker Design Cookbook,
p. 108.

5. D’Appolito, J., ibid, p. 58.
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FIGURE 35: Measured cumulative spectral decay for front-

cancellation, indicating the crossover is
“in phasc.” Figure 23 shows the com-
bined or system impedances of the driv-
ers and their crossovers. While imped-
ance stays above 5.5, phase does drop
to —62° at 1.5kHz.

PROTOTYPE CROSSOVER
CONSTRUCTION

To test the crossover before installing it
in the speaker | placed the crossover
components on a prototype board,
which is simply a %” plywood board
with a 2”-tall, Y4” masonite front and a
back in which I have installed banana
plugs for the left and right channels.
The crossover parts are attached to ter-
minal strips. I replaced the speakers’
normal cup with a plate having multiple
pairs of banana plugs. The drivers are
wired to each pair of plugs. Photo 4
shows a crossover board for three-ways.



MEASURED PERFORMANCE

LEAP is very effective in designing and
optimizing crossovers. Figure 24 shows
the system response measured at
2m/4W, gated at eight feet up from
the ground. The response is quite close
to the simulated one, although the re-
verse-polarity measurement shows
a 16dB dip deeper than predicted. Also,
above 15kHz there is a 2dB droop that is
greater than the simulation. Figures 25
and 26 show the drivers with and
without their crossovers. Figure 27
shows how the drivers cross over, and
how that compares to the out-of-phase
connection.

Off-axis measurements are shown in
Figs. 28, 29, and 30. Horizontally, be-
cause of the relatively low 1.5kHz
crossover point, dispersion is very good

W3603w/ntra 3/74° front,Pl7.middle of side,no bracine

T=30.4ns

Of course, if Liberty AudioSuite could
measure out to 40kHz the aluminum
dome resonance would show up as a
ridge at 25kHz. The step response (Fig.
33) shows the tweeter and woofer to be
wired normally, with both drivers mov-
ing forward with the signal. And, since
the drivers are not time-adjusted—there
being a 125ps time delay between the
woofer and the tweeter, as well as the
use of higher-order networks—it is clear
that the woofer is about 400us, or .4ms
behind the tweeter. This is also borne
out in Fig. 34, which shows that the
group delay below 2kHz is about .4ms,
thus reflecting the woofer’s response.
Since this project was meant to be
relatively low budget, I made no effort
to damp the cabinet resonances, but out
of curiosity I attached an AMP ac-

FIGURE 36:
Measured
cumulative

al
decay for
side-panel
resonances.

out to 45° at 4kHz, where the tweeter
starts to beam. At the crossover point,
the 45° measurement is only down by
4dB. In Fig. 29, as you move more than
15° below the speaker, an 8-13dB suck-
out develops in the crossover region.
This is probably partly caused by the
woofer cone acting as a cavity. Howev-
er, in Fig. 30 you can see that even at
30° up there is only a 3dB dip in the re-
sponse at the crossover point. That is
one advantage of a 1.5kHz crossover
point versus a higher point. By the way,
Figs. 29 and 30 do not include the on-
axis measurement, but only the 15°, 30°,
and 45° off-axis measurement. System
impedance (Fig. 31) closely tracks the
simulation.

Switching to Liberty AudioSuite for
time-based measurements shows the sys-
tems to be relatively clean of resonance.
Figure 32 shows there are no major res-
onances in the response above 100Hz.

celerometer to the cabinet front and
side, and the results are shown in Figs.
35 and 36. Some strong modes are evi-
dent at around 130Hz and 300Hz. In
previous testing I've found that front-to-
back and side-to-side bracing will lower
the peaks by 10-15dB.

SUBJECTIVE TESTING

Once hooked up to my system, which is
composed of a Van Alstine Transcen-
dence Series Two preamp, a Van Alstine
MOSFET 120D power amp, and a Van
Alstine FET 3 CD player, the speakers
were surprisingly musical and enjoy-
able. Although they have limited bass
extension (my current system has a bi-
amped Vifa M22WR with an F; of
32Hz), they did well on most popular
music. Highs were very clear and crisp,
vocals were clear with no signs of reso-
nances, and bass impact was very good.
They also imaged well. My friend

thought they sounded wonderful, and
he was very pleased.

FINAL CROSSOVER CONSTRUCTION
AND INSTALLATION
I assembled the crossover parts on a 5” x
6%.” piece of ¥2” plywood, soldering
them to terminal strips attached to the
plywood with %” screws. I tied the in-
ductors into place with some copper
magnet wire, for I've found that plastic
ties fail after a few years. I also secured
the capacitors and resistors with hot-
melt glue to minimize vibration effects.

The crossover boards are located in
the bottom of the speaker, held in place
with two wood screws. I drilled two
%6” holes in the board between the
parts. Since the speakers are too small
for a hand drill, I used a hand awl to
provide holes for the screws. I then
placed the foam that goes in the bottom
on top of the crossover board, and in-
stalled the woofer after affixing foam
weather stripping.

1 welcome comments or questions
on the design; you can reach me at
jimbo@maui.net. »
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This is the first of a three-part series that takes a close look at transmission-line design.

You'll discover what types of speakers are considered TLs and how they work.

Part 1

Tl’ansmiSSion I.ines: The ReaL Story

By A. Monk

he designation “transmission
line” (TL) in speaker design is
used very imprecisely by ama-
teurs. To define a TL, first you
must understand how a TL works. But
before that, you need a short definition:
a TL is what A.R. Bailey built (Fig. 1).
What is not a TL is a Voigt pipe, a
labyrinth, a reflex box and the vented
box from which it evolved, or even a TL
design that does not meet the perfor-
mance criteria that Bailey defined. Thus,
paradoxically, a %A line that is not opti-
mally stuffed is not a TL, though in a lim-
iting case it is a TL’s predecessor, and it
should be referred to as a Helmholtz res-
onator. If these distinctions are confus-
ing, I hope to clarify them in this series.

BAILEY’S TL MODEL

In October 1965, the British magazine
Wireless World [now Electronics
World—Ed.] published an analysis of A.R.
Bailey’s investigations of a long line
stuffed with long-hair wool in the sup-
pression of a driver’s back wave. This
paper formed the basis of the transmis-
sion-line concept. Previous to this analy-
sis, the majority of loudspeakers were of
a “bass reflex” design, characterized as a
box with a port; neither the box volume
nor the port dimensions were well de-
fined or related to the driver characteris-
tics. This produced a sound character-
ized as a “boom box,” with the cabinet
acting as a Helmholtz resonator for the

ABOUT THE AUTHOR
A. Monk is a retired and retiring amateur, who has de-
voted the last three years to TL study and research.

His effort, like that of the medieval monks, is a transla-
tion of what others had done and has unfortunately
been misinterpreted
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lowest frequency produced and adding
coloration to the LF output.

The signal that Bailey used for the TL
and the bass reflex was a pulse having a
flat spectral response, obtained from an
exploding wire. The bass reflex exhibited
a ringing output well past the 5ms mark,
while the TL showed an impulse that was
critically damped within the first millisec-
ond. This was probably the first instru-
mentation of a speaker’s transient re-
sponse. He also identified the bandwidth
slope characteristics (Fig. 2): “The effect
of the abrupt change in the slope of the
amplitude/frequency characteristics is to
give ringing, at the frequency where the
slope change takes place. This effect is
unavoidable and the necessary price to
pay for the extension of bandwidth by
the use of resonance effects.”

This definition, applicable for the
bass reflex, is true for even the vented

box, which was developed once the T/S
parameters were understood. This is
currently characterized as group delay.
The experiments were made with a
folded pipe of about 8 and packed
“loosely, about one pound to every two
to three cubic feet.” This would result
in a Dy ~0.5. There does not seem to be
any record of the systematic investiga-
tion of the D, value for other TL line
lengths (Fig. 3).

MISCONCEPTIONS

The imprecision of the stuffing density
has proven a major cause of misunder-
standings in modern TL design methodol-
ogy, since the majority of practitioners
have adopted this D, value regardless of
the TL column length. Bailey character-
ized the effects of the driver’s parameters
on the TL response: “As the acoustic
loading of the pipe s, therefore, dominat-
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Madisound is pleased to offer the KG-5150 and
KG-5230 Subwoofer Amplifiers with Electronic
Crossovers for powered subwoofer systems. We have
worked hard to find subwoofer amplifiers that have
adjustable electronic crossovers and have enough power to
deliver good bass without added distortion. We are
confident that we now have products that can meet the
demands of both home theater or high end audio systems.
Powered subwoofers are a versatile addition to your audio
system. With the variable crossover and volume control,
you can match a subwoofer to any existing system. These
amplifiers can be used with single or multiple woofer
systems (a total impedance of 4 to 8 ohms is
recommended). The crossover can be turned off if you are
using the amplifier with a system that already has a built in

Subwoofer

Amplifiers

KG-5150:
KG-5230:

200 Watts @ 4 Ohms
300 Watts @ 4 Ohms

Discrete high current drivers and
output devices

LED power indicator

Woofer volume control

S50Hz to 100Hz continuously adjustable
low pass 12dB electronic crossover
Crossover on/off switch

(Only KG-5230 for now. )

Low and High level input, summed to
mono signal

Low and High level all pass output
Phase inverter switch

Master power switch

Auto power on/off activated by input
signal

Crossover. * 4dB boost @ 25Hz
o HHITITH Woofer Suggestions (Including 4dB boost)
o Item Size| F | S/V |3"0 | Fy | W
| Madisound 1252DVC 127 (35 s | - [257] 7
3:8 | Madisound Swan 305 127 1425| V | 5.5" 123.5 | 200 |
©0 l Eclipse W1238R 12| 3 | V |875" 287 | 200 |
29 Peerless 850410 10" [125] v | 77 | 345200 1
‘f)(}' ol | ] » Peerless 831727 10" (225 V 10" | 26.7 | 220
=0 = -0 Peerless 850146 10" |31 | V| 81”| 238|220 |
KG'5°230 ° Rear view of KG-5150 Peerless 831857 | 12” | 6 AV A 7 | 23 ‘ 220J
Peerless 831857 » -
Specifications: | KG-5150 | KG-5230 _Seer = K 25W/8565 T :i,, I 2 1 22687T f(z)g |
Power output Watt@ 8 ohms /4 ohms | 150/200 1757300 can-speax { f 3 5 L }
THD — — 0.03% 0.08% Scan-speak 25W/8565-01 | 10” | 3 \Y 10" | 25.7 | 100 |
| . (] . (]
; NHT 1259 > - ‘
| SIN ratio @ rated power 2od5 8B | 'Vifa M26WR09-08 T 3.: ' f/ 76" | zi'i ?(3)21
| Input sensitivity @ 100Hz - low level | 75mV 150mV Dl 2 r 30Wl-00 10" | 1. 76" | 34' 0
| Input sensitivity @ 100Hz - high level | 3.5V PAY ynau fo |12 . 55, 8 - | 247
lnput Fpeanes [ 29k ohms 22k ohms | Dynaudio 30W100XL-4Q2 | 12” | 4.5 S - | 2571130
{ | Eton 12-680/62 H » » |
Vanable Low Pass Crossover Freq. 50-100Hz | 50-100Hz | | on x 12 { 24| V 7"_| 277 | 200
| Weight T 105 1bs e AR 0022 12” [3.1 | V |7.75"] 28 | 150 |
| o .
Dimensions W x H inches (M6, g | 9Ty {|MADISOUND SPEAKER COMPONENTS, INC. |
Cutout hole W x H inches 1107165714 | g7 xg B L Bk aazgy 1
I 1 MADISON, Wi 53744 4263 U S.A :
115 115/230 ' SA. \
AC Voltage | 0r230 | switchable TEL: 608-831-3433 FAX: 608-831-3771 b
! Price Each ‘f $169.00 $225.00 e-mail: inffo@madisound.com

Web Page: http:/www.madisound.com
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FIGURE 4: Flared woodwind instrument.

ing the speaker unit, the low frequency
wave form will be better as the non-lin-
earity in the loudspeaker unit will be
swamped by the linear acoustic loading.”
This distinction has not been under-
stood, since many use the example of the
box response of the driver's response as
equivalent to the line’s response.

Bailey apparently also investigated the
closed acoustic labyrinth cabinet:
“Acoustic labyrinths have been used in
the past in an attempt to ‘lose’ the sound
down multiple paths—but the size need-
ed is excessive. Unless there is adequate
internal lagging, then these cabinets will
also possess pronounced energy storage
and consequently lack sound clarity.”
This warning is apparently misunder-
stood by a currently well-regarded con-
structor of the TL.

Overall, his was a remarkable achieve-
ment, which unfortunately was not ex-
tended by modern instrumentation and
analysis unavailable to him. Misinterpret-
ing the D, value has caused controversy
and resulted in attempts to link speaker
parameters to TL length, producing aber-
rations in design methodology. These
cannot be attributed to Bailey’s pioneer-
ing work, but to the abandonment of the
principle of experimentation based on
measurements that Bailey employed.

A more insidious misunderstanding
has been perpetuated from the compari-
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son of the TL to the bass reflex: that the

vented box, the successor to the bass re-

flex, is related to the transmission line.

This is insidious, in my opinion, because

it has stymied the development of an ad-

equate mathematical model of the TL.

Bailey clearly differentiated the acoustic

principles of the two designs. However,

they can be summarized as:

* Vented box is designed as Q. = 1.00,
with the port tuned to the resonant
frequency of V. The design imped-
ance has the characteristic of a double
peak, and the group-delay curve re-
flects this resonance notch and has a
much higher value below the notch.

This results in a high group delay and a
poor transient response.

* The TL has a Q¢ <0.5; that is, it is criti-
cally damped and the terminus re-
sponse is acoustically vector summed
with the speaker response and can be
analyzed as independent of the driver
characteristics. The impedance curve is
quite flat and the group delay is also
good, bettered only by the sealed box.
The critically damped TL has a good LF
transient response and a low harmonic
distortion.

MUSICAL INSTRUMENT ANALOGY
In its simplest form, a TL is a straight
pipe with a woofer at one end and bears
a superficial resemblance to the organ
pipe. Therefore, it is similar to the musi-
cal instruments of the woodwind family.
This analogy may help us to understand
the characteristics of the TL’s resonance
and will permit me to define some terms
that I'll use later.

For our purpose we can divide the
woodwind family into two categories:

First, the straight bore terminates in a
bell at the terminus, as with the clarinet
(Fig. 4). The fundamental note has a
wavelength that is four times the length
of the bore and a harmonic series of odd-
numbered fractions (%, %, %, and so on).

The second group is a cylindrical bore
open at one end, such as the flute and
organ pipes (Fig. 5). The lowest, or fun-
damental, frequency of resonance has a
wavelength 2x the length of the bore. It
will also resonate in a harmonic series of
integral fractions of the fundamental
(such as ¥4, %, Y%, and so on). From this
we can surmise that the bell of the clar-
inet-type woodwind changes the imped-
ance at the open end and produces a dis-
tinct resonance pattern.

The basics of a TL (Fig. 6) consist of:
1. A line length that defines the system’s

FIGURE 5: \
Flute type
woodwind.
e e
DRIVER P STUFFING -’4« TERMINUS
FIGURE 6: NS axw ;« 3
The basic TL r o \‘V\\, LV ﬂi", @. ql
speaker.
44— Lnelength —— )
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resonance and the low-end frequency
response.

2. A woofer at one end that defines the
mid-frequency response.

3. The terminus, the open end of the
pipe.

4. The fiber mass in the line shaping the
low-end response.

Since the TL’s response is defined by
the combined response of the driver and
the terminus, it is useful to separate the
combined response (system response @
1m) from the individual components,
which are usually referred to as near
field (microphone no more than %”
from the source), the woofer and termi-
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nus responses. The fiber mass in a line is
defined as

_ fiber weight
line volume

When normalized, this fiber density
equation is expressed as

P
D =we
TR P,

where P = Dy, the fiber density
and Pa = nominal air density = 1.18kg/m3
Thus, Dyg = 1 is the definition of an un-
stuffed line.

While resembling the organ pipe, the

Fw TABLE 1 |
MEASURED VS. CALCULATED RESPONSES
- FREQUENCY CALC. MEASURED SHIFT
Fg fundamentai 942Hz  104.3Hz +12.1Hz +8.6%
First harmonic null 188.3 180.8 —7.5Hz —4.0%
Second hammonic peak  282.5 2732 —9.3Hz -3.3%
10 Third harmonic null 376.7 352.8 ~23.9Hz —6.3%
Fourth harmonic peak ~ 470.9 446.6 ~24.3Hz —5.2%
Fifth harmonic null 565.0 533.1 —31.9Hz -5.7%
i 14 { Sixth harmonic peak 659.2 599.8 ~59.4Hz -9.0%
Fora TL line = 0.9144m
10 TL has different resonance characteris-
" tics. Unlike the organ pipe, which has
FIGURE 7: Unstuffed line response graph. the energy source at the open end, the
—_—— TL has the source at the closed end.
; Thus the TL produces an absorption and
compression response. The harmonic se-
ries is the same as that of the flute but
FIGUR.E 8; the fundamental frequency is defined as
Magnitude and ; h Tt s i y
phase data one-quarter the lpe lengt . t is mter.est
(TL = 1.56m, ing to note that if the TL line is passive,
Dtr = 1 terminus its absorption resonance is the same as
response). that of the flute; that is, wavelength = 2x
line length.

Figure 7 illustrates the harmonic se-
ries of peaks and nulls related to line
length. The unstuffed line = 0.9144m:;
Mk 1 defines the Fr frequency; Mk 2 de-
fines the first harmonic; the second peak
= second harmonic; and the second null
= third harmonic.

: Table 1 shows the divergence of mea-
i sured versus calculated data due to the
o WEE l FIGURE 9: progressive phase shift of air density
- | TLresponse with frequency.
| & V«»«fk] {?n:)'f: meteﬁr { line. The resonance phenomenon, which is
o TR Y documented in the J. Backman study and
e M3 mentioned briefly in the following de-
. sign section, has an interesting bearing
208 < 29ge on the question of line taper for the TL.
: N g EVOLUTION OF A MATHEMATICAL
10 {20 100 jz00 i | TL MODEL
S e A R PRy Bullock’s T-matrix model. Bailey’s origi-

nal work lacked a mathematical analysis
of the TL. His empirical investigation was
extended by Bullock and Hillman.! This
attempt at mathematically modeling the
TL was a T-matrix representation, in
which the primary radiation impedance
function had a feedback defined by the
acoustic parameters of the pipe and its
radiation impedance function. It treated
the propagation of sound in a fiber-filled
tube as a simple fiber model.

Bullock writes: “Although the model is
not refined enough for precise quantita-
tive predictions, it does appear reliable
enough for some qualitative compar-
isons.” The model reproduces some of
the absorption effects of a fiber-stuffed
pipe; however, the low-frequency re-
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sponse at Fy diverges badly from mea-
sured data. A serious shortcoming is that
fiber-density-related effects are very cur-
sorily documented.

Bullock/Hillman states that; “There are
three obvious possible causes for the
low frequency deviation between model
and data. First, it is possible that the
model should account for the fold in the
experimental line....Second, the model
does not account for the fact that the
driver end of the pipe has a larger area
than the driver cone....Third, the experi-
mental line clearly tapers toward the un-
driven end. The stuff of a tapered line
model is now in progress.” Unfortunate-
ly, the data in this paper was never up-
dated with the indicated study.

The T-matrix model was translated
into PC simulation software~Bullock’s
TLBox Model. Unfortunately, the simula-
tion does not accurately reflect the mea-
sured data and is of very little help in ana-
lyzing a TL design. However, this study
did document that the impedance plot
for a line with a single fold versus a
straight open pipe shows minimum gain
differences. This implies that, compared
to a straight line design, a single fold line
should have minimal losses.

J. Backman’s Equation CPU Simula-
tion model. The most comprehensive
mathematical description of the TL is the
work of Juha Backman? in 1992. The sim-
ulation is truly impressive and education-
al. However for the amateur, the paper
suffers from overwhelming detail and the
lack of a concise design methodology.

As in the Bullock paper, the phase ef:
fects of the fiber-modified speed of sound
in the stuffed line are not clearly analyzed.
In the concluding paragraph, Backman
says, “The most important field for further
work is, however, the experimental verifi-
cation of the model presented here....”
This is a shortcoming difficult to compre-
hend—that a magnificent mathematical
model was not verified by experimental
data and, consequently, some of the simu-
lation results that are at variance with em-
pirical results were never corrected.

Numerous sources—LDC among
them—have hinted at the existence of a
PC program that was the result of the
seminal paper. Obviously, the original
work was a computer simulation, but
whether for a PC or mainframe is un-
known, and it cannot be determined
whether a PC version existed. Apparent-
ly this was an academic challenge for
Backman, who has since moved into
management, so attempts at communica-
tion about the paper are fruitless.

There appear to be references to a TL
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model in some of the more expensive
modeling programs from Europe, but
they seem to fall into the category of mi-
rages. The present status of TL modeling
seems to be the breadboard and poorly
documented construction examples.

PRESENT STATUS OF SIMULATION
MODELS

The Bullock and Backman TL models at-
tempted to define the TL from funda-
mental acoustic concepts. Such a theo-

retical approach is very inviting, in that
the multiplicity of variables associated
with the TL could be analyzed. The ques-
tions of line gain versus the cross-section-
al area or line taper (that is, terminus im-
pedance) could be studied in isolation.
Unfortunately, both models have not
bridged the gap between a theoretical
formulation and empirical data that can
be applied to constructing a specific TL.
A much more modest approach to a
TL model is to build it on empirical data
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results. Such a model has the advantage
that each step is self-checking, since it
must agree with measured data. The em-
pirical TL model could not answer such
questions as posed previously, but it
could simulate the response of a specific
driver in a line of given length and of var-
ied fiber density. Since the accuracy of
the model could be calibrated for a first-
order set of variables, it would be possi-
ble to extend the model to second-order
effects associated with fiber characteris-
tics and perhaps eventually to incorpo-
rate equations to define the impedance
characteristics for the terminus, and thus
compute the actual line gain for the
basic set of TL variables.

To attempt such an empirical TL
model, a comprehensive understanding
of the various responses of the TL is nec-
essary. I hope to provide this in the fol-
lowing sections.

COMPONENTS OF A TL DESIGN

Line response characterization. The
woodwind resonance characterization,
in conjunction with the empirical data of
Fig. 4 for a line length = 0.914m and Fig.
8 for a line = 1.56m, gives sufficient data
to define the TL line equation:

c
" 4*line length

where Fy is the line resonant frequency
where the —18dB slope commences, c is
the nominal speed of sound = 344.4 m/s,
line length is in meters.

Figure 8 shows the magnitude and
phase response for a 1.56m line. This in-
troduces the phase response as the associ-
ated component of any measured signal.
In TL design the question of phase will be
very important when we try to define the
TL’s system response and need to use a
vector summation to add the woofer’s
and the terminus response components.

PARAMETERS
Impedance. To understand the charac-
teristics of the TL’s Fy shift with fiber
variation in the line, it is helpful to exam-
ine the nominal TL’s impedance charac-
teristics. The graphs in Figs. 9-12 show
the change in impedance from an un-
stuffed line toward an optimum stuffed
line. Phase data is overlaid with the im-
pedance magnitude.

For Dtr = 1, unstuffed line (the fiber
type is Dacron HoloFill 11 for stuffed
lines), several interesting results are

shown in Fig. 9:

1. Primary peak is driver Fg related.

2. Secondary peak is Fy related.

3. The harmonics are prominent in the
magnitude as well as in phase plots.

4. The very steep phase change at Fg in-
dicates the poor transient response of
the unstuffed line.

The density and the impedance varia-
tion is specific to this line length and
should not be generalized. As the line
fiber dcnsity is increased, the impedance
plot changes dramatically.

The primary peak defined by driver
type drops in amplitude (Fig. 10). This is
the effect of the fiber’s attenuation char-
acteristics. The more interesting effect is
the frequency shift of the secondary peak
lower in frequency, due to the change of
speed of sound in the line. Thus we have
the first indications of the dual effects of
the fiber mass in the line: the fiber type
will have an attenuation as well as a
speed of sound change that will be type-,
as well as density-, frequency-dependent.

As the fiber density approaches the
optimum Dtr value, the secondary peak
shift to about 70Hz and the magnitude of
the primary and secondary merge into
the flat-topped region (Fig. 11). Note that
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BACKMAN EXCERPT

With very small ports the behavior of the
line changes entirely, as the quarter-wave
resonance that is used in the line cannot
be excited due to boundary conditions at
the end terminated with a port much
smaller than the area of the line. If the at-
tenuation in the line is small (as in trans-
mission line systems designed for narrow-
band subwoofer applications, Fig. A), then
as the output from the line is larger, also
the effect of the port is more significant.

Figure A also shows that the frequencies
of the resonances decrease as the port
area is reduced, which increases the
acoustical inductance of the port.

If the length of the output port is in-
creased, then the high-frequency output
of the port and thus the passband irregu-
larities of the system are decreased due to
the increased acoustical inductance. Also
the frequency of the line resonance shift
to lower frequencies. Examples of the ef-

fects of the length of the port are shown
in Fig. B. As the examples show, the port
has an effect also on rather low frequen-
cies. Thus if maximum low-frequency out-
put is attempted, then there should be no
separate tube at the line port and the area
of the port should be as large as possible,
preferably equal to that of the port. (Ex-
tracted from Backman paper, “A Compu-
tational Model of Transmission Line
Loudspeakers,” pp. 30-2.)

10 Mz 100
Fiequency in Hz

FIGURE A: The effect of port area on the response of a
transmission line loudspeaker with small attenuation in

FIGURE B: The effect of port length on the response of a
transmission line louds'R:aker with large absorption in the line.
Driver parameters are the same as i

100 1000
Frequency in Hz.

n Fig. A, transmission line

the line. Driver parameters: transmission line length 2m,
transmission line area 0.1m2, V1 =V2 =0, L_ = 0, absorber

length = 1.6m, line area = 0.05m?, port radius = 0.05m (=>port
area = 0.00785m?, port length (from top to bottom) 0cm, 5cm,

densiix 5kg/m3, port area (from top to bottom) 0.1m?2,
0.05m?, 0.025m?2, and 0.0125m2. Vertical scale 2dB/div.

' 10am, 20cm, and 25cm. Constituent density 1000kg/m?, ab-
| sorbent density 20kg/m>, fiber diameter 0.02mm.

the phase curve has flattened out as well.
The primary peak has been reduced by
about 70%. This specific combination of
driver’s T/S parameters, line length, and
fiber type and density resulted in the im-
pedance curve as shown in Fig. 12,

However, if the woofer’s Fg was lower
and the Q. = 0.5 response required less
gain from the terminus, the Dtr value
could be increased and then the imped-
ance curve would not look as symmetri-
cal. Thus the shape of the impedance
curve should not be regarded as an indi-
cation of optimum tuning in itself. The
optimum Dtr value is a dynamic process
of design tradeoffs.

As an example of the possible varia-
tion in the impedance response, Fig. 12
shows data for a dual woofer loading
that results in a flat impedance curve and
translates into an outstanding transient
low-frequency response.

LINE AREA AND TAPER QUESTION

There seems to be much confusion about
the desirability of tapering the TL line,
with various ratios recommended. For in-
stance, LDC, while somewhat hedging,
states that the ratio can vary from about
1.25-2.5 times the SD. “This defines a
taper ratio, beginning area/SD which will
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have a direct effect on the subjective qual-
ity of the bass and mid-bass of the TL.
Low ratios generally give the ‘lean’ and
‘tight’ sound quality associated with TLs.
As the ratio increases past 1.4-1.5, the
emphasis is placed more on the low bass
area, and better sounding mid-bass.” The
original of this included: “ratios approach-
ing 2.5 to 1 will sound fuller and richer.
Ratios much above will sound tubby.”

What an astonishing statement to
make! I wonder from what witches’ caul-
dron this description was extracted. I
guess that the LMS/Leap version used to
define this did not include the calibration
for “fuller and richer,” and “tubby” must
have been a real problem.

The problem here, as with all word-of-
mouth recommendations, is the com-
plete lack of data to back up the ques-
tion of taper. However, there is some
data to refute it. The material given in
the sidebar is somewhat academic jargon
and difficult to read, but I did not wish to
change J. Backman’s wording.

The data extract is from the “Computa-
tional Model of Transmission Line Loud-
speakers” and, as the title states, is a CPU
simulation. This data identifies the effects
on system response of the variables that
would define line taper. The conclusion

is that line taper will shift the Fy frequen-
¢y higher and increase the passband rip-
ple. These results are in line with my
own measurements on a single sample of
a tapered line. What is interesting is that
it is congruent with the examination of
the musical instrument of the woodwind
family, of the straight and the bell-shaped
termination on resonance frequency. The
TL taper is analogous to the bell-shaped
termination in that it moves the funda-
mental resonance from YA to %A, thus
the Fy frequency would move higher.
This is what the CPU simulation shows.

In summary TL line taper is counter-
productive, and the terminus area should
be as large as possible to avoid low-fre-
quency gain loss.

In Part 2, I will examine the frequency
response of the TL, the transient re-
sponse, from several viewpoints. Part 3
will explore the heart of the TL, the fiber
characteristics, and their limitations. &

REFERENCES
1. “A Transmission-line Woofer Model,” by Robert M.
Bullock, 1986, JAES preprint 2384(D-6).

2. "A Computational Model of Transmission Line Loud-
speakers,” by Juha Backman, 1992, JAES 2TD1
preprint #3326.
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Speaker builders often prefer the simplicity of a two-way design. This one, with high-quality

Scan-Speak drivers and a LEAP crossover, proves that simpler is better.

High-Quality Two-Way Design

By Lester J. Mertz

any articles on two-way

speakers have appeared, and

here is another! Last year an

article describing a Dutch-de-
signed, two-way speaker was published in
SB 2/98 (“Reference Monitor,” p. 32). The
approach was very straightforward, using
high-quality, Scan-Speak units in a thick
enclosure. I read the article with great in-
terest, since I had been toying with a simi-
lar idea for my own design, and, of
course, reading every article 1 could find
on the subject.

Some controversy on that $B article has
erupted, with several letters questioning
various aspects of the design, particularly
the crossover and resultant phase relation-
ships. I read the responses with interest,
but moved forward with my plans, as [
will detail here. I am certainly not the ex-
pert to answer the questions as presented
in those letters, but here is my design.

SOUND DESIGNS

Neither of these designs will be the last
word on two-ways, which are the most
prevalent of all current speaker designs. [
believe this is true for good reasons: very
high-quality sound, great imaging, and
fine performance in general.

I simply believe that if you can pur-
chase two pairs of high-caliber drive units
that will do the job of quality stereo repro-
duction, why spend an equal sum for a
three- or four-way design with units of
lesser quality? It strikes me that two driv-
ers are all that is needed. Why add more?

It has been said the three-way-design

ABOUT THE AUTHOR

Lester Mertz, a licensed environmental-project manager,
was recently relocated to the Phoenix, AZ, area from the
East Coast, but is currently unemployed, since his com-
pany ran into problems. His past work experience has

included commercial photography, restaurant managing,
and research electronics in microwave-band interferom-
eters. But his most satisfying experiences have involved
all aspects of building his own audio systems and enjoy-
ing the resulting great music.
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speakers are more than twice, or even
four times as difficult to get right as the
two-ways, so use the old KISS principle
(keep it simple, stupid)—simpler is better
than more complicated, so why not try
this in addressing the design? Use two
drivers! For me, the answer is easy: |
crave better sound, and I enjoy making

my own speakers.

TWEETER

I used different Scan-Speak tweeter and
mid-bass drivers than the units selected in
the Dutch-design article. The Dutch de-
sign used the most expensive tweeter
that Scan-Speak makes, the Revelator,
which some experts and reviewers claim
is as good as it can get. If you think the
more expensive unit is worth the money,
go for it, but realize that you must reengi-
neer the crossover to accommodate this
major change.

Most noticeable is the difference in
moving mass in the smaller-diameter
unit; it is about half the mass of the larg-
er 28mm domes. I believe that the
lower mass is beneficial in low-level de-
tail retrieval.

Experimenting with this Scan-Speak
tweeter—the 19mm (or %4 soft-dome
D2010/8513—for several months, 1 fell in
love with this gem. When coupled with a
simple crossover capacitor, a MusiCap
2uF, with an L-pad to balance the levels,
and placed on top of my existing speak-
ers, its sound was wonderful. It had detail,
nuance, and a three-dimensional quality
that my own tweeters lacked. 1 was very
impressed. I wished to try it with one of
the newer midbass units. And best of all, I
already owned it.

MIDBASS

A single driver that covers almost all of the
fundamental frequency range of the musi-
cal instruments cannot really be called a
woofer. So I use¢ the term midbass, mean-
ing midrange and bass.

PHOTO 1:
Completed
speaker and
steel pipe
stand.

I thought, why risk problems within
the main sonic envelope by using multi-
ple drivers and crossovers in this critical
region? The crossover in this region has
undone many designs, so I let the single
midbass carry the major portion of the
music. The unit would need to reproduce
up to 3kHz to do this, and the 6-7" units
come close to carrying this off before the
beam width begins to narrow appreciably
at the upper end.

I needed to make a choice, or some
might say a compromise: try for a smaller
driver, maybe a 5”, which would easily
cover the range while sacrificing some
bass and power, or select a larger 8” unit
for bass power and settle for less
midrange dispersion.

I must confess, I looked long and hard
for an 8” unit with good upper-end disper-
sion. This was what [ have been listening
to for almost 20 years in two Spendor
models, the BC-1s, and then SP-1s. No
matter how many different speakers 1 lis-



tened to, or built, I always went back to
them after my initial infatuation with the
latest, but not necessarily the greatest,
driver technology wore thin. The sweet-
sounding midrange of this English manu-
facturer and its wonderful 8” mid-bass al-
ways satisfied me with its relaxing musical
presentation.

Acknowledging this preference, the
6-7” units are the modern-day unit of
choice, and that is where [ concentrated
my search. The 18cm unit’s frequency
response and dispersion is good enough
to provide a coherent, seamless transi-
tion, especially at the listening seat or
sweet spot.

The idea that the speakers will provide
an excellent stereo image anywhere in

the room is not relevant for me—and
maybe not a good thing if the reflections
cause problems by interfering with the di-
rect line-of sight music presentation. Near-
field monitors allow you to sit close. Just
look at the sheer number of absorbent
pads, panels, and sound-control tubes that
are available to suppress these unwanted
reflections. Maybe wide-dispersion design
isn’t all it’s cracked up to be?

The Scan-Speak midbass units are very
popular, especially with certain very high-
end (read expensive) manufacturers. I re-
searched all the catalogs 1 had on hand,
and have virtually memorized Madi-
sound’s comprehensive descriptions. The
account of the 18W 8546 Kevlar cone, a
die-cast frame unit, had a line that stopped

me in my tracks—“The best we have

O

O

| B-1315-1
FIGURE 1: Crossover schematic.

to offer.” If a respected maker like
Scan-Speak says that, why look fur-
ther? I ordered two.

CROSSOVER/FILTER

Crossovers for loudspeakers are
tricky compromises at best, with
much rationalization about the driv-
er’'s beam width, the 3dB response
points off-axis, power handling, and
all sorts of other optimistic and pes-
simistic banter. Regular readers are

familiar with all these complex issues
and their proposed solutions. It's
enough to drive you crazy, and no won-
der the computers are doing it all. |
called Madisound, and paid for the LEAP
design—a mere $25 for a two-way de-
sign; what a bargain (Fig. I)!

My only requirement for this design
was consideration for the 19mm tweeter;
it needed to be rolled off below the 3kHz
point. The 12dB-slope crossover mini-
mizes risk of damage to the unit, and pro-
vides relatively good phase coincidence.
A 3dB crossover, a simple capacitor often
found in the majority of two-ways, will
not provide any protection at this low fre-
quency. The odd-order crossovers, 6 and
18dB, can give phase problems and listen-
ing-axis shifts, depending on the design.

Also, the steeper 18dB slope needs ad-
ditional components, which may negate
the simpler-is-better approach. The odd-
order designs seem better suited to three-
driver designs. Avoiding the phase shifts
and matching problems in the middie of
your music is a complex and next to im-
possible problem. Let the computer do it.

A simple 12dB crossover to the 18W
midbass is all that is used in this design
and in the Dutch design, which also omit-
ted the LCR network on the midbass.
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[ also must question the notion of
spending $175 each for the tweeters,
while not spending another twenty bucks
or so for a couple of state-of-the-art capaci-
tors, MIT or MusiCaps? One of the afore-
mentioned SB letters also questioned this
choice, and the response was that the se-
lected components are state-of-the-art. My
own experience is that the capacitors
make a considerable improvement in
sound quality for a low investment. Not
having heard the finished Dutch design, 1
may need to eat those words. So [ put out
a challenge: if someone is willing to A-B
these speakers with me, give me a call
(602:981-5695).

LCR NETWORK

This LEAP-modeled design uses an LCR
network to tailor the input impedance
and frequency response before the actual
crossover components. This is a major dif
ference in design; the Dutch designer
thought it wasn’t needed. I am a tube-am-
plifier enthusiast; I think the network and
its ability to even out the humps is an im-
portant step to smooth sonic perfor-
mance. While this circuit may introduce
some phase shift, and maybe some other
compromises, the resulting graphs (Figs.

TABLE 1

PARTS LIST

Scan-Speak 18W/8546 midbass

Scan-Speak D2010/8513 (no fluid) tweeters

1 LEAP crossover, modeled in Audio-Precision

measurement system (AP)

2 Goertz air-core foil inductors: 1.30mH; 14 AWG
copper foil (special order shipped direct from
Alpha Core, Inc., Bridgeport, CT)

Sidewinder, 0.8mH; AWG #16

Air core, 0.5mH, std.

Hovland MusiCaps 4uF, 100V, speaker

GE 1040L400; 10uF, 40L polypropylene caps

25R 12 12€2, 25W, resistors

15R 2.5 2.5Q2, 15W

15R 23 232, 15W

6E Eagle 62

Madisound’s BG posts, extra long 1%” for terminals

Deflex panels, 280mm x 210mm

Masonite boards cut to size for crossovers

Foam sheets, 1”

PVC pipe, 2” inner diameter x 150mm (5.9”)

Driveway Medic, roll

Weld Bond, all-purpose glue

GE silicone sealant

30” x 96” counter top, 1” thick

12” x 36" MDF panel, 34 thick

Miscellaneous:
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FIGURE 3: Modeled acoustic response on axis. B35

tance), improved de-
tail and resolution, and a sense of spa-
ciousness and imaging. All of these quali-
ties were exhibited in my own earlier ex-
periments, as well as a very comfortable
and nonfatiguing performance.

The Goertz air-core copper-foil induc-
tor is in series with the 18W midbass
speaker and measures very low resis-
tance, several tenths of an ohm-a good
thing. The value was specified in the
LEAP design, and it was shipped directly
from Goertz. (Madisound handled the
payments and billed me accordingly.)

Other components are Madisound'’s
Sidewinder and standard, air-core induc-

“-/‘—q_‘m1
/

2

;“% 6%

B}

' +

a

L
et

FIGURE 2: Simple isometric draft;
measurements in inches.

B-1315-2

Router (plunge type) will be necessary for precise driver flush-mounting and laminate trimming, and an extra-

long 2.5 x %2" router bit for plunging through front panel
3% roundover bit, optional

Brass wood screws, #4 x %" for the speakers

DD o - -

Small metal bolts and nuts for tweeter boards

Constantly elastic speaker-mounting compound, optional spray paint, semigloss black (or your choice)
Stapler, with %2 staples for foam and bituminous materials

Small rubber grommets or rubber tape to level tweeters flush with front panel
Copper bolts and nuts for midbass crossover boards

Coarse-thread (self-tapping) drywall screws for mounting crossovers and thick front panels
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tors, GE high-voltage polypropylene
caps, and high-wattage resistors. I placed
everything on heavy-duty board with
point-to-point wiring. The boards are sim-
ple Masonite, laid out to be compact,
with the components tie-rapped in place.
All the coils have rubber-damping pads
under them.

You must take extra care in drilling
through the Goertz foil leads. I used
backing pieces of Masonite on both
sides, and then slowly drilled through
for a clean hole. The copper foil leads
are long enough so you can practice
first. Cut off the excess and errors. Just
lay the foil over the bolts as a mechani-
cal connection, and then solder every-
thing up later.

Recheck what you have put together
by confirming proper layout against the
schematic. The midbass board uses all
copper bolts and nuts as binding posts.
The copper pieces are somewhat hard to
find; try looking for copper ground straps.
Those I found had %-20 hardware.

If you are not comfortable with the
crossover step, Madisound will supply it
complete and ready to use. This will save
you several hours of time, and allow you
to avoid the labor involved in the hot sol-
dering work.

ENCLOSURE

Small, stiff, solidly constructed, and well
damped, the basic box is made from 17—
thick material, but has a 134" front panel.
Both drivers are flush mounted, with ex-
tensive router work a major part of front-
panel preparation (Photo 1).

After selecting the midbass unit, I made
some quick calculations and determined
that it needed a vented box. The ideal vol-
ume calculation comes to 0.865ft3, or ap-
proximately 1,500in3. This leads to a vent
length of 3.9”. This seems in opposition to
the Reference Monitor’s smaller volume
of 0.6ft* and its 150mm vent length. The
Madisound crossover design also speci-
fied the 0.6ft> volume, so 1 acquiesced. |



never bothered to go back and look for
my error, but instead moved on with my
plans (Fig. 2).

My own calculations for a 0.6ft>-box
vent length worked out to 7.6”. Was 1
wrong again, since both designs stipulat-
ed a nearly 6” (150mm) vent length? I was
confused, but that’s nothing new. Please
refer to “Flaring Concemns” in Ask SB (5B
3/97, p. 50), where G.R. Koonce discuss-
es vent length and flaring. His response
ends with a comment that classical port-
length equations generally do not pro-
duce accurate results.

The port is made from PVC pipe,
schedule 80, the gray stuff, strong and
slightly thicker than the usual plumbing
pipe (Photo 2). 1t is placed on the rear of

completed enclosure.

PHOi’O 2: Masonite templates and partially

the box, inset 38” and then flared out with
a round-over router bit. The length is
slightly greater if measured from the back
surface—almost 6.25”—but then rounded
over on the back with a 34" router bit.

The tweeter is fully enclosed to isolate
it from the midbass speaker. Whether this
effectively isolates a closed-back tweeter
is open to discussion, but I believe the
tweeters sound better when unmodulat-
ed by the sound field inside the cabinet.

Two Deflex panels line the interiors
of each enclosure, along with a home-
made combination of bituminous and
foam sheets covering everything else in-
side. The exterior is black laminate on all
sides and bottom. The back is painted,
and the front rounded over with a 34"
router bit. You may prefer to
omit the laminating step, and
spray-paint the cabinet after
some filling and sanding.

All-in-all, it turned out to be a
nice, professional-looking box.

CONSTRUCTION

Measure as much as you need in
order to feel comfortable, then
cut. Follow the straightforward
basic plan, unless you wish to

make your own design. I used a gapfilling
wood glue, Weather Tite, with lots of
good wood clamps. The panels are so
small that I omitted the nails and screws,
and just clamped it (Photo 3). It is essen-
tial to wait at least 24 hours for the glue to
dry before removing the clamps and tak-
ing the next step. Glue only as many
pieces together as you have clamps for;
don’t try to skimp on this part, and take
your time.

First, I routed the port’s inside diameter
into the back panel, then the pipe’s inset
and fitted hole—%" deep in the 1”-thick
stock—making sure the pipe fit tightly.
Glue the PVC pipe in place with Weld
Bond, which adheres well to the plastic;
give it 24 hours to dry.

Glue the sides onto the top and bot-
tom, and add the back the next day. Hold
off on the front panel until you've finished
securing the damping pads and installing
the crossovers.

STUCK WITH NO-STICK

The Deflex polymer panels deserve spe-
cial mention—they are weird, as though
they're wet or soggy. I must say they con-
stituted the most frustrating step in the
entire building process. It took three dif-

Save $4005"

by building your own Cavendish® active reference system, comprised of a pair of loudspeakers,

each of which contains:

One Manger® full-range sound transducer. Mangers are simply the best. Operating from 170Hz to 33kHz as a true point source bending
wave driver, the Manger is renowned throughout Europe for its utterly natural sound and transient perfection. Two decades and millions of dollars of
research have “built-in ** perfection into these drivers. Rise time only 0.014 milliseconds: ringing is non-existent; waterfall plots unmatched; dispersion
carefully controlled. These drivers have no audible timbre of their own, reproducing original events with unmatched precision.  The Mangers are located in
a head unit which can be swiveled and tilted to achieve desired alignment, or which can be detached from the subwoofer section for wall mounting for home
theater.

A pair of purpose-built 10" subwoofer drivers operating from 170Hz to the infrasonic region. Although they operate in total volume of only
40 liters, these drivers’ 19 Hz resonance, large magnets, and robust construction allows them to generate prodigious amounts of controlled, dynamic bass
with superb transients. The drivers operate on opposite sides of a sealed enclosure. joined together by a bracing system designed to cancel inertia effects for
an extremely quiet box. They are located near the floor for predictable room gain and extension to nearly 20 Hz. at full volume.

One Cavendish® dual amplifier/active crossover combo unit. The units feature RCA(unbalanced) and XLR (balanced) infout for dais
chaining for large venues or home theater as well as speaker level inputs, a large toroidal transformer, dual precision level controls for bass and treble,
separate rectifierfregulator sections for each amplifier, and 2 x 200 W of amplification per loudspeaker. Crossovers are 3rd order, with each unit
specifically designed to complement the Manger / woofer combination. yielding excellent frequency and phase response. Bandwidth is 100kHz, full power
THD 0.001%, input impedance 10kohms, S/N ratio | 10dB, input sensitivity S0O0mV. Finished in high gloss black with white lettering.

Kit plans and instructions for building what is easily the most sophisticated DIY system on the planet. Your system will
feature Manger’s legendary transparency on a fully adjustable mount, dual 10™ air movers in the bass. and 400W of amplification/box in an easy-to-build
(no crossover wiring required!) shape designed to match both traditional and modern décor.

The Cavendish® will be shown to dealers in finished form at the 2000 WCES in Las Vegas. You can save nearly 60% of
M.S.R.P. by buying in kit form directly from us. For more information about it now please contact us at:

B&R Acoustique  Toll-free (888)825-8888  Fax(450) 635-7526 www.techmdb.com  E-mail: techmdb@MSN.co
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PHOTO 3: Gluing up,
with lots of clamps.

ferent adhesives to make them stay where
I wanted them. They have a clear film on
the back, which led me to believe they
had an adhesive backing. Not so! I put
them in place, but then gravity took over
and they fell off. Next, 1 tricd contact ce-
ment, but gravity won again after about
24 hours. Then I applied silicone adhe-
sive; almost, but gravity prevailed vet
again. I started using staples, but the pan-
c¢ls were still sagging.

Frustrated, | called Madisound. “Oh
yeah, they need a special rubber adhesive,
but it was so expensive no one would
buy it,” said Jason. “But we found that
Weld Bond is just as good.” “Gee, thanks,
certainly am glad I called! I was just about
to go back to fiberglass,” I mumbled to
mysclf as ['hung up.

Well, I think I've won the war with
gravity on the Deflex panels, but I'm not
sure. The Deflex ads say that two panels

PHOTO 4: Tweeter crossover/filter
section, to be mounted separately.
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are all you should use in a small enclo-
sure. 1 placed one centered on the back,
and cut the other in half and fixed the
picces on each side, toward the rear and
butting against the back panel. But only
half the interior wall surface was covered
at that point.

Then I found a product called Drive-
way Medic, a small roll of bituminous dri-
veway-patching material. 1 cut pieces off
the roll of this soft, pliable stuff, and then
contact-cemented and stapled them to the
rest of the cabinet interior not covered by
the Detlex. Later, I applied foam to the
arcas not covered by the crossovers,
which need to be screwed in place over
the bituminous layer that prevents the
panels from rattling.

Once the interior is complete, drill the
holes for the connection posts, and mount
them carefully, for they just make it
through the thick panel. Wire in the
crossovers and carefully attach them in-
side, with the tweceter (Photo 4) separate
on the inside top of the box, and the mid-
bass (Photo 5) inside the bottom (Photo 6).

Remember that the box is too narrow
for a screwdriver, so plan accordingly.
Cover the panels with foam or Dacron
wedged in place. Check evervthing by
hooking up with alligator clips to a sound
source, and be certain the crossovers and
speakers are correct before scaling the
front pancl. If something is not right, it is
much casicr 1o solder on the table than in-
side the box.

RAPPING TEST . T

The knuckle-rap test 7 ] : ]

on the outside sur- = = = , :
faces was becoming o : : /\\ :
much better—more of SN

a thud. Then | picked 7 . ' R BERE

up a heat gun, to re- ] ] BRNEE

licve some of the curl 'k ik 1 ]

on the driveway patch, &3 H 11+ ]

and while using it, 1 il ] :;r ]
rested it briefly on the ik

cabinet, which imme- %0

diately caused a loud P 4 LeAR|
resonance. What was P o .

— FIGURE 4: Acoustic response; solid line—midbass;

Damned resonant doticd ae-twasen e
ported enclosures, I | 2 E= —
thought to myself. I -
pulled down some : Lk
older boxes (all in- |® ) b
finite baffl¢) and | ] o
tricd resting the heat /P//‘“‘:A \ -
gun on them: similar | ESZFHEIR——1 Eaase A °
sounds. but not near- o 1 s
ly as loud. The differ-
ent panel thicknesses | °® .
and the mounting seals 133
changed the sound. . "_.,..., -
Good old wool felt
seemed to be the qui- FIGURE 5: Input impedance: magnitude, phase. B-1315-5
etest. The MDF front 1oelh vew oo
panel was not yet P —— ,_—?,] A
glued in place, so 1 : 41t 12
set it on top of the |, o
new design. Presto— — -
almost no motor I -
sound from the heat | se.ofo AL T .,
gun. The open-cnded YA =1
box was rcinforcing g =
the sound of the |, | HEESH 90
heat-gun fan motor, T
but when | just rest- 1 =
¢d the front panel on | 19 - 1m
the box. the sound | FIGURE 6: System input impedance: magnitude, phase. 513156
quicted down. ——




FRONT PANEL

The front panel is made of two materials—
1” particleboard counter top, and 3%” MDF
(Photo 7). At first, the two pieces are held
together only by long drywall screws,
which allows you to register perfectly all
the driver mounting-hole machining. Take
note that with the front panel this thick,
my regular 1”-long router bit would not
drill all the way through. 1 purchased a
much longer 2.5” bit and changed to the
longer one midway through the work.

A word of caution here: make sure the
router bit has stopped completely before
pulling it out of the cut. If this long bit is
spinning, it will shock and surprise you by
catching, and then destroying your pris-
tine panel work.

The tweeter mounting holes needed
small, time-saving templates from Ma-
sonite. I used a fly cutter on a drill press,
then carefully checked the fit with routed
test holes on a piece of scrap wood. The
templates must be oversized by the space
between the bit and the pattern collet
that fits your router. The recessed face-
plate is made in mirror pairs, making left
and right speakers.

When I noticed that the closed-back
unit extended only another eighth of an

inch beyond the baffle, I decid-
ed that another piece of MDF
thickness would completely
seal the tweeter from the mid-
bass, providing the isolation
from the back waves. I routed
into another small section,
about 4” x 4” of scrap MDF, 3"
deep, and glued it in place
after carefully aligning it away
from where the side wall
would intercept the front
panel. Complete isolation!

I also recessed and flush-
mounted to a millimeter fit the
midbass driver. Then I treated
the rear opening by rounding it over with
a %" bit. The rear of the speaker sces a
flared-out opening and not a straight tun-
nel, which might affect the sound and
loading. I centered the rear-panel Deflex
sheet on the midbass opening.

Glue and clamp the 1” front panel to
the existing box. Once it is dry, protect
the openings by taping covers over them
before doing any trimming or sanding.
This will prevent dust from getting into
the cabinets and crossovers.

Smooth all the box joints by sanding,
and then wipe off the dust before apply-

PHOTO 5: Midbass crossover/filter section.

ing the adhesive. Apply the laminate all
around in separate steps, except the front
and back. Flush-trim the top, bottom, and
side laminates to the faces of the front and
back panels.

Then, and only then, rescrew the %”
front panel in alignment, and carefully
round over the edges using the %” bit. De-
termine and set the depth of cut with
some test stock before plunging into the
face panel. Carefully make a dry run with
your router; be sure there aren’t any
glitches or bumps in the road. Carefully
feel the entire surface with your hand,
and then glide the router base (not run-
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ning) over it. It must be free of bumps and
nicks that might ruin a smooth finish cut.
This additional step will produce a per-
fectly fitted and rounded-over front panel.

PERFECT MATCHING

The seemingly redundant steps of screw-
ing the %" panel on and off again allows
you to match the MDF front panel per-
fectly to each laminated box. The routing
in place compensates for little imperfec-
tions in dimensions, or the slight bowing
in of the sides from too much clamp pres-
sure. Trying to match things up separately
is next to impossible. The extra step pro-
duces exact alignment.

If you mess up at this point, it’s time to
practice your spackling or auto-body-re-
pair skills. Don’t get me wrong here; |
made these types of repairs on this proj-
ect. On the back panel, which I spray-
painted with gray sandable primer, the
router pulled the “grain” of the particle-
board around the port and left pock-
marks. This sort of thing will show up
after painting when the surface is a uni-
form color.

[ used Magic Putty and Sealer, available
from any auto-parts store. It comes in a
tube, and you apply it in one step to the
painted surface. Just wipe it on with a
rag. After it has hardened for an hour,
sand lightly and repaint. Repeat this as
many times as needed, until the imperfec-
tions don’t bother you. You can take it to
a very smooth, uniform finish. If you
don’t wish to laminate, this will make a
beautiful painted finish. Apply primer
first, make it smooth with the putty, then
spray on the finish coat. Buy one of those
trigger handles if you are using spray
cans; it makes it very easy to achieve a
professional paint job.

Buy enough spray paint to complete
the entire job, and use only the same
brand; different brands may not be com-
patible with each other, and you may find
the surface becoming covered with little
balls of paint, as the second brand refuses
to adhere to the first. I made this mistake,
and it was a mess; [ was forced to sand off
the second coat on the back panel.

I added a small inset or relief detail
with the router bit, and before gluing the
front panel in place, I added a silver finish
to the laminated front edge, allowing the
rounded front to stand out. You may omit
this relief detail, if you wish, but I liked it.

Afterward, remove the screwed-on
front panel to paint it (flat black), finish
it with varnish, or treat it in the manner
it deserves. Once finished to your
heart’s desire, rescrew, glue, and clamp
it for the final time.

36 Speaker Builder 6/99

WIRING

The speakers are wired internally, using
the latest flat-ribbon type (Photo 6). This
stuff is stiff and hard to form and fit inside
the enclosure. The tweeters are wired
using Teflon®-insulated, silver-coated,
solid-core copper. I intended to mount
them using Norsorex gaskets, but it seems
they’re no longer available, which is a
shame. As alternatives, try rubber, foam,
or silicone gaskets.

The midbass is held in place with small
brass screws. This castframe unit has six
very small mounting holes, much smaller
than I am used to seeing on such expen-
sive drivers. By providing such little holes
and associated screws, perhaps the manu-
facturer is trying to send a message not to
torque it down so much.

FIRST LISTEN
I hooked up the units to the amplifier and
played some female vocal selections [
know well. Some of these albums have
very well-recorded imaging, providing a
quick read of the overall timbre of the fe-
male voice; it was very good. The bass
was tight, even without any treatment of
the port or special positioning in the
room. By the end of the second album,
the bass had improved even more. The
vocalist sounded fantastic, better than
ever, with an almost creamy texture to
her presentation.

I switched to something completely
different on the third selection—some
moderm electronic mix. These little babies
had my foot tapping with bass that really
surprised me! By the end of this CD, I
knew I would need to rebalance the sub-
woofer’s cutoff frequency, since the bass
was now really too much. I took the sub-
woofer out of the system.

I played with the new unit’s height,
and tipped back the angle somewhat,
which was a little better. I also increased
the height, which was an improvement.
After several weeks of experimentation
with the height, I decided on stands just
over 2’ high.

Bear in mind that positioning of this
rear-firing design has a very pronounced
effect on the bass and the imaging, so
be prepared to move these speakers
around for the first few weeks or so.
Bass response varies depending on
room placement and the distance
from the rear port to the wall. If they
seem too boomy, pull them out into

tener to help you with the positioning,
it will go much faster. These speakers
are really very good!

I continued to play different disks. Lis-
tening was a revelation, with each album
a new experience, as though I hadn’t
heard it before. There were details, nu-
ances, depth of image, and punch. The
music took on the alive excitement of the
real thing, especially the classical albums.
Orchestral music was beautiful, and it did
not wear you out after a few cuts, like
some other speaker designs I've listened to.

Don’t misunderstand me—not every
album sounded sweet and dreamy. The
bad albums sounded much worse, but the
really good sound mixes stood out as mag-
nificent. The so-so ones seemed more dis-
appointing than ever, but no disk was un-
listenable or glaring, and the highs re-
mained sweet.

[ think the Spendors tended to sweeten
up everything, and the early CDs needed
all of that and then some. Now that the

PHOTO 6: Inside of cabinet, ready for
front panel.

the room. If you find an interested lis- &= =

PHOTO 7: The outside back, showing
inset plastic pipe and %" flair, and the
inside front panel.
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PHOTO 8: “The mortars”~steel pipe 6” in diame-
ter with welded top plate matching cabinet base
dimensions. %" “all-thread” is bolted tight top to
bottom. Aluminum channel is mverted under 1%”
bottom and torqued down. Note: sand weights

are freezer
from spilling in the event of poor assembly.

CD playback systems are much better and
much less irritating, these far more reveal-
ing speakers can really make you happy
with lots of detail and nuance.

CONCLUSION

Please refer to earlier issues of SB for all
the methods of setting up your speakers
in your room and system. There are lots of
good suggestions that really work and will
bring things to life, making your listening

bags taped dosed to prevent sand

time more pleasant. And moving
your system around is very inexpen-
sive compared to many other op-
tions for improving the sound.

One thing I have found to work
well is placing the tweeters at or
near the listening level when you're
in your favorite chair. So consider
this height when seeking or making
your own stands. I call mine the
Mortars, two-foot sections of steel
pipe with a 6” diameter and steel
welded plates. They're heavy as hell
without any sand filling, and I'm still
moving quite a bit (Photo 8)!

I also prefer to toe in, or aim the
speakers slightly toward my seat
While you’'re adjusting speaker
placement, get your measuring
tape and make certain that they're both
equidistant from each other and from
the back of the room. Then measure an
equal distance from the sidewalls on the
left and right sides. Mine are placed
about 8’ apart, about 8 away from my
listening position. This measuring and
balancing of the distances will improve
the stereo imaging significantly. I also
like the deep image you get with the
speakers placed well out from the back

wall. I sit approximately 8’ away on a
large couch, which is also well removed
from any side or rear walls.

Give your new speakers a couple of
weeks of break-in time, and then retest
the setup again. I use a test CD and a
sound-pressure-level meter. Move the
speakers around again and retest every-
thing. (A note of caution: tube amplifiers
do not take kindly to repeated extremely
low-frequency test tones from the
Stereophile Test CD; my output tubes
were glowing cherry red!)

Perhaps you may wish to change back
to those old interconnects and speaker
wires, the ones you liked before you
bought those super high-tech and expen-
sive “magazine top-rated” trendy jobs. I'll
bet the old ones sound much better now,
and I recommend that you never throw
the old stuff away—it may be just what
you want now. I use these interconnects
and speaker wires like tone controls,
shaping the sound to what I like.

Place tiptoes, cones, and spikes under
the stands, under the speakers, over the
speakers—whatever! Maybe with those
cone points up, the system will be able to
gather knowledge of the heavens and the
universe, just like Merlin’s pointed hat! &
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The author takes us on an intriguing three-part journey to explore speaker-system design

and construction. In the process, we learn a little about what makes us tick as listeners.

Part 1

Navigating Sneaker DesIOn: oww ni Prosien

By Mark Wheeler

he intention of this three-part ar-
ticle is to take another look at
some loudspeaker-design con-
cepts often taken for granted.
The keynote of Part 1 is a simple re-
minder of the most important fundamen-
tal of loudspeaker design and construc-
tion: that loudspeakers exist to convert,
accurately, electrical energy into sound
energy; nothing more and nothing less.
It is too easy to forget this simple rca-
son for the existence of loudspeakers
while juggling sensitivity versus bass ex-
tension, polar response, diffraction, and
domestically acceptable styling. The
only reason for having these wooden be-
hemoths at home is that they make
some agreeable noise out of the electrici-
ty fed into them.

THE POINT IS MUSIC
Having spent a good slice of income on
the equipment that produces a tiny elec-
trical signal at the loudspeaker terminals,
it is imperative to make an acceptable
job of converting this signal into some-
thing worth hearing. For most audio en-
thusiasts, this means music or movie
soundtracks. I am aware that some folks
like to listen to other stuff, such as steam
locomotives or whale squeaks, but in
this article I'll consider only music, from
Tommaso Albinoni to Frank Zappa.

The complex web of variables juggled
when you design a loudspeaker system
all connect either to the fundamental

ABOUT THE AUTHOR

Mark Wheeler's fascination with loudspeakers goes
back 25 years to his first attempts at speaker building
as a 14-year-old. During early adulthood he was in-

volved in designing and building PA systems, reggae
sound systems, and studio control-room systems. He
is currently engaged in a master's-degree program ex-
amining the relationship between personal psychology
and experience of art and music.
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tenet I stated in the first paragraph, or to
that other fundamental design criterion,
cost. However, [ will ignore financial
cost, which tends to vary over time, lo-
cation, and circumstance. I will scruti-
nize some of the issues raised by that
bald definition of the function of any
loudspeaker design. The question that
arises with any loudspeaker will always
tend to boil down to, “How effectively
does it convert ¢lectrical energy, deliv-
ered to its terminals, into music deliv-
ered to my ears?”

The word “effectively” should be dis-
tinguished from the word “efficiently.” 1
am asking “how well?” rather than “how
much?” Anton Ehrenzweig, in his book
The Hidden Order of Art, coined the
term “inarticulate form” for the uncon-
scious formative processes that are a
part of a musical experience that allows
you to recognize a breathtaking perfor-
mance that moves you to tears.

This inarticulate form is not the overt
“form” that can be described precisely,
such as “12 bar blues” or “sonata form.”
This inarticulate form is the raison
d’étre of creative activity, almost impos-
sible to describe, but experienced pro-
foundly. The fact that it is nearly impos-
sible to describe in words is precisely
the reason art and music are necessary.
So if that is what is needed from music,
how does this affect the building of
loudspeakers?

This article will examine the more
inarticulate aspects of loudspeaker de-
sign. These are not the number-crunch-
ing decisions about cone mass or port
size. These are the decisions about mate-
rials and construction and their contribu-
tions to the design goals. Such decisions
need not be haphazard, and they make
bigger contributions to design success
than are sometimes credited. My aim is

to give designers a worthwhile frame-
work in which to make informed deci-
sions about every aspect of loudspeaker
design and construction, and a means of
correlating their vast empirical experi-
ence into a more considered form than
vague intuition.

INTUITION AND KNOWLEDGE
Intuition is a good thing, often allowing
you to know immediately whether an
idea will work in a particular applica-
tion. To know that a particular form of
construction sounded great in a certain
project is very worthwhile, but to under-
stand why it sounded great will be more
useful for the next project.

Now take a fresh look at aspects of
loudspeaker-system design, from the
choice of drive unit itself to the more es-
oteric aspects of cabinet and stand de-
sign. The idea of “the system” will be
paramount, remembering at all times
what its primary function is all about. It
is always useful to know what each de-
sign or constructional element may con-
tribute to a particular parameter, but the
mutual interaction of every element of
design and construction will have even
more bearing on the final effectiveness
of the project.

Systemic analysis considers not only
the actual function of any particular as-
pect or detail but also its contribution to
the whole system, including how it in-
teracts with every other element therein.
Tug a spider’s web at any point, and
every other part of it may change in sev-
eral respects.

At the design stage, some audiophiles
seem to express little interest in what
does what beyond bass alignment and
cone material. As the builder, you must
be motivated by a passion for loudspeak-
er construction; otherwise you could



buy serviceable ready-made products for |

less money and much less hassle. If you
are motivated by a desire to address per-
formance aspects of particular concern,
you obviously have much more choice
about many design elements than the re-
tail purchaser of ready-made boxes. How
do these choices become informed?

OVERLOOKING THE PURPOSE
Perhaps because of an obsession with
actually building loudspeakers, you may
sometimes tend to address the finer de-
tails of construction and electrical per-
formance without considering how
these aspects affect the ability of the
complete speaker system to carry out its
original purpose. In Britain, in the late
1970s and early '80s, there was a sub-
species of the genus audiophile known
derogatively as the “Flat Earth” fraternity.
The title Flat Earth did not refer to any
esoteric electrical hookup (the term
“earth” is the British equivalent of
“ground™), but to the medieval belicf
that the earth was flat.

These tortured souls of the Flat Earth
persuasion placed certain aspects of
audio performance above all others. In-
deed, they refused to discuss audio per-
formance in “audio-speak” terms, insist-
ing on using the language of music criti-
cism—particularly in their favorite journal,
The Flat Response. Their constant re-
minder was that audio systems are usually
bought to experience music. Their arti-
cles also were intended to connect some
design aspects to the musical outcomes
thereof, although the Flat Earthers per-
haps went a little too far in their attempts
to compensate for the perceived short-
comings of the mainstream audio press.

The Flat Earthers placed pace, rhythm,
and pitch reproduction at the head of
their musical hierarchy, which superficial-
ly seems sensible enough for music repro-
duction. Sadly for speaker builders, the
Flat Earthers regarded the loudspeaker as
the least important component in the
audio chain, resulting in weird systems
starting with a $2000+ turntable (always
the Linn Sondek LP12/Linn Ittok/Linn
Asak) and terminating at a pair of $150
speakers. The Flat Earthers believed that
any budget pruning should be at the
speaker end of the system. In this respect
they were horribly wrong, as you shall
see. I'll demonstrate that loudspeakers are
absolutely crucial to the basic foundations
of reproduced music, as well as why and
how they are so.

RHYTHM AND PITCH
In a music system, the loudspeaker can
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have as negative an effect on the musical
qualities as the source component. This
may seem like stating the obvious, but it
should be paramount when designing
loudspeakers. A poor bass alignment can
render the rhythm turgid and slow.

It seems odd that a speaker can affect
the perceived pace of a piece of music—
this would seem to be more the preserve
of the source component—but experi-
ments with a KEF Kube bass-alignment
processor bear this out. The “Kube” is an
active equalizer, inserted between pre-
amp and poweramp to modify electrically
the bass alignments of the KEF Reference

Series. It allows you to vary Q and exten-
sion electronically. It's a very instructive
experience, so check one out if you get
the opportunity.

Bass alignments affect perceived
rhythm and pace dramatically. I became
aware of this phenomenon when work-
ing on reggae sound systems about 20
years ago when I noticed that attempts
to get a fuller low-bass sound by non-
textbook bass alignments often resulted
in a loss of rhythm so noticeable that
fewer people were dancing! The group
delay of different alignments can vary
dramatically, and at low frequencies

Announcing a collection
of articles

BKAAS0 $9.95 (Shipping wi: 11b.) Yol

on a

Visit Us On-line at www.audioXpress.com

Speaker Builder’s
Loudspeakers For Musicians

Ten projects originally published in

Speaker Builder and Performer’s Audio,

this presents a range of speaker building
projects for the musician. Designed for a
variety of PA applications in large and small
venues alike, this must-have book for
musicians also includes an upgrade for

music en route to the gig as well.

Included in this project guide are two
chapters to help even the speaker building
novice get started. Fitzmaurice offers tips
on materials, tools and techniques for
working with wood to get great sound

If you want much more from your
musical performances, Fitzmaurice has
designed speakers to get you there
easily and less expensively.

Call 1-888-924-9465 to order or
e-mail to custserv@audioXpress.com.

0Old Colony Sound Lab, PO Box 876 Dept. B9, Peterborough, NH 03458-0876 USA
Phone: 603-924-9464 Fax: 603-924-9467 E-mail:

automobile sound so you can enjoy

limited budget.

custserv@audioXpress.com

40 Speaker Builder 6/99

these phase shifts have a greater effect in
the time domain. Thus the timing of dif-
ferent elements of the music is affected
differently, and rhythm is about timing.

The pitch and timbre of reproduced
instruments are also fundamentally dic-
tated by the loudspeaker. Constructional
integrity of the speaker driver and enclo-
sure has a fundamental influence on
these and related areas. Neutrality is also
at the heart of this, but designers often
sacrifice musical ability in the quest for
more theoretical neutrality.

The classic BBC monitor designs (for
example, the wonderful little LS3/5a)
managed to achieve neutrality without
sacrificing musical ability by specifying
top-quality cabinet construction and ma-
terials and paying attention to panel be-
havior at the design stage. They were
very expensive to build, but, most im-
portantly, they were fit for their intend-
ed purpose.

Unfortunately, many designs (which 1
shall not name) aimed at low coloration
and neutrality to the exclusion of all else—
indeed, even of music itself. Some ap-
proaches to eliminating coloration sadly
eliminate music, too; a silent system has
no coloration. Unfortunately, some of
these single-minded efforts failed to make
convincing music, which led to “neutrali-
ty” falling out of favor in much of the
British hi-fi press and marketplace. So I'll
examine what a loudspeaker must
achieve to make a half-decent job of re-
producing music that sends shivers down
your spine and sets your toes to tapping.

CRITERIA AND DESIGN AREAS TO
CONSIDER

The “why” of construction often de-
mands as much careful analysis as the
“how.” Centuries of experience in cabi-
netry have contributed to the extremely
fine art it has become. The knowledge is
well established to make boxes that don’t
fall apart, but you need to know the audi-
ble effects of different material choices
and construction techniques. The theo-
retical decisions about materials and con-
structional details pay great dividends for
the thoughtful designer/builder.

Perhaps the paucity of information
about the importance of various factors to
the actual musical effect inhibits design-
ers from committing themselves to theo-
rizing in print. A lack of previous refer-
ences to a specific design application—
and its relevance to music—makes it diffi-
cult to convert the wisdom of experience
to words. A writer cannot cite references
that don’t exist. But this should not pre-
vent writers from making statements of



opinion based on experience and intu-
ition, if they are acknowledged as such.

The experiments described in this arti-
cle were prompted by my own lack of
knowledge. It is fine to discuss the mea-
surable effects of various modifications
and principles, but what do these mea-
surements sound like? This is not to advo-
cate the abandonment of objectivity (or
at least measurability), but to advise well-
applied engineering. The most compli-
cated measuring device in audio is the
human ear, but ears do not have non-
volatile memories and chart printers, and
many ears have been poorly calibrated
and badly maintained.

The answer seemed to lie in conduct-
ing listening tests of loudspeaker-design
aspects using a variety of ears. The “lis-
tening panel” has a respectable history in
the more intellectually rigorous hi-fi
press, and it is worthwhile to borrow the
better features of the best of them. The
reactions of these test ears would be
recorded immediately to reduce memory
problems. Recording of results would
use the rawest of raw data, rather than
answering “closed questions.” The ap-
proach would be hypothesis-generating,
or “heuristic.”

This has a great advantage over hy-
pothesis-testing approaches to experi-
mentation, in that it allows new ideas to
be generated rather than merely confirm-
ing or rejecting existing ideas. The broad-
est range of data would be assembled to
allow the broadest opportunity for pat-
terns to emerge. Therefore I tried heuris-
tic research into the audibility of design
and construction decisions.

RELIANCE ON CLICHES

Cabinet materials and construction pro-
vide a wide scope for diversity, but most
amateur builders fall back on a limited se
lection of formulaic clichés. Unfortunate-
ly, the space and time required to con-
duct useful experiments in these areas
are usually beyond the resources of the
home builder. This seems to lead to the
adoption of practices from the mass pro-
ducers, but their solutions are based on a
different set of criteria from those of the
amateur builder.

High on a commercial producer’s list
of priorities are ease of economic manu-
facture and repeatability between sam-
ples. The box must not only look and
sound the same from sample to sample,
but must be available to the consumer

at a price that represents good value.
The manufacturer of an inconsistent or
overpriced product will not remain in
business for long. The home construc-
tor has the opportunity to produce a
hand-built, individually tuned master-
piece regardless of labor input.

This article will seek to enable you to
exercise a wider and more informed
choice of design and construction judged
by performance. If you elect to build a kit
or a published design, of which there are
many excellent examples in the pages of
Speaker Builder, the influence of their
particular constructional decisions will
have a dramatic effect of the ultimate
sound of the completed project. I will ex-
amine the effects that each construction-
al parameter may have on sound quality.

Each part of this article takes a look at
aspects of what happens to some of the
electrical energy delivered to the loud-
speaker terminals. Some of this expen-
sive amplifier energy is converted into
something other than music. Bizarrely,
audiophiles and designers often refer to
this as “unwanted energy.”

Part 2 will help you determine fact
from fancy when looking at advertised
driver specifications. ]
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With some know-how, a little patience, and a modest expense, you, too, can bring new life

to old speakers.

By Charles Hansen

have a pair of Lafayette Criterion

50A two-way speakers that I pur-

chased for about $70 in the early

'70s, along with a Lafayette receiv-
er. ( noticed that Dennis Colin used a
similar receiver as a noise break-in device
in his “Swan M1 Kit Review” in SB 3/99,
pp- 36-54. My wife still uses my LR-5000
as her receiver, so the Criterions are now
her de facto speakers.) These speakers
are rated for “30W Music Power.”

Photo 1 shows one of the Criterion
50As. The cabinet is %" birch plywood,
with the corners perfectly mitered.
There are a few minor dings, but a coat
of Liquid Gold brings back the finish
very nicely. In fact, they are much nicer
as furniture than they are as music repro-
ducers. These speakers lack bass re-
sponse, the midrange seems designed to
optimize the male speaking voice, and
the high frequencies are shrill. My plan
was to replace the tired old drivers with
modern devices, producing, so to speak,
a new set of Criteria.

Let me say at the outset that I have no
speaker-building experience whatsoever.
I decided to write this article from the
viewpoint of a total woodworking,
speaker-building amateur. I once re-
placed the stock drivers in my 1978
TransAm with Jensen’s latest 6 x 9 triaxi-
als, but other than that, my only contact
with speakers has been as a purchaser.

While I have worked with MDF, ply-
wood, and particleboard, those projects

ABOUT THE AUTHOR

Charles Hansen is an Engineering Consultant and
holds five patents in his field of electrical engineering
He began building vacuum-tube audio equipment in

college. He plays jazz guitar and enjoys modifying gui-
tar amplifiers and effects to reduce noise and distor-
tion, as well as building and restoring audio test equip-
ment. He also has 40 magazine articles to his credit

42 Speaker Builder 6/99

have been strictly utilitarian, such as clos-
et shelves or a garage storage rack. My
woodworking power tools are limited to
a circular saw, a saber saw, and a router
that I once used to make the cabinet de-
scribed in my article, “Electrolytic Capac-
itor Reforming Unit” (Glass Audio 6/97,
pp. 22-27).

EXISTING SPEAKERS

First I took one of the Criterion units
apart to ascertain its structural suitability.
The basic box has external dimensions
of 19H x 11”"W x 8.625”D, and a gross
internal volume of 18” x 9.75” x 7”.
Photo 2 shows the speaker with its %”
particleboard back panel removed. The
front baffle and rear-panel mounting sup-

PHOTO 1: Criterion 50A

loudspeaker prior to upgrade.

G
e

PHOTO 2: The Criterion box showing unmounted speakers and back pznel removed.



ports fit into dados in the top, bottom,
and sides. All mating surfaces are rein-
forced with 3” triangular corner braces,
and all miter joints with full-length rec-
tangular splines. Structurally, it looks
quite promising.

All the internal walls except the %"
front baffle have %”-thick acoustic
padding. The 8” woofer and 3” cone
tweeter are mounted from the inside
with captive screws and nuts. The
sealed-back tweeter is mounted in a shal-
low %6” routed circle. There is also a
3"ID x 4.75"L cardboard vent tube just
below the centrally mounted woofer.

Both drivers are marked “8Q,” and the
crossover is a single 3.3uF nonpolar cap.
There was evidence of dried electrolyte
leakage at the seal at one end of the ca-
pacitor. The tweeter had a date code of
7220D, presumably the 20" week of
1972. The grille cloth is glued to %" luan,
with speaker cutouts corresponding to
those in the front baffle. Eight thin wire
brads hold the grille board in place, and
it was also lightly glued to the baffle, as
you can see in Photo 3.

After spending a couple of weeks por-
ing over catalogs full of drivers and
speaker accessories, I decided to contact
Madisound for its assistance in choosing
new drivers for the existing Criterion en-
closures. They recommended the drivers
and crossover from the Madisound
Cygnet two-way speaker kit.

The full 19”H x 12”"W x 10.5”D Cygnet
kit is $415 per pair. The kit without cabi-
nets costs $235, and consists of two
Peerless 831709 8” polypropylene
woofers, two Peerless 812687 1” fabric-
dome tweeters, two crossover networks,

PHOTO 3: Grille cloth and drivers removed.

two input terminal cups, foam sheets,
wool, mounting hardware, foam tape,
hookup wire, and solder. The parts for
one speaker are shown in Photo 4. Two
pages of instructions show you how to
mount the drivers, crossovers, and termi-
nal cups, and how to wire the speakers.

1 did a quick CAD layout, dimensioned
in mm, to make sure the new drivers
would fit in the existing cabinets with-
out major rework or interference (see
Fig. D. It looked as though the woofer
would drop right into the existing
cutout, but the new tweeter was larger
than the original, and, if mounted on the
existing centerline, would hit the woofer
frame. 1 would need to enlarge the
tweeter opening and move its centerline
upward about 3mm. The existing vent
tube is 3”ID x 4.75”L, while the Cygnet’s
is 2”ID x 6”L, so I didn’t know what ef-
fect that might have on the sound. I se-
lected the crossover mounting location
to accommodate either one.

DISADVANTAGES OF THE
EXISTING BOX
The rear-mounted drivers are not sealed
into their openings, so there is some air
leakage at the flanges. The back of the
cabinet is held in place with only ten #5
x %" flat-head wood screws, so there is
probably leakage there also. Moreover,
the cardboard vent tube is held in place
by only two staples, and I could see day-
light between the tube and its cutout. |
could also see daylight through the rear
terminal strip—more air leakage.

The central location for the woofer is
probably not ideal, and the tweeter is off-
set 8mm from the centerline. These
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speakers were originally “bookshelf”
types, probably intended for placement
with the long dimension horizontal,
since the terminal strip and rear name-
plate are oriented this way.

1 would think there is a lot of uncon-
trolled diffraction from the speaker
cutouts, the grille board, and the frame of
the box where it extends forward past the
baffle surface. The trend also seems to be
toward boxes that are deeper than they
are wide, although the Cygnet’s propor-
tions are more like those of the Criterion.

Finally, the Criterion’s volume is only
about three-quarters that of the Cygnet
(1230in3 versus 1654in3 gross interior
volume). I didn’t know what effect that
would have on the vent-tube design.

AUDIO MEASUREMENTS
I decided to run some audio measure-

ments on the other Criterion 50A as a
performance baseline. First I measured
the impedance versus frequency, using
my low-impedance sine-wave generator.
I recorded the voltage across the input
terminals and measured the speaker cur-
rent as a voltage drop across a scries
OR1Q 1% resistor.

Next I borrowed a friend’s Radio Shack
model 33-2050 sound-level meter. I set up
the speaker on a 24” stand on my back
patio, and mounted the meter on my cam-
era tripod (the meter has a handy %”
threaded socket). I placed the microphone
one meter from the speaker grille in line
with the tweeter, and set the soundlevel
meter to C weighting and slow response. I
connected the sine-wave generator to one
channel of my power amplifier, and adjust-
ed the signal for 2.83V RMS at the speaker
terminal strip at 1kHz.
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FIGURE 1: Criterion 50A CAD layout.
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PHOTO 4: Inventory of parts for one speaker.



The sound-level meter read 91dB.
Even with ear plugs, the sound was deaf-
ening, and I certainly wouldn’t want to
be close enough to take meter readings
at that volume. I reduced the voltage
level to 1V RMS, which was at least bear-
able at 82dB. Besides, I didn't want to
beach any dolphins.

During the tests, the cabinet began to
rattle and buzz at 70Hz. I took off the
back, tightened the eight driver-mount-
ing nuts, and reassembled the speaker.
This cured the mechanical-resonance
problem, but the woofer still sounded
distressed at these levels.

I also took measurements of one of the
NHT SuperOne speakers I use in my own
system. Its specified sensitivity at 1kHz is
86dB/2.83V/1m, which fell to 80dB at 1V
RMS. After modifying the first Criterion
50A, I will take its measurements.

While 1 had measured amplifiers and
preamps in the course of product reviews
for Audio Electronics and Glass Audio, 1
had never before made any speaker mea-
surements. I used modest test equipment
and methods that were convenient and
that I considered practical. If you plan to
write the magazine pointing out that my
measurements are lacking, allow me to
agree with you ahead of time. This is sim-
ply comparative data between one
known and two unknown speakers. I
leave the interpretation of the data—if in-
deed there is any valid conclusion to be
reached-to those well versed in the ficld
of loudspeaker design.

CONSTRUCTION

Before beginning construction, I read all
the Speaker Builder kit reviews I had on
hand, seeking construction tips and pit-
falls. The first order of business was en-
larging the tweeter opening. I suppose a
router is the proper tool for this, but the
baffle surface was recessed }2” below the
plywood edges of the cabinet, so I
would have had to make a special jig to
guide the router bit. I decided to use a
coping saw and manual labor. For the
same reason, I did not rout around the
driver cutouts so the drivers could be
flush mounted. Besides, with only 1"
baffle walls, I did not dare to remove any
more material. In addition to moving the
tweeter up 3mm, I moved it as far as pos-
sible toward the centerline.

I drilled ten additional holes for rear-
panel mounting screws, and increased
the size of the screws from #5 x 4" ta #6
x 17, for a total of 20 screws. None of the
existing driver-mounting holes lined up
with those of the new drivers, so | sealed
all the holes with plastic wood. I also
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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 z
Part Number PATA133-ES  PAT-4134-65 We specialize in audio transformers. Since 1983
Step-up Ratio 1:50 175 Pitron has suppled toroidal iransformers to
Power, Nominal 80 wats 80 watts | high-end equipment manufacturers. »
Input, Nominal Power 4 ohms 4 ohms | Y
Secondary Inductance T19H 1600 H =
Effective Sec. Leakage Induct. 15 mH 2mH -
Primary DC Resistance 0.1 ohms Otchms | -
Secondary DC Resistance 190 ohms 273 ohms
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JQPMBMSQM 3535 Hz 3B5.35H PLITRON
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i iy o S 1 o . 8, 601 Magnetic Drive
Resonance Freq. 2ndorder  31.52kHz 26,20 KkMz , 'ag
Qfactor 0601 0.642 Toronto, Ontario, Canada M3J 3J
el S D e e-mail-techinfo@plitron.com 1
Size 0D X'H' (’m' °)’ 140x 66 140166 _ 1-800-PLITRON (1-800-754-8766}
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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

ATVu.28. . 300-505-9924
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DEFLEX
SPECTRA Z\go)lIStie

=t PANELS

The simplest and most cost effective way
to upgrade your existing system

7

You need at least 2
Deflex panels for a
pair of small bookshelf|
speakers, 4 panels for
a pair of Tannoy 6's,
and at least 6 panels
for larger cabinets

Once you have

gained access to the
inside of the cabinet,
remove foam and/or
wool damping from
the inside of the
speaker (if fitted)

spe
stick to the inside of

the cabinet using the_
recommended
adhesive

J
Now sit back and
listen to the extra
detail in sound, and
far less distortion
when played loud

X
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MICHAEL PERCY AUDIO
P.O. Box 526
Inverness, CA 94937
(415) 669-7181 Fax (415) 669-7558
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sealed the eight holes made by the brads
that secured the grille board. Finally, I
scraped off the old glue from the front of
the baffle.

Next I soldered the 16-gauge wire pro-
vided by Madisound to both driver voice-
coil terminals. The tweeter is connected
out of phase, so the positive wire goes to
the negative terminal.

After the sealer dried, I sanded the baf-
fle board front and back, and drilled new
%" driver-mounting holes. I also rotated
the tweeter 45° from its original mount-
ing position so I could drill into solid
wood. I rotated the woofer only 30°, so
the lower mounting screw would not be
near the vent tube in case I needed to
make modifications later. Then I cleaned
and masked the cabinet and gave the
front of the baffle a coat of flat black
paint (Photo 5).

The vent tube on the Cygnet is 2”ID x
6"L, so since the Criterion cabinet is only
7" deep, 1 would probably need to use a
1.5"ID vent tube, especially with the re-
duced internal volume. I cut a few
3.25"0D wood plugs from %" particle-
board to hold the new vent tube.

World Radio Histo

When the paint was dry, I mounted
the woofers into the baffle without the
foam tape, and measured their resonant
frequency and impedance, which was
28Hz at 36Q. I ran the two woofers with-
out the cabinet backs for 15 hours at 6V
RMS (about 1W) and 28Hz.

While the woofers were running in, I
turned my attention to the rear panel. I re-
moved the existing padding and terminal
strip, then cut the 2%” hole for the new
terminal cup and drilled mounting holes.

In contrast to the single capacitor
used in the Criterion 50A, each Madi-
sound 18dB/12dB crossover has four ca-
pacitors, three resistors, and four air-core
inductors mounted on a glass-epoxy
PCB. The crossover has four mounting
holes, and is designed for mounting in
the bottom of the Cygnet cabinet. Since
the vent tube is at the bottom of the Cri-
terion cabinet, I mounted the crossover
just above the terminal cup. There was a
large open spot in the middle of the
crossover PCB, so I drilled another
mounting hole and secured it with five
screws. | used flat washers as spacers
under the PCB to keep the solder joints

PHOTO 6:
Rear panel
with new
terminal
cup and
crossover.



from hitting the rear panel surface and
putting stress on the PCB.

At the end of the run-in period, the
woofer resonance had shifted down to
24Hz at 34Q. I removed the woofers and
applied foam tape to the rims of all the
drivers. I vacuumed out the cabinets and

curate imaging. The highs were just
overpowered by the exaggerated bass.

In order to retune the vent tube, I re-
ferred to the only speaker-design book 1
own: Buldlock On Boxes (available from
Old Colony Sound Lab, PO Box 8706, Pe-
terborough, NH 03458, 1-888-924-94065,

installed the drivers. Then 1 connected
the wires to the crossover board. Photo

Fax 603-924-9467, E-mail custserv@
audioXpress.com). I concentrated on the
sections describing vent-tube design,
pages 8, 20, and 21. Using the formulas
provided, 1 found a 3”-diameter vent
tube would need to be 33” long, and a 2”
tube 14” long. Even a 1.5” tube would be

6 shows the revised rear panel wired to
the new drivers.

Before mounting the rear panel, I in-
stalled the original ¥2” padding, cut for
clearance around the crossover and ter-
minal cup. Then I covered the crossover
with foam and filled the cabinet with
wool in accordance with the Madisound
instructions. In order to seal the rear
panel, I applied sealing caulk around its
mounting surface. Photo 7 shows the
modified speaker with the sound-absorb-
ing materials installed, just before attach-
ing the rear pancl.

So

VIBRAPOD

INITIAL MEASUREMENTS

I connected the speaker to my signal
generator and measured the resonant fre-
quency (fp) of the speaker—18Hz! Clearly
the existing vent tube would not work. 1
decided to try the other extreme, and
plugged the vent with the polyethylene
container that the plastic wood came in,
wrapping a few turns of electrical tape
around it for a good seal. Now the f,, was
just over 50Hz.

I removed the temporary vent plug
and installed the speakers in my system.
They had poorly defined bass, all one-
note like a '60’s juke box, and the mids
were hollow and lifeless, without any ac-
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Jasper Audio Presents the Model 210 Metric Jig

Jasper Audio has developed the ultimate jig for making precision speaker cutouts. You will
be able to flush mount your speaker drivers with the professional results of a CNC machine.
Our jigs convert your plunge router into a CNC machine for creating circular cutouts. The
Model 210 is scaled in millimeters. The 210 will make cutouts in 2 millimeter increments from
44 millimeters to 468 millimeters. By alternating a 6.5 and a 7.5 millimeter bit you will be able
to graduate in 1 millimeter increments. If you are a speaker builder you must have this tool.
You will be able to read a spec sheet and reproduce an accurate cutout with out measuring
or calculating. All you need to know is where you want the center of your circle. The Jasper
Circle Jigs are unique because of their accuracy and their ability to make a precision cutout
in one pass with no trial cuts. Great for prototyping. Now Jasper Audio sells router bits for our
jigs. We now have 4 models, the 200,210,300,400. Make circles from 1 inch to 52 inches in
diameter. When you need to make a precision circle contact Jasper Audio.

The Model 210 sells for $49.95 plus $6.00 shipping in the US

If you have questions contact us toll free in the US at (877) 229-7285
Outside of the US call (713) 781-3405

Fax (713) 781-4021 4 email jaspera@flash.net ¢ Web site www.jasperaudio.com
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Speaker Builder
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longer than the box was deep, at 7.8”.
Can you put a 90° elbow in a vent tube,
making it a “bent vent"?

I also did not know how much the
wool filler had decreased my estimated
net volume, thus requiring a longer vent
tube than I had calculated. There were
also indications that the velocity of the

air in the smaller-diameter vent tube
might be audible.

I sent another e-mail to Madisound for
some advice, which was that the Criteri-
on box was probably too small for a
vent, and they suggested I try a sealed
box. I remeved the cardboard vent tubes
from the two speakers and made up a set

PHOTO 7: Sound-absorbing material installed.

The long awaited biography of Alan Blumlein
THE INVENTOR OF STEREO:

The Life and Works of Alan Dower Blumlein

by Robert Charles Alexander

51577-3. Shipping wt: 3 Ibs.
BKB58.. $56.95 (plus shipping)

OLD COLONY SOUND LABORATORY « P.0. Box 876 « Peterborougn, NH 03458-0876 USA » Phone: (603) 924-9464 « Fax: (603) 924-9467
E-mail custserv@audioXpress.com e Visit us on-line at: www.audioXpress.com

The definitive study of the life and works of one of Britain's most important inventors. Finally avail-
able, the book contains hitherto unavailable TOP SECRET information. Overall a fascinating look
into developments in audio, electronics and radar. During Blumlein's short life he acquired 128
patents critical to developments in electronics and audio engineering. The 1931 patent for a Bin-

aural Recording System is only one of his many ground-breaking achievements. His death in

1942 while working on the highly secretive H2S blind-bombing radar led to a shroud of secrecy

which has covered his life and achievements ever since.

This book uncovers those achievements, while providng an in-depth study into the life and times cf this
quite extraordinary man. 1999, 448pp., hardbound, photos and extensive index, 6%4” x 9%, ISBN 0-240-

SHIPPING: $6.75 in US, $9.50-Canada, $10.25-surface mail overseas, $22.25-airmail overseas

CALL 1-800-924-9465 TO ORDER

THIS EXTRAORDINARY HISTORY OF EARLY STEREO, TELEVISION AND MORE
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of square blocks and cleats from %" parti-
cleboard. With the cleat inside and the
block outside, I used a long screw to
close each vent hole. A sheet of neo-
prene on the inside surface of the blocks
made the box airtight.

Installing the sealed boxes in my sys-
tem, I tried the speakers on 24" stands,
16” stands, flat on the floor, and on the
floor tilted up toward the listening posi-
tion, with and without toe-in.

FINAL LISTENING RESULTS

I achieved the best results with the
speakers flat on the floor and toed in. I
made a set of tight-fitting permanent
vent plugs from particleboard, epoxied
them into the vent openings, and
masked and painted the plugs. These
plugs also reinforced a weak spot in the
front baffle—there was only %” between
the openings for the woofer and vent.

With the now-sealed speakers back in
my system, the bass was under control,
with good extension and definition. The
midrange was spacious and more natur-
al, with nice imaging. The upper mid-
range and lower highs were a bit darker
than the NHTs, which I really like for
their detail and transparency. The high
frequencies, however, were nice and
bright, which made the laid-back mid-
range even more obvious.

I would guess that it is not easy to
blend a large 8” woofer with a small
tweeter in the crossover frequency (the
NHT woofer is 6%”). I would think
each is being extended slightly beyond
its most effective range in the overlap.
Perhaps the sound will brighten with

time as the drivers break in. At higher
volumes, the speakers held up very
well, without any change to their basic
sound.

The sound was well balanced when |
used the warble tones on the
Stereophile Test CD 3 (available from

0Old Colony Sound Lab). I played the
low-frequency warbles very loudly, and
did not detect any cabinet noise. I sus-
pect a closed box puts more stress on
the enclosure than a vented box, but
even with the %” walls, there were no
extraneous creaks or groans.

Visit our website ot www.fero.com

INTRODUCING FERROFLUID
RETROFIT KITS.

Now OEMs who have already enhonced
speaker performance with FerroSound can add
ferrofluid packets to their retrofit kits.

These small, convenient packets enable ser-
vice centers and retrofitters fo apply ferrofluids
correctly into replaceable diophragms in the
field. Results: fewer problems and more profits
all along the line.

BIG IMPROVEMENTS
NOW COME IN SMALL PACKAGES.

Each kit contains the right amount and
type of ferrofluid for your speaker, a wicking
doth to extract remaining fluid, instructions,
and o material safety data sheet. So add per-
formance and profit to your speaker retrofits
by calling FerroSound today ot 603 /883-
9800 — or fox 603/883-2308.

The Soluton Is Loud And Cleor”
Forrofhidics Corporation, 40 Simon Sreet, Nashoa, NH 03061 |

©1997. FarroSound ond related grophics ave registersd trodemarks of Farrolluidics Corporalion
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Featuring:
*x i=
*UltraDamp7000:
*

* Silentium Technologies

* 830 Main St. Wakefield, MA. 01880

Oilentium Technologies

State of the Art High Performance Damping Products

Forget loaded vinyls, forget roofing-like materials. For a sample kit of our superior noise reduction
materials, and a certificate worth $5.00 off your first order over $50.00. Send $2.00 to address below.

* fax: 781-246-2383  * www.anti-noise.com

1mm thick and a loss factor of 0.3,ideal for any application.
Virtually eliminates box resonance and baffle diffraction
Crafted for demanding applications.
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mprove the imaging and darity of your

speakers by reducing cabinet resonance and
baffle diffraction. Transform the acoustics
of your listening room with bass traps. Make
your car or studio whisper quiet. Coustasheet,
2.083" thick, 1 Ib. per sq. ft. loaded vinyl, will
do all this for only $2.98 per sq. ft. (12 min.)
plus $5 handling.

FREE SHIPPING in USA
Build $538.00* bass
traps for only $75.00**

Bass traps can do more to tighten the sound
and smooth the bass response in your lis-
tening room than other devices that cost
several times more: equalizers for example.
With Coustasheet you can tune the trap to
your problem frequency band and adjust
the width of that band. A Coustasheet bass
trap can absorb lower frequencies too. They
work by vibrating with the standing waves
that cause huge peaks in in-room bass
response, absorbing the excess energy.
Booklet with plans $10.00 or FREE with
32sq.ft. Coustasheet order.

*List price of 8sq. fi. bass traps made by
RPG, Inc.

**Typical cost of materials to build traps with
enclosures similar to RPG’s. Build them into a
room without enclosures for only $55.00.

Gasoline Alley, LLC.
1700 East Iron Ave., Salina, KS 67401
1-800-326-8372 or 1-785-822-1003
Fax: 1-785-827-9337
E-mail: morrison@midusa.net
Web: www.gasolinealleyllc.com
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GRILLE BOARD

The finished units are shown
(front and rear) in Photo 8. At this
point I still had not completed the
speaker grilles.

Parts Express has grille cloth,
guides, and frames so you can
build nice custom grilles for your
speakers. I decided to stay with
the existing grille cloth. Since 1
could not glue it back onto the
baffle with the front-mounted
drivers, I used grille guides to
make the grille removable and
also provide clearance for the
drivers, especially the fragile
tweeter dome. I also considered
strip magnets and Velcro™ before
settling on the grille guides.

TEST RESULTS

With the speakers finished, and
after several days of listening, I ran
the same tests as on the NHT and
the original Criterion. The imped-
ance graphs for the NHT Super-
One, the Criterion 50A, and the
Madisound-modified speaker are
shown in Fig. 2. The peak imped-
ance for the new Criteria is at
53Hz, which is fairly close to that
in the Cygnet graphs, about 57Hz.

Next, I went back out to the
patio for tests with the Radio
Shack dB meter. The frequency-
response graphs are in Fig. 3.
The Criterion 50 and the NHT
had their grilles installed, while
the Madisound-modified Criteri-
on had no grille.

The sensitivity of the new Cri-
terion was 88dB/2.83V/meter at
1kHz. I reduced the voltage at
the speaker terminals to 1V RMS,
the same level I used for the earli-
er measurements. The OdB refer-

B-1530-2

FIGURE 2: Impedance versus frequency for each
speaker.

B-1530-3

FIGURE 3: Frequency response for each speaker.

B-1530-4
FIGURE 4: System response with grille installed.

PHOTO 8: Finished
speakers, front
and rear view.



ence point is 80dB, which is the level |
measured for the NHT SuperOne at 1kHz
and 1V/meter. All other measurements
are relative to this level. The rolloff
above 15kHz may be inherent in the
Radio Shack dB meter, since the NHT is
fairly flat to 20kHz and isn’t down 3dB
until 25kHz.

One thing that leaps out from the
graph is that the peaks and dips in re-
sponse with the new drivers occur at the
same frequencies—between 100Hz and
1kHz—as with the old drivers. I don’t have
the expertise to know, but I wonder
whether this is a characteristic response
caused by the Criterion enclosure? The
smooth curves of both dome tweeters are
in contrast to the wild HF peaks of the
original 3” paper-cone tweeter.

Figure 4 shows a comparison of the
response with the grille board installed.
The data is the same as in Fig. 3, expand-
ed, with the “no-grille” 1kHz response as
the 0dB reference. The grille exaggerates
the level changes between 1kHz and
14kHz. I will use the grilles for protec-
tion while the system is off, and remove
them for listening.

CONCLUSION

I wonder how many older loudspeakers
like the Criterion are out there, with
decent cabinets but poor audio perfor-
mance. Companies like Allied Electronics,
Lafayette Radio, Radio Shack, and Heath-
kit sold thousands of these speakers with
a receiver and record changer as part of a
prepackaged audio system. Many were
two-way vented systems with 8-10"
woofers and 3” cone tweeters.

I derived a lot of satisfaction from this
project, and ended up with a nice set of
speakers in the bargain. Madisound was
very helpful, and I developed a new ap-
preciation of the reason speaker design-
€rs use computers.

My total parts cost for replacing the
drivers and modifying the speakers was
about $260 with shipping. Table 1 is the

parts list, with prices. )
TABLE 1
CRITERION 50A DRIVER UPGRADE
PARTS LIST:

From Madisound, 608-831-3433 (info@ madisound.com)

Cygnet two-way speaker kit without cabinets, ~ $250
From Parts Express, 1-800-338-0531 (www.parts-
express.com)

3 36” speaker-sealing cauk, p/n 269-300 $2.25

1 Heavy-duty grile guides, p/n 260-367 12 pr., $2.40
1 also ordered two Gold dual banana plugs (p/n 091-334,
$4.80 each) and some 12-gauge speaker cable to com-
plete the upgrade. This replaced the 16-gauge lamp cord
| had been using with the Criterions since the 1970s.

LspCAD

LspCAD is a software package that helps you to construct and to model loudspeaker boxes as
well as active and passive crossover networks

DESIGN OF LOUDSPEAKER BOXES

The box utility gives you the opportunity to model and construct a large variety of loudspeaker
boxes ranging from simple closed boxes to bandpass boxes. LspCAD has a powerful tool for
modeling room response and cabinet edge diffraction effects to help you to create good sounding
loudspeaker systems. Furthermore it is possible to model nonlinearity properties such as voice
coil heating and cone excursion limitations. An unique feature is that you can instantly see what
happens to the system when you modify a parameter.

DESIGN OF ACTIVE AND PASSIVE CROSSOVER NETWORKS

For the crossover designer LspCAD offers a very powerful, yet simple tool. Up to four way active
and passive crossover networks can be constructed. A built in optimizer makes for the alignment
of the total transfer function of a network including loudspeaker unit against a predetermined
target. A unique filter music tool lets you evaluate the loudspecker systems performance without
even having to put together a real crossover
network!

For only 3 Dq LspCAD does the similar
Job or even more than other much more
expensive software available on the
market.

Visit http.//www.libinst.com for a free
and fully functional dema.

For ordering call Liberty Instruments
Inc. Ph (513) 755-0252

Bundling LspCAD with LAUD possible,
call for price info.

MULTICAP & AUDIOCAP

THE VERY FINEST

rrom Reliable Capacitors

FINCH & MARSH  WWW.CAPACITORS.COM
JEAN SMITH  TEL & FAX 415-924-6090
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Kit Review

THE RHYTHM REVELATOR KIT

The Rhythm Revelator Kit, North
Creek Music Systems, PO Box 1120, Old
Forge, NY 13420, (315) 369-2500,
www. northcreekmusic.com.

In my search for affordable high-end
speakers, I came across those of North
Creek Music Systems (NCMS), which of-
fers speaker kits as well as ready-made
systems. This was a challenge. Why pay
double the price for a speaker when I
could build it myself? As a die-hard do-it-
yourselfer, I'm accustomed to building
things myself, rather than paying what I
consider high prices. But I was willing
to trust my gut feeling on this one.

I chose the Rhythm Revelator Project
kit (Photo I1). North Creek seems to
have done its homework in that the rea-
soning behind the speaker design was

Reviewed by Daniel R. Smith

quite straightforward. I was impressed
with the detail in which the company
developed its strategy for a better musi-
cal mousetrap. For example, it re-
searched and developed its own custom
capacitors and inductor coils. North
Creek is owned and operated by George
Short, who answers the phone directly
when you have a question and need
technical support—customer service par
excellence.

HOMEMADE PARTS

NCMS makes its own inductor coils
from military-grade high-purity copper.
They are domestically manufactured
low-tension wound coils. According to
NCMS, low-tension winding preserves
the crystal structure of copper and en-
hances the low-end performance of the

Audio Amateur’s

Audio Amateur’s MUSIC MART is a special marketplace sec-
tion designed for advertisers of recorded music and related audio ac-
cessories, such as record cleaning & maintenance products, cassette
tapes, storage units, and more.

ONE GREAT RATE—THREE GREAT MAGAZINES

Advertise in the MUSIC
MART to reach over 34,0002
audiophiles that want and
need your products. Your ad
will run simultaneously in
Audio Electronics, Glass Audio,
and Speaker Builder. Call today
to reserve your space in the
next available issue.

(800)524-9464 o (603)924-7292 o FAX: (603)924-9467
E-mail: advertising@audioXpress.com

PHOTO 1: Finished Revelator.

crossover. The average woofer inductor
requires over 100" of wire; therefore,
the quality and gauge of the inductor
wire could make a noticeable difference
in woofer and midrange performance.

The tweeter and woofer crossover
both use #10 AWG air inductors. The
sound quality of 10-gauge coils is appar-
ently refined and delicate, but as an ama-
teur hobbyist, I cannot make expert
comparisons of all electronic compo-
nents and their possibilities of sound re-
production. With that said, I'll move on
to a further description of the kit.

Next are the custom-made capacitors,
which I thought a novel and bold at-
tempt by NCMS to develop its own
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unique sound. It came up with two de-
signs, the Zen and the Crescendo. The
former is claimed to have midrange and
high frequencies that are natural,
smooth, soft, and delicate. NCMS says it
is “remarkable in resolving fine detail
without grain or harshness.” I am not an
expert on capacitors, and so hesitate to
offer an opinion, but they do sound very
sweet to my ears.

As for the Crescendo, NCMS claims it
is smooth and liquid, and harmonicalty
correct in the midrange. The pulse capa-
bility of the 1.0pF is 500V/us. This pro-
duces a high end with lightning tran-
sient speed and a sound stage that is
dead silent. The film-foil construction
forms a thick conductor that transmits a
purer signal.

For resistors, NCMS uses Ohmite 1%-
tolerance wirewounds, claimed to be
“completely transparent.” NCMS says
that the gritty sound and texture of
sand-cast resistors is eliminated by
using wirewound units, adding dynam-
ics, detail, and clarity to the crossover
circuit. By using matched 1% pairs, as
opposed to the more common *10%
tolerance, the sound stage is brought
into sharp focus.

KIT CONTENTS

The kit comes with cabinet diagrams, as-
sembly manuals, and a cabinet and
wiring handbook. It includes drivers, all
crossover components and boards, bind-
ing posts, internal wiring, silver solder,
connectors, grille fasteners, hardware,

port tubes, and glue—basically every-
thing you need. North Creek recom-
mends as a prerequisite soldering and
electrical-assembly skills and the ability
to read schematics. You have the option
of cutting your own panels for the cabi-
nets, or getting precut, prerouted,
predrilled boards with grille frames as a
cabinet kit.

The Rhythm uses a QB3 box, a 43-tr
volume yielding a tuning frequency of
39.5Hz and an F; of 47.2Hz. The rear
panel is 1.5” MDF composite, and the
front is 2.5” MDF Baltic birch compos-
ite, as is the internal bracing. The shell
is %” MDF, with coated and damped in-
ternal surfaces. This is a very rigid, solid
cabinet, weighing 67 Ib without any
electronics mounted. Assembled and

mounted, each unit weighs
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SCAN-SPEAK D2905/9300

B-1489-2

FIGURE 2: Scan-Speak tweeter design.

TABLE 1
ASSOCIATED EQUIPMENT

Preamplifier: Sound Valves’ VTP-101 tube.
Amplifier: Sound Valves' M60 monoblocks 30-60W tube.

Kimber Kable .5m KCAG analog.
Other: Power Wedge 116 power conditioner.

Digital source: Adcom GCD 700 CD transport; Sonic Frontiers'
Assemblage, DA-2 20-bit HCDC processor; Monarch DIP anti-jitter.

Cables: Tara Labs' 8’ biwired prime; Kimber Kable TGDL .5m digital;

about 100 Ib (Fig. I).

The driver arrangement is
midrange-tweeter-midrange.
The drivers of choice are the
Danish Scan-Speak Revelator
D2905/9300 for the tweeter
(Fig. 2) and the Scan-Speak
18W /8545 for the woofer-
midrange (Fig. 3). The interest-
ing thing about the Revelator

Millennium-—

high frequency transducer performance.

Hexadym* magnet system and features:

*Patent pending.

Available at:

www.madisound.com

Solen Inc. 514-656-2759
www.solen.ca

www.zalytron.com

The clear path to sound perfection

SEAS introduces the new Excel Millennium soft
dome tweeter, a design breakthrough that redefines

The Millennium incorporates our revolutionary

e completely open construction that eliminates all internal resonant cavities.
¢ total venting of dome, surround, and voice coil into the rear chamber.
¢ 500Hz resonance frequency and 1mm linear coil travel.

¢ a very low stray magnetic field-ideal for home theater applications.

Madisound Speaker Components 608-831-3433

Zalytron Industries Corp. 516-747-3515

Visit the SEAS web site at www.seas.no
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Exclusive
Distributor of
Acoustic Research
Advent & Jensen
NHT Parts

AR NHT

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

800-225-9847 FAX: 508-478-9816
17C Airport Drive
Hopedale, MA 01746

Sunra

$3asnss}d

1388

Kit KO8T20
$160/Pr.
11 high

performance
kits from $67/Pr.

Wide variety of
raw drivers with
complete specs.

1-888-3-Speaker
http://www.Speakerpage.com
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SCAN-SPEAK SD-1 Motor
B-1489-3
FIGURE 3: Motor structure of woofer.

FIGURE 4: Crossover design.
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Rhythm Crossover Topology

B-1489-4

tweeter is that it is constructed with a
long-coil, short-gap geometry, like a
woofer. The excursion is a full 1.0mm
pk-pk, double that of conventional tweet-
ers. While normal woofer excursion is
6mm, the Scan-Speak’s is an amazing
13mm. The sensitivity rating for the Rev-
elator speaker is 90dB, biwired.

Since I had never before attempted to
assemble a speaker kit, I needed to
study everything in great detail and orga-
nize my tools, parts, and supplies. Just
as in planning a long journey, it was nec-
essary to think through everything from
start to finish in as much detail as |
could. My goal was to match or surpass
the standards and quality of large manu-
facturing companies, and since |
had everything needed to ac-
complish this goal, I embarked
on this task with great antici-
pation.

CONSTRUCTION STEPS

Beginning with cabinet con-
struction and crossover assem-
bly, I then veneered the cabi-
nets and fascia. 1 wired and
mounted the crossovers, then
the drivers. For the cabinets,
you can use any good wood
glue such as Elmers or Tite
Bond. For veneering, I utilized
the services of the Constantine
Wood Center. Picking out the
right veneer, and then apply-
ing, sanding, and finishing it
was a project unto itself, but

ternative, I believe you can obtain pan-
els for cabinet construction already ve-
neered from NCMS if you so choose.

My approach to cabinet construction
is the drill/screw method. Carefully
mark off your sites to be glued and
drilled, apply your glue, position the
panels, and clamp them, which can be
tricky and must be precise for a well-ap-
proximated edge (Photo 2). You need a
drill bit to drill the holes, and a screw-
driver bit to drive the drywall screws,
forming a tight fit between the panels.

Once the panels are set, remove the
clamps and screws. Fill the holes with
wood filler and sand off the excess. You

well worth the effort. As an al- PHOTO 2: Gluing and screwing the panels.



contact surface area

are bonded with sili-
cone, and the cross-
overs are mounted to
the inner cabinet wall
with Liquid Nails®,
You may prefer to
wrap the crossovers
with bubblewrap for
added insulation from
vibration and emf/RF.
All internal wiring is
Vampire high-purity

bbb i % with the bus wire.

L i 5?’ L i ; Consequently, I need-

Ll L E\‘}\‘N ed to desolder this

C i P whole assembly step

i é i:"% I’i T {'" E | and begin again so that

; i HHL i l i | it was done correctly
IR (Figs. 5-8).
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: .| | that all points of con-

OG-SR -

.Wjﬁ

tact are cold-welded
A || and soldered well

Y (Photos 3 and 4).
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FIGURE 7: Antiphase response.

Turning again to the
cabinet, the ports at
the removable back
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panel (Photo 5) are
tuneable, and the cabi-

nets are mechanically
grounded with huge

isolation spikes. Good
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produces a tighter,
more detailed base-
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FIGURE 8: System input impedance.

line, and a more stable

soundstage. When it

|
1 l mechanical grounding
B-1489-8 |
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need a glass-smooth surface for applying
the veneer. This method was quite effi-
cient and brought me excellent results.
You next apply the damping com-
pound, which is a mixture of gypsum
and specialized glue from NCMS. This
ensures that the cabinets are dead solid
to prevent unwanted vibration.
Crossover assembly is an adventure
(Fig. 4). NCMS supplies you with silver-
content solder for high-conductive con-
tact. You achieve the best connections
with cold welding, supplemented with
silver solder. To attain the best perfor-
mance from the crossover, you must
take care with every detail. As an exam-
ple, I had failed to grind the side of a
woofer inductor lead to provide greater

came to veneering the
front panel, I was confronted with a
challenge that required a creative solu-
tion. I desired an attractive wood finish
on the whole cabinet, not just the com-
promise of painting the front panel
black. The problem was that the panel
had rounded corners, and to apply the
veneer there would be difficult.

I took a chance and decided to exper-
iment with a paper-backed veneer
(Photo 6). The thickness of the wood is
less with the paper-backed veneer, and
makes sanding a more delicate activity.
However, the trade-off was that it also
had the high level of flexibility needed
to make those tight 90° corners. Well,
my theory paid off, and with the help of

to page 58

gold-plated binding |

Digital Storage

Oscilloscopes

and Spectrum Analyzers from $189
ATC and Pico Technology Ltd. Modules allow your PC to

work as a DSO, Spectrum Analyzer, DVM, Frequency Counter
and data logger.

Allison Products
O-Scope Ip - Single Trace, DC-50KHz $189
O-Scope 11 - Dual Trace, DC-500KHz $349
SPECTRUM - Enhanced spectrum SW $39

Pico Scopes and Loggers — Call for pricing
ADC-100 - Dual Trace, 100KSPS, 12-bit
ADC-200s - Dual Trace, 20 to 100 MSPS
Data-Loggers - 1 to 22 channels, DC-18KHz

Allison Technology Corporation

2006 Finney Vallet Rd e Rosenburg » TX ¢ 77471
Sales: 800-980-9806
Phone: 281-239-8500 Fax: 281-239-8006
atc@accesscomm.net  http://www.ateweb.com

Reader Service #78

« Heat Sinks - Semiconductors.
» Crystals « Optoelectronics « LEDs
* Lamps - Wire - Cable « Connectors
« Sockets « Jacks « Plugs » Cable Assemblies
« Resistors » Potentiometers « Capacitors
» Fans « Power Supplies - Inductors
« Transformers « Switches » Relays
« Speakers - Batteries - Fuses
- Panel Meters - Cabinets
+» Knobs - Hardware
» Equipment
« Tools « Ki

800-992-9943

sales@mouser.com
Fax: 817-483-6899

958 N. Main St., Mansfield, TX 76063

MOUSER

E L ECTR ONI
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Classifieds

VENDORS

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/fax)
www.silversonic.com

FORTE ACOUSTICS, INC.

Affordable Loudspeaker
Testing for the Hobbyist.

www.forteacoustics.com
(516) 249-9632

1 | Welbome Labs

1999 Catalog Now Available

Vacuum tube p plifiers and power amp
linestages, phonostages, power filters and more.

Lowther Drivers and Cabinets

High efficiency drivers and enclosures for low powered
single-ended amplifiers.

Parts and Supplies

Hovland MusiCaps, Rel MultiCaps, Jensen paper in oils
Kimber Kap, Solen, Blackgate & Elna Cerafines; Caddock
Holco, Mills & Resista; KR Enterprise, Svetlana, Sovtek
Western Electric, Golden Dragon, Ram Labs; Cardas
Goertz, Neutrik, DH Labs, Kimber Kable, Vampire; Alps
Noble & Stepped Attenuators. We also have enclosures
books, software and circuits. Call for our 1999 catalog
$10(US/Canada), $18 (International). Visa/Mastercard OK.

tel: 303.470.6585 fax: 303.791.5783
e-mail: wlabs@ix.netcom.com
website: http://www.welbornelabs.com

passive

Reader Service #35

Electrostatic

Loudspeaker
Components &
Information

Parts for the DIY ESL
nthusiast
From: Barry Waldron's
ESL Information eXchange
2820 Miller Way
Placerville, CA 95667
(530) 622-1539
E-mail: esl@information4u.com

Reader Service #56

FOR SALE

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

AudioControl SA-3050A RTA with microphone.
Excellent condition $400. Jesse, (818) 707-1629.

WANTED

Altec horn speakers, woofers, horns, cross-
overs, 515, 515B, 515C. Horns: 805, 1005,
1505A/B, 311-90, 329, 604, 605; 288B/C, 288-
16 G/H. Larger comner speakers and console
speakers, Laguna, Paragon, Western Electric
horns, woofers, drivers, parts; Tannoy dual
concentric, Goodman, E-V Patrician. Sonny,
(405) 737-3312, FAX (405) 737-3355.

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

AudioControl Richter scale crossover, $275;
Son of Ampzilla, $150; Sony outboard Dolby,
$50; Denon DP30L turntable with Grace F-9E
cartridge, $100. Jim, (253) 862-8140.

Sonic Frontiers SFT1 CD transport; Stereo-
phile Class A, $850; Counterpoint SA-20
amp, $800, with SA-20 upgrade, $1050; JBL
2150 15” coaxial drivers with crossovers,
$325/pr; Ashly MFA-6000 power amp
(550/900W/p/c), $795; QSC 1300 power amp
(400/650/1000W/p/c), $600. David, (914)
688-5024.

Two Eton 11-580 subwoofers—each in a QB3
aligned cabinet, $270 each plus shipping.
Marc McCalmont, (603) 860-3085.

Adcom ACE-515 AC enhancer, $100; Adcom
GFA-535 stereo amplifier, $175. Both excel-
lent. Classical CDs & misc items—send stamp
or E-mail for list. Darroch, 1807 Elm Crest Dr.,
Arlington, TX 76012, darrochrd @juno.com.

New Vifa drivers: P13WH, $20; M22WR, $50.
Used SEAS P21REX $20; new JBL HLS610,
$175/pair; new NHT SuperOne XU, $260/pair;
Motorola KSN1086 drivers with 4” x 10”
horns, $25/pair. Fred, (610) 693-6167, E-mail
audioarts @ enter.net.

18” Pyle DVC subwoofer, #518C800-11A,
new, in box, $100; 12” Madisound DVC sub-
woofer, #1252DVC, almost new, $25; Madi-
sound 12” DVC subwoofer, #12204DVC,
used, $25; pair vintage JBL 12” woofers.
#123A, cast frame, excellent condition.
$100/pr. Will consider trade for ribbon tweet-
ers. Jeff Bagby, (765) 457-4260.

Cogent simultaneous polyphonic isolator, top-
of-the-line, list $1,000, paid $660, asking
$100. Includes full manual, reviews, factory
packaging, perfect. Two channel into four
flawlessly. (718) 855-7412.

Back issues 75% off retail: TAA 1990-91, SB
1982, 1985, 1986, 1989-95. All in good
shape, you pay shipping. Ralph Havens, (713)
383-6056, E-mail RDHinmex@aol.com.

Denon amp, 200W/ch, $400; Harman-Kardon
PT2500 tuner preamp, $200. Both for $550,
both in mint condition. Nick {559) 583-6511.

Hobbyist clearing house: new E-V ST-350A
tweeters, detailed spec sheets, $125/pair.
New Stephens TruSonic full-range drivers,
spec sheets, 50FR 5”, $50/pair, 60FR 6”, $20.
Altec/Western Electric classic 755C 8” full-
range drivers, used, excellent condition,
$100/4. Shipping extra. John Laynor, 15 Hum-
mock Ln., Yarmouth Port, MA 02675, (508)
398-8661.

Two JBL 375 drivers and oval-shaped horns
out of Paragon’s new aluminum diaphragms,
excellent condition, $1,250/pr. JBL Century L-
100, three sets include Alnico midrange and
woofer, mint, $500/set. Two Sansui 9090 re-
ceivers, 120W/channel RMS, mint, $175 each.
Alan Feinstein, 5743 Yellowrose Ct., Colum-
bia, MD 21045.

WANTED |

HSU sub: 12V, 12Va or 1220, with crossover
and amp. Cabinet may be in any condition.
Roger, (512) 257-7800, M—F 7-11 CST or
weekends.

To publish your free personal ad in Speaker Builder, simply follow these guidelines:

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

2. This service is for subscribers to sell or find
audio-related personal equipment or supplies.
Submissions not related to audio will be discarc-
ed. Businesses, organizations, and non-sut-
scribers should contact the advertising depari~
ment to place their paid ads in the classified
advertising section.

. Alt personal-ad submissions must be printed out via

typewriter or computer. Illegible or questionabre
submissions will be discarded.

. We will not be responsible for changing obvious
mistakes or misspellings or other errors
contained in ads.

. We will not handie 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. Itis entirely up to the magazine's discretion as to
when your free ad will appear in Speaker
Builder.

. Each ad submission will be used one time onty,.
It will be discarded after publication.

. Maximum 50 words (no accompanying diagrams
or illustrations or logos will be used). Submis-
sions over 50 words will be discarded. A word is
any collection 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 editorial @ audioXpress.com.

. Noncompliance with any of these guidelines will
result in your free personal-ad submission beimg
refused for publication.

Electronic Crossovers
Tube
Solid State
Powered
Passive Preamps
46 Step Attenuator

Power Amps

100% MOSFET

XM9 Electronic Crossover
Available 2-way and 3-way
All available as kit also
Free Catalog:
Marchand Electronics Inc.
PO Box 473
Webster, NY 14580
Phone (716) 872 0980
FAX (716) 872 1960
info@ marchandelec.com
www.marchandelec.com
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SALE! ‘bi:sive

MARKERFOAM ACOQUSTIC FOAM
GIANT 54” x 54”

# , Immediate Shipping
_ 2" Reg $29.95 Now $19.99 « 3" Reg

$39 95 Now $29.99. KILL NOISE QUICK!

A High perormance, full-size sheets of

super high density Markertoam. EZ
mouni. Blue or gray. Super-eftective sound absorption for studios.
Markerfoam offers Sest value. looks professional & Is proven in studios wortd
wide Request Fcam Buyers Guide'Catatog. specs & free samples today

7<), MARKERTEK JUMBO

=) SOUND ABSORB BLANKETS
ST /kg/ Heavy-duty 72°x80" padded blankets

b /o absorb sound wherever they're hung or
;,/ draped. Fabulous for stage, studio and
” field use Top professional qualty at a super
saver price! Weight. 6 Ibs Black $19.99

MARKERTEK BLADE TILES™

HIGH PERFORMANCE - LOW, LOW COST!II

America’s best acoustic tile value
only from Markertek! =
$4.49 per tile 16"x167x3", charcoa! or blue %ﬂ

$3.49 per tile, 16"x16"x2", charcoal or blue
$5.49 per tile, 16"x16"x4", charcoal

T——
MARKERSTIK™ FOAM ADHESIVE §
FREE with any foam purchase in this ad! \
Limited offer. A $4.00 per tube value §

¢ SONEX

All the colors and sizes
plus great prices!

%

6680 axclusie anc! bard-to-find suppbes for Pro Audio

FHEE Amenca's most umique catalog featuring 328 pages of over
Broadcast Video Audko Visual & Multimeda production

MARKERTEK 1

VIDEO SUPPLY

4 High St., Box 397, Saugerties, NY (USA) 12477
800-522-2025 » Fax: 914-246-1757

Web: www.markertek.com ¢ E-Mall: markertek@markertek.com

Reader Service #10
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MAHOGANY SOUND

The Transmission Line Specialist
FO. Box 2044
Mobile, AL 56621-0044
234-653-2054

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
$8.95 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

Reader Service #9
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9 Courteous Service
o’ .\ o Low Prices
@ a2 “Zpe\  Same day Shipping

Your One Stop Loudspeaker
Source Since 1976

* Audax * Neutrik

*CSI ¢ P Audio

* Eminence * Pioneer

* Foster * Russound

* Galaxy * Selenium

* Goldwood + VIFA

* MG * And much more

* Motorola

For Your FREE CATALOG - Call or Email

800-321-6306

sound@ncweb.com
Look for our new website Oct. |
martinsoundpro.com

Reader Service #18
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Continued from page 55

my wife 1 was able to mount the paper-
backed veneer around those corners
with no difficulty.

I used standard veneer for the rest of
the cabinet, including the back panels.
A Dremel drill was invaluable during all
phases of this project. I used cherry ve-
neer, which I stained with wood oil,
and then applied a gel finish. Remember
that judicious sanding is required on
your veneer to get that glass-smooth fin-
ish. The grilles are optional, and I be-
lieve you achieve a better sound with-
out them.

LISTENING TESTS
So how convincing are these speakers in
reproducing original musical
events? I heard soundstage,
focus, presence, dynamics, de-
tail, naturalness, and musicality.
Of course, your experience
would vary depending on the
source recording, but when
this is good, you will hear excit-
ing sound reproduction.

The break-in period is very
important to consider when
evaluating this system. Don’t
expect everything at once,
since it takes time for these
speakers to bloom. But once
they do, they are everything
youw'd expect from a wide-range

dynamic speaker system.

I used a wide variety of test discs and
analog sources to evaluate the Revela-
tor. A good start is Alan Parson’s and
Stephen Court’s “Sound Check,” Mobile
Fidelity SPCD-15. Try track 85—Chief-
tain Tank. If you are looking for dynam-
ics and speed, prepare to have your
hair raised. The best way to test sound-
staging and naturalness is to use record-
ings of voice and acoustic instruments.
Try Patricia Barber’s “Modern Cool,”
Premonition Records PREM-741-2. The
acoustic stand-up bass will shake your
walls with defined musical notes. The
soundstaging is breathtaking.

These speakers have a full-spectrum
soundstaging that faithfully reproduces
live music. Put on Mickey Hart’s “Planet
Drum,” Rykodisc Au20 RCD 10206, for
incredible dynamics and soundstaging.

\ “.
«\\\ W

PHOTO 4: Left—tweeter crossover, giving a clear view of the Zen and Crescendo ca-
pacitors; right—woofer crossover, with a good look at the inductor coil.



These babics also have a very delicate
finesse for micro detail in sound.

Try Yes' “Fragile,” Atantic Gold CD
825224-2. When Steve Howe hits those
opening notes, you can hear all the
beautiful subharmonics clear as a bell.
They just float up in the air and spread
out into a flowering soundstage, almost
physically concrete. The Revelator de
livers well for a wide range of record
ings, faithfully reproducing anything.

The Revelator kit delivers perfor-
mance beyond expectation. It is an easy
kit to deal with if you are patient. For
the more scasonced builder, it is a good
challenge to undertake.

The speakers are rated at 100W. |
have a 60W monoblock amp system,
and still achieved great results. Remem-
ber to give them a little break-in period.
Like wine, they just keep getting better
with listening, =

PHOTO 5: Front and back of finished
speakers. Note the access panel with
bass port and biwiring posts.

Music Mart

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-zyvme 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,
kilblair@iserv.net
www.buggtussel.com

Reader Service #20

q Clagsical Record

A Classical Record takes pride in
offering its customers a selection
of over 150,000 titles of the
highest quality vinyl. We
specialize in Audiophile,
Classical, Opera, Instrumental,
Jazz... We also have our own line
of Historical CDs. We invite you to
visit us at 547 West 27th.

St. Suite 680 NY, NY 10001.
Open 10-5 Monday to Saturday
(212-675-8010) Catalogue
available.

e-mail Aclassrec@aol.com or
check out our online site
www.classicalrecords.com.
Collections purchased.

l

THE TREASURE ISLAND OF LPS.

Established 1989

Reader Service #6

Shelf
Help
for

Audio
Philes

treedesigns.com
(800) 867-4676
for a FREE brochure
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AFTERBURNER ERRATA

I should have proofread the re-drawn
“Afterburner for Aftershock” (88 399, p.
20) schematic with my eveglasses on be-
fore I gave the okay to print. I missed an
error in the power supply that would
muke the Afterburner “flame-out.” The
rectifier diodes connected to the trans-
former and power supply are reversed.
The correction is shown in Fig. 1.

Philip E. Abbate
Duluth, GA

TESTING FOR WHAT IT'S
WORTH

I had been following Tom Yeago's work
on the AR-3a speakers with only mild in-
terest until reading the report in S8 499
(“Test Drive,” p. 42). Tom may have pro-
duced a speaker that reproduces classi-
cal music well but tests poorly. He necds
to get opinions from listeners who spend
large amounts of time listening to live un-
amplified music to get the whole story.
First some history. Three decades ago
there were no T/S parameters. Almost
evervthing was intuitive cut and try,
much lik¢ wooden boat building. With
no way to accurately measure speakers,
it only makes sensc¢ to do whatever is re-
quired to arrive at a sound that imitates
live acoustic music. Back then, serious

listeners were skeptical of using close-
miked popular vocals to assess speakers.

I know a musician who worked for a
defense contractor that had a small audio
division which encouraged its employ-
ces to attend symphony concerts on
company time. This was 1o assure that
they knew what real unamplified music
sounded like.

My father started singing major orato-
rios as a boy soprano. later learning the
alto. tenor, and bass parts of the same
music as his voice matured. He could tell
vou almost every note that was missing
on a recording of the Bach B minor mass
and sing those notes as the record
plaved. He liked large speakers and was
not impressed by mini speakers.

To make a long story short, this gave
me an idea. Why not make speakers that
allow vou to hear the most inner musical
parts at one time? This can be done with
less reference to live music, an advantage
to those often unable to attend live con-
certs. Experience has shown that flat re-
sponse does not accomplish this, so,
over a long period of time, vou need to
try almost endless networks to get the
best results. All my speakers would test
very poorly as a result.

So where does all this lead? T would
recommend replacing the tweeters with
either Dynaudio D-21 or the low-cost
Peerless wide-angle dome 811815 to get
rid of the peak at 8kHz.

Now vou necd some top-notch choral
recordings of high performance and
recording quality. For starters, let me rec-
ommend Handel's Messialh with john
Eliot Gardiner conducting (Phillips
411041-2). Next, vou will need the vocal
score—or better, a full score to follow the
music. 1 pick the Messialh because al-
most cvery choral singer is familiar with
it and many churches and libraries have
the musical score. If you don't read
music. sce if someone trom a local
church or choral society would like to
keep score on vour speakers as you
make changes to the crossover,

This would be more in keeping with
the design tradition at AR at the time the
AR-3 was born. Finally. I strongly believe
thot the best speiker critics are listeners
who spend half their time performing
and the other half listening to others per-
torming the same music in a wide vari-
cty of unamplified venues. My overall
objective is to obtain a sound that is per-
ceived as similar to that heard in a live
performance.

Advanced readers will not find the
Messiah sufficiently complex to chal-
lenge the best speakers. For this. | recom-
mend Brahms' German Reguiem, a work
so complex no single performance, let
alonc recording, can capture it all.

Jesse W Knight
Wobum. MA

BR1
4x1N4004
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FIGURE 1: Corrected Afterburner
schematic.
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Tom Yeago responds:

This interesting letter manages to touch on
whole raft of topics. I'll start off on a disagree-
able note with a quibble over the characteriza-
tion of my project AR-3as as speakers that test
poorly. The tweeters were something of a sham
bles, it is true. Worse. even. than these Focal
units which are unaccountably popular in lots of
high-dollar designs. Go figure.

But I am confident—for several reasons
won't hore readers with here—that those woeful
distortion figures were caused by saturation in
the two cored inductors. thanks to not enough
iron. Anemic. One in the low-pass, one in the
high-pass. It probably goes without saving that
the offending coils have been replaced.

Bass performance worked out very close to
targets. Figures 2 and 4 (p. 43) indicate a suc-
cessful crossover, particularly if the ripples in
the mid-dome’s response are due to box ditfrae-
tion. The spectral decay (Fig. 3) is especially
good for the bass and midrange drivers. And
ves. Dynaudio D-21 units have been acquired.
but not vet installed owing to sloth.

The letter’s second paragraph brings up a
point to be made for the benefit of less experi-
enced readers. Thiele/Small parameters codify a
system's performance at the low-frequency end
of its response. The midband and high-frequen-
cv end of a driver’s response have nothing to do
with T/S parameters. And it was vented box re-
sponse that T/S revolutionized. Closed-box de-
sign was already being done with great confi-
dence. but the T/8S analysis put the closed-box
proposition in such simple terms that you can
work out a solution in your head. Honest. And
while getting good data was expensive and time-
cousuming, it could be done if a firm had the in-
testina} fortitude and determination. Cheap com-
puting has simply made the traditional testing
much cheaper. and has provided a new set of
tests unthought-of without cheap digital process-
ing. 1 think spectral decay plots are fabulous. re-
vealing far more about a loudspeaker’s sins than
anything else.

But before these tools became avaifuble, de-
signers were far from clueless. If vou drive a
rigid piston with a linear motor. and don’t trv to
use it too far into the treble (where physics con-
spire to make the depth of the cone. for exam-
ple, and how it flexes of critical importance). the
driver will behave in a predictable and salutary
fashion. This is the line I took with my project.
and I'm prepared to declare the woofer and
mid-dome units a success.

Readers may recall having seen tales of Rudy
Bozak's and Henry Kloss' experimentation with
bizarre paper pulp formulae for cones. This wis
an effort to stretch the performance of a cone at
the treble end. seeking high-frequency response
which “must be sustained by focusing of high
frequencies along the axis or by juggling cone
‘break-up™ (Peter Walker's apt description). A

quick little calculation shows that this sort of
thing is still going on. the juggling, that is.

As for using a close-miked vocal as an evalua-
tion tool, F've never heard any objections 1o this
hefore. The point of close-miking is to minimize
the acoustics of the studio or room. minimizing
the uncertainties caused by the “2nd venue
problem.” | would point out that's exactly what
AR was after when they recorded that string
quartet in an open meadow (ie. anechoic envi-
ronment) for later playback in competition with
and comparison to the real thing in their fa-
mous AR-3 “live versus recorded” demos.

The point about a performer being intimately
familiar with a work and what a loudspeaker
should be producing is well taken. That's what |
was up to when | farmed out a pair of my proj-
ect loudspeakers to Bruce Shull and his house-
hold (SB. 3/98. pp. 35 & 39).

The whole business of a loudspeaker keeping
its composure during involved orchestral and
choral works is likewise well taken. It seems to
me that for the device to successfully convey the

HEAR FOR YOUIRSE L F

The film capacitors chosen by many
highly acclaimed manufacturers for
use in their very best designs.

H—O—V—1—A—N—"DD
MusiCAap©®

'If you want see-thru, high
definition, detail and listenability,
try the MusiCaps.*

Joe Roberts, SOUND PRACTICES, Issue &

 THE ULTIMATE CAP

inner voices and nuances without muddle is a |

question of power-handling and freedom from
resonances. | can think of no better test than
spectral decay plots.

But how the ear-brain tandem works is far
from well understood. 1 read that the nerve cells
can't fire in intervals shorter than about 1m§.
Does this mean that transients needn’t decay
much faster than this?

I also see (one of those cable channels) tha
melody. pitch, and rhythm stimulate three dis
tinctly separate locations on the cortex. What
can that mean? Until we are more enlightened.
designing for flat on-axis and (where possible)
power response is sensible. It may not be right,
but it’s prohably not far wrong.

ON THE ROAD

Why have [ never seen a pair of coaxial
triaxial car speakers used in any home
designs? [t would seem casy to cook up a
crossover, mount them in a floor-stand-
ing tower. and have a pretty simple as-
sembly. The two (or three) drivers are
presumably already matched. Are the T/S
parameters way out of line for home use
or is there some other reason?

Ed Schweiger
schweige@funtv.com

Coaxials and triaxials save space in cars. All of
them have some compromises in diffraction ef-
fects. Coaxials are rarely used in home environ-
ments since space constraints are not 4 problem
There are a few coaxial units in use in home
speakers which have been very successful. All
are horn types and include Tannoy. Altec’s 604
series, and Lowther.—Eds.

continued on next page

The most naturally revealing capacitor. Film
and foil polypropylene construction.
Optimized for critical speakers and vacuum
tube electronics. Silver-plated leads. Values
from .01 to 10uF. Precision made in USA.

To experience MusiCaps for yourself, contact:
= Welborne Labs  303-470-6585
* Madisound Speaker Components  608-831-3433
* The Parts Connection  800-769-0747
« Michael Percy Audio Products  415669-7181
* Handmade Electronics  610-432-5732
* Anchor Cross Co.Tokyo, Japan 81-3-3203-5606
« Trevor Lees Audio, Australia 61-3-9853-2316
* Wilmslow Audio, Englond 44-01455-286603
* Tang Hill Infernational Ltd., Taiwan 8862-2-5813605
* Hong Kong Bush. Hong Kong 852-2525-3227
« Audio Parts, Korea 82-2-3272-2704
* Wel Audio Lab, Singapore 653380368
* OEMs contact Hoviand Company at
ph 2000664377 * fax 200-966-4632

Reader Service #73

0ur Samples Are Better Than

Wer vou 1l lov
our Square Drive Screws we
will practically pay vou to try
them. Return this ad with $6
and we'll send you our famous
“Try-Pack” Sampler of 100
screws (25 each of #8 x 5/8, 8 x 1-
1/4, 8 x 1-1/2 and 8 x 2), a driver
hit for yvour 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.)

F‘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
Alexander F. Thornhill, Speaker Builder, 2/94

Ry "8 Renewo

QMcFEELY'S

SQUARE DRIVE SCREWS

PO Box 11169 « Dept SB6F
Lynchburg e VA « 24506-1169

Reader Service #83
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Tools, Tips, & Techniques

EXTERNALLY MOUNTED CROSSOVERS

Only one serious disadvantage has arisen
from building my own loudspcakers—ac-
cessibility (or lack thereof) of the crossover
for adjustment, modification, and measure-
ment. After removing the loudspeaker
front panels too many times to mention, 1
finally joined the ranks of those who install
crossovers on the back of their speaker
cabincts. This turned out to be a big suc-
cess, helped by some uscful feawures of the
crossovers and their mounting.

Photo 1 shows an external crossover. A
sub-panel holds the input connections;
the inductors and L-pads are bonded with
caulking compound. and the solder termi-
nals are actually copper nails—1 2" long x
0.110” diameter, in this case. Jumpers are
solid copper magnet wire (also used to
wind the inductors). which finally lead in
pairs, through tight-fitting holes. to the
drivers in the cabinet. The leads of the ca-
pacitors and resistors are soldered to the
nails, suitably spaced for the purpose.

DESIGN SIMPLICITY
Figure [ is 4 cross-section summarizing

PHOTO t: The
external crossover
for easy access.

By Darcy E. Staggs

the mechanical features of the external
crossover design. Mount the crossover
board by screwing pairs of fairly long
wood screws into each end of the board,
then sawing off their heads. The resulting
studs are simply passed through mating
grommeted holes in extruded aluminum
L-brackets. which are fastened to the cabi-
net backs with wood screws. This mount-
ing effectively isolates the crossovers
from cabinet vibrations.

To begin an application, lay out your
crossover components fairly accurately
on a picce of paper. Verify that all nodes
are spaced to fit all components. In my
case. some nodes consume several nails
jumpered together. This climinates
crowding of components and cascs the
soldering task.

Indicate all jumpers and speaker con-
ncctions, and double-check these. Now
you know vour required board dimen-
sions, so turn out a pair of boards from
suitable wood of 31” measured thickness.

You can transfer the nail locations to
the (34" thick) boards by taping the layout
paper over the board and punching each
location with an awl. sharp nail. or simi-
lar point. Then through-drill a pilot hole
for each nail. As an option, you can drill a
shallow countersink or counterbore for
each head into the back of the board.
Drive the nails, then double-check against
the artwork and add any missing nails.

WIRING

Following your paper pattern, install the
inductors and L-pads. Jumper all nails
which combine to form a node, keeping
the wire about '4+” above the board. Sim-
ply mount the resistors and capacitors by
winding their leads a couple of turns
around the nails. Soldering requires a
45-50W iron and rosin-core solder.

Heat the joint quickly and use plenty
of solde¢r—this avoids cooking the nail
and burning the wood surrounding it,
which loosens the nail. Mount the
crossovers as shown, then add speaker
wires. Now vou can experiment with
total accessibility.

Given the thickness of the board and
the length of the nails, their points are
usually lower than the heights of the coils.
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FIGURE 1: |
| External ‘
crossover
| mounting. }
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L-pads. and other components. If you an-
ticipate a problem, flatten the nail points
with a grinder before driving, or use a
cover plate over the whole crossover
(clear plastic looks very good here). B

e T e
SB Mailbox

Sfrom page 61

VALUE SYSTEMS

In some crossover designs 1 have scen
some strange-looking component value
designations for capacitors and resis-
tors. Things like 4Q7 for resistor values,
and 3p9 for capacitors. Are these to be
read as 4.7Q and 3.9uF, respectively? If
this is the case, why would those desig-
nations be usced? They aren’t really any
shorter than the conventional designa-
tion. Is this a European convention?

Ed Schweiger
schweige@funtv.com

The Greek mu is a standard mathematical rep-
resentation for millionths. The Greek omega is
the standard symbol for units of resistance, the
ohm. The “0" would normally be used. honor-
ing Georg Ohm for his formulation of Ohm’s
law, but the 0 would always be confused with
the mathematical zero symbol. These Greek
symbols sometimes are used to replace the dec-
imal point in component values since the point
is easily lost or disappears in the copving
process. Those who use both the Greek desig-
nators and the decimal point are either being
conventional. cautious, or inconsistent.—ETD B>
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PARTS: yecir-

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 Step 2 Step 3 Step 4

Assemble cabinet on your workbench Brush Polyurethane glue {available at Fill screw holes with putty let dry Varnish or paint cabinet to your liking.
and pre-drill and countersink screw most home centers) on both sides of and sand. Apply your veneer or Install crossover, rear

holes. Modifiy driver holes i all joints. Assemble cabinet (clamp it laminate. terminals and drivers.

necessary at this time. passible) and install screws.

.75 Cu. Ft. Dual Woofer Cabinet
.25 Cu. Ft. Bookshelf Cabinet Build the popular D’Appolito style dual woofer speaker system.

o S - R . The front baffle is pre-cut to accept two 5-6" mid/woafs and one
Reminiscent of the classic British mini-monitor, this tweeter. Popular tall European style cabinet with two internal
cabinet is well suited as a compact 2-way audiophile braces to help eliminate unwanted panel resonance. .75 cu. ft.
systemn or home theatre setup. .25 cu. ft. internal internal volume including 1" braces. Internal dimensions: 6-1/4
volume. Includes 1" Dado brace. 1" Front Baffle is W x 21-3/4" H x 10" D ®Exfernal dimensions: 8-1/4" W x 23-3/
pre- cut to accept most 5 - 6 in. mid/woofs and 4" H x 12" D #Woofer holes: 4-5/8" ®Tweeter hole: 3" ®#Net

tweeters. 100% 1° MDF Co'r_}structli:;)n.Elntemal weight: 26 Ibs.

dimensions: 5" W x 12-3/4" H x 7° D ®External: 7 1

W x 13-3/4" H x 9 D #Wooler hole: 4-5/8" #300-714 ....ueeeeeernrinrncncnncnennnnnnn $59.80
#Tweeter hole: 3" #Net weight: 12 Ibs. #300-713 (Blank Baffle, 1° MDF) uuuuummmmsenceeeeennnnenenees $7.95_,,,

H300-704 ..ovvvrereceerssneneneecerss $34.50,,
#300-703 (Blank Baffle, 1" MDF) $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" eTweaeter hdle: 3* ¢Net weight: 20 Ibs.

#300-708 c.cverevnrrreernrreeens $46.80,, 3 Cu. Ft. Subwoofer Cabinet

R Finally, a high quality, high per-
#300-707 (Blank Baffle, 1" MDF) .....cccveeee $5.95W formance MDF subwooyfer cabinet at an afford-

able price. This cabinet utilizes 3/4" MDF (me-
dium density fiberboard) not particie 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 #Outside
dimensions: 18" W x 15-3/4" H x 24" D eWoofer hole:
11-1/8" ®Net weight: 43 Ibs.

#300-728 c.cvvnreeneerenererseseseseseesess $89.95,,

catL ot rree 1-800-338-0531 &t oo

1 Cu. Ft. Esoteric Speaker Cabinet

When completed, this cabinet will rival audiophile systems costing
thousands! Designed to accept dual 6-1/2" 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.

vreeee $69.50,,

#300-718 ....conunrirrerimennarans
$7.95_, .

#300-713 (Blank Baffie, 1" MDF) ....

Note: All of our MDF cabinets are
shipped “knocked down" ready to
assembie. They include detailed
assembly instructions and
finishing recommendations.
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_“ / Dayton Loudspeaker Co.® 5 e
‘ Titanic 1200 Subwoofer VARRLAN Y

on the market! These engineers were chosen 1200
because of their expertise and pioneering designs
of long excursion, high output subwoofers. A dozen prototypes were built and rigorously tested
betore we were satisfied with the final design parameters. With specifications like 16Hz Fs, 14mm
Xmax (linear), 90dB SPL (2.83V) and 350W power handling, we're sure you will agree that this
subwoofer is truly, Titanic!
Only the finest components are utilized: a heavy cast aluminum basket, a talc-filled
polypropylene cone, SantopreneR rubber surround, an uitra high power voice coil assem-
bly with a high temperature resistant ApicalR former, and quality, high tech adhesives to
hold it all together. All of these components cost more, but are worth it!

The Dayton Loudspeaker
Company assembled a team of
the best speaker designers in the industry with one .
1200 thought in mind ... to build the finest A/V subwoofer T'WWK'

Lets talk Performance!
The 12" Titanic was designed primarily as a sealed box woofer. One possible design is a 3 cubic
foot sealed box with 50% fill. This design produces deep, accurate bass to 25Hz  You will be over-
whelmed by the incredibly realistic low frequency that this driver will produce. Go ahead, put the T/S
parameters into your favorite box design program and see for yourself what the Titanic 1200 can do!

T — Thiel-Small Parameters
Try It for 30 days ... If you don’t feel ¢Power handling: 350 watts RMS/ 450 watts max. #Voice coil diameter: 2" ®#Voice coll inductance:

| this is the best A/V subwoofer 1.96 mH ®Nominal impedance: 4 ohms #DC resistance: 3.66 ohms ®Frequency response: 16-400 Hz
! you've ever heard, we’ll refund your ®Magnet weight: 84 oz. #Fs: 16 Hz #SPL:90dB 2.83V/1m &Vas: 9.894 cu. ft. #Qms: 8.22 #Qes: .42 #Qts:
'l money! The Titanic 1200 is covered 407 #Xmax: 14.2 mm &Net weight: 14.6 Ibs. #Dimensions: A: 12-1/8", B: 11-1/8°, C: 6-9/16", D: 6", E: 2-3/4"

by our 5 year warranty. N | " e .

. . égig%‘ﬂl _ﬁ\ 250 Watt Class D 3u-:wcl)3iit Amplifier

1 g Perfect mate for Titanic Subwoofer N
c 2 ASK FOR High efticiency ampfifier x\T““ONLY T
#300-729 Made in the U.S.A. $249%*
l Advanced Class-D Topology -
Reliabie/stable operation

. d X #300-795
Subwoctier Cabinet ' Low distortion %

This cabinet was designed to make the High pass filter for satellite speakers
Titanic woofer “Sing.” 3 cu. ft. cabinet with All subwoofer amps are not created equal!
a substantial 1* MDF braces to couple all Tocay you have many choices when it comes
cabinet sides and help sliminate unwanted to an amplifier for your next subwoofer project.
panel resonance. One inch thick MDF In our quest, we have seen them all and tested
(medium density fiberboard) is acousticalty many. The heart of any subwoofer system is
superior 1o particle board, plywood, and the amplifier: do you really want to trust your
OSB. Dado and Slot joinery coupled with Audiophile grade” subwoofer system to an
screws and polyurethane giue (not amplifier made in China? This American
included) make this cabinet virtually made, TRUE 250 WATT amp produces earth 7
“Dead” The MDF exterior is easily painted shaking bass, especually'w_hen mated with our 12 Tnanlc subwoofer. Class D
or veneered to your liking. (Finishing amps are nearly 95% efficient creating iess heat making them more reliable
Instructions Included Free). Inside and stable while producing less distortion. This amp features both high and
dimensions: 17-3/4° cubed ®Exterior low level inputs, phase reversal switch, level control, auto on/off (activated by
dimensions: 19-3/4* cubed ®#Wooler hole: input signal}, and a second order (12dB) electronic low pass filter that is con-
11-1/8" ®Net weight: 50 [bs. ®Shipping tinuously variable from 40 to 160 Hz. It also features a 6dB high pass filter

protection far years of reliable use. The highly efficient ampfifier sums the right
FREE noise rato: 100dB (A-weighted). Dimensions: 10* W x 10" H x 2-1/2° D . Net
! ! R ) oGS | @ Technical Discussion Board
s - " 0% # Secure On-line Ordering
E Majl sales@parstsexpre

and left stereo inputs to a mono output, so that only one amp is required per
CATALOG
=
725 Pleasant Valley Dr., v - =1 ¢ Internet SpeC|a|S

knocked down. (90Hz @ Bohm) output for satellite speakers. The amp has overload and fuse
system. Rated power output: 250 watts into 4 ohms @ 0.1% THD. Signal to
v
ingboro, OH 45066-1158 ‘
x::njcg: %:owaa-sooc @ FAX: 513/743-1677 WWW- pa rtsex p ress . CO m
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