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What doO . wiLson AUDIO, VTI. AUDIO RESEARCE, HALES, SONIC FRONTIERS, CARY
ARTEMIS, NESTOROVIC, PARADOX, MAS, WHATMOUGH, JACKSON BROWNE STUDIOS, ATHENA
PRODUCTIONS, WATER LILY ACOUSTICS. .. have 1in common?

The MultiCap

WhY? FIRST - because it improves the sonic performance of their products. Audio manufacturers

around the world are increasingly aware that when they need the best performance, MIT’s unique, patented

self-bypassed MultiCap delivers what other capacitor el

manutacturers claim but cannot offer: the highest level of 42

sonic performance. -
SECOND — MIT offers more: We can help you get et /

- tors i - #2 : ol
the best results from our capacitors in your designs. MIT
has over a half-million dollars in advanced test o
This cross-sectional drawing shows the coaxial construction of « MultiCap

equipment. We know what it means when a capacitor For simplicitv’s sake, only two of the ten sections are inc luded

has “phase deviations,” “high ESR,” and “high series inductance.” We know how important it is — to the

final sound ot your products — to reduce these and other parasitics.

Whether you use all MultiCaps in your all-out efforts or a few in only the most critical places for cost

eftective products, you will find the MultiCap advances performance.

SO get the I‘Cal StOI'y: We don’t want you 1o invest thousands of dollars in the

best drivers and equipment only to have your sonics bottle-neck through a $2 capacitor. MIT’s conservative

designs are trusted throughout the industry — our 200 volt dielectric is equivalent to another “audiophile-

grade” capacitor’s 600 volt rating! Papers Available

Call us for our literature — which major capacitor Considerations tor a High Pertormance Capacitor

. . i . o o The MIT MultiCap: Phase Response vs. ESR
companies outside of audio have used in in-house training , )
MIT Introduces the New Metallized MultiCap

for its informative and accurate presentations. And don’t RGN IRTLe N s Nl e T

The MIT Film & Foil MultiCap: Installation & Applications

hesitate to call us for application advice.
Questions & Answers About Capacitors

@ MIT MultiCap

“The most advanced capacitor design in the world.”

For U.S. Inquiries: CVTL Inc., For International Inquiries:
Component Division of Music Interface Technologies MIT Components

3037 Grass Valley Hwy. 760 Pacific Road. Unit 19

Auburn, CA 95603 Oakville, ONT Canada L 6L 6M5
(916) 823-1186 FAX (916) 823-0810 (416) 847-3277 FAX (416) 847-5471
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a PYLE

The RP1000A Toobz features
a 10~ dual voice coil
subwoofer and built-in 80W
amplifier. Other features
include independent left and
right RCA input connections,
an adjustable 12dB crossover,
and variable gain control. The

356-1200.

‘ # NORTH CREEK
The Tempo loudspeaker kit
features the Scan-Speak
D2905 tweeter and K18/8544
7" Keviar woofer housed in an
acoustic suspension
enclosure, with a compliance
’ ratio of greater than seven.
The crossover frequency is
1.75kHz. Also newly released
is a complete passive
crossover replacement for the
B&W 801 Matrix 2
’ loudspeaker. North Creek
Music Systems, Route 8, PO
Box 500, Speculator, NY
12164, (518) 548-3623.
Reader Service #53

@ WOMEN’S TECHNET
' An industry-wide survey on the
current status of women in
audio is being conducted.
Respondents are sought from
companies ranging from
recording studios to audio
manufacturers (even if no
women are currently
employed) and individuals,

unit does not require a
converter or removal of the
head unit and has 25k{
impedance. Pyle Industries,
Inc., 501 Center St.,
Huntington, IN 46750, (219)

Reader Service #52

Good News

» SNELL ACOUSTICS
Type K/llv magnetically-
shielded video speaker system
has flat frequency response
which is optimized both on-
and off-axis: 30-40° vertically
and 60-75° horizontally. The
loudspeakers are designed to
work with amplifiers and
receivers rated 10-100W/
channel, and can be bi-wired
and -amped. Suggested retail
price is $245/each. Snell
Acoustics, 143 Essex St.,
Haverhill, MA 01832, (508)
373-6114, FAX (508)
373-6172.

Reader Service #60

including women working in
any facet of audio.

EQ magazine is sponsoring
the endeavor. Send a self-
addressed, stamped envelope
to: Women's Survey Request,
c/o EQ Magazine, 939 Port
Washington Blvd., Port
Washington, NY 11050.

<« ACOUSTIC DESIGN
Specializing in acoustic
furniture, a typical package
consists of a set of
subwoofers (driven by a
separate amp which powers
both at 50W/channel), with
speakers, components, and
matching tables. The three-
piece set also has a matching
console that houses A/V
equipment, a 41" projection
TV, and the system’s front
and center channels.
Contemporary Acoustic
Design, 19 Knipfer Ave.,
Easthampton, MA 01027,
(413) 527-8921.

Reader Service #58

< SORBOTHANE
Anti-vibration mounts for audio
equipment, made of
Sorbothane®, dissipate
external and/or internal
vibrations. The devices can
attenuate both low, impact and
high, harmonic frequencies.
They are available from most
audio equipment retailers.
Sorbothane, Inc., 2199 State
Route 59, Kent, OH 44240,
(216) 678-9444,

Reader Service #51
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v CRYSTAL LAKE

The Audio Phase Indicator is a

hand-held device which allows
quick verification of relative
phase for virtually any audio
source. A self-contained,
battery-operated measuring
instrument, it incorporates two
matched microphone preamps
with limiting, and a
synchronous phase detector
with bi-color LED readout.
Crystal Lake Designs,

PO Box 591, Crystal Lake,

IL 60039-0591, (815) 455-0799.

Reader Service #54

CAPACITORS -
® Polypropylene
® Mylar
® NP Elec.

INDUCTORS -
® Air Core
® Ferrite Bobbin
® 20 - 14ga. OFC

RESISTORS -
® Wire wound
® Non - Inductive
SW-25W

Good News

# DIMENSIONAL RESEARCH
The A2A loudspeaker is a
minimum-diffraction design
with a dipolar radiation
pattern, push/pull dynamic
driver elements, and a tuned
labyrinth bass enclosure with
nonparallel walls. Frequency
response is 20Hz-20kHz;
sensitivity is 91dB/1W/1M;
nominal impedance is 4Q.
Dimensional Research
Laboratories, 1086
N. Driftwood Ave., Rialto, CA
92376, (909) 875-3674, FAX
(909) 873-5873.

Reader Service #59

@ DYNACOMP

The PC Mathematics software
library (IBM only) of
mathematical procedures is
fully menu-driven and includes
a 206-page manual with
operating instructions, a
discussion of methodology,
and detailed examples. The

A TANNOY

The C Series home
loudspeaker system has
computer-optimized bass
reflex design, liquid-cooled
dome tweeters, gold-plated
input terminals, low-loss
crossover components, and
high-density cabinet material.
Available in black or oak vinyl
veneer, the C Series is priced
from $229-699/pair. Tannoy,
30 Knoll Rd., Plymouth, MA
02360, (508) 746-3550, FAX
(508) 746-8654.

Reader Service #64

8-disk program requires 256K
RAM, MSDOS 2.0 or higher,
and CGA/EGA/VGA or
compatible graphics capability.
Dynacomp, Inc., 178 Phillips
Rd., Webster, NY 14580, (716)
265-4040.

Reader Service #57

Proudly supplies:

ACCESSORIES -

¢ Terminal cups

¢ Gold posts

e Speaker cabinets

* Wire & connectors

¢ Grille cloth &
fasteners

¢ Black screws

¢ Port tubes & trim

¢ Spikes & cones

¢ Damping materials

¢ Design books

¢ Custom foam grilles

MENISCUS - 2575 28th St. SW #2 - Wyoming, MI 49509
(616) 534-9121 FAX (616) 534-7676
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SPEAKERS -

AUDIO CONCEPTS
CERATEC
DYNAUDIO
ECLIPSE

ENTREE

ETON
EMINENCE
FOCAL

mMB

MADISOUND
MAGNAT

MOREL
POLYDAX
PEERLESS
SCAN SPEAK
SWAN
VERSA/TRONICS
VIFA
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HEAR, HERE!

Our 1993 product line just arrived and there's
lots to celebrate. A comprehensive array of
nearly 100 drivers. Innovative technologies.
Leading edge materials. Engineered to
provide flexibility in your design process and
clear cut sonic quality advantages at every
level of performance.

You've heard about our quality for years.
Now's the time to hear it for yourself.

Subsidiary of Audax Industries, France.
For your nearest authorized distributor
please call 508.658.0700




Low power loss (15-50% less)
Lowest DC resistance

Lowest AC resistance

Lowest Q tactor

Higher precision coi reactance
Uniform current density
Minimized Skin Effect resist
ance up to 100kHz

Very high winding density
Polypropylene insulated mate-
rial

Computer optimized coil size
No saturation distortion

No hysteresis distortion

Made in USA

PRICE EXAMPLE:

14awg 0.47mH$ 9.31
12awg 0.47mH $ 12.69
14awg 1.80mH $ 18.89
12awg 1.80mH $ 26.55

CoppiFon A|r-Core Ihductor ™

Extremely Designed For Precision Audio Transducer/Speaker Driver Crossover Network

'\". Cry

c
g ==
PRODUCT HIGHLIGHT B Ty 27milidawg
FEATURE CFAC INDUCTOR™ LOWEST Rdc

— LItz wire inQuCIOr. pOwer 0SS DC Resistive Pawer Loss
about 35W at 200W power power loss caused by the
It
Round-wire inductor 25W  hoq) energy Lower Ihis resist
ance will increase the speaker |
input 56 |
[
‘CFAC INDUCYOR the low

power 0SS less than 16W

al?OOWpowe«wu

CFAC INDUCTOR CLOSE TO THE IDEAL INDUCTOR |

| —Litz wirenductor largaer A Ce
AT 101 at low frequency

. Round wire inducto

s CFAC INDUCTOR,

T IDEAL inductor reactance uratecrossover fri

CFAC INDUCTOR™ ELIMINATE SKIN EFFECT
i Litz wir@ inductor Skin EHect Resisiance
Shin Ettect will cause the in

«——— Round wire inductar ISIVE d ¥

‘/CFAC INDUCTOR
Neg attect re

structure {0 003" thick) of thy
CFAC INDUCTOR s spe

Solo Elec"onms .2462 Tnpaldi Way Hayward. | CA 94545 USA
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The peculiar evil of silencing the expression
of an opinion is, that it is robbing the human race;
posterity as well as the exisiting generation;
those who dissent from the opinion,
still more than those who hold it."
—-JOIIN STUART MILL

Speaker Builder is published bi-monthly in the interest
of the art and craft of speaker building.
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About This Issue

Bill Fitzmaurice, who plays electric
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suit his special needs—light weight,
small size, and good output for live

| performance venues. So he designed
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11993 by Edward |

the "Electric Bass Tri-Horn'' (p. 10),
a unit as unique as Bill's own
fingerprints.

Just as outstanding for its adherence
to a "'no-compromise’’ philosophy is
Randy Parker's "'Prism V Satellite/
JBL Subwoofer.” Designed with a
little help from some friends, Randy
details its development in the first
of a two-part article, beginning on
page 16.

Speaker builders are increasingly
aware of the importance of computer
programs in realizing their designs.
Homero Silva describes how he uses
“Fitduct’’ to accurately tune vented
systems (p. 28). Prof. Silva is the
translator of the newest version of
Vance Dickason's Loudspeaker Design
Cookbook into Portuguese, Caixas
Acousticas e Alto-Falantes.

Fred Thompson used another
software program, LMP, in his design
of the "CCPS."” As he describes on
page 30, the unique placement of the
tweeters resolves some nagging issues.

For you "IMP" fans, Bill Waslo
describes yet another of the program's
many features: measuring T/S
parameters. Bill puts the versatile
software through its paces beginning
on page 38.

Two reviews in this issue deal with
current software: Term-Pro and
related driver kits from Rockford
Corp. are reviewed by Ray Alden
(p- 54); Low Frequency Designer
Software is discussed by G.R.
Koonce (p. 62). A no less important
part of your equipment is the
measurement microphone, and Gary
Galo reviews three of the most
affordable on p. 70.
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MW Specification i _
P Overall Dimensions 2118mm (4.64") x 58mm{(2.29")
Mounting Baffle Hole Diameter B295mm (3.75")
Magnet System Pot Type, Vented, Neodymium Magnet

Nominal Power Handling (Din} 150W

Transient Power - 10ms 800W

= Voice Coil Diameter 54mm (2.125")

N eo d m I u m Voice Coil Type/Former Hexatech Aluminium
y Frequency Response 55-7000 Hz

FS - Resonant Frequency 65 Hz

Sensitivity TW/1m 87 dB

a n et Z - Nominal Impedance 8 oh:ns
RE - DC Resistance 5.6 ohms

LBM - Voice Coil Inductance @ 1kHz 0.47 mH

D PC CO n e Magnetic Gap Width 1.25mm {0.050")
HE - Magnetic Gap Height 6mm (0.236")

Voice Coil Height 12mm {0.472"})

[ ] | X - Max. Linear Excursion 3mm
O O e r B - Flux Density 0.88T

= — 4 BL Product (BXL) 6.75

g% N Qms - Mechanical Q Factor 2.32

(( Y| Qes - Eiectrical Q Factor 0.36

|/ Q/T - Total Q Factor 0.31

Vas - Equivalent Cas Air Load 3.18 litres {0.113 cu. ft.)

MMS - Moving Mass 7.00gm

CMS 807um/n

SD - Effective Cone/Dome Area 53cm? (20.86 sq. in.)

Cone/Dome Material DPC (Damped Polymer Composite}

Nett Weight 0.500 kg

Specifications given are as af;el_at least 45 minutes of high power,
low frequency running, or 24 hours normal power operation.

The 114-S is the first of Morel’s new generation
of woofers, featuring a powerful Neodymium magnet
system which provides increased sensitivity, lower Qt
and reduced distortion. For a 4" driver it is unique in
having a large 54mm (2.125") diameter Hexatech
aluminium voice coil.

Benefits of this large voice coil diameter include
a very high power handling capacity and lack of sound
level compression. In addition, it allows the use
of a very shallow cone profile. Coupled with
the use of Damped Polymer Composite
cone material and a rubber surround,
this provides excellent dispersion
(off-axis response), resistance to
cone break-up (even at high sound
pressure levels) and lack of colouration.

Frequency and phase response are
very flat, while the roll-off is very smooth.
The MW 114-S may be used either as a
bass-mid range in 2-way systems, or as a
mid-range in multi-way systems.

The vented magnet system is encased
within a steel chassis, which improves efficiency
and shields the magnet, virtually eliminating stray
magnetic fields. The MW 114-S is ideal not only for
high quality hi-fi, but also TV, video and surround-
sound applications.

Sensitivity Mag - dB SPLruatt Sensitivity Phase - deg (equalized) (dly= 8.188 ms)
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Editorial

The Australian termite gets a terrible case of indigestion
if his resident parasites die. Without these parasitic in-
habitants of the termite’s stomach, it cannot digest the
only food it knows how to eat: wood. There are mil-
lions of examples of such interdependency. I'd like to
talk about another.

When [ founded Audio Amateur in 1970, I carried a prej-
udice about publishing which was popular in the fifties
and sixties. We were all aware of how pervasive adver-
tising in its proliferating forms had become and most
thinking people reacted strongly, all the more so because
we suspected we were being manipulated by subliminal
messages buried in the TV and movie channels.

I thought of this as a purist ideal for the publication,
avoiding any hint of commercial influence on what we
wrote, edited and published. Somebody has said that the
first thing a principle does is kill somebody. My high-
principled view had the usual flaw of limited data. It
took too long for me to discover that the relationship
between a good vendor and a reader and a magazine
was not a theory, but a primary interdependency which
can enhance all three.

One of my first discoveries was that the only differ-
ence between a reader and a vendor is the entrepren-
eurial urge. Most of Audio Amateur's advertisers have,
at some point, been hobbyists; then hobbyists with a
dream, and finally, business people with hands-on savvy
about what they sell.

[ have come to see that an imaginative, innovative ven-
dor with a genuine commitment to service can be a vital,
necessary ingredient in the pursuit of excellent sound,
beautiful craftsmanship and a pleasurable avocation.
Such people are becoming scarcer, unfortunately, at least
they are in the United States. Despite our reputation for
innovation, inventiveness and design, we are falling
behind other countries in how we do business, and we
are losing our edge so far as understanding how goods
are made, and our will to make them the best there is.

Dramatic evidence exists concerning my thesis about
the interdependent nature of those who love an avoca-
tion, practice it, and supply the goods to enable it. This
magazine's advertisers, from the smallest ad in our Class-
ified section to the space ads throughout the book, are
generally small enterprises whose specialty is the goods
an audio amateur will need to build satisfying projects.

Unfortunately, some readers regard audio parts and
hardware vendors in ways that are bad for everyone.
First: some see the vendor as an adversary. Most of us
must use mail-order (or phone-order) to find the parts
we need. The process is long and requires a lot of
patience—on the part of the vendor and of the customer.

SYMBIOSIS

1 have the pleasure of knowing many of our advertisers
and those [ know are genuine enthusiasts about sound
and equipment.

Realistically, every reader should keep in mind that
such a vendor is serving a small market, and this being
s0, he or she is working as much for the pleasure of do-
ing something he or she likes, as for the economic side
of things. The profits are never very large. Such people
are usually willing to work very hard to give the customer
good service and high-quality, hard-to-find products.

But audio enthusiasts seem too often to forget that the
vendor is in business and is not a free, giant source of
design information from which he or she is at liberty to
draw without any limit. Such abuse of vendors becomes
venal when such an enthusiast uses up time and talent
offered freely, and then goes to another vendor for the
purchase. Service is not "free’’ in one sense. Informa-
tion is not free, either. And using a vendor as a research
arm, rather than doing your own homework, is mani-
festly unfair and damaging to the reader’s ability to learn.

A thoughtless or unscrupulous amateur who misuses
vendors harms this avocation. A thoughtless or unscrup-
ulous vendor who fails to service his customers fairly
and efficiently harms this avocation.

Having talked with and listened to readers over the
more than two decades of this magazine's existence,
I find that a few think their hobby should be free. I
certainly know the pleasure of finding a bargain at a yard
sale, a surplus store or whatever. But a totally "flea mar-
ket'" attitude about goods impoverishes this avocation.

We all enjoy the savings in doing the work of building
and modifying equipment. But our handiwork is deliver-
ing performance for hundreds of dollars, where the less-
fortunate audiophile with a taste for ""high end" is spend-
ing thousands. It should not be hard to see that if the
vendors who offer you excellent parts and services
through these pages can flourish and grow as a result
of your patronage, they can offer you better parts, more
diverse goods and better service.

A thoughtful amateur will keep one further matter in
mind. The task of finding, buying and cataloging parts
for our market is much, much more difficult than you
might imagine. We live in a giant country. Most elec-
tronics suppliers do not like to do business in small or-
ders. Some restrict any order to a minimum of $50. Elec-
tronics vendors prefer industrial-type purchase orders.
Your friends advertising here work extremely hard and
long to find what you need. Some of them face a man-
ufacturer’s restriction on minimum orders of as much
as $5,000 per line item. Most of them must find other

Continued on page 82

Reader Service #14
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THE ELECTRIC BASS TRIFHORN

BY BILL FITZMAURICE

he triangular cabinet in Photo 1 is

made of ¥2” plywood, with no stuff-
ing, horn-loaded front- and rearwaves,
and a detachable stand—bet you've never
seen anything like it. While this speaker
is not for home use, many of its unique
construction techniques can be utilized
by all builders. For those of you who play
electric bass, it will be a sight for sore eyes
and relief from a sore back.

My requirements include light weight,
small size, and high power output. I drive
a subcompact and carry a lot of equip-
ment, so I restricted the overall cabinet
size to 5 ft. and no more than 65 lbs. (so
hauling it would be a one-person job). The
triangular shape serves two purposes: it
eliminates standing wave problems, and
it allows the use of a bolt-on folding stand
which doubles as a horn for the rearwave.
The horn's 7dB boost in efficiency at
40Hz allows the cabinet volume to re-
main under 5 ft.3

I chose the EVM-15 B and the Pyle
MH-516 for drivers. The EVM is rugged
and efficient, but response falls off above
1.5kHz, so the 5” Pyle extends response
beyond 10kHz. The Pyle's relative inef-
ficiency {90dB versus 99dB for the EVM)
presents no problem, since any musical
instrument amp has at least 20dB of tre-
ble boost. When crossed over at 1kHz at
only a 6dB slope, it is almost indestructi-
ble. (I also tested this cabinet with a JBL
E-140 woofer for comparison, and it tests
out within +2dB across the spectrum.)

DOUBLE CAULK. Before describing
the actual construction, a few tips are in
order. I use butt joints throughout, with
1%"” drywall screws every 6” maximum.
To save weight and speed construction,
I don't use glue blocks. Instead I use a
construction adhesive which is strong
and easily applied with a caulking gun.
Simply apply glue to the joint line, posi-
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PHOTO 1: Completed cabinet, top removed.

tion and clamp the pieces, counterbore,
and screw together. Then apply an ex-
tra bead of caulk along the joint line on
the inside of the cabinet.

I always counterbore so the screw
heads are %-%4" below the panel surface.
This allows you to radius the cabinet
edges without hitting the heads (Fig. 1a).

I cut the piece being joined about %”
oversize, using the actual joint line on the
inside of the cabinet as the reference. The
resulting joint has an overhang which 1
later trim off with a router and flush-
trimming bit. This speeds up construc-
tion, improves accuracy, and results in
a perfectly flush joint. You could use a
belt or disk sander, but a router is faster
and more precise (Fig. 1b).

My cabinets are very lightweight but
strong, because I build them with a thin
skin over lots of panel-to-panel bracing.
[ even lighten my braces by drilling holes
in them with a hole saw and radiusing
all nonjointed edges, which also increases
internal cabinet volume. This detail can

R

be omitted if you don't care about that
last half-pound.

PLYWOOD PANACEA. I prefer Bal-
tic birch plywood for its consistency, but
a good void-free plywood will do. Parti-
cleboard is not a good choice, as it's too
heavy and does not work or joint as well
as plywood. I use %" plywood for the
baffle, which needs the extra strength,
and for the top and stand, which cannot
be easily braced.

For the finish, I use regular latex house-
paint mixed with a sand-finish additive.
An ozite carpet finish is a good, albeit ex-
pensive, alternative.

ABOUT THE AUTHOR

William Fitzmaurice (B.A., University of New
Hampshire, 1971) has been a professional musi-
cian for over 25 years. He has used speaker cabinets
of his own design and manufacture since 1968, and
has sold cabinets as well. He is also a builder of
custom-designed electric basses and guitars, and
is the proprietor of Bill Fitzmaurice Luthiery.



CABINET
INTERIOR
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OF GLUE- DRYWALL
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\

EXCESS
MATERIAL
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FIGURE 1: a. joint prior to trimming; b. after
trimming and chamfering; c. triangular joint
before trimming; d. triangular joint after trim-
ming and chamfering.

I mount the carrying handles with T-
nuts for strength. My own cabinet is
equipped with a cheap but heavy chest
handle, and because the cabinet is so stiff
and strong, it does not vibrate. For good
measure, I mount handles so they strad-
dle a brace, where the cabinet is stiffest.

I recommend steel grilles for maximum
driver protection, and they are available
from a number of sources. You can find
wire-mesh hardware cloth for the mid-
range grille at any hardware store.

BRACE YOURSELF. Now for the ac-
tual construction. First, lay out the cab-
inet bottom (Fig. 2). Draw a line %” from
the edge of your plywood and use it as
the base of an equilateral triangle 26" on
each leg. Draw two more lines %" out-
side the other two legs. (When attached,
the front and sides will align on the 26”
lines on the inside of the cabinet, leav-
ing about %" of selvage outside the
joints.) Cut out the cabinet bottom. Cut
the front so the bottom is square, the top
is at a 12° angle, and the sides are at 30°.
Measured on the shorter face, the cab-
inet front will be 26-inches wide (Fig. 3).

If you're using a midrange driver, you'll
need a mid box. Cut the braces, top, bot-
tom, and back, as in Fig. 4. The bottom
is 2" up from the bottom of the braces;
the top is 3” down from the mid-brace
top. Your box interior will be 6” square.
Attach the back with screws only—no
glue. Remember, this back is removable.

Now cut a 3" hole, centered and 5Y2"
up on the cabinet front. Tack the hard-
ware cloth over the hole on the inside
of the panel. Glue and screw the mid-
box assembly to the panel, which will
clamp the grille in place. You can now
attach the completed cabinet front/mid-

5/8" TYP.

5/8"
(]

TOP VIEW

I.—zs" INSIDE PANEL —— .1

Va .

\—CUT AT 30° ANGLE - /

FRONT VIEW

CUT AT 12° ANGLE N

13" ON PANEL INSIDE —|
VIEW

l
|
| SIDE
|
1

| MIDRANGE 51/2" 1
| CUT OUT 3* Dla— ' |

FIGURE 3: Front panel layout.

INTERIOR LINE TO EXTERIOR CUT—J

INTERIOR LEG LENGTH - 26 *————o]
ALL THREE SIDES

FIGURE 2: Cabinet bottom layout.

box assembly to the cabinet bottom. Line
up the front panel's inside edge with the
26" baseline on the cabinet bottom, leav-
ing a %" overhang outside the cabinet.
Remember to run screws through the
bottom into the mid braces.

Cut both sides 19-inches high, with the
edges at a 30° angle. One side has an in-
side measurement of 26%", and the
other is 27'.". Attach the sides to the
bottom and front assemblies, as shown
in Fig. 5. The bottom should extend out
by about %” all around. Using the router
with flush-trimming bit, remove any ex-
cess material from the joints. Addition-

ally, I recommend rounding off the ver-
tical joints with a Y2-inch-radius molding
bit, or sanding them.

With a saber saw, cut the bottom of the
port. When you cut the side-to-bottom
braces, lighten them by boring and cham-
fering. If you did not install a mid box,
you will need to cut an additional Brace
A. Install the braces in the approximate
positions as shown in Fig. 4. Since iden-
tical measurements might lead to stand-
ing wave problems, randomize the posi-
tions somewhat {Photo 2).

TOTALLY BAFFLED. Cut out the baf-
fle and its braces (Fig. 6). Temporarily fit
the baffle in place with screws; it will
overhang the cabinet front. Using the

REAR

B \ B
MIDRANGE BOX

BRACE LOCATIONS ARE INEXACT- RANDOM

LOCATIONS PREVENT STANDING WAVES

FRONT BAFFLE BRACE \

BAFFLE BRACE ﬁ

TAIL SECTION OF
BAFFLE- CUTOFF

FOR CLARITY, BRACES A & B NOT
SHOWN IN THIS VIEW

C. [}
i - 3* r‘- i"
3" : ] =K e
/ L—s" L-—r' 'l
MID BOX MID BOX
7 12+ TOP.BOTTOM BACK
I BRACE A 13 BRACE B 13
A i
t
] _

MID BOX BRACE

R

e

FIGURE 4: Bracing details: a. top view; b. side view; c. brace locations
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BEYOND FRONT

FIGURE 5: Midrange driver box construction.

l
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REAR BRACE 7N

TTACHED ——=/ \
ATTACHED «—REAR BRACE

23 /8"

o
—
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I == ]

B.
SIDE VIEW
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\ o R o
ANGLE o[ | T
L—7“_.l _.I L-] 34" /\ sl
TOP VIEW  SIDE VIEW }
c. REAR BRACE FRONT BRACE (2)

FIGURE 6: Baffle and brace positioning: a. top
view; b. front view; ¢. rear and front brace.

driver as a template (by placing the in-
verted driver on top of the baffle), mark
the mounting-bolt hole locations. You
should have about % " clearance between
the driver frame and the cabinet sides at
the closest point. Remove the driver and
draw lines connecting the bolt holes to
determine the driver center point. With
a compass, draw a 14%” circle on the baf-
fle for the cutout. Remove the baffle, cut
the speaker hole, drill the bolt holes, and
install the driver-mounting T-nuts to the
rear of the baffle.

After marking the location of your
handle-mounting holes on the cabinet,
drill and install the T-nuts. Mark the loca-
tion of the midrange mounting holes on
the front panel and drill them, then in-
stall T-nuts from outside the panel. Cut
or drill the appropriate hole(s) for your
jack or binding posts.

Attach the baffle braces. Cut off the
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PHOTO 2: Interior view before baffle installation.

piece of baffle extending behind the rear
brace, then permanently install the baf-
fle with glue. The braces will extend
above the cabinet sides. Using a board
as a guide, rout the braces flush with the
height of the cabinet sides (Photo 3) and
the baffle flush with the front panel.

Cut the top to a size identical to the bot-
tom, but with %" plywood. Attach it to
the cabinet with screws, and rout the top
flush with the sides.

Cut and attach the stand braces to the
cabinet. Cut the stand halves and attach
them to each other at their rear with the
piano hinge, then fold them together.
Mark the handle holes and cut both
pieces simultaneously so they align, then
chamfer the holes. Open the stand and
hold it in place on the cabinet with C-
clamps. Drill six 76" holes (Fig. 7) simul-
taneously through the stands and their
braces. Remove the stands and install %"
T-nuts to the stand braces; reattach them
using %" x 1%2” thumbscrews. Chamfer
all remaining edges with a %-inch-radius
trim bit or a sander. Remove the stand
once again, and finish it and the cabinet
as desired.

ROCK READY. When your finish is
complete, install the jack/binding posts
and handles. Working through the
speaker hole, remove the back of the mid
box. Drill a hole for the wire to pass
through, then wire and install the mid
driver. Stuff the mid box with fiberglass
and attach the back with screws. Caulk
the hole around the wire, and wire the

mid driver to the jack using the 22uF cap
in series.

After wiring the woofer to the jack,
bolt it to the baffle. Caulk it with a bead
around the frame edge. Do not caulk be-
tween the frame and the baffle or you
may not be able to remove the woofer
later (Fig. 8).

Continued on page 14

TABLE 1

TRI-HORN PARTS LIST

ITEM OESCRIPTION
Baffle, baffle braces, %" plywood
top and stand

Bolts (12), T-nuts 3"

Capacitor 22uF, 100V non-
polar crossover
(if using midrange)

Construction adhesive ‘*‘Liquid Nails”" or

equivalent

Drywall screws 1"

Finish material paint, carpet, vinyl,
as desired

Handles

Hook-up wire 14- or 16-gauge

Jack or binding posts  as desired

Mesh hardware cloth B"orva", 8" x 8"

Midrange Pyle MH-516 5"
(optional)

Panels 2" plywood

Piano hinge 12"

Steel grille 15"

Thumbscrews (6) 3" x 1"

T-nuts (6) "

Woofer EVM-15 B or JBL

E-140 15"
Mounting hardware

Total estimated cost, with suggested drivers:
$275-300




A better speaker damping material...

If you've been building speakers for some time, you know how much guesswork goes with speaker
damping and stuffing. The choices seem endless: fiberglass, wool, Dacron, flat foam, convoluted foam,
felt, tar, plus various “'magic” compounds that you're invited to brush or pour into your new cabinets.
Everyone has their own recipe, and who knows if it's a recipe for disaster? Or what effects the vapors
rTT———— cmilled by these chemicals might have on the glues that bond your wooter surround to its cone and

ORCA chassis? In this era of costly, space-age drivers and computer-assisted design, we think such risks are
totally unacceptable. So we went to work to find the ideal solution.

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

First, THE PAD. It's a thin (1/16 inch) black flexible viscoelastic damping material (filled vinyl copolymer) with maximum perfor-
mance between 50 and 100 degrees F (we hope that that covers the temperature range of your listening room) and excellent flame
resistance - it meets UL94 V-O. Thanks to its outstanding damping characteristics. THE PAD will dramatically reduce the vibration
energy stored in the walls to which it is applied.

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

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

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

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

e T i T s S

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

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

1531 Lookout Drive 818-707-1629

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

AE ONCables New from ORCA!

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

Outer insulation: UL approved TPE
Cable geometry: non interleaved spiral
Individual conductor insulation: 105 degree Celsius, UL approved PVC
Cable equivalent gauge: total - AWG 11, 2 conductors - AWG 17, 4 conductors - AWG 14
Individual conductors: solid core AWG 2() copper, long-grain and ultra-soft, free of all contaminants and oxygen.
Cable core: crushed polypropylene
Inner envelope: mylar film

Reader Service #32



PHOTO 3: Routing parts to height using guide board.
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Continued from page 12

Attach the steel grille. Screw the top
to the sides and the baffle braces using
thin foam gasket at all contact points, but
do not use glue. Finally, attach the stand
and you're ready to rock (Photo 4).

Is this an audiophile cabinet? Definitely
not. Musical instrument speakers are in-
tended to produce live music, and this
unit sounds great for its intended usage.

The quasi-horn loading of the frontwave
enhances the lower midrange around
300Hz, which gives it a very punchy
sound, while the stand/horn boosts the
bottom end from 3-7dB below 150Hz
(Fig. 9). If you wish, you can gain more
bottom end by increasing the cabinet
height, and therefore volume, to what-
ever your mode of transport and strength

WOOFER
FRAME

BAFFLE

WRONG
FIGURE 8: Woofer caulking.

allow. (Remember to increase the brace
sizes accordingly.)

I find the bottom end adequate even
in outdoor venues, and I drive my rig
with only 80W. Increasing the stand
height, by the way, will actually cause
a loss of power—it makes the horn throat
too large for effective loading. I didn't
bother stuffing the woofer compartment,
since I found no discernible resonances
from the cabinet. If you find it enhances
performance, please let me know.

Aside from the satisfaction of playing
through equipment I've designed and
built myself, my greatest pleasure is
when I set up my diminutive powerhouse
on stage and hear: "What is that? Where
did you get it?"" Sometimes the Equip-
ment Groupies (the resident "'experts’)
assume that nothing so small or uncon-
ventional could sound so good. But it
usually takes only five or six notes from
my bass to convince them otherwise.

L
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! CABINET WITHOUT STAND ATTACHED /HORN

] [
MEASURED 1W{2.83V)/1IM; MEASURED OUTDOORS

1 10k 12k
1 1 1

1
40 60 80 100 300 500

VIR U T G SR SR T G N N S
700 9001k 3k Sk 7k 9k 20k

FREQUENCY (Hz)

FIGURE 9: Frequency response of the Electric Bass Tri-horn (measured 1W [2.83V]/1m, outdoors).
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PHOTO 4: Completed cabinet, mounted on
stand.
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YOUR ONE STOP SHOPPING CENTER
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In Our Efforts To Bring You the Best
Equipment at the Best Price. .
We Now Proudly Offer

\llxv?tllfr?ew focal Titanium Tweeter............... $399
ARIA 5
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Now is the time to get the finest drivers on the
planet at out of this world discounts.

ORDER YOUR BRAND NEW 1993 SPRING SPEAKER CATALOG

ZALYTRON INDUSTRIES CORP.
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Part 1

THE PRISM V SATELLITE/JBL
SUBWOOFER

Building the Prism V Satellite/JBL
Subwoofer "‘no-compromise’’ sys-
tem was well worth the effort (Photo 1).
[ attribute its outstanding performance
to the higher quality of its drivers, the
complexity of its enclosure, and the
knowledge and care that went into its
crossover design. In keeping with my
"'no-compromise’’ goal, I used the high-
est quality materials and construction
techniques to achieve whatever acous-

PHOTO 1: Complete Prism V Satellite/JBL Subwoofer syste

16 Speaker Builder / 4/93

BY RANDY PARKER

tical benefits might be gained, no mat-
ter how small.

[ was fortunate to have the technical
support of DLC Design's David Clark in
designing and optimizing the crossover.
Dave's company produces the SPEAK
Acoustic Simulation Software computer
program which we used to create the in-
itial crossover design. We also used his
Techron TEF 10 Time-Delay Spectrom-
etry (TDS) Analyzer to make all acous-
tical and electrical measurements.

MOUNTING TENSION. I derived the
number of drivers and their mounting
geometry from the work of Joe D'Ap-
polito. The combination of elements that
define a D'Appolito system {"Of Time
and Phase,”” SB 4/85, p. 48) provide a
broad and uniform, vertical and horizon-
tal polar response. A five-driver, three-
way {5,3) rendition adds two low-fre-
quency drivers, one above and one below
the midranges.

The (5,3) geometry produces a natural
soundstage, is relatively forgiving of lis-
tener and speaker placement, mixes up

room modes well in the bass and lower
midrange, and conforms to rules produc-
ing predictable results with documented
performance parameters. Furthermore,
the Allison effect of smoothing the bass
and midrange response by staggering the
driver's distances to room boundaries is
enhanced with multiple drivers.!

The staggered heights of the vertically
aligned driver pairs also helps minimize
response dips caused by early reflections
from the floor. When the Prism V is
placed on top of the subwoofer, the top
bass driver is an odd multiple of the bot-
tomn drivers' height, so cancellation and
reinforcement effects from the floor have

ABOUT THE AUTHOR

Randy Parker graduated from Albion College with
adegree in economics, and is currently Plant Per-
sonnel Manager with the Kellogg Company. He
has been interested in audio construction projects
for the past 25 years, his primary audio interest
is speaker system design and construction. He is
a member of the Southeastern Michigan Woofer
and Tweeter Marching Society, an audio construc-
tion club, with other interests including competitive
swimming, biking, and performance boating.
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PHOTO 2: Passive crossover in external enclosure.



very few coincident frequencies. This is
due to the averaging effect of the differ-
ent reflected path lengths from the bass
and midrange drivers to the listener.

The (5,3) geometry also seems to sta-
bilize the apparent acoustic center des-
pite frequency variation. With this con-
figuration, the midrange and bass drivers
are placed symmetrically above and be-
low the tweeter so the sound source is
centered at a single point above the floor
at tweeter height. The result is accurate
image placement and properly recreated
soundstage size. Additional benefits to
using paired drivers include increased
power handling and sound-level output,
reduced IM distortion, and increased
available amplifier power when the driv-
ers are connected in parallel.

SHAPE SHIFTER. Joe D'Appolito’'s
Aria 3 design inspired me to use both the
Accuton C2-11 tweeter and C2-77 mid-
range drivers. The Accuton midrange
drivers have 89dB/W sensitivity, and
their robust 2” voice coils will handle
180W of input power. A pair is capable
of producing 117dB at 1m. My choice of
bass drivers was also influenced by the
Aria 3, which uses Focal's 8K415S Kevlar-
composite coned 8” woofer. They also
have 89dB/W sensitivity, and their 1¥2”
voice coils will handle 150W of input
power. A pair will produce 116dBat 1m.

I chose the 4Q Accuton tweeter to help
match the midranges’ voltage sensitiv-
ity. Based on actual measurements, it has
only 2-3dB less sensitivity than the pair
of midranges. However, it's a very good
match after the midranges’ notch and
crossover filters are placed in the circuit.
The tweeter will handle 120W and pro-
duce 109dB at 1m.

An enclosure can sometimes do more
to degrade a driver’s performance than
improve it, so I wanted to ensure that it
contributed as little effect as possible,
while allowing the drivers to perform to
their full potential. I also envisioned an
aesthetically pleasing shape. I received
numerous recommendations, including:
nonparallel sides to minimize internal
standing waves and reduce the effect of
the reflected waves from the enclosure’s
rear wall; small tweeter and midrange
baffle dimensions to minimize the diffrac-
tion effects from the cabinet front edges;
drivers located so they are not equidis-
tant from any two baffle edges; flush
mount all drivers; remove protrusions
from the front baffle surface; avoid sharp
edges and corners.

I chose an ‘oblique prism'’ for the en-
closure shape, with two parallel pentag-
onal-shaped bases joined by five non-
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FIGURE 1: C2-11 tweeter drive unit parameters and high-pass passive filter component values

as entered into SPEAK.

equal-width sides. The bases are equi-
angular (all interior angles are 108°) but
not equilateral (the side widths are not
equal). The pentagonal shape achieves
the objective of having nonparallel sides,
and the cabinet’s narrower panels have
higher resonant frequencies so they are
less likely to be excited by the bass driv-
ers’ low-frequency output. The three dif-
ferent panel sizes also cause resonances
to occur at different frequencies.

I made further refinements by opti-
mizing the shape of the front baffle. A
triangular shape provides the desired

small dimension near the midrange and
tweeter, and also achieves the objective
of mounting drivers at unequal distances
from cabinet edges so diffraction-induced
irregularities are spread over a wide range
of frequencies. The 5.75-11.75-inch-wide
baffle increases the range at which dif-
fraction loss begins to approximately
1,200-575Hz. In addition, the nonparallel
sides produce smaller multiple ripples at
a variety of frequencies.

For good dispersion, keep the baffle
edge as close as practicable to the drive
units. A triangular-shaped front baffle for
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FIGURE 2: C2-11 tweeter sound-pressure response as predicted by SPEAK.
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a (5,3) driver geometry assumes an hour-
glass shape which, when combined with
a pentagonal enclosure, satisfies several
acoustical principles and produces a
unique, sculptured cabinet.

BASS BOX. I determined the bass driv-
ers' internal enclosure volume by opti-
mizing their low-frequency response for
integration with the subwoofers. You
can use the bass drivers’ low-frequency
response to determine both the crossover
frequency and the slope to the sub-
woofer. Dave Clark recommended using
the bass drivers in a closed box with a
Qrc of 0.707. This would produce a
maximally flat frequency response, im-
proved transient response, a smooth
12dB/octave acoustical rolloff below f¢,
and reduced driver excursion at the
crossover frequency.

The closed-box system's resonance fre-
quency (f¢) would determine the cross-

over frequency to the subwoofer. The
second-order acoustical rolloff below f¢
would provide one-half of the high-pass
filter to the bass drivers. An additional
second-order electronic high-pass filter
would obtain the desired fourth-order
high-pass acoustical response. The sub-
woofer would then use a complementary,
fourth-order electrical low-pass filter at
that frequency. The resulting summed
output produces a flat Linkwitz-Riley
acoustical response and ensures a seam-
less transition between the bass drivers
and the subwoofer.

The Focal 8K415S has a Qrs of 0.24,
fs of 19.3Hz, and a Vs of 6.29 ft.3 Using
tables from The Loudspeaker Design Cook-
book, a closed-box system with a Qrc¢ of
0.707 would be obtained with a Vg of 0.82
ft.3, which would produce an f¢ of
56.9Hz.2 Theoretically, this would be the
ideal crossover frequency. To achieve re-
duced bass-driver excursion and distor-

BRIVE

onry 2 BIE9Y02

RJP Accut way, Midrange
— DRIVE UNIT PARAMET
Rfso ance_Frequency - Fs Hz.
Hisheaical § Rachor - gos
ec 1 =
Su pensgon qu?v. ol. -"va l —8% m,x*x 3
adiating_ Area - S E- m.**
Voice Cofl Registance - Re 6 Ohms
Vo;ce 031l Inductance - Le . m Henry
olcg Coil_ Inductance (pseudo) g 6
Diaphragm Leakage E+21 Mec hms
- SERIES 1 o —
First Section Ingucg . mil. Henry
r Res. 5 Ohms
E ? 5 E-1 uF rads
Res. 5 E+ ]
Second Section % .1 E- mil, Henry
a gr Res. . E: thrads
g f169 Rres. :1 E- ofms
— ARALLEL 1 —_—
First Section Inguct .18 E-?? mil. Henry
uctg Res. E+ hms
ga E ? | u grads
X a Re . E+ )
Second Section 5 E- m1g. Henry
apa rr Res. . E* thrads
Pagaiie? Res. . o
; . SERIES 2 E——
First Section Inductor 5 E- mil. Henry
Induc gr Res . E- QOhms
Capa ? 5 E- qurads
X Paka Ie Res . E+ .
Second Section Inquctor . E- mi Henry
In uct Res. . E- Ohm
Ei ? 5 E- qurads
el Res. 5 E-
- . PARALLEL 2 _
First Section Ing 5 E- m11 Henry
g Res. . E+
i Yr 5 E- rads
. Pa allel Res. . E+ j
Second Section In uc or 5 E- mi Henry
&a Bor Res. . E* uFarads
gafie? Res. '1 E+ ﬁ
TIVE FILTER TRANSFER NCTION —_—
g g 8 Hz.
1 ct. Bass = r 5 Hz.
12 dB/Oct. 1ow pass - §eq . Hz.
B/Oct. i ass - e . Hz.
13 8840ct Ri%ﬁ Bass - re 3 Hz.
12 dB/Oct. high pass - erq. . g Hz .

FIGURE 3: C2-77 midrange drive unit parameters and low-pass passive filter component values

as entered into SPEAK.
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tion, and improved power handling, 1
went higher. Therefore, I chose 63Hz as
the nearest standard Y-octave frequency.
Increasing f¢ to 63Hz will increase the
system Qrc. Any speaker modeling sys-
tem can be used to calculate these
changes, however, the formulas are very
simple. Using the ratio Qr¢/Qrs = fc/fs,
or Qrc = Qrs{fc/fs), I calculated the Q¢
of a closed-box system with an f¢ of
63Hz to be 0.78, which is still very close
to optimum. To calculate the enclosure
volume necessary to obtain an fc of
63Hz, I used the following formulas:

| Vas
fe = fs |Yas.
Cr
— 1 S —
Cr (total compliance} = 1 + 1
Vas Vs

Solving for Cr (0.59) and Vg (0.65 ft.3),
1.3 ft.3 is the total internal volume re-
quired for the pair of bass drivers.

CROSSOVER CONTEMPLATIONS.
I based the Prism V crossover design
upon optimizing the (5,3) geometry per-
formance as well as the drivers’ mounted
response. The D'Appolito geometry
works best when the interdriver spacing
is less than one wavelength at the cross-
over frequency, with spacings no greater
than two-thirds of a wavelength.? An
18dB/octave slope (electrical plus acous-
tical driver rolloff) will maintain the 90°
phase difference necessary to achieve the
desired polar axis tilt and response pat-
tern. Increasing the interdriver spacing
and/or crossover slope will narrow the
vertical response lobe.

I determined the interdriver spacing
from the driver's physical dimensions.
Butting them closely together, without ac-
tually touching, the spacing between the
midrange center and tweeter is 43",
which is one wavelength at 3.1kHz and
two-thirds wavelength at 2.1kHz. I chose
a 3kHz crossover frequency, keeping the
crossover frequency one to two octaves
above the tweeter resonance frequency
to avoid phase disturbance in the driver
high-pass filter stopband.* The C2-11's
resonance frequency is 840Hz; two oc-
taves above resonance is 3,360Hz. There-
fore, a 3kHz crossover frequency is near
ideal. As with the bass drivers, the higher
crossover frequency will improve the
tweeter's power handling and distortion
because of reduced cone excursion.

I also considered the upper crossover
limit for the midrange drivers based on
their horizontal polar response, which

Continued on page 20



TOP SECRET! Don’t Read!*

AC Components Drivers

It's time for AC drivers to come out of the closet. No more well kept secrets. The fact is that AC drivers are highly regarded by the
manutacturers, custom installers and hobbyists who use them. The AC12 for instance, is used in a major manufacturer's home theater
subwoofer sold for $750 each. The DV12, (dual voice coil) features an incredible 10.55mm linear one way excursion! This may be the
lowest distortion 12* woofer available. Plug the numbers into your computers and you'll find AC drivers have been designed to work
extremely well in sealed, transmission line, vented or bandpass enclosures. Choose AC drivers for your next high performance speaker

project!

ACS ACS5S AC7 AC8 AC10 AC12 DvVi2 AC15

. gshielded)

Size: 5 2 6 1/2" 8" 10" 12¢ 12" 15"
Impedance: 8 8 8 8 8 8 8/8 8
Fs 57 67 43 32 24 20 17 18
RMS Power: 60 60 60 100 150 150 150 100
System Power: 150 150 150 175 200 200 200 150
Sensitivity: 88 88 89 90 89 89.6 89 92
Voice coil: 25 25 25 40 50 50 50 50
Magnet mass: 240 344 240 794 1134 1700 1700 1134
SD meters: .008 .008 .0143 .022 .0345 .0545 .0545 .0855
Dcr: 5.5 5.6 5.6 4.7 6.45 6.1 3.1 4.6
Inductance: .62 7 .68 .98 1.7 1.6 2.0 23
Xmax: 2 2 3 4 7.68 7.68 10.54 5
Mmd: 7.24 6.5 119 26.4 57 89 73 119
BL: 4.97 5.07 5.61 6.3 1215 13.22 7.8 15.866
Qms: 1.659 1.81 3.052 6.74 3.978 5.458 5.1 6.677
Qes: .628 .652 .636 441 420 452 .481 .288
Qts: .455 479 .526 414 .38 418 44 .276
Vas: 9 7 28 56 11 242 380 561
Range: 57-8k 67-9k 43-7k 324k 24-2k 20-1k 17-500 18-1k
Your Cost: $29.90 $39.90 $29.90 $55.00 $65.00 $79.00 $89.00 $65.00

AC drivers feature vented pole pieces and rubber surrounds, (except AC7 and AC15 which have foam surrounds, the AC15 does not
have a vented pole piece). AC5SS, AC8, AC10 and AC12 have polypropylene cones, AC5, AC7 and AC15 have doped paper cones,
DV12 has long-fiber cone.

*DON'T read about or purchase AC drivers if you believe that paying lots of money guarantees performance.

*DO purchase AC drivers if you believe in sound performance and value.

IAR Wonder Caps™, Still the Finest! We also stock selected products from:
Chateauroux, Audioquest, Dynaudio,

.01 mfd $2.00 each Focal, Lynk, Scan-Speak, Vifa,

1 $2.75 Sledgehammer electronic crossovers,

22 $4.00 Acoustical Magic'®, AC Foam',

33 $3.00 resistors, coils, AC Projects and much

47 $3.75 more!

.68 $4.25 Call, fax or write for complete

1 $5.25 catalog.

2 $7.25

3 $9.00

4 $10.50 AC Components

> S3s Box 212, La Crosse, WI 54601

Values from .01 to 4 mfd are 425V or
higher, 5 and 10 mfd are 310V. All are
5% tolerance or better.

Voice: (608) 784-4579
Fax: (608) 784-6367
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FIGURE 4: C2-77 midrange sound-pressure response as predicted by SPEAK.

Continued from page 18

can be approximated from the effective
piston diameter. For a circular piston on
a large baffle, the polar response is down
3dB relative to its on-axis response at
+30°, when the piston diameter is equal
to the radiated wavelength. The C2-77's
effective piston diameter is 3.54”, which
corresponds to one wavelength at 3.8kHz,
so a crossover frequency below this is
preferred with 3kHz producing a broader
radiation pattern.

Selecting the crossover frequency be-
tween the midrange and bass drivers also
required I consider interdriver spacing,
the midrange drivers’ resonance fre-
quency, and the bass drivers’ effective
piston diameter. The latter's interdriver
spacing is 22%”, which corresponds to
one wavelength at 600Hz and two-thirds
wavelength at 400Hz. The C2-77's mea-
sured resonance frequency is 178Hz,
therefore the crossover frequency should
be above 356Hz.

DR?VE UNIT = 5%51?
RJP 3-way,

§3
Low-M1

DRIVE UNIT PARAMET
f ance Frequency - Fs Hz.
GiSRSzical § EactsT - ges 3
Su pension uiv. Vol. vas m * % 3
adtatin agda Z's E-01 *o%
VO;ce 8 ance - Re Ohm
¥Sige col ggg ance (pseudo) i Henry
Dlapﬁragm Lea age ? E+21 Mecﬁ. ahms
CLOSURE PARAMET =
Rear Enclosure Vo E-Q1 m, 3
ﬁrnal Res. E+ ? Mecn. 8 ms
ge Res. E+ Mech. .Ohms
Front Enclosure Vozum m.
rnal Res. Mecn. 8nms
Leakage Res. E+11 Mech. ms
TIVE FILTER TRANSFER NCTION
g gBIOCt. iow pa - g Hz.
1 B/Oct. low pass - § Hz.
12 dB/Oct. low pass - f eq Hz.
B/oct. hi ass - Hz.
18 gB/8cE. Rign ass - § Hz.
12 dB/Oct. high pass - f eq Hz.

FIGURE 5: 8K415S bass drive unit parameters, enclosure volume and active high- and low-

pass filter parameters as entered into SPEAK.

P — g . ;
h DLC DESIGN :
> 80 o .88 Volt
L .88 Meter
.08
70 Deg .
d :
B 67.17dB  794.3Hz
[0 [ T RJP 3-way, Low-Mid
Low-Mid
50 i i .
10 100 Frequency 1k 10k

FIGURE 6: 8K415S bass response as predicted by SPEAK.
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The Focal 8K415s' effective piston di-
ameter is 6.44”, which corresponds to
one wavelength at 2.1kHz, and indicates
that a lower crossover frequency is pre-
ferred. I chose a tentative crossover fre-
quency of 400Hz on the basis of ensur-
ing a wide vertical polar response, and
to have the midrange cover as wide a
frequency range as possible. Using a pair
of midrange drivers helped ensure sat-
isfactory power handling.

FILTER TIPS. I next began designing
the crossover filters, which would pro-
vide a drive voltage to produce the de-
sired acoustic response. Dave Clark mod-
eled the driver and filter response using
SPEAK.

For the passive crossover between the
midranges and tweeter, Dave entered
the drivers’ electrical, mechanical and
acoustical parameters. SPEAK then gen-
erated the raw drivers’ predicted acous-
tic responses and impedance curves. He
also entered the (5,3) geometry and in-
terdriver spacing, because of SPEAK's
ability to specify the location of drivers
relative to each other in space.

The drivers’ relative acoustic centers
are entered as aligned by time to better
than 4us when mounted flush on a flat
baffle. When we entered hand-calculated
textbook values for a passive 18dB/octave
high-pass crossover at 3kHz, the resulting
acoustic response was far from the de-
sired slope. So Dave varied the crossover
element values until he achieved the de-
sired acoustic response (Figs. 1 and 2).

He followed the same process when
designing the midranges’ low-pass filter.
Figure 3 shows the C2-77 unit parameters
and the low-pass filter component values
SPEAK determined, as well as the active
high-pass filter crossover frequency and
slopes. The desired high-pass response re-
quires a 6dB/octave rolloff beginning at
300Hz, with an additional 12dB/octave
rolloff at 400Hz. Figure 4 is the resultant
SPEAK-generated graphic prediction of
the midrange acoustic response.

The design process for the active high-
and low-pass filters for the bass drivers
was the same (Fig. 5). SPEAK determin-
ed that the low-pass frequency should be
at 420Hz for the best integration with the
midranges' high-pass response (Fig. 6).

CONNECTIVE ISSUE. The passive
crossover (Fig. 7) is mounted externally
in a separate, oak-veneered plywood en-
closure (Photo 2). The external cross-
over's practical benefit is accessibility for
fine-tuning crossover components. Its
theoretical benefit is isolation from me-

Continued on page 22
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SUMMER SALE SPECTACULAR

QTY ~ DESCRIPTION PRICE

41 Phlhps AD11400 /T8 1" Textrle dome tweeter: 3. 25" SQ ﬂange Fs 1500; 90dB 80 $7.00
506 .4 mH Iron Core inductor; 19 awg wire; 2" x 5/8" 10/35.00
12 Focal 7N313 6.5" Cone Midrange with Phase Plug; 94dB; 8Q; Neoflex cone; Fs 40; 150W; 1$58.00

| Good for use down to 200Hz in small sealed enclosure, ﬁeg ency response to 6K: Below Cost!
322 Europa 23; Autosound wedge shaped surface mount tweeter; Mylar 6dB filter: Polymide 3/4" |$15. OO/pr
__dome; 4Q); 4.5 to 22K frequency response; Great Buy.

201 Vlfa M22WR-45; Cast frame 8" woofer, treated ga er cone with rubber surround; 8}‘: . 6.5mm |$44.00
) B X-max peak; Fs 27 Qts .3; Vas 75 ltrs; SQQB 150W; 2" VC; F3 below 40Hz in Ift vented. |
22,000 5 mfd Mylar Capacitors; Axial leads; 1.5" x 1/2"; 10% 50V with full leads by Elpac |10/ $4.(_)O
68 | Peerless 1646 Horn Mid; 2" Textile dome; Round 14cm flange; Fs 450; 93dB; 1 to 5K, 8Q  |$30.00
61 Scan-Speak 18W/8544-05 6. 5" Kevlar cone, foam surround woofer; Fs 40 Qts 36; Vas 26 $66.00

ltrs; 88dB; F3 under 50Hz in .5 ft’ . ported or 80Hz in .3 ft ft. " sealed; Compare price to std version

270 Audax DTWSP25BACAVFF 8Q; 1" Polymer dome tweeter; 4" diameter round metal flange; $10.00
Chambered back for lower resonance; 88dB; 2.5K - 20K frequency range.

|
53 | Eton 4-203 4" Midbass with Kevlar Hexacone; 12cm round cast frame; Fs 59; Vas 6 ltrs; Qts. $79.00
] ~ .26;92dB; 8Q; A very high quality midrange at a good price.
126 Audax TWS0A 8Q2; 10mm Polymer dome tweeter; 3.15" s guare flange; 1/4" depth for easy $5 00
| mounting; Fs 2900 Hz 5.5K to 20K frequency response; 90dB; Good choice for car or home. B
12,000 | 1.5 mfd Mylar Capacitors; Axral_lea_ds_, 1" x 1/2"; 10%, 100V with full leads by Wesco |10/ $2.00
12 Audax HD30P45TSMC 12" Woofer; Paper cone, foam surround; Fs 17, Vas 708 ltrs, $55.00
1 ~ Qts.23; 95dB; 8Q); Good high output driver for home or car.

46 Focal 4V111 Midbass with Polyglass cone; 11cm cast frame; Fs 70; Vas 6 ltrs Qts 32 89dB, ,$49 00
| 8Q;Exceptionally smooth response to 10K; F3 of 155Hz in 1.5 ltr sealed enclosure. | ,
800 | S-cups: Spring terminal on a 2 1/2" x 3" overall plastic cup with recessed terminals |10/35.00

256 Peerless 1771 2" poly cone tweeter; 2 1/4" square; 4Q; Fs 1450; 92dB; 3.5 to 20K; Poly cone '$5.00
R version o mdusny_standard Exceptional value for automotive systems. ) 3
49 Dynaudio 17W75 EXT; 6.5" Polycone rubber surround woofer with extended upper $50.00
- frequency to 4500Hz; 3" VC; Fs 42; Vas 19 ltrs; Qts .74; 86dB; 12Q; Great for D’Appolito. | -
17,800 | 10 mfd Mylar Capacitors; Radial leads; 1" x 1/2"; 10% 100V with full leads by Matsushita | 10/$10
40 | Accuton (Ceratec) C2-22 Ceramic 1" inverted dome tweeter; 90dB; Fs 495; 8Q; Chambered ' $125.00
1 back; Suitable for 2-Way or 3-Way systems; 2.5 to 22K ﬁequenc_y response. o
49 Focal 8K516; 8" Kevlar woofer with cast frame; 7.5mm X-max; 8Q, Fs 33.7; Vas 58.7 ltrs $103.00
B Qts .3; 90. SdB B; Exceptional as a woofer in a 37Wa1 system; F3 below 40Hz inl5cf. B
B ~ KLIPSCH, KLIPSCH, KLIPSCH, at Very Special Prices!!! -
564 thsch K5K 8" woofer; Paper cone cloth surround; Fs 40; Vas 46 ltrs; Qts .33; 9ldB l2Q $20.00
o N 75Watts _Excellent High Output D’ Appolrto woofer - ]
227 ' Kllpsch K6K 8" Woofer; Paper cone cloth surround; Fs 41; Vas 42 Itrs; Qts 325 92dB 6Q); $20.00
- ~ T5Watts; ngh efficiency, good for 2- Way Hi F1 or stage monitors. )
709 thsch K82K Horn Tweeters; 4" x 10" Exponential; Fs 1500; 100dB; 16Q2; use a 12dB x-over | $20 00

at 3K; 3 to 17.5K; Exceptional value

Madisound has some designs using the Klipsch products, if lyou are lookmg for hrgh
efficiency, high output systems at reasonable prices, give us a call

T E— =

150 Vifa P17TWHO06 8Q Woofer; Decorative stamped frame, poly cone rubber surround $20.00
B ~ Fs42; Qts .33; Vas 30 Itrs; 88dB; This is a good price for for a driver of this quality. -
280 | ~___ Bennic Polypropylene 3.9 mfd capacitor 200V 5% axialleads ~ $1.50
260 ___Bennic Polypropylene 7 mfd capacitor 200V 5% axial leads %240
350 ___Bennic Polypropylene 12 mfd capacitor 200V 5% axialleads ~~ [$3.00
Order early while quantities are available. Sale ends October 31, 1993.
Madisound Speaker Components Ordering Information: All speaker orders will be shipped promptly, if possible
(8608 University Green) by UPS. COD requires a 25% prepayment, and personal checks must clear
~ P.O. Box 44283 before shipment. Add 10% for shipping , residents of Alaska, Canada and
Madison, WI 53744-4283 U.S.A Hawaii, and those who require Blue Label air service, please add 25%. There

Voice: 608-831-3433
Fax: 608-831-3771

ANNOSIAvIN B ¥ ANNOSIAVWN b ¢ annosmvﬁ b 4 aNNOSIAVN ' ANNOSIAVIN B 4 ANNOSIaVIN P { ANNOSIaVIA P

is no fee for packaging or handling, and we will refund to the exact shipping
charge. We accept Mastercard or Visa on mail and phone orders.
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FIGURE 7: Passive crossover values as gen-
erated by SPEAK.

Continued from page 20

chanical vibrations inside the loud-
speaker enclosure, occasionally cited as
a possible source of distortion in passive
components.

Construction and layout of the passive
crossover network is also important.
Place the inductors as far apart as possi-
ble (at least 3”) on a crossover circuit
board and mount them at 90° angles to
each other in order to avoid magnetic
coupling between different crossover sec-
tions.5 I used 16-gauge air-core inductors
in the midrange network, 18-gauge air-
core inductors in the tweeter network,
and hard-wired everything using silver-
bearing solder and Audioquest ''Type 12"
OFHC speaker wire.

I connected the external passive cross-
over and the speaker enclosure with
four-conductor Audioquest "Midnight"
speaker cable: one pair connects to the
midrange terminals; the other pair con-
nects to the tweeter terminals. To elim-
inate improper connections, I used four-
terminal Neutrik "SpeakOn'* connectors.
A male connector (model NL4FC] is in-
stalled on the end of the "“umbilical cord"

e

Techrén TEFR

Vertical 6dB/div with base of display at 47 0dB
0dB 1s located at 0 00002 Pa
Honzontal Auto 0 00Hz to 19,998 10Hz
Log frequency axis (2 7decades)
Resolution 3 3109E+00 meters & 1 0362E+02Hz
Time of test 2,929ys, 1 0046E+00 meters
Sweep rate & bandwidth 10,734 80Hz/Sec & 1 0362E+02Hz
input configuration Balanced with 4248 of input gain

& 6dB of IF gain

FIGURE 8: C2-11 tweeter frequency response
in enclosure without crossover connected.

PHOTO 3: Active crossover in enclosure.

from the crossover. The cord's other end
is soldered directly to the crossover com-
ponents. A female chassis-mount connec-
tor {(model NL4MP) is mounted on the
speaker enclosure.

The active crossover components in-
clude Analog Devices' OP275GP dual
bipolar/JFET op amps and 1% metal film
resistors. The custom filter circuit boards
were provided by Alpha Electronics.
They hand selected 5%-tolerance, Pan-
asonic stacked-film capacitors using a
Data Precision model 938 capacitance
meter to guarantee phase and amplitude

match between channels. Although |

SPEAK modeled the active crossover
filter characteristics, Alpha created the

circuit design. I built the Galo/Jung/ |

Markell power supply {Gary Galo, ''Pre-
amp Power Supply,”” TAA 4/90, p. 47),
which is offered in kit form from Old
Colony.

I installed the active crossover and

I

“Techron TEFR

Vertical 6dB/div with base of display at 47 0dB
0dB is located at 0.00002 Pa
Honzontal Auto 0.00Hz to 19,998.10Hz
Log frequency axis (2 7 decades)
Resolution 3.3109E+00 meters & 1 0362E+02Hz
Time of test 2,929ys, 1 0046E+00 meters
Sweep rate & bandwidth 10,734 80Hz/Sec & 10362E+02Hz
Input configuration Balanced with 42dB of input gain

& 64B of IF gain

FIGURE 9: C2-77 midrange frequency re-
sponse with 1.6kHz notch filter and 420Hz,
6dB/octave high-pass filter.
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.

power supply circuit boards in a rack-
mountable enclosure (Photo 3). {The
power transformer has its own external
enclosure.) On the front panel, I mounted
six plastic, conductive-film output-level
potentiometers for adjusting the ampli-
fier levels to the left- and right-channel
subwoofers, bass drivers, and midrange-
tweeters. The interconnects are Neglex
(Mogami) 2534 wire, which I hard-wired
to the crossover circuit boards. I paired
and connected the four inner conductors

Continued on page 24
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2" Base —’( ”
FRONT BAFFLE

TECHNICAL SPECIFICATIONS

Frequency response: 35 Hz - 90 Hz +/-3db

Sensitivit{':n9 db @ 2.83 volts
Nominal pedance: 4 ohms per voice coil

Thermal power capabilitg: 150 watts RMS
Crossover frequency: 100 Hz | |

Terminal : RP994L — ‘ ! 1 i
Cutout: 3 3/4" x 2 7/8" L ==

J

LEHEll»ul-r—lxr&-b-mwyd‘?-v—lb-‘x.m-yu.un A - ST : ; J
e REAR BAFFLE

1 uf Poly Bypass Cap
200 uf

+

| Satellite

+

High Pase Filtor

+
: 150 uf :]Subwoofet

Low Pass Miter

R s CROSSOVER NETWORK

Price: Assembled: 260.00/each
Kit: 220.00/each
W/O cabinet: 110.00/each

30 40 80 B8O 70 80 100

‘&s 3170 23rd Street; San Francisco, CA 94110

Spea“ers Telephone: (415) 641-4573 Fax : (415) 648-5306
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FIGURE 10: Finalized passive crossover
values.

Continued from page 22

at both ends, but connected all shields
only at the crossover ground, which re-
sulted in a very low noise system.

SECOND STAGE. I was now ready to
fine tune the crossover filters. Dave took
Techron measurements with the micro-
phone placed at a variety of on-and-off-
axis positions, but the following measure-
ments were all taken on the tweeter axis
at a distance of one meter to ensure a con-
sistent reference point.

Figure 8 is the tweeter response with-
out the crossover connected. It appears
ragged due to the cavity effects of the ad-
jacent drivers. When I covered the mid-
range drivers with thin cardboard, the
response variation was dramatically re-
duced. Unfortunately, these cavity effects
are unavoidable when multiple drivers
are mounted in close proximity on a com-
mon baffle.

Figure 9 shows the midrange frequency
response very flat all the way to 10kHz,
with a notch filter comprised of parallel-
ing a 0.33mH inductor, a 30uF capacitor,
and a 5.6 resistor, connected in series
with the midranges. I placed the notch
filter ahead of the low-pass filter, because

TABLE 1

PRISM V PARTS LIST

Drivers
2 JBL 2245H 18" subwoofer drivers
4 Focal 8K415S 8" bass drivers
4  Accuton C2-77 80 midrange drivers
2 Accuton C2-11 4Q tweeters

Passive Crossover: One Channel

Inductors
L1 0.125mH, R = 0.10Q

L2 0.359mH, R = 0.19Q
L3 0.10mH, R = 0.10Q
L4 0.33mH,R = 0.180
Capacitors*

C1 6.6uF

C2 22.0uF

C3 25.0uF

C4 2.5,F

C5 30.0uF

Resistors

R1  3.5Q, 15W

R2 5.6Q, 15W

* All capacitors 5% metallized polypropylene

it works best when driven by the ampli-
fier output's low impedance.

Figure 10is the finalized passive-cross-
over schematic. Although the difference
between the SPEAK-generated and the
empirically-finalized values are minor,
they support the conclusion that formulas
and computer models should never be
relied upon exclusively to produce cross-
over designs. Also, do not use passive
crossover inductors having a DC resis-
tance other than specified, as this will
change the filter response.

Figure 11 shows the high-pass drive
voltage (measured at the amplifier out-
put terminals) to the midrange drivers.
The bottom curve is the drive voltage
necessary to achieve an acoustic 18dB/
octave high-pass response at 420Hz,

Vertical: 6dB/div with base of display at 83.0dB
0dB is located at 0.00002 Pa

Horizontal: Auto  0.00Hz to 2.000.24Hz

Log frequency axis (2.7 decades)
Resolution 1.5325E+01 meters & 2.2382E+01Hz
Time of test: 2,929ys, 1.0046E+00 meters
Sweep rate & bandwidth 500.96H2/Sec & 2.2382E+01Hz
Input configuration: Noninverting with 12dB of input gain

& 60B of IF gain

FIGURE 11: Overlay of drive voltages pro-
duced by the 6dB/octave, 420Hz high-pass
filter and the final filter response which in-
cludes a “Twin-T"" notch filter.

which we obtained by combining a 6dB/
octave, 420Hz high-pass filter with a
notch filter. Dave derived the notch fil-
ter's shape with a Ys-octave equalizer.
The final circuit design involved experi-
mentation and breadboarding by Alpha
Electronics (Figs. 12 and 13).

Figure 14 is the final measurement of
the complete Prism V system, with the
Techron Analyzer set to roll off the re-
sponse below 300Hz. Figure 15 is a com-
posite of the drive voltages to the bass,
midrange, and tweeter as provided by the
passive and active filters (the bass high-
pass filter at 63Hz is missing). Due to the
bass drivers' rising response, it is neces-
sary to roll them off at 24dB/octave elec-
trically to achieve an 18dB/octave low-
pass acoustic response. The Techron
Analyzer is set to roll off the response
below 20Hz.

Continued on page 26
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FIGURE 13: Active crossover schematic diagram.
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Continued from page 24

The final design element was a switch-
able diffraction-loss-compensation cir-
cuit. The crossover design performance,
as measured by the Techron Analyzer,
had already compensated for diffraction
loss. I included D' Appolito’s basic circuit
{""A High Power Satellite Speaker,”” SB
4/84, p. 7) primarily to provide room
response equalization. Through a switch-
ing arrangement, a variety of capacitors
provided different turnover frequencies,
or completely bypassed the circuit.

Based on in-room measurements at the
listening position with my Mitey Mike

PREVIEW

Audio Amateur

Issue 2, 1993

| * FET-80 Power Amp

* Line-Level Preamp, Part II

* Amplifier/Speaker
Protection System
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and Warbler signal generator, I mea-
sured a shallow 2-3dB dip in the re-
sponse, which was filled in with the cir-
cuit set for a 168Hz turnover frequency.
The circuit's effect is very subtle, be-
cause it provides a maximum of 3.75dB
of gain over a 3Ys-octave range. How-
ever, with the 1dB gain point at 168Hz,
it is only up a couple of decibels by 63Hz
and then the high-pass crossover filter
rolls off the response at 12dB/octave.

JBL SUBWOOFER. The two 18" JBL
drivers had previously been floor-
mounted in an infinite-baffle enclosure
and connected in mono ("'A Triamplified
Modular System," SB 5/90, p. 46). I de-
cided to change to stereo subwoofers,
which required building separate enclo-
sures. An excellent article in Audio mag-
azine describes a subwoofer using my
18” JBL 2245H's in 8 ft.3 vented enclo-
sures.® The completed system is a vented
and equalized, quasi-fifth-order system
which is acoustically equivalent to the
JBL B460 low-frequency loudspeaker.

The Audio authors built both vented-
and sealed-box subwoofers using the

same driver. When these systems were
equalized for similar response, they
judged the former's dynamic perfor-
mance as significantly better. The vented/
equalized subwoofers’ dynamic '"punch”

Techron TEFR

Vertical 6dBrdiv with base of display at 47.0dB

0Odb 15 located at 0 00002 Pa
Honzontal 0 00Hz to 19,998 10Hz

Log frequency axis (2.7 decades)
Resolution 3.3109E+00 meters & 1.0362E+02Hz
Time of test 2,929us, 1.0046E+00 meters
Sweep rate & bandwidth 10,734 80Hz/Sec & 1 0362E+02Hz
Input configuration Balanced with 36dB of input gain

& 6dB of IF gain

FIGURE 14: Final frequency response of Prism
V satellite.
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Vertical. 6dB/div with base of display at 71 0dB
0Odb 15 located at 0 00002 Pa
Honzontal Auto  0.00Hz to 2.000.24Hz
Log frequency axis (2.7 decades)
Resolution 1 5325E+01 meters & 2 2382E+01Hz

“tEchran TEE™ R

—

Tirme of test. 2.929us, 1.0046E+00 meters

Sweep rate & bandwidth: 500 96Hz/Sec & 2 2382E+01Hz

Input configuration Noninverting with 18dB of input gain
&6d8B of IF gain

FIGURE 15: Drive voltages to the bass, midrange and tweeter as produced by the passive and

active crossovers.

is superior to my former in-floor-infinite-
baffle system. The active equalizer circuit
helps achieve extended low-frequency re-
sponse in a smaller enclosure and pro-
vides driver protection from unwanted
cone motion below 20Hz. While the new
system takes up more floor space and
doesn’'t have as much output below
20Hz, [ believe that its benefits outweigh
these disadvantages.

I revised the Xpax and Vp driver
parameters from the Audio article, which
had published an Xamax of ¥2”. Although
this was apparently based on using half
of the driver's 1” P-P safe excursion limit,
JBL specifies 0.375"” as the linear Xpsax.
Using this more conservative specifica-
tion, the driver’s volume displacement
(Vp)is 75 in.3 or 1,230 cu. cm. A pair of
these subwoofers provides outstanding

BassBox'4.0

reproduction of deep, low-distortion bass
at any level in my listening room.

In Part II, I will discuss cabinet
construction. 2
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FITDUCT: A PROGRAM FOR
DESIGNING DUCT SOFTWARE

f you use the well known formula

based on Eguation ! to calculate the
proper arrangement for tuning a vent in
your Bass-Reflex system, you will arrive
at the correct position on the first try
only if you are lucky.

2
L-—RLxD: ey o p
Vb x Fb?
Where:
L = Vent length (cm)
D1 = Vent diameter (cm)
= Box volume (liters)
Fb = Box resonance frequency (Hz)

K1

23400 ; K2 = 0.74 (typically)

Authors such as D.B. Keele, Jr. and
G.L. Augspurger {''New Guidelines For
Vented-Box Construction,”” SB2/91, p. 12}
have addressed this problem previously.!
While Keele proposed a method to in-
crease the odds for success, it unfortu-
nately did not solve my problem as his
alternative deals mainly with smaller
length variations. While I discovered and
tried another similar equation based on
large length variations, it worked a little
better. I was far from satisfied.
Augspurger explained much of why
tuning boxes with Equation 1 is difficult
and proposed a correction factor. In fact,
he was able to obtain a correction fac-

ABOUT THE AUTHOR

Homero Sette Silva was born in Rio de Janeiro,
Brazil. He received a Bachelor of Science degree
in Electrical Engineering, and has been an elec-
tronics instructor in high schools and universities.
He is a prolific author, with numerous articles pub-
lished in Brazilian technical magazines. Currently
living in Roraima, he serves as a loudspeaker con-
sultant and independent researcher. Besides elec-
tronics, Mr. Silva is devoted to the writings of Henry
David Thoreau.
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BY HOMERO SETTE SILVA

tor for the equation and achieved errors
less than 5% for typical boxes.

When I started my work, the article
hadn't as yet come to light. I had already
begun to blame coefficient K1. It was
supposedly a constant but, in fact, was
temperature dependent according to
Equations 2 and 3.

33162 (1 + — 1)

ce 273.15
K1 = - (2)

i.6w 1.6m
C = 3316 J b+ _T ) g
273.15
Where:

T = Air temperature in Celsius degrees

©

Speed of sound in air (uS)

By reading D. E. Hall's book, I learned
of K2's dependence on end termination.?
I found the theoretical K2 equal to 0.79
for a flanged short pipe and 0.82 for a
flanged long tube. In practice, however,
things are not this simple.

GET WITH THE PROGRAM. As we
can see, K2 is anything but constant. It
helps to understand what's happening if
we think of the air moving in the vent
as an inductor and the compliant air
trapped inside the box as the capacitor
of a tank circuit. The air mass entering
or leaving the tube's ends will also be in-
ductive with the exact value strongly
dependent upon factors such as tube
length, diameter, flange area and the
like. The series equivalent inductor is the
sum of three contributing parts: the tube
itself and the two end corrections (not
necessarily equal). Nevertheless, I intend
K2 to represent both ends’ correction. It

seems impractical to have an exact gen-
eral analytical expression for it.

With these conditions in mind, I started
looking for an empirical equation that
could fit data from measurements. In the
beginning, I tried a somewhat complex
set of equations. With the help of the
least-squares based-curve fitting program,
I tried to satisfy data collected in a care-

TABLE 1

FITDUCT-GENERATED PRINTOUT

L = Duct length
Fb = Measured box resonance fre-
quency
Fb-CAL = Calculated box resonance
frequency
Error % = Relative error between Fb and
Fb-CAL
L Fb Fb-CAL ERROR %
1.80 32.00 32.00 0.00
2.00 31.90 31.79 0.34
2.50 31.30 31.29 0.03
3.50 30.70 30.35 1.14
4.00 30.00 29.91 0.29
5.00 29.10 29.09 0.04
6.00 28.40 28.33 0.24
7.00 27.70 27.63 0.26
8.00 26.90 26.98 -0.29
9.00 26.40 26.37 0.12
10.00 25.80 25.80 0.00
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FIGURE 1: Graph after checking FIT. Vertical
axis: duct length L (cm). Horizontal axis: box
tuning frequency Fb (Hz).




fully built test box with exactly 242 liters
of volume (with the driver unit mounted
outside the box) and 11 different tube
lengths, beginning with panel thicknesses
of 1.8 cm up to 10 cm. I had the tubes
machine cut with tight tolerances for re-
liable results. I measured respective Fb
values with a digital frequency meter and
a digital zero phase detector.

Soon I could see experimental data
fitting empirical curves so well I was
tempted to simplify things: from an
initial five parameter exponential equa-
tion, I moved to the much simpler one
shown in Equation 4. I also simplified the
complex curve fitting program.

L o+ 1
YT1T T2
or
L=T1(—— - L
Fb? T2

Since we have just the two unknown
values T1 and T2, I could solve a two-
equation system from two pairs (L; Fb) :
(1.8;32,0) and (10,0;25;8) and find T1 and
T2. The other nine pairs were used to
check the fitting. Notice the length of 1.8
is not a simple hole in the panel: I had
a tube this length installed to keep the
diameter consistent.

TABLE 1. I used a software program
called Fitduct to generate Table I, which
displays several duct lengths and respec-
tive frequencies measured and calcu-
lated from the curve-fitting equation. As
you can see, errors less than 1% could
be achieved. The 3.5;30.7 pair suggests
a measuring error during experience.

Another feature available in Fitduct is
the ability to plot the box fitting curve
and measured points, as in Fig. 1.

The proposed method is outlined as
follows:

1. Find an approximate value for L in
the usual way (using Equation 1, for
instance).

2. Install a vent with an L1 length less
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than the expected value, reading cor-
responding Fbl.

3. Repeat Step 2 with a length L2
above expected value and read Fb2.

4. Give program the pairs (L1;Fbl)
and (L2;Fb2).

5. Given the program desired Fb, it
will return the correct length for the vent.

Of course, nothing is wrong with the
trial and error method, the time-honored
way to tune vented boxes. Many may
argue it wastes time to measure the vent
resonance three times but, as G.L. Augs-
purger told me, this method "'...is really
faster than the usual cutting and trim-

ming process. For the amateur experi-
menter, the main disadvantage is that he
must somehow be able to measure vent
resonance, which requires an accurate
signal generator at the very least.” ®»

FITDUCT software (IBM only, 1
x 5%", DS/DD) is available from
0Old Colony Sound Lab, PO Box 243,
Peterborough, NH 03458, (603) 924-
6371, FAX (603) 924-9467. Order
item #SOF-DCT1B5: $25 plus $3
shipping US, others inquire.

computers with at least 512k RAM.
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decided to build a pair of speakers
based on SEAS' P17REX COAX/F co-
axial drivers. These unique devices com-
bine a 6%" polypropylene midwoofer
with a 1” textile dome tweeter mounted
on a single chassis (Photo 1). Unlike nor-
mal coaxials, the tweeter and its magnet
structure are mounted inside the woof-
er's 12" voice coil rather than supported
in front by a frame. In fact, it is probably
more accurate to call it a dual concen-
tric rather than a coax.

Due to space limitations of the driv-
er's design, SEAS' designers needed a
special magnet which would be small in
size, yet provide enough energy to drive
the tweeter. Neodymium iron boron was
developed for just this purpose: it offers
ten times the strength of a normal fer-
rite magnet, so it can be one tenth the
size. In addition, they used a rigid cast
basket on the woofer to resist flexing and
keep everything in proper alignhment.

BENEFICENT CONCENTRIC. A
number of engineering problems which
normally plague systems with separated
drivers are solved with the dual concen-
tric configuration. Both zero delay planes
(ZDP) are aligned at all listening posi-
tions, unlike sloped- or stepped-baffle
designs which are aligned on only one
specific axis. This forms a true coinciden-
tal point source and simplifies the cross-
over design, since it need not compen-
sate for the time delay and interdriver
phase differences caused by driver off-
set. As a point source, the entire fre-
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THE CCPS:
A COMPACT COINCIDENTAL
POINT SOURCE SPEAKER

BY FRED THOMPSON

PHOTO 1: The CCPS.

quency range is radiated from a single
location.

The lobing errors which plague phys-
ically-separated drivers are also elimi-
nated regardless of crossover type or sys-
tem phase relationships. Vertical polar
tilt causes the sound of most of these
systems (and especially those with first-
order crossovers) to change considerably
with listener height, and necessitates sit-
ting in a '‘sweet spot.”

As a result of the woofer acting as a
waveguide for the tweeter, both drivers
have identical directivities around the
crossover point so off-axis performance
is very good. Conventional two-way sys-
tems usually have a big notch in their
off-axis response due to the woofer’s nar-
rowing dispersion pattern, combined
with the wider-dispersing tweeter.

Well-controlled vertical and horizontal
forward directivity throughout the mid-
range and treble, combined with on- and
off-axis response similarity, precise time
alignment, and absence of lobing errors,

translate into good imaging capabilities.
Tonal balance will change little from one
listening position to another.

Several minor side effects, however,
are evident. The tweeter's response is
somewhat rough and extends only to
about 16kHz, mostly due to reflections
from the midwoofer’s cone. A peculiar
10dB dip occurs at 11kHz, although this
is only apparent directly on-axis and is
not a problem as you move 10° or more
off-axis. A dip of this magnitude is far
less audible than if it were a 10dB peak,
since it is subtractive rather than additive
and has a narrow bandwidth.

As a consequence of the tweeter's close
proximity to the larger cone, significant
doppler distortion can be generated when
the woofer is making long excursions
while reproducing low frequencies. 1
have noticed in some similar units nas-
ally, honky colorations on vocal repro-
duction which I attribute to this problem.

ZOBEL ZEALOT. The coax driver's
ZDP alignment, and its inherent lack of
lobing problems, might tempt you to use
a true minimum-phase, first-order net-
work. This would probably be difficult
to design, however, considering the nar-
row band of overlap between drivers.
Although this network's phase response
is nearly linear over most of the fre-
quency range and is said to be transient
perfect (it can accurately reproduce a
square wave), it seriously compromises
the tweeter's power-handling ability due
to its gradual 6dB/octave slope. Distortion
levels will also be higher. However,
smooth amplitude response is far more
desirable than phase accuracy and easier
to achieve with higher-order filters.

I opted for a fourth-order Linkwitz-
Riley at about 3.5kHz. Its sharp attenua-
tion offers maximum tweeter protection
and reduces the frequency range which




could be modulated by the woofer. (With
shallower slopes, the tweeter will still
have considerable output for at least an
octave or more below its crossover point.)
When the filter is designed correctly, it
will also produce flat on-axis response
throughout the crossover region, with a
seamless transition between drivers.

Textbook crossover designs are usually
far off target, because they ignore impor-
tant driver characteristics. You need ac-
curate frequency-response plots which
clearly show the rolloff shape and loca-
tion, and whether peaks or dips appear
near the intended crossover point. These
must be factored into the design along
with the impedance curve.

The best way to accomplish this is
with a crossover-optimization program;
I used Loudspeaker Modeling Program
(LMP) by Ralph Gonzalez, and SEAS
frequency-response graphs (Table 1). Ac-
cording to SEAS data, the woofer has
smooth response out to about 4.5kHz,
where it begins an approximate fourth-
order roll off. The tweeter has the usual
12dB/octave rolloff below its 1.75kHz
resonant frequency.

Since ferrofluid is present in the high-
frequency driver's voice coil {to improve
power handling and supply mechanical
damping to its fundamental resonance),
no series LCR circuit was needed, even
though the crossover was only an octave
above. After some trial and error with
LMP, I found that a second-order elec-
trical filter, when combined with the
woofer's natural rolloff, provided the de-
sired fourth-order acoustic low-pass re-
sponse. I needed a full fourth-order elec-
trical filter on the tweeter.

The LMP prediction (Fig. 1) shows that
when the low- and high-pass crossover
sections are summed, the result is a flat
frequency response. These crossover
component values assume a constant
impedance for the drivers. Since this is
definitely not the case, I used zobels to
flatten the woofers' impedance and elim-

TABLE 1

LMP PARAMETERS

Driver 1: Tweeter

Low freq. corner 1.75kHZ

Low freq. dr 0.6

High freq. corner 20kHz

High freq. dr 0.65

High freq. rolloff Second-order

Sensitivity 83.5dB

Polarity invert No

Response step freq. 1.5kHz

Response step height 6dB

Depth displacement 0

Impedance 64

Driver 2: Coax Woofer

Low freq. corner 65Hz

Low freq. dr 0.7

High freq. corner 5.9kHz

High freq. dr 0.62

High freq. rolloff Fourth-order

Sensitivity 83dB

Polarity invert No

Response step freq. 1.5kHz

Response step height 6dB

Depth displacement 0

Impedance 6.5Q with
equalization

Driver 3: Second Woofer
Same as Driver 2

inate the effects of voice coil inductance,
thus allowing the crossover to function
properly. It would usually be unneces-
sary to use a zobel on the tweeter, be-
cause its impedance does not begin to rise
until well above the crossover point
{about 10kHz). I decided to try one any-
way, and was surprised that the high fre-
quencies sounded smoother.
Measurements confirmed that the
zobels actually reduced the magnitude of
a peak in the 6.3-8kHz range. After try-
ing various resistors, I achieved the best
high-frequency balance with the tweet-
er's output attenuated by about 6dB. You
should use only high-grade crossover
parts, as they will make a noticeable dif-
ference in sound quality. Also, verify that
all resistor values are within at least +5%.

I used Solen polypropylene capacitors
throughout except for the zobels' 12uF
electrolytics, which are bypassed with
2uF polypropylenes. I also used Solen
air-core inductors wound with 18 AWG
copper; the large 6mH is a low-loss, iron-
core type for low DC resistance (a Sledge-
hammer unit from Madisound). To re-
duce the effects of magnetic interaction
and crosstalk between inductors, separate
the low- and high-pass sections as far
from each other as possible inside the
enclosure (the low-pass sections at the
bottom, and the high-pass at the top). Do-
ing so will improve clarity and detail.!
You can give them biwiring capabilities
by adding another set of input terminals,
with one pair for the tweeter and the
other for the woofers.

DOUBLE INTENT. Significant diffrac-
tion loss occurs in small speakers with
narrow front baffles.”* Frequencies with
wavelengths equal to and shorter than the
baffle’s width (in this case, 1.5Hz for a
baffle width of 9”) are reflected in the for-
ward axis with increased intensity, while
frequencies with longer wavelengths be-
come more omnidirectional as frequency
decreases. Consequently, these lower fre-
quencies receive less reinforcement from
the speaker’s front panel, with less inten-
sity in the forward direction.

The total diffraction loss is about — 6dB
in the lower bass range compared to that
above 1.5kHz (Fig. 2). As a result, small
speakers tend to sound unbalanced, with
a forward-sounding upper midrange and
treble combined with somewhat thin bass
and lower midrange. You can correct this
in part by placing the speaker against a
wall, although this might be detrimental
to stereo imaging.

I added a second woofer, the SEAS
P17REX, to compensate for this loss. As
the name suggests, it is almost identical
to the coax driver, but without the in-
tegral tweeter. It works in tandem with
the main driver below 200Hz, then
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FIGURE 1: LMP-predicted anechoic response with fourth-order L-R at

3.5kHz with diffraction-loss compensation.

FIGURE 2: LMP-predicted anechoic response with fourth-order L-R at

3.5kHz with no diffraction-loss compensation.
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FIGURE 3: Crossover schematic.

slowly rolls off above that with a series
inductor. If you compare the LMP predic-
tions in Figs. 1 and 2, you will notice that
the diffraction loss has been completely
eliminated, except for about 1dB.

Adding the extra woofer also increases
power-handling ability, with greater max-
imum SPL and dynamic range. Volume
displacement is effectively doubled, and
cone excursion is reduced to half that re-
quired of a single driver for the same in-
put level. The coax driver's midwoofer
section will not have to work as hard, so
distortion in the critical midrange will be
reduced. Using a bass-reflex enclosure
will further lessen distortion and excur-
sion requirements.

BASS IS LOADED. The woofers have
a very large magnet and low Qrs, and
thus are well-suited for use in a QB3
vented box. The QB3 is reported to be
audibly superior to other vented align-
ments, possibly because of its shallower
rolloff (18dB/octave compared to 24dB).
Theoretically, this should result in super-
ior transient response, similar to that of
a sealed box.4

With the aid of BOXMODEL and
LOUDSPEAKER 5.11, I designed a com-
pact unit which is similar to the QB3 and
with acceptable bass. The predicted
- 3dB point is about 65Hz, which isn‘t
too bad for a 16.5 liter (net) enclosure
with 6Y2” drivers. Room gain and proper
placement should help extend the usable
bass somewhat. Due to depth limita-
tions, I used a 2-ihch inside diameter and
5-inch long port. At higher listening
levels, vent airspeed will be fairly high
at around 10% of mach, and the port
may exhibit some nonlinear behavior. At
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normal volume levels, however, this
should not be noticeable.

To reduce wind-noise audibility, I
placed the vent directly behind the lower
woofer. The rear-firing port, and the sec-
ond woofer's extra bass and lower mid-
range output, dictate that the speaker not
be placed too close (less than 2’) to any
room walls or corners. Otherwise, exces-
sive output in the 200Hz region and be-
low could result from boundary rein-
forcement. As with all bass-reflex sys-
tems, it would be a good idea to use a
subsonic filter to prevent the woofers
from making power-robbing and distor-
tion-causing excursions below Fg. The
DCR values of the 0.5!mH and 6mH in-
ductors must be the same as specified in
the crossover diagram (Fig. 3). If not, the
woofer’'s Qgs, as well as the box/woofer
tuning, could be adversely altered.

BOXING DAY. I built the enclosure
entirely of %” MDF, which has better
damping properties than either particle-
board or plywood (Fig. 4). Cabinet vibra-
tions must be minimized to avoid severe
colorations. Thin, poorly damped panels

TABLE 2

FREQUENCY RESPONSE LIST

(Va-octave warble tones, 1 m, on tweeter axis)

(Hertz) (dB) (Hertz) (dB)
250 +0.5 1.6k 0
315 -05 2k -1
400 -3 2.5k -1
500 -2 3.15k -05
630 -25 4k +1
800 -2 5k +2.0
1k 0 6.3k +1.5
1.25k +1 8k +1
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FIGURE 4: Front view of enclosure, with pieces
needed for two enclosures. All material %"
MDF. Tops, bottoms and braces: 72" x 9"
(six); sides, rear and double fronts: 18" x 9"
(ten).

are capable of radiating almost as much
acoustical energy as the drivers at some
frequencies.5 These panel resonances
can mask fine details in the midrange,
and cause the bass to sound muddy and
lack articulation.

The front baffle is the most likely to
suffer from resonance problems due to
its direct contact with the drivers. I con-
structed it with two %-inch-thick pieces
of MDF laminated together with fiber-
glass resin (regular carpenter’s glue will
not work), which increases its stiffness
and limits the amount of flexing induced
by driver-frame movement. To give the
front baffle some extra support where it
was weakened by the large driver cut-
outs, I placed a circumferential brace a
little above the center point and between
the two drivers. The brace also stiffens
the entire enclosure and prevents expan-
sion (similar to a balloon) due to high in-
ternal pressures.

I used a fiberglass resin and mat com-
bination to strengthen and increase the
contact area between adjoining panels
and on the braces. This helps dissipate
vibrational energy from one panel to the
next and reduces cabinet noise.® After
you build the box, simply laminate the
second section of the front baffle to the
first. You can then cut the driver holes
(Fig. 5), first marking the brace location
on the outside panels. If you have a
router, you may wish to flush mount the

Continued on page 34
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Continued from page 32
drivers and round off the baffles' front
edges. Glue the acoustic foam pieces
which line the inside panels in place
with silicone or similar adhesive. Install
them either before the front baffle is at-
tached or through the driver holes.
For the finishing touches, I applied real
walnut veneer to five sides and painted
the front flat black. During construction,
it is especially important to ensure that
no air leaks exist around the drivers,
ports, or input terminals.

HOLLOW VICTORY. Just as cabinet
resonances must be minimized, so do the
internal reflections and standing waves
within the enclosure. If these are not dealt
with effectively, the overall sound can
take on a boxy, hollow character, with
the midrange being the most seriously
affected.

The general rule for reflex enclosures
is to line only the walls, leaving the cen-
tral volume open so the port’s efficiency
is not significantly reduced by stuffing
material.? In the interest of better sound
quality, I violated this rule somewhat.
After some experimentation, I decided on
the following combination: %" acoustic

foam on the sides; 2" acoustic foam on
the rear panel; 1" fiberglass on the tops
and bottoms covering the crossovers.

Listening tests revealed that some nag-
ging boxy colorations persisted. To elim-
inate them, I first took a 12" x 12" sec-
tion of l-inch-thick polyester batting
(bonded Dacron) and wrapped it into a
tight roll. I then placed it doughnut-
shaped around the port tube's perimeter,
taking care not to obstruct the opening.
Next, I lightly stuffed the upper section
above the brace and behind the top
driver with polyester batting. (Do not
completely fill this area, as some of the
top driver’'s backwave must be allowed
a free passage to the port.) Although this
extra filling may reduce the port’s out-
put to some extent, the gains in mid-
range and midbass performance make it
a worthwhile tradeoff.

MEASURE OF SUCCESS. Since 1
didn’t have access to a PC-based ana-
lyzer, I did some frequency-response
measurements using a Stereophile Test
CD2 which contains Y5-octave warble
tones, and a Radio Shack sound level
meter. This inexpensive setup wasn't the
most accurate because the SLM was not
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FIGURE 5: a: enclosure side view; b: brace dimensions.
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calibrated, but it gave a general indica-
tion of response linearity. I took the mea-
surements in my living room, with the
SLM placed at a distance of one meter
directly on-axis with the tweeter, and the
speaker on a 23" stand well away from
any reflective surfaces except the floor.
Table 2 lists the responses at specific fre-
quencies, which show remarkable agree-
ment with the computer predictions
between 1-4kHz (within a tight +1dB
tolerance) and substantiates good cross-
over performance.

To further check the crossover, I re-
versed the tweeter's polarity and took
more tests. These clearly revealed a deep
"“suck-out” between 2.5-4kHz, indicat-
ing that when the drivers are connected
with normal polarity, they are in phase
{or at least close). The overall system re-
sponse looks reasonably flat except for
the slight valley between 400-800Hz. 1
did not include results above 8kHz, since
SLM limitations above this point would
render them unreliable. Accuracy of the
one-meter measurements below 250Hz
would be hindered by floor reflections,
so I omitted them as well.

SUGGESTIONS. Room acoustics in-
fluence a system'’s sound considerably,
and you should experiment with speaker
positioning. Depending on the room's
size and shape, and its reflective or ab-
sorptive qualities, even small changes in
speaker location can make a big dif-
ference. You should mount them on
solid stands 22-24-inches high, which
will put the tweeters at about ear level
for a seated listener. I designed this sys-
tem more or less for free-field placement,
with 2-3' from the rear wall as opti-
mum. Positioned as such, the bass and
midbass regions should sound properly
balanced without any over-emphasis.
According to the warble tones on my test
CD, there will still be appreciable out-
put down to 40Hz.

If you set up the speakers quite far
from room boundaries, the lower bass
may sound a bit too lean and over-
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damped, due mainly to the relatively
high bass-cutoff point. You can easily
add some extra weight in the low end
by shortening the vent, which raises the
box-tuning frequency (Fg). Try shorten-
ing it a quarter-inch at a time until you
get the desired results. Avoid making it
drastically shorter, or bass definition will
be severely degraded.

You can make a smaller system for
wall or bookshelf mounting by using
only the coax driver and its crossover
sections. This should work well in a
9-10 liter vented enclosure tuned to an
Fp of about 52Hz. Of course, the power-
handling and dynamic-range capabilities
will be more limited, but all the coaxial
advantages will remain. »

SOURCES

Solen Electronics

4470 Thibault Ave.

Quebec, Canada J3Y 7T9

Phone (514} 656-2759

FAX (514} 443-4949

(drivers, polypropylene capacitors, air-core
inductors)

Madisound Speaker Components

Box 44283

8608 University Green

Madison, WI 53711

Phone (608) 831-3433

FAX (608) 831-3771

{6émH iron-core inductors, port tubes, lynk
resistors, input terminal cups)

Old Colony Sound Lab

PO Box 243

Peterborough, NH 03458-0243
(603) 924-6371

FAX (603) 924-9467
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Nongraphics {$17.50) and graphics
($49.95) versions of LMP are avail-
able from Old Colony Sound Lab,
PO Box 243, Peterborough NH
03458; tel. {603) 924-6371; FAX
(603) 924-9467. Please include $3 for

shipping.
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One of the finest all-Dynaudio speakers ever built.
Take advantage of some one else's misery, turn it

into your listening pleasure. These speakers retail for T
over $8,000/pr., but because of a bankruptcy we are
liquidating the entire inventory giving you incredible
savings. We are offering them as either a full kit or a ‘|
ready to plug-in version. 73.

Full kit includes: precut and machined wood, /ly

v
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matched drivers, assembled x-overs, grill cloth, felt,
metal frame, and all hardware. $2000.

Plug-in version includes: all of the above plus locally
assembled boxes, top and bottom trimmed in <
hardwood, completely assembled, pretested and 145 s~ 23.2
ready to hook up. $2700.

Specifications: 30-20K 3 dB, 1000W @10mS, n = 90dB SPL, pulse
coherency 10uS, THD .3% > 60Hz, shipping weight = 175 Lbs. each

Drivers: 2x300mm, 2x175mm, 1x21mm (optional 1x25mm)

Not affiliated with the original manufacturer.
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LOUDSPEAKER DESIGN POWERSHEET SOF-PSH2M3
Macintosh Software $69.95

By popular demand, now available for Macintosh! This is the famous mega-program
originally for 1BM only as detailed on page 63 in our 1993 catalog and as appeared in
SB 4-5/92; article reprints included. By Marc Bacon. Professional version. Macintosh:
3 x 315", PLEASE NOTE THAT SPREADSHEET SOFTWARE COMPATIBLE WITH
LOTUS 1-2-31S REQUIRED AND NOT SUPPLIED WITH THIS PACKAGE.

Karaoke Opera CDs and Cassettes

Atlong last, a superior karaoke set for opera buffs! This high-quality package features
the Czech Symphony Orchestra and Prague Phitharmonic Choir performing sixteen
all-time favorite arias and duets. One side of each CD or cassette features the complete
pieces, while side 2 provides the orchestral-only versions for your sing-along sorties.
48-page libretti (lyrics) included. UK, 1992, 2:16:17.

Selections: "Votre Toast Je Peux Vous Le Rendre” (Toreador's Song from Carmen);
*Seguidella® (Carmen), "Habanera” {Carmen); "Au Fond du Temple Saint' (The
Pearifishersy, "Mon Coeur S'Ouvre a Ta Voix" ("Softly Awakes My Heart” from Samson
& Delilah), "Belle Nuit, O Nuit D'Amour” { Tales of Hofman); "Un Bel Di Vedremo™ ("One
Fine Day" from Madama Butterfly); "Largo al Factotum® (The Barberof Seville), *Brindisi"
(Drinking Song from La Traviata); "Che Gelida Manina" ("Your Tiny Hand is Frozen”
from La Boheme), "La Donna e Mobile" ("Women Are Fickle" from Rigoletto); *O Mio
Babbino Caro” ("My Beloved Daddy" from Gianni Schicchi);, "Madamina" (Catalogue
Aria from Don Giovanni); "Vestila Giubba” (*On With the Motley” from / Pagliacci); and
“Nessun Dorma” ("None Shall Sleep” from Turandot). From IMP Classics. Purchasing
options available:

CDKAR Karaoke Opera 2-CD Set with libretti $22.95
CASKAR Karaoke Opera 2-Cassette Set with libretti 12.95
Famous Denon Hi-Fi Check CD CDDEN

$19.95

Audio Check, Side One: [1] Channel Check, L + R; {2] Phase Check; 3] Stereo Sound
Check; [4] Left Frequency Band Level & Phase Check; [5] Right FBLPC; [6] Center
FBLPC, [7] Operational Reference Level, 1kHz, - 20dB; [8] ORL, 1kHz, -16dB; [9] ORL,
1kHz, -15dB; [10]-[24] Spot Frequency Signals, 997Hz-19997Hz; [25]-{26] Logarithmic
Frequency Sweep, L +R; [27]-[28] Wow & Flutter Checks; [29]-{30] Channel Separations
Checks; {31] Cassette Deck Azimuth Adjustment Signal; {32] Cassette Deck Bias/Equal-
izer Adjustment; [33)-[36] Music Samples for Recording Level Adjustment: Orchestra,
Piano, Pop Vocal, Rock; [37] Silent Track (digital zero}; (38] 1 LSB Square Wave Signal;
[39]-{43] 1kHz Sine Wave Signals for D/A Converter Linearity Measurement; [44]-[48]
Low Level Music Signals for Linearity Checking: Orchestra/Piano Music; [49] Compound
Sine Wave Signal for Linearity Checking of D/A Converters.

General Sound Check, Side Two: {50] Mozart/Symphony No. 39 in E-Flat Major, KV543,
1st Mvmt,; [51] Bartok/Music for Strings, Percussion & Celesta, Sz. 106, 4th Mvmt.; [52]
Bruch/Violin Concerto No. 1 in G Minor, Op. 26, 1st Mvmt.; [53] Handel/Concerto No. 1

LIVE SOUND! Video VDLISO

$39.95

LIVE SOUND! How to Run Your PA System pro-
vides a wealth of information--in plain English--
from renowned sound engineer Scheirman,
author of more than 75 published articles. Largely
band-oriented yet nonetheless valuable to any-
one with PA needs, this full-color video covers
equipment selection; loudspeaker placement and
setup; microphone selection and placement; the
monitor system; mixer position; system assembly
and cables; power amps; how to sound check;
running the mixer; signal processing/effects;
crossovers; equalizers; and more. By David
Scheirman/Concert Sound Consultants. 1990,
VHS, 75:00.

VDVT103
$24.95

Designed for the average VCR owner, this tape uses a comparison of three different
VHS VCRs to illustrate design characteristics common to most units. By learning how
to replace belts as well as clean and maintain the entire tape path, the viewer will
eventually save wear and tear on both his tapes and his machine. From UCANDO. 1992,
VHS, 32:00.

VCR Maintenance and Repair Video

VDVT306

$34.95
This newest installment in UCANDO's famous computer-animated instruction course
makes the central processing unit and input/output devices easy to understand and fun

to learn about. A must for the present or future serious computer technician. From
UCANDO. 1992, VHS, 56:00.

Digital Series Part 6: CPUs and I/0 Devices Video

VDVTDDD/X6
$179.95

Parts 1-5 as shown on page 70 of our 1993 catalog, plus Part 6 as above, at a savings
of $29.75! Covers digital basics; gates; binary notation and math; octal, decimal, and
hexadecimal notation; flip-flops; counters; complement numbers; multiplexers; registers;
decoder drivers, displays; converters; memory devices; much more. Among the best
tutorial media available in the world today. From UCANDO. 6 tapes; 5 hours, 34 minutes.

Complete 6-Video Digital Course

High-Quality Printed Circuit Boards

From The Audio Amateur projects as cited; epoxy glass; 2-0z. copper reflowed;
silk-screened component layout on component side. By Old Colony Sound Lab. Please
request article reprint if needed. Purchasing options available:

in C Major, HWV319, 5th Mvmt.; [54] Debussy/Petite Piéce; [55] Liszt/Liebestraume S. PCBA-3A John Allgaier TDA1541A DAC Enhancement $14.95
541, R211, Notturno IIt, O Lieb; (56] Xenakis/Pléiades, 1st Mvmt.; [57] Handel/Musick Mega- Mod, TAA 1/91, 1993 catalog page 4; one needed
forthe Royal Fireworks; [58] Takemitsu/November Steps; [59] Bob Berg/In the Shadows; per CD player
{60] Count Basie, Jon Hendricks/Jumpin’ at the Woodside; [61] Neal Hefti/Whirly Bird. o .
From Denon. Japan, 1992, 70:00. 30-page instruction booklet in English/Ger-  FCBA-38 John Allgaier High Performance Piggyback #4 ADB47 ~ 12.95
man/French. Mod, TAA 4/89, 1993 catalog page 4; two needed per
CD player
Digital Sound Effects for Film & Video 2-CD Set CDEFX PCBP-10A Nelson Pass/Norman Thagard A75 Power Amplifier 14.95
$39.95 front end (main) board (two channels), TAA 4/92-1/93
The definitive sound effects package in terms of both quality and content, this 2-CDset ~ PCBP-10B Nelson Pass/Norman Thagard A75 Power Amplifier 8.95
features 188 tracks of sounds divided into four categories: in and around the house power supply board, TAA 4/92-1/93
(20:20); animals/nature (50:50); traffic (vehicles) (31:21); and miscellaneous (42:37)
Unbelievable diversity. From Sound Products Holland. The Netherlands, 1991, 145:08.
8-page track guide in Dutch/French/English/German.
OUR DISCOUNT POLICY
A PLEASE BE SURE TO ADD SHIPPING CHARGES
OLD COLONY SOUND LAB Order Value Discount Shipping Charge According to Destination and Method Desired ($)
PO Box 243, Department B93 <$50.00 United States Canada Other
Peterborough, NH 03458-0243 USA $50.00-$99.99 OrderValue  Surface  Air Sufface  Air Suface  Air
24-Hour Lines: $100.00-§199.99 10% <$50.00 3.00 7.50 5.00 7.50 1000 20,00
. . >$200.00 15% $50.00-99.99  4.00 15.00 750 15.00 2000 3000
Telephone: (603) 924-6371 or ' $100.00-199.99 500 2000 1500 2000 000 4000
(603) 924-6526 FAX: (603) 924-9467 Mastercard, VISA, check or money , g399 g9 600 3000 2500 3000 4000 5000
order in US funds drawn on US bank.




Music Speech Audio BKSP1
$34.95

This book is the most recent revision of the
authors' famous 1977 and 1983 editions of Music
Speech High-Fidelity, in which they emphasized
the application of physical principles in explaining
and describing many diverse acoustical phenom-
ena. Forty-seven chapters are divided into six
areas of study: Physical and Acoustical Back-
ground; The Ear and Hearing; Listening Environ-
ments; The Human Voice and Speech; Musical
Acoustics; and Electronic Reproduction of Music.
Noted by Richard Campbell in Speaker Builder
2193 as a "wonderful book" on descriptive acous-
tics. By William J. Strong and George R. Plitnik.
1992, 521pp., 815 x 11, softbound.

REAL-WORLD THREE-WAY CROSSOVERS SOF-GON1B5
Software $6.95

As a follow-up to the designer's SB 2/92 article on two-way crossovers, this BASIC
program finds the components for a second-order bandpass (midrange) crossover,
giventhe user's choice of corner frequencies and their respective Qvalues. For astarting
point, it suggests values for an ideal second-order APC, based on Robert Bullock's SB
2/85 article. By Ralph Gonzalez. IBM PC or compatible; 1 x 514" DS/DD. Documentation
included.

Recording Industry Sourcebook BKRI1
$64.95

Fourth edition of the essential North American music business and production directory,
featuring over 11,000 contacts divided into 75 categories. By Ascona Group, Inc. 1993,
562pp., 814 x 11, spiralbound.

OLD COLONY EASY ORDER FORM

QTy. ITEM NO. PRICE EACH TOTAL

(J FREE CATALOG
Less Discount
SUBTOTAL
PLUS SHIPPING from chart

. VISA MasterCard
—
TOTAL ORDER §

PLEASE BE SURE TO ADD SHIPPING CHARGES. PLEASE REMIT IN US $ ONLY, DRAWN
ON US BANK. PAYMENT BY: 0 CHECK/MONEY ORDER (O MASTERCARD Q1 VISA

$
$
$
SUBTOTAL §
$
$
$

NAME TODAY'S DATE
COMPANY

STREET

CITY ST ZIP

COUNTRY DAYTIME TELEPHONE

MC OR VISA EXP

OLD COLONY SOUND LAB
PO Box 243, Department B93
Peterborough, NH 03458-0243 USA
24-Hour Telephone: (603) 924-6371 or (603) 924-6526
24-Hour FAX: (603) 924-9467

Outline Electronic Turntable Speaker Testing System

Now available from ltaly, the world's most state-of-the-art speaker turntable
system! Any audio engineer knows that a speaker’s polar plot has always been
one of its most important parameters. Now these patterns are available easily
and inexpensively with this unique setup consisting of electronic control unit
(ET1), rotating turntable (ST1), and optional turntable stand hardware kit (ST2).

Although designed to work with high-performance analyzers such as DRA
Labs’ MLSSA and ATF's LMS, the Qutline ET1/ST1 can also be used with any
measurement system using a TTL signal to drive external equipment. The ST1
turntable drum itself is small and light, but it turns loudspeaker systems of any
size and weight (up to 135 pounds), thanks to a very rugged bearing gear eleven
inches in diameter. The turntable is usable with the optional stand hardware
ST2, which consists of the 4-leg pedestal and height-adjustable stand, or with
your own custom hardware boltable to any of the five mounting holes in both the
top and bottom of the turntable drum. The ST2 is very useful for taking
measurements in the middle height of the room, with speaker components or
small- to medium-size system enclosures.

The ET1 electronic control module is physically the equivalent of one standard
EIA 19" rack equipment unit. it controls all the functions of the ST1, allowing
automatic or manual operation and the choice of several parameters such as
angular step increments. Connection between the ET1 and both the ST1 and your
{IBM-compatible only) PC is made through twin DB9 9-pin connectors available
on both the front and rear panel of the ET1. The Outline ET1/ST1 system comes
complete with several macro programs to quick start both MLSSA and LMS, and
is also readily adaptable to user-written macros as well

Specifications: Power supply--110/220VAC 50/60Hz, fuse and voltage
changeover jumper; 12/20VCC, XLR connector with fuse and protection against
short circuit and polarity inversion. Max rotation speed--200 msec/degree.
Precision--+/- 0.25 degree. Rotation control--optoswitch with flying spot scan-
ning. /O connections--9-pin (DBY) sockets. Input pulse--TTL (from Sto 12VCC),
imp. 680 Ohms. Output pulse--TTL with variable delay from 2 to 13 secs; pulse
duration, 0.5 sec. Rotation offset--adjustable from 5 to 45 degrees by 5-degree
steps; push-on automatic reset. Weight capacity--135 pounds (300 kg). Dimen-
sions--ET1, one EIA 19-inch standard rack unit; ST1, 13.78 inches (35 cm) diam,
3.94 inches (10 cm) high. Complete instructions provided; fully assembled.
Cables included.

PLEASE ALLOW 4-6 WEEKS FOR DELIVERY. Additional information avail-
able for $1 plus 84 x 11 SASE. Purchasing options available:

KET1/ST1 Outline ET1 Electronic Control Unit $1195.00
and ST1 Turntable (not sold separately)

KST2 Outline Optional ST2 Turntable Stand Kit $195.00

KET1/ST1/ST2 Outline ET1, ST1, and ST2 as above, $1345.00
at a savings of $45!

=3

Outline ET1/ST1/ST2 Electronic Control Unit, Tumtable, and Tumtable
Stand. (Computer, monitor, table, and speaker not included.)




THE IMP: MEASURING
T/S PARAMETERS

In previous articles, I have described
construction and operation of the IMP
{Impulse response Measuring and Pro-
cessing) system (SB 1/93, p. 10; 2/29,
p. 30; 3/93, p. 36). This little board and
its software complement, together with
an amplifier from your stereo system
and an IBM PC-compatible computer, al-
lows quick and easy measurement of fre-
quency and time domain impulse re-
sponses, and impedance characteristic
curves of loudspeakers and circuits.
Those of you who have measured
Thiele/Small woofer parameters manu-
ally know this involves painstaking im-
pedance measurements, so the question
naturally comes to mind: can IMP be
used for this? If you have operated the
IMP software version 1.11, you already
know the answer. To facilitate the pro-

BY BILL WASLO

cess, I have added a new option to the
auto__Measure menu: T/s, a Thiele/
Small parameter extraction facility.

IMPEDANCE CURVE ANATOMY.
Figure 1 shows a typical woofer free-air
impedance curve. The solid curve is the
magnitude (sometimes called the modu-
lus) of impedance, and the dotted curve
is the angle. A positive angle indicates that
the impedance is inductive; a negative
angle corresponds to a capacitive imped-
ance; a pure resistance has an angle of
zero. As you can see, a woofer impedance
will usually be inductive at some frequen-
cies, capacitive at others, and resistive at
discrete frequency points in between.
Changes in angle will occur quite rapidly
near the woofer's resonant frequency (fs),
at the big impedance magnitude bump.
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FIGURE 1; Woofer free-air impedance curve.
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FIGURE 2: Woofer circuit model used by IMP.

A generally accepted equivalent elec-
trical circuit of a loudspeaker in free air
is shown in Fig. 2. Basically, this is
Thiele's diagram with a series inductance
included to represent the positive angle
contributed by the voice coil. The circuit
is only approximate; real-world drivers
have impedances which behave very
similarly to this network near the reso-
nant frequency, but which may vary con-
siderably at higher frequencies.

The resistor Re represents the voice
coil's DC resistance. Inductor Lk is the
coil inductance at the resonant frequency.
It generally will not be the same as the
inductance at 1kHz, as typically specified
on data sheets. Inductor Lces models the
compliance of the spider and surround
as they are coupled to the voice coil by
electromagnetic interaction. The moving
masses, considered as a group and also
electromagnetically coupled, are repre-
sented by the capacitor Cmes. Res en-
compasses system losses such as those in
the suspension and the spider, shorted
turns in the coil, and the acoustical radia-
tion which generates sound output.

FROM MEASURE TO MODEL.
The IMP's T/s facility determines most
of the primary Thiele/Small parameters
by manipulating the electrical compo-
nent values (Fig. 2) until the model net-
work’s calculated impedance magnitude
and angle closely agree with the woof-
er's measured complex impedance. The




results from two such measurement/
curve-fit operations, plus some additional
user-entered parameters, are then math-
ematically combined to derive the T/S
parameters.

The primary low-frequency box design
parameters are given in Table 1, with for-
mulas for most of them in terms of Fig.
2's electrical components. Notably differ-
ent is the formula for Vas, the equivalent
air volume compliance. While fs, Qg,
QOwm, Qr, and Rg are all given in terms
of electrical components from the model,
Vas determination requires knowledge
of some other values.

Vas, as specified here, relates to the
""delta mass'’' measurement method, sim-
ilar to that described by Vance Dickason
in The Loudspeaker Design Cookbook.!
Factor ""d" is the cone's effective diameter
in inches, and will usually be about 80%
of the nominal driver diameter. The value
"fs{m)" is the resonant frequency mea-
sured with an additional mass coupled to
the moving assembly. I have had good re-
sults using a measured one-ounce glob of
clay, flattened and set on the cone or dust
cap. The added weight enters the equa-
tion as 'ma,”’ measured in kilograms.

Of course, you needn't use the equa-
tions directly at all if you are using the
delta-mass method. IMP will calculate
and present the values you need to enter
into your box-design software. If you pre-
fer the "'box method"’ of determining Vs,
you can still use values from IMP imped-
ance measurements and perform the cal-
culation with a calculator.

INGREDIENTS. To find a woofer's T/S

parameters, you will need:

¢ The IMP module and software.

* An amplifier with a preamp or volume
control capable of good low-frequency
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FIGURE 3: Equipment setup for measuring impedance.

TABLE 1

THIELE/SMALL PARAMETER EQUATIONS

1
o (2w vLces Cmes ) [Hz]
Of = Re [Cmes_
Lckes
Qm = Res Cues
Lces
__OmQr
Or = 5u ¥ 0l
Vas = 00827 dé [(—2—) -1 ft3
as = 0. #[(fslM)_] [ft3]
fs2 Ma

response down to a few hertz or lower.
A tube amplifier is probably not a good
choice. One side of the amplifier out-
put must be at ground (i.e., "'bridged”
amplifiers can not be used).

¢ A test resistor with value of about twice

the nominal driver impedance. For in-
stance, if you are measuring a nominal
8 woofer, you should use a 15 or 20Q
resistor. Half-watt or higher resistors
are recommended.

® A calibrated glob of nonhardening

modeling clay, obtainable at many toy
stores. Plumber's putty also works, but
it leaves a residue. {You must provide
your own calibration.)

e A method of suspending the woofer,

cone upward, in mostly open air. For
example, you could lay it on some net-
ting or screen to hold it off the floor.
Or, if the woofer isn't a vented-magnet
type, you could place it atop a small-
diameter pedestal made from a section
of PVC pipe. (Be creative.)

¢ A relatively quiet work area. Averag-
ing helps, too, but you will be using
rather low levels of stimulation for the
drivers you are testing, so keep noise
levels down. Accuracy is also im-
proved by rolling off unneeded high-
frequency energy from the test pulse.
For woofer measurements, this is eas-
ily done by putting a 0.47uF film ca-
pacitor across the test pulse output jack
during measurements.

* An ohmmeter or DVM capable of ac-
curately measuring resistance down to
a few ohms. While not absolutely es-
sential, this is recommended both to
check the test resistor value and to
measure Rg. IMP is an AC-coupled
system and cannot accurately measure
resistance or impedance at or near zero
frequency (DC). If you do not supply
a DC value for Rg, it will use the mea-
sured impedance minimum, which is
usually a bit higher and will introduce
some error.

WATCH YOUR STEP. First, measure
your test resistor and voice coil resistance

with the ohmmeter, if you are using one.
Then, configure your equipment to mea-
sure impedance curves, as shown in Fig.
3. Here is the step-by-step procedure:

1. Turn on the computer and power
up the IMP module. Once the software
is up and running, press [F3] so RATE
reads 1.92kHz. You want the slower
sample rate for maximum low-frequency
resolution. Press [F4] so INPUT reads
PROBE]1 (the '‘cal”” probe, which is
used to measure the test pulse signal at
the amplifier output).

2. Press [*] to get to the top-level
menu. Select [Acquire, Repeat] with
the key sequence A, R. The screen will
then repeatedly draw the lower plot.

3. Turn on your amplifier and gradu-
ally bring up the volume until you can
barely hear the test pulse "'pop’’ from a
few feet away. You will probably need
to experiment with the first few woofers
to arrive at an optimum level. If the level
is too low, your accuracy will be limited
by noise, while too high will cause the
clay to "launch’ off the cone surface and
fall back when making the mass-loaded
measurement.

4. Adjust the probe-level control on
the IMP board until the plot in the
screen's lower half shows a pulse peak
at about 80% of full scale. An alternative
method is to set the control to find the
point above which the displayed pulse
will remain constant when the level is
turned up, then back the control off un-
til the pulse is slightly below that point.
The goal is to keep the IMP preamp and
filter circuitry out of the clipping region
while making a measurement.

5. Press [F2] until SIZE reads 2,048
points (4,096 points if you wish).

Continued on page 51

Readers wishing to purchase an
assembled IMP unit, with software,
may indicate their nonbinding inter-
est by writing #76 on their Reader
Service card.
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PASSION DU HAUT-PARLEUR

Madisound Speaker Components

(8608 University Green)

B 1— v % 4 ~ P.O. Box 44283
ma====Sw = N ice: 608691 2433
A AW I BN WAAN WA Fax: 608-831-3771
- o Soft & Hard Dome Tweeters and Midranges

. ~ Model I_Rrice Q Description
TWOIOEI # B $6@_‘5\ 8 Very small (60mm x 60mm) 10mm polymer dome tweeter. Suitable for 6K+ x-over frequency.

i V&igﬂn} _3.50 | | Wedge sErface mount for the TWO10E1. 60mm square, §2_mm tall in the back, 8r_nLn tall in @t.
Hinged Wedge Mount | 450 | ] Same wedge shape as above, but with a hinge on the front for up and down tilti_n_g._ -

| TWOI0F1 6.00 | 8 | Verysmall (74mm round) 10mm polymer dome tweeter. Suitable for 6K+ x-over frequencies.
| TWO014BS - 11.00 i 4 Small car audio tweeter " (49.5mm rmﬂd), no mounting holes. Could be glued to dash or woofer grill |
| Wedge and and Trim ring | 5.00 | N _@ge surface mount for TW014B5 tweeter. ‘Same ;ig as for TWO10E1 but with trim ring adapter. |

_/TWOMFI - 1000 | 8 Rectangular (59mm x 109mm) 14mm polymer dome tweeter. Suitable for 5K x-over frequency.

_Tv_vozsvz - 25.00 , f i Autosound 25mm textile dome tweeter with small mounting ﬂange. Chambered for higher power.
TWO025A0 B 21.00 | 8 | Egg shaped 25mm textile dome tweeter. Extended frequency response and 91dB efficiency.
TWO025A1 - _L 21.50 L 8*{ ~Same as above but with Ferrofluid cooled voice coil for higher power handling.

TWo025L0 [ 2100 | 8 Same as TWO025A0 but with 9cm x 12cm flange. Limited quantities.

| TWe2sL.p . 2150 | 8 J_Same as TWO025A1 but with 9cm x 12cm flange. Limited quantities.

TW025M0 - e 2_2 00 hs-_ Egg shaped 25mm textile dome tweeter with 92dB efficiency. Glass fiber reinforced polymer ﬂange
| TWo2sm1 L | 2250 | 8 | Same as above but with Ferrofluid cooled voice coil for higher power handling.
Awozsmr | 2800 8 Shielded magnet tweeter with egg shaped 25mm textile dome. Designed for audio/video systems.

| Awo2ss1 | 3950 | 8 Same as above but with Pure Titanium dome.

| AW02583 - | 3650 | 8 | Same as above but with Aluminium Alioy dome.
prro: 0 | 2250 | 8 Pure Titanium dome with protective phasing ring. Fiat response to 27Khz. Susp.& dome is one piece.

| TWO34x0 | 3650 8 34mm textile dome tweeter with 93dB efficiency. Could use 2K x-over or higher for high power.

. TWO3770 | 3800 | 8 | 37mm textile dome mid/tweeter. Could crossover as low as 1500 Hz.

- - B Prestige Series TPX and Aerogel Cone Drivers B
| HM100X0 - [ 48.50 f | 4" TPX cone midrange with extremely flat response due to a high loss phasing plug. |
HMBO_XO - | 55.50 [ 8 | 514“ »TPX cone bass/midrarlge, looks goo_d asa midrange, small satellite speaker oran MTM design

_HMI70X0_ 67 00 8 614" TPX cone bass/midrange for use in a 2-way_system or stand alone MTM design.

_HMm _' : L 80 50 + 8_ 8" TPX cone bass—cjfi\;er that looks good fcﬁx.se in a small 2-way system with good bass response.
HMI3OZO B ] 70 00 J{ 8 ﬂ A_eEg‘eL@ bﬁs/midrange, looks ggg for a smali satellite or in a MTM design with F3 < 90Hz
HMI7OZO 82.00 | 8 614" Aerogel cone bass/midrange with verETooth high end response for exgptional 2-way or sat.
HMZIOZO :A B 97.00 j| 8 8" Aerogel cone woofer, looks great for a 2-way system with simple slopes, rolls off nicely at 3K.

. Reference Series Paper and Carbon Fiber Cone Drivers ]

| HM100GO ——«T——%ﬁl 8 | 4" Treated Paper cone bass/midrange for small 2-ways, MTM's or as a midrange. Autosound? |

I HM130G0 4250 | 8 514" Treated Paper cone bass/midrange suitable as a midrange, a woofer in a 2-way or an MTM.
HM170G0 ] 50.50 | 8 614" Treated Paper cone bass/midrange, looks good for efficient 2-way system or stand alone MTM

| HM210Go - - 6400 | 8 V87" T‘re‘a;e:PQ cone bass/midrange, extremely flat response, great for 2-way system.

| HM100C0 | 400 | B8 4" Carbon Fiber cone bass/midrange, very flat midrange response. Good efﬁciency_for autosound.

i HMI30C01 | 5950 | 8 514" Carbon Fiber cone bass/midrange, exceptionally smo_oth response, good mid or woofer.
HM170C0 e : 73.00 '1 8 614" Carbon Fiber cone bass/midrang<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>