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At last, there is a complete and affordable analyzer
system that provides quality data suitable for real
electro-acoustic engineering purposes. The LMS system provides a
vast array of powerful computer based features which are specifical-
ly focused on the unique requirements of loudspeaker development
and QC production testing.

Whether your application is professional audio, consumer stereo,
car stereo, or contract installation, LMS is the perfect tool for devel-
opment and testing of loudspeaker systems.

No other measurement pack-

outstanding features and
capabilities at such an
affordable price!

The system software provides a host of powerful utilities and
processing features which enable the user to perform many
complex and tedious tasks easier than ever before. Unlike
most other analyzer software which Is oriented towards single
curve use, LMS handles multiple curve display and operations
with a versatile 20 entry library database.

¢ Curve library system for multi-curve operations
v Macro programming of operation for QC testing
¢ Standard and user selectable Frequency Ranges
v Relative and Absolute PASS/FAIL Compare

v Import and Export Data to ASCil files

v Speaker Parameter Generation

v SPL/Z Combo Conversion

v Nyquist Piot Conversion

¢ Polar Piot Conversion

v Tail Slope Correction

v Multi-Curve Averager

¢ RLC Meter

N e 4

¢ Full Length IBM PC Slot Card, 8 Bit PC Slot
¢ Osciliator: Continuous or Gated Swept Sine Wave
v Osc Maximum Output: +16dBm (5Vrms)

¢ THD: 0.015%, 20H2-20kHz

v Frequency Resolution: 200 steps/decade, Log

v Filters can track Osc frequency by any ratio ¢ System Signal to Noise Ratio: 30dB

¥ SPL Measurement Range. 35-125 dB-SPL v XLR interface: Osc out. Bai Input, Mic Input
v Video gruph_fn support M EGA F* l’jm. v 354 Page Manual ﬁ Application Notes

m Specl tions Printer/Oulput m
¥ Calibrated 8mm Electret Mic with Preamp

v Frequency Range: 10Hz-100kHz

v Osc Attenuator Range: 60dB in 0.25 dB Steps
v Frequency Range: 10Hz-100kH2

¢ Dual State-Variable Fliters: LP'HP/BP/BR

LMS supports a large number of printer
standards, and even supports numer-
ous desktop publishing graphic formats
in both B&EW and color! Portrait and
Landscape orientations in any custom
size and aspect ratio are also possible.

v IBM/Epson 8 Pin Dot Matrix

v NEC, Epson, Toshiba 24 Pin

v HP LaserJet, DeskJet Series Printers
v HPGL Compatible Plotters

¢ PostScript Pnnters. B&EW,Color

¢ PostScript EPS/TIF- BEW.Color

Call Today for a free Demo Disk!  Tel: (503) 620-3044

International Dealers. Agentina:interface SRL (54-1)778 2713/Australla:ME Technologies 61(0)65-50-
2200/Austria:Audiomax 49(0)71-31-162225/Belglum:Belram 32(0)2 736-50-00/Brazil:SDS
Equipamentos 55(0)11-887.7597/Canada:Gerraudio 416-696-2779/China:Rhyming industrial
86(7620)562-011 /Denmark Finland:A&T Ljudproduktion 46(0)8-623-08-70/France:Belram 32(0)2-736-
50-00/Germany:Audiomax 49-71-31-162225,indonesla:Ken's Audio 62(0)21-380-2118/ 1taly:Outline snc
39-30-358134 | /Korea:Sammi Sound:82(02)463-0394/Luxembourg:Belram 32(0)2-736-50

00/Malaysia:AUVI 65-283-2544/New Zealand:ME Technologies 61-65 50-2254/Norway.AGT
Ljudproduktion 46(0)8-623.08 70/Poland:Inter-Americom 48(22)43-23-34/Singapore: AUVI 65 283-
2544/Spain:Audio Equipment Services 34(94)681-81-20, Sweden:AGT Ljudproduction 46(0)8-623-08-
70/ Switzerland:Audiomax 49-7 1-31-162225/Taiwan:Gestion Taycan Int 886-2 562-3883/ Thailand: AUV
65-283-2544/The Nethertands:Duran Audio 31-41-80-15583/Turkey:Siiver Productions 44(0)722-
336221/ UK(England):Munro Assoc 44(0)71-379-7600.

v DXF AutoCAD Vector Piots ]
¢ Al-Adobe lilustrator B&W,Color
v TIFF, BMP, PCX Bit Image Plots

LINEARZX

LinearX Systems Inc/7556 SW Bridgeport Rd/Portland, OR 97224 USA/TEL: (503)620-3044/FAX: (503)598-9258
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Good News

@ COOL CABS @ CHANNEL SURFING

Floyd T. Bear's handcrafted guitar cabinets are The Rialto, a 7-channel equalizer with buit-in
made from 11-ply, void-free Baltic birch and cov- crossover, offers total control of room acoustical
ered with ABS plastic. Other protective X environments through left, right, center, two sub-
features include aluminum edging, steel comers 3 woofer, and two surround channels. The unit

and spring-recessed handles, 3" heavy-duty . provides five custom-contoured equalizer controls
casters, and removable face plates. The cabi- EN for the surround channels, seven for the

nets, which can be customized with a choice of . subwoofer channels, and eleven for the front and
colors and drivers, range from entry level to 2 center channels. Module frequency program-

professional touring quality. Floyd T. Bear,
PO Box 972, Urbana, IL 61801, (217) 846-3138.
Reader Service #105

mabilty allows the 24dB/octave Linkwitz-Riley

crossover to be customized to many different

speaker combinations. AudioControl, 22410

70th Ave. W., Mountiake Terrace, WA 98043,

(206) 775-8461, FAX (206) 778-3166.
Reader Service #107

S SOFTWARE OFFER

For a limited time, Panasonic is offering Lenel

MultiMedia Works CD-ROM software with its book- Q
sized EAB-710P multimedia speaker system, The

software package combines three multimedia utiiies; %, =
Universal Player, Show Server, and Show Builder. The o

@ FRONT-END SERIES
A new series of front ends for a variety of instru-
ments, including DAT recorders, has been

225" x 10.5” x 10.6” EAB-710P has separate amplifiers for released from Scantek. The Type 336 dual-
wooler and tweeter, double-folded hom-shaped acoustic tube, o channel unit is similar to many DAT recorders.
| built-in subwoofer, and magnetic shielding. The uniits will fit on a The 8channel Type 335 is compatible with the
desktop next to a monitor, and can also be stacked, Panasonic / o : sy  Sony PC-200 and TEAC RD100 series, and
Communications & Systems Co., 2 Panasonic Way, Secaucus, NJ 07094, % comes with a small rack to mount the appropriate
(800) 742-8086, (201) 348-7000. -8 ‘ DAT. Scantek, Inc., 916 Gist Ave,, Silver Spring, MD
Reader Service #110 N —— Tw 20910, (301) 495-7738, FAX (310) 495-7739.

Reader Service #109
@ PHONO PREAMP

The new DB-8 phono preamplifier (6.2” x 4.5” x 2.2} tracks RIAA to +0.04dB. Intended as an add-on for equipment without a phono section, it
has no controls. Features include a separate wall-mounted DC supply for low hum, gold-plated jacks, and 37dB gain. Input overload is 50mV, with
less than 0.01% distortion. DB Systems, Main St., Rindge Ctr., NH 03461, (603) 899-5121, FAX (603) 899-6415.

Reader Service #108

N ]

The audio world enjoys
added performance with

FerroSound.

The new generation of FerroSound ferrofluids |
represents the great leap forward that the audio
industry has been waiting for. l

These innovative fluids enable speakers to ‘
match ongoing improvements in the rest of the
sound system. Applied to the voice coil, they with-
stand unprecedented sound pressure levels and
heat. They also reduce spectral contamination
(distortion) and power compression effects.

Results: longer-lived speakers with greater
dynamic range — and an authentic performance
boost that's audible from first note to last.

No wonder knowledgeable listeners in home
hi-fi, auto sound, and even professional audio are
jumping at the chance to audition speakers with

. : FerroSound. For more information, call today ot

# ) ’ : 603,/883-9800 — or fox 603/883-2308.

NDUSTRY HAs
R'NEW FERROFLUIDS.

Ferrofluidics Corporation, 40 Simon Street, Nashua, NH 0306)
© 1994, ferroSound ond reloted graphics are registered trodemarks of Ferrafluidics Corp

Speaker Builder / 2/95 3




Good News

B EDGARHORN

The System 100 delivers
dynamics, imaging, and low
distortion, without coloration.
Combined with a powered
subwoofer, the hom system is

¢ CUSTOM SUBWOOFER
e > - P sk, The Sub Ten C consists of an 117 x 117 x 5”

s B
e ot A
- - -

power amplifier/electronic crossover mod-

R . 7 ule with a long-throw, high-output 10” easily integrated into a typical
& i amael subwoofer transducer. Designed for listening room. Specifications
‘ ‘ \ \ ‘ ’ ‘ I ‘ ‘ \ g b o 5 low-frequency reproduction, the are: sensitivity of 103-105dB,
i ( 3 amplifier defivers 100W of continuous 100Hz-20kHz, and dimensions
. v § it izl power. Its self-contained electronic of 47" x 21” x 24", For more
! iz crossover utilizes a 24dB/octave low- information, contact Dr, Bruce
4 R pass, and is continuously variable from Edgar, Box 1515,
\ 50-150Hz. The 10” driver employs a fiber Redondo Beach, CA 90278,
\\\_/ cone, long-throw suspension, and butyl- (310) 3701302,
rubber surround. MB Quart Electronics, FAX (310) 371-8085,
25 Walpole Park So., Walpole, MA 02081- Reader Service #101

2532, (508) 668-8973, FAX (508) 668-8979.
B HAPPY ANNIVERSARY Reader Service #114
Audiophile Audition, the only national radio program
devoted to high-end audio and home theater, will
observe its Tenth Anniversary on April 1. The one-hour
weekly program on new classical CDs also provides
interviews with leaders in the audio and music industries,
as well as pointers on improving music and home the-
ater systems. In addition to the approximately 130 public
radio and concert stations that carry it, the program has
been selected by “Music Choice” to present selected
public radio productions via their local cable systems.
For more information, contact (800) 934-0442.

® NO-COMPROMISE CAPS
MusiCap® coupling and speaker capacitors are constructed of separate layers of conductive foil and
polypropylene film, with custom-stranded, silver-plated copper leads. Lead-free silver bearing soider
is used for tinning and attachments. Insulation on 22-gauge leads (coupling) is 1kV Teflon®; speak-
er leads are 16-gauge. The devices are approximately 100% larger than metalized capacitors, and
have a maximum value of 10F (but can be combined for larger values). Hoviand Co., PO Box 629,
Culver City, CA 90232, (209) 966-4377, FAX (200) 966-4632.

Reader Service #106

® DESIGN CALCULATOR
Porta-Calc Il offers computer-aided sys-
tem design for calculating enclosure and
port sizes. Used primarily for car audio
enclosure design, the device allows you
to choose either frequency response or
enclosure size. Porta-Calc also calcu-
lates the size of each piece of wood
needed for your design. Other features
include a built-in Speaker Parameter
Library that holds up to 400 design
parameters. For detailed information, call
installer Institute, (800) 354-6782. - -

Reader Service #112 © WIRE SYSTEM
Goertz MI speaker cable has a flat shape, with minimum space between
conductors, for low inductance and virtually zero distortion. its 2-4€2
characteristic impedance results in improved imaging, better clarity, less
high-frequency rolloff, and better definition at low frequencies. Other
benefits are virtual elimination of skin effect, hum caused by adjacent
power wiring, crosstalk between channels, emitted EMF, and microphony

Speaker Builder (US USSN 0199-7929) is
published every six weeks (eight times a
garg. at $32 per year, $58 lor two years;
da add $8 per year, overseas rates $50
one Fear\ two years; by Audio Amateur
Publications, Inc., Edward T, Dell, Jr.,
ansndemal:iOGUmnStreeiPO Box 494,
(F;eletboroughb;‘lidH ?g4m Sﬁ%o;%
ass pos id at Pe ,
an additional mailing office
POSTMASTER:
Send address change to:
Speaker Builder, PO Box 494
Peterborough, NH 03458-0494

€ IMPROVED SPIDER

4 Speaker Builder / 2/95

spacer. Gauss woofers
also function as heatsinks.
Gauss Loudspeakers,
10500 W. Reno Ave.,
Oklahoma City, OK
73126-0105.

Reader Service #115

§ Thenew Gauss XR Series  from strand interaction. Alpha-Core Inc., 915 Pembroke S,
© isalineof five woofers Bridgeport, CT 06608, (203) 335-6805, FAX (203) 334-8120.
designed for professional Reader Service #113
sound reinforcement and
studio monitoring
applcations. Theimproved  m FIRST-RATE FINISH
double-spider system uses Texturelac is a one-part, air-dry finish that allows you to reguiate textured
flex-ife material and a pattems and colors. By adjusting the air and fiuid pressure on any
“creep-resistant,” high- standard air-spray gun or HVLP system, you can produce stone, leather,
~ temperature Lexan spider pebbie, stucco, marble, or cobblestone pattems. Texturelac eliminates

the seams and boxy pattems which cannot be avoided with laminates. In

addition, it can lower paint finishing and labor costs by 70% or more. For

more information, contact Abilene Research and Development Corp., PO

Box 294, Hewlett, NY 11557, (516) 791-6943, FAX (516) 791-6948.
Reader Service #102



Good News

B NAME CALLING

As of January 1, 1995, Polydax Speaker
Corp. has officially changed its name to
Audax of America. The company, which
covers the entire North American market, is a subsidiary of,
and direct factory link to, Audax Industries of France,
manufacturers of high-quality loudspeaker components for the
OEM and distribution markets. The mailing address,
telephone, and FAX numbers remain the same: Audax of
America, 10 Upton Dr., Wilmington, MA 018874401,

(508) 658-0700, FAX (508) 658-0703.

@ FULL-RANGE MINIS

The compact (6% x 9” x 12¥2") two-way Stratus Mini loudspeaker offers a “woofer-
over" amay. This helps the response remain unchanged through a full range of
positions, resulting in a broad useable listening area. The unit is designed for free-
standing use or with a high-performance subwoofer. A matching, optimal-istening-
height stand is also available. PSB Intemational, Inc., 633 Granite Ct., Pickering,

ON L1W 3K1, Canada, (800) 263-4641.

W DESIGN DATABASE
Speakerphile™ project management data-
base for loudspeaker system designers
and engineers provides seven functions:
component database (information on
loudspeakers and related products); source
database (contact information); queries and
searches (find a component or other
information); project management (assign
components to user-defined projects);
reference (formulas and techniques); utilities
(conversions and calculations); connections
(importing, exporting, and data linking). The
database runs under Microsoft® Windows.
Acoustical Supply Intemational, 895
Cherokee Bivd., Chattanooga, TN 37405,
(615) 756-0706, FAX (615) 756-0860.
Reader Service #104

Reader Service #111

. & PROGRAM UPDATE
% BassBox 5.1 is an updated version of the
"~ low-frequency loudspeaker enclosure
design program for PCs that run
Microsoft® Windows. The new version
features a high-resolution mode, new
amplitude, phase and group delay graphs
with cursors, and graph memories. The
easier-fo-use bandpass, vent calculator,
and print setup windows have added
capabilities. In addition, an expanded
loudspeaker database now includes over
1,300 woofers and can be searched
under a variety of parameters.
Harris Technologies, PO Box 622,
Edwardsburg, M 49112-0622,
(616) 641-5924, FAX (616) 641-5738.
Reader Service #103

Ultrawide Radiation
...Without Fallout

Get the only tweeter that delivers on its promise to recreate the feeling of a live performance.

Designing a tweeter that can reproduce the
spacious sound of a concert hall without the
fallout from design compromises...takes years
of experience. Designed by audio legend Roy
Allison, the RDL pulsating dome tweeter per-
forms unlike any tweeter in the world. It delivers
an extremely wide dispersion at all sound
frequencies, including the full treble range, so
as to simulate the rich reverberant field of a

live performance

OESIGNED
LOUOSPEAKERS

26 Pearl Street #15 Bellingham, MA 02019

The spacious sound is so incredible—it has
to be heard to be believed. Don't just take our
word-listen to what the critics have to say

According to David R. Moran of The Boston
Audio Society Speaker Newsletter: “...Allison’s
unsurpassed. strangely unimitated convex
tweeler...its ultrawide radiation and airy imaging
may be even more uniform than previous imple-
mentations...in over a dozen measurements, the
tweeter consistently ran +2dB from

1-2 kHz to around 18kHz"

Order The Ultimate Tweeter for
Your Next Speaker Project. Call
1-800-227-0390

Very light voice coil on aluminum
bobbin, immersed in damping coolant

Felted convex cone Flexible lead wire

1/2 Ib. barium
ferrite magnet

Sintered steel pole plate
molded into mounting flange

Forged steel bottom
plate/center pole

SPECIFICATIONS

Price $41.00ea.

Reader Service #39
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RESTORES OLD WORN OUT SURFACES

A Quality Texture Look

Without Laminating Costs and Labor!
Designed For Use On Speaker Cabinets

yv' n

CLOSE-UP OF TEXTURE

| TEXTURELAC Spray finish produces a three-dimensional look that resembles a pebble, |
| stucco or leather texture. It can be handled within 15 minutes of spraying and eliminates |
most sanding. spackling or extra paint operations. Dries to a hard mar-resistant and washable

finish.

| —Can reduce production spray room material and labor costs by 70 percent or more— |

| TEXTURELAC

For a trial order or swatch panel of TEXTURELAC with descriptive literature call or write:

. /A//R\s Abilene Research and Development Corp.
S\ 2 PO Box 294, Hewlett, NY 11557 ¢(516) 791-6943 ®FAX (516) 791-6948 l

Is formulated for use on all wood, and composition woods, plastics and |
metal castings. It is available in most colors. ’

Rasder Service #33
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About This Issue

As you settle back with this issue, here’s
a question you might ponder: Is it time for
your car’s tune-up? We mean audio tune-
up, of course. This issue’s lead article
(“From Sad to Sparkle: A SAAB Story,” p.
10) combines two American passions:
audio and autos. You can take your lead
from Mark Florian’s restoration of his
SAAB and apply it to your own model.
You’ll be amazed at the ways you can
block out noise and reduce rattles to pre-
pare your vehicle for a new sound system.

Audio veteran Bill Fitzmaurice shares
his portable PA system design, which meets
the needs of today’s traveling band
(“Compact Two-Way PA System,” Part 1,
p. 14). Unlike the typical, oversized, over-
weight PA speaker, this road-worthy solu-
tion sounds as good as it travels.

The application of Baekgaard’s famous
bridging speaker technique is limited to cer-
tain designs. G.R. Koonce demonstrates
how to expand its use to produce constant-
voltage results (“Baekgaard Crossover
Technique,” p. 20).

For the intrepid audiophile, Charles
Close presents a method to restore the clas-
sic KLH-9 to its original condition
(“‘Rebuilding the KLH-9 Power Supply,” p.
24). Not for the fainthearted, this project
requires skill, patience, and some time
alone in the kitchen. The rewards, accord-
ing to the author, are worth the effort.

If you dread the prospect of designing
crossovers, tum to “Driver Offset-Related
Phase Shifts,” Part 2, p. 26. Bruno
Carlsson extensively demonstrates phase
shift effects on crossover filters and illus-
trates how to minimize these errors.

Do you remember your initial foray into
the world of speaker-building? Nancy
MacArthur chronicles her first attempt
with the Audax A652 kit (“Kit Report,” p.
42). Her detailed report is both entertaining
and informative and includes, based on her
successful undertaking, tips for other
novices about to take the plunge.

For speaker builders as concemed about
how their projects look as how well they
sound, Bob Wayland presents an easy,
“sand-free” way to prepare your wood sur-
face for finishing (“Wayland’s Wood
World,” p. 38).
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- TWEETER /
FOrgings gyncuronous SPEAKER
HUNDREDS OF OUTSTANDING TWEETERS
ARE AVAILABLE FOR EVERY OF YOUR PROJECT

Newest Tweeter with

r one-piece diaphragm in Super
) ebq" er Duralumin, Titanium ...
material.
- /’ Q4
# ‘ ,' ‘qm

| @ 13mm Neirbon -
Super-Tweeter

.

DOME TWEETER :

@USD 0.79 n o
SaJ\)
O Supreme know-how and continuous research u

O Hi-quality products at the most competitive pricing

Tl Available for OEM design and free catalogues '
You'll be surprised to find we're the one you've @ > - ]

been looking for !

FORGINGS IND. CO., LTD. / P.O. BOX 1823, TAIPEIL, TAIWAN, R.O.C.
TEL: 886-2-585-3316/7 FAX : 886-2-594-2708 ATTN: MS. LU CHI YING



Guest Editorial

PEERING INTO THE FUTURE

nce in a while we are privileged to
Ocalch a glimpse of the future.

Sometimes it takes the form of pro-
jecting an experience into the future by
applying your own far-reaching precocious-
ly radical thoughts on the subject. Someone
witnessing the first flight at Kitty Hawk, for
example, may have immediately realized
that 500 people would someday take to the
air together in some phantasmic con-
veyance, without ever, of course, embody-
ing the thought in the shell of a Boeing 747.

Some of us have tried virtual reality hel-
mets in arcade games or at technical exhi-
bitions. The stereo visual sense comes to us
via postage-stamp-sized TV screens right
in front of our eyeballs, and the aural sense
via built-in high-quality headsets. The leap
forward is to the Entertainment Deck on
the Starship Enterprise.

The audio part of virtual reality, called
auralization, is not difficult for those with a
working knowledge of digital signal pro-
cessing (DSP) 1o understand. If you are will-
ing to accept that high-quality headsets are
acoustically flat-responding for a constant-
voltage input, then the DSP solution is all
electrical and computational, but you need a
bloody fast microprocessor. Auralization
with headsets is becoming old hat. Room
acoustic computer models can generate the
impulse responses required at a particular
seat location to effectively place the listener
in that seat, hearing on a headset what a per-
former on stage will sound like.

Accomplishing this effect with the listen-
er unencumbered by a headset is an
immensely difficult task because now the
acoustic field conditions surrounding the
listener’s virtual space must be reproduced
exactly as it occurred in the real space. I
have little doubt that people listening to
headset auralization made this leap into the
future. “Just wait until we can do this in free
space,” they would say.

Recently, 28 members of the Greater
Boston Chapter of the Acoustical Society of
America met at the Bose Corporation in
Framingham to hear a demonstration of the
Bose Auditioner®. With this weird-looking
contraption, the leap has been accom-

€ Reader Service #52

By Dick Campbell
Contributing Editor

plished for speech, but not quite yet for
wideband music.

Picture a breadbox sitting on four stubby
legs with two outstretched arms, left and
right, holding tiny speaker enclosures at the
ends. One small end of the breadbox
features a chin rest, which, when you are
seated at a table, is at the correct height for
you to position your chin. The two little
speakers are about a foot away on each side.
The output of the subwoofer exits from two
wide slots in the top of the box under your
chin, and the DSP-generated signals to the
power amplifiers inside the box come from
a computer.

If you think you would look ridiculous
sitting with your chin resting on this con-
traption, let your ears be your guide. It’s
truly amazing. This may convince you:

During final evaluation in an auditorium,

the subject was given a switch, which
allowed him/her to listen to either a person
speaking into a microphone over the hall PA
systemn or close-miked speech (with the
same human voice) processed by the
Auditioner’s real-time convolver with the
PA system shut off. The impulse response of
the seat which was used in the convolver
was derived using The Bose Modeler® pro-
gram. In most cases, the subject could not
tell the difference! Try that with headphones.

Bose personnel have stated that it took
nine years of research to reach this point. I
can think of no other loudspeaker manu-
facturer with the financial wherewithal, the
perseverance, and the superb technical
engineering skills in signal processing and
electroacoustics to pull this off.

Congratulations to the Bose Auditioner
design team.

CUTTING UP AND DOWN

As I write this the powers that be in
Washington, in their “wisdom,” are con-
sidering cutting all support for National
Public Radio and the Public Broadcasting
System. In response I have substantially
increased my gifis to two of my local out-
lets. T owe so much of my love of music
to the stimulus the Boston stations pro-
vided in my early years that I believe we
cannot do without this cultural resource. 1
also find that both these channels provide
me with news and analysis of the news
which I do not find elsewhere, In a world
where the tobacco lobby is more persua-
sive than Big Bird, we are called upon to
make some kind of gesture which our
elected officials cannot miss. You will, of
course, make your own decision about
how you believe your tax dollars should
be spent. I offer my own two cents worth
for your consideration,

Beginning with the next issue, Audio
Amateur Publications will be making
some cuts as well. Our printer advises us

that our paper now costs an added 14%
beginning with the issue you hold in your
hands. The US Postal Service, in its wis-
dom, has increased Second Class
postage, also by 14%. The postal increas-
es in other classes will also make doing
business more expensive in promotional
efforts as well as in billing and customer
service. We are not announcing an
increase in subscription or advertising
rates at this time.

What we will be doing, beginning with
the next issue, is reducing the margin size
of the page. From its present 812" x 11”7
size, it will shrink 10 an 8” x 10¢2” dimen-
sion. The weight reduction cuts our deliv-
ery costs, but does not affect the informa-
tion delivered on each page. It is, unfortu-
nately, a hardship for those of our won-
derful advertisers who develop ads using
the entire space of the current page size.
While not the first publication to resort o
this economy, we regret the change, but
are sure you will understand.—E.T.D.
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Part 1

FROM SAD TO SPARKLE:
A SAAB STORY

everal years ago, a friend sent me a
Scapd that depicts a woman wearing a

cookie jar on top of her head. Inside
the caption reads, “Getting our heads into
new and different things is what it’s all
about.” This rings especially true for speaker
builders and car audio.

After completing the Swan IV system,! I
became increasingly aware of the poor quali-
ty of the audio in my car, a four-door SAAB
(an acronym for Svenska Aeroplan
Aktiebolaget) 900T. At times I wondered

By Mark Florian

whether [ was still playing the same tape. The
factory 4 x 10 rear drivers had long since
been replaced with a pair of Infinity 6 x 9s,
which really improved the sound and added
some needed bass. But the system lacked the
coherent soundstage, depth, and air that I had
become accustomed to with the Swans.

I considered various options, none of
which seemed appropriate for this car. All
SAAB:s, including the four-door sedans, have
rear seatbacks which fold down to greatly
expand the trunk; thus, I didn’t wish to add a

PHOTO 2: Same door panel showing installation of Q-pads on the backside of outer sheet metal to
limit noise transmitted into passenger compartment.
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woofer box that would be in the way. This
article presents my solution to the problem of
poor sound, while retaining the car’s generous
cargo capacity. Even if you don’t own a
SAAB, I'm sure you’'ll find something here
that you can use in your own vehicle.

FOUR-WHEEL SPEAKER ENCLOSURE

I began by treating the car body in the same
way as a speaker enclosure. That is, by pre-
venting rattles, deadening panels that ring,
improving isolation from engine, drivetrain,
and road noise, and ensuring that the weather
stripping around the doors, sunroof, and
trunk was intact. My goal was to make the
interior as quiet as possible.

I started by driving down a smooth road
with the radio off and the AC fan on low,
making mental notes of what I heard: wind
noises, whistles, squeaks, and rattles. When I
folded down the rear seat and listened again,
I heard lots of tire noise emanating from the
rear wheels, a deep exhaust note, and the
jumper cables rattling in the accessory pan
under the trunk floor. I decided to attack first
those sounds my ears would be closest to
and then work outward to the trunk and
engine compartments.

Photo 1 shows the front door with the
interior panel removed. The process is very
simple and straightforward. I unscrewed the
door lock button that protrudes from the top
of the panel, then the two screws that hold
the armrest in place and snapped off the plas-
tic cover behind the interior door handle.
Sliding a 1” putty knife between the panel
and the frame, I worked around the door’s
circumference, carefuily prying off the plas-
tic clips at each location. The panel then lift-
ed up and out.

I found that the moisture barrier was
loose, the tape was brittle and left a sticky
residue, and the large openings allowed
highway noise to intrude into the passenger
compartment. Photo 2 is the same door with
the tape and plastic sheeting removed.
Electronic degreaser or WD-40 will elimi-
nate any sticky residue.

From an auto body shop supplier, I
obtained several packages of bitumen pads,
called Q-pads. Each package contains six
12” x 12” pads with a very sticky adhesive
backing. To apply, simply peel off the back
and stick it on! I rapped with my knuckles on



the various door parts and stuck on a pad
wherever I heard a sharp “ping,” thereby
reducing it to a dull “‘punk.”

The interior of the door was heavily
damped to prevent noise from entering. The
thick steel bars across each door frame that
SAAB uses for side-impact protection need-
ed to be damped as well. Q-pads are easily
cut into any shape with scissors, but use an
old pair. You can clean off any asphalt
residue with WD-40 or mineral spirits.

BEHIND THE DOOR SEAL DETAILS
Photo 3 shows a completed door. I decided to
cover the large openings with Q-pads and tape
the seams with duct tape. The pads are mois-
ture-proof and provide an excellent weather
barrier, but be sure they do not interfere with
the window operating mechanism. Before 1
reinstalled the interior door panel, I teased
some loose-fill polyester and stuffed it into the
space between the pads and the panel.

While working on the doors, I noticed that
the seals were either tom or cracked in several
places. Through one 1/8” gap in the driver’s
door, I could hear cars pass by on the freeway,
and it whistled when I reached a certain
speed. This application is perfect for 3M’s
Weatherstrip and Gasket Sealant, which is
available at any hardware store. The incredi-
bly sticky yellow glue adheres to all types of
weather stripping and to metal surfaces, paint-
ed or unpainted. I added a little to each piece,
let it dry a bit, then joined the ends and
clamped them with a small spring clamp.

Some seals needed additional backing to
ensure a tight closure with the door frame.
For this I used a small piece of bicycle inner
tube cut to fit and held in place with a spot of
sealant. Make sure no gaps exist anywhere in
your door or window gaskets, where air and
noise can enter.

After repairing the front doors and their
gaskets, I took a test drive to see what effect it
had. In my case, it was rather dramatic. After
182,000 miles, my 85 has accumulated its
share of squeaks and rattles. The interior was
now noticeably quieter. I could barely hear
cars pass, and repairing the door seals had
eliminated the whistles. Motivated, I headed
home o complete the damping of the rear
doors, which I treated the same as the front.

The next noise problem to be solved was
the sunroof. Only 4-5” from my ears, it had
rattled for longer than I'd care to admit.
Using my car manual, I pulled off the top to
reveal the insides, as shown in Photo 4.
Basically, the lower shell is a piece of fiber-
glass, and the rattle was caused by the latch-
ing mechanism clanking against it.

I cleaned the inner surfaces with a
degreaser and applied large Q-pads to damp
the fiberglass panels, as well as a piece
between the linkage and the fiberglass. After
reassembling everything, I went for another

PHOTO 3: Driver's door panel with all large openings covered with Q-pads. Note small pad behind

door latch plate.

drive. What a difference! I no longer heard
passing cars and the sunroof didn’t rattle.

An eerie silence came over the SAAB’s
cockpit, one I had not heard for quite some
time. The purring of the healthy exhaust note
seemed farther away; however, I now noticed
more squeaks which had been washed out by
the others. Somewhere, plastic rubbed on
plastic, and those emanating from under the
dash would be hard to locate. So I headed
back home to remove more interior.

UNDER THE DASH

The lower kick panel is one long piece held
in place with three bolts: two on either side
of the engine compartment and one in the
middle behind the ashtray. In order to
remove it the center console must come out,
and, to allow more room to work, one of the
seats. By this time, my neighbors thought I
was having a driveway sale, as more and
more of my car’s interior went on display.

With the lower kick panel removed, though,
i’s very easy to access all the wiring and
check for squeaks.

With the driver’s seat removed, I could lie
on my back and look up into the dash with a
small trouble light. I used LPS #2 Industrial
Strength Lubricant on all throttle, brake, and
clutch linkages as well as on the steering col-
umn u-joints. This excellent lubricant is
sometimes hard to find. (I've seen it in a
small local hardware store, but only after I
had first called the company and was referred
1o an industrial supply house.) While you're
under the dash, lubricate sparingly anything
that moves, squeaks, or rattles.

I next discovered several leaks in the air
distribution box just below the blower, so I
applied siliconized latex caulk to all the
joints. This helped improve air distribution
and quieted some whistles. The kick panel’s
acoustic foam had also begun to deteriorate
with age. I stuffed egg-crate foam into the

PHOTO 4: Outer sunroof panel removed, showing pad placement on fiberglass shell.
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PHOTO §: Driver's side cargo area with carpeting removed, showing foam installation.

cracks and crevices to reduce noise behind
the dash.

Check for any air leaks into the cngine
compartment around cables and linkages that
penetrate the firewall. They not only let in air
but also engine fumes, dust, and noise. Plug
them with caulk. Plastic-on-plastic noises
can be omitted with silicone spray. Rattles
and squeaks can also be causcd by loose
screws or parts rubbing against each other.
Take your car on test drives to check your
progress and locate new trouble spots. You
will be amazed by the reduction in noise,
especially with an older car.

INTO THE TRUNK
With the cabin taken care of, I tumed my
attention to the cargo area, removing the
floorboards and dark grey carpeting from
both sides. One of the trunk lid springs
squeaked whenever I opened or closed it, so
I sprayed it with LPS. A piece of foam
between the jumper cables and the floor pan
quicted that racket. For the rear floorboard,
which rattled against the top of the spare tire,
I cut a piece of rubber-backed carpet to fit
between them. Thick carpet padding would
also work.

In the rear of the car is an air space

PHOTO 6: Driver's side speaker plate before modification. The original 4” driver used a square

mounting plate.
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between the outer body panels and the struc-
tural member that actually carries the load
(Photo 5). 1 rapped on the outer metal skin
while listening for resonances inside the
trunk and heard a particularly loud one near
the outside vents on the C pillars. A Q-pad
didn’t help. I next tried tensioning the outer
panel by wedging a short wooden dowel
between it and the structural member.
Although this worked, the dowel wouldn’t
stay in place due to the angle. A piece of rub-
ber inner tube finally secured it. I didn’t
wedge it in so tightly as to cause a bulge in
the outer panel—just enough to hold it in
place. When proceeding with this technique,
use good judgment.

A couple of drain lines carry water down
lo the floor pan drains: be careful not to
block these with foam. I used egg-crate foarn
2xtensively in the side panels to dampen
sounds coming through the outer body, plac-
ing the waffle side toward the noise source.
Use Q-pads to deaden any ringing panels,
then back up these with foam (Photo 6). The
result is even less noise from the tires and the
turbo’s deep exhaust note. You might find
additional benefit from stuffing the void
between the rear side-wall carpet and the
structural frame.

The entire floor pan in the passenger
compartment is covered with an OEM sub-
stance very similar to Q-pads, so I didn’t
add any here. This was topped with a heavy
asphalt pad backed with foam that served as
carpet padding. I tried some additional
foam undemeath the front carpet to mask
out transmission and road noise, but it
raised the carpets and made them bulge, so
I pulled it out. Perhaps thinner material
would work.

By the time all was said and done, I had
applied 42 packages of Q-pads for a total of
27 ft2 of material. Once you start, you'll be
amazed at how many places you can use it.

In Part 2, I’'ll describe the next step:
designing and installing the system. »
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Part 1

A COMPACT TWO-WAY PA

ince I started in the music business
S some 30 years ago, PA systems have

evolved. The stages then were domi-
nated by behemoth guitar amps blasting
away, while mediocre column speakers tried
valiantly—but usually unsuccessfully—to
project vocals above the din.

Today’s trend is toward small amps
onstage with the entire band mixed through
the PA (Photo 1). Thanks to the digital revo-
lution, portable systems are now more
sophisticated than the best studio gear of a
decade ago. But while consoles, power
amps, and effects continue to shrink in size
and cost, the average PA speaker remains
oversized and overweight.

My two-way system (Photo 2), designed
to be small and light without sonic compro-
mise, is specifically for small to medium-
sized clubs (300 seats or less) or small out-
door venues. Nationally known acts have

IR i

PHOTO I: Control section for a modern PA system.
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By Bill Fitzmaurice

used it and been quite impressed by its per-
formance/size ratio. Its only limitation lies
in the extreme bottom end: bass-heavy reg-
gae or techno-pop acts should augment it
with an 18” bandpass subwoofer for the
30-80Hz range.

Due to the high SPLs required (over
118dB on average), efficiency is the most
important consideration when designing
PAs—even at the expense of flat response.
With this in mind, I designed the bins around
JBL E140 woofers.

These drivers have a Qrg of 0.17, Vg of
10.5 fi3, and will operate in 1 ft3 with
100dB efficiency, although an f; at only
95Hz gives a weak bottom octave. While
this is not critical for PA, with most rock
music voiced from 80Hz and up, these bins
beef up the bottom by firing the port output
into a folded horn. In the ideal setup—6” in
front of a wall or stage—the bass response
becomes fairly respectable, as shown
in Fig. 1. Nevertheless, to conserve
power amp headroom and prevent dri-
ver over-excursion, I recommend a
high-pass filter of at least 12dB slope
set at around 60Hz on the input of the
power amp.

ROAD WARRIORS

The cabinets are mounted inside SKB-
brand weatherproof road cases.
Constructed of aluminum and plastic,
these cases are intended for rack mount-
ing electronic components, and are a
natural for speakers as well. The space
between the cabinet and case walls is
filled with expanded foam insulation for
a totally rigid structure despite the '2”
plywood walls (Photo 3). At $150 each,
these cases are not cheap. So, if you
avoid them, use %” plywood and adjust
the dimensions accordingly. Build the

PHOTO 2: The assembled system.

cabinets with dado joints, as described, if
you have a router; otherwise, glue blocks
will work fine.

The first step is to cut the two sides and
draw on them the actual parts layout as mir-
ror images (Fig. 2). Use this full-size layout
to determine the exact dimensions of the
remaining parts and cut them as well. Cut
parts of like dimension sequentially on a
table saw, without changing the rip fence set-
ting. Their exact size is far less critical than
the pieces being identically cut.

Using a router with a ¥2” pattern following
bit (the bearing above the cutter head), dado
a 1/8” deep groove where the parts joint the
sides. You'll need a straight piece of 1 x 3
about 3’ long, preferably oak, as a guide-
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FIGURE 2: Bass bin layout, side view.

board, into which you’ll drill and counter-
sink holes every 6” or so. With two or three
1” drywall screws, attach the board directly
to the cabinet side along the desired cutting
line (Photo 4). Then run the router along the
board for a perfect dado. After the sides,
dado the top and bottom for the baffle joint,
and run channels down the entire middle
length of Hom Plates 1 and 3 into which the
hom brace will slide (Fig. 3, Photo 5).

When the routing is complete, predrill and

TABLE 1

BASS BINS PARTS LIST
Part Description
Woofer JBL E140
SKB case Model 19-12
Top, bottom 16%” x 19”
Baffle 16%” x 20%”
Port 16%” x 107
Hom Plate 1 16%" x 20”
Horn Plate 2 16%” x 3 7/16”
Horn Plate 3 16%" x 19%”
Horn brace 16" x 2" x 3"

trapezoid

Sides 21" x19”
Miscellaneous

1%” drywall screws

3/8” thumbscrew and screw insert for pole mount
1%” phone jacks

Jack plate for %" jacks

12-gauge hook-up wire

%" aluminum angle stock

3” drywall screws for top box block

2” drywall screws for casters

1%" od aluminum tubing for top box pole

4" long hardwood block (preferably maple) for pole
mount 3” x 3" x 2”

Casters, driver mounting bolts and t-nuts, carpet
covering, metal grille, glue, spray glue for carpet,
aerosol expanding foam insulation, four-pole pro
speaker connectors, polyfill stuffing

Note

Materials are per cabinet; double for a pair. All
parts are ¥%2” plywood, except %" for baffle (sizes
approximate).

PHOTO 3: Completed bins with and without travel cover in place.

countersink holes every 6-8” through the
dadoes. Drill first from the inside, using the
dado groove to identify the hole locations.
Countersink extra deeply along the baffle
joint to allow rounding over the cabinet edge
without hitting screwheads. For assembly,
use 1%” drywall screws and plenty of glue
(the dado joint makes caulking unnecessary).
A 1/16” pilot drilled into the receiving parts
prior to assembly will help avoid splitting the
thin ¥2” plywood.

AN ORDERLY ASSEMBLY

In order to align the parts, you must assem-
ble the cabinet pieces in correct order. First,
attach Hom Plate | to one of the sides, then
the port to that same side but not yet to Hom
Plate 1 (to allow parts jockeying later). Now
join the second side to the previously assem-
bled parts. When everything is secure, fasten
the joint of Homn Plate 1 and the port with
screws. To this master assembly, slide into
its dado and secure Hom Plate 3, the bottom,
the horn brace, Hom Plate 2, and the top, in
that order. The last piece you will attach is
the baffle.

True the front edge around the baffle of
any overhang and round it with a %" radius,
Cut a 14" hole for the driver (it should be off-
center 1o prevent standing waves), and rout a
14" recess in which 1o set the driver. Now is
the time to cover the cabinet with carpet.

If you're using an SKB case, cover only
that part of the cabinet which will be
exposed. Leave the rear cover in place. With
the cabinet inside, lay the case on its back.
Cut and drill two pieces of %" aluminum
angle about 12” long to use as mounting
brackets, and mount the cabinet to the case.
Inject expanding foam into the space
between cabinet and case, running a bead
around the cavity perimeter. Do this in
stages, allowing at least two hours of cure

time between successive beads. Trying to
inject the entire cavity at once will result in
bowing of the outer case walls.

After the foam has cured, attach the top
box pole mount. Use 3” drywall screws to
penetrate the case and foam, and anchor to
the inside cabinet. Drill a 1%4” hole through
the mount and case, so the pole rests on top
of the inner cabinet. Then drill the mount
and install an insert for the thumbscrew that
secures the pole (Fig. 4).

Casters, if you decide to use them, are
also screwed through the case and foam and
anchored to the inside cabinet. By mounting
them on the side of the case, rather than the
bottom, you maintain better stability when
set up for performance.
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FIGURE 3: Horn brace detail.
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Debunking the Myths

Cap Myth # 1
Silver, gold, or stranded lead wires
make an ordinary, single-wind cap
sound great!

Cap Fact

The body of the capacitor - not the
lead - brings about superior perfor-
mance:

« On any component part, the
shorter the lead, the greater the
overall sonic performance.

« PCB mounted caps have leads
cut to 1/8 to 1/4 inch long.

Result: The rest of the expensive lead
metal is tossed away!

* Stranded leads don't fit easily into
PCB holes & loose strands reduce
reliability & can cause shorts in the
circuit.

* Stranded leads reduce capacitor
performance by allowing air, mois-
fure & contaminants into the body
of the cap through the gaps
between strands. Lead insulator
material cannot bond as well to
the protective epoxy end-fill seal.

Result: oxidation & corrosion within
the cap

Result: increased distortion (ESR).
potential cap failure, degraded
sonic quality over time

Solution?

MIT's MultiCap leads are single,
heavy-gauge tin-coated copper,
which forms an excellent seal to
maintain low ESR and phase anom-
alies over time.

In addition, the MultiCap’s internal
bypass design reduces distortions
and saves time & space, insuring
immediate value & top perfor-
mance over the life of your equip-
ment.

Call for copies of Richard Marsh’s
articles from Audio, The Audio
Amateur, and TAS, and MIT white
papers on capacitor design.

And watch for Cap Myth # 2. Plate

Materials!

MUSIC INTERFACE TECHNOLOGIES
For National & International Inquiries

Phone: 916/823-1186 Fax: 916/823-0€

Reader Service #69
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PHOTO 4: Router guideboard screwed to cabi-
net side, ready for dado cutting.

WIRE WORKS
The best method of power amp wiring is
with a pro speaker connector. Use a four-
pole jack and plug with three-conductor, 12-
or 14-gauge type SJ wire. One conductor
connects to low-frequency out, one to high-
frequency out, and one to common ground.
This allows using one speaker cable from the
power amp rack to each PA stack.

The four-pole jack mounts on Hom Plate
3, as shown in Photo 6. A %" hole drilled
behind it through Hom Plate 1 is for the dri-
ver hook-up leads. Also mounted to Horn
Plate 3 are %" phone jacks, which are wired
to the high-frequency poles of the four-pole
jack. A standard 6’ phone-to-phone speaker
line then connects these to the high-frequen-

PHOTO 5: Horn Plate 1 attached to the side.
Note the groove down the middle of the horn
plate, into which the horn brace will later fit.

PHOTO 6: The jacks. Note the four-pole jack
for connection to the power amps, and %" jacks
for routing the high end only to the top box.

cy top box for performance setups. (The
extra jack enables connection of two top
boxes.) When the SKB back is attached for
transport, there is plenty of room in the hom
throat to store the cables.

This system has no crossover, because
passive crossovers just don’t cut it for high-
power use. Biamping is the only way to go
for maximum output and driver protection.

Finally, drill the baffle for t-nuts for the
driver and the protective metal grille. Stuff
the enclosure with polyfill, and run a hook-
up wire from the four-pole jack through the
14" hole in Horn Plate 1. Caulk it airtight,
wire and install the driver and grille. Triple-
check your connections to ensure all wiring
leads to the correct driver: a reversed speaker
connection could spell instant destruction for
a hom diaphragm!

In Part 2, [ will discuss the top box. %
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JBL E140 woofer and SKB case
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Model

D19TD-03 No Magnetic Field
D19TD-05

 D20TD-05
D19AD-05

| D25AG-05
| D25ASG-05 Shielded Alum.

D25AG-35
D25TG-05
D25TG-55
| D25TG-85
| D26SG-05 Shielded textile
 D26TG-05
D26TG-35
| D27TG-05 Flat Face
| D27TG-35 Flat Face
D27TG-15 Bulged Face
| D27TG-45 Bulged Face
H25TG-05 Horn Loaded
H25TG-35 Horn Loaded
| D75MX31
| M10MD-39
' P13MH-00
M10-IC, M13-IC
' M11WH-09
' P11WH-00
| M138G-09 Shielded Magnet
| P13WH-00
C17WG-69

M17SG-09 Shielded Magnet  64"Woofer***5%10 |

| P17WJ-00

| P178J-00 Shielded Magnet
. M18WO0-09

| P21WO-12

| P21WO-20

| M22WR-09

| P25W0-00

| M26WR-09

| D26NC-05 Neodymium

i Size
Description
34" Dome ***3
34" Dome'?3
34" Dome'#
34" Dome'?®
1" Dome'

1 "VDome1 S
1" Dome
1" Dome

1" Dome
123

125
13
13
1" Dome
1" Dome***14

1" Dome

1" Dome'%*
1.8ILK

14

1" Dome
1" Dome ' 2S1LK
1" Dome ' S'X
1" Dome 121K
1" Horn'3
1" Horn'23
3" Dome Mid*
4" Cone Mig®®1°
5" Cone Mid®""1°

Isolation chamber for M10MD-39—$1.50

4.5 " Woofer®5'0

414" Woofer®"10 |

5" Woofer**+58.10
oX \{Voofers'7'1°
614" Woofer®®

61/2“‘Woofer6'7‘1° |

614" Woofer***©67.10 ‘
614" Woofer®810 |

8" Woofer6'7'1°
8" Woofer®"-1
8" Woofer®8.10

10" Woofer® 10|

10" Woofer®810

1« Dome 14

I

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

Flush mount kit Each or Wedge surface mount Each

A13WH-01
| A17WG-01
| M22WR-19
M22WR-29 Dual Voice Coil
| M26WR-19
| M26WR-29 Dual Voice Coil
Grills

Imp. Fs Qts Vas X-Max Rating Sens. Cost
Q Hz Liters F|;nmk Watts db 1WAM Pe!'
= | b ea | @Freq db | Unit
8 | 1400 | 50 | 12@5K | 90.5 $13.00
8 1700 80 12@5K 89 $11.00
6 1700 100 ’ 12@5K 88 $12.50
6 1700 100 | 12@5K . 875 $17.00
6 1500 | 100 | 12@4K | 90 $19.25
6 1500 | 60 12@4K 90 | $23.00
6 | 850 100 | 12@3K | 89 | $23.50
6 1500 90 | 12@4K 90 | $13.50
6 1500 100 | 12@4K 91 $13.50
6 750 100 | 12@3K| 90  $18.75
6 1450 60 | 12@4K, 92 $19.00
6 1500 100 | 12@4K| 91 | $15.00
6 940 100 | 12@3K 90 | $19.00
6 | 1000 | 100 | 12@4K 91 $15.00
6 | 650 | 100 | 12@3K 90 $19.50
6 | 1000 | 100 [ 12@4K | 91 | $15.00
6 650 100 | 12@3K 90 $19.50
6 1500 100 | 12@4K 95 $16.00
6 750 | ) 100 | 12@4K | 94 | $20.00
8 | 300 | Both these mids o 80 |12@500, 92 | $30.00
48 | 110 |requirechambers.| g5 80 |12@700, 88 | $19.50
48 60 .33 10 1 40 | 6@200 89.5 |$32.00
| _Isolation chamber for P13MH—$4.00
8 68 .3 43 | 3 30| 87 | $31.50
8 52 21 10.3 3 30 88 $31.50 |
8/16 | 54 | 35 12 2 35 88 | $30.00
48 | 60 | 33 | 10 4 40 88 | $32.00
8 44 .55 358 .3 50 89 $17.00
8 34 .34 53 3 50 89 $32.00
48 | 37 .35 35 4 | 70 | 88 $32.00
8 [ 4 .35 33 4 70 87 | $40.00
4/8 35 .37 285 | 4 70 87.5 | $42.00
8 33 .34 85 3 70 91 | $42.00
8 28 .33 113 4 80 91 | $43.00
6 | 30 | 38 | 58 | 65 150 88 $62.00
8 | 24 28 | 178 | 4 80 90 | $46.00
8 26 | 32 | 130 | 65 130 88.5 | $65.50
Automotive Speakers and Home Applications Requiring 4 Q Speakers. (All drivers are suitable for automotive use!)
6 | 1800 30 [ 12@3K | 88.5 | $24.00
- | $3.50
4 110 .50 3.5 3 40 89 | $45.00
4 58 . 60 15 | 3 60 84 $49.00
4 48 | .70 20 | 55 150 88 | $60.00
44 | 471 .66 20 5.5 75/75 | 87 | $63.00
4 | 44 | 69 | 83 | 55 150 | 90 | $68.00
4/4 | 40 .67 53 55 | 75/75 | 89 $71.00

1) Ferrofiuid
2) Chamber and Tinsel Leads
3) Polyamid dome

5" Coax 8710
614" Coax®71°
8" Woofer®810

8" DVC Woofer®8.10

10" Woofer®810
10" DVC Woofers‘a‘m

D25/D26/H25/M10MD ----$7/Pair

P13—$12/pair

4) Textile dome
§) Aluminum dome
6) Magnesium Cast Frame

7) Mineral Filled Polycone
8) Very stiff conical Paper cone.
@) Foam surround

Power

P17—$15/pair

4

P21—$18/pair

10) Rubber surround
°** Double Magnet/ Shielded
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1" TWEETER D26SG-05-06 5" WOOFER M135G-09-08

. SPEQIAL FEATURES:
SPECIAL FEATURES:
o FABRIC DIAPHRAGM * MAGNETC SHIELDED /DOUBLE MAGNET I
o MAGNETIC FWIID B * SPECIALLY DESIGNED FOR Tv SETS s
|| o “BUTTERFLY” VOICE COIL ASSEMBLY : ® VERY SMOOTH FREQUENCY RESPONSE ,{
o £
l © MAGNETC SHIELDED / DOUBLE MAGNET ! * HIGH DAMPING RUBBER SURROUNO | [
|
| o PREPARED FOR CUSTOMIZED FRONT * WELL SUITED FOR BASS REFLEX 1 t
L mox 093 _ =
1reevst0t NOMINAL IMPEDANCE 80
NOMINAL IMPEDANCE 8o o NOMINAL POWER (IEC 268-5) 33w
YOrCE COL ResisNCE e, e) MUSIC POWER (DIN 45500) 70 w
SO TERM MAX POWER (IEC 2065 900 W 1 2’:‘5‘;"“‘5‘.% F'Aw"cfm) e+ $
LONG TERM MAX, POWER {IEC 2088) 400 W™ EFFECTIVE coné AREA 80 cmt ¢
OPERATING POWER az w VOICE COIL RESISTANCE 56 0 bl
| SENSITIVITY (1W, 1m) / {283V, 1m) 7/92 @B VOICE CON N i
| FREQUENCY RANGE 3.30 KMz LYINDUC TRHCE .7l
FREE AIR RESONANCE 1450 Hz OPERATING POWER 83 w
VOICE COM. DIAMETER 2ol YOICE COIL DIAME TER 25 mm
VOICE CON HEIGHT 18 mm I VOICE COIL HEIGHT 0 mm
AIR GAP HEIGHT 2 mm / AIR GAP HEIGHT 6 mm
EFFECTIVE DIAPHRAGM AREA 71 em? g FREE AIR RESONANCE 54 Mz
MOVING MASS (incl. k) 033 g i MOVING MASS (incl. okr) 65
MAGNET WEIGHT (2 magnets) (152 0a) 432 ¢ L FORCE FACTOR, B x 1 2 fem
FORCE FACTOR, Bxl 37 Tm / MAGNET WEIGHT (121 0z) 344 ¢
g‘u (‘i:? Qms 1.%0
on a4 Rear v b oI5
| Vos
3P (o8
L tl g
D268G-05-08 * Mg s
il
DISPERSION PLOT . = = - p—
0,30 and 60 deg. = = : = e T E
’ Input: 2.83 V ‘B = — == a2
Mic.: 1m — [
— = :
R SEE S - —'k
Mounted in e — - E =
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e b=in - - — - 1
16.11.94 PM B FE !.—‘_"'ﬁ S=SEESESip
e peu Swgs | 1 fif siiaif 223 E
o spmce roe-fexd sbove 100 He P ol 321 B YEd ¥ Jde
et § Qe 2012 Audho Aralyrer - - - - ' we = ) - -
- Wy P -y 1 e ®®  wewm s Cw
— -
‘ »
1y
6% WOOFER 6'." WOOFER P17SJ-00-08
SPECIAL FEATURES: .
-
* MAGNETIC SHIELDED/DOUBLE MACNET SPECIAL FEATURES: I
* SPECIALLY DESIGNED FOR TV SETS o MAGNESIUM BASKET ‘ .
* VERY SMOOTH FREQUENCY RESPONSE © MINERAL FILLED POLYCONE X
* HIGH DAMPING RUBBER SURROUND SR IGHIDAKEINGIRUBSERISURHOUND !
B T T (T ® VERY SMOOTH FREQUENCY RESPONSE | i
REFLEX |
© MAGNETIC SHIELOED / DOUBLE MAGNET
* VENTED THROUGH SHIELD S .
L= — L cuer i
NOMINAL IMPEDANCE 80 NOMINAL MPEDANCE [ X-]
NOMINAL POWER (IEC 268-5) 50 W VOICE CON. RESISTANCE 58 o
MUSIC POWER (DIN 45500) 80 W NOMINAL POWER (IEC 206-5) 20 w
FREQUENCY RANGE 34-5000 Mz B SHOAT TERM MAX. POWER (IEC 208-5) 350 W°! 3
| SENSITWVITY (1W, 1m) 89 ¢8 = LONG TERM MAX. POWER (EC 208-8) 150 W K
EFFECTIVE CONE AREA 137 ecmt < MUSIC POWER (DIN 45500) 20 W
VOICE COM RESISTANCE 58 0 M OPERATING POWER [
VOICE CONL INDUCT. | SENSITIVITY (1W, 1m) /(283V, Ym) 87167 0B
OIL INDUC TANCE 0.7 mH
OPERATING POWER 50 W / FREE AIR GESONANG 50
VOICE COIL DIAMETER 2% mm VOICE R“mg ; s
YOICE CON. HEIGHT 12 mm VOICE CON. HEIGHT " b
AIR GAP HEIGHT 8 mm AIR GAP HEIGHT & mm }
FREE AIR RESONANCE 34 H2 VOICE CON INDUCTANCE 084 mH
MOVING MASS (incl. ar) ng EFFECTIVE CONE AREA 128 cm?
FORCE FACTOR, 8 x | 5.3 Txm . MOVING MASS (incl. oir) 129
MAGNET WEIGHT (12,1 o2) 344 ¢ / MAGNET WEIGHT (2 magnets) (2840x) 721 %m
o FORCE FACTOR, B! Sk
0,47
_ ®w | L . o -
B e W, ] —
'@E‘T A ~ = ] P178J-00-08 ==
== - H -
- B
= DISPERSION PLOT =
= 0, 30 and 60 deg. H
-+ Input; 283V e=r = mastiie=iaE
4E : Mhc.: 1m - H =ESSniNiem=S
] 320 hr. box n —
¢ === Infinite befMe. i
Es . —
==F 09.12.94 PM : H—
— - o . 1
- - ot ] we A o Halt epace free-fotd above 100 M. (e L) O = \J L
Tacke by ) s, ®We® freem—, ASCim Browl & Iesr 2012 Audio Ansdyre:,




4% WOOFER

M11WH-09-08

6%" WOOFER

M18WO-09-08

SPECIAL FEATURES;

LONG STROKE, LOW REFLEXION,
MAGNESIUM BASKET

BLACK COATED PAPER CONE
LOW DAMPING RUBBER SURROUND

ATl

SPECIAL FEATURES:

NEW LONG STROKE, LOW REFLEXION,
MAGNESIUM BASKET

STIFF AIRDRIED PAPER CONE
LOW DAMPING RUBBER SURROUND
® KAFTON® V C. FORMER

 VENTED THROUGH V.C. FORMER AND
POLE PIECE i © LONG THROW MAGNET SYSTEM .
R ||
® NEUTRAL MIDRANGE REPRODUCTION SRS TR | ® OPTIMIZED FOR BASS REFLEX
NOMINAL MPEDANCE o8 NOMINAL MPEDANCE X
NOMINAL POWER (IEC 268-5) % W e e D oy
SHORT TERM MAX. POWER (IEC 268.5) 140 W P O 90
LONG TERM MAX. POWER (IEC 208.5) 70 W REQUENCY RANGE SSS000R¢IE
MUSIC POWER (DIN 45500) o0 W SENSITIVITY (1 W, 1 m) )
NG POWER olw EFFECTIVE CONE AREA 132 em?
SENSITIVITY (1W, tm} / (283V, Im) _ 87/87 ¢B VOICE CONL RESISTANCE 5.7 @
FREQUENCY RANGE 70-5000 Hz VOICE CON_ INDUCTANCE 050 mH
FREE AR RESONANCE 68 Hz OPERATING PFOWER "W
DIAMETER 25 mm VOICE COML DIAMETER 40 mm
YOICE CORL NEIGHT 10 mm VOICE CONL HEIGHT 14 mm I
mm AR GAP HEIGHT s mm
EFFECTIVE CONEAREA. 37 om EREEAIR RESONANCE co) i
MOVING MASS (inel. &) 58 g e 340
MAGNET WEIGHT (148 c2) 45 g EORCE FACTOR. B 75 Tim
FORCE FACTOR, Bx/ 80 Txm MAGNET WEIGHT (248 02) 896 ¢
Vas 4w Qms a7
ame 79 Ome 0%
Qos om o3
on 03t Vas 285 w -
SPL 18| [ TTe Pty g K Bater. W femtmte 10 e tpet 700 mevem.  Page Spome J_D.-—
M11WH-09-08 - p— —_— - ¥ a5 B 3. o T
EESiEEHIE = EE vl B8 B 7 2911 B E2eEeeTN
DISPERSION PLOT == — = E——— = =
0, 30 and 60 deg. ==+ = S5 i EEiE= == =EE 7
Input: 2 = : =S =E=t N == == R o b 411 el
nput: 283V = ==s F— e (810 =
Mic.: m H—t— —3— = Sose refle =
T = — == = )
L] —— — - —
18 Itr. box moured — =3
In Infintte baffe. e = =
N =5 : = = X
06,0899 FKJ S = \
Anvechoi room 617 8 meters. . —higE i = Fial =
e ek bl Lics * bt X B - = we 2 - " ” A9C *
Pty =
e e - o e “by__.l_ Dol LS ) aeCun

8" WOOFER

SPEQIAL FEATURES:

¢ NEW LONG STROKE, LOW REFLEXION,
MAGNESIUM BASKET

* VERY STFF CONICAL PAPER CONE
* LOW DAMPING RUBBER SURROUND

* MAGNET SYSTEM WTH 2° VC AND
LARGE VENT

* OPTMIZED FOR BASS REFLEX

M22WR-09-06

10" WOOFER

405
228057

-l

a5
T -
N

|
I_ mar_ 81248

mox. #1855

i

NOMINAL IMPEOANCE

VOICE COIL RESISTANCE
NOMINAL POWER (IEC 268-5)
MUSIC POWER (DIN 45300)
OPERATING POWER
SENSITVTY (1W, 1m)
FREQUENCY RANGE

FREE AIR RESONANCE

VOICE COL DIAMETER

VOICE COIL HEIGHT

AIR GAP MEIGHT

VOICE COIL INDUC TANCE
EFFECTIVE CONE AREA
MOVING MASS (inci. alr’
MAGNET WEIGHT
FORCE FACTOR, 8 x L

)
(37.4 o2)

#5.20 1x6)

Front )
\

SPECIAL FEATURES:

NEW LONG STROKE, LOW REFLEXION,
MAGNESIUM BASKET

VERY STIFF CONICAL PAPER CONE
LOW DAMPING RUBBER SURROUND

MAGNET SYSTEM WITH 2"V.C.
AND LARGE VENT

OPTIMIZED FOR BASS REFLEX

NOMINAL MPEDANCE X Front
VOICE COWL RESISTANCE 59
NOMINAL POWER (IEC 268-5) 100 W
SHORT TERM MAX. POWER (fEC 268-5) >500 W !
LONG TERM MAX. POWER (IEC 208.5) 300 W !
MUSIC POWER (DIN 45500 200 W
OPERATING POWER 56 W
SENSITIVITY (W, Im) / 283V, 1m)  805/885 dB
FREQUENCY RANGE 26-1000 Hz
FREE AR RESONANCE 28 Hz
VOICE COML DIAMETER 50 mm -
CON HEIGHT 21 mm
AIR GAP HEIGHT 8 mm
COR. INDUCTANCE 18 mH
EFFECTIVE CONE AREA 337 em?
MOVING MASS (incl. k) s g
MAGNETWEIGHT (374 .02) 1082 9
FORCE FACTOR, Bx! 1 Tem
Vas 130
oms 282 foo
Qes 0308 o .
Qs 032
P jomy
M26WR-09-08 . )
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0, 30 and 60 deg. Sogs §
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= i
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Mic.: m — i 1 $
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THE BAEKGAARD CROSSOVER

well-researched System III Loudspeaker

design article in SB 5/94 (p. 8), because
of his use of the Baekgaard “bridging”
speaker technique.! Although Baekgaard
uses the term “filler” speaker, I will stay with
Stenton’s terminology.

Baekgaard adds a bridging speaker to
“fill” the infamous notch that results when a
two-way, second-order Butterworth cross-
over is used and both drivers are connected
with normal polarity. This technique converts
a crossover that is normally unacceptable,
because it is not all-pass (AP), to one that is
not only AP but constant-voltage (CV). With
a CV crossover, the on-axis response is con-
stant (i.e., an AP), and it maintains the phase
so the outputs sum to unity. Such a device
has no distortion of its transient
response and is thus considered ideal.

Iwas very interested in D.E. Stenton’s

This is really a case of creating a “silk  Fr>{}——~

110F 10K
NP

purse from a sow’s ear.”

Genenally, only first-order passive
crossovers will provide this CV char-
acteristic. Since Stenton covers the require-
ments for driver frequency overlap about the
crossover frequency, driver directivity, and
also addresses the bandpass (BP) filter
requirements for the bridging speaker, I will
not repeat this information.

Both Stenton and Baekgaard use pas-
sive implementations. Interestingly, an
active filter circuit topology exists that pro-
duces all three of the outputs needed to use
the Baekgaard approach: low pass (LP),
high pass (HP), and BP. And it is easily
tunable!

AN ACTIVE APPROACH
Back in 1979 I decided I needed a tunable
crossover for speaker development work. I
concluded that finding a potentiometer of
more than two sections (a dual pot) that
could be used for crossover tuning would be
unlikely. This led me to develop a two-
way, second-order Butterworth device.
Searching the literature, I found that the
state-variable filter topology looked best for
my intended use. This topology is covered
in Lancaster.2 The basic implementation is
shown in Fig. 1.

The steady-state gain equations for this
configuration are:

20 Speaker Builder / 2/95

By G.R. Koonce

TECHNIQUE

R e 7
, TUNING ,
R / '
[ ! J
] II ] ll
[¢ / c
R
SN IRPLT > ] =
R R
- -
é. SUMMING INVERT ING INVERT ING
BUFFER = INTEGRATOR = INTEGRATOR
= Ra
Ro =23 (=:T3 ar
«<BF OUT ] LP out >
FIGURE I: The state-variable filter implementation.
R10
I
R3
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4AK87 FREQUENCY ADJUST

«CS, CB6: 0.0142uF FOR LOW-PASS,

FIGURE 2: Schematic for breadboard state-variable

0. 0014uF FOR HIGH-PASS

filter.
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where w = radian frequency of interest

Q = filter Q (0.707 = Butterworth)

wg = 1/RC = frequency to which
filter is tuned

The state-variable filter section has all three
Butterworth outputs. It so happens that the
BP output is the proper crossover function
for the bridging speaker. When you tune the
state-variable filter, the three outputs tune
together.

Figure 2 is the schematic for a breadboard
state-variable filter. Remember, this work
was done some 15 years ago; I'm sure differ-
ent op amps would be selected today. The
three breadboard filter outputs are shown in

Fig. 3 at a crossover frequency of 95Hz. If

you compare these responses with Stenton’s
Fig. 6 (p. 12), you will see they agree, except
that the BP gain is not unity. Figure 4 shows
what is required to convert the state-variable
filter outputs into a noninverting CV
crossover. The equations confirm that these
outputs do, in fact, sum to unity, and will do
so at any frequency to which the crossover is
tuned:

LP QUT ]
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NOTES:
RESULTS OF TESTS ON BREADBOARD
ALL OP-AMPS 3014’s
€5,C6+0.0142 uF
CO FREQUENCY X 95 Hz
ViN=1V RNS

@
3
] \
I i -6dB/0CT
© -30 [- / \\ BAND PASS
w
I \
hd / \-12dB/0CT
5 / \ LOW PASS
S -40 \\
\
\
\
~50 |- \\
\
A A A 'l L A A A 1 'l
10 20 50 100 200 500 1k 2k 5k 10k 20k

FREQUENCY (Hz)
FIGURE 3: Three outputs from breadboard state-variable filter.
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PLAYING GAMES
One circuit of the type shown in Fig. 4 will
provide a two-way, second-order Butter-
worth crossover function with the desired
bridging speaker capability. Its direct use in a
two-way system would require three drivers
and triamping. When building a two-way
system, you may find drivers with sufficient
frequency overlap for the woofer to also han-
dle the bridging speaker requirements (refer
to Stenton for details).

You would simply sum the LP and BP

REFERENCES

1. E. Baekgaard, “A Novel Approach to Linear Phase
Loudspeakers Using Passive Crossover Networks,” JAES
(May 1977): 284-294. This work is also included in the
original AES Loudspeakers—An Anthology, p. 411.

2. D. Lancaster, Active-Filter Cookbook (Howard W.
Sams, 1975): #21168.

3. D.A. Bohn, “A Fourth-Order State Variable Filter for
Linkwitz-Riley Active Crossover Design,” AES Preprint
2011 (B-2), Oct. 1983.

4. J. Vanderkooy and S.P. Lipshitz, “Power Response of
Loudspeakers with Non-Coincident Drivers: The Influence
of Crossover Design,” AES Preprint 2049 (F-4), Oct. 1983.

outputs to drive the woofer, resulting in a
two-driver system that is biamped and has a
CV crossover function. The tweeter would
have the protection of a second-order HP,
with the woofer crossover section rather
unusually shaped due to the LP-BP summa-
tion. Because it is tunable, you can move the
crossover point about somewhat to optimize

Finding drivers with sufficient frequency
overlap and proper directivity to build such a
system may be difficult, but things should
improve for a three-way system. This would
require building two of the state-variable
functions from Fig. 4. Again, drivers may be
available which let the woofer act as the
bridging speaker for the lower crossover fre-
quency, and the midrange driver serve this
purpose for the upper crossover frequency.

The result is a three-driver, three-way sys-
tem with CV crossover, and the tweeter pro-
tected by a second-order HP. If you build
three of these circuits, with the proper
buffers and switching, they can be config-
ured as any of the following tunable
Crossovers:

I. multiple two-way, second-order
Butterworth with bridging speaker BP output;

2. a three-way, second-order Butterworth
with both bridging speaker BP outputs;

3. a two-way, fourth-order Linkwitz-
Riley (no bridging speaker needed).

KEEP IN MIND

The popular fourth-order Linkwitz-Riley
(LR4) crossover, functionally two cascaded
second-order Butterworth sections, is diffi-
cult to implement passively. The tunable
implementation above requires three state-

the system performance, variable functions, which can get messy to
Ky = =1
]
HP R N TO AMP FOR
L] HIGH
FREQUENCY

STATE- ORIVER
VARIABLE

FILTER

_L_

Ky = +1.414 =

em_x_%

Q =.707

GAIN =
UNITY

SEE
FIGS.
1 82

[» e

TO AMP FOR
BRIODGING
ORIVER

TO AMP FOR
LOwW
FREQUENCY
ORIVER

FIGURE 4: Constant-voltage crossover function with bridging speaker.
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tune. Bohn proves the LR4 crossover can be
implemented with a single fourth-order
state-variable filter.3

The AP and CV crossover functions will
produce a flat on-axis response if the drivers
are properly located. This does not guarantee
they will also produce a flat power response,
which could affect the imaging. Vanderkooy
and Lipshitz have shown that, with noncoin-
cident driver locations, these crossover func-
tions may not have such responses in the
real world .4

Here we have addressed the use of
Baekgaard’s technique with a bridging dri-
ver for second-order crossovers. Reference 1
also discusses applying the same approach to
higher-order crossover functions.

Once you go to an active crossover, there
are numerous ways to develop a CV func-
tion. For example, generate the HP by sub-
tracting a unity gain LP from the input sig-
nal. The state-variable implementation is
only one tunable approach that should be
considered.

CROSSOVER RESULTS

The state-variable topology produces an
excellent general purpose two-way Crossover.
Mine is still in service and can be tuned from
100Hz to 8kHz in three overlapping bands. I
bought a number of bargain dual 100k2 pots
and selected the best one in terms of resis-
tance tracking. This crossover’s performance
over its full range is shown in Fig. 5.

The filter slopes are well-maintained to
nearly S0kHz, and all crossover points are
down the theoretical 3dB. Generating a null
quickly shows how well a filter maintains
phase. The two-way, second-order
Butterworth does this inherently at the
crossover frequency if the two outputs are
summed. Figure 6 shows the theoretical null
that should occur (solid line) and the test
results for my crossover (the “X” points).
The measured null, which is down 50dB,
may be limited by the summing resistors.

Ore of the worries with a tunable crossover
is whether you dare tune it during use, or will
undesirable and possibly dangerous spurious
signals be generated. My experience with the

r—RANGE AX10:— NOTES:
-~ RANGE 8--- | Viy*1V RMS
SETTINGS  [—RANGE A i i i i OUTPUT ATTEN.
] AT 0 4dB
FREQ:
100 500 800 100 3 800 .0 om0

RANGE: A -}
]

|
-
(=]

VOLTAGE GAIN (dB)
~
(=]

]
w
(=]

' 'l 'y
100 200 500

'y 1 1 1
1k 2k 5k 10k 20k 50k

FREQUENCY (Hz)

FIGURE 5: Gain versus frequency over entire tuning range for two-way crossover.

CURVE IS
COMPUTED RESULT

-30f

SUMMED OUTPUT RESPONSE {dB)

-50 |

1 1 1

U T |

X SHOWS DATA POINTS FROM
TESTING OF CO UNIT

TESTING NOTES:

HP AND LP QUTPUTS OF CO
SUMMED VIA 10k 12. RESISTORS

CO SET TO 1 kHz
1V RMS INPUT TO CO

@——NULL DEPTH LIMITED TO
50 dB IN TESTING

1 L 1 1 1

200 300 500

1k

2k 3k S5k

FREQUENCY (Hz)

FIGURE 6: Notch produced by summing outputs of two-way second-order Butterworth crossover.

state-variable approach has been that tuning
the crossover, and even switching ranges, pro-
duces no unwanted signals.

I believe you could use switched attenua-
tors to tune the crossover, rather than the pot,
if shorting-type rotary switches are used to

avoid an open circuit during switching. This
would allow a higher-order crossover func-
tion. A friend built a pair of these units,
which he can cascade to produce a fully tn-
able three-way, second-order Butterworth
CTOSSOVeT. >

THE BAEKGAARD APPROACH

[Note: This material is presented courtesy of
JAES.—Ed.]

Erik Baekgaard was born in 1939 in Mors,
Northwest Jutland, Denmark. He worked for
Bang & Olufsen A/S in Struer, Denmark,
when he published his work on the bridging
speaker technique in 1977. The main body

of this document worked with the two-way,
second-order Butterworth passive crossover,
and developed the requirements for the
crossover function to deliver to a bridging
driver the signal necessary to “fill”” acousti-
cally the notch normal to the basic two-way
crossover function, resulting in a constant-
voltage crossover function.

Appendices to this work show how the
same approach can be applied to third-order

crossover functions with a single bridging
driver and even higher-order crossover func-
tions, but multiple bridging drivers may be
required. This work is a truly novel
approach to a passive crossover solution to
the notch resulting at the crossover frequen-
cy with a second-order Butterworth
crossover function. Properly applied, the
result is the superior constant-voltage
crossover function.
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REBUILDING THE
KLH-9 POWER SUPPLY

9 full-range electrostatic speakers and

lived happily with them for 24 years
until I sensed degradation in their usually
superb sound. I contacted Arthur Janszen
(the designer), who advised me to check the
polarizing voltages and replace the worn-out
selenium rectifiers. With an electrostatic
voltmeter, I found the voltages were less
than half the specified voltages of 1.1kV on
the tweeter and 5.7kV on the woofer
midrange (Fig. I).

Janszen suggested using a high-quality

In 1961 I purchased two pairs of KLH-

By Clarence C. Close, M.D.

avalanche-protected silicon diode such as the
1N4007. He was uncertain how many were
needed to produce the proper voltage. I
obtained the proper diodes and set out to
return my speakers to their original condition.
I was able to do that and more, since the sili-
con diodes should last for a very long time.

PREPPING THE POWER SUPPLY

The following procedure is how I handled
the problem. You may determine other solu-
tions, but this one worked for me.
Remember, you will be dealing with very

hot potting material and high voltages, so use
care and caution.

If you’re reluctant to perform this repair, I
will do it for $200/power supply, or you can
contact Blue Hill Industries, Box 387,
Boston, MA 02119, (617) 427-6300. You
can have damaged panels repaired by con-
tacting Wm. Barton, 243 Heath’s Bridge
Rd., Concord, MA 01742, (508) 371-1441.

The power supply is “potted” in a wax
resin material which becomes liquid at about
300°F. All of the internal components (i.e.,
transformers) are held in place, not by any
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FIGURE |: KLH-9 power supply schematic.
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Index to these

Holes
O Use 3/16” Bolts

Male Banana connectors._l
indexed to connector board

FIGURE 2: Cut two 3” holes in your jig.

TOP'\

cp

the potting material, making
sure no steel chips remain
inside. Plug the hole very
securely with a rubber chem-
istry stopper (Fig. 3).

Drill % in.Hole, 1/8" from
edge of box, centered.

rubber stopper.

_/’ \— Floor

FIGURE 3: Drill a hole in the power supply and plug it with a

Put the power supply into
an oven at 300°. Be sure to
place a pan under it to catch
any overflow and protect the
oven. When the potting mater-

mechanical means (i.e., screws), but by the
potting material. A critical area is the con-
nection board that holds the female banana
plugs that mate to the speaker base.

You must construct a jig of masonite or
fiberboard, and drill it to bolt male-threaded
banana plugs with washers and nuts to mate
exactly with the circuit board. Drill slightly
oversized holes, inserting the plugs into the
connector board and tightening the nuts to
maintain accurate mating. Be sure to use the
four holes in the comers of the power sup-
ply box for indexing the jig at the same
time. Also, cut 3” circles to allow you
access for pouring the potting material and
positioning the circuit board (Fig. 2). Note:
Only one jig is needed for the right and left
power supplies.

WHAT'S COOKING?

After you have built the jig and are sure it
mates properly, remove it and drill a %2” hole
at the midpoint of the power supply box
where the power supply contacts the floor.
Dirill only ¥2” into the power supply and save

ABOUT THE AUTHOR

Clarence C. Close, M.D., is a retired family physician
whose hobbies are hi-fi and amateur recording. He has
extensively recorded Northwestem University bands and
orchestra and produced several records. His most recent
CD recorded (taped) originally in 1964 was released as
“John Seng and the Mundelein Organ Revisited.”

ial begins to liquefy, remove
some of the fluid with an old
spoon or turkey baster, since as it heats it
expands and tends to run over. It is also a
good idea to insert the right-sized wooden
dowels prior to heating into each of the
female banana plugs, since the liquid potting
material tends to rise and clog the opening.

When the entire potting material has
become liquid, remove the power supply to
a table well-covered with newspaper or
other covering. Slide it slightly over the
edge and carefully remove the rubber stop-
per to allow the liquid to run out. Watch
out—it tends to spurt. Also, it just fills up a
3 b coffee can, and you will need to save as
much as possible.

After all of the liquid has run out (tip it
only very slightly or the transformer will
shift), you will see the components (Figs. 4
and 5). Carefully desolder the various wires
to the connector board and remove the board
and its associated rectifiers and capacitors.
You should be able to easily recognize the
selenium rectifiers, which you will need to
take out. Be sure to note and label where
each wire connects.

CLEANUP

The board will be covered with potting mate-
rial, which you can clean off in one of several
ways. | found carefully applying a heat gun
causes most of the potting material to run off,
without damaging ceramic or mica capacitors
and the resistors. Another method is to
immerse the whole mess into denatured alco-

— SIGNAL TRANSFORMER

/
P s
(=
L
/

H! VOLTAGE TRANSFORMER—I
FIGURE 4: Power supply components.

o

INPUTS

o

hol to disintegrate the waxy material, which
you can then easily scrape off.

After desoldering and removing the sele-
nium rectifiers, measure the distance
between the connection points (Fig. 6).
Using a piece of corrugated cardboard as a
jig, construct a daisy chain of five IN4007
silicon rectifiers, with good mechanical con-
nection, and then solder. You will need five
daisy chains. The original contained six sele-
nium rectifiers, but the voltage was an exces-
sive 6.6kV. Removing one chain and substi-
tuting five 22M$2 2 W resistors worked well
and acted somewhat as a filter.

After you have positioned and soldered
these to the connector board, you are ready
to repot. Using the jig, position the connector
board, making sure to index the jig to the
box. Be sure the connector board is about

Continued on page 64

Transformer

Orange

Yel

Red Orange

FIGURE 5: Power supply transformer.

IN 4007

FIGURE 6: Measuring the distance between the
connector points. Polarity must be the same for all
assemblies.
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Part 2

DRIVER-OFFSET-RELATED PHASE
SHIFTS IN CROSSOVER DESIGN

effects of driver-offset-related phase

shifts on various crossover filters and
investigated one way to reduce filter sensitiv-
ity to phase shifts, that is, using filters with
asymmetrical slopes. Part 2 covers two other
ways to minimize signal errors, and some
practical ways to estimate driver offset in
speaker systems.

In Part 1 (SB 195, p. 26), I examined the

ADJUSTING FILTER OVERLAP

Another method of minimizing the effects
of driver-offset-related phase shifts is to
adjust the cutoff frequencies of the low-pass
(LP) and high-pass (HP) filter sections,
allowing for more or less overlap between
the filters. For a nominal crossover frequen-
cy of 1kHz, for example, you can design the
LP filter for a cutoff frequency of 909Hz
and the HP filter for 1.1kHz, reducing the
overlap between the two sections by 10%.
Unfortunately, it’s difficult to know whether
to reduce or increase the overlap to counter-
act a phase shift.

Often, when you adjust filter overlap, the
change in phase angle at crossover produces
a correction which is opposite to the correc-
tion from the change in amplitude. Without
the aid of computer simulation, you can’t
accurately predict the effect on the response.
You need to consider both the amplitude and
the phase response of each filter section.

As a rule of thumb, if the response need-
ing correction has a hump, the overlap
should be decreased. If the response dips,
then the overlap should be increased.
However, the effects vary with the order of
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HP = 2nd order Butterworth ® 1 15kHz

FIGURE 19: Second-order Butterworth v«(ﬂth
15% adjustment.

By Bruno Carlsson

the filter as well as with the type. To see
how this works, let’s examine some popular
filter types.

SECOND-ORDER FILTERS

Since the response of the second-order
Butterworth filter shows a peak at the
crossover frequency, it seems logical to pull
the two filter sections apart. Figures 19 and
20 show the response when you move HP
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LP = 2nd ordor Buttorworth ® @, 77kHz
HP = 2nd order Butterworth @ 1,3kHz

FIGURE 20: Second-order Butterworth with
30% adjustment.
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FIGURE 21: Second-order Bessel with 10%
adjustment.
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FIGURE 22: Second-order Linkwitz-Riley with
15% overlap increase.

and LP sections apart by 15% and 30%,
respectively. In most situations the 15%
adjustment is superior, and, by changing
polarity at 70°, we can cover the entire range
from 0° to 160° with an acceptable error. The
30% reduction, which often provides a flat
response from the second-order Butterworth
at a 0° phase shift, produces an acceptable
error between 0° and 35°, as well as between
70° and 150°.

With a second-order Bessel filter, pulling
the filter sections apart by 10% gives the
response in Fig. 2/. The minimum error of
Fig. 4 in Part 1 shifts from 40° to 10°, but the
difference between this response and the
response with both sections at 1kHz is not
significant. The 10% adjustment provides a
suitable comrection to make the second-order
Bessel filter flat for a 0° phase shift. Its per-
formance is acceptable from 0° to 50°.

The second-order Linkwitz-Riley filter is
already flat at 0°, but by increasing the filter
overlap by 15% (Fig. 22), we can improve
the response from 30° and up. However, the
response starts showing significant error
around 60°, so the improvement is limited to
between 30° and 60°. Even in this range, the
improvement is small, making the second-
order Linkwitz-Riley a poor candidate for
manipulation by increasing (or decreasing)
filter overlap.

THIRD-ORDER

The third-order Butterworth filter is already
fairly insensitive to phase shifts, but by
pulling the filter sections apart, you can
reduce the error. Figure 23 shows the
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HP = 3rd order Butterworth @ 1.1 kHz

FIGURE 23: Third-order Butterworth with 10%
less overlap.
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FIGURE 24: Third-order Butterworth with 20%
less overlap.
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FIGURE 26: Third-order Bessel with 10%
decrease.

LP = 4th order Buttorworth ® 0,909%H;
HP = 4th order Butterworth @ 1.1 kHz

FIGURE 28: Fourth-order Butterworth—10%
adjustment.

response for 10% less overlap. The maxi-
mum error in the flat part of the response is
about half of what you’d expect without a
change in filter overlap. If we adjust by 20%
(Fig. 24), we’ll obtain a filter which has less
than 1dB ecrror between 0° and 90° and
shows acceptable error to 110°. Clearly, this
filter configuration is very useful when the
exact phase shift is unknown.

The third-order Bessel filter is somewhat
difficult to improve by adjusting the overlap
between filter sections. Figures 25 and 26
depict the results when the overlap is either
increased or decreased by 10%. The normal
response in the two figures is almost identi-
cal, and they are also virtually identicai to the
response in Fig. 7.

The reversed connection is more sensitive
than the normal connection to adjustments in
the filter overlap, and if the overlap is
increased by 10%, the reversed connection
becomes usable for a 0° phase shift (Fig. 25).
The behavior of this filter type makes it a
poor candidate for manipulation by changing
the filter overlap.

FOURTH-ORDER

In general, the higher the filter order, the
smaller the frequency adjustment necessary.
While a 20% change in overlap may be
appropriate for a second-order type, 5%
may be a better starting point for a fourth-
order model. In a fourth-order Butterworth
filter with the sections pulled apart by 5%

(Fig. 27), the normal and reversed respons-
es are mirrored around 70° instead of 90° as
in Fig. 8.

If we adjust the frequency by 10% (Fig.
28), the normal connection is usable between
0° and 50°, and the reversed connection
shows exceptional performance between 70°
and 200°. In general, Figs. 27 and 28
improve upon Fig. 8, and the fourth-order
Butterworth is probably best used with some
adjustment in filter overlap.

You can make the fourth-order Bessel fil-
ter, which was a bit of a disappointment with-
out any adjustment, much more useful by
increasing the overlap. Figures 29 and 30
illustrate the response with 10% and 20%
increases, respectively. When choosing
between the two different adjustment factors,
note that the 20% increase in overlap is supe-
rior at almost all phase shifts; the fourth-order
Bessel is usable for phase shifts between 0°
and 100°.

Finally, the fourth-order Linkwitz-Riley
filter improves at larger phase shifts by
increasing the overlap between sections.
With a 5% increase (Fig. 31), the error
is lower above 40° (compared to Fig. 10),
with usable performance to around 90°. If
you increase the overlap by 10% (Fig. 32),
the error is lower than the unadjusted
response above 50° and the response is now
usable to 100°. In addition, the reversed
connection improves above 150°, where the
error is small.

PHASE SHIFT NETWORKS

Several different networks change the phase
of a signal without changing the amplitude.
Figure 33 shows probably the least compli-
cated implementation of such an all-pass net-
work and includes the proper formulas for
calculating the values of the inductors and
capacitors. F is the design frequency, and R is
the speaker resistance.

To assist you in using this network, Table
1 lists the frequency (for a design frequency
of 1kHz) at which the network has a given
phase shift. Note that the phase shift is nega-
tive, and therefore has a similar effect as the
driver-offset-related phase shift.

Let’s assume we have a phase shift of 70°
at a crossover frequency of 2.5kHz. Table |
shows 70° of phase shift at a frequency of
700Hz, or 0.7+F. Since we want this phase
shift at 2.5kHz, we know that 2.5kHz is equal
to 0.7*F. By solving for F, we get F =
2,500/0.7, or 3,571Hz.

Next, calculate L and C from the formulas
in Fig. 33, using the proper value for R and
3,571Hz for F. Finally, insert the all-pass net-
work between the HP filter and the tweeter.
This adds the same —70° of phase shift to the
tweeter that driver offset adds to the woofer,
forcing the phase angle between woofer and
tweeter to 0°. You can now design the
crossover filters as if no driver-offset-related
phase shifts exist.

To show you the effectiveness of the all-
pass network, I used Table I to compensale
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FIGURE 25: Third-order Bessel with 10%
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FIGURE 27: Fourth-order Butterworth—5%
adjustment.
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for phase shifts between 20° and 160° and
simulated the network response when used
with the HP section of second- and fourth-
order Linkwitz-Riley types. The results (Fig.
34) are better with fourth-order, but regard-
less of filter type, the correction is quite effec-
tive. When fourth-order is used with the net-
work, the response shows lower crrors than
for any other solutions.

USING THE GRAPHS

We have now covered many different filter
combinations and their performance when
driver-offset-related phase shifts are intro-
duced. You may now be saying, “Looks very
interesting, but what good will it do for me?”
To address that question, let’s look at the
information in the different figures, keeping
in mind that readers belong to one of two
groups. The first group knows (or at least
thinks it knows) the phase shift at the
crossover frequency, while the second lacks
the capability to obtain this information. I
address the latter group first.

If you lack the nccessary equipment to
measure phase shift, you can still use the
wealth of information in the figures. You
should concentrate on finding filters which
are relatively insensitive to phase shifts. By
using an insensitive filter, and maybe keeping
the crossover frequency on the low side, you
can increase the chances that any errors relat-
ed to driver offset will be relatively small.

Also keep in mind that even if you have
no test equipment, you can easily perform
one test: simply look at the drivers. In chapter
7 of The Loudspeaker Design Cookbook,
Vance Dickason states that you can use the
center of the voice coil with reasonable accu-
racy to establish the zero delay plane (the
plane from which the driver appears to radi-
ate sound) of a speaker.

Measure the distance from the back of the
mounting flange to the center of the voice
coil for each driver and calculate the offset
from the difference. Then use the formula
from Fig. 1 to convert the distance into a
phase shift at the crossover frequency. Unless
a very large difference in depth between dri-
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vers exists, you can usually contain the esti-
mated offset inside a range which is narrow
enough to use the filter graphs.

For example, suppose you arc building a
two-way design with a 3kHz crossover fre-
quency. The center of the woofer voice coil
(you could also use the apex of the cone) is
1.25” behind the mounting flange, while the
tweeter voice coil is 0.5” back. The difference
is 0.75”, which translates into 59.9° of phase
shift at 3kHz. Next, find a filter type with lit-
tle error at 60° and which is flat on both sides
of 60°, allowing for some error in your esti-
mation. One example is the third-order
Bessel in Fig. 7.

KNOWN PHASE SHIFT
To determine the phase shift, you must mea-
sure in one of two ways: with either an FFT-
type analyzer or a phase meter. If you have
access to an analyzer such as the IMP, which
uses FFT methods to calculate and display
amplitude as well as phase, you simply mea-
surc each driver’s phase response from the
same distance. By subtracting the tweeter
phase angle from that of the woofer at the
crossover frequency, you
obtain the phase shift at this fre-

ed phase shift will be the sum of the driver-
offset-related phase shift and phase shifts
related to driver roll-off. Later, I will explain
how to remove the roll-off-related phase
shifts from the driver-offset phase shift.

The basic method is the same with a phase
meter, but to minimize the effect of unwanted
reflections, you will probably use a shorter
distance between speaker and microphone. In
the setup (Fig. 35), you must move the
microphone vertically from one driver to the
next, maintaining the same distance to the
baffle. As with the FFT analyzer, you calcu-
late the driver-offset phase shift by subtract-
ing the phase angle of one driver at the
crossover frequency from the other driver’s
phase angle.

Either method gives you only an approxi-
mation of the driver-offset phase shift at the
crossover frequency. The reason is that the
difference in phase angle contains phase
shifts from driver high- and low-frequency
roll-off, as well as from driver offset. The
effects of the roll-off-related phase shift will
be included in the crossover filters response,

Continued on page 32

quency. However, the calculat-

TABLE 2

MEASURED PHASE SHIFT

TABLE 1
NETWORK PHASE SHIFT Frequency
Phase Shift Frequency 1k
(degrees) Hz) 1.2
20 176 1.4k
30 268 1.7k
40 364 2k
50 466 2.2k
60 577 2.4k
70 700 2.7k
80 839 3k
90 1K 3.5k
100 1,188 4k
110 1,424 4.5k
120 1,731 5k
130 2,142 6k
140 2,743 7K
150 3,721 8k
160 5,661 10k

17WLQ D-260

Phase Delay Phase Delay Delay Difference
(degrees) (us) (degrees) (us) (us)
-104 -290 +2 +60 350
-125 -290 0 0 290
-111 220 -18 -35 255
-135 -220 -43 ~-70 150
-187 -260 65 -90 170
-202 -255 -79 100 155
-25 -260 -95 -110 150
-253 -260 -117 120 140
-281 -260 -135 -125 135
-353 -280 -176 -140 140
-418 -290 -230 -160 130
-502 -310 -259 -160 150
- - =270 -150 -
- - 324 -150

- - 403 -160 -
- - 432 -150 -
- - 558 -155 -
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AIRR SOUNDBLASTER SOUND CARD
SPEAKER RESPONSE SOFTWARE
Julian J. Bunn

AIRR {Anechoic In-Room Response) offers a cheap altemative to loudspeaker measure-
ment for owners of PCs equipped with a SoundBlaster (this brand only) sound card.
Based on the principte of pulse mode excitation of the loudspeaker followed by Fast
Fourier Analysis, AIRR features full color real-time plotting of both the digitized pulse
received by the microphone and the frequency response of the loudspeaker system.
Requires PC with SoundBlaster 16 sound card; VGA screen with at least 640 x 480 reso-
lution, preferably color; and microphone (usually supplied with the sound card).

SOF-AIR1B3G
$49.95

BASSBOX 5.1 FOR WINDOWS SOF-BAS1B3G
Harris Technologies $99
BassBox 5.1 is a great program that aids in the design of bass loudspeaker enclosures in
two ways. First, it models how a speaker will sound in a variety of boxes, and second, it
models the maximum loudness of the loudspeaker/box combination. Once these tools
help you decide what size and type of box to use, BassBox will then help you calculate the
dimensions of its port, if the design is vented, and the box itself. Many other capabilities.
Windows 3.1+, DOS 5.0+ recommended; IBM 386SX+; 4Mb RAM; mouse; 4Mb hard disk
space (cannot be run from floppy). Also available:

SOF-BAS1B3G/X BASSBOX 5.1 PLUS XOVER 2.03 (below) $118

XOVER 2.03 FOR WINDOWS SOF-X0V1 BB_G
Harris Technologies $29

This package helps in the design of 2-way and 3-way passive dividing networks, as well as
simple load compensating circuits, and calculates the component values for many com-
mon first-, second-, third-, and fourth-order networks. Two-way designs include Bessel,
Butterworth, Chebychev, Gaussian, Legendre, Linear-Phase, and Linkwitz-Riley, while 3-
ways indude 3- and 3.4-0ctave spreads between crossover frequencies. Windows 3.1+,
DOS 5.0+ recommended; IBM 3865X+; at least 2Mb RAM (4Mb recommended); mouse;
1.5Mb hard disk space.

CALSOD 1.30 STANDARD WITH GRAPHICS  SOF-CAL2BXG
Witold Waldman/Audiosoft $69.95

From Australia, CALSOD {or “Computer-Aided Loudspeaker
System Optimization and Design") is one of the world's most
famous software packages in the field of crossover network
design. It combines the transfer function of an LC network with the
acoustic transfer function of the loudspeaker, by using some form
of iterative analysis. CALSOD creates, through the process of trial-
and-error curve fitting, a suitable transfer function model which it
can then optimize. The program differs considerably from other soft-
ware in that it models the entire loudspeaker output of a multi-way
system, including the low-end response, as well as the summed
responses of each system driver. For PC/XT/AT and PS/2 with 512K
of free RAM and DOS 2.10 or higher. Hard disk with 1.6Mb free space
recommended {(except for demo). 8087/80287/80387 coprocessor rec-
ommended but not necessary. CGA, EGA, VGA, or Hercules graphics
card required. IBM—PLEASE SPECIFY DISK SIZE.
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parameter estimator; piston approximation for driver models; simulation of the effects
of room gain; and much more. IBM—PLEASE SPECIFY DISK SIZE.

PXO PASSIVE CROSSOVER CAD SOF-PX03B5G
Robert M. Bullock 11, Robert White $50

New PXO version adds improved ease of use, faster performance, and high resolution
graphics to six great programs: PASSIVE TWO-WAYS, PASSIVE THREE-WAYS,
EQUALIZER UTILITY, RADIATION PATTERNS, EX{CURSION)-LIMIT, and
CROSSOVER TRANSFER FUNCTION. Also has transient response capability for com-
bined crossover sections. 1 x 5-1/4”, DS/DD. 1BM only.

THE PRIVATE FILES OF G.R. KOONCE SOF-KPFNBXG
G.R. Koonce Each $14.95
At fong last, we have persuaded Mr. Koonce—one of America's great computerfloud-
speaker gurus—to make available to the public this 1.7Mb, five-disk set containing 19
unique programs from his own personal library. As wide-ranging in purpose as they are fun
1o use, these handy IBM files developed over the years for Koonce's personal use can
now benefit you! Disk #1: Vented Box Design. Disk #2: Closed Box Design/Testing. Disk
#3: Crossover/Padding Design. Disk #4: Miscellaneous Box Design/Testing. Disk #5:
Driver Evaluation/Overshoot Function. PLEASE SPECIFY IBM DISK SIZE AND
REPLACE “N" IN THE PRODUCT CODE ABOVE WITH THE DISK NUMBER YOU
DESIRE. Also available:

SOF-KPF6BXG KOONCE PRIVATE FILES, 5-DISK SET $69.95
THE LISTENING ROOM FOR IBM ~ SOF-TLRIBXG
Sitting Duck Software $4750
This interesting program predicts standing wave modes in small rooms and is designed for
positioning speakers—and the listener—in such a way as to minimize standing wave
effects and other room-generated influences. It allows for a full range of speaker and lis-
tener movement in 3D space and continuously updates a standing wave Pressure Versus
Frequency display. IBM 256K RAM; DOS 2.11+; CGA, EGA, VGA, or Hercules graphics
required. Also available, by Ralph Gonzalez:

SOF-TLR3M3G THE LISTENING ROOM FOR

MACINTOSH $47.50

BOXMODEL VERSION 3.0 WITH GRAPHICS
SOF-MOD4BXG
$59.95

Robert M. Bullock I1l, Robert White

This worldwide best seller's regular capabilities and features have
included sealed, vented, and passive radiator designs; four concur-
rent design capability; on-line help; 8088 through Pentium support, no
coprocessor required, but recommended; DOS real-mode applica-
tion; auto-detect CGA, EGA, VGA display; pull-down menu; inclu-
sion of atmospheric effects on design; port length calculations;
inclusion of box, port, and absorption losses in analysis; filter-
assisted alignments; equalized alignments through 8th order; and
automatic file save/recall. Graphing capabilities in BoxModel have
included maximum and relative SPL; voice coil impedance mag-
nitude and phase; acoustic phase response; vent air speed; dn-

SOF-CAL3BXG ver piston eéwrsion;da?d %assivge;adiaaégr ecejaxcursion. N(;\;‘v, trlangi(e;(?t

: response and group delay have been as new graphs. In addi-
Witold Waldman/Audiosoft _ $269 CALL ORWRITE tion, other newgfeatures in BoxModel indude series and parallel com-
Although CALSOD Standard 1.30 is an excellent and popular package TODAY pound and isobaric designs; graphics printer dumps, support for over
which more than does the job for most people, CALSOD Professional FOR YOUR FREE 300 printers; generation of optimized flat alignments; display of coeffi-
3.00 differs in that it is more extensive and aimed (aS CALSOD was ong- YOUR FR cients of transfer function: and redesigned user interface. 1IBM—
inally intended) at professional engineers. Additional features of 3.00 ~ COMPLETE CATALOG  p|EASE SPECIFY DISK SIZE. Also available:
include double ported bandpass enclosure models; vented-box, closed- OR MORE
box, and passive-radiator simulations; active crossover network simula- INFORMATION SOF-BPB1BXG BANDPASS BOXMODEL
tion; impedance optimizer for designing zobeis; SPL optimization; ON ANY OF THESE WITH GRAPHICS $50
importing of SPL and impedance data from MLSSA, SYSid, System SOF-TLB1BXG TRANSMISSION LINE BOXMODEL
One, LMS, and IMP loudspeaker test systems; optimizing Thiele/Small PROGRAMS! WITH GRAPHICS $50




MACSPEAKERBOX
Eidon Sutphin

This software allows you to design and examine the low frequency characteristics of bass
reflex, closed box (acoustic suspension), and infinite baffle types of enclosures.
Thiele/Small driver parameters are used to calculate the response for various design
tradeoffs. Macintosh 512K, Macintosh Plus, or Macintosh SE required. ImageWriter or
ImageWriter Il recommended for hard copy.

SOF-MSB1M3G
$39.95

BOXRESPONSE WITH GRAPHICS SOF-BOX2B5G
Robert M. Bullock ll, Robert White; Glenn Phillips $50

Very straightforward, menu-driven, and flexible, this package provides model-based per-
formance data for either closed-box or vented-box loudspeakers with or without a first- or
second-order electrical high-pass filter as an active equalizer. It can be used for design-
ing closed, vented, passive radiator, and electronically augmented vented boxes. The
disk also contains seven additional programs: AIR CORE, SERIES NOTCH, STABILIZ-
ER 1, OPTIMUM BOX, RESPONSE FUNCTION,L-PAD, and VENT COMPUTATION.
1BM 5-1/4", DS/DD.

LDCAD SOF-LDC2B5G
Madisound Speaker Components $11.95
Produced as an innovative supplement to the The Loudspeaker Design Cookbook,
LDCAD is a special collection of programs and resource lists on a single 360K, DS/DD
floppy disk designed to introduce speaker enthusiasts to the kind of work possible on 1BM-
type personal computers. The disk includes four design programs, including BOX PLOT
and EASY CROSSOVER DESIGN, as well as information on Madisound's audio bulletin
board and its contents. IBM only.

LOUDSPEAKER DESIGN SOF-PSH2BX
POWERSHEET PROFESSIONAL $69.95
Marc Bacon

The Professional version of this program covers 19 different kinds of bass loading with
extensive graphing capabilities; volume calculation for 5 different enclosure shapes, evalu-
ation of cavity resonances, rectangular panel resonances, and the coincidence effect; 24
different types of crossovers; 10 miscellaneous programs for shaping circuits, zobels,
room interaction, and coil design; 8 programs for evaluating driver parameters and losses;
electrical laws; conversion factors; room acoustics; and more. A Basic version which
includes 41 of the above programs is also available. IBM PC or compatible with 640K of
memory, preferably a hard disk, and Lotus 1-2-3, Quattro Pro, or another spreadsheet
which can use Lotus * WK1 files. PLEASE NOTE THAT SPREADSHEET SOFTWARE IS
NOT INCLUDED, AND PLEASE SPECIFY DISK SIZE. Also available:

SOF-PSH2M3 LDP PROFESSIONAL FOR MAC 69.95
SOF-PSH1BX LDP BASICFORIBM 9.95
WOOFER-SATELLITE OFFSET SOF-WSO01BXG
Sitting Duck Software $34.95

When, due to aesthetic considerations, woofer systems are placed at distances from the
listener which are different from that of the satellites, serious dips in frequency response
may result. The magnitude, width, and frequency of the dips are a function of the distance
differential and the crossover network in use. This program plots the frequency and phase
response curve which results from user-determined offset differentials and network config-
urations. 256K RAM; CGA, EGA, VGA, or Hercules graphics required. IBM only.

QUICK BOX SOF-QBX1BXG
Sitting Duck Software $34.95
QUICK BOX allows you to rapidly design closed, vented, and fourth-order bandpass
boxes. The program's Library Manager, which allows “quick preview” of driver parameters
and box possibilities, comes complete with data for 38 common drivers—more are easily
added by the user. Supports CGA, EGA, VGA, or Hercules; coprocessor; LaserJet or dot
matrix. IBM only.

LMP LOUDSPEAKER MODELING PROGRAM SOF-LMP3BXG
FORIBM $49.95
Raiph Gonzalez, Bill Fitzpatrick

LMP models multiway foudspeaker systems, with the resulting frequency and phase
response curves predicting the on-axis SPL produced by your choice of crossover, drivers,
and enclosure design. The Macintosh version adds visual and audible square-wave pre-
diction using the intemal speaker or audio output jack. CGA, EGA, VGA, or Hercules
graphics capability required. PLEASE SPECIFY DISK SIZE. Also available:

SOF-LMP3M3G LMP FOR MACINTOSH $39.95

QUICK & EASY TRANSMISSION LINE SOF-QET1B5
SPEAKER DESIGN $8.95
Larry D. Sharp

This unique new booklet starts with the basics: what a TL is, where it came from, and
how it evolved over the years. Then it lays out a step by step process for designing a TL
system that will sound good every time. And for those of you who own a personal com-
puter with Lotus 1-2-3 or equivalent on it, there's also a computer worksheet diskette
included that does the math for you and prints out your system design information. 1993,
22pp., 8-1/2 x 11, spiralbound; IBM 5-1/4" DS/HD. Booklet is easily usable without soft-
ware, but PLEASE NOTE: LOTUS 1-2-3 OR EQUIVALENT SPREADSHEET SOFT-
WARE IS REQUIRED TO RUN WORKSHEET DISK AND IS NOT SUPPLIED WITH
THIS PACKAGE.

ROOM DESIGN POWERSHEET SOF-RDP1BX
Marc Bacon $59.95

This program covers a wide range of knowledge in an easy-to-use spreadsheet format.
Working from a main menu, the user can access programs dealing with room resonances,
reverberation, boundary augmentation, wall diffuser design, resonance traps, and so forth.
Requires an IBM PC or compatible with 640K of memory, hard disk, and Lotus 1-2-3,
Quattro-Pro, Excel, or any other spreadsheet which can use Lotus *. WK1 files. COMPATI-
BLE WITH EXCEL AND LOTUS 1-2-3 FOR WINDOWS; NOT USABLE WITH QUAT-
TRO PRO FOR WINDOWS. PLEASE NOTE THAT SPREADSHEET SOFTWARE IS
NOT INCLUDED. PLEASE SPECIFY IBM DISK SIZE DESIRED.

SPEAKER SYSTEM DESIGNER 4.2+ SOF-SSD2B3G
FOR WINDOWS $279
Bodzio Software

SSD4.2+ enables you to create, evaluate, and then optimize 2-, 3-, 4-, or 5-way loud-
speaker systems prior to starting enclosure assembly. You are also able to model the
behavior of the crossover when loaded by the driver in an enclosure and observe the
dramatic effect on the frequency response curve of the crossover which the driver may
have. Functions available in this package include driver reference library creation; loud-
speaker enclosure design and optimization; compensation of the driver impedance or
amplitude; crossover filter design and optimization; system frequency response evalua-
tion and optimization; frequency response of the system “in room"; L-pad, series LRC,
and zobel network calculators; impedance peak suppressor; and much more. IBM 286+,
2Mb RAM min.; min. 2.5Mb hard disk plus 1Mb to install; Windows 3.1; SVGA with 800 x
600 pixels, 16 colors.

TERM-PRO LOUDSPEAKER DEVELOPMENT SOF-TRM2BXG
Wayne Harris $399
High-resolution graphics, on-iine help, and a menu-driven format that makes this pro-
gram extremely easy to use. Features common to TERM-1 and TERM-PRO include a
10,000-driver-capacity database with multiple library support; enclosure design capabili-
ties for sealed, ported, and isobarik sealed and ported; predicted enclosure response
and SPL plots; port and enclosure layout design functions, including wedge, rectangular,
or bandpass designs; passive crossover design for 1st, 2nd, and 3rd order HP, BP, LP,
notch filters; L-R, Bessell, BEC, Butterworth, Chebychev design; and acoustic curve
overlays with crossover enabling toggie. TERM-PRO (only) also includes single reflex
bandpass (4th); isobarik SRBP (4th); SRBP with coil (5th); isobarik SRBP with coil {5th);
dual reflex bandpass (6th); isobarik DRBP (6th); DRBP with coil (7th); and isobarik
DRBP with coil (7th). Originally intended for auto sound use, but of universal value. IBM
XT/AT, 640K RAM; MS-DOS 3.0+; CGA, EGA, or VGA. PLEASE SPECIFY DISK SIZE
DESIRED. Also available:

SOF-TRM1BXG TERM-1 LOUDSPEAKER DEVELOPMENT $199

DISCOUNT AND SHIPPING TABLE
ORDERVALUE <$50 $50-§99.99 $100-§199.99 $200+
Take Discount 0% 5% 10% 15%
Add Shipping
USA Surface $3 $4 $5 $6
USA Air $7.50  $15 $20 $30
Canada Surface $5 $7.50 $15 $25 | OLD COLONY SOUND LAB
Canada Air Same as USA Air PO Bax 243
Other Surface $10 $20 $30 $40 | peterborough NH 03458 USA
Other Air Add $10 to Other Surface 24-Hr. Tets.(603) 924-6371,
We accept Mastercard, Visa, and Discover, as well as money 924-6526
order or personal check in US dollars drawn on a US bank. Fax (603) 924-9467
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FIGURE 33: Simple phase shift network.

Continued from page 28

so we need to remove these phase shifts as
best as we can from the driver-offset phase
shift.

The phase shift due to low-frequency roll-
off will be positive, while the high-frequency
phase shift will be negative. Each driver’s
measured phase shift will tend to be too nega-
tive at higher frequencies and too positive at
lower frequencies.

MEASURING PHASE SHIFT

While writing this article, I was working on a
two-way system using a Dynaudio 17WLQ
woofer and a Dynaudio D-260 dome tweeter.
Based on visual inspection, I estimated the
acoustic depth of the woofer 1o be 1.5” and
the tweeter depth to be 0.25”. This produces
an offset of 1.25”. The crossover frequency
was 2kHz, so the driver-offset phase shift is
67° at this frequency. However, to increase
my confidence in this estimate, I measured
the offset. I used a setup very similar 1o Fig.
35, using a distance between microphone and
baffle of exactly 2.0”.

Table 2 lists the measured phase shift for
both drivers, covering a frequency range of
1-10kHz. To make it easier to find the offset,
I also converted each phase shift reading © a
time delay, which is shown under the delay
column for each driver. The advantage of
using the delay rather than the phase shift is
that if the offset is constant, the delay will
also remain constant over the entire frequen-
cy range while the phase shift will increase
with frequency. To perform this conversion,
use the following formula: Delay = Phase
shift/(360+Freq). If you enter the frequency
in hertz, you will get the delay in seconds.

I then subtracted the tweeter delay from
the woofer delay and tabulated this reading
under the Delay Difference column. The
delay difference between drivers is 170us at
2kHz. The corresponding phase shift is 122°
(187° - 65°) at this frequency. This reading is
quite different from our estimate of 67°, but it
includes phase shifts from driver roll-off.

From the delay readings in Table 2, you
can see that the woofer shows a fairly con-
stant delay of about 260y over the measured
frequency range. The increase at 4.5kHz is
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due to high-frequency roll-off in the woofer,
and the lower delay between 1kHz and 2kHz
is probably due to amplitude dips in this
range. Above 4kHz, the tweeter stabilizes at a
delay of approximately 155us. Below 4kHz,
the tweeter delay decreases due 1o a positive
phase shift from the low-frequency roll-off.

DON'T DELAY

Based on these measurements, I estimate the
woofer delay to be 260us and the tweeter
delay 155us, for a difference of 105us,
which is significantly lower than the 170ps
difference at 2kHz. As you can see, it is
important to measure the phase shift over a
frequency range which allows each driver to
show a nearly constant delay over a span of
frequencies.

If we convert the delay difference of
105ps to a phase shift at 2kHz, we'll get a
driver-offset phase shift of 76°, very close to
the original estimate of 67°. The formula for
converting a time delay to a phase shift is:
Phase shift = Delay*Freq*360, with delay in
seconds and frequency in hertz.

Finally, we can also calculate where the
zero delay plane of each driver is located.

The distance from baffle to microphone is
2.0”, which corresponds to a time delay of
about 148ps. This delay is included in my
measurements, so subtracting 1481s from the
measured delay produces the delay refer-
enced to the baffle. This results in a delay of
Tus for the tweeter and 112ys for the woofer.
If we convert these delays into a distance,
we’ll get 0.1” for the tweeter and 1.51” for
the woofer. The formula for this conversion
is: Distance = 13,500*Delay, with the delay
in seconds. Once you determine the phase
shift at the crossover frequency, you can use
the various filter response graphs to select a
filter type to work well with this phase shift.

EXTENDING GRAPH RESULTS
In preparing the figures, I assumed the
woofer will radiate from a point behind the
tweeter. This should be the case for almost all
available drivers, except for a few units, such
as a hom-loaded tweeter or midrange, which
could be deeper than the woofer. If this is the
case, you can still apply most of the graphs
with some adjustments.

When studying second-order or fourth-
order filters, the graphs are the same. If you

APPENDIX

Only two filter types in this article do not
appear in my speaker building bible, Vance
Dickason’s The Loudspeaker Design
Cookbook. They are the third-order Bessel and
sixth-order Linkwitz-Riley filters. To give you
a chance to use these filter types, 1 spent some
time calculating the proper values of induc-
tance and capacitance used to implement them.
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FIGURE | A: Values for third-order Bessel.

The third-order Bessel (Fig. /A) and the
sixth-order Linkwitz-Riley (Fig. 24) filiers,
with component values, should be self-
explanatory, with R designating speaker
resistance and F frequency. The HP filter is
shown on top and the LP filter on the bottom
of each figure.

If you plan to use the sixth-order Linkwitz-
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FIGURE 2A: Sixth-order Linkwiz-Riley values.

Riley, 1 offer some advice. This can be a great
filter, in which the steep slope greatly attenu-
ates driver response problems outside of the
pass band, but unless the inductance and
capacitance values are really close to the cal-
culated values, you will have problems.

1 recommend buying tight tolerance com-
ponents, and if possible measure the values.
You can then adjust the capacitance by paral-
leling capacitors and the inductance by
adding series inductance as necessary. It is
also a good idea to use low-resistance induc-
tors. If possible, you should verify the filter
response by measurement (using the speaker
as the load) before final installation.—BC




PRESENTS A NEW LINE OF HIGH QUALITY, PROFESSIONAL ,CROSSOVER ,COILS
MANUFACTURED BY:.

ERSE Electronics Co,lInc.

ERSE is an audio manufacturer supplying high quality components to professional
loudspeaker manufacturers throughout the world. These high quality components are
now available to you from ZALYTRON. Made in the USA.

14ga Perfect Lay Winding FERON Bobbin Inductors
ERSE's 14ga perfect layer audio air core coils are JERSE’s FERON Bobbin Inductors have many
the highest quality of its kind. These coils are qualities important to loudspeakers builders.

excellent for those who do not want any saturation RFERON is a higher quality alternative to ferrite.
distortion, but still want a low d.c. resistance.

Precision quality made in the USA. xVery high saturation levels
1 Low total harmonic distortion
INDUCTANCE x Low hysteresis distortion
6.20mh HLow d.c. resistance

5.60mh uVery high quality factor
4.70mh 2 Unique 8/32 mounting BEESV;{(%%/YSS
3.90mh

3.30mh SySiem

3.00mh PRECISION QUALITY
2.70mh MADE IN THE USA
2.20mh

1.80mh

1.50mh INDUCTANCE
1.20mh 2.20mh
1.00mh 2.70mh
0.82mh 3.00mh
0.68mh 3.30mh
.056mh 3.90mh
0.47mh 4.70mh
0.39mh y 5.60mh
0.33mh . 6.80mh
0.27mh 8.20mh
0.22mh 10.0mh
0.18mh 12.0mh
0.15mh 15.0mh
0.12mh 18.0mh
0.10mh 21.0mh

ZALYTRON INDUSTRIES CORP
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501
TEL. (516) 747-3515 FAX (516) 294-1943
Our warehouse is open for pick-up 10A.M. to 6 P.M. daily, Monday thru Saturday
UPS orders shipped same day. Minumum order $50.00

WRITE OR CALL FOR ALL YOUR SPEAKER NEEDS OR INQUIRIES
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FIGURE 34: LR filter response with network
correction.

are using third-order filters, the reversed
response in the graphs will apply to your sys-
tem’s normal response, and vice versa. If you
use filters with asymmetrical slopes, you can-
not use the graphs when the tweeter is deeper
than the woofer. To provide graphs for these
cases, you need to run new computer simula-
tions with the negative phase shift added to
the HP filter. Since situations in which the
tweeter is deeper than the woofer are rare, 1
did not bother generating extra graphs for
these filter combinations.

I also assumed that the LP filter will be of
a lesser order than the HP filter for all filters
with asymmetrical slopes. This assumption
is justified in almost all cases, but since [ am
a firm believer in Murphy's Law, I am sure
at least a few readers will absolutely need to
connect the higher-order filter to the woofer.
If you do this, you'll be on your own. In a
few graphs, almost no difference occurs in
the response if we change the higher-order
filter to the LP filter. However, in most cases
substantial changes exist.
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FIGURE 35: Phase shift measurement.

FINAL THOUGHTS

I hope you find this article useful when deal-
ing with errors caused by driver offset.
Unfortunately, lack of stamina on the part of
the writer has limited the number of filter
types investigated. Nevertheless, I've
included most common filter types and
combinations.

While there is no substitute for actual mea-
surements in crossover design, I tried to help
you avoid one common source of error when
designing a crossover on paper, without the
benefit of measurements. Even with mea-
surements, this article should help you design
crossover filters which work when used in
the real world. I hope you also have gained
some understanding of how the less than
ideal environment in which they must per-
form affects crossover filters.

I wish that speaker manufacturers will start

to publish data on driver acoustical offset,
minimizing the need for measurements by
the home builder. Since most, if not all, man-
ufacturers use FFT-type analyzers, the data
should be readily available. They should sup-
ply phase response curves at the zero delay
plane, together with information about where
this plane is located relative to the driver
mounting plane.

Until this happens, it would be helpful if
Speaker Builder readers who own measure-
ment equipment such as the IMP share their
measured phase responses with others. The
goal is 10 build a database of phase response
curves of commonly used drivers. By includ-
ing the distance at which the phase response
is measured, you could then calculate the
location of the zero delay plane.

Finally, when evaluating the figures, keep
in mind that we’ve covered only one aspect
of crossover performance. While this article
will help you select filters which produce a
flat amplitude response on-axis, I have not
accounted for a number of other variables
such as the smoothness of the off-axis
response or group delay. Those of you to
whom these other variables are more impor-
tant than the on-axis response will still benefit
from reading this article. >

Say you saw it in
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THE SOUND OF PROFESSIONAL MONITORS AT A PRICE THAT SOUNDS EVEN BETTER
NOW YOU CAN MAKE AN EXCELLENT MONITORING SYSTEM FIT YOUR BUDGET.

For over a quarter of a century Wilmslow Audio have been “the frm for speakers” stocking the widest range of speaker drive units and speaker kits from most of the leading manufacturers and
designers Hi-fi products, Professional monitors, and Public Address equipment—all selected for sound design and reliabity and in keeping with the Wiimslow Audio philosophy of vaiue for money

*SPL1
Near field monitor, reflex loaded design, utilising drive units manufactured by MOREL. Flatpack cabinets machined from 18mm M.D.F
“A really good momnitor for under £200"

“I was immediately impressed I:’v the sound which was surpnsingly powerful and solid for such a small umit
aul White, Recording Musician, May, 1990

Cost £196

*VOLT HOME STUDIO MONITOR

It's not a case of “these are good for a kit," these are good—full stop. The combination of bass extension and total “honesty" will be appreciated

*ATC K50/K100
A joint venture using the highly acclaimed ATC Loudspeaker Technology and Wilmslow Audio, has resulted in the ATC K50 and ATC K100 Loudspeaker kits
Available in *ATC K50 (Passive) - £1,850 (Active) - £2,895
*ATC K100 (Passive) - £1,950 (Active) - £2,995

Wilmslow
YAudio A

Reader Service #50

Cost £420

Wellington Close, Parkgate Trading Estate, Knutsford,
n— Cheshire WA16 8DX England
=
{.ﬁ{. !E:! Telephone: 0565 650605 ~ FAX: 0565 650080 IIIH IIIH
All major credit cards accepted.
UK PRICES SHOWN. PLEASE CONTACT US STATING DESTINATION FOR ACCURATE QUOTATION
FULL CATALOGUE AVAILABLE: £3.50
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THE SPEAKER WORKS, INC.

1021 E. Camelback Rd.

Loy

DOB100R-WCC/8 4"
+ Woven Carbon Cone

» Rubber Surround

+ Kapton Voice Coil

» Cast Allumalloy Basket

Woven Carbon

Phoenix, AZ 85014
(602) 230-0344 FAX (602) 230-8533

“VErsa-Tronics INc. QUALITY SPEAKERS

EOB130R-WCC/8 5-1/4"
« Woven Carbon Cone

+ Rubber Surround

» Kapton Voice Coil

« Cast Allumalloy Basket

Specifications Specifications ‘
impedance .............. 8 Ohm Impedance .................. 8 Ohm o
Resonance .................. 65 Hz Resonance ................... 40 Hz {
Upper Frequency ... 12,000 Hz Upper Frequency ..... 7,000 Hz
SPL1/W/M. ... 83 dB SPLIW/IM ... 88 dB
Power Handling ............. 50 W Power Handling ............. 60 W
QUS i 0.45 Qs ... 0.21
Va8 .o 3.75L VAS oo 21.55L g
Voice Coil ................. 25,5 mm Voice Coil ................. 25,5 mm
Magnet ....................... 100z $24.17 EA Magnet .................... 1330z $29.62 EA
FQB165R-WCC/8 6-1/2" GQB210R-WCC/8 8"
« Woven Carbon Cone « Woven Carbon Cone
» Rubber Surround « Rubber Surround
« Excellent Damping - High Power Handling
+ Cast Allumalloy Basket « Cast Allumalloy Basket
Specifications .
Impedance ................. 8 Ohm Specifications
Resonance .................. 36 Hz Impedance ................. 8 Ohm
Upper Frequency .....5,500 Hz Resonance ................... 33Hz ¢ I
SPLIW/IM ... 88 dB Upper Frequency ..... 5,000 Hz &
Power Handling ............. 80W SPLAW/M ..o, 90dB @
QS oo 0.24 Power Handling ........... 100 W
Vas .o 2783 L QfS, ..o it 0.20
Vas .o 54151L 5~ 8
Voice Coil ................. 35,5 mm i Voice Coil ................. 35,5mm )
Magnet ... 18 Oz $41 .38 EA Magnet........................ 30 0z $55.95 EA
NEODYMIUM SPECIAL - SPECIAL - SPECIAL

RARE EARTH MAGNET TWEETERS WITH
REPLACEABLE DOME/VOICE COIL

Specifications
Impedance ..........cc.cooee.n. 8 Ohm
Resonance FREQ: Fs ... 1500 Hz
Frequency Response: 20,000 Hz
Dome Material: ... Drawn Titanium

Suspension: ................ Supronyl
Voice Coil: ..o 25,4mm
LAYeIS: ..ot 2
Winding Length: .............. 20 mm
Former: ... Titanium
Magnet: .. Rare Earth neodymium
SPL: s 90dB 1/W/1M
Rated Power: ................... *100W

*Music Power

66-25Neo/8F
$20.22 EA

49-25Neo/8F
$19.91 EA

- While They Last -
3/4" and 1" Soft Dome and Metal Dome Tweeters
Take Your Pick $7.95 EA

“——

ANY QUESTIONS? — CALL US
We accept VISA - Mastercard - Check — No C.0.D.

195 PAGE CATALOG $10.00




AEON 250 VDC 5% FINE CAP

Metallized polypropylene capacitors for loudspeaker passive network.

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

Value Diameter Length SRP Value Diameter Length SRP
uF mm mm Uss uF mm mm Uss
10 11 21 1.23 120 25 33 3.56
15 12 22 1.44 150 25 38 4.18
18 13 22 1.49 200 29 38 5.16
2 15 22 1.58 240 29 43 5.98
27 14 25 1.67 300 32 43 7.30
30 15 25 1.73 330 32 48 7.74
33 16 25 1.78 M0 35 48 9.32
39 16 25 1.83 500 37 53 10.96
47 18 27 1.96 510 37 53 1.6
56 18 30 2.10 560 39 53 12.00
60 19 30 2.20 620 39 53 12.98
68 20 30 2.33 750 43 58 15.12
80 20 33 291 820 45 58 16.28
82 21 33 2.97 910 47 58 17.50
90 22 33 3.08 1000 49 58 18.76
100 23 33 3.23 120.0 51 63 21.98
N0 24 33 3.38 130.0 54 63 23.38
STOCKING DISTRIBUTORS: OEMs & EXPORT COMING SOON:
BIG COVE RESEARCH Contact Kimon Bellas  FILM / FOIL 630 VDC CAPS for
tel: (205) 722 9867 fax: (205) 430 3961 or John Sangalli electronics and bypass from
SPEAKERS ETC... tel: (818) 707 1629 0.1 uF to 1.0 pF.
tel: (602) 944 1878 fax: (602) 371 0605  fOX: (818) 991 3072 POLYPRO ULTRA HIGH
TECHNOLOGIE MDB o Lf:kctt - VOLTAGE
tel: (514) 526 8851 fax: (514) 443 5485 QUL Ve 1200 VDC 20 pF

ZALYTRON INDUSTRIES A9°“’°6§A 21301 (o power supply & fube elec-

tel: (516) 747 3515 fax: (516) 294 1943 tronics.



A better speaker damping material...

If you've been building speakers for some time, you know how much guesswork goes with speaker
damping and stutfing. 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
emitted by these chemicals might have on the glues that bond your woofer surround to its cone and
chassis? In this era of costly, space-age drivers and computer-assisted design, we think such risks are
totally unacceptable. So we went to work to find the ideal solution.

The problems are fairly well-known: a driver 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, densified 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. — — — — — — 8

One-inch deep polyester urethane foam. structurally optimized for acoustical damping. Highly effective at 1
“soaking” maximum sound energy with minimum thickness. S — ST
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 |_—
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. Itis strongly bonded to the cabinet wall with pressure \\u;;;;;;;;;:
sensitive adhesive, '

These layers are laminated using an adhesive-free mechanical and thermal process. thus optimizing performance and eliminating the
risk of solvent fume damage. BLACK HOLE 5 can be used in any enclosure, as well as for acoustical panels to improve the characteristics

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

orca 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 body. AXON 8 speaker cable
combines outstanding design features with component quality usually associated with the most expensive cable. With eight AXON 1
solid-core conductors and utilizing mylar/ polypropylene construction, AXON 8§ offers outstanding performance for amp-speaker connec-
tions and perfectionist internal speaker wiring. Our superb AXON 1 AWG 20 solid core conductor is also
available separately. Oxygen-free and 99.997% pure, it is ideal for most internal wiring applications.

Quter 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 20 copper, long-grain and ultra-soft, free of all contaminants and oxygen.
Cable core: crushed polypropylene
Inner envelope: mylar film

Reader Service #32




Wayland’s Wood World

ile recently prepar-
ing a coffee table for
finishing, 1 realized

that although 1 was ready to
apply the first finishing coat, I
had yet to use any sandpaper.
Working your way through a
sandpaper regimen to prepare
the surface for finishing can be a
tedious, time-consuming, royal
pain. For this project I spent a
minimum of time to produce a
glass-smooth surface. OK, I
cheated a bit—I used scrapers.

When woodworkers learned
how to effectively adhere “sand” to paper,
especially for use in wet environs, scrapers
slowly fell out of favor. The first wood
scraper was probably a sharp rock used for
scraping animal hides. You can use scrapers
in the same way to scrape out wood.

The modem version is a simple tool witha

PHOTO 2: Using a mill file to prepare the edge
of a hand scraper.

PHOTO 3: Sharpening the edge.
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SCRAPERS

By Bob Wayland

PHOTO |: Hand and cabinet scrapers with tools. The upper middle tool is a
burnisher jig, and the bottom middie tool is a hand bumnisher.

sharp-edged blade of very hard steel that you
pull or push across the wood surface planing
off a thin layer of wood. You can use the
blade by itself as a hand scraper or in a rig
similar to a plane as a cabinet scraper (Photo
1). A fine cutting edge, called a burr, is tumed
on the tool’s edge by drawing a harder piece
of metal, a burnisher (Photo 1, center), along
the cutting edge. This develops a tiny, high-
angle cutting edge, and the scraper’s body
becomes a chipbreaker.

The main advantage of using scrapers is
that with a single operation you can prepare a
surface for finishing. Because you have cut
off the top layer (the skin) of the wood, the
pores are exposed. The only clearer prepara-
tion of the surface is to plane it. If you sand,
the pores will be filled with dust and fibers,
which are very difficult to remove. Also, you
must be careful to use the correct sequence of
grits to avoid scratching the surface.

This is not a concem with scrapers when
used properly. They can produce a fast, tear-
out-free stock that is satin-smooth on even
the most difficult woods, and are also invalu-
able for removing glue and planer marks. The
main concem is their preparation and mainte-
nance, which differs for hand and cabinet
scrapers.

HAND SCRAPERS

In its simplest form, the hand model is a rec-
tangular piece of hard steel in various thick-
nesses; the thinner ones are most often used
for finish work. The finest example is the
Sandvik 475 ($11.95 from Woodcraft,
#02Z61), a 2.5” x 5-7/8” x 0.80mm-gauge

WANTS $6 MAPER

piece of hardened steel that retains
its edge even after use on glue and
old finishes.

If the long edges are not per-
fectly flat, or your scraper is new,
you must flatten the edges perpen-
dicular to the sides. The easiest
method is clamping the scraper in
a vise between two pieces of
wood (Photo 2). Using a mill file,
cut the edges flat. I used to do this
by holding the file parallel to the
scraper, until Ken Ronquillo, who
is trained as a machinist and
assists me in this column’s proj-
ects, showed me that it is more efficient to
hold the file perpendicular to the edge. With
care you can file the edge flat to within a
thousandth of an inch or so. Examine the
edge from a low angle while pointing it
toward a light source. You can quickly tell
whether the edge is properly prepared or not.

With the edge now ready for sharpening,
you need a flat, rather large, sharpening
stone. (My favorites are the diamond sharp-
ening stones that use water as the lubricating
wash and can sharpen carbide and also flatten
Arkansas and Japanese stones.) Holding the
scraper perpendicular to the stone, position it
diagonally to the direction of motion (Photo
3). Examine the edge frequently.

When you have removed all nicks and
blemishes, a wire edge on each side of the

.

PHOTO 4: Removing the wire edge from a
sharpened scraper.



PHOTO §5: Drawing out the cutting edge.

PHOTO 6: Using a special burnishing device to
raise the burr.

scraper edge will probably remain. You
should remove this by passing the scraper flat
over the surface of the stone (Photo 4). You
usually need just one or two passes. Some
woodworkers slightly round the comers, t00.
I keep one with rounded comers and one
without.

GAINING AN EDGE

To form the cutting edge, you actually draw
out material from the scraper with a bumnish-
ing tool (Photo 5). With this tool flat with the
side of the scraper, pull, using substantial
force. You'll produce a burr running the
length of the scraper, in about five to ten
strokes. Some woodworkers who prefer that
the burr not extend a bit farther from the edge

PHOTO 7: Using a burnisher to draw the edge.

PHOTO 8: Forming the hook on a curved
scraper.

of the scraper skip this step. The raised burr
changes the scraper’s cutting propertics and
also its ability to retain a cutting edge. I notice
more cutting action if I raise the burr, but it
will wear out sooner.

Next, roll the burr to form a good cutting
edge at the correct angle (for most work,
about 5°). Special burnishing devices (Photo
6) automatically produce the right geometry.
If you are using a bumisher, hold it at an
angle about 85° relative to the side of the
scraper (Fig. 1) and draw the edge out (Photo
7). Usually, you’ll need about three passes.

Feel the edge (o be certain that a hook has
been uniformly formed the entire length of
the scraper. It will not be a large protrusion,
but will definitely feel sharp enough to cut
you if you ran your finger along the edge. If
you are sharpening and preparing a curved
scraper, the steps are the same except that the
sharpening stones are tapered and the hook
follows the scraper’s pattem (Photo §8).

You can re-raise the hook a number of
times until it becomes dull; just raise and
reform the hook when it stops cutting well.
You’ll know you need to resharpen when,
instead of shavings, you produce dust.

CABINET SCRAPERS

The cabinet version is very handy in ensuring
that you both maintain the correct cutting
geometry through the scraping stroke and
apply steady pressure. Also, while the hand
scraper will often become quite hot, the cab-
inet scraper removes your hand from close
contact with the cutting edge, limiting expo-
sure to heat buildup. Because the blade is
firmly positioned, you can more accurately
and uniformly scrape large areas. The hand
scraper lets you work in confined spaces, but
with a curved scraper, you can tackle irregu-
lar shapes. You need both when building a
speaker enclosure.

BURNISHER

85°

S \\\\\\)\{\\\ g

FIGURE |: Forming the cutting edge of your
hand scraper.

PHOTO 9: Smoothing the base plate on a cabinet scraper using a diamond
sharpening stone.

PHOTO 10: Flattening and polishing the blade face of a cabinet scraper.
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PHOTO Il: Forming a hook on a cabinet scraper
blade.

PHOTO 12: Puiling the hand scraper.

If your cabinet scraper is new, or hasn’t
been properly tuned, a few quick steps will
greatly increase its usefulness. First, smooth
the face of the holder by simply removing the
blade and using your sharpening stone
(Photo 9). After you remove the ridges from
the face, apply a hard nonstaining wax to cut
down on friction and protect the surface from
rusting. This procedure also works wonders

PHOTO 13: Pushing the hand scraper.
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on other tools, such as planes, that make
direct contact with wood. Flatten and polish
the face (the flat side) of the blade on a stone
(Photo 10). Now file a bevel of 45° on each
long side and sharpen both edges on a stone,
while maintaining a straight cutting edge.

In the same way you draw the hand
scraper, draw the edges on the face side of the
blade about ten times with moderate to firm
pressure, keeping the burnishing tool flat
against the face. You must form the edge of
the bevel into a hook. Most woodworkers
accomplish this in a series of rolling strokes
with the bumisher. Start with an angle of
40-50° relative to the flat surface of the blade
and make a pass. Increase the angle to
60-70° and draw a pass or two on the edge.
Then for the final draw, hold the bumisher at
an angle of about 85° (Fig. 2) and make one
or two more passes (Photo 11).

Adjustment is very simple. After loosen-
ing the thumbscrew and the clamp screws,
insert the blade into the clamp with the bevel
side towards the thumbscrew. Set the scraper
on a hard flat surface, such as your table saw
top, and, while lightly pressing down on the
blade, tighten the clamp screws. Tightening
the thumbscrew adjusts the blade. Later I
describe how to determine when the cabinet
scraper is properly adjusted.

APPLICATION

Using a scraper is a task that can only be
leamed by doing. So why am I writing about
it? I learned by reading a general description
and then spending a couple of hours experi-
menting. Use this introduction to develop
your own techniques; there is no right or
wrong way.

Hold the hand scraper with both hands and
press against the center (Photo 12). Some
woodworkers prefer a small bow on the
scraper, but I avoid this because it can cause
an uneven surface. Start pulling (or pushing)
the scraper toward (away) from you. As you
move it along with the cutting edge flat on the

BURNISHER/
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FIGURE 2: Drawing the edge of a cabinet scraper.

wood surface, tip it in the direction of travel
until you feel the burr start to cut into the
wood. Usually this will be at an angle of
about 60° relative to the wood surface. While
moving the scraper, change the angle until it
produces many shavings (Photo 12).

Remember, it’s okay to either pull or push
(Photo 13) the scraper firmly into the wood.
Use whichever method feels right for you.
Often different grain pattems require differ-
ent techniques. Also, it is a good idea when
you are doing much scraping to change the
cutting edge periodically by rotating to a new
edge. If you are trying to remove planer
marks, position the blade at an angle to the
ridges. This tool is also useful for cleaning up
sawed edges. Hold the scraper’s cutting edge
against the sawed edge and pull it along the
surface.

The cabinet version is used much the same
way as the hand model, except that the
adjustment is with the thumbscrew. Start with
the adjustment screw lightly pushing on the
blade and increase the displacement on the
blade until you are making thin, even shav-
ings. Either the push (Photo I4) or pull
(Photo 15) method works.

PHOTO 14: Pushing the cabinet scraper to smooth a wood surface.




PHOTO |5: Using the cabinet scraper in the
pulling mode.

PHOTO 17: A commerxcial razor scraper, which,
like a chisel, does not produce as fine a surface as
conventional scrapers.

When you need a quick fix for a problem
spot on a wood surface, you can use a chisel
as a scraper (Photo 16). This is useful in cor-
ners of enclosures and for removing glue. An
extension of this technique is a commercial
holder for a razor blade (Photo 17).

TROUBLESHOOTING
Here are a few hints that may make using a
scraper a little easier:

1. Producing dust, instead of shavings,
indicates the scraper is dull and needs to be
sharpened.

S AN

PHOTO 16: Using a chisel as a scraper.

2. If you notice when you sight along the
edge that the burr is broken, you may have
rolled the burr over too far.

3. If the scraper begins to cut only when it
is almost parallel to the surface, you probably
have rolled the burr over too far.

4. Scraping with a sharp comer may pro-
duce ridges or gouges on the surface. Either
be more careful in your technique or round
off the sharp comers.

Remember, as in all woodworking, how,
rather than wha, is the important point. If it
works for you, then just do it. >

SOURCE

Woodcraft

210 Wood County Industrial Park, PO Box 1686
Parkersburg, WV 26102-1686

(800) 251153

For quality reprints in quantities
of 100 or more, contact:
REPRINT SERVICES/
SPEAKER BUILDER,

315 5th Avenue N.W,, St Paul, MN 55112,
(612) 633-1862

High Performance Plus,
Attractive Prices

Cone Series

MCM has combined many of the latest speaker
technology advancements and created a new line of e
polypropylene treated woofers. Their rigid non—pressed paper cone and rubber
surround offer low distortion and excellent moisture protection. Vented pole
piece increases power capacity and semi—square front load frame offers a
professional finished look without additional hardware. Available from 4%" to
12", prices range from $8 to $36.

In addition to the complete line of MCM Audio Select speakers, the MCM
Electronics catalog is packed with hundreds of accessories from names you
know: AMS, Pyle, Eminence, Pioneer, ElectroVoice, and others. There's also
MCM'’s complete line of electronic components, repair parts, tools, test
equipment and more. Over 21,000 products in all, are in stock and ready to
ship. Call for your free MCM catalog today.

For a FREE Catalog, Call...

1-800-543-4330

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

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

FREE
CATALOG

MCM

ELECTRONICS
T

MCM ELECTRONICS™

650 CONGRESS PARK DR.
CENTERVILLE, OH 45458-4072

A PREMIER Company

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

Reader Service #11
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Kit Report

AUDAX OF AMERICA A652
FROM THE VANCE DICKASON SIGNATURE SERIES

Audax of America A652, Vance Dickason
Signature Series, Audax of America (former-
ly Polydax Speaker Corp.), 10 Upton Dr,
Wilmington, MA 01887, (508) 658-0700,
FAX (508) 658-0703.

Specifications: Tweeter: Audax of America
TWO025MO 1” soft dome. Woofers: Audax of
America HMI170C0 6.5” carbon fiber.
Frequency response: 60Hz-20kHz +2.2dB,
f3 53Hz. Nominal impedance: Unspecified,
appears to be 4. Sensitivity: 90dB |1W/m,
maximum output 105dB. Crossover: Fourth-
order Linkwitz-Riley at 2.8kHz. Internal
dimensions: 24.875” x 7.5” x 9.0”. External
dimensions: 26.375” x 9” x 10.75".
Dimensions of Madisound enclosures vary
slightly: Internal: 23.5” x 7.75” x 10.0".
External: 25.0” x 9.25” x 11.75".

If it weren’t for the chicken pox, I would
never have built these speakers. Our four-
year-old son Colin had a blossoming case of
the disease when the letter arrived from Ed
Dell asking if I would like to build and review
an Audax of America speaker kit. I had
planned to put the letter away and think it
over by myself for a few days, but between
dabbing calamine lotion on Colin’s spots and
wailing “Stop! Don’t scratch that” I didn't
get around to stashing the letter before my
husband Duncan came home from work.

Duncan found the letter instantly. He
bounded into the kitchen waving it in the air.
“Nancy! You're going to build speakers,”
he said.

“Oh, no, I'm not.”

He wried a new approach. “But it’s an
honor. The editor liked your last article so
much that he wants you to write another one.”

I eyed him with suspicion. “The editor,” I
said, “‘probably wants to see if these designs
are idiot-proof and thinks I'd make a good
idiot. I can’t build speakers. I don’t even
know how to solder.”

Over the next several days Duncan adopt-
ed a new tactic: he dropped the matter com-
pletely. He never mentioned the word “speak-
ers.” Every once in a while when he thought
I wasn’t looking, he would gaze into the dis-
tance and heave a mournful sigh.

I held out for three days before I surren-
dered. I found Duncan sitting with Colin in
the living room, staring gloomily into space.
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By Nancy MacArthur

“All right” I muttered, “I can’t stand it any
more. I'll build the speakers.”

Duncan’s face bloomed like a desert
flower after the rain. “You’ll have fun, Nance,
you'll see. I'll help you when you get stuck.
Colin can help t00.”

“Over my dead body. Do you know how
long it takes to vacuum the living room when
Colin helps?”

“I want to help 100000, howled the small
spotted boy on the couch. I buried my face in
my hands. This was going to be a long project.

KIT QUANDRY

Duncan and I then argued about which kit to
build. T had been told to pick one of four
speaker kits designed by Vance Dickason for
his Signature Series. Duncan lusted after the

PHOTO [: The assembled Audax A652 loud-
speaker in a cabinet by Madisound.

A851, a all three-way speaker. I thought the
A651, a two-way bookshelf design, would be
easier to build. We compromised on the
A652, shown assembled in Photo 1.

The A652 is a two-way design using three
drivers mounted in the D’ Appolito configura-
tion. I built the speakers with drivers supplied
by Audax of America, a kit supplied by
Madisound, and a second set of crossovers
built from components supplied by Solen.
Although Audax manufactures the drivers,
they don’t sell them directly to the consumer.
They've published a helpful booklet, Kir
Plans: Build Your Own Loudspeakers, which
I strongly recommend obtaining before build-
ing these speakers. (Available from various
dealers, or call Audax, (508) 658-0700, and
ask for their automated request line to obtain
a free copy.)

Once we'd chosen the speaker we settled
back to wait for the parts to arrive. The drivers
came first, with woofers and tweeters packed
securely in individual cardboard boxes with
inserts protecting each one.

Next to arrive were the crossover parts,
which I had pictured as being small and deli-
cate but actually are large and quite heavy.
When the low-pass crossover boards were
finished, they weighed 1.5 1b each, Although
all the parts supplied by Solen met
Dickason’s quality standards, one slight vari-
ation was the heptalitz wire used in the two
smaller inductors.

MISSION IMPOSSIBLE
The next night Duncan taught me how to sol-
der, which wasn’t as difficult as I'd expected
itto be. I'd always thought of soldering as an
esoteric masculine ritual, but it turned out to
be a lot like melting sealing wax to put on
envelopes—an activity I liked when I was 12.

The following day’s work went less
smoothly. With several hours of peace and
quiet in front of me, I thought I'd be able to
make good progress on the crossovers. [ start-
ed confidently: I'd leamed how to solder,
hadn’t I? I pulled out the four 4” x 6” rectan-
gles of 14" plywood that Duncan had sawn for
me the night before, along with the pile of
parts from Solen. I planned to lay the parts on
the boards in the proper order.

Half an hour later, I was still staring at the
pile. I had a circuit diagram from the kit plan
booklet, but I wasn’t sure which part was
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FIGURE |I: Vance Dickason’s Audax A652
crossover network.

which. What did an inductor look like? A
capacitor? I spent another tcn minutes won-
dering why I, who had no previous electron-
ics experience, had been demented enough to
agree to build a pair of speakers.

Eventually I calmed down and realized I
could figure out which part was which by
looking at the values on the parts and cross-
checking them against the parts list. The red
coils of wire turned out to be inductors, the
battery-like objects with wires coming out of
each end were capacitors, and the things that
looked like tiny cement blocks were resistors.
I placed the parts on the boards according to
Dickason’s circuit diagrams.

The next day I learned how to use a drill.

PHOTO 2: High- and low-pass Audax A652 crossover boards. These boards were built according to
Vance Dickason’s circuit diagrams, with the addition of two small terminal strips on each board for input
and output connections. Components for this set of crossovers came from Solen.

I removed the parts from the boards, taking
care to keep them in the cormrect order, and
took the boards to the garage for drilling. I
planned to use terminal strips for the input
and output connections, so I marked holes
with a pencil and drilled them using a 1/8”
drill bit. (Fellow first-time drillers should
refer to “Tips For Novices” for an important
safety rule.) Then I drilled 3/16” holes for
the mounting screws in the boards about
3/8” from each corner. I fastened the termi-

nal strips to the boards with 1/8” rivets and a
pop riveter.

Before wiring the crossovers, I needed to
remove the insulation from the ends of the
inductor wires. The large single-wire induc-
lor was casy, but the two smaller heptalitz
coils presented a problem. Duncan told me
about chemical solutions that would strip all
the little wires at once, but we decided against
using chemicals in our houschold.

Instead, I spent a few tedious hours with a
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jackknife scraping red stuff off zillions of tiny
wires. Then I twisted the heptalitz wires back
into shape and attached all the crossover
components to the boards using vast quanti-
ties of silicone glue.

A LESSON LEARNED

Soldering the components according to
Dickason’s circuit diagrams was relatively
easy. I soldered each connection, let it cool,
and snipped off any excess wire. Figure I is
Dickason’s crossover schematic; the boards
are shown in Photo 2.

During this step I leamed why Duncan had
told me to avoid applying excessive heat to
the wires during soldering. I left the soldering
iron on one of the terminal strip lugs for too
long and was startled when the plastic on the
strip turned liquid and began to bubble.

In the meantime, the double-boxed and
well-cushioned enclosures arrived from
Madisound. A separate box contained
crossovers and all the smaller items needed
for constructing the A652s. Madisound’s
cabinets are pictured in Photo 3.

At this point I had two sets of crossovers:
one from Madisound and another that I'd
built from Solen parts. I decided to build the
complete Madisound kit, take the speakers
apart, then rebuild them with the Solen
crossovers and compare the two versions.

In addition to Audax’s kit plan booklet, the
Madisound kit included a six-page, step-by-
step instruction packet. Barring two minor
inconsistencies in the dimensional drawings
on the final page, the packet is well done. The
instructions are clearly written, and each step
is accompanied by detailed illustrations.

Madisound has apparently geared these
instructions toward speaker builders with lit-
tle experience. Duncan, with 25 years of
experience, told me they gave more detail
than he needed. As a beginner in need of
remedial help, I appreciated the detail
Madisound offered but had trouble with the
terminology they used. I ended up calling
Duncan at work to ask what various words
meant, such as “to tin,” lug, and DB cup (it
turned out to be Madisound’s part number for
the input cup).

SOLDERING SUGGESTIONS
I started building the kit by taking the grilles
off the enclosures and storing them on a high
shelf. I was afraid that if I left them on the
floor they would accidentally get ruined.
Using the drivers and the input cups as
templates, I marked the pilot holes on the
fronts and backs of the boxes. (Drivers are
fragile: trim your fingemails before handling
them.) Madisound’s enclosures were prefin-
ished, so extra care was needed to avoid mar-
ring them. [ drilled the holes on the back of
each box using a 3/32” bit. By drilling the
backs first, I hoped to ensure that detritus
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resulting from the second round of drilling
would not scratch the fronts. I flipped the
boxes over and drilled 12 more pilot holes on
the front of each box. After I drilled each set
of holes, I used a handheld vacuum to clean
up most of the sawdust.

I turned next to the Madisound-supplied
crossover boards (Photo 4). Dickason’s plans
had specified separate boards for the high-
and low-pass sections, but Madisound’s pre-
assembled crossovers consolidated both sec-
tions onto one board. Following their instruc-

tions, I cut the wires and stripped 3/8” of
insulation from the ends.

Later I discovered that while all the speci-
fied wire lengths worked, changing them
slightly would have made final assembly eas-
ier. The 16” wire to the tweeter was a bit short
and should be lengthened to 18” or 20”.
Those to the woofers were too long: I would
suggest reducing the 26” to 22” and the 24”
to 20”. The wire to the input cup should be
lengthened from 10” to 12”. (Note: These
wire lengths are for the Madisound

TIPS FOR NOVICES

1. When placing crossover components on
their boards, make sure the labels giving
their values face up or to the side, so you can
see the numbers after you've glued down
the components.

2. A rectangular symbol for an inductor on
a circuit diagram means that you should
place it vertically on the board; a circular
symbol indicates that you should place it
horizontally.

3. Don’t jiggle the components while sol-
dering or you'll risk a cold solder joint,
which can cause a bad connection.

4. If a tool doesn’t work for you, work
around the problem by finding another tool
or a different technique which better serves
your needs.

5. Find out about appropriate safety precau-
tions (glasses, earplugs, face mask) before
using a power tool for the first time. If your
hair is long, pin it up as well as tying it
back. Also, avoid wearing loose clothing
when using a drill or other power tools.

6. Before gluing crossover components to
the boards, do a dry run to make sure all the
wires will meet in the proper places. |
placed the first two or three components on
the board by eye, but drew a pencil line
around the last few to make sure | would be
gluing them in exactly the right places.

7. When attaching the crossover compo-
nents to the boards, use enormous quantities
of silicone glue, which will keep the com-
ponents from shaking loose when the speak-
er vibrates.

8. When gluing vertical inductors to the
board, use a toothpick to draw glue up along
the sides of the coil to form a little cradle.
The cradle will hold the inductor securely to
the board.

9. Mark holes before drilling by drawing a
little circle using a pencil and your tem-
plates. Then make a small hole with an awl
in the center of the circle to serve as a guide
for your drill bit. Be sure to hold your pen-
cil vertically.

10. When you drill through hard, thick
wood or particleboard, your bit may slow
down if the channels get clogged with saw-
dust. Pull the bit out of the hole and let the
sawdust fly free. The bit will drill faster
when you put it back into the hole.

11. After you use the drivers as templates,
pick them up and put them away before they
get damaged.

12. After stripping multistrand wire, twist it
back together before proceeding to the next
step. To protect your fingers, put cloth or a
paper towel between your fingers and the
wire.

13. *“To tin” means to impregnate with sol-
der. Use your soldering iron to heat the wire,
lug, or other object to be tinned, then melt
solder over the hot object.

14. The shaft of the soldering iron as well as
the tip is hot. Try not to touch components
with the shaft when maneuvering the tip
into position, Capacitors in particular are
easily melted.

15. As soon as you've completed soldering
each joint, take the soldering iron away. If
you use too much heat, you can melt the
plastic on a terminal strip, fry a capacitor, or
ruin a tweeter.

16. A pair of needle-nose pliers with a rubber
band holding its handles together can serve
as an extra pair of hands. Use the pliers to
hold wires and components steady when
you're soldering. A ponytail holder works
even better than a rubber band because it
slides easily up and down the plier handles.
17. When soldering near prefinished cabi-
nets, shield the surface to keep drips of sol-
der from marring the finish.

18. Drivers are fragile: do not rest your hand
on them when soldering near them or when
screwing them to the cabinets.

19. A red terminal on a driver is positive, as
is a terminal with a red spot placed near it.
20. Be careful when using a screwdriver or
pair of pliers near a driver. If the big mag-
net on the back of the driver sucks a small
tool out of your hand, the tool can puncture
the cone.

21. When using a screwdriver near the
woofers and tweeters, put your fingers near
the bottom of the blade and use them to
guide the screwdriver. This technique will
protect the driver from the screwdriver
blade. Use Phillips-head screws to keep the
screwdriver from slipping.

21. When screwing in the drivers, install the
second screw diagonally opposite the first
one to avoid stressing the speaker basket.
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crossovers in their boxes. If you’re using the
separaie high- and low-pass crossover boards
specified by Dickason, or if you're building
your own boxes according to his original
dimensions, you will nced to measure differ-
ent wire lengths.)

I then tinned the ends of each wire and sol-
dered them to the appropriate lugs on the
crossover boards. Madisound’s detailed illus-
tration of this step was particularly helpful.
Unfortunately, the soldering technique they
described—laying a wire flat on each lug,
then soldering the wire and the lug togeth-
er—did not work well for me, especially
where I needed to solder two wires to a sin-
gle lug. When I tried to solder the second
wire to the lug, the first wire invariably came
loose, spraying liquid blobs of solder all over
my work area. I did try to solder both wires at
the same time but never managed to accom-
plish this feat without burning my fingers.

Two other soldering techniques served me
better than the onc Madisound suggested. In
places calling for a single wire attached to a
single lug, I put a hook in the stripped end of
the wire, passed the wire through the hole in
the lug, crimped the hook to the lug, and sol-
dered. In places where attaching two wires to
a single lug was called for, I made a hook in

hook through the hole in the lug, and
crimped the hook to the lug. Then I wrapped
the stripped end of the second wire around
the first one near the lug and soldered every-
thing together.

In future kits Madisound should consider
providing lugs with larger holes. Another pos-
sible approach for the two wires leading to the
woofers would be two separate lugs standing
beside each other instead of a single lug.

I appreciated Madisound’s reminders to
observe polarity with each step that involved
soldering. As I was trying to remember so
many new concepts, without the reminders [
would have forgotten several times about

polarity and soldered the wires in reverse
order.

STRONG-ARM TACTICS
After attaching the wires to the crossovers, |
applied the Deflex panels. Dickason’s kit plan
calls for using ACI acoustic foam or its equiv-
alent inside the cabinets on the top, back, and
side walls, except near the location of the port.
The Madisound kit included an upgrade to the
original matenials: Deflex panels to be
attached on the inside rear walls as well.

The instructions on the Deflex adhesive jar
say to paint the area to be covered with the
adhesive, then wait two or three minutes
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and low-pass filters are included on this board.

before applying the panels. In our dry New
Mexico climate a two-minute wait was suffi-
cient. When I paused for three minutes before
applying the panels, they developed an
instant death grip on the cabinet walls. After
two minutes I could move them around a lit-
tle and ease them into place.

The Deflex instructions also state that the
adhesive is “solvent free and safe to use”
Nevertheless, it has a distinctive odor which
persists for at least a week, especially in

PHOTO 4: Madisound’s preassembled A652 crossover board. Both high-

closed rooms. I would
recommend keeping your
enclosures in a well-ven-
tilated room for a week or
two after this process.

I cut a 2” horizontal slit
in the Deflex for the input
wires, then attempted to
mount the crossovers
inside the boxes. This
turned out to be the only
step I was unable to com-
plete without hands-on
help from Duncan.

Since Madisound had
placed each set of screws
in separate, clearly labeled
packages, finding the #6
%" panheads for mount-
ing the crossovers was
simple. There was no need to squint at the
screws while trying to distinguish their type.
Orienting the crossover boards inside the
enclosures was also easy. I could refer to the
detailed drawings in the instructions whenev-
er I felt hazy about which wires were input
leads and which output.

I met my Waterloo over a purely physical
problem: getting the screws into rock-hard
particleboard in a space which allowed for
very little leverage. In the box’s close quar-

ters, I couldn’t get enough arm strength
behind the screwdriver to start the screws
turning in the fiberboard.

After an hour of frustration, I asked my
husband for help. Duncan, with larger hands
and many years of woodworking experience,
also had trouble. He managed 10 insert the
first two screws with much grunting and an
occasional curse. The third screw he putin by
bearing down on a bit brace and tuming the
chuck by hand. He gave up entirely on the
fourth one.

This step does not work for speaker
builders who lack massive hand strength.
Several possible solutions include reducing
the length of the crossover board from 7” 10 6”
so more arm pressure can be applied on the
screwdriver, and drilling the mounting holes
12" closer to the middle of the board. Another
possibility would be to use a small electric
screwdriver (ours was large and wouldn’t fit
inside the box). Larry Hitch of Madisound has
suggested a fourth alternative: using a pencil-
sized dnill to bore pilot holes.

MEMORIES OF U

With the crossover boards mounted, I next
attached the input wires to the input cups.
Although the 10” wires were long enough to
make the connection 1o the cup, they didn’t
allow using Madisound’s suggested solder-
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PHOTO 5: The completed A652 speaker with grille
doth in place, mounted on Duncan MacArthur’s
four-poster speaker stands.

ing technique. Builders who wish to use this
technique should substitute a 12” wire, as
suggested carlicr. Instead I made a hook in
the input wire, passed the hook through the
small hole in the lug, and soldered.

Next I placed sections of 5/8” foam on the
cabinet’s side, top, and bottom inside walls.
The foam came in a 27" x 42" sheet, which
actually turned out to be a little smaller than
specified by the instructions—26%" x 41%2”,
This slight change in dimensions didn’t seem
to make much difference in the finished prod-
uct, however.

I measured four 9” x 26%” foam rectan-
gles, marked them with a felt-tip pen, and cut
them out using a pair of sewing shears.

According to the drawings in Madisound’s |

instructions, the next step involved fitting
each panel inside the boxes along the tops
and sides and bottoms and sides in a squared-
off *U” shape.

Placing the pancls in the tops was not a
problem, although I noticed that the foam

bowed out in the corners of the boxes to cre- |

atc a true U rather than the desired squared
shape. On the other hand, fitting the pancls
under the port tubes in the bottoms of the
boxes proved difficult in one enclosure,
impossible in the other. The space under the
tubes was a little too narrow for squeczing in
even a compressed picce of 5/8” foam.
(Dickason’s original design allows for an
extra 244" space under the port tubes.)

I worked around this difficulty by cutting
two of the 9” x 26% " panels in half crosswise
and fitting the cut ends under the tubes as far
as possible. This technique resulted ina small
gap (1%4”) along the bottom of the speaker
underncath and behind the port tubes.

Next I pulled the wires through the appro-
priate holes and stuffed the boxes, measuring
the wool by the fistful. I wasn’t sure whether
I was supposed to hold a thin wad of wool
loosely or cram as much of it as I could hold
in my hand. I tried to use a moderate amount,
but later Duncan told me it was too much,
According to him I should have filled the box
looscly instead of stuffing it like a pillow, so
I removed some before proceeding 10 the
next step.

TURN OF THE SCREW
Before soldering the output wires o the
woofers and tweeters, I attached Norsorex
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gaskets o the back of each driver. Some of
the gasket mounting holes were still filled
with rubber, so I punched them out with a
toothpick. Then I peeled off the adhesive
backing and carefully applied the gaskets.

The next step is to connect the output
wires 1o the drivers. Since this kit does not
use push-on terminals, these connections
must be soldered. Duncan helped by hold-
ing the wires in place while I used the sol-
dering iron. The holes in the tweeter termi-
nals were quite small, so 1 used
Madisound’s suggested method of tinning
the lug, tinning the wire, laying the wire on
the lug, and soldering.

Duncan impressed upon me the impor-
tance of using minimal heat on the terminals
to avoid overheating the drivers’ internal
wires, especially the tweeters. I realized how
serious he was when his face turned red and
he asked in strangled tones if 1 knew how
much the driver cost. He was upset because
the tweeter lugs were wobbling as the nearby
plastic flanges started to melt.

After this incident I used as litile heat as
possible on the terminals. I removed the iron
as soon as the solder started to melt when
tinning the lugs. I let them cool before sol-
dering the wire to them, held the soldering
iron to the wire only, and removed it prompt-

ly when the solder started to flow.
Nevertheless, 1 found this step confusing
because the wamings to avoid overheating
were mixed with admonitions o avoid cold
solder joints.

If you’re an experienced speaker builder
who’s helping a novice, your student will
need close supervision during this part of the
process. Because watching a beginner over-
heat tweeter terminals is likely to be a hair-
raising experience for you, explain in
advance exactly what you mean by overheat-
ing and give step-by-step instructions on how
to avoid it.

Next I tucked the wires into the holes in
the cabinets and installed the drivers using #8
1” panhead screws for the woofers and #6 %”
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panheads for the tweeters. The pilot holes I'd
drilled earlier did not match perfectly the
mounting holes in the drivers, probably
because I hadn’t held the pencil vertically
when marking them. Luckily, they were only
a litte off, and I could still use them to install
the screws.
| Istarted the screws with a Phillips-head
screwdriver, then switched to a bit brace for
the bulk of the process. Since I needed both
hands to work the bit brace, Duncan guided
. the bit with his fingers 10 avoid putting the
|

drivers at risk. (An electric screwdriver

would have been faster but would have
| offered less control.) For the last few tumns I
| switched back to the screwdriver. Caution:
' Don’t overtighten the tweeter screws. The
TWO025MO flanges are made of plastic, and
the screw heads are only slightly larger than
the mounting holes. If you tighten the screws
too far, the heads will slip through the holes
and deform the plastic. The woofer flanges
are made of metal and are much harder to
damage.

I then carefully plucked a few flecks of
Styrofoam off the drivers with tweezers, put
on the grilles, and placed the speakers on 22”
four-poster stands. Madisound recommends
using 24” stands, but by the time their kit
arrived Duncan had already built stands

SOURCES

Full kit available from Madisound Speaker Components,
PO Box 44283, Madison, W1 53744-4283, (608) 831-3433,
FAX (608) 831-3771. Drivers $336, cabinets in black oak or
clear oak $216/pair, preassembled crossovers $102/pair,
miscellaneous small parts (not including gaskets) approxi-
mately $60. 10% discount when entire kit is purchased.

Drivers are also available separately from a number of
other companies including A&S Speakers, McBride
Loudspeaker Source (Canaday), Parts Express, Speakers,
Etc., Solen Inc. (Canada), and Zalytron Industries. Prices
vary depending on the dealer.

Crossover components and miscellaneous small parts
are available separately from a wide variety of companies.
Crossover components for this review cost about $57 and
were supplied by Solen Electronique Inc., 447 Ave.
Thibault, St-Hubert, QC J3Y 779, Canada, (514) 656-2759,
FAX (514) 443-4949.




using Dickason’s specified height. The
A652s are shown with the stands in Photo 5.

FINELY FINISHED

Madisound’s unexpecctedly elegant A652
cabinets have rounded, solid-wood comers
and a black finish. With their black drivers
and finished fronts, they look good even
without their grille cloths.

The kit took me about 13 hours from start
to finish. I spent an additional 7%2 hours
building the Solen crossovers. Keep in mind
that, as a total beginner, I necded extra time to
learn all the techniques. Duncan estimates
that finishing the kit would have taken him
two evenings, with two more hours for
wiring the extra set of crossovers.

The speakers were now ready for testing.
Madisound recommends using a D" cell to
test polarity, but an old-fashioned Simpson
VOM can also serve as a battery. [ set the
meter to the R x 1 scale. When the red VOM
lead touched the positive spcaker terminal, all
four woofers moved forward slightly, indicat-
ing that the polarity was correct.

We had a brief delay in performing the
second test, because the binding posts on the
enclosures were larger than the spade lugs on
the speaker cables. Madisound suggests
checking the speakers in mono with pink
noise or FM interstation noise. Duncan

explained that playing music at very low lev-
els would also work.

I was worried about what the A652s would
do next. Maybe I'd see a puff of black smoke
followed by a small explosion. But when I
put my ear next to the drivers, I heard music
coming faintly from each one. When Duncan
turned up the volume, my jaw dropped open.
The speakers worked!

TEST SETUP

Over the next week we constantly played a
wide variety of music on the A652 speakers
with the Madisound crossovers. The sound
during the break-in period was not indicative
of the A652s’ final performance: they
improved continuously over the period. The
midrange sounded good from the very
beginning. At first the midbass was absent,
but it appeared in fine form later. The tweet-
ers’ initial harsh, bright sound calmed down
considerably after we’d played the speakers
for a week. For a faster break-in time, sub-
stitute pink noise or a specially designed
break-in recording for musical CDs such as
we used.

Our test system included Philips CD-50
and DAC960 D/A converter with POOGE-5
and custom volume control modifications.
Although we used a pair of VTL Tiny Triode
tube amplifiers for most of the testing, we

also experimented with an old Hafler 220
solid-state unit with POOGE-2 modification.
The cables were twisted-pair silver-plated
solid (digital) and Neglex microphone (ana-
log). For speaker connections we tried both
Monster M1 and Apature 12-gauge cables.
All listening was done with the grille cloths
in place.

We listened to the A652s ina 13" x 18
room with an 8 ceiling. Speaker placement
within the room made a great deal of differ-
ence in the sound. First we tried placing them
along the 18’ wall, 20” from the rear wall and
50” from the side walls, This arrangement
accentuated the highs and resulted in poor
imaging. Along a shorter wall, 60” from the
rear wall and 40” in from the side walls, the
highs werc more mellow and the imaging
improved.

Their angle relative to the listener also
made a substantial difference in the A652s’
sound. We set them up as two points of an
equilateral triangle, with the listening position
forming the thid point, and experimented
with aiming them in various directions. When
pointed dircctly toward the listener, the result
was slightly hot highs; pointing them directly
forward produced extra midbass but poorer
imaging. Aiming the speakers toward a point
slightly in front of the listener seemed to result
in better imaging and more soothing highs.
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GIVE A LISTEN

Once the A652s had been broken in, we lis-
tened 1o a wide variety of music over a peri-
od of weeks. These speakers have a clean,
detailed, spacious sound with excellent defi-
nition, particularly in the midrange and mid-
bass. On orchestral recordings each instru-
ment stood out separately and clearly. With
rock we could hear every nuance in a
singer’s voice.

The Audax A652s exhibit good dynamic
contrast, with rapid and distinct transitions
between soft and loud passages. With the
Madisound crossovers, imaging is good but
not superb. We could hear individual instru-
ments spread across a wide soundstage but

not the razor-sharp localization of each
instrument.

As small spcakers go, the A652s are quite
efficient. Our wimpy little Tiny Triodes
(25Wpc) were capable of playing them at a
level we found too loud for comfort (the def-
inition of which can vary according to age
and musical tastes). Those people who crank
up the volume on their stereo systems may
prefer to pair the A652s with a more power-
ful amplifier. Although the Triodes could eas-
ily handle most recordings played through
the A652s, on a few occasions they showed
signs of strain. The massed horns on Strauss’s
Also Sprach Zarathustra were too much for
them. That was one of very few passages
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which sounded better played through the
more powerful Hafler.

While Duncan and I like these speakers a
great deal, we have some caveats. The A652s
require careful matching with the other com-
ponents in your system. With most record-
ings these speakers sound better played
through the Tiny Triodes than through the
Hafler. In fact, most of the time they sound
wonderful with the Triodes and horrible with
the Hafler. The sound through the latter is
harsh, mushy, and less dynamic, with
reduced midbass.

Choice of speaker cables made a major
difference in the sound. Oddly enough, the
Apature cables sounded much better with
this system than the Monster Mls. The
sound was more dynamic, with tamer highs,
while highs heard through the Mls seemed
harsh and brassy. We weren’t sure whether
the improved sound through the less expen-
sive Apature cables was due (o their interac-
tion with the Tiny Triodes or the speakers.

The A652s are unforgiving of poorly
recorded source material. One of my favorite
CDs, Skeletons in the Closet: The Best of the
Grateful Dead, played through them pro-
duced screeching highs that made me grit my
teeth and reach for the eject button, whereas
well-recorded CDs consistently sounded
good. Since the highest quality CDs were
also the recordings that sounded best, the
obnoxious highs probably came from poorly
recorded individual CDs.

Like any speakers with 6.5” woofers, the
A652s do not produce spine-tingling deep
bass. The thunderclaps in the Grand Canyon
Suite, for example, have startling dynamics,
but they lack the deep rumbling of real thun-
der. Dickason has a point when he suggests
using these speakers as satellites in conjunc-
tion with a subwoofer.

We compared the A652s with a pair of
custom-designed satellite speakers made
from two Focal SKOI3L woofers and a
T120K tweeter mounted in the D’ Appolito
configuration in a small sealed box tuned to
100Hz. The Focals, which have a higher f;,
must be paired with a subwoofer. The A652s
would undoubtedly sound better with a sub-
woofer but can be played alone.

The A652s have better midbass than the
Focals, probably because the former have
larger woofers. In addition, they are more
dynamic, with a more natural midbass and
better imaging. On the other hand, the
Focals have smoother, more extended high
frequencies.

NEW TRICKS

The next step of the reviewing process was to
substitute the Solen crossovers for
Madisound’s preassembled units. Taking the
A652s apart was simple and uneventful.
Rebuilding them was, with a few exceptions,




much like the original process. This time I
used silver bearing solder along with 18-
gauge, solid-core twisted-pair wire instcad of
the solder and the #14 stranded wire.

Installing the crossover boards once again
caused difficulties. Dickason suggests
mounting the high- and low-pass sections on
separate boards, and placing them on oppo-
site walls of the enclosure as far as possible
from the woofer magnets. Due to the trouble
we'd had mounting the previous boards, we
thought we should place the new crossovers
in an area where we could apply some lever-
age. They ended up on the back wall of the
upper chamber, with the high-pass section
behind the tweeter and the low-pass section
behind the upper woofer. (We later regretted
that we'd mounted them on the back wall.
Try using an alternate technique, such as
drilling pilot holes with a pencil-sized drill,
1o allow side-wall mounting.)

It proved much casier to mount the low-
pass crossover behind the upper woofer than
behind the tweeter. Installing the high-pass
section was still difficult; however, this time
the boards were only 6” long, so Duncan had
better access to the screws and could apply
more leverage. He used a bit brace again,
bearing down with one hand and turning the

chuck with the other. This time he managed
to put in all four screws.

Resoldering the woofers was easy
because their polarity was obvious. (The red
dots next to the positive terminals had sur-
vived my earlier soldering attempts.) I used
desoldering braid to remove solder from the
holes in the terminals. For soldering the lugs
I put a hook in the wire, passed the hook
through the hole in the lug, crimped the
hook, and soldered.

The tweeters, on the other hand, gave me
a nasty surprise. When soldering them to the
first set of crossover output wires, I'd man-
aged to remove all the red coloration from
the positive terminals. No polarity indication
was left. Duncan, who was at a loss for
words for the first time since we started this
project, finally told me to call the manufac-
turer and ask for advice. Audax’s technical
advisor, Ron Salb, suggested connecting the
tweeters to a 1.5V AA battery. He said that
connecting the terminals, positive to positive
and negative to negative, would cause the
dome to leap forward. If nothing appeared to
move, I was to tap lightly on the dome to sce
if I could fee! pressure on my fingertips.

Ron’s technique worked: I could see the
domes jump forward. I resoldered the tweet-

ers by tinning the wire, laying it against the
lug, and soldering. The lug was already cov-
ered with solder, so I didn’t tin it I chose
Madisound’s suggested technique over my
usual soldering method because the holes in
the tweeter terminals were quite small, and [
was also worried about overheating the tweet-
ers while trying to remove solder from them.

Remounting the drivers and input cups
also required a few new techniques. Before
soldering them, I cleaned up the mounting
hole edges with a few turns of a hand coun-
tersink for a better seal later. When I installed
the drivers and input cups, I took extra care 10
avoid stripping the screw holes.

Unfortunately, when I'd overtightened
them earlier, I'd deformed some of the mount-
ing holes on the tweeters. I added #6 washers
10 keep the screw heads from slipping through
the holes. Another approach would be to sub-
stitute #8 panheads for the #6s.

With two exceptions, the rebuilt A652s
sounded similar to the originals. The imag-
ing was much improved with the Solen
crossovers. Also, the highs and upper
midrange had a brighter sound. Perhaps this
was because we’d mounted the crossovers
in a less-than-optimal position; or perhaps
the Solen crossovers provided less mask-
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ing of inadequacies. The midbass and
lower midrange remained excellent in this
configuration.

In an attempt to calm the highs, I added
5%2" foam donuts around the tweeters, using
material left over from lining the boxes. The
donuts reduced the effect to some extent but
not completely.

Someday I may track down the source of
extra harshness in the rebuilt A652s. Until
that time I prefer the sound of the Madisound
crossovers. Duncan favors the overall sound
of the Madisounds but continues to sigh over
the Solen’s improved imaging.

THINGS TO COME

The Audax A652s are not for people who
plunk their speakers down in the middle of a
room, pair them with random components,
and expect them to sound good. They require
high-quality source material and electronics.
If you choose these speakers, be prepared to
spend time matching and positioning them.
With the right recordings and setup, the
A652s are capable of producing very good
sound at a reasonable price.

Although T pick at a number of nits with
Madisound’s A652 kit, it is fundamentally
well-conceived and executed. The instruction
packet is detailed and clearly writien, and
Madisound supplies high-quality parts.

Many of the difficulties I had were minor,

but Madisound may wish to correct two of
the more significant problems in future kits.
Extra technical advice on mounting the
crossover boards would be helpful, along
with a different method of soldering two
wires to one lug.

The Madisound A652 kit can be construct-
ed by a speaker builder with a small amount
of experience. A novice with no experience
can build it if that person has access to advice
from a more experienced builder.

In the future I hope to make a number of
changes to the A652s and their setup. I'd like
to buy a pencil-sized drill and remount the
crossovers in a better location using the tech-
nique suggested by Larry Hitch. Replacing
the foam donuts with a front-panel-sized
foam sheet with driver cutouts might further
improve the sound. It would also be fun to
find out how these speakers sound with a
more powerful tube amplifier, a more mod-
ern solid-state amplifier, and/or a subwoofer.
Another possible experiment would involve
substituting a different tweeter, such as the
Focal T90T.

At first Duncan was taken aback when
his wife started pestering him for ideas on
how to improve her speakers. But lately he’s
been taking this new state of affairs for
granted.

The other day strains of Bach came waft-
ing through the house. I found Duncan

lounging on the sofa with his eyes half
closed, listening to the A652s.

I patied him on the shoulder. “You like
these speakers, don’t you?” I asked.

He smirked. *““Yeah,” he said. “Next time
you can build me a subwoofer.”

MANUFACTURER’S RESPONSE
We appreciate very much the excellent review
Nancy MacArthur has written for Speaker
Builder readers and the many positive com-
ments about Madisound. More than any arti-
cle in recent memory, Ms. MacArthur has
captured the pleasures of our shared hobby.
Based on the author’s experiences, we
have made changes in the instructions to
minimize confusion in assembly. As for sol-
dering problems, I am reminded of the time
several years ago when I suggested to
Madisound Engineer Tom Roberts that we
should have our clerical and production
employees build an amplifier kit we were
offering for sale. Tom thought about it for a
Sfew minutes and then suggested thar we
would need five hours of instruction: the first
Jour and a half hours would be devorted 10
proper soldering techniques, and then the
Sfinal half hour could be spent on the actual

construction of the amp. >
Lawrence Hitch
Madisound Speaker Components
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Simple is better.
Simple is cheaper.
And the sound is GREAT.

Zen is simple.

Meet Zen and his Bride...

Now available by popular demand, these two new Old Colony kits showcase the hottest trend in audio
amplification today: single-ended operation. Created by Nelson Pass, world-renowned designer and
founder of Pass Labs, they were first announced in the pages of The Audio Amatenr magazine. Easy to
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Tools, Tips & Techniques

REPLACING WOOFER
SURROUNDS

Are your woofer surrounds shot? After about
9-10 years, foam surrounds deteriorate and
disintegrate, leaving your poor woofer cone
flapping in the breeze, making distorted
sounds. Replacing them is easier than you
might think; take it from someone who was
very much daunted by the thought of attempt-
ing it (until recently)!

Refoaming your woofers can be expen-
sive, as much as $25-30 per woofer. For a lit-
tle bit more, you can buy new woofers. But if
you refoam them yourself, you’ll save money
and become empowered in the process.

Foam surrounds for 12" woofers cost about
$10 each. You can usually buy application
glue from the same supplier. While we’re on
the subject, I much prefer Elmer’s Household
Cement to Duro Household Cement. Elmer’s
goes on smoother and is easier to apply, so
you use less and produce neater results. Its
odor is not particularly offensive. Duro goes
on lumpier, is more difficult to control
because it dries too quickly, so you end up
using more, and it smells worse.

[Author’s note: The glue to attach the
woofer surround to the speaker cone and to
the woofer basket is a.k.a. “cement,” “house-
hold cement,” or “model cement” and is not
the regular Elmer’s white glue or Elmer’s yel-
low wood glue.]

Once you’ve obtained the appropriate-size
surround for your woofer(s), you're ready to
begin the refoaming process.

TEN STEPS TO SUCCESS

1. Remove all the old foam from the woofer
cone and basket frame edge. Also remove any
cardboard or rubber gasket on the basket
frame edge, but be careful, because you’ll be
reusing it later. Take your time with this step
to avoid damaging your cone, but make sure
to scrape off as much foam as possible. I
achieved good results with a bread knife.
Remember, you need a clean surface to affix
the new foam.

2. Next, apply a solvent such as alcohol or
nail polish remover (acetone) to remove any
further residue or remnants of the old foam. If
you have a plastic cone, make sure the solvent
won’t damage it. [ have Peerless polypropy-
lene woofers, which were unaffected by
either substance.

3. Use a sharp cutting knife or blade to
carefully cut around the dust cap, which you
do not need to remove completely—simply
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separate from its site. Be careful not to cut
through the voice coil leads. You can avoid
this by noting where they enter the side of the
cone. Then start at a point close to but safely
away from the most clockwise lead. Cut at
the base of the dust cap all around in a clock-
wise direction and stop just before the other
lead. You will have made a “C” pattern. At
this point, you can lift up the dust cap on its
“hinge.”

4. This next very important step “locks”
your woofer cone in place to prevent the
voice coil from rubbing in the gap. Your sup-
plier might have plastic or paper “shims” for
you to use. If not, make your own from any
thin card or plastic sheet that you can roll into
a cylinder. T used a card from those card
“decks” advertising computer supplies and
entrepreneurial opportunities. Roll up the
shim into a cylinder/cone and introduce an
edge into the gap, easing in the rest of the
shim. The cone will “lock up” and not move,
which is desirable when applying the glue
and foam surround to the cone’s edge.

[Author’s note: After you roll the shim into
acylinder, ideally you could then insert it into
the voice-coil gap surmounding the voice coil.
However, this step is difficult and awkward.
It’s probably better to roll up the shim into a
cone-shape (like a megaphone) to insert one
of its edges into the voice-coil gap to get start-
ed. It will then be easier to insert the rest of
the shim into the gap.]

5. Apply the glue or cement to the cone’s
edge and basket frame edge and allow it to set
for a few moments until it becomes tacky.

6. Position the foam surround in place on
the cone, then press the foam and cone
together in a circular direction, making sure
good contact and adhesion of surround to
cone occurs. Do the same for the basket
frame edge. Place the foam, without stretch-
ing, to follow the old configuration, which is
evident by a darkened or shaded area. If you
have a gasket mentioned in step #1, apply
glue to the frame edge and apply the gasket.

7. Tum the driver cone face down and
allow to dry for 24 hours.

8. Remove the shim in the voice-coil gap.
Press down on the woofer cone, moving it up
and down. It should move freely without rub-
bing in the voice-coil gap.

9. Return the dust cap to its original posi-
tion. Apply glue so the dust cap edge adheres
to its base. Apply a little more glue if neces-
sary to ensure the dust cap is securely glued
in place and will not leak air. Allow to dry.

10. You are done, and are now the proud
owner of a resuscitated woofer!

POSTSCRIPT

Editor Dell observed that overlapping the
shim on itself in the voice-coil gap results in
the overlapping section to be thicker than the
rest of the shim and will cause the cone to be
off-center.

In speaking with one of the technicians,
Scott, from The Speaker Exchange, I leamed
that, for the most part, this is not critical. I can
attest to this, having replaced the foam sur-
rounds on 8” and 12” woofers without any
apparent rubbing in the voice-coil gap, and
the woofers sounded just fine.

If this concemns you, however, you can cut
the shim so it approximates the circumfer-
ence of the voice coil. This means a different-
size shim for each different-size woofer/voice
coil. JBL, for instance, uses custom-size
shims for its surround replacement.

When the shim overlaps, you can also cut
two or more small strips of the material and
insert them into the gap at strategic locations
around the voice-coil gap for a more even
distribution. This is appropriate for a small,
tight gap in a very high-precision, expensive
speaker.

For large gaps, you might need to use two
shims or one shim of greater thickness to hold
the speaker cone in place. )

Angel Luis Rivera
Bradenton, FL 34209
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POWER SPLIT
POSTSCRIPT

In addition to my comments on power divi-
sion for multiway speaker systems (“More
Power,” SB Mailbox, SB 8/94, p. 62),  would
like to add this “protective” information:

Woodgate (JAES, Vol. 33, No. 4, April
1985, p. 249) cautions you to also assess the
effects of short-term signals dominated by a
single note (frequency), as these have the
potential to exceed the power-handling
capacity of delicate tweeters.

Witold Waldman
Audiosoft
Melboumne, Australia

MORE HORN RESULTS

I have some questions regarding “Round the
Hom” (SB 8/94, p. 24), which was an inter-
esting and useful article. Are the measure-

SB Mailbox

ments in Fig. 1| made in the same way as
those of Fig. 2? If so, why are the measure-
ments for the Son Audax PR17-HR100-
1AK7 cone midrange driver different in Figs.
1B and 2F? The differences are large enough
1o call into question the measurement system.
Also, why are Figs. 20 (Vitavox/EK 175) and
2P (JBL.2370/2426) identical?

The article compares the sound of the dif-
ferent drivers and the flatness of their frequen-
cy response, and concludes that a “reasonably
good connection was achieved here (around
80% similarity) between the calculated wave-
form similarity and the listening tests.” This
seems a higher correlation than I could achieve
by studying the cepstrum results.

Dick Crawford
Los Altos, CA 94024

Philip Newell responds:
Thank you for your detailed interest in the arti-

cle. As you will have gathered, this work was
the result of much research and data gather-

ing, and the article dealt mainly with the con-
clusions. We submitted the original report on
this work, which also explained the test setup,
to Speaker Builder about two years ago, but it
would have taken up an entire issue. The pub-
lisher, Edward Dell, was at one point even con-
sidering making a short book out of it.

With reference to your question about the
discrepancy in the caption plots for the Son
Audax driver, the answer is that they were
Son Audax drivers (plural). Figures 1B and
2F represent two drivers taken from the same
production batch, so 1 will quote from the
Suller account of the proceedings:

“Sample 6: Audax PR17/HR100/IAKS

Tuken from the same production batch as
archetype “B,” Sample 6 served as a similar-
ity control. Only 1% of the test results showed
any ambiguity whatsoever. Less than 10% of
the results were placed in the “none” column,
those being mainly on the transient or the
noise sounds, while 90% of the total number
of questionnaire ticks quite unambiguously
stated a similarity to its twin, B. The result was
encouraging in terms of showing the validity

0 ORCA CONNECTORS
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of the test, as no listener ever indicated a def-
inite likeness to any of the other archetypes, A,
C, or D. While the transfer functions of B and
6 shown in Fig. 3 are commendably similar,
the cepstra show marked differences, which
explain more readily the audible differences
between the two nominally identical drivers
on wideband signals.”

responses define the time response, so what
occurs in the time response must also appear
in the amplitude/phase response, although
they are not necessarily easy to recognize
from the plots. We used cepstral analysis to
highlight anything which might be happening
in the time domain and explain the disagree-
ment in the waveform spectral similarity/lis-

tening test results, which was not evident
from the comparisons of the pressure ampli-
tude responses.

Third-octave averaged ‘“frequency
response” is widely considered as the biggest
single factor in the similarity between the
loudspeaker sounds, and the 80% agreement
between the wss/listening test results is in

The transfer function from Fig. 3 and the
master listing of unambiguous questionnaire

“ticks” (Table 1) show that disagreement
about sound similarity occurred only with the
“twin” driver results. They suggested that
although a difference existed, it did not cause
“6” 1o sound like any of the other reference

archetypes. The ticks indicate that 6 (Fig. 1) am
either sounded like B (Fig. 2) or sounded like [ ] o

none of the other archetypes.
Incidentally, “Sample 3” was the “non-
similar” reference sample, and as you can see

SPEAKER CITY, U.S.A.

PROUD TO DISTRIBUTE
EXCLUSIVELY

in Southern California

excellence from Denmark

from the same table, produced a very small
number of ticks in the column for each of the
Jour archetypes, but a very large number in

OTHER HIGH END LINES INCLUDE:

the none column. Samples 6 and 3 thus set the
boundaries of similarity or nonsimilarity

b SCan-speak

Vo)

within normal production tolerances. The sig-
nals 1-9 are listed at the end of this response.

You further suggest that the 80% similari-
ty from the waveform similarity (wss) calcu-
lations indicates a higher correlation with the
results than the cepstrum analysis. The text
emphasizes those not included in the 80%.

DYAUDIO" polydax

&

4
teochnologie & avant-garde

“Unfortunately, some results refused to cor-
relate in a most glaring way.” In other words,
some of the archetypes and samples, which
the waveform spectral similarity (taken from
the pressure amplitude response [frequency
response]) suggested should sound very sim-
ilar, sounded very dissimilar on the listening
tests, and vice versa.

The pressure amplitude and phase
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FIGURE I: Sample 6. FIGURE 2: Reference B.
TABLE 1
LISTENING TEST RESULTS: UNAMBIGUOUS TICKS
Sample 1 Sample 2 Sample 3 Sample 4
Signal {f A B C D None A B C DNone A B C DNone A B C D None
1 -1 2 4 1 -2 4 1 - -3 1 1 - - 6 - 2 1
2 2 1 3 3 - 4 2 1 2 - 1 2 3 6 - - 2
3 -3 41 71 1 1 - 11 4 -6 - 2 1
4 2 - 1 4 -3 . 5 - - 8 - 5 - - 4
[ -1 2 2 1 4 - - 4 - -1 -9 -6 - 4
6 -5 - 33 -4 .1 2 111 s -3 - -3
7 -1 - 2 a 31 - 2 5085 e Sg)E
8 4 5 - -5 -1 - 2 2 4 -6 - 1 2
9 3 33 -9 -1 - 58 5 5 g -1 - 2 4
Sample 5 Sample 6 Sample 7 Sample 8
Signal | A B C D None A B C D None A B C DNone A B C D None
1 -3 2 2 . 6 - - 51 - -1 - 4
2 s 111 7 - 3 5 2 2 1 - 5 3
3 2 1 4 1 - 8 - - - -3 2 -1 1 1 3 1
4 1 - 1 4 - o- -1 1 2 - 1 5 1 1 2 4
5 2 1 2 4 12 - - -1 - 1 4 1 - 2 6
6 2 1 2 1 8 1 3 2 1 2 1 1 3
7 - 2 6 10 - - - - 4 - - 2 8
8 6 - 1 2 9 1 | I B S 1P 11 3
9 3 3 3 11 - 4 1 1 3 2 - 3 4
Sample 9 Sample 10 Sample 11 Sample 12
Signal A B C DNone A B C D None A B C DNone A B C DNone
1 3 2 - -9 - - . - 31 -2 3 21 -
2 32 - 2 7 - 1 113 . 2 1 2 3 2
3 - 4 - . 3 2 I - 3 2 - 3 5 - -
4 - 1 8 2 5 - - - 6 - - 1 1 5
5 - -9 - 4 - - 3 | N ] ! 1 - 6
6 2 - - 3 - 4 1 1 2 4 1 - | - 2 4 - 3
7 - - - 1 5 -5 1 3 - - 4 - - 3 - 4
8 2 1 3 4 11 - 4 1 3 2 5 - 1
9 - - 4 2 2 3 . 4 1 1 6 1 5 s 2 1
Sample 13 Sample 14 Sample 15 Sample 16
Signal A B C D None A B C D None A B C DNone A B C D None
1 - 4 - 1 2 2 - 31 6 1 1 - 2 1 4 - |
2 15 2 ! CO I S - 4 . 2 - 3 . -
3 1 2 1 11 3 11 12 3 - 2 1 - 6 2
4 - 1 7 - - - 5 1 -1 6 2 - 6
5 - - - 7 1 -1 5 - - 11 5 - 11 -7
6 3 2 13 2 1 1 5 - b -7 -3 4 - .
7 2 -1 4 | I B 5 2 - - 1 5 -1 - 7
8 3 4 - 2 1 - 6 1 11 3 - 4 2 - 5 2
9 2 31 3 - 6 3 11 2 3 - 2 4 2
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FIGURE 3: Corrected Fig. 20.

good general agreement with this. We used
cepstral analysis as a “microscope” 1o
excmine the problem areas.

As far as why Figs. 20 and 2P are identi-
cal in the article, the plot for the JBL
237072426 was inadverrently used for both
figures. The correct plot for the Vitavox/
EK 175 combination is shown in Fig. 3.

The Sounds
The nine sounds are us follows:

1. A digitally generated chirp;

2. A digitally generated tone burst consist-
ing of ten cycles at 2.5kHz, sounding similar
to claves being struck;

3. Two notes from an anechoically, digital-
ly recorded flute;

4. White noise;

S. Pink noise;

6. An uanechoically recorded heavy book
being slammed shut;

7. An owtdoor recording of a waterfull, a

short section of which was sampled and
repeated;

8. A 30 high, square section steel nibe,
open at one e¢nd, being struck by a peuch
stone. The phase dispersion causes the high-
Jrequency reflections 10 lead the low frequen-
cies, producing a “laser gun” sound.

9. An anechoic recording of an acoustic
guitar chord, sampled and repeated.

PA PROBLEMS

My friend, who constructecd Bill
Fitzmaurice’s Elcctric Bass Tri-Hormn sys-
tem (S§B 4/93, p. 10), enjoys its power and
individuality, but we have found some lim-
itations. One problem is that the sound the
bass player hears 3 or 4” from the cabinet
(which is on the floor) is different from
what the audience hears. The midrange is
almost on-axis for the audience, but very far
from it for the players.

Another problem involves the speaker
mikes. If we place a microphone at the mouth
of the top horn, then we will miss the high
end coming off the midrange, but it we mike
elsewhere we’ll lose the tightness associated
with a mike close to the woofer.

I’'m thinking of mounting a Pylc H3910E
compression hom (I have a few around the
house) to the front braces of the top horn
opening. This requires moving the braces
closer together, and I'm considering smash-
ing in a place on the 15” grille for the homn
magnet. The Pyle horn would also require a
sharper crossover point than the 5” Pyle.

This would boost the high end to help the
mwsician hear, and the Pyle hom’s efficicncy
would be closer to the woofer’s, thereby cre-

ating more sparkle and pop without much
treble boost. 1 also wish to create a more
coincident point source, making mike place-
ment better.

The immediate problem is shrinking the
top hom opening. Will this change the load-
ing? Could I increase the slope of the baffle
to widen the vertical opening and offset the
area taken by the Pyle horn?

My other problem is mike placement. If I
put a mike a few inches from the Pyle’s
front, will it clock the higher midrange from
the woofer? Could I cut holes (nonsymmet-
rically) in thc body of the hom to allow
more midrange from the woofer cone 10
rcach the mike?

Drew Gandy
Joliet, IL 60433

Bill Fitynaurice responds:

You've described perfectly the bass plaver’s
dilemma: because of the instrument’s nature
it’s virtually impossible for the sound in the
audience to be the same as on stage. You're
dealing with low fundamental, nondirection-
al tones augmented by wave development
and room acoustics and column, as well as
harmonic overtones which are very direc-
rional and are damped by room acoustics and
subject 10 speaker “beamning.” One reason
the tri-horn sounds so good is its accentua-
tion of the 200Hz 10 S00Hz band, which is
largely unaffected by the above problems.
The low placement of the mid driver on the
cubinet is intended to nuite the higher fre-
quencies on stage and accentuate them out
Sfront 10 help balance the bottom end.

Since you'd prefer more midrange pres-

P
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SYSTEMS DEVELOPMENT
ENGINEER

JBL Professional, a division of Harman Intemational
Industries, Inc., has immediate opportunities in the
areas of professnonal loudspeakers and electro-
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ence close to the cabinet, your idea to raise
the mid driver’s position is valid. However,
I'd advise against the horn units, whose fre-
quency response extends too high, and
whose narrower dispersion angle would
probably cause even more pronounced
beaming effects.

To get more mid efficiency, I'd use two
MH-516s wired in parallel for 452 imped-
ance, with a 47uF capacitor for filter. This
will give 6dB additional sensitivity above
TkHz Mount these in two separate subenclo-
sures at the top outside corners of the cabi-
net, between the baffle and the top. Spread
and lengthen the top braces to act as the
inside walls of the subenclosures. The result-
ing reduction in the size of the top horn
mouth should have minimal effect, and may
even result in better loading of the woofer.

This will also give you better mike-place-
ment options, although I'd note that no
placement on any cabinet will give a perfect
feed to the PA, for the same acoustics and
wave development reasons noted above.
Unlike guitar, in which tone is largely dictat-
ed by speaker coloration and a mike is nec-
essary, bass is best fed directly to the board—
by splirter, direct box, or preamp line-out.

My final point for best bass sound is to use
either a wireless rig or a long (25') cord so
you can go into the audience during sound
check and adjust your amp for the best tone
out front, regardless of what it sounds like on
stage. Also, make sure your sound man EQs
his feed so the PA matches the sound of the
stage rig. Nothing irks me more than setting
my amp for a tight Jaco or Entwhistle tone
while a thump-happy sound man EQs my
Jfeed 10 a bottom-heavy reggae boom.

I hope my suggested mod makes your tri-
horn better-suited to your needs, and 1'd be
interested to hear your results.

SPEAKER TWEAKER

I have had trouble with the tweeters I speci-
fied for my near-field monitor design (“The
Disappearing Loudspeaker,” SB 3/92, p. 42).
The tweeters in all four units have degraded,
and were putting out only a weak signal. The
problem seems to be that the ferrofluid
affects the insulating vamish on the voice
coil wire,

A&S Speakers (3170 23rd St., San
Francisco, CA 94110 (415) 641-9228) has
replacement diaphragms that are of more
recent construction. They claim this makes
the tweeter about 1dB more efficient than the
original, which will be acceptable judging
from my original frequency response plot. I
won’t know how long these new diaphragms
will last until I observe them for several
more years,

The tweeter 1 specified,

the Audax

DTWI12X9T25FFF/8Q unit, is no longer in
the Audax catalog. The newer TWO025A1
will work, but it has a round faceplate that
interferes with mounting close to the woofer.
A&S reports that they have a stock of rectan-
gular faceplates, so you can adapt the newer
tweeter to my front panel layout by swapping
front faceplates.

If you need to adjust the tweeter level
slightly, just treat the two resistors R1 and R2
in the tweeter network as the legs of an L-pad
and work from there. Radical changes in the
tweeter working voltage will necessitate
retuning C1 and LI, so try to keep the
changes small.

Victor Staggs
Orange, CA 92667

AR GLORY DAYS

It was nice to see the article “Resurrecting a
Pair of AR2AXSs” (SB 8/94, p. 20), in which
author Hilary Paprocki described refurbish-
ing (and modifying) a pair of garage-sale
AR-2axs. However, Mr. Paprocki’s attempts
to please his ear actually degraded speaker
performance. While he is entitled to do what
he pleases to his speakers, of course, perfor-
mance will suffer as a result.

The condition in which he found the AR-
2axs with deteriorated woofer surrounds and
burned-out tweeter was probably unaccept-
able. Clearly the speakers needed to be
rebuilt, but the temptation here was to rebuild
them berter than original, a lofty ideal!

Early Acoustic Research models were
landmark achievements of their day. The
AR-1 was the first acoustic-suspension
speaker and for many years a reference stan-
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FIGURE !: New AR crossover circuit.




dard. The AR-3, the first speaker with dome
tweeters, was arguably the most accurate
loudspeaker money could buy during the
early 1960s. The AR-3a, an enhanced AR-3,
was well-known to audiophiles during the
late *60s and early *70s as one of the finest
loudspeakers ever produced.

The AR-2, AR-2a, and AR-2ax were
extensions of this same philosophy: maxi-
mum performance at atfordable prices, but
with certain design compromises, such as a
loss of about one-third octave in deep bass,
slightly higher distortion, and slightly
degraded off-axis dispersion. Lower-cost
components made it possible (o scll them at
lower prices. But even at $128, the AR-2ax
was at the top of its performance class.

No one in the 40-year history of AR would
agree with Mr. Paprocki’s statement that,
“AR was one of the first companies in hi-fi
history to fine-tune their products primarily
by ear” On the contrary, AR was probably
the first company to extensively use anechoic
and reverberant test chambers (AR had sev-
eral of the finest in the country) to quantify
speaker performance, which correlated with
listening tests. How many companies pub-
lished the frequency-response curves, on-
and off-axis, power-response curves, and har-
monic-distortion curves for all their speak-
ers? During the *50s, 60s, and *70s no other
speaker manufacturer published complete,
objective, repeatable performance curves of
their products, let alone defend them as AR
did. Reviewers universally agreed that AR
speakers had a fine sound quality, and many
critics reluctantly agreed with the idea that “if
it measures well it will sound good.”

Why not, therefore, restore the AR-2ax 10
its original performance? Why jury-rig the
spcaker to make it scem better, only to
degrade 11?7 Why employ witchcraft and
guesswork to redecm this speaker? I suspect
that after a few months of listening to his
“modified” AR-2ax speakers, Hilary
Paprocki will begin to ask himself, “What’s
wrong here?’ Answer: coloration. Referring
to his specific modification steps:

1. Refoaming the woofer surrounds is, of
course, a great idea, as nearly all speakers
built 15 or more ycars ago with urcthane
foam surrounds have deteriorated. If the
spcaker has the earlier Alnico woofer, the
surround is cloth, which can be treated with
asilicone spray or treatment such as Armoral
to soften the surround. You can refoam the
speaker yourself if you are careful (o align
the voice coil properly. Many excellent kits
are available.

2. The midrange and tweeter level con-
trols on the AR speakers of that period are
wonderful devices when they work properly.
They give a complete range of adjustment
from full “off” to full “on” Since Mr.
Paprocki has elected to solder fixed-value
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resistors in place of the level controls, the
speakers can only sound balanced in a very
few places.

It is true, as Mr. Paprocki states, that bad
level controls replicate burned-out tweeters.
A combination of oxygen and electricity
across dissimilar metals in the level controls
causes accelerated corrosion and oxidation,
with the result of loss output at one or both
drivers. But the level controls can be rebuilt
since they are easy to disassemble, and once
open can be bumnished and polished 1o like-
new condition.

I have done it many times, and in all but
the worst cases it works, After you clean and
polish them (a Dremel tool is a must), lubri-
cate the controls with WD-40 or other dielec-
tric lubricant. Remember that these controls
give tremendous latitude in the output of the
midrange/tweeter, and let you set the output
for a pleasing and realistic balance, rather
than a fixed balance good only for one place.

4. The problem with lowering the
woofer/midrange crossover frequency is the
flat-response range of the midrange driver
will not allow a lower crossover point with-
out distortion or attenuated output. Tamp-
ering with the woofer choke will invariably
affect its flatness, but since Mr. Paprocki
has given up on accurate sound anyway, it
docsn’t matter. If accuracy and flat output
matier 10 you, then leave the crossover fre-
quency alone.

Incidentally, what is meant by “faster,
more agile, more detailed sound” in lower-
ing the crossover? If the drivers were actual-
ly “ringing,” this might be true, but they
don’t, and there are no frequency-response
perturbations that indicate this problem any-
way. If' anything, lowering the crossover
improves the dispersion while increasing
distortion and lowering power-handling of
the midrange driver.

5. If you have bumed-out drivers (not oxi-
dized level controls causing dropouts),
replace them with authentic AR drivers. No
one makes better drivers, and no one except
AR makes replacement drivers for AR speak-
ers (contact Alex Barsotti, AB Tech Services,
26 Peart St., #25, Bellingham, MA 02019,
508-966-2201 for AR parts).

6. How will solid, pure copper wire sub-
jectively or measurably improve the perfor-
mance? The crossover wire is 18-22 ga.
stranded copper wire, which is perfectly fine
for the 10-20" runs necded in the crossover.
Besides, it is much harder 10 control solid
wire from vibrating in the cabinet than more
pliable stranded cable.

7. The out-of-phase wiring of the speaker
helps eliminate some driver interaction prob-
lems at or near the crossover point; it was not
intended to give a “simulated depth in the
sound.” It really doesn’t affect accuracy in the
sound field. Close-in or near-field listening

might seem more “‘detailed,” but actually rep-
resents 100 much energy close o the
crossover points. In any event, these pertur-
bations would probably be swamped in the
reverberant sound field where most people
listen anyway.

9. Arc the eight strands of pure copper
going 1o restore the speaker’s original
frequency response? Why not spend more
time repairing the speaker to its original
performance?

1. All but the newest AR-2ax models,
with the newer and much higher-density
MDF cabinct material, included a great deal
of bracing inside the cabinet. But perhaps too
much bracing won’t hurt; certainly too much
is better than o little in this case.

13. The cotton-ball treatment is probably
not all bad. Consider that many manufactur-
ers, including AR, used foam around the
tweeter flange 1o reduce diffraction effects.
But again, this effect is most noticeable in the
near ficld, if at all, and probably will not
affect the reverberant sound field. Using
foam (probably 2-4mm thick) is better than
the cotton balls since the cotton protrudes so
much that it might cancel some of the tweet-
er’s excellent off-axis performance.

So it all comes back to the same question:
why not restore the AR-2ax 1o its original
performance? What is gained by proper
restoration rather than jury-rigging the spcak-
er? The answer is simple: the AR-2ax was
(and is) one of the finer speakers of its class
ever made. Even today it holds its own if
accuracy and tonal balance are your goals. So
why not bring back these redeeming quali-
tics? I am sure Mr. Paprocki intended to
achicve improved sound, but it is absolutely
certain that he has degraded the speaker com-
pared to its original performance.

Tom Tyson
High Point, NC 27262

Hilary Paprocki responds:

Thank vou for the opportunity to further dis-
cuss my work with the AR2ax speakers. This
actually comes at an especially appropriate
time, as | have u few bits of news for poten-
tial AR hot-rodders.

First, my original crossover was the result
of a quick spruce-up of what was already
there. I have since spent a little more time
with it (although I don’t claim to have per-
Sected it). The result is a new circuir ( Fig. 1)
that gives a slightly “west coast” sound, with
gobs of detail and more transparency than
you would have ever expected from these old
horses. I'm enjoying that sound very much at
the moment. If you’d rather have a more laid-
back sound, and maybe someday I might, try
decreasing the 6.3€) resistor across the
midrange driver. The reason for the multiples



of parts in the drawing, by the way, is thar |
made up these values with the parts | had on
hand; feel frce 10 make up the values anyway
you please.

Second, it looks as if the supply of original
rweeters for this model has dried up. After
Sfinally ordering a replacement for the second
blown nweeter, | instead received a similar
but not exact replacement job with noticeably
different construction and a thin tuing of
rubbery stuff on the front plate. And ir 100k
1o tries 1o get one that worked.

The new one matched the other nweeter
pretry well, although I didn’t bother 1o mea-
sure acoustic levels. | encourage you, if vou
wish, to find something a little more modern,
keeping in mind, of course, thar an appropri-
ate crossover design for the different-sourced
driver is completely up to vou.

Tom Tvson is obviously a great fan of the
original ARs, and genuinely committed 1o
their restoration and preservation. | have
some experience witl his viewpoint. | once
wrote a similarly agitated letter to a car
magazine when some guy announced his
plans to cut up his super-rare aluminim
Studebaker factory race car 10 make one of
those silly “streer machines.” | despise the
destruction of unique, irreplaceable, historic
pieces. Why didn’t he cut up something ordi-
nary, such as a Corverte?

Amywvay, Mr. Tyson ought 10 realize that
his viewpoint is not really the mainstream
nowadays. We know that wires and capaci-
tors have specific sound qualities. We know
that uncontrolled diffractions ruin the focus
of the reproduced sound. And, we know that
the engineers working 30 years ago were not
gods who perfected eversthing that ever
needed 10 be perfected.

Mz Tyson has shown in a couple places in

his letter that he is not guided by human
Judgment of sound qualities. But clearly AR
has made some choices in this speaker
design thar betray the application of the
luanan rouch, after the equations have all
been satisfied. | hope I didn’t imply thar the
entire design was done by means of some
kind of seance.

In any case, | suspect that if the original
AR designers were to develop a modern
speaker in that same relative price range
1oday, it would sound more like my nweaker
AR than like the original AR2ax. I could men-
tion any mumber of specifics, but let’s just talk
ahout the cotton balls. I want to be very clear
on this point. Felr, thin foam, and such are
primarily svmbolic rather than functional
when applied to control the diffraction of
sound leaving the drivers. A thin, hard piece
of felt does not soak up the sound anywhere
near the way a big, semi-dense, fluffv corton
ball does. Nor even close.

And besides, the protrusion is exactly the
point. You need 1o stop whatever sound ener-
gy might hir the edges of the cabinet. To
accomplish that, your barrier must be
benween the driver and the edges of the cabi-
net. With the coton, you will still be able to
see the rweeter dome from anywhere in the
room in front of the speaker; consequently,
you will hear it as well. Goshdarn it, all you
need to do is think about this a linle, and it
annoys me that so many people won't.

A few statements in Mr: Tyson'’s letter seem
a little sweeping, a linle inprobable, a litile
less than well-considered. I can only infer that
he is devout in his regard for the ARs, as some
people are for old Garrard nuntables or sin-
gle-ended tibe amplifiers, and that this affects
his perspective more than most people’s fasci-
nations affect theirs. This can be a good thing.

The person who finds something worthy of his
dedication is often thus saved from the despair
thar pursues us all, and I wish Tom all happi-
ness and success in his efforts.

JUST DO IT

I suspect that journalism schools teach that
contributing editors do not write letters to the
boss for publication, but I can’t resist com-
menting on Hilary Paprocki’s article on
“Resurrecting a Pair of AR2AXs.”

It is singularly the most refreshing piece
I've read in a coon’s age. I am a strong pro-
ponent of “listen to the music, not the damn
speaker,” but in the bulk of the printed word,
what I read is a lot of means justifying ends
(I confess, my own words included from
time to time).

“Tinkering with tum counts on the woofer
inductor” until it sounds right is a great way
to go through life. Also, every real audio engi-
neer knows that fussing around with nine-dol-
lar-a-foot Liw-like wire inside a loudspeaker
box is utierly pointless, but Mr. Paprocki said
it more gracefully than any technical article I
have read debunking that myth.

Cotton balls around the edge, ch?
Incredibly enough, the latest issue of the
Journal of the Acoustical Society of America,
Vol. 96, No. 6. in its patent review section
shows No. 5,304,746, which indicates that
“...small, fuzzy rectangular blocks...arranged

a pattern near the outer edge of the
cone...suppress standing waves....” That
quote is from reviewer George Augspurger,
who goes on to say “...the patent document
includes no theoretical support...”

We hear what we hear. Mr. Paprocki heard
what he heard, and unabashedly wrote about
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it, much to the pleasure of {nearly—Ed.] all
SB readers.

Dick Campbell
Contributing Editor

POWER AMP CHIPS

I would like to add to Ed Schilling’s (SB 3/94,
p- 49) and Timothy Perper’s (SB 7/94, p. 56)
letters about the power amp TDA 1514 IC. |
believe that it is originally a Philips IC, as it
appears in a June 1989 data book. So your
local Philips distributor should be able to
source them and provide the spec sheets.

The July/August/September 1993 issues
of Elektor Electronics included an active 3-
way system using the TDA 1514 to power the
mid and top. PCBs are available for this proj-
ect from the UK (and through Old Colony
Sound Lab).

National Semiconductor includes a couple
of interesting power amp ICs on their list: the
LM3875 and 3876. (I can get the spec sheets
and the ICs here in Australia, so they can’t be
that scarce.)

Andy Da Costa
Queensland, Australia

Y
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SB CRITIQUE

Is it my imagination or are you cutting
down on the number of articles about
speakers per issue? Also, are you getting
less feedback? I counted 15 letters in SB
2/91 and only six in 2/94,

I have enjoyed your publication immense-
ly and although I didn’t start subscribing until
the late *80s, I have all the issues. In fact, ] am
rereading them. I have had fun building two
sets of speakers based on John Cockroft’s
articles on Isobaric speakers. Is it possible to
rework some of these speaker articles, such
as those in which the raw speaker is no longer
available? The Radio Shack speakers he rec-
ommended in several of his articles have had
design/quality changes and don’t work with
his system.

Ah, yes, now comes a sore spot with me. I
am a USPS employee who works in bulk
mail. Most publishers, at second-class rates,
pay about $.29 to send a 5 oz magazine
(about the same as a 1 oz first-class letter).
For guaranteed first-class treatment, you need
to pay the necessary money. [With the new
postal hike, such first-class treatment would
cost almost five times the second-class rate,
and the cost to magazine readers would need
to increase accordingly.—Eds. ]

On a more cheerful note, the latest issue of
SB (7P94) was just grand, especially the
“Loudspeakers 101" and “Ask SB” articles.
“Cheap Home Theater” was interesting and

the setup was familiar: from side to side on
my amplifier and using a 502 pot. I read that
a while back in either Stereo Review or
Audio. One other area you might consider,
without ruffling too many feathers, is the
high-end speaker system which uses a 6.5”
woofer and a 1” tweeter and yet sells for
$3,000 or more/pair.

I have had the pleasure of corresponding
twice with John Cockroft, and SB is the only
magazine that responds to my queries. I look
forward to each issue.

Hugh H. Rea, Jr.
Traverse City, MI 49684

Thanks for your comments, Hugh. Rest
assured that the magazine remains as vibrant
today as ever. We see no letup in reader
enthusiasm or participation levels. With an
increase in frequency from six to eight issues
in 1994, SB featured a dramatic rise in the
number of pages we published last year. But
more importantly, we think the quality has
increased as well —Eds.
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Continued from page 25
3/16” below the edge of the box. Dress all

wires carefully so no contact is made
(remember, 5.7kV).

Get the information you need fast! Use this convenient list to
request the products and services that interest you in this
issue. Don’t forget to mention Speaker Builder!

COMPANY PRODUCT FAX

A& S Speakers NHT & Jordan Drivers (415) 648-5306

Abilene Research & Texturelac Paint Finish (516) 791-6948

| Development Corp.

Bohlender-Graebener Corp. The Acculine Series (702) 832-5407

Ferrofluidics Corporation Ferrofiuids (603) 883-2308

Haris Technologies BassBox 5.1 (616) 641-5738

hifisound Saerbeck Stratheam Ribbon Drivers (011) 49-25143956

MCM Electronics Audio Components & Service Parts ~ (513) 434-6959

MIT Components MIT MultiCap (916) 8230810

Meniscus Spikes (616) 534-7676

Morel Acoustics High-Tech Audiophile Speakers (617) 277-2415

Orca Design & Manufacturing Focal, Axon, Cabasse, Accuton (818) 991-3072

The Parts Connection Assemblage DAC-1 Kit (905) 829-5388

ROL Acoustics Roy Allison’s Convex Dome Tweefer  (508) 966-3645

Sescom, Inc. Free Sheet Metal Catalog (800) 551-2749 (USA) &
(702) 565-4828

The Speaker Works, inc. Speakers (602) 230-8533

USAFoam Sound Control Materials (317) 257-2872

|
Don’t Delay FAX Today!




SECOND HELPING

Replace the rubber stopper firmly and put
your can of solid potting material into the
oven to liquefy. Carefully pour the potting
material—when perfectly liquid—into the
box (power supply) and fill to about %" from
the top. Put the can back into the oven and
wait for the initial pour to solidify. Then pour
in the rest of the material.

Do not be surprised if you don’t have
enough. It tends to shrink. If you need more
potling material, add enough plumber’s wax
to return to the original level.

After the mixture is solid, remove the jig.
If you have done the job right, it will mate
perfectly with the back of the speaker. If you
have an electrostatic voltmeter, check the
voltages, which should be 1.1kV and 5.7kV.

My friend mentioned that a TV techni-
cian’s equipment can measure these, but
beware of excessive loading, which, although
won'’t damage anything, may give lower volt-
ages. However, your ears should tell you if
everything is OK. After you remove the stop-
per, snap in a plastic plug to seal the hole and
act as a floor protector. )

[Eed_ = = ]
Loudspeakers 101

Continued from page 70

Well, several reasons for this exist, many of
them are theoretical and many practical. For
example, a vented box system is more com-
plex to design and is more sensilive to varia-
tions in the driver parameters. We'll explore
these and other topics in upcoming issues. &

REFERENCES

1. “Direct Radiator Loudspeaker Systems,” “Closed Box
Loudspeaker Systems,” “Vented Box Loudspeaker
Systems,” and “Passive Radiator Loudspeaker Systems,”
published in 1972 and 1973 in the Joumal of the Audio
Engineerng Society, New York.
2. The symbol n is not the letter n, but the Greek letter
eta, so the parameter 1 is pronounced “eta sub 0. That's
important if you ever find this on an oral exam or a
Jeopardy question.
3. For those interested in the actual numbers, the highest
kp can be for sealed boxes is 2.0 x 106, and for vented
boxes, it's about 3.9 x 10-5, with Vg in liters and fy in Hz.
ky is derived by:

k. = 47[2 fca VAT1

" 31 VgQg0

and results in a somewhat strange unit of measurement,
sec3/liter.

4. This myth is one of the most common in the loud-
speaker world. | am constantly debunking this for both
readers and paying clients.

5. And this is precisely why some drivers have a combi-

nation of Thiele/Small parameters that are optimum for
sealed boxes, while others are optimum for vented boxes.

RECONING VIDEO

LEARN SPEAKER RECONING

SPEAKER

only$39.95

* COMPLETE RECONING VIDEO

* HOW TO GET STARTED INFORMATION
* PARTS DESCRIPTION CATALOG

* PARTS ORDERING

ACCEPTABLE METHODS

| cHECK
| MONEY ORDER

This offer is designed t0 get you started right away. No hidden costs, No restrictions or other red tape to hinder
you from gesting started NOW! Act now if you want to recone yowr own speakers and expand yowr knowledge.

Make checks paysble to:
. WE MAKE IT EASY.
Workshop Video AR
1502 N. Harrison Street
Ft. Wayne, Indiana 46808 YOU MAKE IT
SOUND GOOD.

(219) 424-5463

Tired Of Bad Sound? Let Us
Give You A Few Pointers.

¢ STUDIOFOAM ™ SOUND ABSORBENT WEDGES

Foam improves the sound of any room & ours is the industry's
best! 1t features a uniform cut for clean & easy installation—
no "innies & outies" like other brands. How's it work? Up to
60% better than foams that cost 5 times as much! Absorption
NRCs from .50 to 1.30. Passes the stringent California
firecode & tests 48% more flame retardent than Sonex. Avail-
ablein 1", 2", 4" & 12" (bass trap) sizes in 2'x4' sheets. Super
long-lasting— it doesn't crumble like other brands can. Avail-
able in a wide range of colors to match any decor. Minimum
order just 1 box. 1"-$8.99 ea. pc. (20/box), 2"-$11.99 ea. pc.
(12/box), 4"-$22.99 ea. pc. (6/box). Call for a free sample kit!

Clients: Ford Motor Co. * Kodak » Warner Bros. * Universal Studios * Manley Audio Labs ¢
Beavis & Butthead (MTV)» Toshiba * 20th Century Fox * Hitachi » Barney & Friends * The Maury
Povich Show * Dennis DeYoung (Styx) * Baldwin Piano Co. ¢ Editel + Mike Wanchic (J.
Mellencamp) * Rockwell Int'l  US Gov't » Opryland USA « Bell Telephone Research Labs * MPI
Home Video (ABC News, Apple Records) * Carvin * Penn State Univ. * WhisperRoom ¢ MTX ¢

Martin Marietta « NJJ (NFL on Fox, Coke) * The Music Bakery * US Marshal Service
USAFoameBox 20384, Indianapolis IN 46220+ (800) 95-WEDGE Fax (317) 257-2USA

Reader Service #70
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GLASEADY,

Vacuum Tubes are Back
and sound better than ever

Glass Audio features the best vacuum tube
designs for audio reproduction—past and con-
temporary. The new designs take advantage of
improved components and control techniques
that make the end results far superior to any-
thing possible during the early days of audio’s
rebirth after World War II.

That’s why tubes are having such a renais-
sance of interest as a perfectionist approach to
good sound. And that’s why tubes are reap-
pearing in original equipment, in high end con-
sumer and professional audio systems.

Glass Audio will inform you about new
innovations in the field and about parts sources.
We'll also include modification projects,
reviews of technical basics, regutar columns
and much more.

Now published six times a year!

YES, Sign me up!
O Two years @ $50 (12 issues)
O One year @ $28 (6 issues)

Canada add $6 per year postage. Overseas rates: 2 years.
$80. 1 year, $45. Remit in US $ drawn on a US bank.

DISCOVERNISA/MC NO EXP DATE

NAME

STREET & NO

CITY STATE ZIP
Glass Audio

PO Box 176, Dept. B95
Peterborough, NH 03458-0176
(603)924-9464" FAX (603)924-9467

Answering machine for credit cand orders only:
before 9:00 a.m., after 4:00 p.m. and weekends.
Have all information plus MC/VISA available.

Rates subject to change without notice.
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Ask SB

By Dick Pierce
Contributing Editor

SECOND- AND FOURTH-
ORDER SPEAKERS

A frequent question appearing in the various
audio newsgroups is, very simply, “What is
meant by second- and fourth-order speakers?”
Justas frequently, someone provides an answer
that, while not wrong, is quite incomplete. For
example, a reader with the odd moniker
“LunaGroup” lunagroup@aol.com wrote:

“These ‘orders’ refer to the crossover net-
works in the speakers. A first-order crossover
has a gentle 6dB per octave slope with a lot
of overlap, a second-order crossover has a lit-
te ‘steeper’ attenuation, 12dB per octave. A
third-order has an 18dB per octave slope, and
the fourth-order has 24dB per octave.”

This is not necessarily true. The speaker
system itself exhibits bandpass filter charac-
teristics, and thus the concept of “order” is
appropriate.

The notion of order, whether for a
crossover or the low-frequency cutoff of a
loudspeaker, is, among other things, a charac-
teristic of the mathematics involved in
describing the system behavior in the frequen-
cy and time domain. As a general rule (and as
a gross simplification of such), the order
essentially describes the highest exponent
found in the terms of the transfer function’s
denominator, or, in another sense that some
may be familiar with, it describes the order of
the function.

A first-order equation (in which the highest
exponent is 1) describes a first-order filter. For
example, the transfer function for a first-order
high-pass filter is:

_.S
Gp=547

Like the high-pass function, a second-order
equation (exponent is 2) describes a second-
order filter:

G =_Sz_
)™ sty ks +1

While this may seem very esoteric and dis-
connected from reality, the transfer function
describes how the system behaves in both the
frequency domain and the time domain.

In the context of the original question, in
which the person asked about the order of
speakers, we arc specifically talking about

the behavior of the woofer’s low-frequency
cutoff due to mechanical and acoustical
effects. In that realm, the lowest-order is sec-
ond-order, exhibited by closed box systems.
This is the characteristic of a single-reso-
nance system. In the case of a woofer, the
interaction of the driver cone’s mass with the
combined stiffness of the speaker’s suspen-
sion and the air trapped in the box forms the
resonance.

Second-order types have the characteristic
of rolling off (eventually or, to use the correct
mathematical parlance, asymptotically, that is,
to approach the asymptote, a line with the ult-
mate slope described by the equation) at 12dB
per octave below that resonance. The reso-
nance essentially defines the lowest practical
operating point.

A vented box, bass reflex is fourth-order;
that is, a double resonance system in which
the driver cone mass and stiffness form one
resonance, and the port acoustic mass and the
cabinet’s acoustic stiffness form a second.
(See a trend here? The number of orders is
essentially the number of resonant systems
times two, another good “general” rule.) In
this fourth-order model, the ultimate rolloff
rate is 24dB per octave.

Another fourth-order type is the so-called
simple “bandpass,” in which one resonant
system, the driver cone mass, and cabinet
stiffness, and the other resonant system, the
port mass, and the air in front of the driver
together interact to form a fourth-order band-
pass. In this and all bandpass systems, the
ultimate rolloff rate is not the simple case of
the number of orders times 6dB per octave,
Rather, it exhibits a rolloff rate of 12dB per
octave at the low end and 12dB per octave at
the high end. By the way, the same is true of
the bandpass section of multiway crossovers:
the rolloff rates might be 12dB per octave at
the top or bottom, but in reality it is a fourth-
order bandpass.

This belies the rule of thumb that the rolloff
rate is 6dB for each order. And to completely
flummox this rule of thumb, another class of
filters called “all-pass” can be high-order, but
completely flat. There can be no appreciable
effect in the amplitude versus frequency
response, but the major effects are seen in the
phase or time response of the filter. ®




HIGH-PERFORMANCE, PREMIUM QUALITY
AUDIO COMPONENTS hand-crafted to suit
your needs and budget. Power amps, preamps,
DACs, electronic crossovers, phono preamps,
and hybrids. AUDIO CONTRACTORS, Dan,
(312) 606-5449, 9 a.m.-4 p.m. (CST).

ELECTROSTATIC parts, supplies, exotic cir-
cuits. Free catalog. DAVID LUCAS, INC., 924
Hulton Rd., Oakmont, PA 15139, (412) 828-
1967, FAX (412) 828-0422.

ELECTROSTATIC electronics, transformers,
Mylar®, information. From author ROGER
SANDERS, (503) 742-7640.

HIGH-END KEVLAR CONE DRIVERS AND
SPEAKER PARTS. Factory direct. SPEAKER-
WORLD TECHNOLOGY, (510) 490-5842.

FOR SALE

High Fidelity, 80 issues, $50; Stereo Review,
100+ issues, $65; Car Audio, 30 issues, $35;
Digital Audio, 26 issues, $45. Consider trades
for Audio Amateur magazine. Andy
Sommersberger, 2506 S. 20th, Sheboygan, WI
53081, (414) 458-2057, eves. till 9 p.m.

Six Acoustat Medallion full planar speakers, 8' x3'
with the four power supplies and base, all in per-
fect working order, $2,200. Lawrence Leonard
Lew I, Longview, WA 98632, (360) 423-5037.

Pair Dahlquist DQ-20i, original packing, $800;
dbx 199 expandor/compressor, $75; JBL SE-
460 power amp, $50; six pounds Acousta-Stuf,
$30. Ron, (912) 925-2311.

200+ page catalog & design manual featuring
schematics, kits & parts for doing your own
thing. Active xovers, amps, preamps, power
supplies, ac line conditioners & other high
quality kits. We've got the best components &
many more, including: Hovland MusiCap,
Solen, MIT MultiCap, Kimber Kap, Wonder
Cap, Siemens, Wima & others; Caddock,
Resista, Holco, & Mills resistors; Kimber,
Cardas, DH Labs, Vampire, plus many other
lines of connectors, wire, & cables. We sell all
kinds of tubes & semi’s, & we have the glue for
your projects like design & PCB layout
software, circuit boards & chemicals, solder,
screws, terminals, chassis, transformers,
dampening material, books, & more. Send
$12 US & Canada, $16 overseas for this one of
a kind catalog or fax with Visa/Mastercard to:
P.O. Box 260198, Littieton, CO 80126 USA
Phone: 303-470-6585 Fax: 303-791-5783

Welborne Labs

Classified

Altec 602D speaker with crossover, as new, $250
+ shipping. For spec sheet, send SASE. Pat
Paske, Box G, Flint, Ml 48507, (810) 603-1500.

Pair Stratheam speakers, $175; Acoustat Spectra
22 (S.L.C. area only), $700; set of Marchand XM-
1 24dB crossovers, $25; Shure V15 type V, $85;
new Shure N9SHE stylus, $10; new Stanton
500/500a, $5; new Shure 681A stylus, $5; new
Shure M99E cartridge. Dan Patten, (801) 224-
8080 work or (801) 225-8577 home (UT).

Electronic
by
ACE AUDIO CO.
+est. 1973 «
RD3 Box 351
Homer City, PA 15748
write for free flyer

Crossovers

Matched MOSFETSs for Pass/Thagard A75 amp
being made available for second time. Last
opportunity. Set includes 37 (two spare outputs)
IRF devices. $185 per channel plus $10 ship-
ping ($40 overseas). Prices in US dollars.
Delivery about 6/95. Nick Mastrobuono, 2086
Lakeshore, Sarnia, ON N7T 7H6, (519) 542-
0964, FAX (519) 481-2731.

Luxman digital synthesized AM/FM stereo
tuner T117, $250; Counterpoint DA-10 20 bit
DAC, $600; Counterpoint SA-1000 hybrid pre-
amp, $800; Audire Otez power amp, all dis-
crete solid state, 2x16 power transistors,
2X250W into 82, massive transformer, 98 Ibs
total weight. Kimon or Jesse, (818) 707-1629
or FAX (818) 991-3072.

Lab supplies, variable regulated, metered, manu-
als: Const Current 0-220mA, 0-450V, $78;
Systron 0-40V, 0-10A, constant current/ivolt, $149;
Kepco 0-310V DC, 2A, $82; Kepco 0-6.5V DC,
45A, $173; Fluke 0-55V DC, 300mA, two @ 6.3V,
5A, 10V DC, $98. A. Towbin, (203) 776-1816.

Hamnan-Kardon HD-7600 CD player, G&D
transforms, $350; Audio Source preamp, $150;
pair Altec 511 homs, $150; pair JBL 2425J,
$350; Sony CDP-990, G&D and analog
upgrades, $450; pair Klipschorns 109dB/W,
1994 show speaker, oak, $2,400; offers. Steve,
(203) 297-3888, machine after 4th ring, (CT).

Strathearn ribbons, $150 each or trade for
amp(s). Art McKay, (902) 429-6921.

Sonic Frontiers SFL-1 Signature line stage pre-
amp, tube/FET hybrid circuitry, new, $1,350. Bill,
(702) 385-7170.

WANTED

Tube hi-fi, theater amps/preamps and speakers:
Altec, Jensen, Mcintosh, Marantz, Craftsman,
Dynaco, Heath, Eico, etc. Sunshine Sounds,
(405) 737-3312.

Mid & tweeter metal horns, Utah preferred;
JBL midrange speaker or horn, 1k-3.5kHz
range. Michael, (414) 338-6254.

Audio test gear: LCR meter, audio (sine wave)
generator, pair good Electro Voice T-35 hom tweet-
ers. David Wiliams, 1620 San Francisco NE,
Olympia, WA 98506, (206) 586-8182 weekdays,
(206) 352-7615 eves., FAX (206) 664-2385.

Heathkit intermodulation analyzer, Robert, (602)
458-6072.

Information on Enigma subwoofers, specs of
drivers, etc. and any experimentation with
dipole subwoofers. Joe McQuade, 25
Seabrook Rd., Stockton, NJ 08559-2004,
(609) 397-8315, collect before 11:00 a.m. and
eves. (EST).

CLUBS

AUDIOPHILES IN THE LAS VEGAS AREA
interested in exchanging information, please
contact Tarcisio Valente, (702) 435-7451.

THE AUDIO SYNDROME, Nassau and Suffolk
county’s oldest group of audiophiles is looking
for new members. If you are interested, call Roy
Harris, (516) 489-9576.

OUTPUT TRANSFORMERS: THE LAST
FRONTIER? Hobbyist seeks people interested
in OPT design and building. | would like to net-
work a critical mass of people together on this
topic for strictly non-commercial interest.
Possibly write a GA article/create a club
newsletter? M.A. Martin, (416) 968-6101,
monty @ camtwh.eric.on.ca.

SPEAKER BUILDER SEEKS OTHER LONG
ISLAND/WESTCHESTER COUNTY AUDIO
ENTHUSIASTS for the purpose of forming a
club for the exchange of ideas, advice, etc.
Publio Morera, (516) 868-8863, evenings.

WANTED: “CRADLE-TO-GRAVE” AUDIO
ENTHUSIASTS. Texas doesn't have an audio
club; YET! If you're interested in audio repro-
duction on stage and in your home, let's get
together. Rick, (915) 676-7360.

THE NEWLY FORMED CHICAGO AUDIO
SOCIETY invites all audiophiles to attend its
meetings. For details and meeting location,
please call Brian at (708) 382-8433 or Pat at
(708) 582-3913 evenings; E-mail to
sysop @nybble.com or u24129@uicvm.uic.edu.
Space is limited.
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WANTED: SPEAKER AND AUDIO
AMATEURS IN THE BRADENTON/
SARASOTA/ST. PETERSBURG/TAMPA, FL
AREAS. Would like to form a club and develop
a lab for testing speakers/amps/preamps and
passive and active crossovers or just to discuss
speaker projects and ideas. Angel Rivera,
Bradenton, FL 34206, (813) 792-3870.

WANTED: SPEAKER/TUBE GEAR BUILDERS
AND AUDIO AMATEURS IN SANTIAGO,
CHILE. Would like to form a club or just a friend-
ly group of audio enthusiasts to discuss speak-
ers/amps/preamps/crossovers and everything.
Anyone interested, contact Christian Bargsted,
Los Gomeros 1542, Vitacura, Santiago or call
(011) 562-538-0638, office hours.

ARIZONA AUDIOPHILE SOCIETY located in
metropolitan Phoenix is a growing and active
club in the pursuit and reproduction of record-
ed music. New members are welcome.
Meetings are last Tuesday of each month.
Receive monthly newsletter and club discounts
with local high-end audio dealers. Send inquiry
to Arizona Audiophile Society, PO Box 13058,
Scoftsdale, AZ 85267, or call Bob Williams,
(602) 944-5929.

VINTAGE AUDIO LISTENERS AND VALVE
ENTHUSIASTS (VALVE) meets the first Sunday
of every month to swap vintage audio gear, audi-
tion rare and collectible equipment, and evaluate
modifications and scratchbuilt projects. Dues pro-
vide a monthly newsletter with current reviews of
vintage components and modification informa-
tion; vintage service data; and access to an active
network of serious collectors. For information, call
(206) 697-1936 or write to 1127 NW Brite Star
Ln., Pouisbo, WA 98370.

Premium Grade Parts

Don’t Pay More!
Absolutely the best selection of audiophile grade parts
at fair prices! Extensive deep in stock inventory featur
ing these vendors and many more. Free catalog!
MIT mumicar... better selection than any other source
WONDER CAP, SOLEN, SCR, ReL-Cap, NICHICON MUSE,
BLack GATE, ELNA, CADDOCK, VISHAY, MiLLs, HoLco,
ResisTa, Dale, TKD, ALPS, Nosie, Elma, Shalico, EAR
DeRLEX PANELS - uitimate in speaker enclosure damping
CARDAS, KIMBER, ACROTECH, & pure silver chassis wires,
Hexrep diodes, Soto foil inductors, all types of audio
connectors, silver contact toggle & rolary switches,
stepped attenuator kits, hospital grade plugs, tubes,
tools, IC's, super selection of damping materials & feet.
Intemational/overseas orders are especially welcome!
Phone (415) 669-7181 or fax (415) 669-7558 for a catalog,
Michael Percy, Box $26, Inverness, CA 94937

THE ATLANTA AUDIO SOCIETY, inc. — Open
to persons who share a common interest in the
art and science of audio and music. Activities
include construction projects, equipment and
recording evaluations, home theater, video, film,
live music and recording sessions. Monthly
meetings and seminars often include prominent
speakers from the industry. Newsletters and bul-
letins regularly published. John Morrison, Pres.,
(404) 491-1553, or Chuck Bruce, (404) 876-
5659, 4266 Roswell Rd. N.E., K-4, Atanta, GA
30342-3738.

WASATCH AUDIO, located in Salt Lake City.
Our club is interested in construction, modifica-
tions, design, and listening to music. We are
looking for members and ideas for our new club.
Edward Aho, (801) 364-4204.
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MEMPHIS AREA AUDIO SOCIETY being
formed. Serious audiophiles contact J.J.
McBride, 8182 Wind Valley Cove, Memphis, TN
38125, (901) 756-6831.

AUDIO SOCIETY OF MINNESOTA. Meeting the
hobbyist needs of audiophiles in the Land of
10,000 Lakes for 16 years! Monthly meetings
(Sept-May), tours, audiophile concerts, special
guests, technical assistance, etc. For information
and a copy of our latest monthly Bulletin, write
ASM, PO Box 32293, Fridley, MN 55432, or call
our 24-hour “Audio Hotline,” (612) 825-6806.

Q The Ribbon Source

Our new technology Ribbons have
the musicality and air of large
electrostatics but are mono-polar,
high impedance drivers in easy to
drive and place packages. They will
simplify your designs and upgrade
your audio or video systems sound.
Ribbons are 8", 15" and 30" in full range
systems, Kits and Modules. Tubes love them!
Ask for specs and intemational reviews.

Newform Research Inc.
1-705-835-9000 Fax: 705-835-0081

Custom mfgrs and overseas distributors sought.

THE COLORADO AUDIO SOCIETY (CAS)is a
group of audio enthusiasts dedicated to the pur-
suit of music and audiophile arts in the Rocky
Mountain region. We offer a comprehensive
annual joumal, five newsletters, plus participa-
tion in meetings and lectures. For more informa-
tion, send SASE to CAS, 1941 S. Grant St.,
Denver, CO 80210, (303) 733-1613.

THE BOSTON AUDIO SOCIETY, the nation's
oldest (founded 1972), seeks new members.
Dues include the monthly meeting notice and
our newsletter, the BAS Speaker (6/year).
Recent issues cover Carver, a/d/s; the founder
of Tech Hi-Fi, Photo CD. Plus visits from famous
speaker designers, listening tests, measure-
ment clinics, research investigations, and more.
Back volumes available. Membership includes
engineers, joumalists, consultants, and music-
loving audiophiles like yourself. For information
write to PO Box 211, Boston, MA 02126-0002.

THE CATSKILL AND ADIRONDACK AUDIO
SOCIETY invites you to our informal meeting.
Join our friendly group of audio enthusiasts as
we discuss life, the universe and everything!
Toobers, Tranzzeestors, vinyl canyons, or digital
dots. No matter what your level of interest, expe-
rience, or preferences, you are welcome.
Contact CAAS at (518) 756-9894 (leave mes-
sage) or PO Box 144, Hannacroix, NY 12087.

THE HI-FI CLUB in Cape Town, South Africa
sends a monthly newsletter to its members and
world-wide subscribers. Ask for an evaluation
copy of our next newsletter, write to PO Box
18262, Wynberg 7824, South Africa or FAX
(011) 27-21-7618862. We'll be pleased to hear
from you.

WEST VALLEY AUDIO SOCIETY is a group
interested in all aspects of high-performance
audio. We are located in the west San
Fernando Valley, CAand look forward to hear-
ing from interested audiophiles. Call Barry
Kohan, (818) 225-1341.

Four txges of

Classified Advertising
are available in
Speaker Builder:

FOR SALE: ¥or readers to sell

personal equipment or supplies.

WANTED: Help readers find

equipment or services.

TRADE: For any business or
private party sclling equipment,
supplies or services for profit.

CLUBS: Aid readers in starting a
club or finding new members.

PRICING
All advertising is $1.50 per word, $10
minimum per insertion. Deduct 5%
for an 8x contract. Please indicate
number of insertions. Payment
MUST accompany ad. No billing for
word classified advertising.

AD COPY

A word is any collection of letters or
numbers with a space on either side.
No abbreviations; please spell out all
words. Count words, not letters. Ad
copy should be clearly typed or printed.
Illegible ads will be discarded.

SUBSCRIBERS

Receive free For Sale, Wanted,
and Club advertising; 50 words
maximum; each additional word
just $.20. Please only one ad per
category, per issue.

Please include your name, address,
and telephone number. If TRADE
please indicate number of insertions
on the ad. All free ads are run only
once, then discarded. Ad questions,
copy and copy changes cannot and
will not be answered on the phone.
All correspondence must be in writ-
ing adressed to:

Speaker Builder
Classified Department
PO Box 494
Peterborough, NH 03458-0494




CONNECTICUT AUDIO SOCIETY is an active
and growing club with activities covering many
facets of audio—including construction, subjec-
tive testing, and tours of local manufacturers.
New members are always welcome. For a copy
of our current newsletter and an invitation to our
next meeting, write to: Richard Thompson, 129
Newgate Rd., E. Granby, CT 06026, (203) 653-
7873.

PIEDMONT AUDIO SOCIETY in the
Raleigh/Durham and Chapet Hill area is meet-
ing monthly to listen to music, demonstrate
owner-built and modified equipment, and
exchange views and ideas on electronics and
speaker construction. Tube and solid-state
electronics are of interest and all levels of
experience are welcome. Kevin Carter, 1004
Olive Chapel Rd., Apex, NC 27502, (919)
387-0911.
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TC SOUNDS

all (619) 622-1212 or Fax (619) 622-9293

GREATER SOUTH BAY AUDIOPHILE SOCI-
ETY (Los Angeles/Orange County area) is
entering its second year of existence and is
welcoming new members to the more than 50
who are already enjoying its benefits. Our
meetings, held every six weeks, and our
newsletter, theEarful, cover topics on do-it-
yourself tweaks and mods, music articles,
equipment reviews, manufacturer's demos,
and much more. Contact Larry Fisher at (310)
599-6579 or Dave Clark at (310) 427-4207.

ESL BUILDERS GROUP is a new address for
people who have built or want to build electro-
static loudspeakers and associated (tube) dri-
vers, or are just interested. An answer is
ensured, if you include some kind of compensa-
tion for postage and handling. Write to: Gunter
Roehricht, Buhlerstr. 21, 71034 Boéblingen,
Germany.

THE PRAIRIE STATE AUDIO CONSTRUC-
TION SOCIETY (PSACS) meets every other
month. Meetings feature audio construction,
design, and analyses, blind listening tests,
equipment clinics, auto sound, lectures from
manufacturers and reviewers. PSACS, PO
Box 482, Cary, IL, 60013, or call Tom, (708)
248-3377 days, (708) 516-0170 eves.

NEW JERSEY AUDIO SOCIETY meets eight
times a year. Emphasis is on extracting the best
sound per dollar spent from your audio system.
Dues include subscription to our newsletter, The
Source, published four to six times yearly.
Meetings focus on enjoying the hardware as
well as the software. Contact Frank J. Alles, 209
Second St., Middlesex, NJ 08846, (908) 424-
0463, or Valerie Kurlychek, (908) 206-0924.

HI-Fi COLLECTORMOBBYIST seeks audio
penpals to correspond via reel-to-reel tape. If
you are into restorations, discarding old
recorders, or parting out derelict gear, or have
arcane technical secrets you'd like to discuss,
or just want an excuse to obsess over Mylar,
make it so. I'll retum all tapes via parcel post.
James Addison, 171 Hartford Rd., A-7, New
Britain, CT 06053.

SOUTHEASTERN MICHIGAN WOOFER AND
TWEETER MARCHING SOCIETY (SMWTMS).
Detroit area audio construction club. Meetings
every two months featuring serious lectures,
design analyses, digital audio, AB listening tests,
equipment clinics, and audio fun. Ciub publica-
tion, LC, The SMWTMS Network, joumals the
club's activities and members’ thoughts on audio.
For information, send name and address: E-mail
aa259 @detroit.freenet.org; phone (810) 544-
8453 (machine); SMWTMS, PO Box 721464,
Berkley, MI 48072-0464.

THE WESTERN NEW YORK AUDIO SOCI-
ETY was established in 1984 for the purpose
of offering those people interested in the hob-
bies of music appreciation, stereo compo-
nents, etc. the opportunity to meet other indi-
viduals who share similar interests. For fur-
ther information regarding our organization,
please write to The Western NY Audio
Society, PO Box 312, N. Tonawanda, NY
14150, Atten: Denny Fritz.

PACIFICNORTHWEST AUDIO SOCIETY
(PAS) consists of 40 audio enthusiasts meeting
monthly, second Wednesdays, 7:30 to 9:30
p.m., 4545 Island Crest Way, Mercer Island,
WA. Write Box 435, Mercer Island, WA 98040 or
call Ed Yang, (206) 232-6466, or Gill Loring,
(206) 937-4705.

MONTREAL SPEAKER BUILDER CLUB.
Meets when it can, BYOB, discussions range
from speaker design and testing to equipment
modification. All welcome. Contact Andrew
McCrae, 4701 Jeanne Mance, Montreal, PQ,
H2V 4J5 Canada, (514) 281-7954.

LONDON LIVE DIY HHA CIRCLE meets quarterly
in London, England. Our agenda is a broad one,
including any aspect of audio design and construc-
tion. Subscription newsletter. We welcome all, from
nowvice 1o expert, in free association. Contact Brian
Stenning, UK, (011) 44-81-748-7489.
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Loudspeakers 101

DRIVERS AND SYSTEMS

ow that we’ve discussed the parame-
Nters of loudspeaker systems, it might

be a good time to move on to some
fundamentals about loudspeaker systems.
Being very specific about the meaning, we
define system as the combination of the loud-
speaker driver and its enclosure. We’ll
explore two of the most popular types of
loudspeaker/enclosure systems: sealed box
(also sometimes known as acoustic suspen-
sion) and vented box (bass reflex, ported, and
even passive radiator speakers).

Richard Small, in his landmark series on
low-frequency loudspeaker theory,! estab-
lished a relation between just a few funda-
mental parameters that led to a very power-
ful understanding of these systems. Called
the maximum efficiency-bandwidth-volume
relation, it’s described by a very simple
equation:

Nomay = kn Vg i3

In this equation, Ny, is the maximum
reference efficiency,? the amount of electrical
power that’s actually converted to sound; Vg
is the volume of air inside the box; and fy is
the speaker system’s low-frequency cutoff, or
~3dB point. The remaining parameter, k, the
so-called efficiency constant, is a very impor-
tant value that we'll talk about later.

EFFICIENCY GAIN

This relation tells us that, simply, the bigger
we can make a box, the more efficient the
speaker can be; or, the lower the frequency,
the lower the efficiency must be. An ineffi-
cient speaker with a high cutoff frequency
(litde bass) can be very, very small. But a
high-efficiency speaker with a very low cut-
off frequency must be very, very large. And,
of course, this is true only if all other things
are equal, which they need not be.

The efficiency constant, k;, determines
how the other three parameters must fit
together. And k, itself is dependent upon sev-
eral factors: the ratio of the driver compliance
volume (V4o to the box volume (Vp), the
ratio of the driver’s resonant frequency (fs) to
the system cutoff frequency (f3), and the ratio
of the system electrical Q (Qgc) to the system
total Q (Qr¢). And, in a somewhat complicat-
ed fashion, these depend very heavily on
whether the box is sealed or vented. Our effi-
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ciency constant, it would seem, isn’t so con-
stant after all.

The efficiency constant (k) for vented
boxes is about twice as much as for sealed
boxes.3 This has some very important impli-
cations. For example, imaginec two loud-
speaker systems with the same box volume
(V) and cutoff frequency (f3), and one is an
optimized (from an efficiency standpoint)
sealed box, while the other is a similarly opti-
mized vented box. The efficiency of the vent-
ed box will be twice (3dB greater) that of the
sealed box.

DEBUNKING THE MYTH

Now, before we all start adding vents 1o our
sealed boxes to gain 3dB of efficiency, let me
tell you that it won’t work. A common myth
is that the presence of the vent doubles the
efficiency of a system. And that intuitively
makes some sense, because we might think
that “more sound” can come out of the port.
Besides, the efficiency constant is twice as
much, so it must work, right™

Wrong. If we simply add a vent to a sealed
box speaker, the response of the system will
change, and the ratios between some of the
critical parameters, such as fg and f3, will
change enough to completely cancel every-
thing out, so that the efficiency remains the
same. In fact, the efficiency of the driver
essentially determines the efficiency of the
system. And even though we now have a new
hole in our cabinet, the driver is the same, so
the efficiency is the same. The frequency
response in the low end has changed dramat-
ically, probably for the worse.

Instead, we lcam from this that given two
cabinets—one sealed and one vented, both
the same size, with the same cutoff frequency
target for both systems—the vented box sys-
tem can use a driver whose efficiency is twice
as high as the driver for the sealed box to
achieve these design goals. But to do so, the
vented box speaker usually must have a larg-
er magnet systcm, among other things.5

Well, you might ask, why can’t we simply
put that more efficient driver in the sealed box
and increase its efficiency? Remember that
our efficiency constant (k,) depends upon
many factors, including the electrical and
total Qs of the system and the cutoff frequen-
cy (f3). Even if cverything else (such as the
driver mass and compliance) is equal, this

more efficient driver, with its necessarily
lower Qpg, will result in the system having
the same resonant frequency. Because of the
now lower system Q (Qgg), the system
response will be damped, and the cutoff fre-
quency will now move higher in frequency,
about one-third octave, to be precise.

DESIGN COMPROMISES

Let’s explore the major trade-offs we can make

between closed and vented box systems using

the bandwidth-efficiency-volume relation:

o If we keep the efficiency (1p) and the box
volume (V g) the same, the cutoff frequen-
cy (f3) of a vented box can be one-third of
an octave lower than a sealed box. That’s
the difference, for example, between 40
and 32Hz.

¢ On the other hand, if we keep the cutoff
frequency and the efficiency the same, the
box volume of a vented box system can be
one-half that of a sealed box system. This
could be the difference between a sealed
box that’s 12” x 8” x 24" and a vented box
that’s 992" x 6-3/8” x 19,

* And, as we saw before, if we keep the box
volume and the cutoff frequency the same,
then the efficiency of a vented box system
can be twice that of a sealed box system.
In fact, we can have several trade-offs at

once, making a system a little bit smaller, a

litle bit more efficient, and a little lower in

frequency.

But one implication in the relation for both
sealed and vented boxes is always a con-
straint: high efficiency and low frequencies
require big boxes, and there is no way around
this simple fact. If you need to lower the f; of
either a sealed or vented box system by one
octave from, say, 40 to 20Hz, you are forced
to build a cabinet that’s eight times the vol-
ume (because, remembering the relation, the
frequency term is cubed). If you wish to
design a system that's twice as efficient,
you'll need a box twice as big.

Even still, it seems that, all around, the
vented box system is a winner. It can be
smaller, more efficient, or have lower bass.
Why on earth would anyone bother with a
sealed box? After all, companies such as
Acoustic Research enjoyed no small measure
of success selling sealed box loudspeaker
systems.

Continued on page 65
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d_ = FL B NOW AVAILABLE!!! Parts Express is proud to announce that we are now
% BT a U.S distributor for the most advanced loudspeaker design software cur-
| "7 rently available ... LEAP Version 4.5 (Loudspeaker Enclosure Analysis
o / \ Program) and the LMS (Loudspeaker Measurement System). Call for more
{ om < information on these and other exciting new products from Linear X!

Parts CALL TOLL FREE

XPress 1-800-338-0531 ¢~

340 E. First St.,, Dayton, Ohio 45402-1257, Phone: 513-222-0173, Fax: 513-222-4644

I arts Express is serious
about providing the novice, as well
as the advanced speaker builder,
with some of the finest compotients
and accessories currently available
for loudspeaker construction. Raw
drivers, enclosure resonance danip-
ing material, port tubes, spikes, 14-
20 gauge inductors, polypropylene
capacitors, power resistors, loud-
speaker design software, audio test
equipinent, and too many other
itenis to possibly list liere, are
available to you at very reasonable
prices! We stock every item we
advertise and mos! orders are
shipped within 24 hours of place-
ment. Our teclnical support staff
can help the novice builder select
the best drivers for a particular
application, clioose appropriate
enclosure volumes and even help
calcuilate crossover values. So call
now for your copy of our free 212
page catalog and get serious about

speaker building!
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