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The Best Capacitors
for Your System

Miracle of New SETI

Audio manufacturers report the new SETI sounds better than expensive film-and-foil caps
and oil-filled caps. Yet SETI costs far less (pricing is competitive with metallized polypropylene).

SETI brings out music’s natural liquid beauty, so recordings sound more like real live music (you
hear the same sonic magic from some single ended triode power amps). SETI™ (SET InfiniCap) actually
sounds better (more musically natural) than the straight wire bypass reference!

New InfiniCap Signature
They said it couldn't be done, so we did it — InfiniCap’s unique technology (pats pend) in a film-and-foil
design. This is the ultimate in sound, when only the very best will do. [.01uF stock; other values OEM custom]

Critics Judge InfiniCap®...

* A high end speaker system manufacturer:

“SETI does amazing things for our speaker! It's far better
than ail other capacitors. Compared to Hovland MusiCap,
SETI has even more natural musical texture, and is more
transparent, open, faster, and more dynamic, with better
separation of instruments and their harmonics, better inner
detail, better stereo imaging with wider stage. SET| bass is
richer with more weight, yet tighter, faster, better defined.”

« Another high end speaker system manufacturer:
“SETI surpasses MultiCap RTX and Hovland MusiCap. It
gives us the most music, with the blackest background.”

¢ A leading high end mfr of tube and solid state electronics:
“SETI gives us the most realistic, natural music we've
ever heard! The difference compared to MultiCap is
astounding, just amazing, night and day! SET! is the
biggest parts improvement we've ever heard! It sounds
so good that your reaction is emotional; we're giddy and
swept away! SETI is fast and detailed but not hard, and it
gets music’s harmonic textures right. There’s no sense of
reproduced sound; it's just like hearing real live music.”

* Another high end mfr of tube and solid state electronics:
“Fantastic! We're changing MusiCap to SETI everywhere!”

* Yet another high end mfr of tube and solid state electronics:
“We liked expensive oil-filled caps — until we heard SETI.
SETI's even more musically natural, & far more accurate

(faster & clearer). We're putting SET! in all our products!”

+ Another high end manufacturer of tube electronics:
“The only other cap even close to SETI is the Audio Note
Copper Foil in Oil, at 8 times SETI’s price!”

» Doug Blackburn, engineer, audio writer (his article in Stereo-
phile satirized pseudo-physics in high end audio), & regular
contributor to Positive Feedback & The Audiophile Network:

“ found a great sounding new cap — unbelievable
sounding actually. | used to think [a highly regarded
multiple section film and foit cap] sounded pretty good, but
these InfiniCaps are unreal.”

Also: New Wonder Solder UltraClear™

“I tried them in various locations in my equipment — power
supply bypasses, in the audio signal path, etc. Unreal
sound quality. These InfiniCaps make [the multiple section
film and foil cap] sound broken! I'm not kidding! The
difference is very large.”

» Prominent audio retailer Peter Litwack, Music by Design:

“In a high end preamp we replaced very expensive
MultiCaps ($77) with an InfiniCap ($19). Ecstasy! This
preamp came stock with MultiCap’s best efforts, the
deluxe film-and-foil PPFX-S and RTX series. To get good
sonics at the coupling cap, the preamp designer found it
necessary to use an array of 3 MultiCaps: 5uF PPFX-S,
externally bypassed by .47uF PPFX-S, bypassed by .01pF
RTX. That's 30 deluxe MultiCap sections in paraliel.”

“We replaced this whole $77 MultiCap array with a single

4uF InfiniCap ($19). No external bypasses on the
InfiniCap. This single InfiniCap, at 1/4 the price,
thoroughly eclipsed the whole optimized array of
MultiCaps! Clearly, infinity is far better than 30.”

“InfiniCap took this preamp to a whole new level. Bass
became deeper, more articulate, and much less soggy.
The stereo space expanded dramatically, extending way
beyond the room walls and wrapping around the room,
almost like surround sound. Really wild! Also, musical
instruments themselves became better articulated and
more lifelike, with better resolution revealing their subtle
resonances. Overall sound became cleaner and faster,
even using InfiniCap's ruggedized version with no external
bypasses. Wow! InfiniCap is a home run in every way!”

«Litwack’s evaluation has since been independently confirmed
— by the preamp manufacturer himself, who has now
changed his product: “The deluxe MultiCaps made music
fragmented and trashy. SETI is far cleaner & clearer, and
brings music into coherent focus, so it all hangs together.”

The world’s best sounding solder makes your system sound twice as expensive!

Write to: TIRT — Tomorrow’s Research Today, 408 Mason Rd, Vista CA 92084 USA
Fax/voice mailbox: 619-724-8999 (leave your mailing address to get info)

Reader Service #54
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Suppliers to:
Audio Research
Wilson Audio
Manley Labs
Sonic Frontiers
& many others

Reliable Capacitors
12931 €. Sunnyride PI.
Santa fe Springs, CA 90670

tel: 310-946-8577 |
fax: 310-944-74941
www.capacitors.com

Reader Service #69 |
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Good News

B A WOOFER TO WATCH
Model 162 PBM is a vented-box
powered subwoofer from Atlantic
Technology International. With a
built-in 75W power amplifier and 8”
long-throw polypropylene driver, the
162 PBM boasts a 20Hz-150Hz
operating range; a 24dB/octave
low-pass filter, which is variable
between 60Hz-150Hz; and frequen-
cy response of 30Hz-270Hz at
+6dB. The tower-style 162 PBM
meets UL/CSA and European safety
standards with its externally switch-
able 120/240V AC power supply,
external fuse holder, IEC AC power
socket, and detachable power cord.
For the dealer nearest you, please
call Atlantic Technology
International, 343 Vanderbilt Ave.,
Norwood, MA 02062, (617)
762-6300, FAX (617) 762-6868.
Reader Service #105

B IT'S WHAT'S INSIDE THAT COUNTS
Xecon Technologies’ Letros mode! L-105 is a complete
audio system, including eleven miniature speakers and
four amplifiers, inside of a hand-crafted solid-oak lectem.
Cordless operation is enabled by a rechargeable battery
pack, providing twelve hours of use. Boasting 270° of
sound distribution, the L-105 is designed for an audience
of up to 250 with a slim-line microphone; volume, bass,
treble, and power controis; a built-in reading light; and a
light display indicating the ideal volume of speech. Xecon
Technologies Inc., 819 Yonge St., Toronto, ON, Canada
M4W 2G89, (416) 967-5050, FAX (416) 960-5435.
Reader Service #103

B B+K PRECISION IN A DMM
B+K Precision’s Model 2880 digital multimeter (DMM) with
an RS-232 interface comes complete with computer
software and hook-up cable, a rubber holster, test leads,
and instruction manual. With a selectable measurement
interval from 1-999 seconds, the 2880 offers an LCD
display with 4,000 count resolution, analog bargraph, and
the capability to display minimum, maximum, and preset
readings or AC voltage and frequency simultaneously.
This DMM measures DC voltage to 1kV at 0.3% accuracy,
AC voltage to 750V and 20kHz, and AC and DC current to
10A, as well as continuity, diode test, frequency, and
capacitance. B+K Precision, 6470 W. Cortland, Chicago,
IL 60607-4098, (773) 889-1448, (773) 794-9740.

Reader Service #104

Bl UNIQUE Q-SERIES
KEF Audio’s Q-series of shelf- and floor-
standing speakers comprises six new models:
the Q15, Q95C, Q35, Q55, Q65, and Q75.
Each unit employs KEF’s Uni-Q driver, a design
incorporating a %" soft-dome tweeter, which is
cooled by ferrofiuid liquid and located at the
apex of a polypropylene midrange/woofer.
All Q-series speakers, housed in slim,
fumiture-quality structures, are magnetically
shielded for use in musical and home-theater
setups. KEF Electronics of America, Inc.,
89 Doug Brown Way, Holliston, MA 01746,
(508) 429-3600, FAX (508) 429-3699.

Reader Service #102

C BANDORA AND MORE-A
The Bandora compact two-way speaker system,
offered by Bandor Miniature Loudspeakers, features
two full-range, metal-coned speakers. For use with
amplifiers up to 120W, the Bandora speakers are
enclosed in low-coloration cabinets of 25mm MDF,
accentuated by an angled front panel, polymer
damping, and finished wood veneer. Bandor's Mora
serves both as a stand for the Bandora and as a bass
system, providing a 125Hz active-crossover unit, an
equalization network, and aluminum-cone drivers
mounted back-to-back. Bandor Miniature
Loudspeakers, 11 Penfold Cottages, Penfold Ln.,
Holmer Green, BUCKS, UK HP15 6XR, phone/FAX
(+44) 1494-714058.

Reader Service #101
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New! LEAP

ol
I

.

bl s Pt Sl *

The Art and Science... of loudspeaker system development today has become more complex than ever before.
Competition is tough. and to compete each design must perform to the best of its ability. and make the most out of every
dollar's worth of transducer cost. The simple approach of choosing a combination of seemingly appropriate transducers cou-
pled with ordinary networks and filters, has given way to a painstaking process of meticulously blending selected transduc-
ers in combination with carefully devised and matched crossover designs. -

LEAP (Loudspeaker Enclosure Analysis Program) is a complete full range analysis package which provides virtually all
of the tools necessary to develop precision loudspeaker systems, for today's demanding audio markets. Whether your appli-
cations are consumer audio. car stereo. professional audio, o- custom esoteric marvels. LEAP provides the power. flexibility,

— __________ ___ __ ________ S

Advanced Transducer/Enclosure Simulations
¢ Sealed Vented, Bandpass, PR Simulations with multiple speaker/ port capability.
v Large signal analysis of TempVC, and Non-Linear BL/ Ports/ Compliance.

v Acoustic Parallel or Acoustic Series (Isobaric) Driver Mounting.
v Port Standing Wave resonance modeling.
¢ Frequency Dependent Revc and Leve modeling.

B
= e -

B Advanced System Analysis Features [§
| ¢ Use simulation or imported actual measured SPL/Z data. |} J
] 'J v 5-Way crossover system modeling, and more. "
¢ Time offset between transducers.
- i v Active or Passive based crossovers,
. v Hilbert-Bode transform for deriving phase. )
| v 22 Passive components per xover section. l
o v/ 16 Active filter blocks per xover section.
v Passive Network Optimizer for single/system response. ‘[‘
| ¢ Active Fllter Optimizer for single/system response. ‘
v Frequency ranges from |Hz to 100kHz.

-_—Te oy yqp— —

Printer/Output Formats
When you wish to produce a hardcopy output of your finished
designs and graphical data, LEAP supports & large number of
printer standards, and even supports numerous desktop publish-
ing grephic formeats in both black & white and color!
Portrait/Landscape orientations in any custom size and aspect
ratio are user controllable.

v IBM/Epson 8 Pin Dot Matrix v NEC 24 Dot Matrix

¢ Library storage of 36 transducer parameters, and over 24 enclosure parameters.
¢ Generic transducer modeling of electro-dynamic, ribbon, and piezo devices.

v Epson 24 Pin Dot Matrix

¢ HP LaserJet Series Printers

v HPGL Compatible Plotters

¢ PostScript EPS/TIF- BEW Color
¢ Ai-Adobe lilustrator BEW Color

LinearX Systems Inc

International Dealers Agentina
4 66962779 Denmark Finland At

162225 Taiwan Gest

¢ TOSHIBA 24 Dot Mat
v HP DeskJet 500C

v PostScript Printers

¢ DXF AutoCAD

v TIFF, BMP, PCX Plots

7556 SW Bridgeport Road

rface SRL (54-1)741-1389, Australia:ME Technologies 61(0)65-50-2200/Austria:Audiomax 49(0)71-31-162225 Belgium C
udproduktion 46(0)8-623-08 70/France;Belram 32(0)2-736-50-00/Germany:Audiomax 49(0)71-31-162225,/Indonesia hens Aud

39303581341 /Korea Sammi Sound 82(02)463.0394,/ Luxembourg:Belram 32(0)2-736-50-00/Malaysia:AUVI 65-283-2544/New Zealand:ME Technologies 6165 50 2254 Norway AL T Ljudproc
623 08 70 Philippines Datlchi Denshi 163) 2631 69.80/Poland:Inter Americom 48(22)43-23 34/Singapore: AUVI 65-283-2544 Sweden At T Ljudproduction 46
Taycan Intl 8862 786 3468 Thailand:AUVI 65-283-2544,The Netherlands:Duran Audio 31-41-80- 15583, UK(England):Munro As 44101171.50.

© 1995 LinearX . Product and Trndemark’v;m’_e; are !;te-prnpeny of their vesped;ve owr’\em
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Call for a free

and accuracy to investigate every possi-
ble design permutation. The open archi-
tecture and broad spectrum of features
provided will dramatically reduce your
development time, while improving the
quality of the final result... and demon-
strates why LEAP has become the #1
choice of professional loudspeaker
designers world-wide!

Extensive Documentation
The two volume manual set comprises almost 1,000 pages of
documentation which thoroughly covers the operation of the pro-
gram- and provides numerous examples of how to maximize your
use and understanding of the program's many features. The
Reference Manual describes all graphs, menus, commands, and
their operation. This manual explains the unique and special non-
linear speaker and port models, as well as proper use of the opti- f
mizers, importing data, and the many other utilities. The
| Application Manual provides many exciting examples showing
. how to use the powerful features of the system in a combined
manner o perform both simple and complex design tasks. Both
novice and experienced users alike will find this information
invaluable for exploiting the full power of the system. Additional :
information is also provided on loudspeaker measurements,
| design tips, filter calculations, and complete crossover system
development for both passive and active based systems.
\ i [ ,” v/ 502 Page Reference Manual ¢ 436 Page Application Manual

TEL: (5’04)‘520.‘3044 ~?, - T :

Deuéiopment Utilities

v Quick Cabinet Box Designer
v Conjugate Network Designer
v Wire Table Calculator
v Multi-Curve Averager
¢ Import Data from ASCII Files

Portland OR 97224 USA

v Crossover Network Designer |
¢ Spkr Parameter Measurement

¢ Voltage/Current/imp Calculator J
¢ Motor Constants Calculator |
v Export Data to ASCH Files

Tel (503) 620-3044 Fax: (503) 598-9258

ktion 2b(0)8
86 ) Switzerland 49




THIRD
GENERATION
CLASS-D POWER
AMPLIFIERS

Reliable, high-efficiency
switching amplifiers have
come of age...

Turnkey 500WRMS subwoofer amp with full feature
set... ready to drop in your enclosure.

LGT is an OEM manufacturer of high performance audio amplifiers, cither wrnkey
with a full feature set, or as pre-fabricated PCB assemblies. The high efficiency of
Class-D is available in several configurations and output levels. Heatsinking
requirements on all models are minimal. Contact Terrv Tavlor for full details and a

developer kit.
I G I SWITCHING TECHNOLOGIES
oo unorerem

910 Creckside Road « Buildingd « Chattanooga, TN 374006 « Email: acoustical@aol.com
Tel:423-622-1505 Fax:423-622-1485
Reader Service #79
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The peculiar evil of silencing the expression of
an opinion is, that it is robbing the human race;
posterity as well as the existing generation;
those who dissent from the opinion,
still more than those who hold it

Joux Stuart Mi
Speaker Builder is published
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high-quality audio reproduction.
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About This Issue

Betore the door closes on 1996, we must take a
moment to recognize the contributions of the
many authors who have provided this year’s

| reading enjoyment for SB readers. Their efforts,

insights, and designs have helped to make 1996
a banner year. We thank them for sharing their
experiences and knowledge and look forward
to more contributions in the new year.

We cantinue this tradition of speaker-build-
ing excellence as Jesse W. Knight shows you
how 10 build the box for his woofer/midrange/
tweeter design. His project is well-suited for
the beginner, since port tuning and variation
considerations are kept to a minimum. You
have your choice of several designs using 10”
or 127 drivers. sealed or ported versions, any
one of which promises to be an inexpensive
salution to harsh-sounding systems (“A
Musician’s Speaker.” p. 10).

Is your multiway system out of phase,
resulting in a dramatic loss of balance? Andy
Lewis’s simple phase tester helps you to accu-
rately measure time alignment data. The
author demonstrates how this simple, inexpen-
sive device measures phase differences
between drivers to achieve phase linearity in
your multi-speaker design (“A Simple Phase
Tester,” p. 16).

Bill Fitzmaurice, with his “series-vented”
design, once again exhibits a talent for design
based on imagination and experience, rather
than computer-aided design (“An Eight-Inch
Subwoofer Test Box.,” p. 28).

We couldn’t end 1996 without bringing to a
canclusion the magical multiway speaker sys-
tem by G.R. Koonce. We've discussed its
design and construction: so. how does it
sound? Part 3 answers this question—with
Bob Wright and Ed Dell’s descriptions and
aural reactions to this sweet-sounding sys-
tem—and examines the eftects of grille frame
and cloth on tweeter performance (A Modest
Cost Three-Way Speaker,” p. 34).

With the introduction of the TopBox loud-
speaker modeling program, Mac users needn’t
take a back seat to the IBM masses. Designed
by big-name talent in the loudspeaker design
industry, this easy-to-use pragram calculates
and gruphs design responses (“Software
Review,” p. 45).

' Speaker Builder (US USSN 0199-7929) is published every
| six weeks (eight times a year), at $32 per year, $58 for two
years; Canada add $8 per year; overseas rates $50 one
| year, $90 two years; by Audio Amateur Corporation,
Edward T. Dell, Jr., President, at 305 Union Street, PO Box
494, Peterborough, NH 03458-0494. Periodicals postage
paid at Peterborough, NH and an additional mailing office.

POSTMASTER:
Send address change to:
Speaker Builder, PO Box 494
Peterborough, NH 03458-0494
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Good News

Il CAN'T STAND YOUR AUDIO RACK?
Euro Fumiture audio equipment stands, offered by
Sanus Systems, are available in audio and audio-video

CHALLENGE Il

widths of 22” and 40", respectively. The open-architec- Audio Engineering Society
ture design isolates parts and prevents overheating, and ~ announces its second

the columnar sandwich construction ensures rigidity Amateur Loudspeaker
and damping. These modular/stacking fumiture Design/Construction

systems, constructed of steel supports and heavy

composite shelving, come standard with adjustable

carpet spikes and a wire-management path. Sanus

Systems, 619 W. County Road E., St. Paul, MN 55126,

www.sanus.com, (800) 359-5520, FAX (612) 636-0367.
Reader Service #107

contest, open to anyone
who is not a “professional”
loudspeaker designer,
builder, or employee in the
industry. The blind listening
tests will be conducted
according to AES guidelines
by three judges. Three
prizes will be awarded for
sound quality and one for
aesthetic appeal. The
guidelines limit entries to
any non-self-powered three-
way (or less) system weigh-
ing less than 100 Ibs./side.
The contest will take place
in May 1997. For details,
call Mark Sayer at
Meniscus, (616) 534-9121,

B RIBBON HYBRID
Newform Research has announced release of the
R8-1-30, a ribbon hybrid with a new-technology 30”
mono-polar ribbon and 8” poly mid-bass. The
R8-1-30 is a full-range system for use in high-resolu-
tion stereo and home-theater systems. Its 88dB
sensitivity allows it to match well with any amplifier of
30-150W per channel in average-to-large rooms.
With solid response down to below 30Hz, it requires
no subwoofer. Assembly time is ten minutes per side.
Newform Research, Inc., P.O. Box 475, Midland,
ON L4R 4L3, Canada, (705) 835-9000,
FAX (705) 835-0081.

Reader Service #110

M VIBRATION DAMPERS
The Ultimate Isolation System 2, from Bright Star Audio, achieves vibration control
through three technologies: Air Mass 2 is a pneumatic mount placed on the shelf
surface; Big Rock 2 is a sand-filled platform set on top of the Air Mass and under the
component; finally, you mount the Little Rock 2 isolation pad on top of the component.
The 1.5Hz resonance frequency of the Air Mass/Big Rock combination restricts
floor-bome vibrations, while the mass loading of the Little Rock/Big Rock combination
{almost 65 Ibs.) enhances the rigidity of the component's chassis to more effectively
repel air-bome vibrations. Bright Star Audio, 2363 Teller Road, Unit 115, Newbury Park,
CA 91320, (805) 375-2629, FAX (805) 375-2630.

Reader Service #112

O LOOKS LIKE GRANITE
Environ™ is a cabinet-building material
that looks like granite but works like
hardwood. Produced by Phenix
Biocomposites, Environ offers high
density almost twice that of MDF
(80 Ibs./it3). The color and pattem are
solid throughout, and it is available in
ten colors and four thicknesses.
Unlike many particleboards,
Environ is nontoxic and uses no free
formaldehyde, being a composite
manufactured from 40% soy flour
and 40% recycled newsprint.
Phenix Biocomposites, Inc.,
P.O. Box 609, Mankato, MN
56002, (507) 931-9787,
FAX (507) 931-5573.

Reader Service #111
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B LOUDSPEAKER DESIGN

The West Michigan Chapter of the

B SHAKE IT UP BABY
The Bass Shaker Plus is a new addition to the
Bass Shaker™ product line from Aura Systems.
This car-audio bass-enhancement
system incorporates a pair of Aura
Pro Bass Shakers, a remote level
control, and a 100W Class D digital
amp. Winner of the 1996 Best OEM
Upgrade Award, the Bass Shaker
Plus mounts under your car seat
and responds to frequencies from
100Hz down. Call (800) 909-AURA
for a retailer in your area. Aura
Systems Inc., 2335 Alaska Ave.,
El Segundo, CA 90245, (310) 643-
5300, FAX (310) 643-8719.
Reader Service #106

C NEW SPEAKERS
STAND TALL
Martin-Logan has released the
reQuest and the Aerius i, two
innovative speakers that are
improved versions of the
company's Quest and Aerius
speakers. New woofers are
designed to better complement
their electrostatic loudspeaker
technology (ESL) compo-
nents, producing more
detailed bass and more
focused imaging. Both
speakers occupy tall,
slim cabinets and
employ Martin-Logan’s
curved diaphragms and
stators that disperse
sound across a broad,
30° soundstage. Martin-
Logan, Ltd., P.O. Box
707, Lawrence, KS
66044, (913) 749-0133,
Reader Service #109

B MULTIMEDIA SPEAKER SYSTEM
MIDI Land, Inc. announces the MLi-370Q, a new three-way
multimedia speaker system that utilizes QSOUND® to deliver
dynamic multidimensional audio, 55W of output power, and a
separate tweeter, midrange, and four-inch woofer. In addition to
intemal crossover circuitry, the tweeter and midrange are mounted
in a sealed enclosure separate from the woofer, thus minimizing
interference between the drivers. The intemal amplifier delivers
40W to the woofer and 15W to the tweeter and midrange
speakers. Separate high- and low-level inputs are provided as
welt as headphone and microphone jacks. MIDI Land, 440
South Lone Hill Ave., San Dimas, CA 91773, (909) 592-1168,
FAX (909) 592-6159.

Reader Service #108
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“Kimber Silver Streak |
represents a major perfor- /

‘mance breakthrough for f

' the price.”

Sam Tellig
(Stereophile

Vol. 19 No. 11
November 1996)

The Digital Reference

“It’s hard to get Stereophile writers to agree on anvthing.
 but Robert Harley, Jonathan Scull, Kalman Rubinson, Lonnie
Brownell, Robert J Reina, and Wes Phillips all use this as
their reference.” “Sometimes mercilessly revealing... but
never harsh” KR “Fast, open, and detailed,” raved JS. “Fo-
ed and nuanced,” concurs WP.“Smooth yet highly detailed.
spaciOWsgoundstage. lack of hardness and edge,” says RH.

“Stereophile Vol.19 No.10 October 1996)
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A MUSICIAN’S SPEAKER

hirty years ago. I tried to learn the

bass part of the Bach B-minor mass

by following a vocal score while lis-
tening to a recording. For the most part, it
was inaudible. For several years 1 purchased
new recordings as they came out, but none
reproduced the inner parts well.

Many years later. I spent all my free time
singing in choirs for several seasons. A
recording project with the best of these
choirs provided several insights into the
problem:

1. Choir directors often don’t notice a
lack of tuning in the bass section of a
choir; even well-known choirs can be
quite sloppy when it comes to inner
parts.
Microphones must be extremely flat in
response or corrected to flat: otherwise.
inner parts are lost in recording. Slopes
of more than 2 or 3dB per octave are
not correctable due to difficulties in
correcting phase shifts. Off-axis
response must be smooth.

3. The playback speaker must have an f,
below 40Hz and use drivers that are
flat to +2dB or better. based on pure
tone measurements.

4. You must sct midrange and twecter
levels by ear to match the balance of
live music. These settings will be sev-
cral dB below calculated levels. As an
alternative. you can adjust all parame-
ters for maximum resolution of inner
parts in heavily scored music. When
you are using many recordings and
adopt an average setting, the balance
will usually be good.

o

Musical standards have tightened up in
the last 30 years, and so have microphones.
Differences due to analog and digital
recordings, amplifiers, or cables are trivial
compared to the above factors. Speakers
have regressed in some ways during this
period as a result of market pressures to
reduce size.

Ideally, you could use a Dynaudio tweet-
er and midrange with an 18” woofer to
obtain these specs. but the cost would be
well over $1,000 for the drivers in such a

10 Speaker Builder 8/96

By Jesse W. Knight

system. My musician’s speaker uses
Peerless and Madisound components for
greatly reduced cost. The major loss
incurred is power handling—you will get
some dynamic compression. If you live in
an apartment, bear in mind that this prob-
lem occurs at levels that tend to bring the
police. The high-frequency rolloft will start
at 15kHz, and the transient response will
not be quite as good, but these are minor
drawbacks considering the lower cost of
this project.

The speaker system can be built with
either a 12”7 or 10” woofer. 1 have included
specifications for both.

THE BOX

Building a cabinet that will maintain the
extremely low coloration of the Peerless and
Madisound components is not a simple mat-
ter. Cabinet resonances can easily produce
6dB spikes in the overall system response
far in excess of the driver's contributions.
You should explore all possible solutions.
Two-inch-thick butcher block made from
hardwood flooring scraps might be excel-
lent, and you can find the tools and instruc-
tions for making it in woodworking classes
given at some high schools. Warfedale cabi-
nets contain a layer of sand between ply-
wood walls, and experiments with concrete
are also promising.

Cabinets with only two or, even better, no
parallel walls are superior to rectangular
ones for reducing standing waves. My next
cabinet will likely be a non-parallel-wall
butcher-block design. After building three
triangular cabinets for sale. | have returned
to using my prototype boxes from 1973,
made from butt-joined AC plywood (Photo
1). The system still sounds good, but not as
good as it might.

For those wishing to build conventional-
ly, I include internal dimensions for rectan-
gular boxes (Fig. / and Table I). 1 recom-
mend the maximum size. If total series
resistance (amplifier + cable + L 101)
exceeds 0.4 (Fig. 2), you should consider
even larger cabinets. The drivers are arrayed
vertically, with about 1” of space between
them. I based the calculations on a tilt-back
of 15° for the front board.

PHOTO |I: Prototype enclosure with Pyle
W12C700F woofer, Peerless 821385
midrange, and Peerless 811815 tweeter,
retrofitted to an old box that is slightly
smaller than the 90 Itr box. A removable
front panel permits me to use this box for
testing other drivers. Painting the front panel
black will prevent it from being visible
behind the grille cloth.

PORTS
The best locations for ports are at the bottom
or back of the cabinet, which directs port
noises away from the listener. Since 1
always put my speakers diagonally in the
comers of a room, the port can overhang the
rear of the cabinet. thus allowing it to be
larger and longer (Fig. 3). A port should be
tuned to the stated frequency. regardless of
what length is calculated.

Port length is affected by box quality,
which is somewhat tedious to measure. PVC
pipe is cheap: you might even get scraps

ABOUT THE AUTHOR

Jesse W. Knight has designed speaker systems for
home and church use, and now works on sound systems
for courthouses which use electronic recording. Jesse
designed and constructed a phono disc recorder and
produced audition tapes for student musicians and
choirs. He is a member of the Audio Engineering Society
and leads the bass section in a local church choir.



from a plumber free, as [ did. You can fasten
picces together with duct tape to get a length
2" 20" for test purposes. and then cut a new piece to

that length. If you don’t have test equipment,
use your ears. If box resonance is too high
and the bass is boomy, the pipe may be too
short: if box resonance is too low and the
bass is weak. it may be o long.

To recess the rear terminals when using a
terminal strip, 1 like to make a 12" radius
hole in the rear panel behind the woofer
(Fig. 4). Then [ place a 3/8” thick scrap of
plywood over the hole on the inside of the
rear panel, thus providing a recessed surface
for the terminal strip. The piece of wood
should be about 6” x 6” and glued to the rear
panel as shown,

= ¢ -

FRONT PANEL POSITIONING

[ set the front panel in 3% so the grille frame
can fit inside the overhanging top and sides
(Fig. 5 and Photo 2). Many regard this as a
mistake, since it results in some unwanted
high-frequency reflections, but I have not
FIGURE |: Front panel. found these to be audible in large cabinets

b ——————— e —— — — — e —
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TABLE 1

DIMENSIONS (IN INCHES)

BOX 90L 126L 152L

Front and rear panels 282 x 17% 32x20 34 x21

Side panels 28% x 13% 32 x 14% 34 x15%

Top and bottom panels 19 13% 21% x 14% 22%2 x 15%
GRILLE FRAME

Two horizontal pieces 17 3/8 x % sq. 197/8 x % sq. 207/8 x % sq.
Two vertical pieces 26 7/8 x % sq. 303/8 x % sq. 323/8x % sq.

DRIVER CUTOUTS (radius, not diameter) — for all 12 systems

WOOFER (W)  MIDRANGE (M)  TWEETER (T)
556 2.15 158

with the controlled-dispersion 811815
Pecrless tweeter. If 1 were making a small
system with a Dynaudio D-21 twecter. this
would be of concern. An inset grille is much
casier to make, and it will last longer if you
have cats. Only the face of the grille will
show, so how you wrap it over the frame is
not critical.

STUFFING

R-25 unfaced fiberglass from a building-
supply outlet is less costly than other materi-
als, but messy to work with (Photo 3). It's
best to do this outdoors with a mask and
gloves. Cover all but the front board. using
16 9/16” staples per square foot o produce
the desired compression of the fiberglass. |
have never had fiberglass fall into a woofer
when I used this many staples. so don’t
leave the top bare.

| L30|J MR T
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veor | 0 =201
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L
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The Industry's Finest Connectors.

ELECTRONICS COMPANY

T | F E. Electronics Company e 44 Pearl Pentecost Road / Winder, GA 30680 » (770)867-6300/ 2713 (Fax)
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THE WOOFER

Most people will choose the woofer based
on available space, but there is another fac-
tor to consider. Although the Swan 305 will
move much more air than the 10” 1052
DVC, the latter has a flatter response curve,
and as a result will outperform the Swan at
low levels. This is not to criticize the Swan,
but to point out that the 1052 DVC is an
exceptional speaker as regards freedom
from coloration. If you use the 1052 DVC,
wire it for 4Q. Then, since the voltage sen-
sitivities of the two speakers are the same,
no midrange or tweeter component changes
are required.

Tuble 2 lists crossover parts separately
for each woofer. Most amplifiers will not be
affected by the impedance rise from 4Q to
8Q2 with increasing frequency, unless it is a
low- or no-feedback amplifier.

THE TWEETER

In early versions of this system, | used a
Peerless KO-10 DT tweeter, which is a
handmade predecessor to the 811815. It
costs more and is not as good, but if you
have one, you can use it by making these
changes: short out R301 and reset V301 to
2Q (Fig. 2). This tweeter has a substantial
peak at 13kHz that increases tape hiss and
stylus mistracking sounds. 1t is all right when
playing cassettes, but is too bright for CDs.
Older listeners with high-frequency hearing
loss often like the sound of these tweeters.
Note, however, that the KO-10 DT does not
fit in a round hole, which complicates cut-
out work. Equalizing the peak helps, but the
sound goes from zippy to fuzzy.

CROSSOVER

This crossover is impedance corrected and
different values are shown for the two
woofer choices. You should wire level con-
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FIGURE 3: Side view, cross-section.
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FIGURE 4: Rear panel.

trols V20! and V301 and then set them for
4Q across the controls. Four ohms is the ref-
erence value that will sound best under most
circumstances. You may want to provide an
external test point so you can set both speak-
ers to precisely the same levels.

CROSSOVER MOUNTING

Most people mount crossover networks
inside the cabinet, but other options are
worth considering. In my system, the only
tone control when I'm playing classical
music is the crossover, so having it with its
level controls at the listening position during
setup speeds the process of balancing the
system. Advanced builders may prefer to try

SEALED BOX

If a ported box is more work than you want
1o tackle, consider building a sealed system.
Madisound lists a 91.3 liter cabinet that
would be excellent for anyone who wants
to avoid the cabinet work. If you order this
cabinet, be sure to specify blank, otherwise
you will have holes in the wrong places.

This cabinet has a cutout for the VL cup
(rear connecting terminals). If you don’t
order the cup, you’ll need to cover this
hole with a small board. Use the template
to locate the driver-cutout positions.

I have found that if you aim for a sys-
tem Q half-way between (0.707 and 0.577,
a non-flat alignment results with the Swan
305 that you can correct by simply turning
up the bass control on the preamp. A set-

ting of 1:30 o’clock works fine with the
Hafler 101 preamp. If you have an equaliz-
er, try setting the 64Hz lever to +2'2dB
and that of the 32Hz to +4dB.

According to many authorities, sealed
boxes have better transient response than
ported ones, but 1 disagree. To me, the
closed box is not as clean on drums as the
ported box. Other listeners agree with me
on this, suggesting that the greater cone
motion in the sealed-box mode creates far
more distortion than ports, and that less
turbulence is present in a ported box.
Nevertheless, the sound is still very good.
For many, the availability of a factory-
made cabinet is an important plus for the
sealed box. — JWK

lowering the woofer midrange crossover to
450Hz if no sustained high levels are
demanded (no rock music).

| think nothing in a crossover is sacred,
and if you have an oscilloscope and signal
generator, by all means experiment. In my
opinion, no woofer, no matter how small,
should be crossed over above 600Hz. If,
after much listening, you find no need to use
the controls in the crossover, it is best to
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FIGURE 5: Front panel with grille frame.
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INTRODUCING

Peakl Instrum

THE
WOOFER
TESTER™

QUICKLY AND
ACCURATELY
MEASURES:
Fs, Qwms, QEs,
Qrs, Vas, BL,

SPL @ 1W/1m,

Mmd, Cm, and Rm

IN MINUTES!

en o

Peak Instrument Company proudly introduces “The Woofer
Tester”. Just ask any loudspeaker engineer, and they will tell that
the only way to design enclosures of the correct size and tuning
is to measure the Thiele-Small parameters for the actual drivers
to be used. The reason? Manufacturers' published specs can be
off by as much as 50%! But until now, measuring the parameters
yourself required expensive test equipment and tedious calcula-
tions, or super expensive measurement systems ($1,200 to
$20,000). The Woofer Tester changes all that. Finally, a cost
effective, yet extremely accurate way to derive Thiele-Small
parameters, in only minutes! The Woofer Tester is a combination
hardware and software system that will run on any IBM compat-
ible computer that has EGA or better graphics capability and an
RS232 serial port. The Woofer Tester will generate the following
parameters. Raw driver data: Fs, Qus, Qes, Qts, Vas, BL, SPL

@ 1W/1m, Mmd, Cm, and Rm. Sealed box data: Fsb and sys-
tem Q. Vented box data: Fsb, ha, alpha, and Q loss. The Woofer
Tester system includes hardware, test leads, serial cable, AC wall
adaptor, detailed instructions, and software. Distributed exclu-
sively by Parts Express, Dayton, OH.

Parts
Xpress

1-800-338-0531

340 E FIRST ST DAYTON. OH 45402-1257 @ PHONE: 937-222-0173 @ FAX. 937-222-4644
WEB SITE: http //www.parts-express.com ¢ E-MAIL ADDRESS: xpress @parts-express.com

Source
Code. SBM

CALL TOLL FREE é

UNBELIEVABLE

INTRODUCTORY OFFER!

PLUS SHIPPING

#SB-390-800
:

¢ 30 DAY
MONEY BACK
GUARANTEE

¢ 1YEAR
WARRANTY

¢ SAME DAY
SHIPPING




measure the resistance and replace them
with fixed resistors of matched values.
Finally, you can mount the crossover to the
floor of the speaker box.

Do not mount the crossover near system
components, because of the large radiated
field from the inductors. Mounting the
crossovers two or more feet from the com-
ponents should be all right when you desire
long-term access. Also, wires to the drivers
must not share a common ground.

CROSSOVER CONSTRUCTION
Only three layout considerations are
important:

1. Mount the four inductors as far from
each other as possible, perhaps at the
corners of a mounting board. Alterna-
tively. mount the coils at right angles.

2. Keep the wiring of the tweeter circuit
compact.

3. Do not mount the inductors on metal,
or with iron or steel fastenings.

CONCLUSION

The benefits of the peak-free tweeter with

impedance leveling are dramatic. Tape hiss

and bias noise modulation are greatly
to page 60

GO AHEAD

Ask top engineers and music lovers
worldwide what capacitors they
choose for their ultimate designs.

H—O0 VLA N—-D

MusiCApe®©

The most naturally revealing capacitor.
Film and foil polypropylene construction -
optimized for fine speakers and vacuum
tube electronics. Precision made in the
USA.
Values from .01uF to 10uF.
Listen and compare for yourself.

UPGRADE NOW

" Your capacitor artistry is profound.”
Harvey "Gizmo" Rosenberg
THE AMERICAN AUDIOMANIAC

To order contact one of the following:
* Welborne Labs, USA  303-470-6585
¢ Michael Percy Audio Products, USA 415669-7181
* A& SSpeakers, USA 510:685-5252
* Handmade Electronics, USA 610-432-5732
¢ Americon Audio Impaort, Netheriands 31-78-6510567
* SUS Electroacoustics, England 44-1706-823025
* Tang Hill International Ltd., Toiwan 886-2-5813605
* Anchor Cross Co. Tokyo, Jopon 81-3-3203-5606
* Audio Art, Norwoy 47-37-09-37-20
* Audio Kinetik Pte. Ltd., Singapare 65-339-9789
* Octave Electronics, West Maloysia 603-793-793-9
* OEMs contact Hoviand Company at

ph 2009664377 » fox 200-966-4632
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PHOTO 2: Speaker with grille frame in place.
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PHOTO 3: Stuffing the box.

TABLE 2

PARTS LIST
TWEETER AND MIDRANGE COMPONENTS COMMON TO ALL VERSIONS
Peerless 821385 midrange
Peerless 811815 tweeter
(availabte from Madisound)
CAPACITORS RESISTORS
C201 30 poly or Mylar® cap R101 80 15W sand cast resistor
C202 10 poly cap R201 1Q 15W sand cast resistor
C301 47 poly cap R301 2Q 15W sand cast resistor
C302 2 poly cap R302 8Q 15W sand cast resistor

R303 14Q 15W sand cast resistor

INDUCTORS MISCELLANEOUS
L201 0.67 MH air core inductor V201 8Q L-pad control
1202 1.75 MH air core inductor V301 8Q L-pad control
L301 0.15 MH air core inductor
12” SYSTEM WITH SWAN WOOFER
W12 Swan 305 woofer
C101 40uF capacitor; poly, mylar, oil, or nonpolar electrolytic
Cc102 50uF capacitor; poly, mylar, oil, or nonpolar electrolytic
L101 3.00 MH ferrite core inductor
Port: 4”-diameter PVC schedule 40 pipe; tune to 23Hz (try 16” length for 152 Itr box)
Box: minimum: 126 liter, inside dimensions in inches: 12 x 20 x 32

Sealed box: 90 liter, inside dimensions in inches:

recommended: 152 liter, inside dimensions in inches: 13 x 21 x 34
11 x17% % 28%

12” SYSTEM WITH PYLE WOOFER

W12 Pyle W12C700F

C101 not required (no impedance compensation needed)

R101 not required (no impedance compensation needed)

C102 50uF capacitor; poly, mylar, oil, or nonpolar electrolytic

L101 3.00 MH ferrite core inductor

Port: 4”-diameter PVC schedule 40 pipe; tune to 33Hz (try 9” length)

Box: minimum: 90 liter, inside dimensions in inches: 11 x 17% x 28%
maximum: 126 liter, inside dimensions in inches: 12 x 20 x 32

10” SYSTEM

W10 Madisound 1052 DVC woofer

C101 20uF capacitor; poly, mylar, oil, or nonpolar electrolytic

c102 56 F capacitor; poly, mylar, oil, or nonpolar electrolytic

L101 2.70 MH ferrite core inductor

Pont: 3”-diameter scheduie 40 PVC pipe; tune to 28-29Hz (try 6”-9")

Box: minimum; 63Y2 liters, inside dimensions in inches: 9%z x 16 x 25%
maximum: 72 liters, inside dimensions in inches: 10 x 16% x 26%2

STUFFING

R-25 Unfaced fiberglass from building supply store
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AUDPAX SIGNATURE SERIES KITS

Over the last 3 years, Audax Loudspeakers has recreated its product line. The new products utilize
space age materials including Carbon Fiber, Aerogel, Kevlar and Titanium. The new products look
better and perform at a level that is state of the art.

To demonstrate this higher quality achievement, Audax asked Vance Dickason, author of The
Loudspeaker Design Cookbook, to create kit designs that show the product potential.

Madisound is grateful for this serious commitment to the kit builder from Audax. We have built
these kits and can recommend them without reservation. Madisound has also created custom Oak
cabinets with rounded solid corners and full grills. They are Audiophile kits that can be assembled in
a single evening.

Signature Series R651 Kit

The A651 is a two way design using an Audax HM17020 r @@
6.5" Aerogel HD-A cone woofer with phase plug and as — N
AW025S3 1" Aluminum dome tweeter with phase diffuser. ]
The enclosure is computer optimized for a vented QB3 type Ifi
of response yielding an F3 of about 55Hz. This enclosure ; ]
provides maximum damping for bass detail and produces 5
an output of 100dB, remaining linear down to 40Hz. | 4

The crossover is computer optimized (using LEAP) as a
4th order Linkwitz-Riley type at 3kHz which yields an overall
efficiency of 86.5dB. Third order networks couple with the Pl S B SR AR AT
natural rolloff of the drivers to achieve the desired 4th order slope.

Signature Series R652 Kit

The A652 is a 2-way design using two Audax HM170C0 | | ﬁ
carbon fiber 6.5" woofers and a TW025M0 1" textile dome | N
. y 0 . 0 'h'—- Y H
tweeter, mounted in the popular D’Apollito configuration || | L3 |1 Py
with the tweeter placed between the two woofers. This | t"} / Kb
technique produces a smoother vertical frequency h-,LSNT<-,W,,.;." =

response above and below the listening axis. The “E

enclosure is optimized for a modified QB3 type of response

yielding an F3 of about 53Hz. This volume provides a well ; H

damped group delay profile for bass detail and produces an £

output of 105dB, remaining linear down to 37Hz. il , y
The crossover is computer optimized (using Leap) asa |||

4th order Linkwitz-Riley type at 2.8kHz, which yields an |

overall efficiency of 90dB. The 4th order slopes are Dimensions: 26.4" T x 7.5" W x 10.75" D

achieved by using 3rd order networks and the natural rolloff

of the drivers. The response of the speaker is 60Hz - 20kHz +/- 2.2dB with a very flat off axis response.

Both the A651 and A652 will perform best when used on stands of about 24" in height. As with any
quality 6.5" woofer system, the low-frequency response does not produce much output in the lowest octave
between 20Hz and 40Hz. For this reason, this speaker makes an ideal satellite speaker to be used in
conjunction with a powered subwoofer, or bi-amped with an electronic crossover, separate amplifier and
subwoofer.

Prices: A651 with Cabinet $490.00 / pair A652 with Cabinet $685.00 / pair
Without Cabinet $328.00 / pair Without Cabinet $490.60 / pair

Madisound Speaker Components; P.O. Box 44283, Madison, WI 53744 USA; Tel:608-831-3433, Fax:608-831-3771, e-mail: madisound@itis.com
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A SIMPLE PHASE TESTER

By Andy Lewis

nfortunately, in order to reproduce
' | the entire audio spectrum with

moving-coil drivers, it is generally
necessary to use several drive units of dif-
ferent sizes. The human ear simply
responds to a wider range of frequencies
than any single driver is capable of repro-
ducing. Consequently, you are forced to
rely on multidriver systems, using woofers,
tweeters, and sometimes one or more
midranges as well.

PHASE COHERENCE: A LITTLE
BACKGROUND

As early as 1935, listening revealed that
when the drivers in a system were separated
by a distance in space, they tended to be per-
ceived as separate sources of sound, rather
than as parts of a whole.! Experimentation
then demonstrated that when the drivers
were aligned properly, the perception
changed to one of a single, full-range source.

Ever since, designers have disagreed
about both the threshold of audibility of this
problem and the best way to overcome its
ill effects in their designs. Most agree, how-
ever, that phase distortion is audible and
that some degree of phase linearity is an
important design goal in any multiway
speaker system. If you accept this notion, a
design question is how to align your drivers
to most effectively compensate for their dif-
ferences in phase.

Some manufacturers have concentrated
on their systems’ capacity to be phase coher-
ent, or in phase with themselves. They have
also taken different approaches to solving the
phase-response problem. You may remem-
ber the systems from Rectilinear Research in
the *60s and early "70s. Notable was a book-
shelf-sized 10” three-way system that
Rectilinear claimed was able to pass a square
wave virtually undistorted.

It accomplished its touted phase lineari-
ty in a very clever way: the design avoided
midband-crossover phase irregularities by
simply avoiding a midband crossover! The
crossover frequency from the woofer to the
midrange was very low, and from the
midrange to the tweeter very high.
Interestingly, a sample I examined
achieved the low crossover from woofer to
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PHOTO I: Test jigs.

midrange by using an enormous coil in
series with the woofer.

Unfortunately, the DC resistance of this
coil undermined the outstanding damping
characteristics of the Rectilinear woofer,
adversely affecting the bass. Although it
wasn’t rocket science, it had a fundamental
correctness of approach. The design was
important because of its early attention to
phase coherence in a home-speaker system,

PHASE-LINK SYSTEMS

In the *70s, phase alignment really came
into its own. Another interesting approach
was the “phase link” system introduced by
Bang & Olufsen. The designers, recogniz-
ing that precise second-order filters would
result in an out-of-phase condition at the
crossover point, inserted a driver with a
very narrow pass band to “fill the hole”
exactly at that point.

Some of these systems had, to my ears, a
remarkably smooth and uncolored midrange.
Such a system would necessarily be a little
top-heavy in terms of crossover cost, and
although this concept never sparked wide-
spread imitation, the design was significant
in that it acknowledged the unruly nature of
crossovers with respect to phase.

Also introduced in the early *70s was
the celebrated Dahlquist DQ-10. This
important design accomplished phase

coherence through the use of “staggered”
drivers. Rather than mounting all the dri-
vers on a common baffle, as was then cus-
tomary, Dahlquist chose to displace the
drive units with respect to each other on
the horizontal axis.

The idea was to physically compensate
for the drivers’ inherent time differences by
altering the positions of the individual
sources. When carefully positioned, the dri-
vers would become “time-aligned®” and
behave more as a unit.

This concept has withstood the test of
time. Not only are a great many DQ-10
systems still around 20-odd years later, but
legions of hobbyists and professionals alike
have endorsed the concept of staggered dri-
vers through their imitation of Dahlquist’s
principle.

THE NEED FOR PHASE TESTING
Everyone has seen the “stairstep™ enclosures
used to physically “time-align” the speakers
in a multidriver system (Fig. /). Most of
these, of course, owe a debt to Dahlquist.

While they might look strange at first, the
concept is simple. Each driver, when consid-
ered as a source of sound, has an apparent
exact location in space, the point on the
speaker’s axis where the sound wave is
exactly in phase with the input voltage. This
apparent location is sometimes referred to as
the drive unit’s “acoustic center.”

In this illustration, assume that the

FIGURE 1I:
system.

A "stairstep” time-aligned

Reader Service #32 -



R AN E N

HIGH EFFICIENCY PURE RIBBON TWEETERS

ORCA is sincerely proud of introducing these exceptional high frequency transducers from France. The
RAVEN tweeter is a true ribbon tweeter, possibly the purest transducer available today. In a dome tweeter
the signal is carried through the voice coil wire, and the sound is radiated by the dome attached to the voice
coil. Here, the carrier of the electrical signal and the radiating diaphragm are one and the same part: the
ribbon itself. Furthermore, the RAVEN ribbon is 100% pure conductive material, no metalized film. To have
an idea of the high frequency performance of the RAVENS, imagine that the moving mass here is about 30
times less than a high quality dome tweeter. The music comes through effortless, almost immaterial. The
special and massive NeFeB magnet of the RAVENSs is five times more powerful than a conventional magnet.
The result: the RAVEN R1 is capable of 118 d B peak with no measurable distortion (R2: 120 dB). At 10WRMS,
that is continuous power now, R1 reaches 105 dB with less than 1% distortion, and R2, 107 dB. The RAVENs
come with a specially designed matching transformer (very low distortion, low loss and wide bandwidth)
for optimum coupling with your power amplifier. Now look carefully at the decay of these units !
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acoustic centers of the three drivers are in the
vicinities of their voice coils. The enclosure
then is built in such a way that the drivers are
physically offset by the precise amounts nec-
essary to “'time align™ the system.

The assumption that a driver’s acoustic
center is located approximately where the
voice coil meets the cone or dome is some-
times considered the default rule of thumb
among designers when empirical data is
unavailable.2 Without arguing the merits of
this assumption, the inherent correctness of
staggering the drivers seems obvious. But
wouldn’t it be nice if you could perform a
simple test on your drive units that would
allow you to stagger your enclosures, if nec-
essary. with confidence that it was doing
more good than harm?

Little has been offered to help the low-
budget designer in this arca, and designing
systems to be in-phase with themselves
has generally been a matter of guesswork
and reliance on assumptions. While
sophisticated equipment may be available
to provide phase-alignment information,
hobbyist builders have been left in the
cold. aware that phase alignment is a
design consideration worthy of attention,
but ilt equipped to measure the effects and
precisely compensate for them.

I have devised a simple and inexpensive
gadget, the phase tester, to measure phase
differences between drivers. 1 will describe
my method of testing for phase alignment to
show how you can make your own phase
measurements as you design your systems.

REINFORCEMENT AND
CANCELLATION

All of you have probably had the experience
of accidentally connecting your speakers out
of phase with cach other. In most cases. the
resulting loss of bass is dramatic. This is the
result of wave cancellation. When two
sources a short distance from one another
produce the same signal at the same ampli-
tude. but 180° out-of-phase, they work
against each other. One source produces a
positive wavefront, while the other produces
a negative one. As a result, the sound pres-
sure is reduced to zero in an ideal case, and
often to near zero in the real world.

This is the nature of wave activity—to
add and cancel with respect to phase. It is a
source of phase problems and a reason you
must consider phase accuracy in the first
place. Ironically, however, this very property
can become a tool for measuring the appar-
ent distance between two drivers mounted
on the same plane.

It also makes possible my method of
phase-testing. The cancellation and rein-
forcement of in-and-out-of-phase sine
waves provides a “sonic ruler” that you can
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I driver A: output=1

summed output=2

. I driver B: output=1

3

FIGURE 2: Wave reinforcement when dri-
vers are in phase.

H

U / I driver B: output=1

driver A: output=1
phase shift=40 deg.

summed output<2
phase shift=20 deg.

phase shift=0 deg.
(reference)

FIGURE 3: Incomplete cancellation and
resulting phase shift.

use to simply and precisely measure phase
differences between drivers you wish to
use together.

HOW IT WORKS
To see how this is done. first consider the
case of two drivers mounted on a common
plane and electrically in phase with each
other (Fig. 2). In this diagram, assume that
the acoustic centers of the two drivers are
aligned. The two separate sources are work-
ing together. The summed amplitude, repre-
sented by the middle sine curve, is double
that of either individual driver's output, and
the phase of the summed outputs is the same.
Now consider a second situation (Fig. 3)
where the two drivers are mounted on a
more-or-less common baffle. They are not
time aligned, and the acoustic centers of the
drivers are separated by a distance that is less
than half a wavelength. Each driver repro-

—

T Idn'vorA: output=1

summed output=0

E I driver B: output=1

7 <

FIGURE 4: Complete cancellation using
out-of-phase drivers.

duces the same sine-wave signal, individual
outputs are identical, and the output of each
is represented by its own sine curve.

In this case, the waves tend to cancel,
but not completely, and the result is the
summed waveform shown, which has a
smaller amplitude than the summed output
in Fig. 2. Note that when the outputs of the
two drivers are added. the resulting curve is
shifted in phase with respect to those of the
individual drives. As effective displace-
ment between the two sources becomes
one-half wavelength, the summed output
drops to zero (Fig. 4).

LONGITUDINAL VS.

TRANSVERSE WAVES

I have represented sound waves in Figs. 2—4
with mathematically generated sine curves.
This is a common practice, and in fact is a
good graphical representation of the varying
amplitudes of the compressions and rarefac-
tions that comprise a sound wave. But to rep-
resent a sound wave with a “wavy line”
sometimes gives the false impression that
there is some kind of side-to-side activity as
a sound wave propagates. | have seen at least
one commercial speaker-design how-to book
“explain” that after lcaving the vicinity of the
driver, the in-and-out motion of the cone is
somehow “‘transformed™ into the side-to-side
motion implied by the wavy lines often used
to represent waves.

Transverse waves are those in which
particle motion is as wavy lines would
imply: in a direction perpendicular to the
direction of propagation. A guitar string,
for example, exhibits transverse-wave
activity. As the wave travels up and down
the length of the string, each individual tiny
section of the string itself moves back and
forth in a direction perpendicular to the
length of the string. Electromagnetic waves
are also transverse waves.

Sound. however, is an example of a lon-
gitudinal wave. The particle (air molecule)
motion is parallel to the direction of propa-
gation. So again, while the picture of the
sine wave is representative of the mathe-
matical model of the sound wave, it does
not look anything like a sound wave would
if it were visible.

CANCELLATION
Consider the same two drivers mounted in
a time-aligned configuration, but wired out
of phase with cach other (Fig. 4). Under
this obviously adverse condition, the two
drivers work in perfect opposition to each
other. In this example, when the summed
outputs are represented by a curve, the
result is a constant zero, indicative of com-
plete cancellation.

This leads to the observation that when
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outputs are equal, phase is reversed, and dri-
vers are time-aligned, cancellation is com-
plete. When you electrically reverse phase to
one driver with the goal of complete cancel-
lation in a sine-wave test. there are only two
variables involved: relative output level and
time alignment. This is the key to simple at-
home phase testing.

But how can you arrange these special cir-
cumstances? Where would you put a micro-
phone? How could you possibly move dri-
vers with respect to each other, correct out-
put levels to achieve cancellation, and accu-
rately measure time-alignment data? And
what about room reflections?

These questions tend to make the
default method of aligning the voice coils
seem attractive by comparison. But if you
could adjust the physical positioning of
drivers to duplicate these special condi-
tions, it might be possible to measure
time-alignment data accurately.

SIMPLE SOLUTIONS

Several adjustments occurred to me. First,
by acoustically separating the speakers from
each other, [ could avoid interference and
room reflections. Second, that changing the
precise position of a microphone is much
easier than moving a speaker. And, finally,
that using a separate microphone on each

.
.
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FIGURE 5: Phase-testing jigs. Note the
PVC-tube guides supported by the eight car-
riage bolts.

TABLE 1

PARTS LIST—JIGS

ITEM
4 plywood or particleboard, 27" x 9 1/8” x
%" (shont sides)

4 plywood or particleboard, 30" x 10 5/8” x
%" (long sides)

plywood or particleboard, 15” x 15" x %"
{end pieces)

4%"” x %" carriage boits

%" nuts

%" washers

%" T-nuts

1” L-brackets

#8 x 5/8” wood screws

lengths 1” steel tube 36" long “EZ Pull 1”

EMT"

4 1%” lengths 1” PVC tube (guides), 1” PVC

1120125 PSl irrigation pipe
2 matching microphones (Radio Shack #270-
092 or similar)

n

N W = o m
N
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speaker might enable me to
control outputs precisely
enough to imitate the ideal
case represented in Fig. 4.
Starting to make sense? The
idea is really quite simple.

The phase tester is also
very simple. It consists of two
large wooden jigs designed to
separate a speaker and a
microphone by a precise dis-
tance, and a flexible electron-
ic system that connects every-
thing together to make it
work. There is nothing com-
plicated or expensive, assum-
ing you own an accurate sine-
wave generator, a stereo, and
a voltmeter.

Figure 5 is a schematic
representation of the two jigs that hold the
speakers and microphones. A drive unit is
mounted at one end of each wooden tunnel.
Microphones are installed in such a way
that you can move them closer to or farther
away from the speakers, thus adjusting the
distances as desired. In theory, if you can
achieve cancellation and the microphone
positions are accurately measured, the
device will provide phase-alignment data at
any chosen frequency.

The microphones you use must match,
but the demands on them are very slight, so
the cheapest ones imaginable will give
excellent results. I have used the Radio
Shack electret capsule for applications much
more demanding than phase testing, and this
cheapie will do nicely.

CONSTRUCTION

After gathering the necessary parts (Table 1),
construction of the test jigs is simple. First,
assemble two wooden tunnels from the eight
long pieces of wood. For ease of construc-
tion, I used gluc and screws to assemble
mine. The tunnels don’t necessarily have to
be airtight, as in the case of a speaker enclo-
sure, so do whatever’s easiest for you.

Notice that the pieces are of unequal
length (Photo 1). This is to provide access to
a good reference point for making measure-
ments, as described later. One end of each
tunnel will then have extended “lips™ and the
other end will be flush.

At the flush end of each tunnel, use #8 x
5/8” wood screws to mount eight “L-brack-
ets” for easy installation and removal of the
end pieces that will hold the spcakers
you're testing. After installing the brackets
on the tunnels, stand each tunnel upright on
its end piece and use the remaining wood
screws to attach the end pieces to the main
assemblies (Photo 1).

It will be necessary to remove and rein-

PHOTO 2: Steel pipes in PVC guide assembly in wooden
tunnels.

stall the end pieces to calibrate the phase
tester, so don’t glue the end pieces in place.
Do, however, use a felt pen to mark which
way the end pieces are oriented so you can
casily line them up when reinstalling them.

Now mount the two microphones in the
ends of the 36” steel pipes that slide back
and forth in the PVC guides. The guides are
supported by the carriage bolts that run
through opposite sides of the wooden tunnels
(Photo 2 and Fig. 5).

OBLIGING STORE

When [ buiit my prototypes, [ was fortunate
to find a lumber store with a wide variety of
diameters of stock to choose from, and the
patience to let me experiment for a while.
The steel pipe and PVC tube I selected work
perfectly, without any play, but with enough
space between the inner pipe and outer tube
to make it possible to stick computer labels
on the steel pipe for calibration marks (Photo
2). In the parts lists, I have included, verba-
tim, the manufacturers’ labeling of the pipe
and tube. If you can find exactly these same
materials, it will save you some trouble.

When cutting the four 112" PVC guides,
be careful to saw the ends as straight and
cleanly as possible. The ends of these guides
provide reference points for making mea-
surements, and a little early care will pay
dividends later. Also, it’s a good idea to cut a
few extras. [ ruined several before I mastered
the art of gluing T-nuts to them.

For each PVC guide, use a ruler to mark
the center, %” from the each end. Drill a
1716” hole in that spot. Use the “eyeball”
method to locate the spot diametrically
across the tube from the first hole, and drill a
second 1/16” hole. Using the ruler, check the
locations of the holes for uniformity in dis-
tance from the ends of the guide.

When you're satisfied that you’ve located
two spots on the PVC guide directly oppo-
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hot melt glue
13/64" drill bit

FIGURE 6: Drill bit being used to line up
T-nuts.

TABLE 2

PARTS LIST—ELECTRICAL

QTY ITEM

2 microphones matched (included in Table
1 as well)

sine-wave generator

frequency counter (optional)

stereo amplifier

double-throw switch

L-pad (optional)

microphone mixer (or stereo preamp)
voltmeter

load resistor, 82 or similar

—_

site one another, increase the size of the
holes to 13/64”. A drill bit of this diameter
fits nicely through a %4” T-nut. Remove the
13/64” bit from your drill and insert it
through both holes in the tube. This provides
a straight axis to precisely line up two T-nuts
as you glue them to the tube (Fig. 6).

To a T-nut, apply a small amount of hot-
melt glue on the outer edge of the flange
(away from the threads), and affix the T-
nut using moderate pressure. Be careful
you don’t press so hard that you distort the
shape of the tube. Mount all eight T-nuts in
this fashion.

GLUE LIBERALLY

After the glue has had several minutes to set,
you can remove the drill bit and apply more
glue. Although hot-melt glue adheres tena-
ciously to PVC, you must apply enough so it
extends over the flange of the T-nut, or the
metal nut can easily fall off, particularly
under stress.

After you've glued the T-nuts to the PYC
guides, you can mount the guides in the tun-
nel assemblies using the 412" carriage bolts
(Photo 2). Drill a 5/16” hole 2” in from the
end of each long side, centered with respect
to the short dimension. Drill a second hole
12” back from the first. It is important to
measure carefully when drilling these holes.
The holes on opposite sides must be lined up
exactly, so the PVC guides will be straight.

After you’ve drilled the holes, mount
the carriage bolts from one side only. Use
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the washers and nuts to hold them in place,
and tighten them finger-tight. Then, care-
fully mount the PVC guides, using the T-
nuts, on the ends of the carriage bolts.
Don’t overtighten them, or you will break
the glue holding the T-nuts to the guides.
Now insert the remaining carriage bolts
from the opposite side, using the washers
and nuts, and thread the bolts into the
waiting T-nuts. Again, be careful not to
tighten them too much.

Next, tighten the first hex nut against the
internal wall of the tunnel to hold the first
carriage bolt. Then readjust the opposite bolt
and insert one of the 36” steel pipes to see if
everything lines up. If it does, tighten the
remaining hex nuts and washers holding the
bolts in place. When carefully constructed,
the assembly is fairly rugged.

MICROPHONE INSTALLATION

A simple sine wave presents a very euasy
sound for a microphone to transduce, and
virtually any matched mikes will do nicely.
Again, if you don’t own any, it’s not much
of a problem. Cheap high-impedance models
are readily available for portable tape
recorders, and should work fine.

I recommend using a microphone that
has a smaller diameter than the PVC
guides. If it’s too big to fit through the
guides, the entire metal pipe must be insert-
ed from the speaker end before you install
the end piece. A mike of smaller diameter
can be inserted and removed from either
end, making the process easier.

Once you have selected your micro-
phones, you mount them in one end of each
steel pipe, with the cords coming out the
other end (Photo 3). How you choose to fas-
ten the mikes depends on their

pieces to the speaker ends of the testing jigs
before cutting the holes for the drivers.
Then I simply moved both microphones
toward the speakers until they came into
contact with the end boards.

The PVC guides at the open ends pro-
vide excellent reference points (Photo 2). 1
simply stuck a 1”7 x 3” computer label on
each steel tube, and indicated the calibra-
tion points on these labels by marking the
ends of the guides with a fine-tipped pen.
When both testing jigs have their reference
lines even with their PVC guides, both
microphones are at exactly the same point
with respect to where the drivers will be
mounted, and calibration is complete. You
can then measure any differences in posi-
tion between the two microphones against
these marks, thus accurately determining
each microphone’s position.

ELECTRONIC SETUP

Whereas the jigs are used to vary the loca-
tion of the microphones relative to the speak-
ers, the ancillary electronic setup is designed
to control power to the speakers, compensate
for levels present at the microphones if nec-
essary, and measure relevant voltages.
Figure 7 shows a block diagram of the elec-
trical setup. The parts list is in Table 2.

A sine-wave generator drives Channel A
of a stereo amplifier. If you have access to a
frequency counter more accurate than the
indicator on your source, by all means use it.
You use the amplified sine wave to power
the drivers for testing, and the amplifier to
drive both speakers. Don’t forget that the
two drivers must be connected electrically
out of phase with each other.

Between the amplifier and the two drive

shape and whether or not you

will want to remove them A pad D
when you’re done. | chose to sine wave i mics
Y © . generator A+]}33 B i
use duct tape. Be creative. -
switch
[counter 3 pos.
CALIBRATION
With the microphones in-
stalled and the steel tubes slid- : fixer or
stalled and th . sterea preamp
ing frecly, you must calibrate
voltmeter 8 ohm

the phase tester. First, define a
reference point along the axis

FIGURE 7: Block diagram of electrical test setup.

of the speaker, with respect to
which you can make mea-
surements. Since any differ-
ences in apparent locations
will ultimately be expressed
as a distance between the dri-
vers’ mounting surfaces, |
chose to use those surfaces as
the references. This makes
calibration very simple.

So, with the microphones
installed, 1 attached the end

PHOTO 3: Installing the mikes in the steel pipes.
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units is a three-position, double-throw
switch. When you make a measurement of
phase difference, it is necessary to equalize
the test signal for levels before you can
achieve complete cancellation. The easy
way to do this is by switching from one
speaker to the other. When levels are
roughly equal, both speakers must be active
simultaneously while you adjust the micro-
phone positions. The switch makes it easy
to go from A to B or to both.

When you’re testing, one speaker will
almost certainly be inherently louder than
the other, and it can help to insert an L-
pad attenuator in the path of the louder of
the two drivers. You generally must atten-
uate tweeters with respect to midranges
and woofers.

An opposing effect is the decrease in
SPL as you move a microphone farther
from a source, and the L-pad is useful in
compensating for this as well. It may take a
little experimentation with the drivers to
determine which speaker to attenuate. As
an alternative, you could use an attenuator
on each speaker, sometimes attenuating one
driver, and sometimes the other.

Each combination of drivers presents its
own compensation problems, depending on
their output levels and the microphone posi-
tions at the point of maximum cancellation,
$0 you might have to experiment. As the L-
pad is purely resistive, it has no effect on
phase measurements in these tests.

THE MIXER FUNCTION

The two speakers, inside the two tunnels,
provide their respective microphones with
audible sine waves. The microphones are
connected to a mixer, which serves as
another point of level compensation
between the two signals. | used an old
Shure M68 for mixing. Again, the demands
on the equipment are slight, and even a
low-quality mixer can provide good
results. Or you could use a stereo preamp,
with the balance control adjusting relative

PHOTO 4: Testing the drivers.
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PHOTO 5: The phase tester ready for testing.

microphone levels to a summed output.

Theoretically, if you use the L-pad care-
fully enough, this point of adjustment isn’t
necessary. | found it to be quite useful in my
testing, however, and in any event, you must
amplify the microphones’ low-level signals
to line level before they will be adequate to
drive the second power amplifier.

This second power amplifier is the next
stage. The second channel of the stereo
amplifier (designated “Amplifier B” in Fig.
7) has one simple purpose: to boost the sig-
nals from the mixer to an adequate voltage
for easy testing. This amplifier receives the
summed signals from the microphones, and
drives a simple resistor. The voltage as
measured across this resistor indicates rein-
forcement or cancellation.

Figure 7 shows an analog-style voltmeter,
but in my tests I chose to use both an analog
and a digital voltmeter at the same time.
When searching for peaks and valleys in a
changing voltage, an analog unit is nice,
because a change in direction of the needle is
very easy to see. A digital meter, on the other
hand, is somewhat more precise when deter-
mining absolute minima. When switching
between drivers to equalize levels, you
achieve greater accuracy by using the digital

unit as well. For fast, accurate testing, it’s
best to use both.

USING THE PHASE TESTER

There follows a step-by-step description of
the process of testing for phase difference
between a ScanSpeak 13M/8621 cone
midrange and a Dynaudio D28 tweeter.
Photo 4 shows these two units installed in
the wooden tunnels, ready for testing.

After setting everything up, it makes the
measuring and recording of data easier if
you designate one test jig the “control” unit,
and perform all the adjustments on the other
one. Also, if you do all of the work on one
unit, you can place the other as far away as
the length of your cords will allow. (At one
point, I actually moved my control unit to
another room.) Although interference
between the separate test jigs was at no
time apparent, I felt that any step to avoid
trouble was positive.

Following the default assumption—
mounting the high-frequency unit behind the
one with lower frequency—it should be easi-
er to perform the tests with the lower-fre-
quency driver as the control. You can pull
the microphones far away from the drivers,
but there is obviously a limit to how close
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FIGURE 8: Phase difference vs. frequency for Dynaudio tweeter

and Scanspeak midrange.




you can get them. With this midrange and
tweeter, I found that testing was casier with
the lower-frequency driver as the control
unit. But this will not necessarily be the case
with your drivers.

Once you've decided on a control unit
(in my case the Scanspeak midrange), you
must determine an initial position for the
control microphone. Use extreme caution
here. Inadvertently placing either micro-
phone too close to its driver could easily
damage the delicate cone or diaphragm. Be
aware of the calibration mark made earlier,
and stay away from it!

For safety’s sake. a good place to start is
with the microphone on the control unit
pulled [” or 2”7 back from the calibration
mark. When you pull the microphone back
to this resting point, carefully measure the
distance between the calibration mark and
the PVC guide. and make another mark at
this point. Then you can pull the microphone
on the “test” jig back to exactly the same
point, and mark its position as well.

WIDE FREQUENCY RANGE

I decided that phase-alignment data would
be most useful if taken over a wide range of
frequencics. At low frequencies, where the
wavelength is quite long, you needn’t
worry about being off by a complete wave-
length, but above. say, |0kHz, where the
wavelength can be less than an inch. it’s
conceivable that you could be off by that
much when you start. Your readings would
seem correct, but the results would be
flawed.

I therefore decided to start at the lowest
frequency 1 could without damaging the
tweeter, and work my way up. As the
Dynaudio unit is fairly robust, I took a
chance, and started at 400Hz. The wave-
length at this frequency is over 2’, and it
was unlikely I would miss the mark by that
much.

With the control unit selected and the
adjusted reference marks in place, testing
can begin. For each frequency to be tested,
the procedure is the same:

1. Switch the output of amplifier A from
one driver to the other, using the double-
throw switch, and correct levels as necessary
so voltage on the load resistor stays the same
as you switch back and forth.

2. Position the switch to connect both
speakers at once.

3. Move the test microphone backward
(away from its drive unit), and locate a mini-
mum in the resistor voltage as clearly as pos-
sible. If you must move the microphone
closer to the driver for the voltage to drop.
swap control and test units.

4. Correct levels again, as in step 1.

5. Locate the position of maximum can-

cellation again, as in step 3.
6. Measure and record the microphone’s
position at this point.

COMPLETE CANCELLATION
As you can see. this is a process of closing in
on the exact point of maximum cancellation
(minimum voltage) as you adjust changing
levels. 1 found that after going through steps
1-6 twice. I was generally able to achieve
near-absolute cancellation. For example.
voltage on the resistor would start at about
4V for either driver individually. and
decrease to 0.02V-0.04V in many cases.
The actual cancellation is so complete that

the microphone position necessary for maxi-
mum cancellation is easy to determine with
great precision, often well within a millime-
ter. You'll find that once you’ve done it a
few times, it becomes quite easy.

When 1 first started the phase measure-
ments, I made multiple marks on the com-
puter labels affixed to the steel tubes. 1
found. though. that it was difficult to make
sense of the many marks after the tests were
done. It was much easier simply to measure
the microphone displacement with a ruler
as [ proceeded, and to record the data sepa-
rately. With a good ruler having fine grada-
tions. in good lighting conditions, it is pos-

If
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build it,
it will
rock.

TCH offers you the ability
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art speaker components
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speakers. So whether
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has over 300 items in
stock and ready for
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sible to make quite precise measurements—
within .25 mm or so.

I made phase measurements on these two
drivers at more than 70 different frequencies,
from 400Hz to over 12kHz. Figure 8 shows
the results of the tests on these two speakers
between |kHz and 10kHz.

The effective difference in displacement
of the acoustic centers of the drivers when
mounted on a common plane is shown on
the y-uxis in millimeters. A positive number
indicates how far in front of the midrange’s
cffective location the tweeter’s center lies.
Over most of this range, the number is nega-
tive, meaning that the tweeter’s acoustic cen-
ter is located behind that of the midrange dri-
ver. This would, qualitatively at least, tend to
bolster the assumption that lining up the
voice coils can be helpful.

THE IDEAL SITUATION

The ideal curve for such a graph would be a
flat, straight line, indicating two speakers
whose acoustic centers you could align at all
frequencies simply by staggering their
mounting surfaces by a distance equal to the
displacement indicated by the line. With
hundreds of woofers, midranges, and tweet-
ers to choose from, it might in fact be possi-
ble to find combinations that would yield
such a well-mannered curve. But alas, in the
casc of these two drivers, the curve is any-
thing but flat!

Any information. however, is better than
none. A close look at this curve can still be
helpful. Consider these points of interest: at
about 4.7kHz, the curve crosses the line of
zero displacement, indicating that the two
drivers are exactly in phase with each other
at this frequency when they’re mounted on

a common baffle.

From about 2.3-6.7kHz, the overall
trend is quite uniform in direction, i.e.,
increasing with respect to frequency. Near
the middle of this region, from around
3-3.5kHz, you find the elusive flat line—
not as long as you might desire, but it’s a
“given” in this situation.

I would be inclined then, when designing
a system using these drivers, to cross them
over squarely in the center of that flat line, at
about 3.25kHz. The displacement at this fre-
quency is approximately | lmm, so the
tweeter's mounting surface would be behind
that of the midrange by this amount. This
would place the drivers precisely in phase
through the region closest to the crossover
frequency. By using fairly sharp filters of 18
or 24dB per octave, you would minimize in
importance the phase differences above and
below the crossover point.

MAKING THE BEST OF IT

Whether such an interface is “phase aligned”
is a question of degree. Many design deci-
sions are a matter of making the best of what
you have to work with, and with these two
drivers, I believe phase-test data has made it
possible to use the units more effectively
than might otherwise be the case.

Consider that using a common baffle
would represent an offset of 11mm at
3.25kHz. This would be a phase shift of
about 38°. Coincidentally, because this
tweeter is horn-loaded, I estimate that this
mounting would very nearly align the
voice coils. In this case, it would seem that
you can improve somewhat upon the con-
figuration that your default assumption
would yield.

There are, of course, other design consid-
erations involved, such as the power han-
dling and frequency response of the drivers,
which might make such a straightforward, if
hasty, approach impossible. What if, for
example, the only flat spot on your curve
was below the tweeter’s resonant frequency?
It's conceivable that two drivers you had
considered for use together might not be a
good match in terms of phase characteristics.

With some combinations of drivers, it’s
entirely possible that you could achieve
excellent phase-alignment using a common
baffle. Others could work best with the
voice coils aligned, or at some other point.
To find a combination of drivers yielding a
curve closer to the desired flat line would
make design easier and capable of more
correct phase alignment. Testing large num-
bers of speakers in this way can be time-
consuming, though, and a perfect combina-
tion is an ambitious goal.

I never said that phase-alignment data
would make crossover design any easier,
only that it is necessary before you can
accomplish any truly corrected design. In
terms of expediency, it's much easier to keep
the blinders on and rely on the assumptions
we've used for years!

CAVEATS
I must also emphasize that filter design is
just as important to a system’s phase
behavior as anything offered here. While
this article is intended to provide a means
of measuring physical time-alignment data,
both active and passive crossovers intro-
duce phase effects unrelated to anything
I"ve discussed herein.

To make things worse, if the (default)

E—

(Iluw that you've made the ultimate speaker,)
power it with uour own amplifier.

We have everything you need to
build powerful tube based amplifiers.
We carry the best in tubes.
transformers, caps, resistors,
chassis, books and more.

Pp g Biriio-s e
W

== ANTIQUE ELECTRONIC SUPPLYWTUBES PARTS BOOKS SUPPLIES =y |

Io' Call or fax for our 52 page catalog (602) 820.5411 ¢ Fax (800) 706.6789 ® 6221 S. Maple Avenue Tempe, AZ 85283
|

L =

=

Svetlana

G) one electron”

|
|
|
S S |
Reader Service #88

26 Speaker Builder 8/96



resistor model of a moving coil’s loudspeak-
er’s impedance is used for passive filter
design. any carefully measured alignment
data is compromised in applicability any-
way. Anyone having doubts about the inade-
quacy of this resistor model would do well to
review Victor Staggs™ excellent “Exploring
Speaker Impedance™ (SB 5/94).

Another area of concern is the guestion of
sine-wave vs. transient reproduction. It's all
well and good to define a phase difference
when simple sine waves are tested. but what
does it tell us about the music reproduction?
My best response to this legitimate concen
is that you are at the mercy of your drivers.

Some manufacturers publish relevant
information. such as tone-burst pictures
that show a remarkable ability to track a
signal accurately under transient condi-
tions. [t stands to reason that the better
your driver can accurately follow transient
signals, the more valid the phase informa-
tion from sine-wave tests will be. Even in
worst cases. however, any information is
better than none at all.

DAMPING EFFECTS

What about installing insulation or other
damping material inside the phase-testing
Jigs? When 1 first used my prototypes. | lined
the tunnels with 17 fiberglass insulation,
partly because using damping materials
tends to be second nature to a speaker
builder. But | had concerns about internal
retlections blurring the effect of cancellation
at the point of minimum measured voltage.
making the tester harder to read.

Later on. however. I tried making the
same measurements in both an unlined setup
and with the nnels stutfed. Interestingly. the
measured results were the same regardless of
damping material. So don’t worry about it.
Also. significantly. because the speed of
sound decreases in a stuffed enclosure, this
demonstrates that the phase differences mea-
sured are characteristics of the drivers them-
selves, and are unrelated to the speed of
sound in the medium into which they radiate.

The wooden wnnels illustrated in Photo
5 are obviously not big enough to be used
with large drivers. An 8” speaker is the
largest that will fit into these test jigs. In
order to test a larger driver. it would be
necessary to build some larger jigs.
Although I haven’t had a need to try this, it
should work. with a simple recalibration.

REFERENCES

1. Alexis Badmaieff and Don Davis, How to Build
Speaker Enclosures, Howard W. Sams and Company,
1966, p. 27-28.

2. Hank Zumbahlen, “Zobels and All That," Audio, June
1995, p. 36.

OTHER THINGS TO CONSIDER

If you assemble your own phase tester
and want to spend some time playing with
it. there are some other arcas to
consider. I will offer these without
elaboration, as ways in which you can
investigate wave activity on your own.
1. What if you were to connect the two dri-
vers in-phase electrically instead of out-of-
phase as in the tests ['ve shown? Could
you still make accurate phase measure-

ments? Under this different condition, of

what would the point of maximum cancel-
lation be indicative. and could its location
be predicted at a given frequency from the

measurements already made in the out-of-
phase configuration? And how about the
point of maximum reinforcement?

2. In addition to measuring displacement dif-
ferences between drivers. could the phase
tester be configured to determine the actual
acoustic center of a driver. and if so. how?

3. Could the phase tester be used to measure
the speed of sound?

4. These test results would seem to indicate
a change in acoustic center of one or both
of the drivers as frequency changes. What
would be the cause(s) of the fluctuations in
acoustic center of a drive unit with respect
to frequency?

* CAR SPEAKER SYSTEM
* IN-WALL SPEAKER

*TWEETERS

MpONE awopeaker System
4"  51/4" , 612"

Dome Tweeter@USD0.79

Surface/Angle/Flush
Mounting Kits

® Best choice for cost saving effectively.
® Most professional manufacturer for speakers.
® Available for OEM design and free 1997 catalogues.

Forgings INDUSTRIAL CO., LTD.
P.O. BOX 1823, TAIPEI, TAIWAN., R.O.C.
TEL: 886-2-585-3316/7 FAX: 886-2-594-2708
ATTN: Ms. Su Lien
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AN EIGHT-INCH SUBWOOFER
TEST BOX

By Bill Fitzmaurice

his article is somewhat of a

I departure, for rather than pre-

senting a finished project, it is

the story of how I devised a proto-

type for an alignment I have not seen
described before.

My main focus has always been
speakers for live performance. with
my next major project a PA sub-
woofer. In keeping with my personal
requirements, it must be very small
but very loud. The main stumbling
blocks in achieving this are the pro-
sound drivers, which, though very effi-
cient, tend to have Q values that are
often 2.0 or lower. Optimally tuned
boxes with low-Q, drivers usually end
up with f;s anywhere from 60-
100Hz—hardly adequate for subwoofer
usage. Although you can lower f,s through
oversized boxes or hom-loading, both routes
result in large cabinets. 1 thought there must
be a better way.

SERIES-VENTED ALIGNMENT

Deciding to concentrate on a bandpass
design, 1 examined both sealed/vented and
vented/vented approaches, but neither
scemed suitable, both exhibiting rather nar-

PHOTO I: The completed reflex box.

row passbands, and the vented/vented pre-
senting potential patent hassles with Bose. |
wondered what would happen if both the
front wave (cone radiation) and rear wave
(port radiation) were directed into a second
chamber that was itself then vented through
a duct.

I searched all my back issues of
Speaker Builder, but found no refer-
ence to this scheme except in an
advertisement from a software com-
pany, SpeakEasy, from which I got
the term “‘series-vented.” Since I
don’t even own a computer, the only
way to check out this alignment was
to build one.

Rather than use a pro driver, I found

an 8” woofer that shares pro-driver
characteristics. The Pioneer model
BU20FU20-52D—available as #290-
067 from Parts Express (800-338-
0531)—has a low Q, of .22, low v, of
1.84, and an F_ of 32Hz. By designing
around this small and inexpensive driver, I
could test my alignment and then transfer the
results to larger versions for stage use.
My first step was to build a standard vent-
ed box to serve as a control for the experi-
ment (Photo 1). 1 constructed a 981in? box
with a port area of 8in? and a duct 10" long;
the relatively large port area would allow for
lots of leeway in tuning, without cutting it
too small for proper breathing of the box. I
built the port as three separate tubes of vari-
ous sizes, so that I could easily seal off each
one to tune the box (Photo 2).

dB
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FIGURE I: Preliminary test results, e—e—e = reflex box, 981in3,

port 10” deep x 8in% o—o—o = bandpass box, double chamber,
double port—front chamber, 672in3, port 10” deep X 18in?; rear

PHOTO 2: Assembly; note the partitions running the full length of chamber, 981in3, port 10” deep X 8inZ.

the port, dividing it into three separate sections.
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0 SCan-speak

D2905/9900

Revelator Dome Tweeter

The D2905/9900 is our new state of the art
tweeter.  This "revelation” is a 1" textile
dome tweeter that will recach new borders
within high-end loudspeaker drive units.
The new magnet system with SD caps and
rings that eliminate the clectrical phase shift.
The new chamber design reduces air noises
and compression. The 130mm machined
aluminum front plate has more controlled
directivity (down to 2Khz). The textile
dome is hand coated and a special device is

placed behind it to reduce dynamic compression.

Sensitivity 1W/1m 91dB
Free air resonance fs 500 Hz

Lin. & max. excursion $0.5/+1.5 mm
Air gap flux density

DC resistance 4.7Q BL 46Tm
V.C. inductance 0.009 mH Moving mass incl. air  0.35g
Power 225W Net weight 0.8 kg
Effective cone area 8.5 cm? Vas
V.C. diameter 28 mm Qms o
V.C. height 3.5mm Qes -
Air gap height 2.5mm Qts -
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18W/8545

7' Carbonfibre Woofer

This 7" features the NEW heavily damped
and carbonfibre impregnated paper cone that
dampens resonance's normally associated
with stiff cones. The magnet system is the
new SD-I system which eliminates
modulation and dynamic distortion, as well
as clipping distortion created as it exceeds its
maximum linear distortion. These designs all
together make a drive unit with a very
“open” sound with excellent detailing

combined with low coloration and very precise imaging. Cast frame, rubber
surround. The 18W/8545 will get down to 65Hz in a 12 ltr scaled enclosure

and 44Hz in a 19 ltr vented enclosure.

Sensitivity 1W/1m 89dB
Free air resonance fs 29 Hz

DC resistance 55Q

V.C. inductance 0.1 mH

Power 70W

Effective cone area 143 cm? Vas

V.C. diameter 42.5 mm Qms
V.C. height 19 mm Qes
Air gap height 6 mm Qts

Moving mass incl. air
Net weight

Lin. & max. excursion $6.5/+10 mm
Air gap flux density
BL

11T
76Tm
1479
2.05 kg
60 Itr
2.04
0.25
0.23

— SCan-speak

e SCari-speak

21W/8555 & 21W/8555-01

8" Paper Woofer / Subwoofer
This 8" features a very stiff paper cone,
heavily impregnated to reduce resonance's
normally associated with stift cones. The
magnet system is the new SD-1  system
which eliminates modulation and dynamic
distortion, as well as clipping distortion

created as it exceeds its maximum linear

distortion. The low-loss rubber surround is
designed for better dynamic capability,

25W/8565 & 25W/8565-01

10" Paper Woofer / Subwoofer

This 10" features a very stitf paper cone,
heavily impregnated to reduce resonance's
normally associated with stiff cones. The
magnet system is the new SD-1  system
which eliminates modulation and dynamic
distortion, as well as clipping distortion
created as it cxceeds its maximum lincar
distortion. The low-loss rubber surround is
designed for better dynamic capability,

detailing and less compression. Both the 21W/8555 and 21W/8555-01 will detailing and less compression. Both the 21W/8555 and 21W/8555-01 will
perform well in cither sealed or vented systems of the highest quality. The perform well in either sealed or vented systems of the highest quality. The
21W/8555 has an F3 of 45Hz in 34 Itrs sealed and F3 of 35Hz in 50 ltrs vented. 25W/8565 has an F3 of 34Hz in 100 ltrs sealed and the 25W/8565-01 has an
F3 of 38Hz in 76 liters scaled. The -01 could also be used vented in 100 ltrs.

The 21W/8555-01; F3 of 50Hz in 24 ltrs scaled; F3 of 35Hz in 34 ltrs vented.

Sensitivity 1W/1m 87/87.5dB
Free air resonance fs 20/ 19 Hz

DC resistance 55Q BL
V.C. inductance 0.6 mH

Power 100W

Effective cone area 232 cm? Vas
V.C. diameter 42 mm Qms
V.C. height 19 mm Qes
Air gap height 6 mm Qts

Moving mass incl. air
Net weight

Lin. & max. excursion +6.5 & +12 mm
Air gap flux density

1.16T
8.3/9.3Tm
33/3759
2.20 kg

145 Itr

4611497
0.33/0.28
0.31/0.27

Sensitivity 1W/1m 87.5/88dB

Free air resonance fs 20/19 Hz

DC resistance 550 BL
V.C. inductance 0.4/0.6 mH

Power 100w

Effective cone area 333 cm? Vas
V.C. diameter 42 mm Qms
V.C. height 19 mm Qes
Air gap height 6 mm Qts

Moving mass incl. air
Net weight

Lin. & max. excursion +6.5/+12 mm
Air gap flux density

1.16T
8.3/9.3Tm
4514959
2.2kg

222 Itr

565 /5.91
0.45/0.38
0.42/0.35

MADISOUND SPEAKER COMPONENTS; P.O. BOX 44283, MADISON WI 53744; TEL: 608-831-3433 FAX: 608-831-3771
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PHOTO 3: The completed front-chamber box.

In keeping with standard T/S theory, | was
trying for a SOHz tuned box, which should
have given me an f; of 69Hz. Test results,
however, showed f, to come in at 50Hz (Fig.
1), probably due to incorrect driver specs. All
things considered, a box with less than 1ft*
total displacement and an 8” driver going to
an fy of 50Hz was not that bad, though cer-
tainly not subwoofer material.

KEEPING IT SMALL
I next constructed a second box (Photo 3) to
be mated to the first, transforming it into a
bandpass box. Since my aim was to keep the
box small, I arbitrarily set the volume of the
second version at 2/3 that of the first. On the
other hand, 1 made the port area over twice
as large—18in>—figuring that since the out-
put of both sides of the cone would have to
exit this single port, I didn’t want port noise
to become a problem.

I again set the length of the duct at 10",
and again built in three separate tubes for
easy tuning. This box also incorporated a

PHOTO 4: The two box halves clamped together and showing a

port section blocked off.

mounting flange that would allow me to
mate it to the other box to produce either a
single port outlet or a conventional (Bose
style) dual-exit box.

I joined the boxes together with long
clamps, sealing the joint between them with
foam gasketing (Photo 4). Test results in the
double-vented mode were as anticipated
(Fig. 1), with efficiency increasing between
64 and 100Hz, and a steep drop-off in
response outside the passband. Tweaking the
port sizes of both boxes made no improve-
ment. At this point I concluded that sub-
woofer performance from this driver was not
likely, for I still couldn’t get decent power
below 50Hz.

EUREKA!
Finally came the moment of truth. I
unclamped the two boxes and reset them so
there was only one port radiating—the
series-vented alignment. I tightened the
clamps and began testing. The value of f,
immediately dropped to about 40Hz, while
response remained flat to

dB
90
88

82

B ) \‘/N\

over 120Hz, and then rolled
off gradually (Fig. 2).
Efficiency remained the
same.

I obtained the smoothest

80 Nyl ey o response by lining.the rear
78 T~ 7~ wall of each box with 40in”
767 of 1” “‘eggcrate” foam. (I
;;: found that stuffing either or
70 both chambers with polyfill
681 or fiberglass hurt perfor-
e o e ko o 120 2, Mmance.) The rolloff below

Hz f; was at a normal 24dB/

FIGURE 2: Dual-chamber, dual-port, single-exit box (series
front chamber, 672in3, port 10” deep X
18in“ exit port; rear chamber, 981in3, connector port 10"
exit port reduced to 10" deep X

Ports' *—o—0 -

deep x 8in%. 0o—o—0
10in2.

octave rate. Without any
alterations, 1 had already
achieved my goal. How-
ever, I now set about
tweaking operations to see
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what this box could really do.

First, I cut the size of the output port.
With an area of 10in?, response at 32Hz (fs)
increased by 5dB, while the rest of the pass-
band dropped by 5dB, resulting in flat
(+2dB) response from 32-180Hz, a range of
over 22 octaves (Fig. 2).

I next reduced the size of the rear chamber
by one-half. After also reducing the rear
chamber’s port area, I was able to regain a
response close to that of the original configu-
ration, but it was not as smooth (Fig. 3). By
cutting the size of the rear chamber and its
port area in half and shrinking the exit port to
6in2, 1 achieved a reasonably flat response
from 32-120Hz with 80dB efficiency.

Doubling the size of the front chamber
gave some peaking at 64Hz, but little else.
Reducing the front chamber’s volume by
one-half and cutting the output-port area to
6in? gave a response very similar to the unal-
tered cabinet, with a slightly steeper rolloff
above 120Hz.

Decreasing the volume of both chambers
with no alterations in port sizes resulted in a
more typical bandpass curve, with a severe
hump in the 50-64Hz range, and a second
hump at I00Hz.
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ORCA is bringing to you from France a whole new and exclusive line of fine drive units specifically designed
by Kimon Bellas, ORCA, and by Gilles Brun, FOCAL SA. Why ACCESS ?

Well think of ACCESS as “entry level”, “first step”. In clear, these drive units have been designed in such a way
that any beginner using no other measuring instrument than a set of good ears should have 100% success designing
his first system. Indeed most of these units will do great without any X-over part, or at the most with a single
inductor. Now don‘t be fooled, nothing is more difficult to engineer than a drive unit that is easy to use. Experts do
know that. And expert designers will be the first ones to dive into the ACCESS catalog !

Also, think of ACCESS as “affordable”. That maybe was the toughest challenge for us: to bring you this degree
of performance and ease of use at the cost of ordinary paper cone units. We did not cut corners, we cut cost through
good engineering. All units feature the finest hand coated paper cones (still an art at FOCAL), alloy cast frame and,
needless to say, the legendary quality of FOCAL craftsmanship. The same hands who are making the world renown
FOCAL drive units are making your ACCESS drive units.

Makes sense to you ? Call ORCA for your catalog. It includes full description of each unit, large scale curves
and graphs, all parameters, and two computer simulated bass response for each ACCESS unit.

ACCESS 4A Quick, high definition 4" midrange. Wide bandwidth (up to 12 KHz !). A natural and easy match for a highly
transparent tweeter. . You pick the frequency and you pick the slope !

ACCESS 4B Potent & detailed 4" midbass. Clean up to 7 KHz. Very robust low end. ldeal for mini audio-video systems and
very small size high quality speakers.

ACCESS 5A Efficient 5" midrange. Smooth. Superb definition. it needs a good 91-92 dB tweeter for an effective match. Great
for surround systems and for high quality high output 3-way designs.

ACCESS 5B Solid 5" midbass, in the FOCAL tradition. Gentle roll-off around 4 KHz. Like most other ACCESS units, it can be
used both in sealed and in vented cabinet designs.

ACCESS 6A Efficient (92 dB +) and transparent 6" midrange. A single inductor might be all you need to get the quintessence of

- this beautiful drive unit.

ACCESS 6B Surprising weight in the low end, which is powerful and well defined. This little woofer does not seem to be much
embarrassed by any signal.

ACCESS7A Extremely smooth 7" midrange/midbass. Excellent prospect for a simple efficient 2-way bass reflex , It can also be

. ) used in surround systems main speakers, with or without a subwoofer.

ACCESS 7DB Outstanding 7" dual voice coil midbass. Powerful, crisp and efficient, this drive unit will play anything your
amplifier will throw with panache and relentless enthusiasm.

ACCESS 8A Very efficient (93 dB +) 8" midrange/midbass. One of the truly rare 8" that can be used in 2-way designs. You
will need a very good and efficient tweeter to match this unit (at least 92 dB/W/m)

ACCESS 8DB Outstanding 8" dual voice coil midbass. Efficient, smooth and crisp sounding it is also capable of handling large
dynamics and true low frequencies with the authority of a much larger woofer.

ACCESS 10A Impact & dynamics (94 dB/W/m). If a 10" midbass can make it to the tweeter range, this is the one. Its nearly
perfect roll-off will allow direct wiring without filtering. Rare unit for 2-way 10" designs !

ACCESS 108 Deep and musical 10" woofer. Ideal for medium size 3-way systems , with one of the 47, 5" or 6" ACCESS
midranges. A classic.
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FIGURE 3: Reduced box and port volumes. s—e—e
ber, 672in3, port 10” long X 6in% rear chamber, 500in3, port 10”
front chamber, 350in3, port 10” long x 6in;
rear chamber, 982in3, port 10” long x 8in2.
chamber, 350in%, port 10” long x 18in%; rear chamber, 500in3,

long X 4in?. o—o—o
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FIGURE 4: 8” test-box impedance plot—series port alignment.
exit port, 18in; o—o—o
three impedance peaks, which resemble a double-vented box.
Reducing exit-port size does not affect the frequency of the upper
and lower peaks, but does shift the middle peak to a lower fre-

exit port, 10in%. Note the

quency, which in turn lowers the f; of the box.

CONCLUSIONS

Several conclusions can be drawn from
these test results. Obviously this alignment
works quite differently than standard
designs, both reflex and bandpass. Using
low-Q,_ drivers, neither of those designs can
achieve flat response from f_ with such a
small box. Even without a loss in efficiency.

my design is able to achieve an f;-to-f_ ratio
of only 1.25; according to standard T/S the-
ory, you cannot obtain this in drivers with
Q, of less than .325. Even more impressive
is the fact that you can significantly reduce
box sizes without major loss of response, as
long as the desired output level does not
result in port noise.

Overall, I am quite satisfied with my
attempt to obtain low fy from a low-Q, driv-
er. Whether or not this can be translated suc-
cessfully to a high-power system will be the
subject of my next round of experiments.

As for my 8” test box, it's not destined for
the scrap heap. My wife’s new car needs a
good sub, and [ think this box will work. &

HIGH PERFORMANCE ELECTRONIC CROSSOVER NETWORKS
THESE COMPONENTS AVAILABLE FULLY ASSEMBLED OR AS KITS

XM9 Crossover Network ® 24 dB/octave
slope ¢ fourth-order constant-voltage
design * Outputs in phase ® Low noise ®
Controls on circuit board or panel *
Settable crossover frequency from
20-5,000 Hz.

XM 16 Crossover Network ¢ 48 dB/octave
slope ¢ Eighth-order constant-voltage
design * OQutputs in phase ®* Low noise ¢
Controls on circuit board or panel *
Settable crossover frequency from
20-5,000 Hz.

XM26 Tube Electronic Crossover provides
smooth tube audio, fourth-order design, 24
dB/octave slope, for both channeis.
Includes time-delayed power supply for
long tube life and no transients during
power-on/power-off. Plug-in frequency
modules set crossover between 20 and
5,000 Hz. Quality components throughout.
{Shown with cover removed.)

PS24 Open Frame Power Amplifier
Power supply with toroidal power

transformer, rectifier, and one or two

PM21, PM22, or PM23 (MOSFET) Power
Amplifier Modules —all in one compact,
power package!

PM21 and PM22 Power Amplifier Modules
provide 75 watts RMS into 8 ohms ¢ Com-
plementary Darlington output stage * Inte-
grated-circuit driver circuit ®* Over-current
and over-temperature protection * Class A
or Class AB operation. (PM22 shown.)

g
»

WRITE NOW FOR FREE LITERATURE ABOUT THESE AND OTHER MARCHAND PRODUCTS

SEND YOUR NAME AND ADDRESS TO: MARCHAND ELECTRONICS, INC.
P.O. Box 473 « WEBSTER, NY 14580« PHONE (716) 872-0980¢ FAX (716) 872-1960

Web Page: http://www.marchandelec.com
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E-mail: phil@marchandelec.com
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the magaczine for music
performers.

PERFORMER'’S AUDIO is the magazine for you,

the music performer. It tackles the nitty-gritty of per-
formance audio issues, making your music sound bet-

ter. You'll discover how to get the most out of every
piece of your equipment, optimizing the audio perfor-
mance of your system.

PERFORMER'’S AUDIO is written by perform-
ers who understand your technical audio needs, both
on the stage—and in the studio.

.+ . Gearing Up
for Awesome
Sound!

Inside you’'ll find articles like:

M Build-It-Yourself Projects-Amps & Preamps, Synthesizers, Signal Processors,
Drum Machines, Digitizers, AND MORE!!!

B Field-Tested Designs-that rival more expensive commercial units

‘ 991 v y 4 B Practical Tweaks-to turn your sleeper amp into a great-sounding unit

. ‘ B Simple Tricks-tips and tutorials for better equipment performance
4 ‘ “» B Circuit & Wiring Schemes-that will boost your system’s performance

s . . . . v .
‘]f;l;@l/l e a.: Mperformer [l sound engineer Il music director [l serious musician
M recreational musician Il vintage-amp lover [l beginning performer or an enthusiast . . .

PERFORMER'S AIIDlO is yourNél(Q/magazine!

D y‘ES .’ Send me an issue to try FREE and enter my charter subscription to PERFO RMER'S AUDlO at

the low introductory rate of $19.97 for 1 year (six issues in all). When the invoice comes, I'll pay it or if I decide it's not for me, I'll write
“cancel” on the invoice. I'm under no further obligation. CANADA/ MEXiCO ADD $6. OVERSEAS RATE: $32, 1 YR.
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PO Box 876 Dept. B96
CITY STATE/PROV. ZIP/POSTAL Peterborough, NH 03458-0876 USA
Phone: 603-924-9464
COUNTRY Fax: 603-924-9467

E-mail: audiotech@top.monad.net
www.audioxpress.com




A MODEST-COST THREE-WAY
SPEAKER SYSTEM, PART 3

arts 1 and 2 (SB 5 and 6/96) covered
Pthe design and construction of a
three-way system. This part will
cover some additional testing, listening

results, and follow-up work after construc-
tion of the first pair of systems.

HOW THEY SOUND

I am not up to fancy descriptions of sound
quality and will leave this to others. | liked
these speakers with either CO installed. A
summary of my listening notes starting with
the third-order CO and SEAS Tweeter are
as follows:

1. Narrow “sweet spot” (typical of this CO).
2. Smooth, well-integrated transition
between drivers.

3. Clear, good detail in sound and image.

4. Good overall sound, bass is “fast.”

5. Image behind plane of speakers (again
typical of this CO).

6. With Audax tweeter—same as above, but
highs are smoother.

The first-order CO did not test as accu-
rate as the third-order, but it is very musical,
and for some music I preterred it. My listen-
ing notes with the first-order CO and Audax
tweeter read:

1. Smooth, very musical.

2. Wider “sweet spot” than third-order.

3. Image is good: better than I expected
from baftle tests of CO.

4. Standing/sitting sound quite equal; I had
worried about this.

By G.R. Koonce and R.O. Wright

5. Image is more forward, extending ahead
of speaker plane.

6. Image resolution not as precise as third-
order.

7. I can’t resolve quite as much detail in the
music as with the third-order.

FINAL TESTING

Figure 40 shows the input impedance for
enclosure B (Audax tweeter with the first-
order CO). Once above the region con-
trolled by the woofer motional impedance,
the system is nearly a fixed 6 resistive
load. The first-order CO is “constant-resis-
tance,” so this is the expected result, aided,
I'm sure, by all the tricks that were needed
to make the midrange impedance the same
as that of the tweeter and to make the CO
work with two different tweeters.

As Fig. 41 shows, with the third-order
CO, the impedance is also very consistent,
but not quite as flat as with the first-order.
The curves for enclosure A were nearly
identical. It is clear that these are nominal
6€2 systems, with a minimum input imped-
ance of 4.7Q. This system might thus be a
good candidate for giving those who use
single-ended, tubed, or teedbackless ampli-
fiers a smooth response in the mid- to high-
frequency range.

As noted earlier, I have no facilities for
testing a complete enclosure in an anechoic
environment. The room where the computer
is located will only support up to about a
60" test distance, which is not sufticient for
valid far-field testing of structures as big as
these. I tried some 60 tests on enclosure B
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FIGURE 40: Enclosure B (Audax tweeter)
input impedance with first-order crossover.

Timrmde s Wog wd Miase
- .
o
oa I o
T
,
e -
.
- o e >
o AR
x AT

(68 W F-a .45, 165 16 Sadd
EKTYE 3 WATE (4 TRIFUY (3 RONT |2 237 - HTROO0 W - BATRS GLAY N7, 30
£6204 1 48 .0h | PROBE e a4 W acKn ©.000 D)

FIGURE 41: Enclosure B (Audax tweeter)
input impedance with third-order crossover.
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FIGURE 42: Acoustic response of enclo-
sure B at 60” with third-order crossover
and Audax tweeter.

to see if I could identify the problem with
the third-order CO packing technique.

Figure 42 shows the response of enclo-
sure B with the third-order CO and the
Audax tweeter at three microphone heights
in the region of the midrange and tweeter
height. The box was set up on an 18”-high
chair to avoid floor echoes. I did not note
whether the grille cloth was on; I suspect it
was, but the grille frame was surely there.
No major anomaly appeared in the 4kHz
range, which is not surprising, as the sonic
damage from packing this CO is subtle.
These curves do verify that the relative lev-
els of the three drivers are well matched.

POWER QUESTION

I expect you will want to know the power
capability of these systems—a hard question
to answer. As best I can establish, the DI840
woofer has a 100W power rating, which
seems reasonable with a 2” voice coil. Since
it is being used to 40Hz in a vented box, the
woofer is probably displacement limited,
but I don’t have a maximum linear-excur-
sion value, so I can’t estimate a displace-
ment limited power.

With a lower CO frequency of 600Hz,
over half the average power will go into the
midrange driver. If I understand the rating
for the SEAS midrange correctly, it can take
a continuous system power input of 110W,
providing the midrange is protected with at
least a first-order CO at 800Hz. We would
meet this requirement with the third-order
CO, but not with the first-order, since the



AUDIO AMATEUR
LOUDSPEAKER PROJECTS

Compiled by the editors of
Audio Amateur

BKAA1$20.00 sh. wt: 1lb.

A collection of the 25 best speaker
articles published in Audio Amateur
throughout the 1970s, this popular book
is the ultimate proof that great designs
are never out of date. This volume is a
rich source of both theory and practice as
well as design. Profusely illustrated.

ELECTROSTATIC LOUDSPEAKER
DESIGN AND CONSTRUCTION

By Ronald Wagner

BKAA39 $19.95 sh. wt: 2 Ibs.

This classic, once produced by TAB Books, is now published by Audio Amateur
Press.

Both a “how-to” book and an informative text on electrostatic speakers, it provides a
step-by-step sequence for building full-range electrostatic speakers, and acquaints
the reader with their basic operating principles. The book also describes the important
parameters of an electrostatic loudspeaker and indicates how each one affects per-
formance. Intended for the audio amateur, musician, craftsman, or anyone who is not
only interested in this type of speaker, but also wants the very best in sound
reproduction. Appendix with construction information, index and bibliography included.

ELECTROSTATIC LOUDSPEAKER DESIGN COOKBOOK

By Roger R. Sanders with Barry McClune
BKAA20 $34.95 sh. wt: 2 Ibs.
This volume is an encyclopedic exploration of the important issues, trade-
offs, and technical questions involved in building the radiating, electrostati-
cally charged panel surfaces which make up the electrostatic loudspeaker.
Construction advice for both flat and curved panels is offered, along with

' plans for the necessary interfaces, drive requirements, and power supply
and crossover suggestions.
In addition, Sanders provides guidance for building low-frequency systems
to supplement the electrostatics for complete frequency coverage. The
book is fully indexed, has a thorough, descriptive glossary and provides
excellent information on parts sources. The book is capped by a complete
bibliography of the literature on this fascinating loudspeaker topology.

BULLOCK ON BOXES

By Robert Bullock

BKAAS8 $10.95 sh. wt: 1 Ib.

Since 1980, readers of Speaker Builder have delight-
ed in the scope and clarity of Mr. Bullock’s
explanations of vented-box loudspeaker systems.
Now these articles have been collected into a single
volume. This book is an easy-to-read guide to
designing and building vented-box systems based on
Thiele/Small models. In addition to the background
theory and descriptions of the models, Buflock on
Boxes covers a variety of related information drawn
from numerous sources. Includes an index, glossary
and over 100 illustrations.
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CO frequency is 600Hz. I would be more
cautious with the first-order CO installed,
for the sake of protecting both the midrange
and tweeter.

The systems have a sensitivity of about
89dB/2.83V/m. The highest sustained listen-
ing level | used was about 13W (into 6£2)
average input (average SPL = 100dB @
Im), which was handled without distress,
and I had no desire to go any louder. With
music containing very heavy bass content,
even this level might mean trouble. This is
an 8” woofer system designed for good
sound quality and not for high-level playing.
Again, it’s better to show more restraint
when using the first-order CO. All the resis-
tors on the Zobel board are sized for a sys-
tem-input power of under 20W. if you
intend to play at a higher average level, you
should increase their power ratings.

USING THE SYSTEMS
For playing, 1 generally located the systems
several feet from the rear wall (about 4" to
the cabinet back) and facing straight out.
My spacing between the inside faces of the
boxes was only about 6; for wider spacing,
toeing them in somewhat toward the listener
might sound best. If your L-pads are the
same as mine, then about 100° counter-
clockwise (CCW) rotation back trom full
clockwise (CW) is the anechoic flat level
with the Audax tweeter. About 20° more
CCW rotation should be flat for the SEAS
tweeter. These tweeter levels apply to either
CO type.

If you use the same construction 1 did.,
some of what | learned about changing the
tweeters and CO boards might be useful.

SOURCES

1. Liberty Instruments, Inc.
PO Box 1454, West Chester, OH 45071
(513) 755-0252

2. Kim Girardin
Homer Rd., Winona, MN 55987

3. Madisound Speaker Components
University Green, Madison, WI 53744-4283
{607) 831-3433

4. Martin Sound Products, Inc.
Alpha Park, Cleveland, OH 44143-2297
(216) 442-2286
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Here is the best way I have found to change
the tweeter without destroying the dome
(the SEAS is protected, but not the Audax).
First, remove three of the four tweeter
mounting screws, but only loosen the
fourth. Then, when you have enough lee-
way to work your fingers down into the
fiberglass and get a firm hold on the edge
of the tweeter, remove the fourth screw and
set the tweeter on top of the cabinet.
Loosen, but don’t remove, the screws in the
barrier terminal strip and remove the tweet-
er pigtail.

If you do pack the COs in the area behind
the tweeter. you will find CO changes are a
bit twitchy. The third-order CO is very
heavy and hard to handle while disconnect-
ing the pigtails from the Zobel board. 1 did
not want to make these pigtails any longer
than necessary, but they must be long
enough so you can turn the third-order CO
board over to get at the terminal strips on the
bottom.

CONCLUSION
We have tried to make this more than a
straight cookbook construction article by
showing how the system was developed and
including what techniques 60+ combined
years of speaker building experience have
shown to work. Unfortunately, we also had
to document our failure to develop a CO
packing technique free of sonic degradation.
We plan to continue investigating this area.
We would be interested in hearing
through Specaker Builder from anyone build-
ing this project. Did you try both tweeter
types, and if so. which did you prefer, and
why? Did you try both CO types. and if so,
how did you package them, which did you
prefer, and why? Did you try an alternative
box construction, and if so, what was it and
how did it work out?

CORRECTION

An incorrect figure was printed in “A Modest-Cost Three-
Way Speaker System, Part 1" (5B 6/96, p. 24); the cor-
rect Figure 25 should appear as follows.

R4

8 OHM L-PAD
Rg

H—3

INPUT

Rin

[] R QUT TO
2
LOAD RL

FIGURE 25: Schematic for L-pad modification.

DESIGNING YOUR
OWN BOX

Once you start changing things, you
are on your own. Please make sure the
woofer box is stiff enough to maintain
the fast bass of which this woofer is
capable. The following concerns are
critical if you want to get sounds simi-
lar to those this project produced:

1. Don’t make much change in the
spacing of the drivers on the front
panel, as all the crossover development
work is based on this spacing. Sliding
the midrange driver and/or the tweeter
slightly off cabinet center line probably
would not much change the summation
response.

2. If you greatly change the woofer
height or overall box width, you will
change the “diffraction rise™ (woofer
47 to 21 radiation transition) frequency
range and thus the lower midrange per-
formance of the system.

3. Design the front-panel slant angle
and midrange height so that when
you're seated, your ears are on a line to
the midrange center that is about 5°
below the on-axis midrange line.

4. Do not decrease the volume of
the midrange chamber very much, or
you will move the midrange system
resonance (now 141Hz) up too high
and hurt the performance of the first-
order CO.

5. Either omit the grille cloth and
frame, or put the damping material on
the front panel.

6. Any change in the type of CO
used defines a whole new system!

An alternative layout with a pedestal
below the diffuser port is a candidate
for consideration. It may be tough to
get both COs packaged in this pedestal
area if it is the same width as the box.
Making a removable pedestal with a
larger footprint would probably be
best. 1 have packaged the CO in such
pedestals many times in the past with-
out trouble.

There is no reason you could not
add a pedestal about 3” high under the
box we used. since the resulting woofer
height would still be below what we
used in the breadboard listening tests.
Moreover, the listening angle would be
better (down 5.3° rather than 3.9°).
Since the port duct fires against the
pedestal, it should be very stiff to avoid
vibration. And remember that the box
must stand in the correct position on
the pedestal when you tune the woofer.
You could still design the Zobel board
to mount behind the tweeter for easy L-
pad access. — GRK




KITS AND MORE

from

Woofer Wizard-Assembled
Subwoofer Filter

KF-7A $99.00

By Auto Sound Lab

This mathematically-correct bass compen-

sation device has been researched and test-

ed for more than eight years in virtually every

kind of vehicle—and it's been used successfully in the

home! Its unique tuning capabilities allow it to work equal-

ly well with closed box, ported box, or trunk-

mounted free-air applications. Because the filter extends

| low frequency cutoff, smaller systems can be made to re-
produce frequencies much lower than normally expected.

Fully assembled and made in the USA from high-quality
components, the unit measures 1 1/4”H x 4 3/8” L x 2
1/4” D. Four phono jacks for input. Two small L-bracket
clips for side mounting included. Instruction and applica-

| tion manual. Designed by Daniel L. Ferguson, author of
Killer Car Stereo on a Budget and the newly updated edi-
tion, Ultimate Auto Sound. Shipping weight: 2 Ibs.

Warbler Oscillator Kit

KK-3 $119.95
' By Dick Crawford

Muller Pink Noise Generator Kit

KSBK-E4 $49.00
By Bernhard Muller
This unique kit features a stereo/mono/
reverse-polarity switch that distinguishes it from
other generators. CMOS digital circuits form a
pseudo-random bit stream generator switchable
between mono, stereo, and stereo reverse, and another
switch selects pink or (optional) white noise output. Pink
noise rolls off between 16Hz and 20kHz at 3dB/octave and
at 6dB/octave above 20kHz, while white noise is constant
through the 16Hz-20kHz range.

The unassembled kit comes with a 4 1/8” x 2 3/16” PC
board, IC, precision resistors and capacitors, and switches.
Case not included. White noise option requires additional
.0022 microfarad cap and 1.8k resistor (not supplied). The
unit is powered by a 9V battery (not included). An article
reprint is included. Shipping weight: 1ib.

Assembled Muller Pink Noise Generator

KSBK-E4A $79.00

Assembled unit, case is not included. White noise option
requires additional materials (not supplied).

Shipping weight: 2 Ibs.

This popular unit will produce a swept signal covering any 1/3 octave between 16Hz and 20kHz. The total harmonic distor-
tion at the output is less than 1.5%, and the output voltage is adjustable from 0-1V. When used with a microphone, the
Warbler is more effective than a pink noise source in evaluating speaker system performance. It also reveals the listening
environment's effect on sound through reflection and absorption. The sweep rate is set at about 5Hz.

The unassembled kit includes the 3 1/4” x 3 3/8” PC board, transformer, all parts and article reprint. Case is not
included. Shipping weight: 3 Ibs.

Assembled Warbler Oscillator KK-3A $159.95

The Assembled Warbier includes the assembled PC board, case not included. Shipping weight: 3 Ibs.
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EFFECTS OF GRILLE FRAME AND CLOTH ON TWEETER PERFORMANCE

It has been my belief that one of the major
eftects of adding a grille (frame and cloth) to
a tweeter is to cause delayed reradiated highs
that time-smear the high frequencies and
adversely affect their clarity. In the past, I
had no way to measure this effect, but the
latest versions of Liberty Audiosuite (Source
1) provide cepstral analysis, which reports
delayed echoes.

I will not describe this technique; for that,
see “Round the Hom,” by Philip Newell (SB
8/94, p. 24), and “Reflecting on Echoes and

the Cepstrum,” by Bill Waslo (SB 5/96. p.
20). Basically, what you would like to see on
the power cepstrum plots I will present here
is nothing. Any spikes that appear on these
plots indicate delayed echoes, which appear
on the plots when they are delayed from the
original signal.

For example, I measured the on-axis
response of a tweeter with a side reflector
placed so as to produce a path from tweeter
to reflector to microphone that was about
Ims longer than the direct path. Figure 43

FIGURE 47: Power cepstrum results for
planar tweeter, case 2.
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FIGURE 43: MG Ribbon tweeter on-
axis response, with 1mS echo back.
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FIGURE 45: Power cepstrum results for
planar tweeter, case 0.
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FIGURE 48: Power cepstrum results for
planar tweeter, case 3.
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FIGURE 44: On-axis response for planar
tweeter for cases 1 to 5.
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FIGURE 46: Power cepstrum results for
planar tweeter, case 1.
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FIGURE 49: Power cepstrum results for
planar tweeter, case 4.

ﬁ The Speaker Design Too

Calculate Frequency, Excursion, Show/Hide System
Phase, Delay & Impedance Responsy Memories 1-10

Open Driver Database
= //— SPL Mode /

box®

Open Vent
Calculator

IQJDIEFCIWIQ |

—
® 0.8 @8, IO Eleee 8-

Visit our Speaker Design |
Forum! AOL Keyword: TIA |

Speaker Desngners!
Visit Our Web Site For More Information on
The Speaker Design Toolbox!
Download Your Demo Today!

- Troe Image Audiom 349 West Feuicima Ave,, Surte. 122, EsooNDmo CA 92025 » email: TIA Sharon@aol.com

_* Phone: 1-800-621-441 1« Fax & INTL Inquiries: 619-480-8961

Reader Service #29

38 Speaker Builder 8/96




shows the power cepstrum results: an echo
group centered just past Ims. which indi-
cates 1 slightly missed my reflector place-
ment.

TESTING SETUP

For this testing. 1 kept all Audiosuite pro-
cessing gains constant. so you can directly
compare the plots. [ did the testing with a
grille frame that set the grille cloth out 17
from the front panel, an excessive amount.
but selected so that delay effects would be
clearly visible. Assuming the tweeter radi-
ates from a point tlush with the front
panel. any energy that bounces off the
grille cloth and reradiates from the front
panel would be late by about 0.15ms and
multiples thereof.

For the tests, | selected the planar MG
RTB-100 tweeter because when “bare™ it is
cleaner than most dome tweeters and quite
flat to past 20kHz. 1 tested it under the fol-
lowing conditions:

Case 0: Standing free on a column
smaller than the tweeter. This case shows
delayed echoes due to the tweeter's own
structure.

Case 1: Mounted in a bare 6” test
baffle.

Case 2: A 1”-deep grille frame made of
5/8” particleboard was taped to the baffle.

The inside dimensions of the frame were
10.5” wide by 14” high. and it was posi-
tioned with its inside top edge about 4.5”
above the center of the tweeter. which is
typical of a small two-way system.

Case 3: The same frame. covered with
one layer of thin, black Radio Shack grille
cloth (part # 40-1935).

Case 4: The grille cloth was removed
and the front-panel area inside the grille
frame (but not over the tweeter structure)
covered with 1”-thick fiberglass.

Case 5: As in case 4. but with the grille
cloth reinstalled.

TEST RESULTS
Figure 44 shows the measured on-axis fre-
quency response of the tweeter for cases 1
to 5. The initial reaction is that the grille has
little effect: in terms of frequency response.
this is true. Once familiar with cepstral
analysis. you learn to look for a periodic
ripple on the frequency-response plot.
which is very evident in the 3-5kHz range
on several of these curves. As explained in
Bill Waslo's article. this is what a delayed
echo produces.

Figure 45 is the power cepstrum for case
0. which is quite clean. 1 was not able to
correlate the delay time of any of the echo
groups to the path-length difference from
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the edges of the tweeter. Figure 46 shows the
results for case 1, which is slightly worse
than case ). but still quite clean. Again, |
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planar tweeter, case 5.

FIGURE 50: Power cepstrum results for

can’t account for the two major echo group
delays. or why they are different from case 0,
except that the test distance changed from
18”10 48",

When the frame is added (case 2). Fig. 47

is the result. Now you surely see delayed
cchoes. The first two large echo groups corre-
spond well in time with echoes occurring
from the symmetrically spaced sides of the
grille frame and the bottom frame edge. The
top frame-edge echoes are probably buried in
the first large echo group. It is clear that the
bare grille frame alone can be very destruc-
tive to the clarity of the highs.

Case 3 adds the grille cloth. and. as Fig.
48 shows, you can’t really distinguish the
effect from that of the bare frame; (it is

LISTENING TO THE K/W SYSTEM
By Edward T. Dell, Jr.

Two very large, heavy packages, along with a
smaller one, arrived one snowy morning
almost a year ago via UPS. I began to open
the larger ones in my kitchen, only to discover
they were boxed twice. with lots of plastic
peanuts between the outer box and the inner
one. When I finally managed to unpack the
two large parcels, I had before me the results
of at least two years’ work by the
Koonce/Wright team.

The things would have won no beauty
contests, being made of heavy particleboard
and looking more like short-legged tilted-
back giant bookends, since no driver of any
kind was visible on what I assumed were the
fronts. The backs had very large slots in the
top section. On opening the smaller box, I
found not two but four crossover modules
mounted on inverted T-shaped pieces of the
same heavy particleboard stock, plus the two
alternative tweeters.

Finally, discovering the copious instruc-
tions from G.R. Koonce, I learned that I must
remove two heavy particleboard covers from
the sloping fronts of the two boxes, which
protected the drivers in transit. Having set
these aside, I successfully wrestled the two
units into place without suffering a rupture or
other ill-effects.

The four complex crossover networks
(including a remarkable body count of parts
in each) turned out to be one more indication
of the kind of thorough exploration G.R. is
willing to undertake for any project.

My system consists of Audio Concepts
Sapphire IIs with subwoofers. These are
driven by four amplifier units, two of them
stereo and two monoblocks. These are wired
directly to each of the three drivers in the
AC1 units. The monoblocks are Adcom
GFA 565s rated at 300W each. The stereo
pair are Adcom GFA 585s, Limited Edition,
rated at 250W/channel, each of which drives
one side of the system. In this way the only
common connection between the left and
right channels is in the Adcom GFP 565 pre-
amp.

I disconnected my usual system, carefully
shorting the terminals of the ACI drivers to
avoid interaction. However, since the
Koonce/Wright pair was not wired for tri-
amping, I connected them to the two
monoblocks, installing crossover | first. My
listening room is ideal, measuring 13w x 7h x
32 feet with a cement floor, and covered with
wall-to-wall carpet.

I am quite familiar with the sound of my
regular system, having a series of “demo”
disks which I use to show it off to friends.

I kept the K/W system in place for almost
a month, listening to all sorts of material. But
I went back time after time to my standard
disks. Halfway into the month I changed the
tweeters and crossovers. I left these in place
for only three days, since to my ear the top
end was tipped up with an edge not present
with the original set.

From the beginning of my listening ses-
sions, I was constantly surprised at the very
small differences between the Koonce/
Wright pair and my own system. I noted a
slight difference in definition and sound-
stage, especially in the midrange. I heard no
difference of any significance in the bottom
two octaves—both in frequency range or in
level. I'd consider the bass genuinely impres-
sive, especially since the bass driver is so
inexpensive.

The system sounded quite well integrated,
with a smooth response across the spectrum.
The stage depth was not quite as good as with
my comparison system, however. This could
be the result of single amp vs. tri-amp config-
uration. In lon