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What dO ...wiLsoN AUDIO, VTL, AUDIO RESEARCH, HALES, SONIC FRONTIERS, NHT, CARY
ARTEMIS, NESTOROVIC, PARADOX, MAS, WHATMOUGH, JACKSON BROWNE STUDIOS, ATHENA
PRODUCTIONS, WATER LILY ACOUSTICS... hiave in common?

The MultiCap

WhY? FIRST — because it improves the sonic performance of their products. Audio manufacturers
around the world are increasingly aware that when they need the best performance, MIT’s unique, patented

self-bypassed MultiCap delivers what other capacitor o

manufacturers claim but cannot offer: the highest level of
sonic performance.
SECOND - MIT offers more: We can help you get

the best results from our capacitors in your designs. MIT

has over a half-million dollars in advanced test o
This cross-sectional drawing shows the coaxial construction of a MultiCap.
equipmenl. We know what it means when a capacitor For simplicity’s sake, only two of lhe ten sections are included.

has “phase deviations,” “high ESR,” and “high series inductance.” We know how important it is — 1o the

final sound of your products — to reduce these and other parasitics.
Whether you use all MultiCaps in your all-out efforts or a few in only the most critical places for cost-

effective products, you will find the MultiCap advances performance.

SO get the l‘eal StOI'y: We don’t want you to invest thousands of dollars in the

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

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

grade” capacitor’'s 600 volt rating! Papers Available

Call us for our literature — which major Capacitor Considerations tor a High Performance Capacitor
. . . o o The MIT MultiCap: Phase Response vs. ESR
companies outside of audio have used in in-house training . )
MIT Introduces the New Metallized MultiCap
for its informative and accurate presentations. And don’t RIS AR UL e N YL L R R il A SIS

. . . ) The MIT Film & Foil MultiCap: Installation & Applicati
Hegitale 16 call U@ for appllcatlon EEVIEE. he MIT Film & Foil MultiCap: Installation & Applications

Questions & Answers About Capacitors
o

@ MIT MultiCap

l “The most advanced capacitor design in the world.”

For U.S. Inquiries: CVTL Inc., For International Inquiries:
Component Division of Music Interface Technologies MIT Components
3037 Grass Valley Hwy. 760 Pacific Road. Unit 19

} Auburn, CA 95603 Oakville, ONT Canada L6L 6M5

| (916) 823-1186 FAX (916) 823-0810 (416) 847-3277 FAX (416) 847-5471
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AUDIO CONCEPTS has released its 36th mail
order catalog. Although ACI's thrust has
previously been speaker kits, the new cat-
alog offers some speakers in assembled
form only. Home theater packages are
also now available.

Contact Audio Concepts, Inc. at 901
S. Fourth St., La Crosse, W1 54601, (608)
784-4570, FAX (608) 784-6367.

Reader Service #51
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Flat driver loudspeakers are now availa-
ble from TC SOUNDS in a floor-standing
three-way system and two self-amplified
subwoofers.

The TC-1 features a flat coaxial tweeter/
midrange assembly with a 4” flat piston
diaphragm, and a 1” soft dome tweeter
mounted within the 1.5” Kapton voice
coil of the midrange, which is combined
with two flat, high-excursion 8” woofers.

The subwoofer uses one 12" flat piston
driver in conjunction with a 150W am-
plifier, and built-in active or optional ex-
ternal active crossover. The system is
sixth-order vented with switchable damp-
ing to accommodate different environ-
ments. A larger system with two 12” flat
drivers and a 300W amp is also available.

Prices range from $4,495 for a pair of
floor-standing TC-1s to $1,095 for a single
12" woofer system with built-in 150W
amplifier. For further information, con-
tact TC Sounds at 6199 Cornerstone Ct.,
E. 105, San Diego, CA 92121, {619) 622-
1212, FAX (619) 622-9293.

Reader Service #56

Good News

B + K PRECISION has introduced a hand-held
LCR bridge with dual digital readouts.
Designed for field service or general
industrial applications, the Model 878
offers the functions of bench units and
measures inductance, capacitance and re-
sistance at an accuracy of 0.7%. A data
hold function is also available to freeze
any displayed reading; a minimum/max-
imum/average function keeps track of the
running average of readings and records
the highest and lowest running values.

The Model 878 retails for $275. For
additional information, contact B + K Pre-
cision, 6470 W. Cortland St., Chicago,
IL 60635, {312) 889-9087, FAX (312)
794-9740.

Reader Service #68
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AUDIO TEKNOLOGY, INC. has released new
LEAP manuals and Version 4.5, which
features reduced key strokes and easier
operation. The upgrade will be offered for
alimited time to Version 4 users for $95.

The two-volume set includes a Refer-
ence Manual containing 19 chapters de-
scribing all graphs, menus and commands.
A 300-page Application Manual includes
information on loudspeaker measure-
ments, design tips, filter calculations, and
complete crossover system development.

For more information, contact Audio
Teknology, Inc., 7556 SW Bridgeport Rd.,
Portland, OR, (503) 624-0405, FAX (503)
624-0194.

Reader Service #64

SCANTEK, INC. has produced a new Win-
dows version of ENM (Environmental
Noise Control) for DOS. Users may input
sound level data (in octave or Ys-octave
bands), three-dimensional source and re-
ceiver coordinates, and directivity for sev-
eral source types, as well as read data
directly from a spectrum analyzer, create
graphics in a spreadsheet format, and
print displays in color or black and white.
All input and output data are in ASCII for-
mat and can be read easily by other
programs.

To learn more, contact Scantek, Inc.,
916 Gist Ave., Silver Spring, MD 20910,
(301) 495-7738, FAX (301) 495-7739.

Reader Service #67
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CELESTION's Trinity compact loudspeaker
system combines Celestion 1 two-way
speakers with the CS-135 subwoofer. The
diminutive Celestion 1 (10" x 6” x 77}
employsa 1” titanium-dome tweeter; a 4”
felted-fiber-cone woofer delivers — 3dB at
68Hz. A second-order high/low-pass cross-
over at 6.4kHz helps support pinpoint im-
aging and soundstage depth. The 20.5” x
13.4” x 7.5” CS 135 subwoofer extends
the low-frequency response nearly a full
octave {-6dB at 38Hz) in a package op-
timized for mid-power systems in the
20-90W/channel range.

The Trinity system, finished in simu-
lated black-ash veneer, retails for $399.
To learn more, contact Celestion Indus-
tries, 89 Doug Brown Way, Holliston, MA
01746, (508) 429-6706, FAX 429-2426.

Reader Service #69
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Now on the market is TECHRON's Sound
Lab-PC Version 1.3, which provides
three-dimensional waterfall displays and
an improved Noise Level Analysis (NLA)
module. The software enables TEF-20
users to produce log or linear waterfall
displays ranging from 2-36 curves which
can be viewed from left or right as well
as from the front or back. The new ver-
sion displays continuous Lgo information
as well as fractional percentile (Ly) and
Lmean values, even if a measurement is
interrupted before completion. Other
new features include NLA cursors, an
AutoRepeat mode, a Combine Files fea-
ture, and muting.

Suggested price for the Sound Lab PC

—0 .. -

PEERLESS has announced the release of a
new tweeter with an integrated cone, sur-
round and center dome, vacuum-formed
from a single piece of polypropylene.

Basket size is 62 x 62 mm; voice coil
diameter is 13 mm; the 40 mm magnet has
ferrofluid in the airgap. A ring inserted
into the basket makes it possible to fit a
smaller cone, resulting in an enlargement
of the volume behind the cone and secur-
ing the low resonance. The ferrofluid en-
sures a flat response and no impedance
peak. Power handling is enhanced by the
aluminum voice coil former, the heat-con-
ducting ferrofluid, and the ceramic mag-
net. Code for the new tweeteris 62 CT 13
40 PPB FF.

For more information, contact Peerless
of America, Inc., 800 W. Central Rd., Mt.
Prospect, IL 60056, (708) 394-9678, FAX
(708) 394-5952.

Reader Service #52

Version 1.3 is $50. To learn more, con-
tact Techron, PO Box 1000, Elkhart, IN
46515-1000, {219) 294-8300, FAX (219)
294-8300.
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NETWELL NOISE CONTROL has added acousti-
cal foam baffles to its line of noise absorp-
tion products. The three-inch thick baffles,
measuring 24” x 48, are made ready-to-
hang from ceilings, and were designed to
absorb 85% of reflective noise.

For more information or a free catalog,
contact NetWell Noise Control, 6125 Blue
Circle Dr., Minnetonka, MN 55343, {612)
939-9845 or (800) 638-9355, FAX (612)
933-9089.

Reader Service 465
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AUDIOSTATIC, producer of electrostatic loud-
speaker systems for 25 years, has ap-
pointed SOTA Industries as its North
American manufacturer and distributor.
Audiostatic products have previously
been manufactured in Holland and sold
primarily in Europe and Asia.

Available models include the new ES
100 Full Range System with a frequency
response of 35Hz-22kHz and sensitivity
of 86dB. The SW-100 electrostatic sub-
woofer (frequency response 35-300Hz)
can be added for use in large room
environments.

Prices range from $2,495to $14,995 per
pair. For complete specifications, contact
SOTA Industries at 1318-B Marquette Dr.,
Romeoville, IL 60441, (708) 759-8737,
FAX (708 759-8730.

Reader Service #57
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AUDIOSOURCE has announced the release
of its LLC-3, a three-in-one utility disc
(Patent-pending) which cleans and tests
audio systems. It combines a laser lens
cleaner with test material for any CD
player and audio system configuration.

The LLC-3 contains a special test sec-
tion for Dolby Pro Logic surround sound
setups. A set of test tones has been de-
signed to provide users with an objective
evaluation and adjustment of their home
systems. Tests include; channel identifi-
cation, polarity check, localization, sweep
tones, dynamic impact/transient response
check, and digital silence. The LLC-3 also
contains a section of five music tracks
representing a mix of digital recordings.

The unit is packaged ina 6” x 12” en-
vironmentally-safe EcoBox. Suggested
retail price is $29.95. AudioSource is lo-
cated at 1327 N. Carolan Ave., Burl-
ingame, CA 94010, (415) 348-8114, FAX
(415) 348-8083.

Reader Service #54
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NORTH CREEK supplies loudspeaker compo-
nents and pre-engineered systems to home
builders. Loudspeaker kits are also offered
through their catalogs.

Drivers, components and accessories
available through North Creek include
Ohmite resistors, Sprague capacitors, Tef-
Flex AG crossover cable, Multicore and
Alpha silver solder, Neoprene gasket tape,
Vifa tweeters, and Scan-Speak woofers.
Loudspeaker kits from Celeste, Okara,
Thendara, and Sabael are also available.

For a current catalog, contact North
Creek Music Systems, Rte. 8, PO Box 500,
Speculator, NY 12164, (518) 548-3623.

Reader Service #53
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PROFESSIONAL INSTRUCTION
BULD YOUR OWN SPEAKER SYSTEMS

while on vacation in the

ROCKY MOUNTAINS OF NEW MEXICO

now taking reservations for the

1993 SUMMER SESSIONS

for more information and a free brochure call

ANGEL FIRE WORKSHOPS

1-800-847-4799 (Canada & USA)

(ocountry code) + 1913-776-9770 (outside UBA)
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HEAR, HERE!

0ur 1993 product line just arrived and there's
lots to celebrate. A comprehensive array of
nearly 100 drivers. Innovative technologies.
Leading edge materials. Engineered to
provide flexibility in your design process and
clear cut sonic quality advantages at every
level of performance.

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

r—‘f—-.L-—.-dax

Bsreacker@corRPORATION

Subsidiary of Audax Industries, France.
For your nearest authorized distributor
please call 508.658.0700
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- For hot voice coils,
" the cool solution.

N Voice Coil

Ferrofluid

| Magnet

| Introducing the APG
900 Series — ferrofluids
designed specifically to
safely withstand 200
degree centigrade
temperatures in speaker
voice coils while
maintaining long-term

| thermal stability. Offered in the low to medium viscosity range,
APG 900 ferrofluids are ideal for all high efficiency speaker

‘ systems. This Series complements our existing product line of
high viscosity ferrofluids widely used in tweeter and mid-range
drivers. Call or fax us today. And, our in-house audio lab will help
you with the speakers you have designs on.

Ferrofluidics

40 Stmon Street, Nashua, NH 03061 Call: (603) 883-9800 Fax: (603) 883-2308
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About This Issue

Radical surgery and thinking is the
only way to describe Mike Allen's
interesting project for realizing an
unusual transducer. Briefly, chop off
the driver’'s cone and frame, glue it
to a stretched mylar panel, and see
what comes out. His adventure begins
on page 10.

Contributing Editor John Cockroft
is back with a ridiculously tiny new
transmission line. A smaller one just
might be possible, but imagination
balks at the suggestion. ""The
Simpline,” beginning on page 14, is
not only a new design, but a step-by-
step tutorial for any speaker building
beginners. And don't be fooled by the
simplicity, every detail conceals some
remarkable sophistication.

Hand-to-hand combat is how
Manning Redhill characterizes the
pursuit of the correct paramenters for
vented boxes. The elusive {3 cutoff
frequency is the key, according to this
author, new to our pages this time.
Dust off your calculators or sharpen
your pencils. The discussion starts on
page 24.

Bill Waslo continues his
presentation of his new analyzer
system which not only is a low cost
speaker-in-the-room measurement
tool, but has many other uses as well.
He begins discussion of further
capabilities of the IMP on page 30.

Joe Saluzzi concludes his years-long
saga of building the perfect listening
room. Although most of us can only
dream of such a golden opportunity,
Joe shows that the results are worth
all the planning and months of hard
work (p. 42).

The cover art this time is a little
piece of Mike Allen’s mounting
scheme for what's left of his driver.
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Precision Development Tools
for
Precision lovdspeaker Designs

~___ Actual System Response Measurem
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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 appro-
priate transducers coupled with ordinary networks and filters, has given way to a painstaking process of meticulously
blending selected transducers in combination with carefully devised and matched crossover designs.

i

e 10 volime manual set comprises simost | ) ﬂEAp (Loudspeaker Enclosure Analysis Program) is a complete full range

} umentation which thoroughly covers the operation of i programy analysvs package which provides virtually all of the tools necessary to develop

g vr:vldes numproys examples of howi (o maximize your uscRgy cision loudspeaker systems, for today's demanding audio markets. Whether

and understanding of the program’s many features. The Reference

st it dgsnisibelanmeipliiianpiia \our applications are consumer audio, car stereo, professional audio, or custom
soteric marvels, LEAP provides the power, flexibility, and accuracy to investi-

Ition. This manual explains the unique and special non-linear 8

speaker and poit models, as well as proper use of the optimizers. hossible desi gn permutatlon The open arch“:ecture and bm?d wec.
1 importing data, and the many other utilities. The Application’ Ry
ded will dramati reduce yontw.devel pment tin

. ~ Manual provides many exciting examples showing how to use the/

.

powerful features of the system in a combined manner to perform 1 lJ d e 18 'c "¢ t

both simple and gomplex design tasks. Both novice and experi- L 5 i, by i 4

enced users alike will find this information invaluable for exploiting - o i [ y

the full power of the system. Additional information is also provid- — === ————;—p-j" i~ = —_= - . SRR . S ——

ed on loudspeaker measurements. design tips, filter calculations, b ] es

and complete crossover system development for both passive and + Use simulation of imported actual measured SPL/Z data. v Quick Cabinet Box Designer v Crossover Network Designer

active based systems. v 5-Way crossover system modeling, and more. v Conjugate Network Designer v Spkr Parameter Measurement

¥ 502 Page Reference Manual ¢ 436 Page Application Manual v Time offset between transducers. v Wire Table Calculator v Voltage/Current/Imp Calculator
v Active or Passive based crossovers. v Multi-Curve Averager v Motor Constants Calculator

- Seminars/Workshops available, call for details. .1 enBode transform for defi¥ing phase: v Import Data from ASCII Files v Export Data to ASCIi Files

V 22 Passive components per xover section. s
v 16 Active filter blocks per xover section.
# Advanced Transducer/Enclosure Simulations

v Passive Network Optimizer for singte/system response. . N ) .
. J ek ' v Sealed,Vented, Bandpass, PR Simulations with multiple speaker/ port capabliity.
v Active Filter Optimizer for single/system response. ) )\ . :
v Large signal analysis of TempVC, and Non-Linear BL/ Ports/ Compliance.

A, v Frequency ranges from |Hz to 100kHz. .
=3 v Acoustic Parallel or Acoustic Series {Isobaric) Driver Mounting.
it s e T B v Port Standing Wave resonance modeling.
i - t v Frequency Dependent Revc and Leve modeling.
. ¥ Library storage of 36 transducer parameters, and over 24 enclosure parameters.
by 1 i T— . v Generic transducer modeling of electro-dynamic, ribbon, and piezo devices. :
o | !
= = %‘P e Printer/Output Formats
= E‘- When you wish to produce a hardcopy output of your finished designs and graphical data, LEAP supports a large num-
3 E ‘ ber of printer standards, and even supports numerous desktop publishing graphic formats in both black & white and .
color! Portrait/Landscape orientations in any cuslom size and aspect ratio are user controllable.
[ v IBM/Epson 8 Pin Dol Matrix v NEC 24 Pin Dot Matrix v Epson 24 Pin Dot Matrix
=S E=== v TOSHIBA 24 Pin Dot Malrix v HP LaserJet Series Printers v HP DeskJet 500C Printers
v HPGL Compatible Plotters v PostScript Printers- BGW.Color v PostScript EPS/TIF- B&W.Color

w ¢ DXF AutoCAD Vector Plots v Al-Adobe Hilustrator BGW.Color v TIFF, BMP. PCX Bit Image Plots

Call Today for a free Demo Disk! —
— ' TEL: (503) 624-0405 : ~1 | I

Audio Teknology Incorporated/ 7556 SW Bridgeport Rd/ Portland OR 97224 USA/ TEL (503) 624-0405/ FAX: (503) 624-0194

Ljudproduktion (8) 8-70/ Spain:Audio Equipment Services (344) 681-8120, Germaay: Audiomax (31) 16 G/ Singapore: Auvi Pte Lid |283] 2844, Belgium: Belram (2)
uran Audio (41)80-15583/ Canada: Gerraudio (416) 696-2779/ Canada: Trends Electronics (604) 988-2966, Korea: S: I ine SN
ME Technologies (65) 502254, Taiwan: Gestion Taycan Intl {256 3-7717; Indonesia: Ken's Audio (021) 35301 | Japan: Otaritec (03) 33
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Guest Editorial

THE WAY WE WERE AND
THE WAY WE AREN'T

by Fred Janosky

As a child, I often ""took things apart’” to see how they
worked. Even before I started school, I was disassembling
small household items, such as my dad's electric razor, out
of curiosity. In my second year of school, I recall working
{playing?) with my father on assembling an educational toy
that resulted in a working battery-powered electric motor.

By 1967, in the 4th grade, I had saved enough money
to fulfill my dream of owning a tape recorder. After in-
vestigating all my choices, I purchased a Voice of Music
quarter-track, reel-to-reel machine for the then huge sum
of $84.00! (Voice of Music of Benton Harbor, Michigan, was
reasonably popular in those days for making lower cost
audio equipment.) I had countless hours of enjoyment and
experimentation with my monophonic tape recorder. That
began my fascination with audio and electronics. Know-
ing nothing of Thiele/Small equations, I built an extension
speaker for my tape recorder one year later—my first loud-
speaker project.

Of course, my audio system grew into several compo-
nents and, throughout my grade school years, many of my
science projects were audio-related. Before I received any
formal training, assembling electronic kits played an im-
portant part in forming my knowledge and providing a
source of fun and encouragement.

I can truthfully say that my interest in audio led me to
pursue a degree in electrical engineering. This interest led
me into other areas, such as woodworking, music, acous-
tics, even a business selling audio equipment. Of course,
audio still remains a source of enjoyment, a hobby, and
a part-time business for me.

But now, some things have changed. Our youth are into
Nintendo, MTV reigns as a major influence, drugs are a
big problem, and the quality of education (or lack of it) for
young people is a big issue. Our country is even said to
be falling short in our efforts to remain a world leader.

Recently, I met with a group of educators as part of a
program we are initiating at my company (a large electric
utility). We are discussing things we may be able to do to
assist educators in our community meet the educational
needs of our youth.

The meeting with these educators was enlightening. We
discussed problems modern educators are experiencing,
possible sources of these problems, and possible solutions.
The educators were in agreement over many problems that
seem to have slipped into our schools in recent years. Many
of us can easily guess the source of the problems such as

declining family values, parents not taking an interest in
their children, and so forth.

One problem mentioned caught me by surprise. "'Kids
seem to lack a natural curiosity to find out how things work.
Not long ago, kids would take things apart, tinker with cars
and the like, but this is very rare now. Kids now expect
to be entertained and seem to have little motivation to
learn.” I could not help but reflect on my younger years
where the excitement of building something and experi-
menting continually helped me learn and broaden my
horizons. Learning was fun!

Is this problem unique to our country? Do we have too
many of the wrong things to entertain us? On a recent trip
to Germany, I was amazed at the items for sale at a hobby
store. There were many fun, technical and educational
items. Some were kits where the builder's efforts would
be rewarded with a quality, working finished product.

In a recent mail came the latest Heath Catalog. On the
front page was a note explaining Heath's decision to exit
the kit business. Their explanation was '‘times have changed,
consumer needs have changed...for a number of reasons,
folks just aren’t buying and building many kits anymore."
When I first read this cover note, I thought that the major
reason to leave the kit business was probably more at-
tributable to a poor effort by Heath to meet customer needs.
(In 1987, I wrote a letter to the President of Heath explain-
ing that remarketing Harman/Kardon audio equipment as
kits is not a strategy for success, especially when one can
purchase the assembled versions at lower prices. I never
received a reply from Heath.)

After thinking about what I heard yesterday from the
group of educators and remembering my own youthful ex-
perience, I must wonder, have times changed to the point
where young people can't be concerned with finding out
how something works? Will most of America’s high-
technology products be manufactured overseas? Can
America maintain a lead in any field of technology? How
can we builders/experimenters become involved with our
youth to share our experiences and enthusiasm?

Fred Janosky works as an Electrical Engineer for General
Public Utilities in the System Operations/System Control
Department in Reading, PA. He also runs Audio Arts, a
part-time business involved with home audio equipment
and architectural sound systems.

=== Reader Service #3
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THE FLEXIBLE DIPOLE WOOFER

We recently have seen some atten-
tion given to cone dipole speak-
ers. The Amazing Loudspeaker by Carver
and the Centaur by Apogee Acoustics
both use dynamic cone woofers mounted
on a panel to reproduce low frequencies
without the box resonances of a sealed
or ported cabinet. These 6-12” cone
woofers are characterized by very high
Qrs of 2.0 and up. They recreate the open
nonresonant bass sound of fullrange elec-
trostatic and magneplanar speakers.
Speaker builders trying to construct a
baffleless woofer system find it very
hard to locate cone woofers with a suf-
ficiently high Qg. In my high school in-
troductory physics class, my students
constructed a dipole woofer that uses a
flexible cone. Actually, it is not a cone
at all, but a double-laminated foam pad
driven by a conventional magnet/coil

ABOUT THE AUTHOR

Michael Allen is a chemistry and physics instruc-
tor at Rancho Verde High School in southern
California. He obtained a BS in geology from lowa
State University and then completed his major in
chemistry at Augustana College in Rock Island,
IL. He has been designing dipolar and bipolar
speakers since 1986 when he was working his way
through college at Stereo Sound Studios in Ames,
IA. He also enjoys building amplifiers and pre-
amps. Currently, he is busy building a reference
bipolar point source speaker system.

BY MICHAEL ALLEN
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PHOTO 1: Front left speaker. Note tweeter offset to left of midrange. Rearward firing tweeter

is mounted right of center.

driver. Remember the NAD 4150 floppy
tonearm? It used a flexible tonearm to
eliminate or absorb spurious tonearm
resonances. Cone woofers also resonate
somewhat at certain frequencies. The
floppy woofer increases the Qrs of the
driver and helps eliminate any cone res-
onances for incredibly tight, clear, and
open bass.

In this unique project a 22” x 33”
planar woofer (725 in.?) is constructed
by using a drive assembly easily obtain-
able from a Radio Shack 10” woofer
(40-1331b). The Thiele/Small parameters
for this "'unmodified” driver are a fs of
40Hz, a Qr of 0.93, (Qe > 1), and an effi-

ciency of 91dB/W (1 m). Ignore the Vis
and Mo. The cone driver mounted in a
box is rated to handle 50W maximum.
Before anyone in the peanut gallery be-
gins to snicker, remember this: the sur-
round is cut off, the cone is cut off, and
the cheap stamped basket frame is also
cut off and discarded. Retained are the
magnet, spider, and voice coil—hardly a
basis to judge a woofer as good or not.

The midrange units I used were a pair
of Boston Acoustics C-741Ws mounted
on a finite baffle. The Thiele/Small mea-
surements for these were an fs of 135Hz,
and a Qr of 0.73. An even better choice

FIGURE 1a: Cut off dust cap.

FIGURE 1b: Cut out cone.

FIGURE 1c: Cut off basket.
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FIGURE 2a: Basket arms cut and drilled for
mounting.

FIGURE 2b: Side view of stripped woofer.

may be the SEAS 11FM with a slightly
higher Qr and a smoother mid-bass and
upper frequency range. For tweeters 1
used two pairs of Audax TW60ATi's with
10mm titanium domes wired in series.
Series placement improves the damping
factor on a tweeter that has been known
to ring under high power. The other more
obvious benefit is that the power han-
dling has been quadrupled while the
efficiency is only lowered 3dB, giving
you an efficiency of 88.3dB/W (1 m).
In this design, we supply the midrange
with a 3dB damping circuit switchable in
or out for smoother frequency response

or leaner (less) bass for the classic dipole
sound. The cost of the drivers in this
speaker is only about $170. The expense
for the wood is minimal simply because
there is little to buy.

But don't let the low cost fool you: this
speaker will surprise you by how good
it sounds. First of all, it is open. The im-
age will be very impressive. Then you
will notice the absence of the colorations
in the bass and midrange which you
have always disliked before. It is truly
an innovative speaker with exceptional
sound. The woofer section is remarkably
tight yet full, and the relatively low cost

and thinness would seem to make com-
bination subwoofer/projection screens
for television very practical.

CONSTRUCTION. After a reasonable
amount of break-in, disassemble the
woofer. First, cut out the cone and dust
cap with an X-Acto® knife or razor blade
(Figs. 1a and 1b). Take care not to slice
the voice coil leads.

Once you remove the cone, cut the
arms of the basket (Fig. Ic). I used a nib-
bler. Caution: avoid dropping metal fil-
ings into the pole gap. Cut two of the arms
longer, the upper and lower, for mount-
ing. The side four are cut shorter, but
allow room for a %” screw beyond the
magnet for adjustments. Drill six %"
holes as shown in Fig. Za.

Note: The design's uniqueness is such
that I will be attempting to patent it. If
I am successful, I grant the right to any-
one to try this design for personal non-
profit use.

The frame consists of square 1”7 x 1”
piecesand a 24” x 14” x %" MDF par-
ticleboard assembled with finishing nails
and a good wood glue. Use clamps if
possible (Fig. 3).

T 23N ;‘“§th‘ﬂh___<;

oy L

/

P_HOTO 2: Mounted drivers on frame. Prototype used only a small anti-
diffraction pad. Twin Mylar membranes, when shrunk, compress the
foam diaphragm of the dipole woofer.

Fig.10 and 17).

PHOTO 3: Rear view, showing crossover glued directly to baffle board.
The 4% resistor for the midrange is a 50W wirewound (see crossover
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FIGURE 3: Nail and frame assembly.

FIGURE 4: Side view showing plate mounting. Arrow indicates 2" space left for Mylar.

When attaching the MDF particle-
board plate, be sure to leave ¥2” of the
lateral 1 x 1 for the Mylar® film attach-
ment (Fig. 4).

After the frame is dry, the holes for the
Audax TW60ATI tweeters and the 42"
SEAS 11FM midrange may be cut. Place
the bottom of the midrange 2” above the
middle lateral 1 x 1, and 4” from the
inside vertical 1 x 1. The two tweeters
are mounted 1” directly above the mid-
range, centered side by side. The outer
tweeters fire forward and the inside
tweeters fire rearward. Please note that
the speakers must be assembled in mir-
rored pairs (Fig. 5).

To help remove any resonances in the
mounting panel, use silicone to attach a
137 x 22" piece of ¥2" polyurethane
foam to the front panel. I wired the tweet-
ers in series and crossed them over at
4kHz. Usually, this is too low for this
type of tweeter, but in series wiring the

power handling is quadrupled while the
efficiency is only halved to 88.3dB/1W
(1 m). I deliberately kept the crossover
components as simple as possible.
Our flexible diaphragm uses two sheets
of heatshrinkable Mylar made by 3M for
weatherproofing patio doors and win-
dows. It is, however, quite possible that
any close-weave, lightweight, elastic fab-
ric will work—hence the nickname
"'Spandex® woofer.”” (The possibility of
a portable subwoofer which could be
rolled up like a tent boggles my mind.)
Construction begins with a sheet of the
Mylar glued to the frame using silicone
caulk adhesive. Stretch the Mylar to re-
move any wrinkles and roll down the
glue bead to remove any excess. After it
dries, cut out an 18” x 29” piece of
Ye-inch thick polyurethane foam, round
the corners (2” radius), and spray on a
thick coat of spray adhesive. {(3M makes
some stuff that is readily available, but

T =)
X T
—» 00

f
2" holes -—4'L‘” O\

I

/‘V
3%" hole /f‘i/

left front

FIGURE 5: Tweeter and midrange placement.

tweeter 4 Q
1
- rearward — O
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forward — [ *3
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right front

FIGURE 6: Layer assembly.

() % silicone beads
! ——

e —_

3M spray adhesive

it does stay in the air and sticks to every-
thing!) Carefully center it on the Mylar
and affix. Next, covering all exposed
Mylar, spray adhesive on the now top
side of the foam. Remove the Mylar pro-
tectant and squeeze a bead of silicone
caulk adhesive on the Mylar on top of the
frame pieces. Then, carefully stretch the
top piece of Mylar film on top of the
sticky foam and frame. Try to eliminate
a large bubble of trapped air by applying
pressure from the center outward. Again,
roll down the glue bead to achieve a good
bond (Fig. 6).

Allow the glues to dry overnight. You
are now ready to attach the side pieces
of 1”7 x 6” x 48” oak, walnut, or what-
ever. The frame should be canted back
to aim the tweeter upward. Use two
screws per side piece and place a bead
of silicone on the frame to halt any vibra-
tion, as shown in Fig. 7.

While the Mylar is drying, you can
mount the driver assembly on the cross-
pieces. Two 2” x 2” x 24" lengths are
set at the top and bottom of the magnetic
driver. With the driver centered on 127,
put 1¥2” number 8 screws through the
holes of the long basket arms into the
2 x 2s. Next, attach two short pieces of
steel or aluminum to the back side of the
2 x 2s such that 2%2"” driver adjustment
screws can be put through the holes of
the short basket arms and then into ones

| —

ol

| | side
FIGURE 7: Side and grille placement.
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FIGURE 8: Woofer crosspiece assembly.

drilled in the short metal pieces (Fig. 8).
The adjustment screws allow the voice
coil to travel unhindered, allowing bass
response at low volume levels.

A cap must be placed on the voice coil
to attach it to the woofer diaphragm. An
easy-to-find piece that works marvel-
ously is the top %" of a 2 ltr. soda bot-
tle. The cut-off neck fits snugly inside the
1” voice coil and can be permanently
fastened with a little bit of silicone caulk.
Screw on the bottle cap with a little bit
of glue on the threads and you are ready
to fix it to the Mylar.

At this time you will want to use a blow
dryer to shrink the Mylar sheets to a
wrinkle-free, tightly stretched condition.
This should be done one side at a time,
a little bit at a time. Be sure to check your
glue connections to avoid pulling the
Mylar off the frame. Trim any excess
Mylar from the frame at this time.

Turning the woofer frame on its side,
gently ease the magnetic driver 2 x 2 as-
sembly to the center of the woofer. The
two 2 x 2s should fit snugly between the
dress side pieces. Position the driver
assembly so it is located in the exact cen-
ter of the Mylar sheet and the driver is
aligned parallel to the sheet. Spread
a prodigious amount of silicone caulk
around the Mylar, ease in the magnetic
driver until it makes contact, and then
permanently attach the 2 x 2s with sili-
cone and two 3” wood screws through
the side pieces (Figs. 9a and 9b).

While the silicone dries, finish mount-
ing the Audax TW60ATI tweeters and
SEAS 11FM midrange in the MDF parti-

cleboard. The crossover, shown in Fig. 10,
is siliconed directly to the back of the
MDF board.! The midrange has a DPDT
switch included for those people who
want even more bass by attenuating the
midrange presence by 3dB. Attach the
wires to the drivers, being careful to con-
nect the tweeters in proper dipole phase.
Mount a five-way binding post near the
bottom of the side panels. To make the
speaker stand up, screw 12-inch long
square tubular pipe to the bottom of the
side pieces, allowing you to mount Tip-
toes® on the frame.

Hook up the speaker to your amplifier
and play some material with some bass
drums at low volume. Adjust the woofer
alignment screws so that the Mylar
moves with the largest displacement.
After a 30-50 hour break-in period, the
Mylar will flex just enough for some
really nice bass.

Finally, attach the grille cloth, cover-
ing both the front and rear of the speaker.
Fabric with some elasticity can be wrap-
ped and glued to a wood dowel at the bot-
tom of the speakerfront. Pull the fabric
over the top, and attach to another dowel
at the bottom of the back (Fig. 7).

REFERENCES

1. Dickason, Vance, The Loudspeaker Design
Cookbook, 4th ed., pp. 87-123. Available from
Old Colony Sound Lab, POB 243, Peter-
borough, NH 03458; $29.95 plus $3 s/h (USA).

2. Gonzalez, Ralph and Bill Fitzpatrick,
LMPG Loudspeaker Modeling Program. Avail-
able from Old Colony; $49.95 (IBM) or $39.95
(MAC) plus $3 s/h (USA).
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FIGURE 9a: Rear view.

[ silicone

mylar/

FIGURE 9b: Membrane attachment.

ADDENDUM. In using Ralph Gonzal-
ez's LMPG program, I noticed a small
dip in the frequency response of the mid-
range and tweeter crossover region in
the program's graph.z According to the
LMPG program, with a simple reversal
of the tweeter leads (i.e., the forward fir-
ing tweeter out of phase with the mid-
range, the rearward firing tweeter in
phase with the midrange), the response
should smooth out to +2dB from 40 to
20kHz! Try it both ways and listen from
your own listening chair for the best im-
age. Good luck!

The day after I sent my preliminary
manuscript to Speaker Builder | received
my new SB 2/92. To my horror, I found
a design quite similar to mine incorrectly

Continued on page 79
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FIGURE 10: Crossover' a: Audax TW60Ti tweeters; b: SEAS 11fm midrange; c: Realistic 40-1331b woofer magnet assembly.
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THE SIMPLINE

designed the Simpline not only be-

cause I wanted a fine-sounding loud-
speaker system, but to dispel the myth
once and for all that a transmission line
must be complex and expensive.

A few years ago, I wondered whether
I could design a speaker system with only
the bare essentials necessary to faithfully
reproduce music. It all started when 1
found an old, physically abused sample
FE-103 driver from the mid-60's, when
the mini-speaker age began.

The first FE-103s were imported in
1965 through Olson Electronics (now
defunct). Slightly later, Radio Shack im-
ported the same driver with the same
FE-103 designation. The Radio Shack
103s had red cloth half-roll (inverted)
surrounds, while the Olson surrounds
were cream-colored. The FE-103 was the
first of the raw mini-speakers to hit the
American market in the wake of the
highly successful KLHFM radio, with its
4” mini-speaker and an equalized ampli-
fier to boost the bass response.

This driver, with its rather light cone
and 7 oz. magnet, was known as a "'full
range’’ driver. Surprisingly, the same
unit is still sold today by Radio Shack as
their model 40-1197, as an auto speaker
for $10.95. In 1966 it cost $7.95, there-
fore I'm sure you'll agree that it is one
of today's best bargains.

My original FE-103 required some first
aid for a puncture near the base of the
center dome. Even after the surgery, it
pleased my sense of irony to note that
the FE-103 still compared favorably with
today’s high-tech wonders.

SPEAKER DESIGN. The Simpline,
for all its sonic merits, is ugly. Even so,
it is quite a sophisticated little speaker.
To make matters worse, it leans against
the wall (Fig. 1) at a precarious angle.

In spite of its simple construction, the
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BY JOHN COCKROFT
Contributing Editor

Simpline is based on many design con-
cepts. First, it is a short, rather high-
density transmission line speaker. It
sports the close room coupling device of
Roy Allison (having the speaker placed
close to one wall of the room, and as far
away as possible from the opposite wall)
to help smooth the upper bass and lower
midrange. In addition, it is tipped slightly
back toward the wall, allowing the tre-
ble to spread out naturally, as opposed
to beaming.

FLOOR

L—lo"To 12!———l

FIGURE 1: The Simpline speaker.

Tipping the enclosure provides an ex-
it port, and allows a large hole for the
lead-in wires. This may help the wires
stay cooler than normal. Further, be-
cause the speaker is tilted, the sound ex-
its from the port, striking the floor at an
angle and allowing it to continue at an
equal angle, and not back into the line.
{Some sound does reflect back into the
line due to the radiation resistance of the
room air at the line's end.)

Since most floors are carpeted and pad-
ded, further damping is accomplished
with this design. Diffraction is held to a
minimum through the use of a small baf-
fle, and the close proximity of the wall.
The center of the woofer is only 3“ from
the rear wall. I think it is reasonable to
believe that the bass—at least the bass
radiating from the front of the driver—is
radiating into a hemispherical space.

Because a single driver is used, phase
should be intact. I didn't have to sweat
over any crossovers, although I did have
to work out a simple preemphasis filter
to give the treble a hand. In the interests
of simplicity and economy, it might be
possible to tweak a treble control or ad-
just a graphic equalizer, if one is available
in your system, to avoid using the filter.
But the filter is so rudimentary, and the
response so right, that I think it should
be used.

One place not to use the filter might
be in an ambient or surround-sound sit-
uation. In such a case, the treble isn't
used, and an unfiltered Simpline might
perform well, although it has never been
used in this situation.

SPEAKER CHARACTERISTICS.
The only obvious compromise with the
Simpline is its power-handling ability.
Efficiency is a direct trade-off for bass,
and the Simpline has bass. When used
in the type of rooms for which it was de-
signed—bedrooms and small living
rooms—it performs remarkably well. It is
not, however, designed for high-decibel
environments.

This speaker’s advantages are natural
timbre and clarity, but it has enough dy-
namics to make things work out well. It
sounds quite wonderful with my little
Adcom 535 60W amplifier. The original
Simpline also sounded good on a 150W/
channel Tandberg amp, and it delighted



TABLE 1

SIMPLINE PARTS LIST

ary. DESCRIPTION

2 Radio Shack 40-1197 drivers (no
substitute)

2 2uF Mylar® or polypropylene capacitors
(may be made up of two 1uF capacitors
in parallel)

2 100, 10W resistors

3 particleboard shelves, 112" x 4' (or
one 4’ and one 6' shelf)

8 oz.  polyester fiberfill or Acousta-Stuf

4’ cotton batting (surgical or household
cotton in 8" or 10" widths)

13 hook-up wire (16 gauge preferred; 18
gauge okay)

4 input jacks (banana jacks or your fav-
orite alternative)

1 pkg. lead BB-size sinkers, split

8 speaker mounting screws (#6 x 3"
Pan head sheet metal screws)

8 0z.  white glue (Eimer’s Glue All, Wilhold, or
similar)

Miscellaneous

60/40 tin/lead solder (or equivalent) rosin core
(Don't use acid core soider.)

RTV silicone sealant (often sold as bathtub seal-
ant in home supply stores)

Mortite or similar material

50-60 4d finishing nails

Finishing materials

Note: The items above are for a pair of Simplines.

friend and fellow speaker designer/
builder Bob Baldwin when we lit up a
few lights on his old Threshold amp.
At times, the Simpline has a smooth,
seamless sound usually associated with
headphones rather than speakers. If I
stand between the Simplines with my
back to the wall in just the right spot, I
feel as though I am wearing headphones.
The Simpline produces a smooth, non-
resonant bass which blends into a mid-
range of effortless clarity, and is topped
with a natural high end. It has none of
the shrillness or forwardness often asso-
ciated with small speaker systems. The
presentation is extremely well balanced
and musical. Complex masses, both
choral and orchestral, are nicely handled.
That the Simpline can do all this at a basic
cost of $20 per unit still amazes me.

GETTING STARTED. The Simpline
might be an ideal project for a first-timer.
It requires a little building, a little solder-
ing, and speaker doctoring, but not too
much. It is also inexpensive. Because you
may be a newcomer to speaker building,
I will go into a bit more detail than usual
for such a relatively simple project.
Another advantage for a first-timer is
that the dimensions are not critical. Son-
ically, ¥2” either way won't be noticeable.

(Just don't make one side 2" narrower
than its mate.)

The first step is to acquire all the ma-
terials required. (A good look at the parts
list is in order.) Particleboard shelving is
available at building supply stores. It
comes in 4’, 6, and 8’ lengths, and is
11" wide. It is usually %" thick, but is
sometimes %” thick. If you have some
particleboard scraps at home, you can
get by with just two 4’ shelves to make
a pair of Simplines. The problem is you
will not have enough material with one
shelf to make the speaker baffle. If you
don't have any scraps, buy three 4’
shelves, or one 4’ and one 6’ shelf.

CUTTING OUT THE PIECES. Cut
both 4’ boards in half to make four 2’
pieces (Fig. 2). The pieces won't be quite
2’ long because of the kerf (the width of
the saw blade). Set your saw to 23%”,
and run both pieces through it. That way
they will be the same length.

Set your saw to 5”, and cut a length-
wise slice from all four boards. Keep the
5” boards separate from the others. Two
5” boards and two of the other boards
will make up the body of the enclosure.
I haven't mentioned the width of the
other board because I don't know the ex-
act width of your saw blade or your
boards (as they came from the store).

Cut two baffles, one for each Simpline.
One dimension is the width of the 5”
board plus twice the thickness of your
shelves; the other dimension is the width
of the other boards. Also, cut out the
speaker hole. You must undercut the
hole where the solder lugs are located to
allow space for the driver lugs and in-
put wires when it is installed in the en-
closure (Figs. 3, 4, and 5). For this reason,
you should have the driver on hand
when cutting the hole.

Use a saber saw with a wood blade to
cut the hole. The best way to center it
is to draw two diagonal lines connecting
the corners of the baffle. Where the lines
intersect is the center.

The hole should be 3%" in diameter.
Make a mark 1'%¢" from the intersection
of the two lines. Press the point of a pen-
cil compass into the intersection, and
open the compass to the mark. Scribe a
circle. (Go around a couple of times so
you can see it easily.) When you cut it
out, there will be a lot of sawdust and
vibration obscuring the line. Measure the
diameter to make sure it is 3%".

Before you cut the hole, drill a starting
hole so you can insert the saw blade in-
to the wood. In most cases, a %” drill bit
will do the job. To be sure, measure the
width of the blade from front to back,
and make sure the hole is a little larger.

Pick a spot where one of the diagonal
lines intersects the circumference of the
circle. Measure in from that point a dis-
tance that is one-half the diameter of the
drill bit you are using {Fig. 3). This will
ensure that the hole will be at a spot
where you want to start sawing.

For greater accuracy, especially with
a hand drill, you might use a smaller drill
bit first {such as a %" or a %" bit). This
will help ensure that the larger bit won't
slip off-target when you start to drill the
holes. Use a center punch or a nail to
make an indentation at the center mark.

Find a tin can that is larger in diameter
than the hole, but not as large as the baf-
fle. Set the baffle on the rim of the can
with the starting hole over the can. This
gives you a safe support for the baffle.
It also protects you from the saw blade,
and provides a place for some of the
sawdust to go. Just make sure you don't
cut into the can.

When sawing, stay just inside the line.
Make short cuts (about half the distance
between the diagonal lines), then move
the baffle on the can to a comfortable
position and continue.

UNDERCUTTING THE BAFFLE.
The hardest part of this project is under-
cutting a space for the solder lugs and
input wire. Place the driver in the hole
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FIGURE 2: Cutting diagram for particleboard shelving.
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so the lugs are parallel to one edge of the
baffle. Make two pencil marks on the
baffle face, just at the edge of the hole,
and a short distance outside the lugs.
This will be the location of the under-
cut. Draw a line from each mark ver-
tically through the hole, then make a
mark on the underside of the baffle in
the same spot.

the speaker flange and the baffle, so
make sure there is plenty of clearance
for the lugs. Finish things off by bevel-
ing the remainder of the speaker hole's
inner edge to form a %” face at a 45°
angle. This will allow a smoother tran-
sition of sound from the rear of the
speaker around the speaker hole. While
you're at it, cut a %¢” bevel around the

SPEAKER BAFFLE BOARD
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SHADED AREA UNDERCUT FROM BOTTOM
OF BAFFLE TO CLEAR SPEAKER WIRES
(SEE FI1GS. 4 AND 5. ALSO TEXT)

FIGURE 3: Speaker baffle layout.

The best tool for undercutting is a
Stanley Surform #297. It looks like a rat-
tail file that has metamorphosed into a
cheese grater. Cloth-backed 36-grit or
50-grit aluminum oxide ''sandpaper’’ also
works well. Just tear a strip about 3”
wide, roll it into a rather tight tube, and
use it like a rat-tail file. You can also use
a coarse rat-tail file or a half-round file,
but it might be rather slow going with
either of these.

To undercut the baffle, insert the Sur-
form into the speaker hole from the top,
and begin to remove material from the
lower face of the baffle between the two
marks (Fig. 5). You can also turn the baf-
fle over and work from the other side,
or alternate back and forth. As you pro-
ceed, you will be able to insert the
speaker deeper into the hole.

At this point, you may have to enlarge
the speaker hole a bit to allow the flange
to lie flat on the baffle. Work back and
forth between these locations until the
speaker fits in nicely, and there is about
%" clearance around the lugs. This should
allow enough space for the wires sol-
dered to the driver when it is installed.

When the driver is mounted, some
sealing material must be placed between

16 Speaker Builder / 2/93

upper corner of the hole and baffle top.
The Surform tool will make these tasks
quite easy.

ASSEMBLING THE ENCLOSURE.
Place all the parts together to see if they
fit. Mark where the glue will go along
the edges of the boards. I always preglue
all the parts when I assemble speaker
enclosures to seal the porous edges. I sim-
ply brush a coat of glue on both edges of
all the joint surfaces and let it dry. This
makes the joints much stronger. I usu-
ally don’t nail my enclosures together.
Instead, I use weights and right-angle fix-
tures to hold the pieces in place while the
glue dries.

For most builders, nails are more prac-
tical. Four-penny 1%2” finishing nails
work well. Use about six per side, and
start them about 1” from the ends of the
boards. The nails will go in the wider
boards. On the outside edges of the
boards, draw lines marking half their
thickness. When you assemble the en-
closure, drive the nails along this line. To
help keep the nails from splitting the par-
ticleboard, blunt the points with a ham-
mer before driving them.

Before assembly, drive the nails part-
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GLUE PAINTED AROUND SPEAKER HOLE

MORTITE SEAL
CUT AWAY THIS AREA
TO CLEAR SPEAKER WIRES

1 \
LCOTTON BATTS (4 SIDES)—,

FIGURE 4: Preparation of the speaker
enclosure.

Wipe any excess glue from the outside
of the joint with a damp rag or paper
towel. Using a paste brush, an acid brush,
a cotton swab, or your finger, smooth out
the excess glue at the seam. Let it dry
enough so it won't run when the boards
are turned over.

Attach the other 5” board the same
way. It is important that all the ends line
way into the wood. It's a good idea to line
up one of the other sides along the nail
line. Hold the nail to be driven against
the edge of this board to ensure that it
will be driven vertically. Drive the nails
at the ends of the boards so that their
points are just showing. The other nails
need not be driven quite that deep.

Take one of the 5” boards which has
been preglued, and place it on edge on
a hard, flat surface such as the garage
floor. Take another 5” board and stand
it on edge against the first one so it forms
a "T'". Run a healthy bead of white glue
along the top edge of the first board. Then
place one of the wider boards with the
nails {also preglued) on top of the first
board so their edges and ends align. The
board should rest on the other leg of the
T’ and be square in all directions.

HANDLE
STANLEY SURFORM

#297
SPEAKER

BAFFLET

FIGURE 5: Using the Stanley Surform #297
tool to undercut the speaker baffle.

Carefully drive the end nail as straight
as possible partway into the 5” board.
Then line up the boards along their en-
tire lengths, and drive the nail at the other
end all the way into the 5” board, taking
care that everything stays square. Finish
driving the first nail, then drive the re-
maining ones.

Continued on page 18



NEW AIRBORNE SPEAKER DRIVER UNITS
AIRBORNE SPEAKER DRIVER WILL CARRY YOU ON THE
%‘ WINGS OF MUSIC @ AIRBORNE Loudspesker Driver Unit PRELIMINARY DATA

20WP38/4 20 cm WOOFER MIDRANGE

Features
Airborne isn't merely a new car speaker driver unit, it's exclusivity, it's a star borne of many * Aluminium Voice Conl Former
years of evolving design philosophy. * Venled Magnet System

* Polypropylene Cone
Over the years, we have gained some prestige and a reputation for technical innovation * Poly Dust Cap

* Coated Foam Surround

and leadership via our manufacturing of high-end inductors, capacitors and distribution * Optimized for Vented Box

of exotic european speaker driver units.

Parameters
The Airborne car speaker driver units represent a complete departure from other conven-
tional car speaker. The goal that we set for ourself for the creation of the Airborne car speaker Nominal Impedance 4 Ohms
driver units included a high level of research and development, advanced technology to mm" 1% a!:
. . : a
enhance the performance and a high level of craftsmanship to increase product value. Frequency Range 0Tl
. N a g N Sensitvity 1W/m 89 dB
With the expensive european speaker driver units as a model, maximum bass become Magne! Weight 200z 566 g
a major goal in our pursuit of higher levels of performance. The path to maximum bass Moving Mass 250 ¢g
led to driver units designed with Thiele-Small parameters optimized for bass reflex Effectrve Cone Area 212 em2
alignments. Voice Coil Diameter 38 mm
Voice Coil Lenght 16 mm
The high quality features are achieved by using aluminium voice coil former, high tempe- C::.'go:':m e 3_3 a’:‘m
rature voice coil wire, vented magnet system, polypropylene cone, poly dust cap and coa- Voie Coil Inductance 82 mH
ted foam surround. The delicate balance of all of those features really lend credence to Free Air Resonance 30 Hz — —
the term «gpeaker». &n 67.8 hr impedance Compensation
s 0.32 —~

Until now, you had no choice but to pay the price or do without the top-ranking car speaker g"“: gg: g'ﬂl'of 35-3 o?am
driver units. Not anymore, Airborne offerts you for the first time all those outstanding fea- 5 apacror 1 m

tures and high levels of performance at down to earth atfordable price while being made
in Canada using american and canadian parts.

Airborne is destined to position Solen as a credible producer of exotic driver units. Out
of the box, it can't hope to have a status, image or prestige of well-entrenched manufactu-

rers such as Redline, Blue Thunder, Punch and Kicker. That takes time. But judged purely LG -
on its merits, it can hold its own and then some with any of these legendary marques. ATRBORN
Airborne will carry you on the wings of music. =
182 rm
SOLEN . Recommended Vented Box Size
’N C- Type Box Vol Fb/Fc F3 Peak Vent Dia Vent Lenght
B84 32 e 39 Hz 40 Kz QadB 50 cm 88cm
4470 Ave Thibauit SBB4 30 hte 30 Mz A7 Kz ode 50 cm 18.9 cm
St-Hubert, QC J3Y 779 Tél.: (514) 656-2759 o o O s0em e lem
z z X .
Canada Fax: (514) 443-4949
AIRBORNE Loudspesker Driver Unit PRELIMINARY DATA AIRBORNE Loudspeaker Driver Unit PRELIMINARY DATA
25WP38/4 25 cm WOOFER 30WP30/4 30 cm WOOFER
Features Festures
* Aluminium Voice Coil Former * Aluminium Vorce Coil Former
* Vented Magnet System ° Vented Magnet System
* Polypropylene Cone * Polypropylene Cone
* Poty Dust Cap * Poly Dust Cap
* Coated Foam Surround * Coated Foam Surround
* Optimized for Vented Box * Optimized for Vented Box
Paramaeters Paramaeters
Nominal Impedance 4 Ohms Nominal Impedance 4 Ohms
Nominal Power 100 Watt Nominal Power 120 watt
Music Power 150 Watt Music Power 180 Watt
Frequency Range 25-2.5 KMz Frequency Range 20-2.0 KHz
Sensitivity 1W/m 91 dB Sensitvity 1wW/im 93 dB
Magnet Weight oz 792 g Magnet Weight 400z 1132 ¢
Moving Mass 340¢g Moving Mass 56.0 ¢
Effective Cone Area 344 cm2 Eftectve Cone Area 484 cm2
Voice Coil Diameter 38 mm Voice Corl Diameter 50 mm
Voice Coil Lenght 16 mm Voce Coil Lenght 20 mm
Ar Gap Heght 6 mm Air Gap Heght 8 mm
Voice Coil Resistance 3.3 Ohms Voice Coil Resistance 3.3 Ohms
Voice Col Inductance 62 m Voice Coil Inductance 62 mH f
Free Air Resonance 26 Hz Free Air Resonance 22 Hz
Vas 176 te Impedance Compensation Vas 232 hr Iimpsdance Compensation ]
Qts 0.32 Qs 0.33 S
Qms 254 Resistor 3.3 Ohms Qms 3.46 Resistor 33 Ohms
Qes 0.37 Capacttor 51 mtd Qes 0.46 Capacitor 5% mid
.S R AT e S = T TPy -
, EHE § ERESi BN f———————256 SHHIZEEE K 212 on
=i L T A et
4=SE5: =S5 i I / HE2
by = i =55 ~ / S
=== = EIrPe NS P y/ =SE IJS!HP
< = =53 % re vz
t 7 ———— = RBORN
|} = S l | ,ALRBDRN; ! = HEEE
I: = = b 228 nn 3 Hed =gsilliSSE HERE b 260 m |
= b HESIHIIE 1 1
- — . i Ca -
l[ Recommended Vented Box Recommended Vented Box Size
Type Box Vol FbiFc F Peak Vent Dis Vent Lenght Type Box Vol FbfFc F Peak Vent Dis Vent Lenght
l B84 85 ftr 3 Hz 35 Hz 0d8 75¢cm 9.2 ¢cm B84 120 fr 27 Kz 28 Hz 0 dB 10cm 20.4cm
SBB4 80 ftr 27 Hz 41 Mz 0dB 75cm 18.1¢m SBB4 1M1 2 Hz 3 Hz 0dB 10 cm 37.8cm
l SCa 75 hte 30 Hz 39 Mz 0ds 75cm 15.0 em SC4 105 ftr 24 Hz 32 Mz 0dB 10 cm 315¢em
( QB3 76 hr I Hz 38 Hz 0de 75¢cm 1M14cm QB3 107 fr 27 Hz 30 Hz oadB 10cem 249 c¢cm
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Continued from page 16
up so the baffle will have a level surface
on which to rest.

When the glue is dry (if you are build-
ing two Simplines, you can be working
on the second one while the first is dry-
ing), attach the baffle. Try to line up the
baffles on both enclosures so the under-
cut section is in the same relative posi-
tion, or perhaps in a mirror-image pos-
ition. With that in mind, make some
identifying mark on each baffle's face.

Near the center along each edge of the
baffle, mark a short line. Drive the nail
that will go into the wider board just
through to the other side. You need not
drive the other three nails quite so deep.

Stand the enclosure on end. Put a gen-
erous bead of glue along the top edges
and line up the baffle, observing the
location of the identifying mark on the
baffle face. When the baffle is aligned,
drive the first nail partway through the
side. When lining up the other two sides,
you may have to pry or push the outer
edges of the enclosure out so they line
up with the baffle edges. When the edges
are aligned, nail the baffle in place and
wipe off any glue.

When all the joints are dry, reglue
them with glue thickened with a little
cornstarch, talcum, or sawdust to fill any
voids, and to form fillets along the
seams. Thickened glue enables you to
apply the glue on vertical surfaces with-
out drips. Place generous amounts along
all the joints. Set the enclosure aside to
dry. (Doctored glue is not suitable for gen-
eral use.)

ADDING THE FILTER. The filter
consists of a 10Q, 10W resistor paralleled
with a 2uF Mylar capacitor. When I say
paralleled, I mean the resistor and the
capacitor are lying side by side, with the
wires at each end intertwined (Fig. 6).
This filter is connected in series with the
positive terminal of the driver.

On the original Simpline, I let the lines
from both speaker terminals dangle out
of the bottom of the enclosure. I put ba-
nana jacks on the dangling ends, because
I use banana plugs on my amplifier
leads. Then I just placed a banana jack
on one end of the filter and a banana
plug on the other end and inserted the
filter between the positive amplifier lead
and the positive speaker lead. I justified
this approach by telling myself I would
probably be changing the filter often
before 1 got it right.

I think it's a good idea to mount the
filter on one of the enclosure walls, near
the bottom opening, just in case you
need to access it. You can glue the ele-
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TO
NEGATIVE
AMPLIFIER
LEAD

TO NEGATIVE SPEAKER TERMINAL

/——7—TWO 1uF CAPACITORS (OR ONE 2uF)

16 GA (1/2 ZIPCORD)

BANANA JACK {OR WHATEVER)
TO POSITIVE AMPLIFIER LEAD

LlO.Q. RESISTOR

TWIST AND SOLDER JOINT:
™\—~TWIST AND SOLDER JOINT

TO POSITIVE
SPEAKER TERMINAL

XISGA (172 ZIPCORD)

MATI
SCHE C 2uF

FIGURE 6: Simpline equalizing filter. The components shouid be glued

to an inner wall.

ments to the wall with a bead of RTV
(room temperature vulcanizing) silicone
sealant (bathtub sealant). It might be
easier to glue the parts in place before
wiring them together.

Radio Shack doesn't stock a 2uF Mylar
capacitor. They do, however, have a 1uF
capacitor. You can simply use a couple
of them in parallel.

BATTING AND WIRING. While the
glue on the filter parts is drying, cut the
cotton batting for the enclosure from a
roll of surgical or household cotton. You
can use one long piece of batting for the
entire enclosure or cut a piece for each
wall. Be sure to allow enough length or
cut a fourth piece for the side to be
added later. Spot-glue the batting inside
the three assembled walls where they
meet the baffle.

Bonded polyester material used to fill
comforters or pieces of old blankets prob-
ably could be used instead of cotton bat-
ting. It may even be possible to leave out
the batting altogether.

When the cotton is in place and the glue
on the filter parts is dry, wire the parts
together. Twist together all the leads on
one end and solder them. Do the same
on the other end. I suggest using 16-gauge
zipcord for the speaker wire. It's available
at hardware stores by the foot or in 30’
and 100’ rolls at Radio Shack. Hardware
stores refer to it as heater wire because
it is heavier than common zipcord, which
is usually 18 gauge.

One piece of zipcord should go from
the wires at the bottom end of the filter,
out the bottom of the enclosure, and
about 1’ beyond. Use any kind of con-
nectors you prefer.

It might help to pull the zipcord apart
into two separate wires. Start at one end
with a razor blade or wire cutters, then
grasp the wire in both hands and pull the
strands apart. Zipcord is coded for po-
larity. One strand usually has smooth in-

T s

sulation and the other longitudinal ridges
along the outer edge. I usually make the
ridged strand the positive lead and the
smooth one the negative.

Another piece of zipcord should go
from the upper end of the filter to about
6" above the speaker baffle. Solder it to
the upper end of the filter.

Cut a piece of zipcord that equals the
combined length of the other pieces plus
the filter. Use wire coded negative (the
smooth strand). You will insert this wire
later when the stuffing is installed.

STUFFING THE SIMPLINE. The
stuffing consists of 4 oz. (114 grams) of
polyester fiberfill or Acousta-Stuf for each
speaker. Fiberfill is used in pillows and
stuffed animals and is available in fabric
stores, department stores, and probably
in some hobby shops. I prefer the kind
that comes in a bag to the kind that
comes in sheets or rolls. Usually it is
quite lumpy and must be pulled apart
and smoothed out before using.

After teasing the stuffing so it is all
pretty much the same density, place the
enclosure on a table with the open side
up. Lay the stuffing reasonably evenly
throughout the line. Bring it up to within
Y%" of the baffle.

Put some of the stuffing under the
positive speaker wire to keep it away
from the walls. At this time, lay in the
negative wire. Try to arrange the leads
roughly in the center of the line and not
touching each other.

When all the stuffing is installed, put
the fourth piece of cotton batting in place.
Gently press down the stuffing along the
edges of the line where the final side will
be attached. Make sure all the appro-
priate surfaces have been preglued.

FINISHING THE ENCLOSURE.
Start the nails in the final side as you did
before with the other pieces. Move the

Continued on page 20



‘ » E ARE VERY PLEASED TO ANNOUNCE THAT IN MARCH 1993,
A&S SpeaKkers BECAME AN AUTHORIZED DISTRIBUTOR OF VIFA
LOUDSPEAKERS.

EVERY DRIVER IN THE VIFA CATALOG REFLECTS CAREFUL ATTENTION TO
A WIDE VARIETY OF USER NEEDS AND TASTES. THE SIZE AND EFFICIENCY
OF THE VIFA FACTORY MAKE THESE DRIVERS SOME OF THE BEST VALUES
IN THE INDUSTRY.

WITH THE ADDITION OF VIFA TO OUR ALREADY EXTENSIVE SELECTION
OF HIGH END DRIVERS, CROSSOVERS AND ACCESSORIES, A&S WILL BE
ABLE TO MEET ALL OF YOUR REQUIREMENTS FOR DESIGNING AND
BUILDING THE FINEST HOME AND AUTOMOTIVE LOUDSPEAKERS AT THE
BEST POSSIBLE PRICES.

WE LOOK FORWARD TO HEARING FROM YOU SOON.

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

‘pea“er‘ Telephone: (415) 641-4573 Fax: (415) 648-5306

Reader Service #1
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enclosure to a more stable surface {such
as the garage floor). Place newspapers
under the enclosure to protect the floor,
and have a damp cloth handy.

Place a %" bead of white glue along
the edges of the two attached sides. Hold
the final side in a vertical position and
place a similar bead on the edge where
it will contact the back of the speaker
baffle. With a sweeping motion, bring
everything together so that the joint at
the baffle is closed up before the glue
runs off the end.

While keeping pressure on the baffle
joint, line up one side edge. Partially
drive the first nail on one end, then the
second nail on the other end. Repeat this
process on the other side. Then com-
pletely drive in all four nails.

SPEAKER
BASKET

N N

MORTITE BEADT
N2,

A, \ B._] =
SURROUND SREAKER

FLANGE

o——HOLE IN
BASKET

FIGURE 7: The position and disposition of the
Mortite® bead on the back of the speaker
flange. A shows the bead in position. B shows
the bead flattened down to help it stay in place.

Stand up the Simpline so the battle 1s
on top. Drive in the nail on the baffle
edge. Then put the enclosure back on its
side and drive in all the rest of the nails.
Clean up any excess glue with the damp
cloth or paper towels.

Leave the Simpline in that position for
several hours (overnight) to dry. When
it's convenient, brush a coat of glue
around the speaker hole to provide a bet-
ter surface for the speaker sealant to
adhere to.

If you plan to finish your Simplines,
now is the time to do it. Using a nail set,
drive the heads of the finishing nails
about Y%¢" below the surface. Fill in the
depressions with spackle or putty, then
finish as desired.

INSTALL THE DRIVER. When your
enclosures are finished, insert the driver,
making sure it fits well, and there is
enough space for the terminals and
wires. Carefully drill the four pilot holes
for the #6 Pan head sheet metal screws
(%" long). Use a Y%,” drill bit. If you're
not used to drilling, it might be a good
idea to mark the screw locations, then
remove the speaker. If you don't have

20 Speaker Builder / 2/93

R

a center punch, a large nail will do. Just
place it over the mark and hit it gently
with a hammer. The indentation will
keep the point of the drill from slipping.

Wrap a piece of tape around the drill
bit, about ¥2” from the tip, to serve as
a depth gauge so you don't go all the way
through the baffle. {If you do, it's no big
deal. The only problem is that some-
times the drill will get tangled up in the
stuffing. Pushing the stuffing down prior
to drilling will help.) It's a good idea to
drive the screws into the pilot holes
before mounting the speaker, so there
will be less resistance on the screw-
driver. This will lessen the chance of the
screwdriver slipping and damaging the
speaker. Refluff the stuffing near the
speaker hole after you are finished drill-
ing, before you mount the speakers.

Pull the speaker leads out of the baf-
fle hole. Position the driver face down
and place a %" bead of Mortite® or sim-
ilar material (such as Gardener Bender's
G-B Duct Seal) around the back of the
speaker mounting flange, where it joins
the basket {Fig. 7). Knead the two ends
of the Mortite together. Press the Mortite
down all around so it stays in place.
Make sure it is flat enough so the sealant
won't go into the holes in the driver
basket. (Just press it down below the
lower edge of the basket holes.)

Trim about %” of the insulation from
the leads protruding from the speaker.
Twist the wires together with your fin-
gers until they form a tight bunch. Tin
these leads, making sure there is a gen-
erous amount of solder on the wires. Tin
the two speaker lugs (the ones pointing
down toward the magnet) the same way.
Put a couple of layers of electrical tape
on the magnet under the lugs, bending
about %4” over the top, to avoid shorts.

Sit down on a chair within comfortable
reach of your soldering pencil. Hold Sim-
pline between your knees with the baf-
fle facing up. The notch hole for the
speaker lugs should be facing away from
you. Place the speaker face down on the
baffle, with the lugs facing you. The
speaker will be covering the far side of
the hole, and the speaker wires will be
sticking up through the near side.

Using a pair of needle-nose pliers, grip
the insulation on the positive wire {the
one with the ridges) just below the bare
wire. Bring the soldered end of the wire
up to the positive lug. You may have to
bend the lead a bit to get it to lie parallel
to the lug and touching all along it. Hold
the wire in place.

Place the point of your soldering pen-
cil along the sides of the joined pair so
both pieces are being heated. Hold the

iron there until the solder on both the
lug and the lead flows. Move the solder-
ing pencil away, but hold the pliers
steady until the joint has solidified. You
should hold your breath during this pro-
cess to avoid inhaling the potent fumes.

Solder the negative lug in the same
manner. Don't keep the heat on the joint
any longer than necessary. If you can
manage to hold the pliers in place, try
to touch the tip of the soldering pencil
to the end of the solder on the roll so you
can pick up a bit of fresh solder and flux,
as you bring the soldering pencil to the
joint. You can build up an excess of
solder on the wires and lugs as you tin
them so there will be enough solder to
flow around the joints. If you move the
pliers before the solder hardens, it will
appear dull, in which case you must re-
heat and reflow the joint.

Make sure the Mortite ring is okay,
then turn the speaker over by bringing
the edge farthest away from you upward
and toward you, pivoting around the ter-
minals. Gently lower the driver into
place, moving the speaker leads as nec-
essary to clear the edge of the hole, and,
to relieve stress on the speaker terminals.
Press the speaker down on the baffle,
making sure the screw holes line up.

When running in the screws, cup your
hand around the screwdriver shaft with
the back of your hand facing the cone.
This will protect the cone if the screw-
driver should slip off the screw head. Or
place your left hand over the speaker
cone and surround with your fingers
spread out a bit. Place the screwdriver
between your thumb and forefinger.

SPLITLEAD
BB-SIZE
FISH SINKERS

SPEAKER CONE

FIGURE 8: The location of the 18 split-lead BB-
size sinkers glued to the speaker cone for
added mass and increased mehcanical Q.

Drive all the screws down to the
speaker flange. Then work a little on two
screws that are opposite each other (say,
one-half turn at a time). Tighten the
other two screws the same way. Try to
keep the flange parallel with the baffle.
Stop when the screws feel pretty snug
but not totally tight. There will proba-

Continued on page 22
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FIBERGLASS & WOVEN CARBON DRIVERS
BY VERSA-TRONICS
PRESENTS TRUE UNCOLORED REPRODUCTION

Only Versa-Tronics Presents:
e 4" 5-%" 6-%", 8", 10" and 12" Woofers
e Die Cast Alloy Baskets
e Rubber Surrounds
/ e Aluminum & Kapton Voice Coil Formers
e Excellent Damping
e European Cone Materials

Polymer Dust Caps
e Extremely light cone material

Available at the following distributors:

Circie Sound Just Speakers Speaker City The Speaker Works Toutant Electronics
2772 W. Olympic Blvd. 3170 23rd Street 10615 Vanowen 2539 E. Indian School Rd. 246 E. 131st Street
Los Angeles, CA 90006  San Francisco, CA 94110 Burbank, CA 91505 Phoenix, AZ 85016 Cleveland, OH 44108

(213) 388-0624 (415) 641-9228 (818) 508-1908 (602) 956-6344 (216) 4516325

Amherst, NH 03031
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bly be a little space between the frame
and the baffle because of the Mortite. If
the Mortite squishes out around the
edges of the speaker, cut it away with
the screwdriver blade.

Glue a strip of dense foam or felt (or
even weather stripping) along the back
of the baffle where it will touch the rear
wall. This will prevent buzzing as the
Simpline vibrates. Alternatively, place a
piece of foam between the speaker and
the wall, and allow the weight of the
speaker to hold it in place.

MODIFYING THE SPEAKER. You
must modify the driver’s cone and dust
cap by adding mass and stiffening/damp-
ing material. I saved this step for last be-
cause it is easier to do the job when the
speaker is installed.

Hold the Simpline between your knees.
Brush two coats of polyvinyl acetate
(PVA) glue (such as Elmer’s Glue All) on
the cone. A cheap brush, such as the type
that comes in kids' water-color sets, will
work well. Try about a size 6. In a pinch,
you could probably use a paste brush.
To make cleaning the brush easier, wet
it with water before dipping it in the glue

and pinch out any excess water.

Apply the glue full strength using a
flowing motion. Keep it off the cloth sur-
round. If you accidentally get some on
the flexible part of the surround, stop
everything and remove it with a damp
tissue. Don't allow it to dry.

I usually start at the junction of the
cone and the surround, using horizontal
strokes covering an area of about 1%
at a time. I work down to the junction
of the cone and the dust cap. Then I use
light, vertical strokes from the bottom up
to smooth out the glue. You will never
get it perfectly smooth, so don't try. If
you keep going back over the glue as it
dries, you may lift the glue right off the
cone. If this happens, put some fresh
glue on the brush and stipple the glue
onto that area. After the cone is covered,
proceed to the dust cap. Apply a lighter
coat of glue there.

Wait a few hours before applying the
second coat of glue. Don’t panic when
coating the cone. The glue is opaque
when wet, but dries completely trans-
parent. When you're done, clean your
brush with soap and cool water.

To lower the cone's resonant fre-
quency and increase the mechanical Q,

you must add about five grams of lead
to the junction of the cone and the dust
cap. [ usually use %-inch diameter solid
solder wire for adding mass to my speak-
ers, but you may not be able to find it.
As an alternative, use split-lead BB-size
fish sinkers. Nine of these weigh five
grams. They are split almost all the way
through, so all you have to do is slip a
single-edge razor blade into the split and
slice down vertically through the re-
maining lead. Don't use the family cut-
ting board for this, as lead is highly toxic.
Glue the split sinkers around the junc-
tion of the cone and dust cap (Fig. 8) like
petals of a flower. Just brush a ring of
glue around the cone where it meets the
dust cap, then place the weights, flat side
down, on the glue. Move them around
until they look okay. Perhaps the sinkers
should be glued to the cone before you
apply the two coats of glue. That would
reduce any problem with buzzing if the
weights were not securely fastened.
Your Simplines are now complete. My
apartment dictates a speaker spacing of
about 6’ which sounds fine, but please
feel free to experiment. The space from
the bottom of the Simplines to the rear
wall should be 10-12". )
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TOP SECRET! Don’t Read!*

AC Components Drivers

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

ACS ACsS AC7 ACs8 AC10 AC12 Dv12 AC15
. gshielded)

Size: 5" B 6 1/2" 8" 10" 12" 12" 15"
Impedance: 8 8 8 8 8 8 8/8 8
Fs 57 67 43 32 24 20 17 18
RMS Power: 60 60 60 100 150 150 150 100
System Power: 150 150 150 175 200 200 200 150
Sensitivity: 88 88 89 90 89 89.6 89 92
Voice coil: 25 25 25 40 50 50 50 50
Magnet mass: 240 344 240 794 1134 1700 1700 1134
SD meters: .008 .008 .0143 .022 .0345 .0545 .0545 .0855
Der: 85 5.6 5.6 47 6.45 6.1 3.11 4.6
Inductance: 62 7 .68 .98 1.7 1.6 2.0 23
Xmax: 2 2 3 4 7.68 7.68 10.54 5
Mmd: 7.24 6.5 1.9 26.4 57 89 73 119
BL: 4.97 5.07 5.61 6.3 12.15 13.22 7.8 15.866
Qms: 1.659 1.81 3.052 6.74 3.978 5.458 5.1 6.677
Qes: .628 .652 .636 441 .420 452 .481 .288
Qts: .455 479 526 414 .38 418 .44 .276
Vas: 9 7 28 56 11 242 380 561
Range: 57-9k 67-9k 43-7k 32-4k 24-2k 20-1k 17-500 18-1k
Your Cost: $29.90 $39.90 $29.90 $55.00 $65.00 $79.00 $89.00 $65.00

AC drivers feature vented pole pieces and rubber surrounds, (except AC7 and AC15 which have foam surrounds, the AC15 does not
have a vented pole piece). AC5S, AC8, AC10 and AC12 have polypropylene cones, AC5, AC7 and AC15 have doped paper cones,
DV12 has long-fiber cone.

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

*DO purchase AC drivers if you believe in sound performance and value.
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IAR Wonder Caps™, Still the Finest! We also stock selected products from:
Chateauroux, Audioquest, Dynaudio,

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

1 $2.75 Sledgehammer electronic crossovers,

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

33 $3.00 resistors, coils, AC Projects and much

47 $3.75 more!

.68 $4.25 Call, fax or write for complete

1 $5.25 catalog.

2 $7.25

3 $9.00

. AU AC Components

> &525 Box 212, La Crosse, WI 54601

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

Voice: (608) 784-4579
Fax: (608) 784-6367




STALKING f3

f you have chosen a vented box de-

sign for your next speaker project,
you must prepare yourself for the inev-
itable tug-of-war contest with the laws
of physics. Fortunately, much design
work has already been done in this area.
The work of A.N. Thiele and R.H. Small
(and others), the basis for all vented de-
signs, provides several key formulas.

In the following, I'll review some of
the equations that go into linear Thiele/
Small calculations and then discuss some
additional computations you can use for
box design. Instead of specifying the
usual alignment parameters ¢ and h, I'in-
vestigate what happens when the cut-off
frequency, f3, is specified.

A SHORT REVIEW. At low frequen-
cies, when a driver acts as a solid piston
and wavelengths are long compared to
box dimensions, a driver in a vented box
can be regarded as a fourth-order elec-
trical filter. While Leo Beranek was
among the first to use lumped electrical
circuit elements as analogs for loud-
speaker parameters, Thiele was the first
to use modern filter synthesis methods
with such filters in the loudspeaker con-
text." ? Later, Small showed how to take
the effect of box losses into account mak-
ing predictions of driver behavior in a
vented enclosure more accurate.’ Many
computer packages are now available
that make Thiele/Small calculations easy,
but anyone interested in enclosure de-

ABOUT THE AUTHOR

Manning Redhill is a professor of mathematical
physics at the University of California. She received
her Ph.D. at MIT in theoretical nuclear physics
and now teaches and does research in nonlinear
mathematics. Her interest in loudspeaker and en-
closure design arose from her investigations into
interactive resonators. Her housemate, a profes-
sional cabinet maker, builds her designs.
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sign should read at least the papers by
Small; they are models of clarity.

The basis of Small's notation are now
standard:

e fs is the resonant frequency of the
isolated driver.

* QFs is the electrical Q of the driver.

® Qus is the mechanical Q of the driver.

* Qgs is the total driver Q and is given
by Qes Qms/(Qes + Qums)

® V4s is the compliance of the driver
given as the volume of air with the
saved compliance. All of these quan-
tities are supplied with drivers that
have any pedigree at all, but speaker
builders are urged to measure them as
these values may vary. I recommend
reading The Loudspeaker Design Cook-
book¢, in this regard.

As for the box:

¢ Dy is the diameter of the vent.

e {g is the resonant frequency of the
vented box with no driver hole.

® Ly is the length of the vent.

e Q; is the Q of the box. fp is the box
volume.

The box frequency fp is completely
determined by the volume of the box
and the vent dimensions. On the other
hand, Q; is a wild card that depends
principally upon box leaks, sound ab-
sorption, and the vent's breathing resis-
tance. While nearly impossible to predict
with accuracy, Qi = 7 is regarded as a
good place to start when calculating.
Within The Loudspeaker Design Cookbook
is a method for measuring Q: once the
box is built. I also recommend reading
the empirical wisdom of G.L. Augs-
burger ("New Guidelines for Vented Box
Construction,’” SB 2/91, pp. 12-17) on
vented box construction.

Three other parameters are convenient
combinations of the above and are in
common use: o = Vas/Vg, the volume
ratio, h = fg/fs, the tuning ratio, and fsg

= (fsfp)'”? or fsh'/?, the resonant fre-
quency of the driver mounted in the box.

T/S EQUATIONS. When coupled, the
driver and the vented box—both lossy
spring-mass second-order systems—yield
a fourth-order high-pass system. The
magnitude of the response of such a
system is given by:

(1)

R@) = x4 -
|4 - agx2 + 1%+ (@133 - @)}

where the normalized frequency is:
x = fI(fsh112) or fife (2l

and where f is the frequency of the in-
put signal. The identification of the coef
ficients «y with the driver and box pa-
rameters is as follows:

ar = (Qr + hQ)/d

oz = (h + {a + 1 +hP)/(h'2d)
a3z = (hQL + Qrs)/d

d = QLQTShl/Z

THE BOX FREQUENCY. The box
resonates at what is known as the Helm-
holtz frequency (after the physicist who
first made the analysis), which is deter-
mined by the compliance [compliance =
1/(spring constant)] of the air in the box
and by the mass of air entrained by the
vent. The relationship is:

(12:16nL5v,)"

where Dy is the vent diameter in inches,
Vg is the volume of the box in cubic feet,
c is the velocity of sound in ft/sec, and
Lerr is the effective length of the vent
in inches.

Continued on page 26
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SOLEN SPEAKER COMPONENTS
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CROSSOVER, SPEAKER COMPONENTS

FAST CAPACITORS

Metallized Polypropylene (Non-Polarized)
Values from 1.0 mfd to 200 mfd.
Voltage Rating: 250 VDC /7 150 VAC

SOLEN INDUCTORS

Perfect Lay Hexagonal Winding Air Cored
Values from .10 mH to 30 mH

Wire sizes from #20 AWG to #10 AWG

HEPTA-LITZ INDUCTORS

Seven Strands Litz-Wire Constructions
Values from .10 mH to 30 mH

Wire sizes from #16 AWG to #12 AWG

SOLEN CROSSOVERS

Custom Computer Design

Passive Crossover for Professional, Hi-Fi and
Car Hi-Fi, Power up to 1000 Watt
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CROSSOVER, SPEAKER PARTS
Gold Speaker Terminals, Gold Banana Plugs
Gold Binding Posts, Crossover Terminals
Power Resistors, Mylar Capacitors,
i Bi-Polar Capacitors, Plastic Grille Fasteners,
"R we Nylon Ties, Car Speaker Grilles, Speaker Books,
N | oz Speaker Kit Brochure, Miscellaneous Parts

SOLEN INC. COMPUTER AIDED DESIGN FOR

4470 Thibault Ave.
St_Hube',tf‘gc "y 770 ENCLOSURE AND CROSSOVER

Canada
Tel.: (514) 656-2759
Fax: (514) 443-4949

AVAILABLE TO CUSTOMER

Product specifications and prices
available upon request.

NEW 1993 CATALOG
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Continued from page 24

Loy =L, + .83(n/4)\2D, (4)

Ly is the length of the vent pipe. For
metric units, drop the ""12" in Equation
3 and express the other quantities all in
centimeters, square centimeters, etc., or
all in meters, square meters, etc. The vel-
ocity of sound at room temperature is
1,129 ft/sec or 344 meters/sec or 34,000
cm/sec.

Damping material can change the ef-
fective volume of the box.* It is better
to use the effective length Lgrr of the
vent in calculations instead of the
physical length Ly because when the box
breathes, more than the air contained in
the vent pipe moves. Exactly how much
more depends upon how the pipe is ter-
minated. The outside end is usually flush
with a flat baffle and the inside end is
usually left hanging. If the inside end is
near a wall or the floor of the box, it will
affect the actual amount of air in the mov-
ing mass. For this reason, the factor
"0.83" in Equation 4 is only approximate.
You must trim the vent pipe to yield the
desired box frequency for each box.

ALIGNMENTS. The way you tune the
two resonant systems—the driver and
the box—affects the response of the cou-
pled system, just as the alignment (hence
the term) of a sequence of RF circuits af-
fects the total response. In Equation 1,
there are four parameters, a;, az, o3 and
the frequency normalization fsg; how-
| ever, five parameters are at our disposal:
fs, fs, Vs, Qr, and Qrs. Other ways to
express these parameters are fsg, a, h,
Qt, and Qrx. In other words, no unique

way to achieve a desired response exists.
Having chosen a driver, you may choose
from a continuum of box sizes and vent
parameters, for example, to attain a
desired response.

You may have noticed that the cut-off
frequency f; never comes into the pic-
ture although it is often of vital impor-
tance to designers. The wide field of pa-
rameter choices mentioned above allows
you to first pick the cut-off frequency be-
fore determining which of the possible
alignments helps you achieve it. This
puts f3 very much into the picture.

The cut-off is the frequency at which
the response is at half of the power of
what it is at high frequency. Mathemat-
ically, it is expressed as:

[Rx)2=172 (5)
where R (x3) is the response at x3 from
Equation 1 and where x5 = f3/(fsh'?) is
the normalized cut-off frequency. Solve
Equation 5 for a in terms of h,

a=h[Az - (1/(QxQL)] - 1 - 2

or, for the box volume from the defini-
tion of a:

(6]

Vo= Vas (7)
h{A; - 1(Q,s01)] - 1 - 2

In either form, A; carries the informa-

tion about the cut-off frequency:
(8)

Ay = .;li {1 +x§+ [Zx:{‘ (a3 - azxs)z]m }
3

If the square root argument is negative,

then it is not possible to realize the align-
ment. A is more complicated than it ap-
pears because «;, a3, and x; are all func-
tions of h. Given a driver and a desired
cut-off f3, Equation 7 provides the box
size Vg in terms of box tunings h. You
can express the box frequency in any
terms you find convenient. For example,
if the definition fg/fs replaces h, and
Equation 3 replaces fg, then you obtain
the box volumes and vent length com-
binations that will yield a constant cut-
off frequency.

THE BASS IDEAL. I call curves such
as Vp as a function of h at constant f;
isosychnitic curves, (iso-sik-NIT-ic) from
the Greek meaning '‘constant fre-
quency.”” An isosychnitic such as Equa-
tion 6 gives all the a-h combinations that
are consistent with a chosen value of the
cut-off frequency f;.

The Swan 305 woofer [recently adver-
tised in SB 2/92, p. 31) has the following
specifications:

e fg = 24.5Hz

® Vas = 167 liters

® Qums = 3.66

e Qs = 0.344

The manufacturer recommends a box of
100 liters (3.53 ft3) tuned to 31Hz, thus
yielding a system that puts f; at 31Hz.
The 3.43” inch-long vent 3” in diameter
translates into an h of 1.26 from Equa-
tion 3. The design point is shown as a
black dot on the 31Hz isosychnitic curve
in Fig. 1. The flatness of the curve shows
that a little change in f; can save some
volume, although the resulting alignment
may not be what you wish.

Flatness can also work against you be-

Continued on page 28
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FIGURE 1: Isosychnitics for f; = 31 and 25Hz for the driver described
in the example. Superimposed on each is the response curve’s peak-

to-peak ripple. This results from the indicated values of the tuning ratio

h and box volume V.

20 50
Frequency (Hz)

FIGURE 2: Response curves for the two alignments described under

the heading ‘‘The Bass Ideal.”
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A better speaker damping material...

If you've been building speakers for some time, you know how much guesswork goes with speaker
damping and stuffing. The choices seem endless: fiberglass, wool, Dacron, flat foam, convoluted foam,
felt, tar, plus various “magic” compounds that you're invited to brush or pour into your new cabinets.
Everyone has their own recipe, and who knows if it's a recipe for disaster? Or what effects the vapors
emitted by these chemicals might have on the glues that bond your woofer surround to its cone and
chassis? In this era of costly, space-age drivers and computer-assisted design, we think such risks are
totally unacceptable. So we went to work to find the ideal solution.

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

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

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

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

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

One-inch deep polyester urethane foam, structurally optimized for acoustical damping. Highly effective at o J )
“soaking” maximum sound energy with minimum thickness. B = e o

Barrier septum, 1/8 inch thick. Made of limp flexible vinyl copolymer loaded with non-lead inorganic fillers, it is a
“dead wall” that isolates the vibrations in the walls of your cabinet from the vibrations created inside the enclosure.
Polyester urethane flexible open-cell foam, 174 inch thick. Thanks to special vibration-isolation characteristics, it 1 S I EH

decouples the vibrating structure (the wall) from the rest of the damping system, thus optimizing performance.

High-loss vibration damping material, same as The Pad. It is strongly bonded to the cabinet wall with pressure \\u;;;;;;;u:
sensitive adhesive.
These layers are laminated using an adhesive-free mechanical and thermal process, thus optimizing performance and eliminating the
risk of solvent fume damage. BLACK HOLE 5 can be used in any enclosure, as well as for acoustical panels to improve the characteristics

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

1531 Lookout Drive 818-707-1629

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

A ON cables New from ORCA!

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

Outer insulation: UL approved TPE
Cable geometry: non interleaved spiral
Individual conductor insulation: 105 degree Celsius. UL approved PVC
Cable equivalent gauge: total - AWG 11, 2 conductors - AWG 17, 4 conductors - AWG 14
Individual conductors: solid core AWG 20 copper. long-grain and ultra-soft. free of all contaminants and oxygen.
Cable core: crushed polypropylene
Inner envelope: mylar film
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FIGURE 3: Minimum box volume Vg~ cOmpatible with a cut-off fre-
quency f:, and the corresponding values of « and h. Box volume is in ft3.
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FIGURE 4: Resulting response curves from alignments determined by
specifying Vpanun and fa.

Continued from page 26
cause a slightly miscalculated volume
can seriously detune the system. Hence
the oft-mentioned advice to build the box
too large and bring it back to the desired
volume by filling the space with wood
blocks.* The corresponding point on the
ripple curve predicts a modest valley and
peak, borne out by the frequency re-
sponse curve in Fig. 2. All calculations
are carried out with the assumption that
QL =7

Suppose I am a bass junkie and wish
to coax more bass from this driver. I will
try to design a vented enclosure yielding
a 25Hz cut-off frequency. I will put up
with a ripple of +1dB in the response
curve. Figure 1 shows the isosychnitic for
f; at 25Hz and the heavy price I'll pay
in box volume for lowering f; by 6Hz.

The good news is that at minimum
volume in the 25Hz case, Vs equals 5.84
ft.3, and the result is a ripple in the re-
sponse curve just within specifications.
When you return h and Vp (i.e., a =
1.01) to Equation 1 for verification, how-
ever, we get the bad news: The low-end
droop in the response is more than 2dB.
I, for one, would avoid this alignment.
I would find a more suitable driver or
reconsider my f3;.

SMALL BOX CURE. If box volume as
well as f3 is a concern, you should know
which minimum box volume is compati-
ble with a given cut-off frequency. Choos-
ing the smallest volume and the corre-
sponding values of o and h while gen-
erating isosychnitics for a cut-off fre-
quency series is a simple matter {Fig. 3).
The minimum box volume V g{min) in
Fig. 3 is plotted against the value of f;
to which you can tune the box. I have
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used the same driver as shown in the
previous example. The corresponding
values of a and h are also given as a
function of f3. Since it hovers around 1,
I plotted h by subtracting 1 and multiply-
ing the remainder by 10.

I have now used all the available pa-
rameters for determining f3;. Choosing a
volume and a cut-off frequency is tanta-
mount to picking an alignment. You can
determine just what kind of response
those alignments produce by plugging «
and h back into Equation 1. Figure 4 shows
a series of response curves for the driver
in boxes with minimal volumes. When
f3 equals 24 and 26Hz, the curves are not
good. The 28Hz curve, however, might
be acceptable in some circles. At the high
end, although 34 and 36Hz curves are
wastefully flat, you need search no fur-
ther if you are more concerned with box
size than the cut-off frequency. As it
turns out, the engineers at Swan Speaker
Systems accepted some ripple in order
to lower f3, and reduced the box size to
nearly minimum volume.

You may wish to determine the value
of f3 when you know all the parameters
to plot Equation 1. The problem is to
solve Equation 5 for x3. In general, you
can solve it numerically or graphically.
Many computers come with "‘root find-
ers,” but the following is specifically
tailored for Equation 1. If the alignment
causes the response curve to cross the
half-power point only once, then this
technique, called Newton's method, is
fool-proof. Let

(9)

g = —2x8 + (x* —o2x? + 1)2 + [osx3 —a3x)?
The following is simply Equation 5 with

all fractions cleared. Now take the de-
rivative of 9:

(10)
g'= — 16x7 + 2(x* — a2x? + 1)(4x3 - 2002%) +
2{0e %3 — a3x) (3o X2 — a3)

Guess at a solution xoq = 70Hz say, and
calculate the quantity:

glXord)

(11}

Xnew = Xoid —
8'[Xora)

Iterate by substituting the answer Xpeu
for X0 on the right side of Equation 11.
After a few iterations, the answer will
stabilize. The cut-off frequency is then
f3 = Xnewfsh'>. You can read more about
the theory behind Newton's method in
almost any college-level calculus book.

You can identify the peak and valley
in the response curve by solving g‘(x) = 0
using Newton's method, but it is more
convenient to select the minima and
maxima from the points in Equation 1 as
they are being calculated on the com-
puters. With this method, you will deter-
mine the desired points with more than
enough accuracy. ]
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The Linaeum TLS 1.25 is a high-efficiency
dipole tweeter, suitable for a wide range of
applications. The patented Linaeum dipole with
forward and rear radiating diaphragms helps to
minimize room reflections, dramatically
improving imaging . Linear impedance and low
resonant frequency allow for simplified crossover
5 ; design. The TLS 1.25 is a true linesource, free of
—4.75"—— many of the distortions associatedwith dome-type
designs.

AR

_TOP VIEW _
N ‘ Specifications

Nominal Impedance 4 ohms
DC Resistance 4 ohms
Power Capacity, Continuous 10W RMS
Nominal Power (DIN 45573) 80W
(2500 Hz, 12 dB, octave network)
Recommended Frequency Range 2500Hz-25KHz
Characteristic Sensitivity 88 db 1w Im
TOP VIEW(SHOWING MOTOR ASSEMBLY) Resonant Frequency 800 Hz
DIAPHRAGM (ONLY ONE SIDE SHOWN)

DAMPING pAD Can iy \ - ] - e [ooe
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The Linaeum diaphragm is made of two pieces of
specially formed mylar sheets. The diaphragm

is anchored at one end to the outer edge of the
frame. The other end of the diaphragm is attached
to the voice coil, which is suspended within a
balanced magnetic gap at the frame center.

Electrical signals flow into the coil, interacting
with the fixed magnetic fields of the magnet
structure. This interaction causes coil movement
and creates a wave motion through the diaphragm.
This wave motion causes the rapid pressure
fluctuations that we hear as sound.

Available exclusively from ﬂ!&egkers Price: $99.00 ea.

‘ & s 3170 23rd Street; San Francisco, CA 94110
spea“ers Telephone: (415) 641-4573 Fax: (415) 648-5306
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Part II

In Part I of this series, I described the
capabilities and construction of the
IMP spectrum/network/impedance ana-
lyzer system hardware. In this part, I will
explain the functions and operation of
the IMP software.

INSTALLATION. If you will be oper-
ating from a hard disk, create an IMP
directory on it and copy the contents of
the IMP program disk there. (If you are
unfamiliar with this process, see your
DOS manual for details.) If you will be
operating from a floppy disk, first make
a backup copy of the program disk. Be
sure you also copy the .BGl files, or the
IMP.EXE program will not execute.
When you are running the program,
make sure you are logged on to the drive
and directory where IMP is installed.

GENERAL INFORMATION. The
IMP software program is used to control
the IMP module for data collection and
for processing the data into response, im-
pedance, or waterfall plots. It also in-
cludes provisions for saving or reading
measured data to and from disk and for
editing and combining data from multi-
ple measurements. Note that the pro-
gram can be used for data manipulation,
analysis, and experimentation even with-
out an IMP board if previously acquired
or synthesized data files are available or
can be made.

When you execute the program, a title
screen will appear. Pressing any key will
switch you to the main screen.

Operation is menu-controlled, in a
manner similar to that of many spread-
sheet programs. The third text line from
the top of the screen provides a menu
list of option keywords. Select the de-
sired option by pressing the letter key
that is capitalized in the keyword. For
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THE IMP

BY BILL WASLO

example, in the highest-level menu, you
can choose Setup by pressing [S].
Selection of a keyword will result in
either an action, a prompt for specific in-
formation (such as for the frequency to
which a marker should be moved), or
the presentation of yet another menu of
keywords. This system minimizes the
number of keystrokes required.

DATA STRUCTURE. The program
can deal with four main blocks of mea-
sured data at any one time. Each of these
blocks can be up to 4,096 data points
long. Data analysis consists mostly of
transforming or editing these blocks and
displaying the results. Figure 1 will help
you to follow the data flow.

The first block represents a time re-

SAVE

IMP RETRIEVE DISK
MODULE FILES
save |
COLLECT 4}
SAVE
i
FFT | SET CAL _ |
TIME "| FREQUENCY il
RESPONSE RESPONSE | Slotr
BLOCK IFFT BLOCK ca. |
CALCZ J J
— MERGE TO_RESPONSE
ELECT
BLOCK

FIGURE 1: Data flow and transformation chart for IMP software.

You may type in other menu options
while the program is performing a pre-
vious operation. This is handy for longer
operations. In addition, a menu of
auto__Measure operations allows you
to enter some commonly used long se-
quences with a single keystroke.

A cartoon meter, or dial, appears at the
top right of the screen whenever the
computer is doing something that might
take a while (other than plotting). In gen-
eral, don't panic unless the dial doesn't
move for more than about five seconds.

sponse (i.e., voltage as a function of time).
The Time Response block is displayed in
the bottom plot after the data has been
read in from disk or collected from the
module. The x-axis can be thought of as
representing sample number (only those
up to the value SIZE, as shown at the
beginning of the second screen line, are
displayed) or as milliseconds of time.
Figure 21s a sample screen showing Time
Response data.

When data is collected from the IMP
module or retrieved from disk, it is put



into the Time Response block. Although
both time and frequency data can be
written to a disk file, only Time Re-
sponse data can be read from a disk into
the program. When the lower plot is of
the time response, the upper plot shows
that portion of the same time response
that is between the two markers which
appear as arrowheads at the bottom of
the screen.

This selected portion can be trans-
formed, via the Fast Fourier Transform
(FFT), into frequency data which is
stored in the second data group, called
the Frequency Response block. This is
done using the Transform, Fft se-
quence, performed by the keystrokes [T]
and [F]. The initial Time Response data
will remain unchanged after this trans-
formation, but any data previously placed
in the Frequency Response block will be
replaced with the new data.

The frequency response is displayed
in log frequency format, as this seems
the most appropriate format for loud-
speaker work. After this data is created
from the Time Response data, the mag-
nitude of frequency response will be
shown in the bottom plot in decibels.
{The markers will now be designated in
hertz instead of milliseconds.) The top
plot will still show the section of time
response from which the Frequency Re-
sponse data was transformed.

By using other menu options, you can
display the phase of the frequency re-
sponse in the top plot, as shown in Fig. 3.
You can also reconvert the frequency
response to a time response (with delays
or gain changes) by use of the Ifft option,
but the Frequency Response data will be
destroyed in the process. The acronym
IFFT stands for Inverse Fast Fourier
Transform, used to convert frequency do-
main data to time domain data.

In the Transform menu, the option
Set__cal copies the current contents of
the Frequency Response block into the
third block, which I call the Cal block.
This is normally done when the Fre-
quency Response block contains the spec-
tral content of the electrical signal at the
amplifier output terminals, as picked up
by Cal probe #1.

The Cal block is used to normalize Fre-
quency Response data by dividing each
data point of the Frequency Response
block by the corresponding point of the
Cal block and putting the result back into
the Frequency Response block. This al-
lows you to remove response errors
caused by the amplifier, IMP board fil-
ters, and pulse shape from your data. If
you use the Cal option (in the Trans-
form menu) right after Set__cal, you

will normalize data with itself and get a
straight line of OdB.

You can also use Cal to see the effects
of, for example, tweaking the crossovers.
Just get Cal data from the untweaked fre-
quency response and normalize the re-
sponses acquired and transformed after
any changes; the resulting curve is the
change (in decibels) from the status quo.

with certain powers in the IMP world
They are as follows:

The Escape key [Esc] is used to back
up one menu selection or as a 'never
mind"’ when you are being prompted for
values. Escape will terminate waterfall
plotting should you change your mind.
If you get in trouble, hitting [Esc] will
usually get you out safely.
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FIGURE 2: IMP display of a woofer’s near field impulse response.

The last block is Elect, so named be-
cause [ initially used it only for storing
the calculated electrical impedance data.
Elect Response data, like Frequency Re-
ponse and Cal, also represents a function
of frequency. Impedance data is formed
from Time Response data (voltage across
the measured impedance, when driven
by an impulse through a known resistor)
and Cal frequency response data, which
is derived from the impulse as it appears
at the amplifier output (other side of the
resistor). The option in the Transform
menu is calcZ. A sample display of the
impedance of a ported woofer system is
shown in Fig. 4.

The Elect block also functions as the
workspace for making merged responses,
which are summed or pieced-together
frequency responses from multiple mea-
surements. Because Merge and calcZ
share the same data space, you can't
merge responses while keeping imped-
ance data present in memory. The
merged response in Elect can be copied
back into the Frequency Response. You
can then use Ifft to convert this data into
a time response, using facilities in the
Merge menu.

SPECIAL KEYS. A number of special
keys and key combinations are endowed

The Asterisk is used to return you im-
mediately to the highest-level menu, as
an alternative to backing out via the Es-
cape key. Should you get lost in the menu
structure, just press [*] and you'll be back
at the start. I use this quite a bit when
typing ahead if I'm not sure where my
previous keystrokes might have left me.

The Back Space key will work in
prompt situations. If you give an empty
string or invalid input when prompted,
the value being prompted for will usu-
ally be the same as before the prompt.

With most displays, the Left Arrow
key will tentatively move the most re-
cently used data marker on a plot one
data point {frequency or time) to the left.
If you hold down the Control key [Ctrl]
while pressing the left arrow, the marker
will tentatively go ten points to the left.
Some information about the point to
which the marker is directed is usually
displayed near the top of the screen. The
Right Arrow key functions similarly.

Data about finalized marker locations
is usually displayed at the bottom of the
screen. The marker position is not fin-
alized (or does not have its data read out
at the bottom of the screen) unless you
press the Enter key. If you use [Esc] or
[*] instead, the marker will revert to its
former position (and therefore can be
used to just read off data points without
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permanently disturbing anything). Mark-
ers will be discussed in more depth later.

FUNCTION KEYS. Some function
key numbers and their assigned names
are displayed on the left of the top line
of the screen. The parameter values or
selections associated with these are dis-
played directly below them in the sec-
ond line. The word DATA at the right
indicates the disk file name of the cur-
rent Time Response data. If the data has
just been collected from the IMP mod-
ule, INPUT will appear as the name.

You can press the function keys at
almost any time to allow manipulation
of the related features. Following is a
summary of what the function keys do:

[F1]: This key is not displayed at the
top of the screen, as it performs a sim-
ple function. Pressing [F1] causes the
time response plots to be redrawn. This
is useful for updating the display after
changing SIZE or to allow readjustment
of time marker positions for echo elimi-
nation after frequency domain data has
been displayed.

[F2]: SIZE is the number of points to
be used in the current Time Response
block. Minimum is 256 points; max-
imum is 4,096; and only powers of two
are allowed. The size goes up each time
you press this key, except 4,096 will
change to 256 on its turn. When a time
response is transformed to frequency re-
sponse, the frequency response will be
of the same size (but half the points are
for negative frequencies and for our pur-
poses will be ignored).

When a time file is saved to disk, SIZE
is also the number of points being saved.
If SIZE is larger than the number of
valid data points, as might happen after
a disk file has been retrieved, the rest of
the file up to point number SIZE will be
padded out with the voltage value cor-
responding to the right marker position.

The bigger SIZE is, the finer will be
the frequency resolution of the resulting
frequency response, but the longer will
be the calculation time and the larger the
saved files. Be aware that the time data
display will not be updated to the new
value of SIZE until a marker has been
moved or the plot redrawn {quickly done
by typing [F1]).

[F3]: RATE has only two possible val-
ues: 61.44kHz or 1.92kHz. This is the
sample rate at which data will be col-
lected. (Expect reasonably accurate re-
sults only up to a frequency of about one-
third the sample RATE.) The value
1.92kHz is for low frequencies and im-
pedances; 61.44kHz can be used for mea-
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FIGURE 3: Display of a three-way system’s full-band frequency response. This curve was formed
from four measurements of both the near and far field using the Merge facility.

suring frequencies above 650Hz. RATE
will alternate when you press [F3] and
will automatically be set to match the
disk data when it is read in. You should
use [F3] when you want to collect data
from the IMP module at a different
RATE than is shown.

[F4]: INPUT determines whether data
to be read into the time response block
by the IMP module is to be from the
microphone or from one of the two
probes. The selection will change round-
robin style each time you press [F4].

[F5]: MKR1 is the left marker (which
can go to the right of the right marker
in frequency response plots). The num-
ber shown is the data point index num-
ber. You can move the marker around
by pressing [F5] and then either using the
arrow keys or typing in numbers.

If the plot shown in the lower part of
the screen is time response and the read-
outs at the bottom are in milliseconds,
the numerical data you type will be in-
terpreted as an index number (from 1
to SIZE). If frequency data is shown,
numbers will be interpreted as fre-
quency in hertz, with "'k’ meaning thou-
sands. When using the arrow keys, re-
member to hit [Enter] if you wish to
make the move final, or [Esc] if you were
only tentatively moving the marker
around to read values.

A common error I make is forgetting
to set the MKR1 position back to 1 be-
fore transforming time data from one of
the probe inputs {particularly the Cal in-

put). There is seldom any dead time be-
fore the probe response, so if MKRI1 is
moved to the right, it can easily overstep
most of the critical Time Response data.
If you notice that an FFT yields no, or ex-
tremely low, output, look at the setting
of the first time marker.

[F6]: MKR2 is the right marker. It is
similar to [F5).

[F7]: WIND[O]WI[S]® are a compli-
cated subject. This does not refer to the
Windows operating environment, but to
a mathematical operation you can elect
for your time response when transform-
ing via FFT. Basically, it involves taper-
ing the data at either end of the response
plot smoothly to zero to avoid extrane-
ous responses caused by sharp edges
formed when cutting out a section with
the markers.

The choices are NONE (no window-
ing), BLACKMANN (much), HAMM-
ING {moderate), and BINGHAM (mild).
For all of these except NONE, the im-
pulse time response should be centered
in the time period selected for the FFT,
or all the important action will get tapered
to zero. This is sometimes practical,
sometimes not. Give it a try after you
have the hang of the rest of the system.
WIND[O]W|S] are essential if you are an-
alyzing speaker distortion using a sine
wave generator.

[F8]: GAIN is used to scale either time
response or frequency response. If the
lower screen plot is time response {again,

Continued on page 34
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I Continued from page 32

markers will be in milliseconds), GAIN
is the factor that each value in the lower
plot will be multiplied by for display in
the upper plot, for saving to disk, and for
performing an FFT. GAIN also can be
negative to invert the trace.

When Frequency Response data is on
the screen, use GAIN to set a decibel off-
set for display, for performing an IFFT,
and for combining into the Merge area.
The value will be shown as "'dB" in the
second screen line. Waterfall plots must
be restarted to show the effect of changes
in GAIN.

[F9]: This key is not displayed on the
screen, but you can use it to adjust the
time delay associated with the Frequency
Response data. The effect of this will
show up in phase plots and in "'summed
merge'’ plots, as well as in IFFTs.

[F10]: This key, also not shown on the
screen, rapidly moves you to the Dis-
play/Show section of the menu struc-
ture, so you can switch more easily from
frequency data to time data, or vice ver-
sa, or choose another view of things.

[Shift F10]: This transports you to
Merge/View in the menu. I'll talk more
about this location later.

[Shift F5] and [Shift F6]: These allow
you to make rapid adjustments to the
displayed range of frequencies for which
data will be plotted, rather than going
through the menu sequences. Get to
know these; they are very useful.

[Shift F8]: This allows you to quickly

change the displayed decibel-per-division
(scale) of frequency response plots.

THE MENUS. Here we will look briefly
at what each menu option does and how
it can be used. Besides being useful as a
general reference, this section should give
you some idea of the flexibility of the IMP
software. Let's start from the main menu,
which offers the following options:
Display, File, Transform, Acquire,
Setup, auto__Measure, and Quit.
We'll take these options in order and
follow their submenus downward as you
will encounter them. To facilitate finding
out how to get to each option from the
main menu, the previous keywords in the
sequence, if any, are listed in brackets.

DISPLAY OPTIONS. Display: This
submenu lets you change the axis scales,
frequency ranges, and various other pa-
rameters of the graphic display (Format);
direct the printer to print a graphic copy
of your results (Print); or choose which
data to display on the screen (Show).

[Display Format] freq__Range:
Here you can set the lower and upper
limts of the frequency range to be dis-
played for frequency responses, merged
response plots, impedance plots, and
waterfall plots. The value you enter will
be rounded to one significant digit and
limited to the range 2Hz-30kHz. You
can reach this area of the menu rapidly
via [Shift F5] or [Shift F6].
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FIGURE 4: Impedance plot of a ported bass section.
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[Display Format Scale] dB/div: This
sets the integer decibel scale for fre-
quency-domain magnitude displays. It is
also reachable via [Shift F8]. Phase angle
displays will always be 90°/division.

[Display Format Scale] Ohms/div:
This is the scale for impedance magni-
tude plots. Again, the angle scale is fixed
at 90°/division.

[Display Format Scale] Ref__resistor:
This allows you to tell the computer
which value of series resistor is being
used while the impedance measurements
are being taken. I will discuss the series
resistor further when examples of system
use are given.

[Display Format] Delay: A delay in
the Frequency Response data can be
compensated for by entering the value of
delay you wish to remove (negative val-
ues add delay). You can use this to ob-
serve the phase linearity of a frequency
response plot by adjusting for air travel
time of the pulse to the microphone
{(watch the phase while adjusting). Math-
ematically, the phase is shifted by delay
(in seconds) x 360 x frequency (in hertz).
[F9] gets you here quickly.

This does not affect Time Response
data displays directly, but you can use it
on Frequency Response data before per-
forming an IFFT to generate the expected
shift in the time-domain plot. You will
find that if you shift the impulse back in
time beyond zero, it will reappear in time
domain at the far right end of the plot.
The reasons for this are beyond the scope
of this article, but don't allow that to sur-
prise, or upset you.

They are related to the use of a finite
number of discrete samples to represent
the frequency domain data, which is in
actuality a continuous function of every
frequency. This results mathematically
in the time data being treated as periodic:
following the last sample point in the se-
quence is again the first point and the
sequence repeats forever.

[Display Show] Impuls__resp: This
draws the full impulse time response (or
the first SIZE points of it) on the lower
half of the screen and the region between
the markers stretched across the upper
half of the screen. The upper plot also will
be scaled by the GAIN value.

[Display Show] Freq__resp: This
displays the magnitude (offset by GAIN,
in decibels) of the frequency response on
the lower plot and the phase angle of the
frequency response (corrected for Delay,
in milliseconds) on the upper plot.

[Display Show] imP +freq: This
draws the magnitude of the frequency
response (in decibels) on the lower plot

Continued on page 36
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Continued from page 34

and the selected impulse time response
segment in the upper plot. It is shown
right after an FFT is executed.

[Display Show] Z__plot: This shows
the precalculated magnitude and phase
of impedance on a single plot. Markers
can be used to read out these values or
the equivalent series resistor-capacitor or
resistor-inductor components that would
give the same measurement at the mark-
er's frequency. The markers with these
plots can be used to measure capacitors
and inductors.

If one marker is on a positive phase
angle point and the other is on a negative
phase angle point, the computer will
show a value called "f0;" which is the
computer's interpolation of the fre-
quency at which the impedance angle is
zero. For best results, the two marker
points should be as close together as
possible. In most cases, ''f0"" can be
taken as a series or parallel resonant fre-
quency. In Fig. 4, the markers have been
set to pinpoint the box resonance fre-
quency (at an impedance minimum).

[Display Show] Driver__data: This
is a dual display of frequency response
magnitude and impedance magnitude
and angle. Both must have been calcu-
lated previously. The idea is to provide
a unified view of driver characteristics.

[Display Show] Cal: This displays the
response stored in the Cal block. It is
particularly useful for making sure that
a valid Cal is there.

[Display] Print: If you have an IBM
or Epson dot-matrix printer, an HP Las-
erjet® (Il or later) printer, or a printer
that can emulate any of these, you can
copy your screen to paper with this op-
tion. You will have to disconnect the
IMP module from your printer cable if
you have only one printer port. You can
select from 13 print options in the IBM/
Epson mode. 1 suggest that you try them
all to determine which gives the best
results with your printer. (Mine works
best with modes 4 and 10.)

FILE MANIPULATIONS. File: This
submenu contains options relating to
disk file manipulation.

[File] Retrieve: This allows you to load
a previously saved time response file for
processing. It must be in the directory
specified using the Change__dir option.

[File] Save: Here you can save the cur-
rent time response, frequency response,
impedance, or driver data to a disk file.
The relevant options are Timeresp,
Freqresp, Zdata, and zAndfresp, re-
spectively. Again, only the time data can
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be read back into this program. The other
options are for use in spreadsheets, sim-
ulation packages, graphing routines, and
the like. The format for each line or sam-
ple of nontime data is frequency, mag-
nitude, and angle.

In saved time response files, only the
first SIZE points are saved. If you wish
to save the untruncated data, set SIZE
to 4,096 or however much you are will-
ing to store. If you want to duplicate im-
pedance plots from disk with the IMP
software, you must save a time response
file for the Cal as well as for the Z
measurement.

Frequency Response block is copied to
the Cal block for use in normalizing fur-
ther frequency response plots. Previ-
ously existing data (if any) in the Cal plot
is lost, but the Frequency Response data
is left intact. A small "'c’* will appear just
to the left of the IMP title block at the
top of the screen to indicate that a Cal
file has been declared.

[Transform] Cal: The data in the Fre-
quency Response block is complex di-
vided by the data in the Cal block. The
resulting Frequency Response data rep-
resents the change in response between
the previous Frequency Response data
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FIGURE 5: Waterfall plot of a tweeter and midrange set.

[File] List__files: This gives you a list-
ing of all the existing files of each type
as listed in Save, so you can make sure
that files have been saved or see what
time response files you can play with.
Only the directory {and drive) specified
in Change__dir is searched, with the
default being the directory from which
IMP is being run.

[File] Change__dir: Here you can
specify which drive or directory to use
for storing or retrieving files. Some pos-
sibilities are A: or C:\IMP\.

TRANSFORMATIONS. Transform:
This is the menu where most of the pro-
cessing action takes place. The wiggly
line provided by the microphone output
is transformed into detailed information
about what your speaker-design-in-
progress is really up to.

[Transform) Set__cal: The data in the

and the Cal data. If the only difference
is what happens to the signal between
acoustic pressure and amp out (Cal), the
result is the speaker’s (and, alas, the mi-
crophone’s) response. There must be at
least as many points (SIZE before the
FFT) in the Cal data as in the Frequency
Response data, and both must be at the
same sample rate.

[Transform]| Fft: This option starts an
FFT. Impulse time data between the
markers is transformed to frequency do-
main data.

[Transform)] Ifft: This starts an IFFT.
Frequency data is converted back to time
data, but any data previously in either
file is destroyed. A good place to save
frequency Response data before using
a IFFT is in the Merge region. If the
IFFT result is not what you expected, you
can pull the Frequency Response data
back using [Transform Merge To__

Continued on page 38
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LOOKING FOR A GREAT SET OF SPEAKERS? DON'THAVE LOTS OF SPARE TIME?
THE KIDS WANT TO PLAY NINTENDO ON YOUR COMPUTER?

PERHAPS WE CAN HELP

TSW SPEAKER KITS ARE DESIGNED FOR THE SERIOUS LISTENER AND ALL HAVE PROVEN
THEIR MERIT BY THEIR EXCELLENT SALES HISTORY! ALL ARE DESIGNED FOR PREMIER
PERFORMANCE AND MAXIMUM RELIABILITY WITH TOP QUALITY DRIVERS AND
COMPONENTS. WE, AT TSW, DO NOT FEEL THAT SOMETHING AS ENJOYABLE AS AN
EXCELLENT SET OF LOUDSPEAKERS SHOULD BE A BURDEN ON YOUR TIME, ENERGY OR
POCKETBOOK. WE OFFER THE FOLLOWING SOLUTIONS TO EAR POLLUTION:

THE TSW D-1 KIT

A petite two-way system using our TSW 5” woofer and
a 13mm tweeter in a 10" high x 7” wide x 5" deep oak
veneer enclosure. Designed originally as a dialogue
channel system for AV systems, the D-1 has been equally
popular for AV rear channel application for bedrooms
and offices and as a satellite system with our D-10
SUBWOOFER. Available in stained oak, black oak and
white oak.
COST: A petite $62.25 each.

THE TSW TUCSON

A serious two-way system comprised of a SEAS 8" woofer
and a SEAS 1” dome tweeter. The crossover is designed
to give outstanding sonic performance from this medium
sized book shelf system. The furniture quality oak
veneered cabinets available in stained oak, black oak or
white oak compliment most any decor. THE TSW
TUCSON has long been our best selling loudspeaker
system. Their 19" height x 12" width x 10" depth enclosure
produces tight and unbelievably low bass.
COST: An unbelievably low $259.50 per pair.

TSW D-10 SUBWOOFER

Our own TSW 10" poly dual voice coil woofer with 125
Hertz second order roll off and first order satellite roll in.
Subwoofer is 4 ohm and set up for 8 ohm satellites.
We do not supply an enclosure but recommend 1.5 cu. ft.
sealed. Works well in a down fire or front fire
configuration.

COST: All parts except enclosure $72.50.

THE TSW MINI MONITOR

Maybe it's not a Rogers, but maybe it’s pretty close! We
feel the cost may be the most significant difference. The
SEAS 6.5" woofer and the SEAS .75” dome tweeter are
painstakingly melded together with a carefully designed
crossover and installed in an oak veneered enclosure
13.5” high x 8” wide x 7" deep. TSW MINI MONITORS
fare well as an independent system or may be used as
satellites with our D-10or D-12 SUBWOOFER SYSTEMS.
COST: A mini $194.50 per pair.

THE TSW BUCKINGHAMS

This three-way system equipped with our own TSW 12"
woofer, a PEERLESS 4” poly midrange and a SEAS 1”
aluminum tweeter was rated by the president of the
Arizona Audiophile Association as being equal to any
$2000 system he has heard. Prejudice aside, we are
inclined to agree. Magnificent cabinetry in stained oak,
black oak or white oak veneers compliment THE BUCK-
INGHAM'S superb sound. BIWIRE INPUTS AND MID
AND TWEETER LEVEL CONTROLS make this system a
best buy. Cabinet 25” high x 14" wide x 12" deep.
COST: A paltry $449.50 per pair.

TSW D-12 SUBWOOFER

Our own TSW 12" poly dual voice coil woofer with 100
Hertz second order roll off and first order satellite roll in.
Subwoofer is 4 ohm and set up for 8 ohm satellite roll in.
We do not supply an enclosure but recommend 2.5 cu. ft.
sealed. Works well down into the 20s in a down fire or
front fire configuration.

COST: All parts except enclosure $89.50.

ANY QUESTIONS — CALL US
ALL KITS F.O.B. PHOENIX VIA UPS
We Accept VISA - MasterCard - Check — No C.O.D.
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response__data] and try a different
variation.

[Transform| Waterfall: This is, with-
out a doubt, the most satisfying function
(from a programmer’s standpoint) this
program can perform. Also known as a
cumulative spectral decay plot, it can pro-
vide very useful information about cab-
inet resonances and reflections and
tweeter ringing. It also can make impres-
sive plots that mean nothing whatsoever
if configured carelessly. If you want to
make people think you are beyond am-
ateur rank, flash one of these three-
dimensional plots around. Figure 5 shows
a relatively well-behaved example.

What is a waterfall plot? Basically, you
start with a normal frequency response
plot at the back of the graph, showing
the spectrum (frequency output) the
speaker would get with a pure impulse
input (truncated to avoid echoes). Then
you move the starting point of the time
response to be transformed forward a
bit, calculate the spectrum of this shorter
time trace, plot it a little closer on the
graph, and repeat many times. The time
axis which indicates the relative starting
point is the one coming toward you on
the plot.

Now, if the speaker is perfect, its acous-
tic output will be a pure impulse with
a peak at one instant and zero thereafter.
If the starting point of the trace to be
transformed is then moved beyond the
nonzero part of the impulse, nothing will

be left, and this has a spectrum of noth-
ing. The plots from beyond this point
show no energy at all, which is repre-
sented as a straight line at the floor or
minimum point of the graph (all values
below floor level are displayed at floor
level}. The spectrum decays in one steep
drop from all to nothing.

Less perfect speakers, like the one ana-
lyzed in Fig. 5, will not have all their
spectrum-producing time data concen-
trated in one shot, so the response will
decay more gradually. And if any com-
ponents such as cabinets, cones, or dust
caps are causing ringing or poorly
damped output, a decreasing ridge will
appear at the resonating frequency. Long
nondecreasing ridges usually mean stray
pickup of spurious signals, computer-
generated electromagnetic interference
(EMI}, or hum.

It is tempting to use these plots for
evaluating speaker performance ('My
decay is cleaner than yours!”), but a little
playing with waterfalls will reveal some
pitfalls (waterpits?—Ed.). A small change
in "dB/div'* scale or the initial starting
point will drastically change the subjec-
tive appearance of the plot, as will the
GAIN setting. That floor will hide all the
junk below it, as if getting just below the
floor is the difference between perfect
and flawed. But not using a floor makes
the plot a scrambled mess. This curve is
a wonderful tool for developing speaker
designs, but the plot is not a substitute
for listening.

Related Products
The following products are available from both Liberty Instruments and
Old Colony:
SOF-IMP1B5GD (5%”) or SOF-IMP1B3GD (32" $ 5.00
IMP software demo disk (usable as credit
toward later purchase of full package)
SOF-IMP1B5G IMP software disk 1 x 5%" DS/DD 49.95
SOF-IMP1B3G IMP software disk 1 x 3%" DS/DD 49.95
PCBW-4 IMP double-sided PC board 39.95
Kw-4 Unassembled IMP parts kit, incl. software 249.00
(specify disk size) and PC board
The following products are available from Liberty Instruments only:
TLC274CN op amp, MAX190 A/D converter, Inquire
6264 static RAM chip for prices
The following products are available from Old Colony only:

KD-2 Unassembled Mitey Mike test microphone 149.00
KD-2AM Assembled Mitey Mike with calibrated cartridge 199.00
and MLSSA data in hard copy form only
KD-2AMM Assembled Mitey Mike with calibrated cartridge 209.00
and MLSSA data on 32" DS/DD diskette
KMW-4 Unassembled IMP parts kit {(as above) plus 389.00

unassembled Mitey Mike test microphone
Shipping (USA):
For orders of less than $50, please add $3 for shipping/handling. $50-99.99:
$4. $100-199.99: $5. Greater than $200: $6. Outside the USA, please inquire.
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[Transform] calcZ: This performs the
calculation that transforms the Time
Response and Cal data into a plot of im-
pedance, both magnitude and angle. For
this to have any meaning, the Cal data
must have been subjected to an FFT
based on time data taken at the power
amplifier output, and the current time
data must be from the other side of a test
resistor fed from the amplifier. The im-
pedance being measured during the test
is from this resistor lead to ground. SIZE,
RATE, and GAIN must remain constant
throughout data collection. I will provide
examples of this later.

MERGING. [Transform] Merge: The
capability for merging files is very
handy, but it is probably one of the more
difficult parts of the program to use. It
is also the most likely to have bugs, as
there are so many possible variations.
Merging involves taking several sets of
Frequency Response data and merging
them one at a time into a single plot.

The Frequency Response data doesn't
have to be at the same sample RATE or
SIZE, although you will want to use the
largest feasible SIZE for the higher sam-
ple rate data if you are mixing rates and
will convert the data back to the Fre-
quency Response block. There are two
basic ways to merge data: pasting and
summing. Using them can produce a
plot of a speaker’s full audible response.

Pasting is connecting data end to end—
for example, making everything in the
plot above 400Hz come from response
A, with everything below 400Hz com-
ing from response B. This is useful for
completing the bass from a truncated
time sample with a response from a non-
truncated near field measurement, or for
combining responses from different sam-
ple rates.

Frequency response has magnitude
and angle, and you should match both
up before pasting. Use Delay to get the
phase to match and appear continuous
(or, more scientifically, measure the dif-
ference in distance and then use the
speed of sound to calculate the delay cor-
rection required).

Summing performs complex addition at
each point, as if the two responses were
being combined acoustically in the air.
Only data from the same sample rate can
be summed, so if your merged plot-in-
progress already has a section from a dif-
ferent sample rate, the new data will not
be added at those frequencies. Make
sure the response to be summed in has
no significant output there. Summing is
good for combining the responses from

Continued on page 40
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mulitiple drivers, ports, passive radiators,
or other multiple near field measure-
ments that have significant output in
frequency range. Set gains and delays
appropriately.

[Transform Merge| Clear: This erases
the Merge file, so you can start (or start
over) with a clean slate.

[Transform Merge] View: This lets
you select full-screen plots of the merged
magnitude plot or angle plot {Mag or
Ang), dual plots including both (maG&
ang), or dual plots of Merge and fre-
quency response magnitude (magResp)
or angle {aNgresp).

[Transform Merge Paste] Above-
mkr1: All of the data in the Frequency
Response block above the frequency of
MKRI1 (left marker) will replace the
same range of data in the Merge block.
Go back and set the marker position
first. You can preview the results using
previewGain or previewDelay. The
results are not final until you use Fix.

[Transform Merge Paste] Below-
mkr2: All of the Frequency Response
data below the frequency of MKR2 {right
marker) will replace that in the Merge
block. See Abovemkrl.

[Transform Merge Paste| preview-
Gain: This lets you look at the magnitude
result of pasting before doing permanent
damage to the Merge block.

[Transform Merge Paste| preview-
Delay: You also can preview the phase
result before doing the Fix.

[Transform Merge Paste] Fix: This
makes pasting a permanent change to the
Merge block. Be sure to use Fix before
going to the next Merge process.

[Transform Merge] Sum: Summing
is more straightforward than pasting. Just
set the frequency response gain and de-
lay and preview the magnitude and an-
gle results using previewGain and
previewDelay. When everything looks
okay to you, use Fix. You cannot sum
until there is some data pasted in first to
sum to, so pasting will always come first.

[Transform Merge] To__response__
data: This takes the combined Merge
data and moves it back to the Frequency
Response block. The lower sample rate
data will always lose some detail (i.e.,
some frequency sample points). Detail is
best preserved when high-sample-rate
data has been transformed with maxi-
mum (4,096 point) SIZE. The resulting
frequency response will always be at the
high sample rate.

DATA ACQUISITION. Acquire: This
submenu has only two choices, Collect
and Repeat.
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Collect: This gathers a number of time
responses ({the quantity determined by
values in the Setup submenu) from the
active input, showing the averaged time
response plot at each step. The collection
can be cut short (data still intact) by press-
ing [Esc|. Collect is used for taking data
for analysis.

Repeat: This takes repeated samples
until you press [Esc], displays each one,
and then throws it away. Use Repeat
only when you are adjusting the input
level controls to the optimum levels.

SOFTWARE SETUP. Setup: Here
you can set machine-specific parameters,
select how many sample sequences you
want to average to avoid noise problems,
or choose the printer port to which you
will attach the IMP module.

[Setup] Cpu__speed: Enter the speed
(in megahertz) at which your CPU runs.
This is used to slow down the input/out-
put to the printer port so as not to over-
whelm the IMP board. If problems occur,
tell the program your machine runs at
100MHz or more. The setting does not
affect processing time, only port delays.
You likely won't need to set this at all.

[Setup] Impport: This allows you to
specify to which LPT port the IMP board
is connected, should you have more than
one. Otherwise, the software will look
for the board at the highest port active
(LPT1, LPT2, or LPT3).

[Setup] Prntport: Select which port
the printer is connected to. If one port
is used for both the printer and the IMP
module, don't forget to swap cables first.

[Setup] Average__num: You can se-
lect how many impulses to average when
acquiring data from each of the three in-
puts. The higher the numbers, the cleaner
and quieter the data, but the longer it will
take. The microphone input is particu-
larly subject to noise, so it should have
the highest Average_ _num value.

[Setup] coLor: If you have a color
monitor, you can switch to a mono-
chrome picture here. In this way, you
can use your own graphics screen dump
TSR routines to print your plots if you
don't like or can’t use the routine pro-
vided in the Display menu. Otherwise,
all colors, including backgrounds, would
print black.

MACRO OPTIONS. auto__Measure:
This submenu contains some canned
measurement procedures that are par-
ticularly useful when you are tweaking
a design or taking data on a lot of driv-
ers. Be sure to set levels using [Acquire

Repeat] first for all relevant inputs. Also,
to avoid echoes markers should be set
on data from the microphone input (if
used) just before the auto__Measure
operation.

[auto_Measure] Setup: This is for
specifying whether WIND[O]W([S] will
be used in automatic measurements (I
generally don't use them) or whether
new Cal data should be taken with each
measurement. Cal runs generally need
not be done each time if the amplifier's
output impedance is tolerably low.

[auto__Measure] Acoustic: This col-
lects data from the microphone (and
from Cal probe #1, if so set up). Then
it transforms, calibrates, and shows the
frequency response. This will get a work-
out when you are in the process of tweak-
ing your speakers.

[auto__Measure] Electric: This col-
lects data from Z probe #2 (and Cal probe
#1, if so set up). It transforms and spits
out an electrical frequency response plot.
This is useful when you are working on
your crossover.

[auto__Measure] Impedance: This
takes complete impedance measure-
ments and plots the data. Cal is retaken
each time for maximum accuracy.

[auto_Measure] Driver: This col-
lects and transforms both acoustic re-
sponse and impedance data, and then
displays both. You can make a library of
driver responses and impedance curves.
Be sure to set the markers to frame the
acoustic impulse response just before call-
ing this the first time.

[auto__Measure] justCal: This ac-
quires, transforms, and declares Cal data.

I don't think I need to describe the in-
tricacies of the Quit option, so I'll take
a breather here before moving on to
some examples of measurement pro-
cedures in Part III &

SOURCES
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Part 111

WHAT MAKES YOUR ROOM

n Parts I and II, I discussed how room

dimension and shape affect a room's
sonic character."? I selected a rectangu-
lar room with the dimensions 212”7 x
164" x 8'9”, and I touched on surface
treatment for controlling RTe and dif-
fusion. I also discussed the construction
of this room.

In Part III, which concludes this series,
I discuss in greater detail the construc-
tion of portable wall modules, as well as
a rear wall diffuser. I also address the in-
itial time delay gap and how to control it.

WALL CONSTRUCTION. I con-
structed the portable wall modules using
1”7 x 8” clear Douglas fir, which is fairly
inexpensive, stains rather well, and looks
attractive. Figure 1 shows front, back,
and side views of a module.

Each unit measures 2° x 6’ x 8”. 1
used standard 2” x 8~ stock for strength
and to divide each unit into three com-
partments. As illustrated in Fig. 2, one
compartment houses a Helmholtz reson-
ator for low-frequency absorption, while
the other two contain 3%2” building in-
sulation for control of the higher frequen-
cies. For the 13%4” x 134” channel, which
is used to hang each unit on the wall, I
used scrap 1” pine.

I used groove and dado joints through-
out and carpenter's glue for assembly of
each module. To ensure true right an-
gles, I used miter clamps for the corners.
For aesthetics, I covered each module
with decorative burlap, which I stapled
toa %4” x %” screen moldin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>