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~ Madisound Presents

The Sledgling is the best little bookshelf speaker kit on the market today. This kit gives you
the quality sound of commercially produced speaker at a fraction of the price. The Sledgling
speaker is small enough to fit unobtrusively in any den or be used as a rear channel speaker
in a four channel audio or video system. (Don't tell anyone, but this is a great car system too!)
We chose a high quality six and one half inch polypropylene woofer and a Vifa treated textile

dome tweeter with ferrofluid for a very clean sound. We have utilized the best possible com-
] ponents in the crossover network with Sidewinder coils and Chateauroux Metallized
Polypropylene capacitors on an epoxy circuit board.

The kit is designed to be as easy as possible to assemble. The cabinet is already finished. The
holes for the drivers and the input cup are pre-cut; the crossover is preassembled, and the grill
cloth is stretched on the frame. The assembly of this kit does require some soldering ability.

Specifications:

Impedance 4 Ohms

sensitivity Q0 DB
Power Rating 50 Watts 3
l Freq. Range 60 - 18000 HZ +/- 2db
' Woofer 61/2"
| Tweeter 3/4' Dome
Crossover 6 DB w/ Sidewinder Coils and Polypropylene Capacitors
Cabinet Walnut Wood Veneer or Black Lacquer 9"'x12"x6"
Price $130/pair Walnut  $125/pair Black
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f } MADISOUND SPEAKER COMPONENTS
8608 UNIVERSITY GREEN
/ BOX 4283
% © MADISON, WISCONSIN 53711
PHONE (608) 831-3433
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The availability of dual filters (high-pass
and low-pass on the same chip) has been
announced by DECOURSEY ENGINEERING, for
use in their crossovers. These filters are
plug-in, to be used in the Model 120
crossovers and can be supplied to operate
on any frequency normally used in an
audio system. Attenuation slopes available
are 24dB/octave or 30dB/octave. Price:
$56.25 each, 100Hz and higher; $61.88
each, less than 100Hz.

Model 120 stereo crossovers will be sup-
plied with these filters at the following
prices (add $5.63 for any filter less than
100Hz): 120-B4 biamp, $197.50; 120-T8
triamp, $322.50; 120-Q8 quad-amp,
$442.50.

Contact: Decoursey Engineering Lab.,
11828 Jefferson Blvd., Culver City, CA
90230.
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Good News

EUPHONIC TECHNOLOGY, currently incor-
porating Philips’ improved digital-to-
analog converter and digital filter in its
ET650PX MKII CD player, is now mak-
ing these ICs available to hobbyists and
experimenters, on a limited basis.

The TDA1541A, Philips’ new high-res-
olution dual 16-bit DAC, delivers im-
proved low-level linearity, signal-to-noise
and channel separation.

The SAA7220P/B digital filter utilizes a
new design which also offers improved
dynamic range.

Each IC is pin-to-pin compatible with its
previous version. All Magnavox and Phil-

Several new products have been an-
nounced by MONSTER CABLE, a manufacturer
of high-performance audio interconnect
and loudspeaker cable.

The T-Series Turbine connector is an
RCA type, redesigned with a massive
ground connection utilizing a series of 12
diagonal cuts along its circumference.
Multiple points maximize contact area and
allow a more complete transfer area of the
audio signal. The connector also features
the Monster split-center pin construction
and 24k hard-gold plating. The price is
$35/pair.

A new Interlink CD cable is offered to
provide improved performance for entry-
level CD systems, which come equipped
with ordinary connecting wire. It features
two high-performance strandings, plus a
shield, to handle the sonic qualities most
CDs are capable of delivering. Price:
$29.95/pair, 1m; $39.95/pair, 2m; $76/pair,
20 ft.

Monster Video 2 is designed for im-
proved video picture quality, signal transfer
and protection from interference, for VCRs,
VHS and Beta players, laserdisc players,
video-based digital audio recorders, digital-
to-digital connections, TV receivers, HD
monitors, projection TV, or satellite dish
equipment and programming. The con-
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struction uses a multi-stranded copper
center conductor, double shielding of braid
and conductive plastic, and is wrapped
with low-loss dielectrics. Suggested retail
price: $14.95/meter length, with RCA con-
nectors; $16.95/meter length, with F-type
connectors. A Video 2/Interlink 300 cable
connection kit is $29.95/meter set.

For more information contact: Monster
Cable Products Inc., 101 Townsend St., San
Francisco, CA 94107, or call Gary Reber,
Los Angeles Division, (213} 322-8200.
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SYN-AUD-CON announces "'The Audio Sys-
tem From an Electronics Viewpoint,” a
grounding, shielding and installation
workshop, January 27-29, at the Holiday
Inn, Anaheim, CA. The workshop staff is
Allen Burdick, Benchmark Media
Systems; John Lanphere, Altec Lansing;
and Edward Lethert, SECO. A $100 fee in-
cludes supplies, manual and luncheons.

For registration details contact: Syner-
getic Audio Concepts, Rt. 1, PO Box 267,
Norman, IN 47264, (812) 995-8212; FAX,
(812) 995-2110.
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ips-based CDs, including the CDB-650,
460, 465 and 560, and 471-473 models,
can benefit from the new circuits. They
are available as a set, including one 24-pin
and 28-pin gold-plated, machined pin
socket; the price is $89.95, plus shipping.

The MKII CD player is available from
selected dealers and company-direct; price
$1,295.

For more information contact Euphonic
Technology, 19 Danbury Rd., Ridgefield,
CT 06877, (203) 431-6434; or 800-444-
1428, for credit card orders.
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SCIENTIFIC DESIGN SOFTWARE announces that
Computer-Aided Crossover Design, cur-
rently available for IBM format com-
puters, will soon be released for use with
the Apple Macintosh.

CACD is a circuit optimization program
designed to develop both passive and ac-
tive crossover networks for loudspeaker
systems. CACD greatly reduces the trial-
and-error process of determining crossover
topology and component values, and in-
cludes the generation of an equivalent im-
pedance circuit model of any driver, or
driver/enclosure combination, so all net-
work designs utilize the actual driver load
and driver natural frequency response. It
also predicts the response ot the network
and driver combination and the input im-
pedance for amplifier load verification.

The software's data library of 750 driv-
ers and a library of standard circuits re-
duce hand entry of data. The program in-
cludes a reference book outlining loud-
speaker system design, documentation
and manual. Suggested retail price for the
IBM version is $349.95.

For further information: Scientific De-
sign Software, PO Box 3248, Chatsworth,
CA 91313, (818} 718-1201.
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F-DYNE ELECTRONICS CO., INC

tric absorption.

449 HOWARD AVE.
(203) 3676431 o

TWX: 710-453-0087 .

HIGH QUALITY CAPACITORS FOR THE
AUDIO MARKET

Top preamp manufacturers are using our polystyrene
and polypropylene capacitors having stable perfor-
mance, and excellent dissipation factors and low dielec-

SMALL QUANTITY ORDERS WELCOME
CROSSOVER CAPS A SPECIALTY
SERVICE FROM STOCK TO FOUR WEEKS
CUSTOM SIZES POSSIBLE
PLASTIC, EPOXY and HERMETICALLY SEALED
ROUND and RECTANGULAR CASES

F-DYNE ELECTRONICS COMPANY, INC.

BRIDGEPORT, CT 06605
FAX: (203) 366-0524
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Each subscription begins with the first issue
of the year and ends with the last issue of
the year. A sample issue costs $4 in the US,
$5 in Canada.

Subscription rates in the United States and
possessions: one year (six issues) $20, two
years (twelve issues) $35. All sets of back
issues are available beginning with 1980.
Caribbean and Canada add $4 per year for
postage. Overseas rates available on request.
NOTE: All subscribers residing the Western
Hemisphere are served by air.

To subscribe, renew or change address in
all areas write to Circulation Department,
PO Box 494, Peterborough, NH 03458; or
call (603) 924-9464 for MC/Visa charge card
orders. For gift subscriptions please include
gift recipient’'s name and your own, with
remittance. A gift card will be sent.

A Note To Contributors
We welcome contributions for possible pub-

lication in the form of manuscripts, photo-
graphs or drawings, and will be glad to con-
sider them for publication. Please enclose
a stamped, addressed return envelope with
each submission. While we cannot accept
responsibility for loss or damage, all material
will be handled with care while in our pos-
session. Receipt of material is acknowledged
by postcard. Payment is on publication.

Speaker Builder (US ISSN 0199-7920} is published bi-
monthly at $20 per year, $35 for two years, by Edward
T. Dell, Jr. at 305 Union St., Peterborough, NH 03458 USA.
Second class postage paid at Peterborough, NH and addi-
tional mailing office

POSTMASTER: If undeliverable send to SPEAKER
BUILDER, PO Box 494, Peterborough, NH 03458,

ACOUSTAT announces the new Spectra Pas-
sive Woofer. The SPW-1, utilizing four
6.5-inch woofers in a tuned enclosure, is
designed to increase the dynamic range of
their Spectra series speakers.

A modified 100Hz, 12dB/octave cross-
over relieves the electrostatic panels of the
bottom two octaves, allowing a 10dB in-
crease in dynamics with greater bass im-
pact. A network bypass switch in the
woofer allows the use of an external elec-
tronic crossover for biamped systems.

The SPW-1 is available with beige or
black cloth and a wood finish of light, dark
or black oak. The woofer has a retail price
of $600.

For further information, Acoustat, 613
S. Rockford Dr., Tempe, AZ 85281, (602)
967-3565.
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ACOUSTICAL MAGIC, manufacturers of speak-
er cabinet insulation for 30 years, has de-
veloped Flexible Borosilicate Ceramic
Mineral Coatings, which reduce the color-
ations in speaker cabinets.

The coatings, when applied to enclo-
sures with cone drivers, are claimed to im-
prove transparency with musical passages
and individual instrumental lines, with a
fast, open sound similar to ribbons and
ESLs. The product may be brushed on;
drying time is four hours; two coats are
recommended; nontoxic and nonpollutant.
Prices are $17/quart and $58/gallon, plus
shipping.

Contact: Acoustical Magic Co., 1201
Jaynes Dr., Grants Pass, OR 97527, (800)

| 654-4761.
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If you have any questions, please do not hesitate
to contact us:
FOCAL AMERICA, INC. 1531 LOOKOUT DR.
AGOURA, CA 91301 USA

- VOICE (818) 707-1629 ¢ FAX (818) 991-3072

A complete catalog of our drivers with full data

on each and over 30 kit designs with cabinet

plans and crossover diagrams is available for
~ $10 (postpaid in the US).

K2 KEVLAR® SANDWICH CONE

orld Radio History
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ATTENTION!

Owners of Magnavox and other Philips-based
16-bit 4X oversampling Compact Disc players

IMPROVED 1988 VERSION
of Philips Digital Filter
& Digital-to-Analog Converter

IMPROVED:
* Low-level Linearity
* Channel Separation

¢ Dynamic Range
* Signal-to-noise
Available direct from Euphonic Technology
IC set contains: 1 each of TDAIS41A, SAA7220P/B,
24 & 28-pin gold, machined IC Sockets
$89.95+$5.00 Shipping/Handling = &9
Credit card orders: 1-800-444-1428, Information: (203) 431-6434

E U PHON IC N Full upgrades and CD players available

19 Danbury Road
technology Ridgefield, CT 06877

@ Ahilene Resedrch and Development Corp

A Quality Texture Look

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

&-”&
| ‘!
__«g.

RESTORES OLD WORN OUT SURFACES

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

—Can reduce production spray room material and labor costs by “0 percent or more—

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

For a Irial order or swalch panel of TEXTURELAC with descriptive literature call or urite

Abilene Research and Development Corp.
l PO Box 294, Hewlett, NY 1155~
(516) 791-6943
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About This Issue

Bruce Edgar's interview with
Keith Johnson leads off this
largest Speaker Builder issue ever.
Johnson's thoughts are backed by
years of construction, experimenta-
tion, recording and most of all,
creative listening. David Lang
looked back at one of the early for-
mats of the electrostatic and figured
out a way to clone it. His sheathed
conductors are woven on common-
ly available fluorescent lamp dif-
fusers, giving ESL enthusiasts yet
another way to realize their favorite
format (page 18).

One of our readers in France,
Jean Margerand, did his home-
work on a new way to load drivers
in vented enclosures and the first
installment of his work begins on
page 29. David Weems opined
that chimney tiles could work as
low-resonance enclosure walls. His
guess, along with an arduous tech-
nique for cutting the stuff, make
good reading beginning on page 37.

Just how many henrys is that
coil, exactly? Contributing Editor
G.R. Koonce has devised a meas-
uring technique that does not re-
quire a bridge (page 43). The Reg
Williamson/Alan Watling team
from Britain gives us a fine im-
plementation of Peter Baxandall's
instrument (SB 5/88, p. 9) for
diagnosing how your amps and
speakers are getting along (page 47).

Dick Pierce will introduce you
to Chrome Dome on page 46. Jim
Frane updates his Polk mod (p.
60), Peter Muxlow reports on
some woofer magic from England
(p- 58) and reviews the new Bor-
wick speaker and headphone book
on page 50, where Gary Galo also
reviews some design software in
the review department.

Although our early renewal offer
ends as you receive this issue,
there’s still time to renew before
the first big 1989 issue comes off
the press in January.

Cover photo by Keith Johnson.
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Editorial

A PROGRESS REPORT

In late 1987 we made several decisions based on the
belief that Speaker Builder had come of age. We decided
to make the magazine a bi-monthly, recruited an adver-
tising salesperson, and strongly committed ourselves to
promote the magazine (o new readers.

We were also sure that Speaker Builder had become
part of a new segment of the loudspeaker business in
the United States. We were convinced the industry
needed a communication medium that could keep up
with the news and new developments in loudspeaker
technology. We founded Voice Coil, a monthly newslet-
ter edited by Vance Dickason.

The industry has responded positively to the publi
cation which is now read by about 40% of the industry.

For more than a year we had been actively searching
for a new home for our publications. We were fortunate
to find a suitable location in the West Peterborough sec-
tion of town and also fortunate to find contractors who
did the necessary renovations on schedule so e were
able to move into new offices at the end of May.

Staff cooperation and enthusiasm were major factors
in the smoothness of the move. Not only did we move
our offices, graphics equipment and darkroom and our
compuler systems, we moved almost 100 pallets of back
issues of the magazines from overage, soon-to-be de-
molished chicken coops to dry, accessible storage only
a block from our new work facilities. On magazine mov-
ing day a large forklift lifted pallets out of the chicken
palace, onto an overlong flatbed truck, across town to
their new home.

While all this was going on, we settled into the new
quarters and struggled to keep on schedule. Rally Den-
nis, our new ad representative, stepped up his year long

campaign to bring more vendors into Speaker Builder s
pages. Advertising contracts and pages began to multiply.

In our efforts to find new readers, we had a lot of help.
Our friends at both Stereophile and Absolute Sound were
a major source of assistance in several ways—and con-
tinue to be helpful. We used new means to reach readers
from related enterprises, like car stereo buyers and those
interested in woodworking.

We began 1988 with some 4,700 subscribers. As [ write
this the US/Canada total is just over 9,300. We have had
the pleasure of moving from an occasional second color
to full color on our covers—which will continue in 1989.
This issue is 88 pages, our largest ever.

But lots of magazines get larger and add more adver-
tisers. The hard part is keeping the quality of the con-
tent high—or making it even better. Believe it or not, for
Speaker Builder that is the easy part. The work our
authors have produced for these last six issues is as good
or better than that in any of the magazine's previous eight
volumes. And the quality is a direct result of their im-
agination and diligence.

If this sounds like patting ourselves on the back, for
me at least, it is rather an expression of my profound
admiration and gratitude for the work of the staff and
the work of the dozens of authors who make the whole
enterprise possible.

We have exciting plans for 1989, Speaker Builder's tenth
anniversary. The variety of the articles we are readying
for publication in the upcoming issues is the equal of any
we have ever done. And the ideas are fresh and new.
Two new interviews are in the works, construction pieces
abound, and two of them are unique designs. I look for-
ward to 1989 with great enthusiasm and anticipation.

CONTAMINATION CONCEPT

If you were not present at the Audio Engineering Socie-
ty’s most recent meeting in Los Angeles (Nov. 3-6), you
missed a paper delivered by Deane Jensen and Gary
Sokolich entitled "Spectral Contamination Measure-

ment.” Let me be the first to call your attention to it.

Mr. Jensen is well-known for his Jensen transformers
but has also pioneered the use of the Hewlett-Packard
compuler system for sound analysis work. The test facili-
ty required for this new form of distortion analysis is
complex and expensive but the results of the Jensen-
Sokolich preliminary work show great promise for
isolating some new clues as to how amplifying devices
color signals passing through them.

Briefly, they use a Wavetek Waveform generator to
produce a "picket fence'’ series of signals about 30Hz
wide, alternating with frequency spaces of 30Hz with no
signal in them. Along with an H-P computer to control
the process with a number of filters, attenuators and
amplifiers, they produce nonlinear distortion products in

the areas between the signal which Jensen and Sokolich
call “spectral contamination.”

[ will not venture to use the term "breakthrough
about this paper. It is too early for that. Those of you
who have labs at your disposal for duplicating this work
are strongly encouraged to do so. Doubtless Jensen and
Sokolich will welcome your input, and those of us who
cannot participate will wait expectantly on the sidelines
for your field reports.

The paper gives enough samples of distortion products
not heretofore quantified in just this way—to give hope
to those of us who hear anomalies in sound reproducing
equipment that are not fully accounted for by the current-
ly available distortion measuring methods—that these mys-
teries will begin to have scientifically reliable verification.

—E.T.D.

Preprint 2725, 12, availabie tromy the AES 60 Fast 42nd St New York NY Uhes
$4.00 for members and $5 00 tor non members: ppd i the US
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A CONVERSATION WITH
KEITH JOHNSON

BY BRUCE EDGAR
Contributing Editor

n some way, every loudspeaker re-

flects the personality, that is, the per-
sonal likes and dislikes of its designer,
especially if the end product is tuned by
ear. In the case where one particular per-
son is connected to a series of speaker
designs, it is always interesting to ask
this designer for the rationale behind his
design choices and to gain some insight
into his thinking and creative processes.

Thus it is refreshing to talk to a de-
signer-engineer like Keith Johnson, who
can give a clear explanation of how his
designs have evolved and pass on useful
information to Speaker Builder readers.

I visited Keith in his small but tidy
workshop/office, located in a rural area
south of San Francisco. He maintains a
very active consulting business in loud-
speaker design, instrumentation, and
digital circuit design, besides being the
recording engineer for Reference Re-
cordings. Keith is the only loudspeaker

ABOUT THE INTERVIEWER

Dr. Bruce Edgar is a Space Scientist/Project Engineer
for a Los Angeles based aerospace company and a
Contributing Editor for SB. His interests include horn
loudspeaker design, woodworking, and the history
of loudspeakers.

engineer I know who has two Grammy
awards to his credit.

Speaker Builder: Keith, you've been in-
volved with audio for a long time and
have achieved a certain amount of fame
as a recording engineer. But how did you
become involved with loudspeakers?

Keith Johnson: Probably, it started
when I began recording, which goes
back to high school in Dallas. I did a
stereo recording of a pep rally using a
much modified Pentron tape recorder. I
also built a pair of Williamson amplifiers
and installed a pair of 5-inch Goodmans
speakers on open backboards.

SB: That might have been one of Ted
Jordan's original full-range designs (SB
2/84}.

K]J: I believe it was. It was an exquiste-
ly good little driver. It was my first en-
counter with speech reproduction that
sounded definitely like speech. They
eventually died after much use. I moved
to the San Francisco region where I built
a three-track recorder. I came across a
number of BBC Goodmans monitor driv-
ers that I liked and proceeded to build
enclosures for them.

SB: What kind of enclosures were they?

K]J: They were sealed enclosures that
had active equalization to extend the bot-
tom end. I experimented with cone treat-
ments that I learned from an engineer
at Ampex, placing little bits of tape selec-
tively on the cone to smooth out the
response.

SB: How did the three-track machine
originate?

KJ: In the early fifties, stereo recording
at the laboratory level used three tracks.
It was Ampex' first multitrack endeavor.
As a high school student, I had a chance
to see that system. I liked it very much
and decided to build one for myself, as
kids do when they get started. I started
to rebuild the Pentron recorder. Even-
tually, all that was left of the original
machine was the metal frame and the
capstan bearing. But it gave me a chance
to pick off the mechanical parts one at
a time and make improvements on
them. The playback system used three
Williamson amplifiers with three 8-inch
monitor speakers.

SB: How did you figure out where to put
the tape on the cone?

KJ: You do that by playing pink noise
through the speaker on a partially sealed
box so the back wave won't confuse
things. Then you touch parts of the cone
symmetrically with all five fingers and
find positions that make significant dif-
ferences in the sonics of the pink noise.
And the larger the difference, the more
likely you have placed your fingers on
a nodal structure—the peak part, not the
interference part. By this mapping pro-
cedure, it is possible to figure out where
all the nodes are. You can make little
holes at the nodes, or you can try put-
ting little bits of tape on the peaks to
break up the nodal structure, although
it will appear in a different way. By play-
ing games with these tricks, it is possi-
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ble to take a speaker with cone cry col-
orations and more or less make them ap-
pear to go away. I still do the same
things to my speakers today.

SB: Where did you go to college?

KJ: I went to Stanford and received an
Engineer's Degree in E.E. I also took
pipe organ instruction at Stanford and
grew to like music a great deal. That's
why recording and speakers became
more serious endeavors because at that
time there wasn't anything good avail-
able in stereo—it was all mono then. I
could go out and make a three-track
recording of a concert and play it back
on my three monitors. And there wasn't
anything close to it available commer-
cially.

At that time the three-track machine
was not very portable. Because there
were many recording opportunities, I
made the portable three-track machine,
that in its upgraded form we still use to-
day at Reference Recordings .

SB: What was your research topic at
Stanford?

KJ: 1 was involved in building trans-
ducers; the prime one was a magnetic
flux switcher which was used in oil ex-
ploration. My job was to make switchers
out of thin films, a technology which
proved to be useful to me later in mak-
ing recording heads and microphone
diaphragms.

SB: What microphones were you using?
KJ: 1 was beginning to build micro-
phones because what was available were
either limited in frequency range or very
noisy. By luck I encountered some Senn-
heiser FM microphones. The FM elec-
tronics were well thought-out and very
quiet. I had to rebuild the diaphragms
and chose thin film techniques. In the
process, there was an immediate im-
provement in the sonic quality, even
though the frequency response had not
changed very much. That was my initial
realization that something audible was
going on with the mass of a driver. I
noticed the same phenomenon with
small electrostatic speakers that were
just starting to appear. They had a far
more articulate top end than did the cone
speakers at that time.

SB: Did you experiment with elec-
trostatics?

KJ: Yes, I played around with some lit-
tle German imports and the Radio Shack
Electrostat 3. They didn't work well, but
they gave me some background on how
they could work if done right. Later, I
built a three-channel electrostatic system
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PHOTO 1: The three-track tape recorder used by
Keith Johnson in recording sessions for Reference
Recordings.

which clearly showed up the cone cry
problems of the 8-inch monitors.

SB: What do you mean by cone cry?

KJ: I mean the resonant breakup modes
on cone speakers. I used the 8-inch
monitors for years. They added to my
knowledge that there is every indication
that you can hear ''mass’'—that is you
can hear how ""heavy'’ a diaphragm is.

I learned about the
properties of cone
papers, as well as
other cone materials,
the interplay of
porocity and fiber
length, and the dif-
ferent paper fabrica-
tion processes. I also
experimented with the
subtle ways that
resins in the cone
material can make
changes in the
acoustical response.

SB: Do you imply by the term "“mass,”
a high frequency rolloff?

KJ: No, it's not. If it were that simple,
the Japanese would not be doing the op-
posite by building speakers with extraor-
dinary heavy materials. They have gone
off on a fantasy of building diaphragms
out of the heaviest, stiffest, and hardest
materials they can find—like carbon
fiber, titanium, and so forth.

SB: So how do you hear mass?

KJ: For example, I could put voice coils

on an egg shell, a tuna can, and a card-
board box and build a very complex
equalizer to make that crude 'speaker”
system have a very flat response. But
even with very flat response curves, it
would still sound like its constituent
parts; because the human brain can
recognize sounds of familar objects even
though they are as much as 40dB down.

SB: So you claim that any particular
material or mechanical structure induces
its own colorations that the ear-brain
system can detect.

K]J: Yes, but in the presence of complex
signals, with practice you can hear these
colorations roughly 40dB below the
peak. If you were to add or subtract
these sounds 40dB down from the fre-
quency-response curve, you will not see
them. They are invisible to normal
measurements.

I have coined a word, "'eigensonics’’
to describe the phenomenon. The term
eigenvalue comes from the German
word for solutions to differential equa-
tions for mechanical vibrations. For ex-
ample, a ringing bell has eigenvalues.
And the ear-brain system is remarkably
sensitive to these eigenvalues or eigen-
sonics which can be familiar sounds like
those of plates, domes, strings and bells.

SB: What are the problems with massive
drivers?

KJ: When you supply an impulse of
energy to a massive driver, it will store
that energy for a period of time; so you
will have plenty of time to recognize the
things that are going wrong after the
signal has changed. When this behavior
is damped and low Q, it is more likely
to be excited by program frequencies.
On a lightweight driver, the impulse is
over quickly. The natural behavior may
have a higher Q, however its narrow-
band character makes it less likely to be
excited by the program. That's one of the
reasons that I like the sound from light-
weight drivers over heavier ones. There
is a certain neutrality about lightweight
parts.

SB: What was the next stage in your
career?

K]J: I set up Gauss Electrophysics with
a partner, Paul Greg. We both combined
inventions to start the company. He had
some of the basic video disc concepts
worked out, and I had the focus gap
recording head with a beamed rf bias
that made very high-speed tape duplica-
tion possible. We put a few machines out
in the field that worked, and overnight
that machine set standards for the whole
prerecorded tape industry. All of a sud-




den, the industry was dealing with end-
less tape loops, continuous duplication
without hand-loading, and machines that

could run faster than record presses.

SB: How far did you take the Gauss
business?

KJ: I stayed with them while Ed May,
who had come over from JBL, was start-
ing the Gauss loudspeaker efforts. His
son, Dick May, was head of marketing
for Gauss. I learned much about speaker
manufacturing, design, and testing from
Ed. Later, I sold out of Gauss and re-
sumed consulting in the early seventies.

SB: What type of consulting did you do?

KJ: One of my clients was a speaker
manufacturer who had a contract with
a department store chain for home stereo
speakers. It was the perfect chance for
me to design drivers from the ground
floor up, apply some of my knowledge,
and not be picky about the end results.

SB: Who made the drivers?

K]J: The drivers were originally made by
CTS and later by others here and abroad.

SB: What were the problems associated
with the speakers?

KJ: They were not the problems we
have today. At that time the major dif-
ficulties were getting a tweeter to go high
enough and not be a midrange, a woofer
that would go down low enough and not
be a midrange, and a midrange that did
not have bunch of resonances in the
midrange. The other problems were
with tooling that was designed for table
model radio speakers and with speakers
that didn't have room for excursion.
Most of the problems were mechanical.

SB: What did you learn from designing
these systems?

KJ: I learned about the properties of
cone papers, as well as other cone ma-
terials, the interplay of porocity and fiber
length, and the different paper fabrica-

I don’t have any
speaker that I like.
They all have their
problems as well as
their virtues. Much
goes back to eigen-
sonics. If you know
what the problem is, it
just glares at you.

PHOTO 2: Keith examines a driver for excursion and linearity.

tion processes. I also experimented with
the subtle ways that resins in the cone
material can make changes in the acous-
tical response.

SB: Were you able to rid these cheap
speakers of their acoustical ills?

KJ: Yes, in a way, but it took me one
year to work out a 12-inch woofer. It had
a remarkably flat response, and the
breakup-mode ripples were probably no
more than 2dB. It had a glass polyamide
voice coil with a very thick top plate and
a small magnet—what I called a "‘mys-
tery magnet special.”

SB: It was probably way underdamped.

KJ: Yes, but everybody is aware of the
BL factor or force factor limitations of
that design. It was made that way by
economic choice. In all other aspects, it
was a very serious woofer and will play
very well without a crossover. My de-
velopment time did not add much to the
cost of the woofer. The driver ended up
in many rack systems, and similar ver-
sions were copied by others.

In the bass-reflex version, the panel
resonances in the voice region forced me
into the compromise of setting the port
tuning to a lower frequency. The boomy
bass was set at the same level as all of
the other obnoxious faults, so that no one
fault was compounded upon by others.
But that's what goes on in the design of
cheap three-way rack systems.

During a break, Keith pulled out a driver
that a client had sent him to check out
{Photo 2). The way Keith manipulated the
speaker with his fingers, checking the sus-
pension linearity and excursion limits, re-
minded me of a doctor gently palpating a
patient’s abdomen with his fingers to make
a diagnosis.

SB: What other activities were going on?

K]J: I was also consulting on instrumen-
tation so that loudspeaker design was lit-
tle more than a hobby. Meanwhile re-
cordings were happening. I needed mon-
itor speakers that were easily transport-
able and that I could use to evaluate re-
cording sessions. The old BBC monitors
could not survive in that environment.
So I started to work with catalog speak-
ers like everyone else.

SB: What type of monitors did you use?

K]J: For a long time, they were all 8-inch
two-ways, but with larger volumes so
that the drivers would not be straining
to compress the enclosed air. At any one
time, I would have three pairs of dif-
ferent configurations. One pair would be
for listening in a room, another pair
would be under construction trying to
sound better than the pair I hated, and
a third pair would be stashed away in
case something broke.

SB: Do you find yourself going through
love-hate relationships with your
speakers?

KJ: Oh yes, I don't have any speaker
that I like. They all have their problems
as well as their virtues. Much goes back
to eigensonics. If you know what the
problem is, it just glares at you.

SB: What did you do to improve the
catalog speakers?

K]: First I took the speakers as they were
and learned how they behaved and mis-
behaved. One of the best improvements
was to map out the cone and put tiny
holes where the nodes were and also put
small selective damping materials on the
main vibration peaks. It took days to
map out a cone.

Speaker Builder / 6/88 11




PHOTO 3: The scanning microphone mechanism for mapping out the nodal structure of a diaphragm.

SB: Did you accomplish that with your
finger technique?

KJ: At first I did it by hand, but it be-
came obvious that it was a very clumsy
way to map a cone. So I built a special
differential microphone which allowed
me to scan a cone.

SB: What is a differential microphone?

KJ: For example, a ribbon microphone
is often a differential microphone. The
pickup pattern is a figure-eight with one
lobe 180° out of phase with the other
lobe. In the case of my microphone, the
physical resolution is roughly %,-inch for
node definition. At first I used my thin
film techniques to make the diaphragms.
The present ones use matched electrets.

SB: How did you use the differential
mike to detect the nodes and peaks?

K]J: If you scan radially along the cone
with pink noise excitation and with one
lobe pointing down, you can tell which
part of the cone is radiating. With a noise
generator and a spectrum analyzer or a
fast sweep oscillator, the resonant modes
become obvious. To find the nodes, posi-
tion the mike sideways so that the null
in the pattern is pointed toward the cone.
Where the cone is moving like a piston,
there will be little output from the micro-

phone. However at an interference node,
the output becomes a sharp spike.

SB: Do you find that these nodes are the
size of a pin or are they larger?

KJ: They vary. The most common loca-
tions are the center of the dome dust
cover, and at the edge where the dome
terminates at the cone. Also there are a
series of nodes about two-thirds down
the cone and along the cone, as well as
the surround boundary. This mapping
technique gives us a powerful tool for
changing cone behavior. At that point,
how to change and what to change be-
comes proprietary knowledge.

SB: What other experiments were you
doing with your monitors?

KJ: Probably the most interesting was
the comparison between paper and poly-
propylene cones, where both systems
are equalized for close comparative fre-
quency response. In a recording session
you have to hear as much as possible
from your monitors. So a recording ses-
sion hinges on them as much as on mi-
crophones. And one of the big surprises
was how much difference cone materials
make in monitor performance.

Of the ones that we have used in re-
cording sessions, the least satisfactory

Usually, I use a fast-frequency sweep for do-
ing an approximate response. I can do that in
a room like my shop here. The sweep is fast
enough that the first wall reflection does not
affect the results. That procedure works well
for frequencies down to 200Hz. Below 200Hz,
I do measurements outdoors with a slow
sweep and a pen plotter.
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PHOTO 4: A closeup of the differential microphones.

monitor used a polypropylene cone. Its
major difficulty was that we could not
hear important details in playback, and
so the recording would be overmiked or
miked too close. Playback on electro-
static speakers made it very obvious that
the microphone placement was too
close.

SB: What are the problems with poly-
propylene cones?

K]J: The main one is distortion. Although
I haven't done a detailed stress-mode
analysis, apparently the material is under
stress such that it undergoes plastic de-
formation rather than elastic deforma-
tion. So it has a distinct hysteresis loop
problem. I have observed that behavior
trying to close a servo loop on a polypro-
pylene woofer. Under high power, it be-
haves differently than at low power
levels.

We are back with the problems of
heavy moving structures. It takes a long
time to settle after excitation so they
have a murky sonic character.

SB: Describe your present monitors
(Photo 5).

KJ: My pine box monitors have lamin-
ated walls, and the one I like the best has
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PHOTO 5: Keith Johnson’s monitor speakers for his recording sessions. The pine box monitor is on the
left, and the ‘‘black box’’ monitor is on the right. Notice the Q-Tip used as a phase divider on the ribbon
tweeters. The pipe organ that he is rebuilding is in the background.

a Polydax poly-paper woofer and a Mit-
subishi ribbon tweeter (with the horn
removed). It has been used for some of
our best vocal recording sessions. It has
been very truthful in telling us how close
or how far the microphones should be
or what kind of imaging we should ob-
tain. The speaker plays tremendously
loud when it wants to with no signs of
stress.

SB: What about your “black box"
monitors?

K]J: The black box monitors have for-
mica siding and a biamped system with
a servo-controlled woofer. The woofer
cone has been tweaked with ridges and
holes. They have exciting dynamics and
present very good instrument staging.
But they also have some strong voice col-
orations that we have learned to live
with. Tam Henderson, our producer at
Reference Recordings, just hates them.
Everytime I show up with them, he just
moans and groans about how awful they
sound. Yet the black box monitors have
been the most predictable as to the suc-
cess of the end product.

SB: How do you test for the frequency
response of your speakers?

KJ: Usually, I use a fast-frequency
sweep for doing an approximate re-
sponse. I can do that in a room like my
shop here. The sweep is fast enough that
the first wall reflection does not affect
the results. That procedure works well
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for frequencies down to 200Hz. Below
200Hz, I do measurements outdoors
with a slow sweep and a pen plotter.

SB: What kind of a microphone do you
use?

KJ: I use a B&K with a %-inch head,
because I can trust it off axis with my
clumsy measurements. With the z-inch
head you have to be right on with the
axis alignment, or you don’t get true
high-frequency measurements.

SB: How do you handle imaging?

K]J: Imaging is very much related to out-
of-phase or random-phase behavior off
axis. Imaging is absolutely paramount in
a speaker. Because when it works, it is
absolutely magical with a good recording
and a death knell with a bad recording.
In a speaker that doesn't image well, a
bad recording will not sound too dif-
ferently from a good recording because
the speaker doesn't tell you what's hap-
pening.

The classic example of speakers that
don’t image too well are the old studio
monitors. In fact, often the better the
recording, the worse it sounded on them.

SB: What was the problem?

K]J: The main culprit was the midrange
horns that have diffraction and internal
reflection effects that create weird phase
characteristics, particularly off axis.
Their designers had only one objective
in mind: a flat on-axis response.

SB: How do you test for imaging?

KJ: When two stereo speakers are con-
nected in mono, the sound should ap-
pear to come from the center. If you re-
connect for stereo and reverse the polari-
ty to one of them, then the sound should
appear to come from the sides or the
rear. On some monitors, you can't tell
the difference between a stereo and a
mono connection except that you lose
some bottom end with the latter. Or you
reverse polarity in one speaker, and you
can't tell the difference.

SB: Could you say that consumer speak-
ers have better imaging?

KJ: Oh yes. Interestingly, the rack
systems, certainly the ones I designed,
have very good imaging. There was a
while there when the consumer had
much better imaging capabilities than
the recording engineer in his studio. And
it became apparent when chorus effects
in modern synthesizers were not being
well-reproduced in studio monitors. That
was one reason why the little black
Yamaha monitors have become so pop-
ular in the studios. They have good im-
aging, and they predict reasonably well
how a recording will sound on a variety
of systems.

SB: When did Onkyo approach you?

K]J: It was about two years ago. They
had heard about me from a number of
sources. I was contacted by David Birch
Jones of Onkyo USA, who wanted
Onkyo to get into the US speaker mar-
ket. The US marketing arm had already
reported back that the Japanese product
would be unsuitable for the US market.
And also Onkyo would have to start
from scratch and get an American de-
signer to deal with products that would
work here. Onkyo decided to set up a
separate speaker product line which be-
came known as Precise.

Things started quickly. I had to set up
listening sessions with American and
English speakers, literally training the
Japanese engineers how to listen to the
speakers and what was important for the
American market. We went through sev-
eral days of hard listening. For a while
no one was hearing the difference. Even-
tually, we got some consensus. The best
material we found that could show how
it could work were Star of Wonder {Ref-
erence Recordings) for spatial effects,
Serendipidy (Reference Recordings) for
clean jazz sound, and Simply Red
(Elektra) for vocal reproduction. On a
popular Japanese three-way system, the
records would sound flat with little di-
mension or depth and with the in-




struments appearing to hang on a clothes
line between the speakers. On most
competitive American speakers, the
whole room would come alive.

SB: What was wrong with the Japanese
speakers?

KJ: We were back to the problems with
standing waves and breakup modes on
woofers and hard domes.

SB: What was the next development
step?

K]J: I worked out a set of designs in the
Precise line. I specified the magnet
weights, voice coil geometries, and cone
materials.

SB: Did you have much problem in
specifying the drivers?

KJ: No, that part was easy. It was old
hat to me because I had taken so many
speakers apart. The difficult problem
was to correlate the Japanese measure-
ments with what you hear.

SB: What measurements do they use?

KJ: They do the traditional ones—
frequency response, group delay, and
power response in a reverberant room.
Those three measurements will tell you
many things of how a speaker will
sound. But you are looking for the little
squiggles in the response where it is roll-
ing off.

SB: When you look at a response, you
typically see many ripples. How do you
tell which ones are harmless and which
ones will color the sound?

KJ: That is where instinct and
knowledge come in. Given an 8-inch
speaker, I know that the surround will
take off at 200Hz. If it has a dome, it will
take off at 3-4kHz. How fast the re-
sponse rolls off will tell me the amount
of phase shift that occurs and the type
of crossover to use.

SB: Do you have a favorite crossover
type, or is it dictated by the specific case?
KJ: It is dictated by the specific case. The
rolloff of the driver tells you a little bit.
Is it fast or slow? Are there resonant
points? Where are the nodes? What does
it sound like as a raw driver? All these
factors play important roles. Then, you
try to guess how the phase shifts will oc-
cur, because you want to treat how the
acoustical crossover will work, not the
electrical.

SB: Are there cases where the standard
crossover circuits work?

K]J: Only when the drivers have a wider
response than the crossover region. Un-
fortunately, in a practical system that is
not likely to be encountered. After all,

why sacrifice the bottom end of a woofer
to give it two extra octaves of top end
so that a classic crossover can be used?
It is better to use the driver right to the
hairy edge, get the best bass response,
and then deal with a nonstandard cross-
over to make the system work.

SB: Do you have computer programs to
generate crossovers, or is it done by cut
and try?

KJ: It's both. I have charts I use. Onkyo
has a very good computer program that
was used to generate the best computer
crossover match for each system. Then
they actually built them up. That was
our foundation. Then we started to
tweak components to see what made
audible changes.

So far with only one exception, the
computer generated crossover has not
been that close. The computer can't take
into acount the eigensonics of the driver.
The computer doesn’'t have a way of
making subjective decisions.

SB: Computer people will not like to
read that.

KJ: Well, you have to have the physics
and engineering background to under-
stand how things work, and the com-
puter will give you a good start. Then
you have to have the instinct from hav-

ing done it many times before and see-
ing how drivers misbehave in ways you
can't predict. The final point that makes
a good audiophile system is the countless
hours of listening, evaluating, and mak-
ing subjective judgements.

SB: But can't you get yourself into little
traps with subjective judgements?

KJ: Oh yes, but experience and some-
times creativity will keep you out.

SB: Do you try to have continuous phase
transfer or constant group delay between
drivers?

K]J: Group delay is what I like to have.
The computer works that out quite
nicely.

SB: Do you try to design for constant
group delay with physical alignment or
the crossover?

K]J: I do both because of the interplays
between forward-backward alignment,
baffle size, and crossover.

SB: In the Precise line, you start off with
a series of two-way speakers, continue
with a two-way with a passive, and fin-
ish with a three-way design. What was
the philosophy that decided that product
mix?

KJ: The primary one was market phil-
osophy because you have to start with

PHOTO 6: The Precise Acoustic Laboratories line of speakers developed by Keith Johnson. The Monitor
3 Is the small speaker to the left in the front. Next to it is the Monitor 5. In the back row from left
to right is the Monitor 7, the Monitor 9, and the Monitor 10.
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a product that people want and can af-
ford. The Monitor 3 competes with the
entry level speakers that many manufac-
turers make. But it is a serious loud-
speaker in many respects and has had
as much engineering work done on it as
any of the other products.

SB: What are the main differences as you
go up to the Monitor 5 and Monitor 7
models?

K]J: The Monitor 5 has essentially a big-
ger enclosure and a slightly different
crossover balance. The tweeter has a lar-
ger magnet with a hollow pole to extend
the lower frequency response. The 8-
inch woofer has a bigger magnet and a
more sophisticated moving structure.
The Monitor 7 is essentially the same
speaker as the Monitor 5 but in a bigger
enclosure. The Monitor 9 is an 8-inch
two-way with a passive radiator and
larger woofer and tweeter magnets.

mounted passive radiator. It has a little
bit less bottom end compared to a rear-
mounted drone, but it has a tighter sonic
character. Also, when people pick up a
speaker, they tend to grab from the rear
to the front and may inadvertently
destroy a rear mounted drone.

SB: Why did you choose to make the
Monitor 10, the top of the line, with a
time-aligned® configuration?

K]J: Primarily, it was a dollar and cents
decision. The Monitor 10 is a compli-
cated system with many more piece
parts. The Monitor 10 has an approx-
imate time alignment with a more com-
plicated crossover.

SB: What materials have gone into the
cabinets?

K]J: All the speaker cabinets are made
from a high density particle board
{(MDF). As one goes up the product line,

If you take a driver and mount it on just a baf-
fle board, you will be amazed how much
sound is transmitted via the baffle board as
measured by an accelerometer. An easy way
to control the panel vibrations is to cut a slot
in the wood and fill it with compliant

material.

SB: Are the enclosures sealed?
KJ: No, the whole line is ported or
passively tuned.

SB: I don't see any ports on the front.

KJ: The port is on the back, primarily
for cosmetic reasons.

SB: Did you run into any problems with
the passive radiator on the Monitor 9?7

KJ: You better believe we did. Passive
systems are very difficult to design, of
all the various types of tuning. But they
are the simplest to make. The problems
were in the various surround resonances
in the woofer and passive radiator, cone-
drone interactions, and standing waves
in the enclosure. We have the develop-
ment of the speaker now to the point
where the listener won't hear any of the
woofer-drone interactions.

SB: Is there a reason why the drone is
on the front?

KJ: We wanted the drone to reinforce
any wave front activity from the woofer.
The speaker sounds better with a front-
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there is also more sophisticated cabinet
bracing.

SB: How did you decide where to put
the bracing?

KJ: We drive the speaker and look for
misbehavior with the drivers in place, or
with a mini-speaker inside.

SB: How do you detect panel vibrations?

K]J: I detect panel resonances with an
simple accelerometer. I move it around
to find the most significant vibration
peak. I've equalized the accelerometer
output to compensate for panel radiation
resistance and accelerometer frequency
variations.

SB: The Precise literature describes slots
in the front panel. Can you fill in the
details?

KJ: As you can see on my pine box
monitors, the baffle board is mounted on
hard rubber. That's done because if you
take a driver and mount it on just a baf-
fle board, you will be amazed how much
sound is transmitted via the baffle board

as measured by an accelerometer. An
easy way to control the panel vibrations
is to cut a slot in the wood and fill it with
compliant material.

SB: Where do you put the slots in the
Monitor line?

K]J: The front panel is a separate piece
from the rest of the enclosure, attached
with a form of low-temperature hot melt
glue that doubles as a glue and a damp-
ing gasket. We only use it on the two-
ways because we want to damp out the
objectionable cabinet resonances that
usually show up in the crossover region.
On the three-way, the driver range is
more restricted, and we deal with vibra-
tion problems in different ways.

SB: Where is the crossover point be-
tween the midrange and the woofer on
the Monitor 10?7

KJ: I don't remember exactly, but it is
in the neighborhood of 125-150Hz. The
computer said that it should be 200Hz,
but subjective listening moved it down.

SB: That low crossover point means that
you must drive the midrange hard.

K]J: The mid is pushed hard. But it is a
very good full-range reproducer at
6.5-inch diameter. At 125Hz and at high
power levels, it is really moving! To keep
the distortion down, the voice coil is
moderately long. Yet it can't weigh very
much because it has to extend into the
high frequency range. So the only way
to make it is to use thin wire in the voice
coil and a very big magnet. It is not a
very cheap driver.

SB: What about the midrange power
handling capabilities?

KJ: The driver can handle high power
levels. The voice coil uses a glass
polyamide former which can withstand
tremendous temperatures. We do that
for speed of response because we've
learned that if a speaker is fast with low
mechanical loss, then you have a subjec-
tive jump factor in the bass that creates
excitement. It's one of the areas that
polypropylene cones do very poorly.

SB: So you believe in "fast’’ woofers?

KJ: Really fast woofers have large BL
products that can give large push. That's
an expensive woofer to make because
you are not relying on the weight of the
cone to keep it under control. You are
relying on the motor structure and linear
compliance to make it work. This type
of woofer does take a bigger cabinet
volume because you don't have the cone
mass for low tuning.

SB: I've noticed that you like soft domes.




K]J: So far I've never heard a hard dome
I've liked. The main problem is that they
are too heavy and take too long to set-
tle, which is audible.

Of course soft domes have com-
promises too. The soft dome, by its very
nature, does not move all of its parts at
the highest frequencies. At the upper
cutoff, it becomes an annular radiator
with the center making no contribution
at all. Thusit's faster than a rigid system.
So the soft dome comes closer to a rib-
bon driver which I like best.

SB: So would your ideal tweeter be a rib-
bon?

KJ: Oh yes, I can say absolutely from my
experiences in recording sessions. But
ribbons are very hard to make and use
expensive magnets.

SB: After all your monitor speaker work,
are you close to your ideal speaker?

K]J: It is close, but no potatoes as they
say. The more I play with speakers and
deal with the compromises of physics,
the more I am convinced that you would
like to have a driver that weighs nothing,
has infinite stiffness, has different speeds
of sound in it, and doesn't require any
objects in front of it. If you could build
a system with all those features, it would
be a good foundation.

SB: Would your ideal system have only
one driver?

KJ: Not necessarily, it would depend on
what one could get away with. The ideal
system would reproduce voice in a room
that would sound like the person was
there. That's the top priority. It also has
to be able to shake the place and produce
spatial effects.

SB: Getting back to the present, how has
the digital revolution affected speaker
design?

KJ: Digital recordings have affected
speakers in both positive and negative
ways. In digital recordings, you can have
random phase all the way down to near
DC. On an analog record the maximum
energy at low frequencies has to be more
or less in phase. With digital recordings,
you can realize a more ethereal, large
and powerful bottom end without chan-
nel-to-channel phase restrictions. An
analog recording will capture the real
bass aura or bloom better, since it
doesn’t let go or cut out in the final
decay.

As you go up in frequency, digital
recordings tend to advertise or separate
various drivers. It made it very difficult
to identify a good speaker from a not so
good one, that is they can sound more

alike. For example, cymbals sometimes
have a phasy, hissy character as a result
of time-delay modulation going on in the
filter in your CD player. That phenom-
enon for a time discouraged work on
tweeters, because if you build a better
tweeter you have nothing to show for it.
On an analog recording, you can hear a
tweeter merge into the rest of the speak-
ers, versus standing out and scratching
at you as found with some digital re-
cordings.

Most of the people who do digital en-
coding are now aware of the problem.
And there are new encoders on the mar-
ket that have decimation or symmetrical
analog filters to correct the problem. The
Apogee filter, for example will take away
that brittle dull sound and will put more
emphasis on building better tweeters.

A moving membrane
speaker...made out of com-
posite materials...worked
out by complex computer
programs.

SB: Where do you think loudspeakers

will go in the near future?

KJ: I think more speaker systems will go
the way that audiophile systems are
heading. Manufacturers and designers
are looking at new materials and ways

to apply physics. Cones, domes, elec- |

trostatics and so on, have been around
for a long time, and there is only so
much you can do with them. I think the
next really new breakthrough will be
akin to achromatic lenses, in which the
moving parts will be designed with CAD
techniques. It is possible to design a
moving membrane speaker. It may be
a strange device, made out of composite
materials that can only be worked out
by complex computer programs. Such a
system may be an order-of-magnitude
improvement in sonic capabilities, com-
pared to what we have now. The com-
plexity of that design would be on the
order of designing a zoom lens. Some-
time in the future if someone perceives
a need for such a design, I think a very
fine system will result.

SB: Keith, thank you for a very enjoyable
conversation. b
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Sixth Generation
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as now. by Peter Scheiber
Edward T. Canby, 1987,
AUDIO Magazine

Peter Scheiber, the ‘father’ of sur-
round, and Jim Fosgate, the \
inventor of variable speed logic
steering, present PRO®PLUS®.

BEST OF BOTH WORLDS:
PURE CLASS ‘A’
ANALOGUE SIGNAL
PATH and DIGITAL
STEERING LOGIC

Complex program material often causes
a momentary soundfield coliapse in
other processors but not with PROe
PLUS. Proprietary high-speed digital
steering logic automatically shifts attack |
and release times to maintain maximum
interchannel separation.

Combined with the ‘purest’ and most
sophisticated signal path in any sur-
round processor, the result is a natural
and incredibly spacious soundfield that
extends beyond the boundaries of your
listening room walls.

YOUR TICKET TO SPACE!

Stereo processing is no mere after-
thought. Fosgate surround processors
accurately re-stage conventional stereo
or surround encoded sources into a
360° soundfield with the acoustical
space of the original performance.

Dolby Surround’ 1s a Trademark of DOLBY Labs Licensing

orp
‘PRO®PLUS 1s a Registered Trademark of Fosgate. Inc

NOTHING ELSE EVEN
COMES CLOSE!

Atew of the more than 200 F osgate Retail Dealers throughout
theus

Harvey's. NYC, Designatron. Hicksville, NY, Audio Exchange
NYC. Sound by Singer, NYC, Audio Intenors, Hauppauge. NY.
Amenican Audiophile, Lynnbrook, NY, Rowe Photo. Rochester,
NY, Paul Heath, Chicago, IL. Jonas Miller. Sania Monica. CA
Laser's Edge, Canoga Park,CA, Marconi Radio, Giendale. CA
Stereo HiF 1 Center, Torrance, CA, Century Stereo, San Jose-
San Mateo, CA, Stereo Shop. Harttord. CT, Natural Sound
Framingham, MA, Lighting Expenence, Owings Mill. MD
Bjorn's Stereo. San Antonio. TX, Home Entertainment

Fast Reply #KC154

Houston, TX, Audition, Salt Lake City, UT

P O Box 70. Heber City, UT 84032
Tel 801-654-4046 FAX B01-654-4112
Fosgate-Canada 1-800-465-7777
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arly Greek philosophers used to rub

the yellow resin, amber, on various
surfaces to give them the power to at-
tract other small objects. Our word, elec-
tricity, comes from the Greek word for
amber (elektron). This is the earliest
description I am aware of which de-
scribes the electrostatic phenomena.
Amber seems an appropriate name for
my first completely successful elec-
trostatic loudspeaker (ESL).

My design is a method of ESL panel
construction which fulfills several goals.
These include excellent sonics, ease of
construction, low cost, improved dielec-
tric stability over previous designs, and
finally, significant design flexibility. This
ESL is not an entirely original design. I
have drawn heavily on work by Janszen!
Hermeyer? Sanders? Wagner# Strickland$
and Malme?

This sheathed conductor design, suit-

ABOUT THE AUTHOR

David Lang, 29, is an orthopedic surgeon with a
longstanding interest in high-fidelity sound reproduc-
tion and acoustics. His current passion is ESL theory,
construction and design.
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able for the home constructor, has not
been published previously. Briefly, its
origin dates back to 1953 with Janszen
and Hunt's elegant description of the
sheathed conductor concept. A popular
commercial tweeter was developed from
Arthur Janszen's work. Recently, James
Strickland of Acoustat Corporation modi-
fied Janszen's design and has manufac-
tured a highly successful, full-range elec-
trostatic driver. My design incorporates
Janszen's "'sheathed conductor’’ stators
with a variation of Mr. Strickland's rigid
stator supports.

The design is, in essence, a PVC in-
sulated wire stator supported by a rigid
plastic grid. The diaphragm is 0.25-0.5-
mil Mylar film, mounted on a removable
Plexiglas frame. This allows removal of
the diaphragm element without risk of
panel damage. This also facilitates ex-
perimentation with various diaphragm
spacer thicknesses and diaphragm coat-
ings. Furthermore, should the diaphragm
ever be damaged, replacement is ex-
tremely simple.

The associated electronics for my elec-
trostatic loudspeaker system are very

similar to the Sanders system. However,
these panels work quite well with stock

1. Janszen, Arthur, R.L. Pritchard, and R.V.
Hunt, "Electrostatic Loudspeakers,’” Office of
Naval Research; #NR-014-903, 1950.

2. Hermeyer, David and Roger Sanders,
Audio Amateur Loudspeaker Projects, Marshall-
Jones, 1985; specific articles.

3. ibid.

4. Wagner, Ronald. Electrostatic Loudspeaker
Design and Construction, Tab Books, 1987.

5. The following patents have provided a
significant source of construction techniques
and understanding of the principles involved
in electrostatic loudspeakers. The most rele-
vant patents include #4323736, 4324950,
3931469, 3135838, 3136867, 3160715,
3345469, 3389226, 3992585, 3773984,
4316062, 3935397, 3941946, 4105877,
4160882. Janszen's patents are most relevant
to the sheathed conductor design, #2631196,
#2896025 and #3014098. All patents are
available through the United States Depart-
ment of Commerce Patent and Trademark Of-
fice, Box 9, Washington, DC 20231; $1.50 each.
Alternatively, most large libraries have a pa-
tent library where you might be able to
photocopy the patents.

6. Malme, Charles, 'A Wide Range Elec-
trostatic Loudspeaker,” JAES, January 1959.



or second market "Acoustat’ type bi-
formers, or direct-drive tube output
stages.

DESCRIPTION. All the materials you
need to construct the sheathed conduc-
tor ESL panel are readily available
through home improvement centers and
electronic supply houses (see list of sup-
pliers and parts at the end of this arti-
cle). The construction sequence begins
with the wire stator grids. Two are
needed per panel. The diaphragm-frame
assembly will then be described. Finally,
I present a suitable enclosure and elec-
tronics. However, you should not limit
your imagination or building endeavors
to the details which I provide. The sug-
gested dimensions were decided upon
only for my available space.

PHOTO 1: “Egg crate’’ material used for stator sup-
ports.

SHEATH CONDUCTOR STATORS.
Rigid support for the stators is provided
in part by two sheets of fluorescent light
screen intended for use with suspended
ceilings. The material is commonly
known as ‘egg crate," available at most
home improvement or building supply
centers for $5-6 per 3 by 4-foot sheet.
One sheet is enough for each ESL panel.

The egg crate is approximately Y2-inch
thick and has a grid-like structure com-

PHOTO 2: Cut egg crate with 1-2mm of overhang
at edges of the panel.

posed of ¥2-inch square openings {Photo
1). Be sure you purchase all your egg
crates from one supplier. I have en-
countered slight variations in specifica-
tions between brands which would lead
to mismatched panels.

The stators can be made any size but
I suggest trying my dimensions first. The
sound is incredible and the investment
is minimal.

Note that your grid panels are tapered.
That is, a definite inside and outside ex-
ist. Note that the cross section of a single
slat in the grid is roughly trapezoidal. Be
sure to lay out your grid panels so that
the wider opening in the grid faces out-
ward on both the front and back panel
stator grids (Fig. 1).

Carefully cut out the egg crate with a
large diagonal wire cutter, leaving
1-2mm of overhang (Photo 2). So all
stator wire ends exit from the same end
of the panel, the stator width must be an
even number of squares. I will describe
this in detail later. My stator grids are
18 by 74 squares, approximately 10 by
42 inches.

Decide which side of each grid is go-
ing to be the outside and where you will
place your mounting screws, and mark
these squares with a permanent marker
on the side which will face the dia-
phragm. Make sure the marked squares

INSIDE (TOWARD DIAPHRAGM)

/.

|

.

OUTSIDE (AWAY FROM DIAPHRAGM)

FIGURE 1: Egg crate tapered grid panels.

PHOTO 3: Mask off squares which will be used as
mounting holes (note two strips of tape are closely-
spaced for illustration).

match in location on all egg crate panels.
Finally, file the edges of the egg crate
smooth and sand off injection points on
the side which will face the diaphragm.
I made the mounting holes for the
stator grids by filling individual grid
squares with epoxy cement, and then,
when dry, I drilled holes to receive nylon
bolts, which will pass through the entire
thickness of the ESL panel. Tape off the
grid squares, designated to form mount-
ing holes, on the front side of the stator
grid (Photo 3). Lay the stator grid, out-
side surface down, on a smooth surface
covered with wax paper. Using any me-
dium-time curing epoxy (Devcon works
well), fill each marked square approx-
imately half full. This is easily done us-
ing a 20 or 30cc Luer tip syringe to facil-
itate filling the squares. Anticipate using
2 to 1cc of epoxy per square. Allow ap-
proximately two hours for the epoxy tc
dry. Peel off your masking tape from the:
grid as soon as the epoxy is cured, since
it is extremely difficult to remove oncz
the epoxy is fully hardened (Photos 4 and
5). Note that the mounting squares in
Photos 3-5 are placed very close together
for illustration purposes only. My system
shows the actual spacing (see Photo).

o ——

PHOTO 4: Inside of stator support showing detail
of epoxy-filled square.

& "

PHOTO 5: Outside detail of epoxy-filled square prior
to drilling mounting holes.
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FIGURE 2: Bending jig for winding stator.

W CLAMP TO SURFACE

PHOTO 6: Drill holes at each end of the stator to
receive mil-spec wire.

Next, drill holes at each end of the egg
crate grids to accept mil-spec wire. Drill
three, uniformly spaced holes per egg
crate square, as shown in Photo 6. Drill-
ing is most easily done with a hand-held
hobby grinder, such as a mototool fitted
with a drill. Drill slowly; the heat gen-
erated will tend to melt the plastic. After
drilling, smooth all holes free of plastic
flashing with a small metal file. This step
is necessary to protect the mil-spec wire
insulation. Check your mounting hole
squares. Be absolutely sure they match
on all panels.

To complete the construction of the
stator grid supports, drill the appropriate
mounting holes, which will receive ny-
lon mounting bolts, in each of the epoxy
filled squares. Use this drilled egg crate
grid to guide the drilling of all remain-
ing grids to ensure the holes match.

WINDING THE STATORS. The holes
drilled at the end of each egg crate grid
accept mil-spec wire. This wire is man-
ufactured by Belden and comes in 500
or 1000 foot spools, approximately $40
per 1000 feet. The mil-spec wire is criti-
cal for uniform PVC insulation thickness.
Plain PVC insulated, hook-up wire may
work, but I have not tried this type. Bel-
den #9924 is appropriate according to
specifications outlined by Janszen and
Hunt.

Weave the stator in three or more sec-
tions. Use of shorter wire segments
makes the winding easier. Furthermore,
this allows for future modifications as
described at the end of this article.

Starting from the bottom of each sta-
tor, wind your mil-spec wire as follows.
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Unwind enough wire from your spool to
cover ¥ of one stator, approximately 60
feet. Tie a square knot one foot from the
end of the wire. Enter the first hole with
the free end of your wire and pass it
through the corresponding hole on the
opposite or top end of the egg crate grid,
pulling the entire length of wire through
the holes until your knot pulls tight
against the grid's lower end. Then, while
maintaining tension on your first pass,
thread the free end of the wire back
through the second hole at the top of the
grid and exit the second hole at the lower
end of the grid. Maintain tension on the
first pass until the loop at the upper end
locks in place. It sounds complicated, but
it is really quite easy to do.

To remove slight kinks in the wire and
ensure uniform wire tension, [ built a
tensioning jig to use while winding my
stator grid (Fig. 2).

Cut three 1 by 1-inch wood strips, as
long as your stator's width. Clamp each
end of your stator grid firmly to your
work surface. Lay the stator grid on
these spacers and clamp the third spacer
of the same size at its mid-point. This
will place a bow in your stator. Wind
your stator as noted above. The tension

used should be just enough to straighten
the wire but not enough to bow the
stator grid further than it is bowed with
the jig. Terminate and begin each sec-
tion of your stator with a square knot.
Be sure to leave one to two feet of wire
exiting each section of your stator. This
length will be needed for making con-
nections. If you are unsure of your final
cabinet design, leave two or more feet
of wire at each end.

Release your stator from the bowing
jig. Then, using the struts you used to
clamp your stators in a bowed position,
clamp the ends of your stator grid as-
sembly to a flat, wax paper covered sur-
face. This releases the bow and tensions
the wires, and removes all minor wire
kinks. The mil-spec wire should lie flat
against the diaphragm side of the grids.
Be sure that you have wound your stators
with the mil-spec wire on the inside of the
egg crate grids.

GLUING THE STATOR. This step re-
quires the use of extra long setting epoxy
(at least four hours working time} and
several 20cc Luer tip medical syringes.
Mix only 20cc of epoxy at a time to pre-
vent costly waste. If you mix more, it

PHOTO 7: Wound sheathed conductor stator: be sure to leave room for nylon mounting screws between
the wires. Alternately, do not wind wire into outermost grid squares—adjust panel width as needed

for all wire ends to exit one end of panel.




tends to harden prematurely because of
the heat generated during its curing.
Double check your flattened stator.

Apply a thin bead of epoxy over every
spot where the wire and stator grids cross.
Failure to do this will cause the finished
panel to rattle. This step is easily ac-
complished by applying a continuous
bead of epoxy with the syringe, over the
width of the stator following one of the
stator grids. Any extra epoxy will run
over the wire and into the grid squares.

The key at this point is to get a tight
smooth joint between the wire and stator
grid without any sharp bumps of epoxy
facing the diaphragm. The epoxy will
flow only if you use extra long setting
epoxy (Fig. 3). Don't try to do too much
with a single large epoxy batch; it is far
easier and the results are more uniform
with many small batches. Keep the sta-
tor clamped in place 24 to 48 hours to
allow the slow working epoxy to set.
You can remove any extra epoxy from
the outside of the grid squares by gently
chipping it out with a screwdriver once
the epoxy is hardened. Unclamp your
stators. You will see that they are now
roughly flat. Be sure no epoxy ''‘bumps”
or sharp points face the diaphragm side
of the stator.

EVEN EPOXY JOINT CMIL SPEC WIRE

®) @)

EGG CRATE

FIGURE 3: Stator, side view.

DIAPHRAGM-FRAME ASSEMBLY.
My design has one significant advantage:
the diaphragm-frame assembly is easily
removed or replaced. The frame is con-
structed of single thickness, one-tenth
inch Plexiglas or lexan sheet. It functions
both as a spacer and as an insulator for
the diaphragm. Plexiglas is the preferred
material as it is inexpensive and readily
available. Be sure to cut all your frame
pieces from a single piece of Plexiglas,
since different sections often vary slight-
ly in thickness. Using a single piece for
each stator avoids this problem.

Cut and assemble the insulator frame
first (Fig. 4). I have tried two methods of
cutting the Plexiglas. A carbide tip saw
blade on a table saw works best. It chips
the edges slightly but this is not critical.

/—WING NUT
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FIGURE 5: Slotted Plexiglas breaking guide.

The sharp edges can be sanded with
240-grade sandpaper.

If you lack a table saw, you will need
a four-foot metal straight edge, a special
Plexiglas scoring tool (Red Devil is best)
and a long slotted breaking guide. The
scoring tool is readily available. Plan on
at least 25% waste with this method
because of breakage. Make the slotted
breaking tool from pine, four stove bolts
and a Yeinch spacer (Fig. 5). The slotting
tool works but requires practice. Score
to a depth of at least one-third the
thickness of the Plexiglas to ensure a
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FIGURE 4: Diaphragm frame (dimensions can vary)
and termination ends (inset).

uniform fracture line. Insert the scored
side of your Plexiglas sheet into the ap-
propriate slot of the breaking tool. Us-
ing one deft, firm snapping motion, you
will break the Plexiglas along the scored
line. With practice you should be able
to break ¥2-1-inch widths with minimal
waste.

After cutting all required insulator-
spacer pieces, glue two spacer frames
per ESL panel, according to Fig. 4. Plex-
iglas joints are best glued with polyester
solvent, applied with an eyedropper.
First, cover a flat surface with aluminum
foil. Glue your diaphragm frames on the
foil. Any gaps at the joints can be filled
with baking soda and solvent. After glu-
ing the diaphragm frames, sand the
joints smooth. Drill your mounting holes
in the diaphragm-frame using the stator
holes as a guide. Drill your binding post
holes at the same time.

MAKING MYLAR CONDUCTIVE.
You will need a piece of plate glass, two
inches larger in all dimensions than your
diaphragm frame, for hand rubbing My-
lar with graphite. Edges of the plate glass
should be sanded and the corners
rounded by your glass cutter. It might be
helpful now to review previous articles
by Roger Sanders and David Hermeyer
for a more detailed description of how
to rub the Mylar with graphite. Fine
powdered graphite works, but extra fine
graphite works best.

Buy cotton balls at your local drug
store. Clean your plate glass surface with
glass cleaner and a lint free cloth.
Vacuum the surface and spray lightly
with 3M anti-static spray. You won't be
able to eliminate all of the dust under the
Mylar, but do remove all large particu-
late matter from the glass. Any large
pieces of debris will tear the thin dia-
phragm when rubbing in the graphite.

Wear medical gloves when handling
the Mylar. This will avoid fingerprints
on its surface. Fingerprints don't take
graphite and leave ‘dead" spots on the
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FIGURE 6: Conductive paint.
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diaphragm. Cut an appropriate size piece
of Mylar from your stock and tape it to
the plate glass with masking tape. The
Mylar should be taut to eliminate large
wrinkles prior to applying the graphite.
A stretcher frame is not necessary.

Next, apply a small amount of graphite
to the Mylar. Spread it evenly over the
entire surface. Using a cotton ball and
gentle but firm pressure, rub the graphite
into the Mylar using smooth circular mo-
tions. Avoid scrubbing or wiping in wide
sweeps. Remove any large particle from
between the glass and the Mylar that
significantly tents the Mylar. If the Mylar
tears, don't worry—that's why you
ordered extra. Just try again. Remember
ESL building is fun!

I use the Hermeyer method to deter-
mine when the appropriate amount of
graphite has been applied to the Mylar.
Get out your vacuum-tube voltmeter
(VTVM) with alligator clips on test leads.
Grip a new penny in each iead and
measure the resistance at various points
along the diaphragm with the pennies
spaced one half inch apart. Typical resis-
tances will measure from 15-500k. Rub
extra graphite on the area that will pro-
vide the high voltage bias connection.

As an alternative to rubbing on
graphite powder, one fellow ESL builder
recommends EMI/RFI graphite spray,
available from G.C. Electronics. It is a
graphite emulsion similar to paint, which
sticks well to Mylar and its application
is controllable. I have no experience with
this product but I plan to try it soon.

GLUING THE DIAPHRAGM-
FRAME ASSEMBLY. First decide
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which side of each frame will face the
diaphragm and mark them accordingly.
Vacuum all excess graphite and wipe the
mylar surface with a lint-free cloth. Turn
your Mylar diaphragm over and tape it
in place on the glass, eliminating all
wrinkles. Be sure to lay the Mylar dia-
phragm graphite rubbed side down on
the glass.

Now apply a %-inch continuous bead
of long working time epoxy around the
entire diaphragm frame and insulator
strips. Place the bead of epoxy in the
center of the ¥2-inch strips and % inch
from the inner edge of the outside of the
frame. Lay the diaphragm frame epoxy
side down on the Mylar. Weigh it down
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with a spare piece of Plexiglas and 20-30
pounds of books. Allow the appropriate
curing time for the epoxy you have de-
cided to use.

Then, release the weight and lift the
diaphragm frame assembly carefully and
turn it with the Mylar side facing up. If
you have glued the appropriate side, you
should have an even graphite-rubbed
Mylar surface facing you. Trim the My-
lar to conform to the limits of the epoxy
which has spread out over the spacers.
Any free edge of Mylar not cemented
will rattle if not trimmed.

Using silver or nickel conductive paint
(see Parts List}, paint a strip approximate-
ly Y-inch wide along the width of your
diaphragm along the lower section be-
tween the Plexiglas strips. Use Fig. 6 to
guide your painting. This conductive
strip of paint will provide a means of at-
taching the diaphragm to your electrical
connections from the periphery of the
stator. After the paint has dried, glue the
matched insulator spacer frame to the
graphite coated side of the Mylar dia-
phragm with epoxy cement and allow
the cement to cure.

If you have not done so already, drill
mounting holes around the periphery of
the spacer diaphragm assembly which
will correspond to the mounting holes in
your stator grids. Do this very carefully
taking care not to crack the epoxy joints
you have just made. Drilling these holes
Yeiinch larger than your nylon bolts
makes assembly of the ESL simpler.

FINAL ASSEMBLY OF THE ESL
PANEL. Pass one nylon bolt through
each of the stator grid mounting holes
and lay the stator grid on a table, wire
side up. Next, carefully place your dia-
phragm spacer assembly on the wire
stator, passing the nylon bolts through
the drill holes; and finally, place the back
stator, wire side down, over the bolts.
The entire assembly should fit together
like a sandwich (Fig. 7). All of your stator
and diaphragm mounting holes should
line up.

Then, thread the appropriate size ny-
lon nut over the protruding ends of the
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nylon bolts and tighten them finger tight.
Be very careful not to overtighten the
panels; this might damage the insulation
of the wires. Next, connect all of the
wires wound on one side of your panel,
that is, one stator, and connect them to
a single termination of your choice (Fig.
8). A similar termination should be used
for the opposite stator connections. To
avoid stray capacitance, cut your stator
wires only as long as necessary to make
the terminations. Five-way gold-plated
binding posts work well.

To complete construction of your elec-
trostatic sheathed conductor panel, you
must shrink the diaphragm to an appro-
priate degree of tautness. This is most
easily done with a 1,000W hair dryer or
heat gun. I have found it easier, with
most consistent results, to shrink the dia-
phragm after the ESL is assembled. You
could however, decide to stretch the dia-
phragm with the diaphragm frame as-
sembly separated from the sheathed con-
ductor stators. The stretching is com-
pleted by carefully warming the dia-
phragm with your hair dryer.

Observe the surface of the Mylar dia-
phragm with a light reflecting on its sur-
face. As the Mylar begins to shrink you
will note the very small wrinkles disap-
pear and a perfectly flat, shiny surface
will result. Heat shrink only a small por-
tion of your stator at a time to assure
uniform results. Take extreme care not
to overapply heat in a concentrated area.
The plastic egg crate grid could soften or
melt if overheated. The Mylar appears
to be fairly heat resistant and can be
reshrunk many times without ill effects.

After heat shrinking your entire dia- |

phragm, set it aside for ten to fifteen
minutes to cool. Using a light reflecting
on its surface, recheck the diaphragm for
wrinkles that may have formed as the
diaphragm cooled. Reheat and shrink the
entire diaphragm as described above.
This completes the construction of the
basic electrostatic sheathed conductor
panel.

ELECTRONICS. We can drive elec-
trostatic loudspeakers in several ways.
I refer you to a very simple drive system
(Fig. 9), as described by Roger Sanders
(SB 2/80). The high voltage parts are
quite difficult to find, but are avaiiable
through the suppliers listed at the end of
this article. In selecting your step-up

transformer for bias voltage, select one |

capable of very high voltage output. The
electrostatic loudspeaker as described is
capable of handling 7-10kV supplies
without arcing. This enables the loud-
speaker to deliver high sound pressure

+ + + +
I (+) l

SQUARE
KNOT

ATTACH ALL WIRES
FROM STATOR FACING AWAY
FROM BUILDER

FIGURE 8: Electrical connections.

ATTACH ALL WIRES
FROM STATOR FACING
BUILDER

New Dome Tweeter

Peerless’ new dome tweeter is a
high-quality product with an ex-
posed fabric dome, designed to
give maximum dispersion and flat
power response.

In order to match Peerless’ new
woofer line, the ‘‘CC Line,” it
has a magnesium flange, which
gives maximum stiffness and pre-
vents any rattling occurring from
the air pressure on the back side.

This new dome tweeter has a re-
placeable dome and voice coil as-
sembly which is self centering.
The voice coil is hardened at
more than 435 degrees.

Pectless

HI-Fl speaker

Reliable in supply and quality

Sensitivity 91dB, rated power
100W and a frequency response
of 1,500Hz-20kHz.

Please respond to the reply num-
ber below for a catalog with this
and other Peerless products to-
gether with a distributor list.

PEERLESS OF AMERICA, INC.

800 W. Central Road
Mt. Prospect, IL 60056
312-394-9678

Fast Reply #KC666
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levels even with low voltage power
amplifiers.

THE ENCLOSURE. The sheathed con-
ductor electrostatic panels sound most
transparent and preserve the best spatial
imaging without enclosures. I have pur-
posely avoided grille cloth and any ob-
struction at the front or back radiating
surfaces of the panels. My enclosures
consist of side pieces of hardwood,
bolted through right angle aluminum ex-
trusions to provide only a vertical sup-
port for the diaphragm. These supports
are then bolted to a two-inch thick hard-
wood piece, which provides a rigid base.

The design of any enclosure is entirely
up to the builder but I strongly recom-
mend you avoid any obstruction of the
radiating surfaces of the diaphragm. The
egg crate grids give a modular, modern
appearance to the panels.

Place your electrical connections in a
safe position away from your wood sup-
ports. These high voltages will conduct
along a wood surface.

Spacing the loudspeakers four to five
feet apart, "toed-in"' slightly, and with
the loudspeakers three to four feet from
the nearest wall, provides the best im-
aging. Like all dipole radiators, these
electrostatic loudspeakers are highly

MasterCard/Visa Telephone orders:
(603) 924-6371 FAX: (603) 924-9467

Ken Kantor's two articles
November and December 1988, not only
show readers how to use a computer to design
a two-way speaker system, but provide a
sealed box design and a crossover as well.
Old Colony Sound is pleased to offer a kit of
drivers for Ken Kantor's project: THE PITTS.

THE PITTS

In Audio for

2—Tonegen woofers (16K65) and

2—Tonegen tweeters (94C70) . . . $128.00
postpaid in the 50 US states

shipping weight for elsewhere is 10 Ibs.

Crossover parts are not available from Old Colony. They are available
from Madisound and A & S Speakers. Defective units will be replaced
at no charge if returned UPS pre-paid to Old Colony. Units damaged
by accident or abuse will not be replaced or repaired.

Answering Machine on (603) 924-6371 after 4:00 p.m. and weekends for MC/Visa orders

OLD COLONY SOUND LAB

PO Box 243
Peterborough, NH 03458
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directional. Finding a satisfying position
for the speakers requires some practice
but these guidelines are a reasonable
starting point.

One easy way to determine the best
position for your electrostatic loudspeak-
ers is to place a light bulb in front of you
at the listening position and adjust the
electrostatic panels until the light bulb's
reflection is visible in both Mylar dia-
phragms. This produces a listening win-
dow approximately one person wide.

FULL RANGE OR BIAMPED. I agree
with Roger Sanders that a full-range elec-
trostatic loudspeaker entails significant
compromise, or otherwise must be ex-
ceedingly large to provide high sound
pressure levels at low frequencies. The
results are far more consistent and su-
perior sonics are more easily attained
with biamping. The crossover frequen-

| cy range is quite wide. I am currently us-

ing 200Hz as my cutoff point. [ have also
tried 450Hz, as Mr. Sanders suggests,

{ and this appears to work well.

THE SOUND. I was quite startled at the

| quality of sound I heard through my

sheathed conductor electrostatics. With-
out a doubt, the improvement in defini-
tion and imaging is the most significant
that I have attained, and for the least
amount of money. I highly recommend
this project, as well as those others have
presented.

FURTHER IMPROVEMENTS. My
design is simple to build and has ex-
cellent sonic qualities. | have, however,

| explored several means of improving the

sound quality and dispersion character-
istics of the loudspeaker. My preliminary
research entailed reviewing the work of
Mr. Janszen and Hunt. As noted in the
references, a variable width electrostatic
loudspeaker array would be preferable
for improved high frequency dispersion.
That is to say, electronically decreasing
the area, specifically, the width of the
radiating diaphragm, with increasing fre-
quency, should increase the dispersion
of the loudspeaker at high frequencies.

Mr. Wagner, in his book, Electrostatic
Loudspeakers—Design and Construction,
elegantly reviews this topic and the
calculation of the minimum width of the
array for 180° of dispersion at any given
frequency. I am currently designing a
variable width, sheathed electrostatic
loudspeaker with a theoretical dispersion
of 180¢° that is a size similar to Mr. Wag-

| ner's suggested project. My current, al-

though uncompleted project, is approx-

| imately two by four feet and theoretical-
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FIGURE 9: Associated electronics (per Sanders).
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ly should radiate over 180° at all fre-
quencies up to 17.5kHz.

Janszen and Hunt's article on the
sheathed conductor theory touches on
the design and reviews its advantages.
The design entails a segmented dia-
phragm with segmented stator wiring
which roughly doubles the radiating sur-
face area of the diaphragm with every
halving of frequency. The beginning
width is Y%-inch at 17.5kHz.

A concern with segmented dia-
phragms is the potentially difficult load
presented to any amp and stepup trans-
former. This area is probably worth pur-
suing despite its technical problems.

The reader may also wish to follow the
Janszen and Hunt suggestions about im-
proving ESL efficiency by constructing
a diaphragm with a narrower stator-to-
diaphragm interval. I have not experi-

TABLE |

ASSOCIATED SYSTEM COMPONENTS

Nikon trapezoidal subwoofers

Magnavox CDB-650—with POOGE-4 modifica-
tions

Hafler DH-101 preamp—POOGEd

Old ColonylJung two-way electronic
crossovers with outboard power supply
Hafler DH-120 subwoofer amp

Nelson Pass A-40 ESL amp

mented with this and am currently us-
ing a stator-to-diaphragm width of
Ye-inch. Mr. Wagner's text discusses this
topic in detail.

FINALLY. I would like to call readers’
attention to the electrostatic loudspeaker
builder and users group, STATIC DIS-
CHARGE. The purpose is an exchange
of methods, ideas, tools and parts
sources for those trying to build their
own version of what they believe is the
finest sound transducer possible. Since
the group is new, it has no specific
forum or agenda and activities have in-
cluded only communication among
members. Those interested should be
willing to participate actively in the ex-
change of ideas and construction techni-
ques, but extensive experience is not re-
quired. Those interested can contact the
club, c/o Neil Shattles, 829 Glasgow Dr.,
Lilburn, GA 30247. B

PARTS SOURCES

I have listed only the parts not available at
typical hardware or home improvement

centers.

Newark Electronics

500 N. Pulaski

Chicago IL 60624

{312} 784-5100.

(PVC insulated mil-spec wire: #9924 from
Belden Wire Corporation)

Hillman Fasteners
6156 Russellman Road
Cincinnati, OH 45248
1-800-543-1332.

{nylon bolts and nuts)

Devcon Corporation,
Danvers, MA 01923.
{epoxy adhesive)

G.C. Electronics

available through Newark Electronics or large
electronic supply houses.

(nickel conductive paint, part #22-207)

G.C. Electronics

(EMI/RFI spray graphite coating;, part
#10-48-07)

Graphite coatings are available at your local
hardware store.

Large plastic wholesalers:

Midland Plastics Inc.

Brookfield, WI

(414) 781-6520.

(Mylar film, 0.25 mil)

Note: 0.25-mil Mylar is difficult to find; 0.5-mil
is an acceptable alternative. A possible alter-
native to Mylar are the Dupont Clysar shrink
films, available through Dupont.
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BOO Ks from Old Colony Sound Lab

BUTTERWORTHS

B-1 LOUDSPEAKER AND HEADPHONE HANDBOOK edited by John
Borwick. This comprehensive technical volume fully covers the theo-
retical and practical aspects of loudspeaker and headphone design, opera-
tion and performance. Distinguished contributing authors include: Glyn
Adams, Peter J. Baxandall, John Borwick, Martin Colloms, Laurie Finch-
am, R.D. Ford, Mark R. Gander, Stanley Kelly, Peter Mapp, C.A. Poldy,
Desmond Thackeray, Floyd E. Toole and ].M. Woodgate. An invaluable
reference textbook for the dedicated speaker builder. 573 pp., hardbound.

Each $97.50

HOWARD W. SAMS

S-4 UNDERSTANDING IC OPERATIONAL AMPLIFIERS [3:0 En | by
Roger Melon and Harry Garland. Basic course in semiconductor ¢lec-
tronics. Covering integrated op amp circuitry, design factors, bias cur-
rent, offset voltage, frequency compensation and slew rate. 212 pp.,
softbound. Each $12.95

$-9 REGULATED POWER SUPPLIES [3roEn.| by Irving M. Gottlieb.
Static and dynamic characteristics, regulation techniques, IC regula-
tion. 424pp., softbound. Each $19.95

$-10 IC OP AMP COOKBOOK [3ro Env | by Walter G. Jung. Jung's
popular classic in a revised and expanded 1986 edition. One hundred
pages are added to cover new devices, applications and manufacturer's
data sheets. With over two hundred practical circuits with component
values, this cookbook is one of Old Colony's best selling technical
volumes. It belongs on every electronics bookshelf. 580 pp., softbound.

Each $21.95

$-11 HOW TO BUILD SPEAKER ENCLOSURES by Alexis Badmaieff
and Don Davis. The ""whys'' and '*hows'’ of speaker enclosures. Draw-
ings and instructions cover infinite baffle, bass reflex, and horn types
plus combinations. 144pp., softbound. Each $6.95

$-13 AUDIO IC OP AMP APPLICATIONS (3w Ea | by Walter G. Jung.
This new, updated version of a classic reference source is probably the
best book available on the subject. Mr. Jung, an Audio Amateur maga-
zine contributing editor, is not only a recognized authority on op amps,
but has an enthusiast’s interest in audio quality and actively pursues
new techniques for better sound reproduction. Like his previous books
in this series, this latest edition is in ''cookbook '’ style, and includes
actual circuits with component values which may be incorporated in
working projects. The book also details the most common pin-outs,
manufacturer listings and a wealth of other resource material. A must
for any audiophile who constructs or modifies equipment. 250pp,
softbound. Each $17.95

$-14 ACTIVE FILTER COOKBOOK by Don Lancaster. A practical,
user-centered volume with everything you need to build your own ac-
tive filters. Explains the various types and how to select the best for the
circuit. 240pp., softbound. Each $15.95

$-17 IC TIMER COOKBOOK [2nn En | by Walter G. Jung. A full in-
troduction to the IC timer, the types, and general usage pointers. Many
surprisingly useful audio related uses. An excellent practical and
theoretical volume with lots of reference data. 430 pp., softbound.
Each $17.95

$-18 TTL COOKBOOK by Don Lancaster. Everything the beginner
will need to know about transistor logic elements and usage. It has be-
come a reference guide for engineers as well. Softbound. Each  $14.95

$-19 SOUND SYSTEM ENGINEERING (2w Ev | by Don and Caro-
lyn Davis. A thorough introduction to sound systems for halls, studios,
outdoor locations and much else; now expanded! This edition went in-
to publication 11/86 it is a hard bound consisting of 665pp., 72 x9 %
replacing the previous softbound issue. Each $39.95

$-22 MODERN DICTIONARY OF ELECTRONICS (611 Ei| by
Rudolph Gruf. This book should be in every library. It has more than
20,000 terms unique to electronics and other closely related fields.
From angstrom to zoom lens, you'll find it in this updated dictionary
1984, 1152pp., hardbound. Each $39.95

$-25 ELECTRONIC PROTOTYPE CONSTRUCTION by Stephen D
Kasten. Here's a great book for either the beginner looking to try elec-
tronic prototyping for the first time or the expert looking for a handy
reference guide. Areas covered include wire wrap and related techniques
such as solder pad and perfboard assembly. This book will help you
through all the pittalls of PC board design, and will help you put the proj-
cct together in an attractive but functional package. 1983, 399pp.,
sottbound. Each $17.95

$-26 CMOS COOKBOOK by Don Lancaster. CMOS is low cost and
widely available, and it uses an absolute minimum of power. It’s also
fun to work with and very easy to use. This book offers practical cir-
cuits and does not dwell on math or heavy theory. Eight chapters cover
just about ecvery aspect of CMOS usage. Projects include high-
pertormance op amps, TV typewriter, digital instruments, music syn-
thesizers and video games. 1977, 414pp., softbound.  Each $14.95

$-27 DESIGN OF OP AMP CIRCUITS by Howard Berlin, W3HB. Op
amps are a versatile and inexpensive integrated circuit. They can be
used for linear amplifiers, differentiators, integrators, voltage and cur-
rent converters, comparators, rectifiers, oscillators and more. The text
includes 37 different uses and applications for op amps. Beginners will
tind this book helpful. 1977, 221pp., softbound. Each $12.95

$-28 HANDBOOK FOR SOUND ENGINEERS: The New Audio Cyclo-
pedia edited by Glen Ballou. Thirty-one sections covering just about
cvery aspect of audio engineering from room acoustics, loudspeakers
and amplifiers, to soundfield measurements and image projection. A
complete audio reference library in itself, the most comprehensive and
authoritative work on audio available. 1987, 1250pp., hardbound.
Each $79.95
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DOVER BOOKS

D-1 REPRODUCTION OF SOUND by Edgar Villchur. An elegantly
simple 92-page softbound primer on the subiject by the man who in-
vented the bookshelf speaker. Loan or give it to friends who want to
build a system as good as yours. Each $6.00

D-3 MUSIC, PHYSICS AND ENGINEERING (2.0 Ei | by Harry F. Ol-
son. A thorough introduction to the physical characteristics of sound
and the relationship of sound to musical instruments by the former
head of staff at RCA's lab for acoustical and electromechanical rescarch
at Princeton, NJ. A classic by one of the giants in the audio field. Good,
casy to read chapters on acoustics, mikes and recording, recording and
playback systems, as well as an electronic music chapter. 1967, 360pp.,
softbound. Each $14.25




TABBOOKS

T-5 IC VOLTAGE REGULATOR SOURCEBOOK WITH EXPERI-
MENTS by Vaughn Martin. This sourcebook provides the knowledge
needed to fully understand, design and service modern power supplies.
It introduces the components found in all power supply designs,
transformers, diodes and capacitors as well as concepts like AC, DC
and filtering. The book covers bipolar and MOS transistors, 1Cs used in
regulators, switch mode designs and output indicators. Diagrams, data
sheets and illustrations. 256pp., softhound. Each $14.95
T-6 ELECTROSTATIC LOUDSPEAKER DESIGN ANI) CONSTRUC-
TION by Ronald Wagner. An exceptionally well written and illustrated
builder’s book. 256pp., softhound. Each $15.95

T-7 BASIC ELECTRONICS COURSE [2a» En| by Norman H.
Crowhurst. This highly recommended textbook defines literally every
aspect of electrical behavior and state-of-the-art electronics. Included
are fundamental building blocks of theory and practice such as Kirch-
hoff’s Laws, propertics of resistance, electron flow, magnetic fields and
power calculations. 430pp., softbound. Each $15.95
T-8 ENHANCED SOUND—22 ELECTRONICS PROJECTS FOR THE
AUDIOPHILE by Richard Kaufman. Twenty-two cost efficient projects
are offered which can increase the capabilities of your audio system,
and improve its performance. Discussions on theory, design applica-
tions and construction techniques are also included. A sampling of the
proiects...surround sound decoder, passive image enhancer, auxiliary
input switch, tone controls, amplifier bridging circuit, modern in-
frasonic filter, Linkwitz-Riley crossover, improved dipole, helical
antennas, and more. Over 100 illustrations. 1988, 170 pp., softhound.

Each $10.95

MCGRAW-HILL —

MH-1 HANDBOOK FOR ELECTRONICS ENGINEERING TECHNI-
CIANS [2\0En | by M. Kaufman and A.H. Seidman. A comprehensive
compendium of electronic facts. Component selection, circuit analy-
sis, power supplics, 1C uses and characteristics, op amps, transistors,
batteries and tubes. A one-volume encyclopedia on how components
work and how to choose the best of them for your application. Includes
seven new chapters on topics such as logic analysis, fiber optics, active
filters, digital test gear and microprocessors. 752pp., hardbound.
Each $45.95

MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS by Joel
Goldberg. All the topics on making your own circuit boards are covered
both in theory and in practical advice: design and layout, artwork prep-
aration, photo layout, silk screening, and etching. Each $8.90
MH-3 LEARNING ELECTRICITY AND ELECTRONICS THROUGH
EXPERIMENTS by /. A. ~"Sam ™" Wilson and Milton Kaufman. Using
four perfboards and typical “‘junk box'" parts, this book demonstrates
theoretical principles in 54 circuits you can build as you learn.

Each $10.95

NATIONAL SEMICONDUCTOR ——

N-5 VOLTAGE REGULATOR HANDBOOK. A manual which simpli
fies selection of three-terminal regulators depending on your needs, and
which offers information on heatsink selection and design, along with
transformer and filter specitications. 312pp.. softbound Each  $7.00

N-6 LINEARDATA BOOK 1. First book in a comprchensive 3-volume
set of specifications and applications. Topics covered, with example
circuits, include voltage regulators, op amps and butfters, voltage com-
parators and instrumentation amplifiers 1988 Edition. 1,250pp ,
softhound Each $16.95

N-7 LINEARDATABOOK 2. This sccond volume includes intorma-
tion on active filters, analog switches and multiplexers, both analog-to-
digital and digital-to-analog converters, temperature sensors and
voltage references. 1988 Edition. 920pp., sottbound  Each  $10.95

N-8 LINEAR DATABOOK 3. The third book in this series tocuses on
audio, video and radio circuits. Also ineluded is information on an array
of special functions. 1988 Fdition. 730pp., sotthound. Each  $10.95

N-678 LINEAR DATABOOKS. As above, complete 3-volume set.
Each  835.00

WILEYBOOKS —

W-1 HIGH PERFORMANCE LOUDSPEAKERS |3 Eov | by Muartin
Colloms. A thorough revision of the 2o En {19801 updates and expands
this authoritative volume. The author surveys new developments in
the four-year interim and adds some highly original proposals tor Jow
frequency alignments, listening tests and much else. Colloms” book is
indispensable for the serious speaker builder. 313pp., hardbound.
Each $34.95

PRENTICE-HALL —

PH-1 HANDBOOK OF SIMPLIFIED SOLID-STATE CIRCUIT DE-
SIGN [2nd Ed.| by John Lenk. Design rules tor basic circuitry including
audio amps, integrated circuits, wave forming and shaping plus power
supplies. Assumes basic theoretical base. Discusses purposes and types
of testing. Each $39.95

\ %m | THE
TR, R
GOLDBERG \ Clean by

| |

UNIV. of WASHINGTON PRESS ———

U-1THE AUDIO DICTIONARY by Glenn White. This lively and enter-
taining mini-encyclopedia is strongly recommended for every audio-
phile’s library. Accurate and up-to-date, Mr. White’s book covers the ter-
minology and basic concepts relative to sound recording, sound rein-
forcement, and musical acoustics. Additional material includes: ''How
to Subdue a Hi-Fi Salesman, '’ historical anecdotes and a discussion on
digital audio. 1987, 302 pp., softbound. Each $14.95




The PENGUINS

P-1 THE NEW PENGUIN STEREO RECORD & CASSETTE GUIDE
(3 En ) by Edward Greenfield, Robert Layton, and Ivan March. Draw-
ing on profound technical knowledge and on vast musical and historical
learning, this newly revised and updated guide to recorded classical
music deals with more than 4,000 disks, cassettes and compact discs,
giving details of title, performers, record number, label and price range.
1,387pp., softhound. Please add $1.00 for shipping.  Each $12.95

P-2 ANEW DICTIONARY OF ELECTRONICS by E. C. Young. This re-
markably compact reference covers electronics from A-Battery to Z-
parameters with succinct, concise definitions and illustrations. A quick
reference completely revised and updated with lots of added charts and
reference data. 618pp., softhound. Each $7.95

P-3 ANEW DICTIONARY OF MUSIC |3ro Eb, 1973; first pub. 1958
by Arthur Jacobs. Alphabetically arranged entries covering composers,
individual musical works, orchestras, performers, conductors, musical
instruments, and technical terms. 458pp., softhound. Each $8.95

P-8 INTRODUCING MUSIC by Otto Karolyi. Even if you've listened
to music for years, you may be surprised at how little you know about
its fundamentals. A beautifully basic and spare introduction to the
grammar and vocabulary of music—enough to understand the language
without speaking it. It will deepen almost any non-musician music
lover's pleasure in listening. 174pp., softbound. Each $5.95

GRAMOPHONE PUBLICATIONS ———

G-1 LIVING WITH HI-FI [3RD ED., 1983] by John Borwick. Audio Editor
of England's Gramophone Magazine, John Borwick does a basic in-
troduction to **hi-fi"’ in a comprehensive and helpful survey of what good
sound is and how to realize it in a home installation. The book reviews
all audio system components, including digital cassette recorders. Itis
exceptionally helpful about correct installation procedures. Excellent in-
troduction for friends new to audio. 120pp. softhound $7.00

VOLUME ONE

ANTHOLLLAS

HOUSE OFFERINGS

BKAA1AUDIO AMATEUR LOUDSPEAKER PROJECTS. A collection
of 25 loudspeaker construction projects. These are the complete articles
as they appeared in Audio Amateur (1970-79). Since 1980, Speaker
Builder magazine has been the forum for these authors and designers.
Although some of the projects are showing their age, many embody
ideas that can be developed using our newer knowledge and insights.
The electrostatic devices are still unsurpassed by anything done since.
The collection is a rich source of both theory and practice as well as
design. 135pp., softbound, 8%2x11. Each $20.00

BKAA2 THE LOUDSPEAKER DESIGN COOKBOOK (3rn Ev ) by
Vance Dickason. Everything you need to build the loudspeaker system
you have always wanted but could not afford. Easy ways to pick the ex-
act box size, the ideal drivers, the most pleasing tinish and the correct
way to feed your music to your new superb loudspeaker system. Proven
designs, where to buy low cost parts and how to test the results for
yourself. 82pp., suftbound, 82x11. Each $19.95

BKAA3 AUDIO ANTHOLOGY (Vol. 1) A fascinating documentary of
sound reproduction as presented in the pages of Audio Engineering
magazine. Featuring 38 articles from May 1947 to December 1949, of a
period in our history after WWII, when advances in audio technology
were exciting and new. Compiled by editor, designer and author, C.G.
McProud, this volume will be of interest to all audio enthusiasts
124pp., softbound, 8'2x11. Each $16.95

To order from Old Colony Sound Lab, please write each book's number
below with quantity of each and price. Total the amounts and remit by
check, money order, MasterCard, or Visa. For charge card orders under $10 add
$2 service charge. Please add $1.75 for postage on the first book; 50¢ per ad-
ditional book. Orders shipped outside the US please add $4.50 for postage.

-« All remittances must be in US funds. Please use clear block capitals. NOTE:
Prices are subject to change without notice. Books are not returnable for exchange
or credit.

Oty. Book No. Price
NAME ~WMAGIC NUWBER - R — —
STREET AND NO - - 7777-—*:;': 77:7.—-'71;77 )
Y STATE 7P - [ R - I
Postage S

MASTERCARD OR VISA NUMBER - EXPIRATION DATE Check/MO Mastercard/Visa ToTAL S
Encl heck g ble t CHARGE CARD
nclose check or money order payable to: OSCL has added weri hine for
OLD COLONY SOUND LAB the convaesn?cn:::c :fnozscuitgﬁ:!sa.cl’o?:hgr PHONE ORDER SERVICE

4:00 p.m. EST weckdays, and weekends MOI’\—FI"I gam—dpm
PO BOXx 243 please call {603} 924-6371 to place your (603)924-6371

Peterborough, NH 03458-0243, USA

MasterCard or VISA order. Please remember
this is an ordering line only

FAX: (603) 924-9467
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THE THIRD DIMENSION:
SYMMETRICALLY LOADED

any articles in this magazine have

been devoted to the design of
closed or vented systems. But among
other possible bass driver loadings, the
symmetrically-loaded system, or acoustic
super woofer (ASW), is less popular. Al-
though this principle appeared in the US
during the fifties, it was not widely ap-
plied.

Twenty years later, the French firm,
Elipson, a specialist in resonant compart-
ments systems, resurrected this type of
loading. Very recently, KEF, known for

ABOUT THE AUTHOR

Jean Margerand, 33, graduated from Ecole Na-
tionale Superieure Des Arts ot Metiers, Paris and
also has a marketing degree from Lyon. He is
employed by Electricite de France, and has been
building loudspeakers as a hobby for 15 years.

|

BY JEAN MARGERAND

well-designed bass sections, revived this
technology with its model 104-2.

Now I will present reasons to show
this type of loading is also a good choice
for home builders.

In building systems, you are probably
looking for an innovative system which
improves the performance of your home
system. For your first project you may
have chosen a simple closed-box design.
It's simple to build, and once you choose
the driver, other than the damping Q,
you can modify only one parameter: the
volume.

Perhaps you progressed to building a
vented system, allowing the determina-
tion of two parameters: the enclosure
volume and the vent tuning frequency.
According to Small, you also have a third
parameter, the leakage factor, Q;!

[ propose a box with which you can
have even more fun. With the symme-
trically-loaded system, you may play
with three parameters, two compart-
ment volumes, and the vent tuning fre-
quency {see Fig. 1). As a result, you can
now build a complete bass-frequency
response with a natural acoustic, high
cutoff frequency.

In this article, I review the essential
theories you will need to design such an
enclosure. I also provide simplified de-
sign formulas and alignment tables to
help you with day-to-day design work.
Finally, I computed parameters for 27
different drivers for possible use in
symmetrically-loaded systems.

I have applied the results to build
Delta, a three-way, mid-sized 56-liter en-
closure, equipped with four 4.8-inch di-
ameter bass drivers, mounted push-pull,
in a slim, esthetic column. [Look for the
full construction details of Mr. Margerand's
system in Part 1I, next issue.—Ed.)

BACKGROUND THEORY. In 1982
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FIGURE 1: Principal scheme.

two Frenchmen, Philippe Augris and
Dominique Santens, first proposed a
theoretical study of this loading type (sce
Fig. 2). Original by their application, it
is directly derived from the Thiele and
Small approach. From a solid theoretical
basis, they built an extremely simple
mathematical model allowing every
amateur to design and construct such an
enclosure?! Let's examine this theory.

In this model the leakage through the
enclosure walls is assumed to equal zero
and the damping effect is ignored.

In a symmetrically-loaded system, the
bass driver is located inside the enclo-

1. Small, R.H., an anthology of articles on
loudspeakers from JAES, Vol. 1-25, pp. 271-303,
316-343.

2. Marec, Guy, "Mise au point des filtres
separateurs passifs—Du reve a la realite”
L'Audiophile, No. 16, pp. 27-33.

3. Marec, Guy, "Mise au point des filtres
separateurs passifs—Du reve a la realite”
L'Andiophile, No. 18, pp. 15-23.

4. Augris, P. and D. Santens, ""Optimisation
des enceintes a charge symetrique,”" L'Audiophile,
No. 23, pp. 47-54.

5. Knittel, Max, "'Impedance Compensating
Crossover, SB 1/83, p. 11
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(f) . So Re car ;MAV A
Back cavity: Cas
Front cavity: Car

8 Vent: MAV

Driver: Cas, Mas, Rat, Re, Sp, Qes, By
Amplifier: e,

Transfer function F(p) and relative acoustic pressure: Pa/P, (dB):
20iog | F(p) |

N TN ¢9'2 Q

Hypothesis:
¢ neglected leakage U; = 0 Us U
e vent and cavities neglected damping ~ J
.Uy

Electrical model: Up

4

35 Cas Mas Up Rar Uy < 7
Ue

0
Ug sUy

sure. lts backside is loaded by a closed
volume Vy, and its front face by a vented
compartment, Vi (Fig. 1). This system,
tuned by the vent, acts as a fourth-order,
pass-band filter. The slopes of the filter
on each side are 12dBloctave and the fre-
quency response is absolutely symmetri-
cal in a logarithmic frequencies axes;
hence, the name. The frequency re-
sponse of such a filter is characterized
by the following parameters.

¢ S—damping factor of the system, 0
<S=1
It is related to the maximum modulation
{¢) in the reproduced band (see Table 1).

* Fo—central frequency of the pass-
band filter. This frequency is reproduced
without any attenuation.

* (F, < F))—these two frequencies
are located on each side of Fo, such as
F. x F, = Fo* For these two frequen-

2
F(p) = BH(p/f)? with: cies the output level is equal to 20 log
D(p) 1/{2 x §), compared to the level of the
signal at Fo. except in the case where
p=j? @ =27F, Q = 2xF, S = 0.7, Fy and F; are different from the
- 3dB cutoff frequencies Fy and Fu.
2 = 0% B = (2 - M)/ = 1/2s/Q' Figure 3 gives the different frequency
D(P) = (PIQ)* + 28B(P/R)® + (B2 + 2)(p/)? + 25Bp/lo + 1 response shapes accordmg. to .S value.
Practically, for reasons | will give later,
(PafPo)as = 20l0g | p L F(p)| 1 have chosen the values of S between
27QPer  Sp x Re  Mav 0.4 and 0.7. For a given driver, the re-
with  — PP _ 145 5 = 9400 sponse of this fourth-order filter depends
Ll AL on three construction parameters, VF,
Efficiency: n = Pa/ Pe with Pa: acoustic power; Pe: electrical power Vi, and Fg, the vent tuning frequency.
472 Vo In fact, theory proves that V¢ and Fg are
* closed or vented enclosure: 17, = X Fs3 x Qes coupled. Modifying one or several of
; these parameters allows the speaker
¢ symmetrically-loaded enclosure: gy = 5o X T builder to change the frequency, the
o . transient responses and the power capa-
Sensitivity (in acoustic pressure)
¢ closed or vented enclosure: S,
¢ Symmetrically-loaded enclosure: S, = 812 So TABLE |
Diaphragm displacement: S L(dB)
. \' 4 2.70
xp = Pe"? x ¢ x Ky x X(p) with Pe = e; x Re/(Rg + Re), K« = v—:v., <1 s 125
' Vas Uy / 5 0.6 0.35
Sx = =[1 +(P/Q)?3] / )
 27pC?F.QesSp? (P) = [1 +(P/2)?] / D(p) >877 g
FIGURE 2: Mathematical model for symmetrically loaded system.
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RGURE 3: Frequency response according to S value.
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I hope you aren’t letting fear keep you from find-
ing out what’s going on inside your audio

system . .. Behind your system’s front panels is
an intriguing, rewarding adventure that can cap-
ture your mind, open the way to better sound,
and put its performance quality under your con-
trol. After all, there’s nothing quite like under-

standing things from the inside, is there?

Despite the mystery, hype and mystique of ‘‘high tech,”
audio is the least demanding of the engineering disciplines and
its rudiments can be learned by ordinary mortals who have
never set foot in an engineering school.

“I never realized that an absolute novice like me could really
get into the electronics of my music system and make changes
that would improve the sound so dramatically. Audio Amateur
has made it possible for me to have a far better system than
I could ever have afforded,”’ is a typical quote from a reader
who, until she subscribed to Audio Amateur had never opened
the back of a set, never read a schematic or plugged in a solder-
ing iron.

Since 1970 Audio Amateur has been publishing authoritative
articles about audio technology by people who have improved
their systems for themselves. Most often the authors are
engineers working in some other field than audio who
recognize that there are better ways to do the job of reproduc-
ing sound than the commercial products offer.

It’s fun for such people to take a garden variety preamp
and turn it into something special —by improving the power

supply, changing the components to better ones, or improv-
ing the design in ways the original designer did not think of.

Then we also publish original designs that are often as good
or better than what’s newest on the commercial market. And
many readers who were rank beginners only a few years ago
are building such projects from scratch.

Articles tell you where to find the parts, and often they
are available, along with a circuit card, from specialist sup-
pliers who offer kits based on the articles.

Reading what others think about the performance and sound
of components is 0.k., but even better is the chance to take
what you already own and upgrade it so that it performs bet-
ter than it did out of the box.

In this day and age when everything is mass-produced and
quality is usually fair to mediocre, Audio Amateur gives you
the opportunity to enhance to whatever degree you choose,
one