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Good News

® AUDIO CABLE
An audio cable engineered and optimized specifical-
ly for biwired speakers has been introduced by MIT.
T2 Bi-Wire is based on the patented MIT
Terminator™ technologies, which are designed to
provide proper bass reproduction and midrange clar-
ity with an efficient interface. A more recent develop-
ment is the Multi-Bandwidth™ Terminator, in which
separate networks are optimized for high and low
frequencies. Music Interface Technologies, Aubum,
CA 95602, (916) 888-0394, FAX (916) 888-0783.
Reader Service #102

> DRIVER PROTECTION
Speaker-Knife is a high-speed transient/overioad speaker-driver protec-
tor. Once triggered, the device either cuts out the audio and stays
disconnected until the fault is corrected or instatly resets.
Drivers and crossovers are protected from over-excursion,
blown voice coils, and constant DC. The absence of batteries
means there is no robbing of usable audio power or frequency
response/dynamic range loss. All hardware
is included. Dynastar Electronics, -
926 E. Birch Ave., Fresno, CA .
93720, (209) 435-0270. -l
Reader Service #103

> DIGITAL PROCESSOR
TransDAC is the assembled version of the
Assemblage DAC-1 DIY kit (available through
The Parts Connection). The small chassis
{9.5” x 2" x 7”) houses a potted toroidal power transformer, low-ESR power supply capacitors, Crystal
CS8412input receiver, NPC 5813 digital filter, and two Burr-Brown PCM1702 20-bit DACs. The output stage
is a direct-coupled, Class A design, utilizing high-speed Analog Devices AD844 and AD847 op amps, film and
foil polypropylene capacitors, and 1% metal film resistors. A special introductory promotion pairs the
TransDAC with the Ultralitterbug jitter-rejection device. Sonic Frontiers, Inc., 2790 Brighton Rd., Oakville, ON,
Canada L6H 5T4, (905) 829-3838, FAX (905) 829-3033.

Reader Service #105

B SPEAKER COMPONENTS
® WINDOWS FOR SOFTWARE Speaker City U.S.A.® offers a product fine and
A Windows version of the Listening Room is now avail-
able. The program helps locate speaker and listener
placements to minimize the deleterious effects of stand-
ing waves and boundary reflections. Besides a graphical
interface, the new version features subwoofer place-
ment, electrostatics, surround-sound speakers, openings
and drapes, consideration of enclosure size and speaker
placement on baffles, and accurate scaling of room dia-
grams. Windows 3.1 and a mouse are required. Sitting
Duck Software, PO Box 130, Veneta, OR 97487, (503)
935-3982. 9924, FAX (818) 846-1009.

Reader Service #106

Reader Service #104

services for automotive speakers, stereos, ampli-

fiers, and custom enclosures; home, studio, and musical instru-
ment enclosures; speaker repairs; and home theater systems.
Driver manufacturers represented are Dynaudio, Focal, Vifa, Scan
Speak, Versa-Tronics, Audax, and Pioneer. The latest catalog fea-
tures speaker repair services, design aids, driver dimensions and
box size recommendations, driver technical specifications and
descriptions, crossover components and hardware, and speaker Peterborough, NH and an a mai
kits, as well as completed systems. Speaker City U.S.A., 115 S.
Victory Bivd., Burbank, CA 91502, (818) 846-9921, (800) 595-

® MEASUREMENT SOFTWARE
Liberty Audiosuite is a new measurement and analy-
sis software package, utilizing multimedia sound-
cards based on the ADSP2115 DSP. The software
is capabie of measuring frequency and time-domain
responses, impedances, spectra, distortion, ane-
choic behavior, room acoustics, and other character-
istics of audio frequency electronics and loudspeak-
ers. A choice of 14 sample rates from 5.5kHz to
48kHz is provided, with MLS/FFT and sine wave
capability to 16,384 data points. Liberty instruments,
Inc., PO Box 1454, West Chester, OH 45071,
phone/FAX (513} 755-0252.

Reader Service #101
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NHT 1259

A&S Speakers is pleased to be able to offer this custom made,
high performance woofer from Now Hear This (NHT). This is
NOMINAL IMPEDANCE 4 ohm the cost no object woofer used in the highly acclaimed NHT 3.3
MUSIC POWER 300 W system. Unlike almost all other woofers, the NHT1259, with its
FREQUENCY RANGE 19-1000 Hz low resonance and exceptionally long voice coil is designed to
SENSITIVITY (2.83 V) 90 dB produce decp bass in a small sealed enclosure when positioned
EFFECTIVE CONE AREA 507 cm?2 within two fcet of the rear wall. This design results in superior
VOICE COIL RESISTANCE 3.4 ohm transients an(t! n}lmmal l;:h;;)sctshlttt a}l‘ld group ((iic_lay. Every
VOICE COIL INDUCTANCE 1.2 mH construction feature con n. utes to the outstanding

erformance of this driver: the 50mm diameter, 34mm long, 2
VOICE COIL DIAMETER 50 mm ayer voice coil allows lnni; excursion, high thermal capahihtics
VOICE COIL HEIGHT 34 mm and tremendous output; the large bumped backplate and raised
AIR GAP HEIGHT 8 mm spider prevent bottoming at maximum excursions; the heavy
XMAX 13 mm cast frame minimizes encrgy transfer to the enclosure; and the
FREE AIR RESONANCE 19 Hz rubber surround and polypropylenc cone promise long term
MOVING MASS (MMS) 121 g durability in cvery environment.

FORCE FACTOR (BI) 96 ™
MAGNET WEIGHT 59 oz
QMs 2.6
QES 56
QTS 46
VAS

KRM

Price; $149.00/each

*Cabinets and plans for our computer
designed enclosure utilizing 14 internal
braces are now available upon request.
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By now we are all weary, not to say jaded,
when the discussion tumns to speedy techno-
logical change. But such shifts in the way we
do things need some perspective if we are to
fulfill one of the most basic of philosophical
precepts. Socrates said it well: “The unexam-
ined life is not worth living.”

My subject is computers. Whatever you
think or have heard, or however you may
view the computer revolution, step back with
me for a few moments and consider some of
the main issues.

The company which produces the maga-
zine you hold in your hands has been doing
its work and been managed by some form of
computer technology since 1982. On June 1,
we retired our first system, put in place 13
years ago and only now being decommis-
sioned because of ongoing integration of the
way we do business. Today our office houses
23 machines which handle circulation fulfill-
ment, advertising sales management, finan-
cial controls, editing manuscripts, page pro-
duction, and sales and shipping.

Eventually, we hope to offer online ser-
vices for authors and readers alike, and at
least one totally electronic periodical is in the
works. You will have noticed that more and
more of what appears in Speaker Builder is
related in one or more ways to the computer
as a multipurpose tool. It offers design capa-
bility for boxes, crossovers, zobels, not to
mention fully integrated, multidriver sys-
tems. It allows you to first build a system on
the computer, before building it in real time
and space, as Vance Dickason’s new Loud-
speaker Recipes! illustrates so eloquently.

The computer’s measurement capabilities
are already pervasive and growing more
refined with each passing day. Indeed, a well-
equipped moderately powerful machine can
fulfill most of the normal electronic test
bench functions.

Unlike most technology, however, the cost
of the computer has been dropping steadily
since its introduction to wide use in the early
1980s. Our first IBM clone was an XT with
IM of memory, a mono monitor, two 5%"
360K disk drives, and a 20M hard disk, all for
$1750. Today you can purchase an 80486
DX100 machine with 8M of memory, color
monitor, S60M hard drive, and 1.2 and 1.4M
floppy drives for that same price tag.

Editorial

The Computer Question

If you have put off doing anything about a
computer for your speaker building activi-
ties, it may be because the whole matter
seems so confusing and the vendors so unfa-
miliar that you just haven’t made a start.
Since this magazine is based on the do-it-
yourself premise, I suggest you build your
own. If that seems outrageous, it may be that
you need a reliable, comprehensive introduc-
tion to the whole topic. I do make the sug-
gestion without any reservations or trepida-
tion, however. If you can use a screwdriver
and read instructions, you can build your
own machine, and keep it upgraded as the
technology develops.

McGraw-Hill’s Windcrest division has
been publishing a series of guidebooks about
computer hardware under the title Build Your
Own...PC.2 Aubrey Pilgrim, the series’
author, has produced volumes on building all
models from the lowly 8088, the IBM XT, to
his latest which explores the Pentium proces-
sor-based devices. I might explain that there
have so far been four successors to IBM’s
first design. These are all prefixed by the 80...
designation. We’'ve had the Advanced
Technology (AT) step up, the 286, followed
by the 386 and the 486. The latter number is
a highly sophisticated device containing a
math co-processor, which in the earlier 386
had been a separate chip.

All the while prices of these central
processor units (CPUs) dropped steadily,
plummeted in some instances, from their
introductory prices. The increasing sophisti-
cation of the CPUs was accompanicd by
increases in processing speed. From the
4.7MHz per second XTs to the most recent
Pentiums (aka 586) at speeds of 120MHz, we
have seen a dazzling increase in the power of
these smaller and smaller machines.

Pilgrim’s latest volume, Build Your Own
Pentium Processor PC, may seem to a begin-
ner like starting at the top. In one sense that is
5o, but the book is an absolutely comprehen-
sive first look at the whole machine, and nei-
ther its processor nor its speeds will be any
bar to your understanding of how the whole
IBM PC series of computers works and how
to put one together—regardless of whether
you intend to build a 386, a 486, or one of the
new Pentiums. The basic elements of all the
machines are the same.

There are variations, of course. You’ll
have choices of bus formats, monitors, disk
drive formats, memory configurations, and
much else. The basic hardware is absurdly
easy to assemble, however. The box with
power supply, the motherboard, memory,
floppy disk(s), disk interface and ports board,
monitor interface, hard disk, keyboard, and
monitor can all be put together with moderate
care using a Philips screwdriver. But Pilgrim
takes you on a very comprehensive, easy-to-
understand tour of IBM computer country
that is the best overview I have seen for
beginners. The Pilgrim book is also a handy
manual for an experienced user’s full under-
standing of the machine’s basic operation.

Computers encompass a very large array
of diverse information, and there are seem-
ingly endless things which may be leamed
about them. A multitude of disciplines exist
within the computing world, any one of
which by itself can become a full-time avoca-
tion. After you have built your computer and
installed an operating system, the software
choices are a new, and larger, adventure.

You will be seeing more about computers
in these pages in upcoming issues. The com-
puter is also a music and data processing
instrument. It has the developing capability to
record and edit digitally encoded music, and
it can be a handmaiden to composers, captur-
ing and printing musical notation, as well as
the sound itself.

Inevitably the computer will affect loud-
speakers at all levels from materials research
right to performance in your listening space.
I suspect it will redefine the way we deal
with issues of quality and performance. It is
already pouring out mountains of new infor-
mation about all the elements which com-
prise the loudspeaker interface. If you have
been hanging back, it is time to step up
across the new threshold and start finding
your way around a new, exciting neighbor-
hood.—E.T.D.

REFERENCES

1. Vance Dickason, Loudspeaker Recipes, Audio
Amateur Press, 1994, ISBN 1-882580-04-4.

2. Aubrey Pilgrim, Build Your Own Pentium Processor
PC, Windcrest® McGraw-Hill, 1994, 1SBN 0-07-050164-
5, $19.95.
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Design a PWM
switching power
amplifier into your
next powered audio
product... and do it
without R&D.

M_ade
LGT Technologies provides OEM
power solutions for audio designers
requiring small size, ultralight weight,
and clean high-efficiency output.

in
USA

This Class-D 200W-8(2 audio amp is available OEM.

We offer a range of power modules, with ratings of 150 to 500 watts*...
optimized for full-range or low-frequency reproduction... with conventional
linear power supplies or switching mode supplies. We can incorporate custom
circuitry for your specific design onto the same circuit board... such as an active
filter network or special processing.... all with little or no R&D expense.

LGT Class-D amps are stable and reliable, providing low distortion, and
excellent frequency response. Contact Terry Taylor for full details and a
development kit with demo board.

*30
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Sales Agent:. ACOUSTICAL 5 '
SUPPLY == -4 l
INTERNATIONAL 7= 1

615-756-0860

895 Cherokee Boulevard Chattanooga, TN 37405

Tel: 615-756-0706

Fax:

The peculiar evil of silencing the expression of
an opinion is, that 1t is robbing the human race;
posterity as well as the exisling generation;
those who dissent from the opinion,
still more than those who hold it.

¢» JOHN STUART MILL
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About This Issue

Speaker Builder has always stressed the
importance of reader feedback. Our lead arti-
cle in this issue is a direct response to your
interest in a published project and proof that
your comments and suggestions do make a
difference. Spurred by a reader request, con-
tributing editor John Cockroft reveals several
woofer solutions (with a surprising orienta-
tion) for his Simpline speaker system (“The
Simpline Sidewinder Woofer,” p. 8). In keep-
ing with the Simpline tradition, this proj-
ect features simplicity with pleasing results.

It room effects plague your sound system,
we offer two solutions. First, Bill Waslo
demonstrates his analytical prowess with an
array of drivers to deal with the effect of
room acoustics on sound quality (“Focused
Arrays: Minimizing Room Effects,” p. 10).
His proposal is an untested, but feasible, way
to increase direct sound while reducing room
reflections.

Second, contributing editor G.R. Koonce
has developed programs for the IMP Audio
Analyzer to help you establish the proper test
setup and allow IMP files to be used by other
programs to achieve a reflection-reduced
environment (“Extending IMP: A Program
Set,” p. 24).

Ron McGhie offers a flexible, four-way
vented speaker design that addresses the lack
of dynamic range in home systems. His con-
struction project results in a high-perfor-
mance system in a modest box design (“A
Flexible Four-Way System,” p. 14).

In his latest installment of Wood World
(“Shaped Hole Techniques,” p. 40), Bob
Wayland presents simple methods to pro-
duce professional-looking circular holes to
mount a speaker, without the necessity of
using heavy-duty equipment.

Finally, sound man Dan Ferguson reviews
Sheffield Lab’s new test CD, appropriately
titled My Disc, to help you evaluate and ana-
lyze your system (“CD Review,” p. 48). This
useful tool features over 80 technical tracks
and sound effects.
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THE SIMPLINE SIDEWINDER

f all of the speaker systems I have
Odesigned, the Simplines have made

me the happiest and perhaps sur-
prised me the most. They ask so little and
give so much (sort of like the Little-Engine-
That-Could).

From time to time I have considered using
the Simplines as satellites, but for some rea-
son never got around to designing a specific
woofer for them. A letter from reader Harry
Campbell renewed my interest in the matter.

THE SQUATLINE

I currently lack the facilities for construction,
so I can’t really design and test a woofer
from scratch. But I have been able to do
something. I dragged out an old speaker sys-
tem which I call the Squatline. It was dutiful-
ly standing against a wall in the bedroom,
trying hard to prevent dust from settling to
the floor.

I sometimes thought of this speaker as a 2’
long Shortline and at other times as a
Microline for an 8” speaker. 1 disconnected
the tweeter and the crossover, and hooked it
up to the Simplines through an active
crossover consisting of a couple of
Marchand XM 1 PC boards and a homebrew
power supply. At various times the crossover
point was 125Hz and 200Hz.

After a lot of fiddling around, I eventually
found what was seemingly the best location
for the woofer cone in relation to the room.
This turned out to be as close as possible to
the junction between the floor and the rear
wall, a position originally discovered and
used by Roy Allison. In order to achieve this
location, the Squatline (which, like the
Simplines, has its woofer on its top face) had
to lie on the floor with its back against the
wall like some boxy house cat.

In this position, when I finally got the lev-
els between the woofer and the satellites set
correctly, I spent some time listening to dif-
ferent things: organ, heavy orchestral pas-
sages, things with a lot of transients, some
swing and Dixieland, and vocals. The results
were surprisingly good. The transition
between the speakers couldn’t be detected;
everything seemed to float above the pile of
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WOOFER

By John Cockroft

dead bones leaning up against the wall, total-
ly inert and unconnected with the music. I
was really enjoying this.

In the midst of this delicious pleasure, a
black thought intruded. The woofer in the
Squatline was an old Peerless model not cur-
rently being manufactured. Ow—that
spoiled my day! I later realized I had an 8”
Radio Shack 40-1024 woofer (their current
8” poly coned unit) in another system, which
I had used for a while in the Squatline. At the
time it had sounded OK. I located it, rein-
stalled it, and reset the balance. When I
heard the sound, I was greatly relieved.

A SIDEWINDER IS BORN
Something would have to be done about the
enclosure, though. It couldn’t just lie around
the floor in such an unhousebroken manner.
The thing to do was to keep the same dimen-
sions (because the music still sounded fine),
but to build it upside down with the speaker
at the bottom, on the side panel (see
“Construction Details”). The Simpline
Sidewinder—why not?
My first thought was

100 preamp. The 20dB gain in the preamp
made the difference; it was playing loudly
enough to satisfy me (and probably to annoy
my neighbors). This system doesn’t have to
be really loud to sound good. Just moderate-
ly loud, or even a bit less, and you get a
tremendous subjective feeling of reality.

I recently redid the crossover in an effort
to make it as low impedance as possible
(Fig. 1). It helped—the system will now play
louder than I need.

FINDING RESISTOR VALUES
The crossover is designed so the amplifier’s
input impedance serves as the final resistor
of the circuit’s high-pass section. I know of
no amplifier with the correct impedance.
(And if I did, I don’t have it.) The purpose of
resistor(s) Rx in the circuit is to fool the
crossover into thinking the impedance is cor-
rect. It must be of a value that, when paral-
leled with the input impedance, comes out to
10k

To find the value of the resistor, first look

that the active crossover

HIGH PASS J3

wasn’t exactly in keeping c1
with the concept of sim-
plicity. So I designed a
passive crossover and
breadboarded it on a piece =
of cardboard photo mount
stock. It was a second-

10K

10K
c3
100N
s =

ce RCA

10K

100N 100N RT HIGH
i "“2* ?DUT
Rx

RS Jj6
RT LOW RCA

2K

R4

order filter with a Q of 0.5, Low PAS . si¢ IS

and it crossed over at about TSP A eummED ouT
159Hz using 0.1uF capaci- HIGH PASS e ol @ 37

tors. While it sounded — 10K 2k | = RCA
beautiful, it wouldn’t play s o

very loud. My system con- RCA T

sisted of a Carver CD play- c7

er hooked up directly to an L F—~—A

amplifier. There wasn’t LFT 1N 10ON

enough get up and go in P

the CD player to push
through the passive filter.
After sitting around for
a while with a pessimistic
profile, I went to the closet
and located my old Hafler

FIGURE |: Passive linelevel crossover for the Simpline satel-
lite/woofer system (to be used between preamp output and
amp input). Resistors: YW, Capacitors: monolithic or PC
mount Mylar. *See text.




up the value of your amplifier’s input imped-
ance in your owner’s manual. Enter that
value in your calculator and press the 1/x
key. Then press the minus key, enter 10,000,
and again press the 1/x key. Now press the =
key and the 1/x again. This will give you a
minus number. If you ignore the minus sign,
you will have the correct value of resistor Rx
in ohms.

Example: amplifier input impedance is
30k€2. 30,000 (1/x) 0.0000333 (-) 10,000
(Ix) 0.0001 (=) —0.0000667 (1/x) ~15,000.
Ignore the minus sign and the answer is
15,000 ohms (15k€2).

In spite of the fact that the crossover is
second-order, and theoretically should func-
tion best when the satellite leads are reversed
in relation to the woofer leads, I now find the
system sounds better when the satellites are
hooked up with the same polarity (plus to
plus, minus to0 minus). This is probably due
to the effect of the sound’s different path
lengths from the Simplines and the woofer to
my listening position.

I suggest hooking up your system both

ways and retaining whichever polarity
sounds best with your setup. Since most of
the sound from this system is reflective, it is
difficult to predict path lengths simply from
looking at the setup arrangement. It might
also be that, since I am using amplifiers from
different manufacturers, one amplifier has its
polarity reversed from the other. The key
here is whatever works!

For use in a tape loop circuit, instead of
between a preamp and an amp, a stereo vol-
ume control is required ahead of the
crossover inputs because the record out jacks
bypass the preamplifier volume control. The
Radio Shack 271-1732 will work. (Don’t
enable the loudness contro] feature.)

1 hope this gives you something to play
with. Please write if you have any questions
or comments. I'll probably keep this mon-
strosity hooked up. Thanks to Harry
Campbell for that.

to page 56

CONSTRUCTION DETAILS

s"ané»TensE i

Material: %” particleboard

Fill with 11 oz polyester fiberfill or Acousta-
Suf®

" x %" cleats recommended in the vertical
comers

Use #16 or larger hook-up wire

Assemble bottom, sides, top to back. Add
back, side, and top* stiffeners, then input
connectors, wiring, and stuffing. (If you
don’t want connectors, run wires out of
port.) Add front stiffener to front panel, then
add front panel. Connect and mount speaker.

*Glue cutout from speaker hole to under-
side of top plate to add stiffness.

MIT’s
Capacitor
Textbook

by
Richard
Marsh

Debunking the Myths
Cap Myth #3

Some caps in audio applications sound
fine without by-passing

Cap Fact

All capacitors in audio applications need
by-passing: coupling caps, crossover
caps, power-supply electrolytics. Without
by-passing, high-frequency performance
and transient response will be compro-
mised

« Problem: Capacitors slow down at
higher frequencies. The larger the
capacitor, the slower the response.

Solution: By-passing a iarger slow cap
with a smaller faster cap (MIT recom-
mends 10% of the overall value)
restores high-frequency performance.

Optimized Solution: The patented MIT
MultiCap - the only internally by-passed
capacitor available. Each MultiCap is
constructed by paralleling up fo 10 sec-
tions, each 10% of the overall value.

* Results: Lower parasitics than possible
with ordinary by-passing. Superior high-
frequency performance in a single unit
without additional, external bypassing.

The MultiCap is also an unequalled by-
pass for power-supply electrolytics.

Watch for the next capacitor Myth!

..the MIT capacitors . . .charge and discharge
much faster The speed of these caps also implies
that they are passing only the signal present at
that instant, leaving no residual effect from any
previous signal

From The Audiophile Voice, Vol 2 Issue p. 105 -
a comparison of the ARC SP 9 Mk It & Mk il

35 001
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R 0
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s 10.0p0
0
oo o1 1 0 100

Frequency in MHz

ESR vs. Frequency vs. Capacitance

>Iapn NOowINg w  QISTOM 0obf(¢ ed
s (ESR) of the self-by
p performance falls to t

decreased px

of stc F
left of the line, indicc
mance. (Measured at MIT)

MUSIC INTERFACE TECHNOLOGIES
For National & International Inquiries

Phone: 916/823-1186 Fax: 916/ -0810

Reader Service #69
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FOCUSED ARRAYS:
MINIMIZING ROOM EFFECTS

ne of the most critical hardware com-
Oponents in an audio system is the lis-

tening room. Expensive electronics
and loudspeaker components located in a
poor room (or poorly placed in a good room)
can, and often do, give less satisfying results
than a less expensive system in an exception-
al room.

Unfortunately, for many of us the room is
often the least easily replaceable part of a
stereo system. Our rooms are in our homes,
which are part of neighborhoods, as are our
kids’ schools, and our jobs. We might think
we have only a few choices in adjusting the
room part of the system equation with room
treatments (rugs, panels, absorbers), orienta-
tion of speakers and listening position, or by
design of speakers and electronics to deal
with particular room effects (floor-mounted
woofers, in-wall speakers, equalizers).

A possible solution occurred to me when I
read a recent AES journal article which

By Bill Waslo

described a test in which listeners’ preference
was determined when speaker brand and
position were varied. The room position was
a more significant factor in perceived sound
quality than the speaker model.!
Interestingly, another article in the same
journal described a totem-pole arranged
microphone array for use in meeting rooms to
achieve a directional pattern with main lobes
in a donut shape peaking at the speaking posi-
tions around the room?2 I thought if this
works for microphones, it should work for
speakers, too, and set out to discover an array
of drivers to reduce the effect of room
acoustics on loudspeaker sound quality.

MULTIPLE SPEAKERS

Driver arrays remind us of the marketing
ploys often used to sell low-quality speakers
(“Three midranges! Six tweeters! Four
ports!”). Such designs prey on the “more is
better” perception, and, if there is a technical

4“‘

3

FIGURE |I: Direct signal paths are equal; reflected signal paths vary greatly. Only a frac-

tion of the reflections are shown.
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angle at all to the approach, it is usually
toward improving dispersion. Some designs
employ an array of drivers facing forward,
backward, and/or sideways with the aim of
increasing the amount of sound reverberating
from room surfaces for a more diffuse sound
and to increase the effect of the room’s sonic
signature.

My array is different; its purpose is to
increase the intensity of the direct sound
path while reducing that of the reflected
paths, thus minimizing the sound character-
istics contributed by the room. In a way, it is
the antithesis of systems which enhance
reflected energy, although both ideas use a
driver array.

The use of multiple drivers to reduce
reflections may seem counterintuitive at first,
but radio antenna engineers have an analo-
gous technique. They lower multipath distor-
tion (which is a corruption of a direct radio
signal by reflected signals) by utilizing direc-
tional antennas composed of an array of
spaced elements. The antennas arc advanta-
geous in the transmit path, the receive path, or
both wherein the array not only improves the
echo rejection but also increases antenna gain
or sensitivity to the radiated signal. The use of
transducer arrays is also common in sonar
and ultrasound technology.

OPERATION

So, how does it work? The concept is very
simple, so I suspect it must have been thought
of before. Yet neither I nor anyone I' ve talked
to about this has seen or heard of such a sys-
tem. Basically, each “‘speaker” consists of an
array of drivers spread out on the front-left or
front-right side of the room.

The critical characteristic is that each dri-
ver is placed the same distance from the lis-
tener’s head (Fig. /), but at different dis-
tances from the room boundaries and other
reflecting surfaces. Ideally, they should be
irregularly spaced from room surfaces to ran-
domize the arrival times of the reflections at
the listening position.

The direct signals arrive coherently (phase
aligned) at the listening position, and thus the




pressure sums directly (increasing 6dB for
cach doubling ot the number of equally pow-
ered source drivers). The reflected signals,
however, arrive at different times. Thus their
strength sums (ideally) at 3dB for each dou-
bling of equally powered sources. Two dri-
vers arranged this way should have up to a
3dB (6 — 3) enhancement of direct over
retlected intensity.

In general, the maximum decibel enhance-
ment will go as 10 log(N), where N is the
number of drivers. Four phase-matched dri-
vers should show 6dB of enhancement, and
cight drivers can yield 9dB. This process is
very similar to the noise-reduction-by-aver-
aging scheme used in the basic IMP mea-
surement system. However, retlection inten-
sity, rather than noise reduction, is reduced
relative to direct signal intensity (Fig. 2).

You can imagine that the listening position
will be very critical. This setup is intended to
be ultradirectional and foregoes the usually
desired goal of loudspeaker omnidirectional-
ity. But after spending thousands of dollars
on equipment, doesn’t an audiophile always
sit in the one best seat, anyway? But you
would not invite a large audio club over to lis-
ten to your focused array system. You can
avoid the need to install a vise in your listen-
ing chair to precisely hold your head, if the
higher frequencies (and perhaps some of the
midrange) are not part of the array.

You could use a single tweeter of narrow
dispersion characteristic in a traditional place-
ment, or a controlled directivity (horn) tweeter,
with other drivers armayed widely around it. A
single tweeter would also help preserve imag-
ing and localization. You might notice the sin-
gle tweeter, dual midwoofer setup as one of
the characteristics of the D’ Appolito configu-
ration, which might be considered a “3dB
enhancement” focused armay for midrange fre-

FIGURE 2: Impulse responses due to dis-
tributed drivers have the direct part aligned,
but the reflected parts spread (top). The sum-
mation of these at the listening position rein-
forces the direct signal relative to the reflect-
ed signals (bottom).

quencies (although the D’ Appolito configura-
tion has other design goals).

IMPLEMENTATIONS

You can place the drivers in the arrays vari-
ous different ways. You could install each
into its own small cabinet or on its own stand,
equidistant from the target listening point.
This would locate them pseudo-randomly on
the surface of an imaginary sphere centered at
the listener’s head as in Fig. 3. You could
also locate some drivers at the sides or even
behind the listener, but I suspect toward the

front would be more satisfying. Writing a
computer program to help position the dri-
vers could optimize the results.

You could combine the array into a set of
less visually overwhelming “speakers” as a
commercial product by installing them into
long, inclined arc-shaped cabinets (Fig. 4 ).
Other possible shapes of unified-box systems
include X-shaped, S-shaped, and, of course, a
full satellite-dish arrangement using many
drivers. You might array your system with
multiple midranges and multiple woofers for
three-way, four-way, or more versions.

Some other variations you might consider
are: arraying the drivers into a planar grid,
with the arrival times aligned via electronic
delays, or behind a porous screen of a projec-
tion video system. Another variation is to use
ribbon drivers or electrostatic panels for the
driver.

THE SOUND

If you are wondering what this will sound
like, so am I. These days I spend more time
with a computer keyboard than with a table
saw, so I haven’t tried this idea yet. I am pre-
senting this approach to the Speaker Builder
community to see whether I can tempt some
of you. Here’s your chance to possibly make
modest audio history. Fire up your saws!

For a simple, first-time experiment, you
could make about 16 satellite-sized mid-
woofer cabinets, spread them out (in left and
right sets), and arrange them for equal arrival
times at ear level in your listening chair. The
best way to align the drivers is by measure-
ment of the impulse response as received at
the listening position. A marked length of
string is also usable for equidistant alignment.
If you use a single tweeter for better sound,
you may want to use separate amplifiers for
midwoofer and tweeter for the test to more

FIGURE 3: A “6dB enhancement” focused array using separate

cabinets and stands.

FIGURE 4: Indlined arc implementation of a focused array.
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bullock and while sollware presents

BOoXMODEL VER. 4.0

FEATURES INCLUDE:

Series and Parallel, Compound and Isobaric Designs

Sealed, Vented and Pasgive Radiator Systems * On-Line Help
Optimized Flat Alignments * Four Concurrent Designs
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easily match the levels of the drivers as you
add or subtract midwoofers to the array. In
the final configuration, a suitable series-paral-
lel arrangement may be possible for the mid-
woofers to convert to a passive Crossover.

SOME NAYS

There may be some negatives with the array
concept. As G.R. Koonce points out, your
current recordings may not necessarily sound
best in a reflection-reduced environment.3
This is the chicken-and-egg problem with
recordings and speakers. Recordings are
artistically made creations, not simply objec-
tive measurements of a sound field. A record-
ing engineer uses techniques and mixes
which will sound best on the speakers that he
anticipates will be interpreting the recording.
Typical mixes probably assume room effects.
Since I've never heard of the existence of a
focused array system, I doubt that any record-
ings have been monitored or produced with
them in mind.

Koonce also notes that reflected energy
may affect the imaging illusion. Remove it
and things could become kind of dry. You
might wonder if the result would be much
different than headphone sound. Of course,
the reflection reduction will not be total, and
it may be desirable to lessen the room’s col-
orations, but not eliminate all reverberent
fields, or to restore the field by separate rear
or side channel speakers, home-theater style.

There exists one best seat, at one best dis-
tance from the system. The result is intended
to be very directional, and not just the way a
planar speaker is directional. On the other
hand, T've often felt that the planar speakers’
semi-coherent image, which often seems to
come from behind me (reflected off the back
wall), is quite detrimental to realism. The
arrays might cure that problem yet retain the
advantages of directionality.

Another problem might be the frequency
dependence of the effect. Expect it to dimin-
ish at very low frequencies. Additionally, fre-
quency-dependent sidelobes in the radiated
pattern may lend a coloration to the remain-
ing reflected energy.

Focused array systems could also become
rather expensive. Eight decent midwoofers
per side can add up quickly. Driver manufac-
turers would be delighted if this became pop-
ular, and so would speaker-stand manufactur-
ers if audiophiles embraced the arrangement
of Fig. 3.

AND YEAS

Since I'm writing the article, I get to finish by
listing some of the advantages of focused
arrays. In addition to a smoother response,
expect the following desirable effects:

1o page 58
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A FLEXIBLE FOUR-WAY SYSTEM

n recent years, recorded material has

placed an ever-increasing demand on

domestic (home) speaker systems with
respect to low-frequency output at high lev-
els. My system, operated at its rated input
power, can exceed 115dB SPL over a rela-
tively long periodof time, while remaining
docile enough for chamber music at reduced
levels (Photo 1).

DESIGN GOALS
For as long as I can remember, I've been
interested in loudspeaker design. Speaker
building, if done properly, is one of the most
satisfying projects you can undertake,
rewarding the builder with sound that rivals
the best commercial units. In some cases the
results are better than commercial designs:
when you build for yourself, you're not con-
cerned with cutting corers to lower produc-
tion costs.

It you use quality components, pay strict
attention to detail, and, most impor-
tantly, be realistic about your speak-
er's performance, you can be proud of
your efforts.

Most systems fall short of repro-
ducing the dynamic range present in
live performances...until now. This
system addresses that shortcoming.
Considering the small size of my lis-
tening room, it is virtually idling 95%
of the time.

SYSTEM REQUIREMENTS
My system requirements, in order of
importance, were:

1. Wide bandwidth;

2. High efficiency;

3. Modest-sized enclosure;

4. High power-handling capacity.

The system adheres to the follow-
ing principles:

I. You can extend bass response
with relative ease as long as high-out-
put requirements are not taxing.

2. High system efficiency and/or
high-input capacity do not guarantee
high output at low frequencies.

3. Diaphragm movement to
achieve a given level of acoustic out-
put is a function of the frequencies,
the size of the diaphragm, and the
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By Ron McGhie

type of system. It is not related to system
efficiency unless the loudspeaker is burmed
out clectrically trying to achieve the desired
diaphragm movement.

Table | lists the peak-to-peak excursion in
inches required to achieve one acoustic watt
at the frequency indicated for vented (and
scaled) systems. This shows the decided
advantage of vented systems over scaled sys-
tems in terms of driver excursion at low fre-
quencies. It also shows the benefits of choos-
ing a larger driver over a smaller one when
you require high outputs at low frequencics.
In its simplest form, acoustic watts = 1, x
power rating (thermal limit). Note also that
Xuax Specifications are one-half the peak-
to-peak value mentioned here, and 1, =
Thiele/Smatt reference efficiency.

So, how do you handle inadequate excur-
sion? Well, you can keep peak acoustic lev-
els below one acoustic watt, design around a
larger-diameter speaker, design around mul-

PHOTO I: The completed speaker system.

tiple speakers, raise the low-bass limit, or use
a system type which minimizes excursion
requirements. The all-horn system is the

obvious choice, if not for the sheer bulk of

the low-frequency section, so 1 opted for
vented technology, which provides a reason-
able compromise between size, efficiency,
and low-end response (f,).

SELECTED COMPONENTS
My initial design considerations centered
around a two-way vented low-frequency sec-
tion and a hom-loaded high-frequency sec-
tion; that is, basically a 15" vented woofer
with a horn “top end” capable of
400H7z-20kHz. While the low-frequency
section was solidifying on my computer pro-
gram, based on the JAES papers by A.N.
Thiele and Richard Small, I discovered a pair
of Electro-Voice drivers, called the VMR
(vented midrange), which are used in the
S1803 professional keyboard system. The
VMR (EV part #1803-0302) has the
same 16 Ib magnet structure as the
woofer 1 have chosen, the DLISW,
which is a relatively new driver from
EV intended for the professional
sound reinforcement market.

For the midbass 1 chose an
EVMIOM musical instrument driver,
which also has a 16 b magnet struc-
ture. The sensitivities of these three
drivers are very closely matched,
eliminating the need for bothersome
padding networks. 1 then chose the
EV ST350B wide-angle tweeter,
with 120° dispension that is ideal for
off-axis listening. Also, choosing dri-
vers from the same manufacturer vir-
tually assures they have the same
“sonic fingerprint,” which is impor-

ABOUT THE AUTHOR
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/ tion and maintenance of electromechanical and
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tant when you are designing a “‘system.”
Driver specs are in Table 2.

ENCLOSURE DESIGN

Traditionally, loudspeaker system design
begins at the low-frequency section, which is
usually the bulkiest and dictates the size and
shape of the enclosure. I needed an f; of at
least 40Hz (normal mode approximately
cqual to a B4 alignment). Since the midbass
enclosure is integral with the main enclosure,
I actually necded to design two boxes. I start-
ed figuring how large to make this box,
which must be added to the main box vol-
ume (Figs. I and 2).

My f; for the midbass was to be around
100H7. My calculations showed a new vol-
ume of 0.68 fi*, yielding an f; of 93Hz and
an F; of 82Hz. With a 3" diameter PVC vent
of 7.065 in? and a vent length of 1.97”, driver
displacement volumes for the EVMI10M and
the VMR are 210 in? cach for a total of 420
in or 0.24 fi*. So I added this to the 0.68 ft*
net box volume for a 0.92 i3 gross volume.

For the low-frequency section, 5.1 ft3
yields an f; of 38Hz (normal mode) and
28Hz B6 assisted (equalized step-down
mode). I added 500 in* or 0.28 ft* for driver
displacement of the DL15W and 0.92 {t® for

TABLE 1

PEAK-TO-PEAK EXCURSION

Loudspeaker 50Hz 40Hz 30Hz 20Hz
DIA.IN.
8 0.77 (2.3) 1.2(3.6) 2.1(6.3) 48(14.4)
10 0.50 (1.5) 0.78 (2.3) 1.4(42) 31(93)
12 0.31{0.90) 048 (1.4) 0.86 {2.6) 19(5.7)
15 0.19 {0.60) 0.30 {0.80) 0.53(1.6) 12(36)
18 0.13(0.40) 0.20 {0.60) 0.36(1.1) 0.81(24)

the midbass enclosure for a gross box vol-
ume of 6.3 f}. Because the design assumes
no box losses, [ added 0.4 3 (over volume).
This resulted in a 6.7 fi* box with outside
dimensions of 36 x 24 x 17.5 (HWD).
Normal-mode tuning occurs with 24" vents
totaling 25.12 in? for a resultant Fy; of 3517
and a vent length of 6.71".

You can reconfigure this system to an
alignment approximately equal to a no. 15
B6 assisted step-down mode resulting in
half-octave extension in f; (from an f; of 38
to 28Hz) by reducing the vent area by one-
half (i.e., plugging one of the vents). The Fy
falls to 26Hz as a result. Then, by adding
6dB of boost at 28Hz with an accessory
equalizer, you restore flat response with a

new system f; of 28Hz.

CONSTRUCTION

1*1:

g 10%" >
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/1 ’

N

36" 160° \
35' N

CANTSTRIP BRACING IN.CORNERS,

The enclosure consists of |-
\ 1/8" and 7/8" MDF particle-
board. I acquired several
sheets of what apparently
used to be walls from a rac-
quetball court. However,
they were laminated on both
sides with arborite, which I
needed to skin off with a
router wherever a glue joint
occurred. Although these
panels were extremely
dense and heavy, I would
probably not care to repeat

this extra preparation for another project.
After assessing how much of cach size I had,
I made the bottom, back, and subenclosure
out of the 7/8" material and the rest out of 1-
178" material.

I rough-cut all panels slightly larger than
the finished size, then squared, made true,
and labeled (right top. left bottom, and so on)
the pieces (Fig. 3). I then cut them to size
and dadoed and rabbeted the panels where
necessary and routed the vents and speaker
openings. The midbass enclosure shares both
the midrange drver (VMR) and the midbass
driver (EVMI0M). They don’t interact with
cach other, though, since the VMR is a
scaled-back unit.

Photo 2 shows interior details before you
add the midbass enclosure to the box. Due to
the angles involved T deemed it easier to cut
and fit the midbass enclosure as [ went
along. The integral midbass enclosure plays
a major role in stiffening the main box: its
bottom also serves as a front-to-back stiften-
ing brace. Because this runs diagonally, a
broader range of panel and box resonances
are suppressed. Photo 3 shows the finished
midbass enclosure within the main box.

Photo 4 and Fig. 4 show baftle details
with the tweeter opening recessed to provide
voice coil alignment with VMR. Left and
right baftles are mirror images of each other,
and the midbass, midrange, and tweeter are
clustered as close as physically possible.

Liberally glue and screw down all joints

18"

10%"

.

P
-

12%"

23"
24"

FIGURE |: Front view with baffle removed.

"

25"

X

FIGURE 2: Midbass subenclosure.
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FIGURE 3: Sides.

along with the attendant panel bracing. Since
the panels are not removable, access to the
inside of the enclosure is through the speaker
openings on the baftle. 1 caulked all interior
joints with silicone sealant to ensure no box
leakage. Cabinet damping is 2" fiberglass
applied to three adjacent interior surfaces 1o
make the boxes as inert as possible. As con-
structed, they weigh 220 Ibs each with dri-
vers installed. They also have minimal cabi-

PHOTO 2: Inside view of box before mid-
bass enclosure installation.
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net vibration when playing at

loud levels and none when
SPLs are more sanc.

I used arborite to finish the
top, bottom, front, and back,
and will apply oak veneer to
the sides later. The arborite
gives a flawlessly smooth fin-
ish that is hard to duplicate by
other means. I'll add a 12"
base (not shown) before
applying the vencer to the
sides to prevent it from lifting
when they are moved.

WIRING & TUNING

I designed the passive
crossover and input panel
with the idea that 1 would
eventually biamp the sys-
tem. The crossover points
are 100, 350, and 3kHz. Of
course, when biamping you
can easily change the low-
frequency crossover point.
Figure 5 shows the input
panel with straps and label-
ing for hooking up the sys-
tem as an all-passive or
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biamp configuration. &
Capacitors are Wonder-
Caps® and inductors are all

FIGURE 4: Baffle details.

air core except for the 13MH

and 24MH units, which are high-current fer-
rite core. Wiring is 10-gauge stranded
throughout the crossover. 1 hot-glued the
crossover components to the bottom of the
enclosure and soldered them to terminal
strips. The straps on the input panel make it

PHOTO 3: Midbass enclosure within main
box.

easy to reconfigure from passive to active
without opening the enclosure.

Wire individual drivers as noted in Table
3. You can easily reverse the DL15W polari-
ty, since it appears directly on the input ter-
minal strip. Of course, when biamping, you

PHOTO 4: Front of enclosure showing driver

and vent cutouts and recessed tweeter opening.
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MIMESIS

To show the awesome capabilities of the Skaaning Loudspeakers, e
Madisound has developed a concept system known as MIMESIS.

MIMESIS is for the discriminating listener who wants a system that has a
flat frequency response, impedance magnitude that varies less than 2 ohms
throughout the audio frequencies (less than 1/2 ohm for the satellite), extremely
wide dynamic range, clean transients, and bass output below 25Hz. This is
achieved in a sealed box design without equalization.

MIMESIS cabinet plans, drivers and speaker accessories are available
from Madisound. For our cabinet, we choose 1-1/8" MDF with a cherry veneer 54"
and Corian tops and bottoms. Madisound stocks the SK300-304 12" woofer,
SK170-308 6.5" woofer and the T330D Dynaudio Esotar tweeter. We can also
~ provide you with Deflex acoustic panels for internal dampening, as well as input
‘ terminals and Flatline cable internal and external wiring.
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TABLE 2

TABLE 3

DRIVERS AND SPECIFICATIONS

RELATIVE PHASE CHART

Low-Frequency:

Electro-Voice DL15W

ST3508 out
VMR out
EVMIOM IN

DL15W out

your design indicates. This noticcably lowers
the box tuning below your target value.

By rocking an audio oscillator up and
down below target Fyy while holding a finger
lightly on the woofer cone, you will find a
null in the speaker’s movement. This null
oceurs at box tuning. By applying the vent-
end correction formula to the (requency
where the null oceurs, you will discover the
proper length to produce your target F:

CHAL, = CHA Fy 2L, /Fy

where, CHA L, = required change in vent
fength in inches (negative value means

S
T
1 — O LF IN 0 — R
A
=)
2 0 LF out 0 - F
o |f
3 —~0 HFIN 0 — N ‘
=]
A
4 - 0 HF oOuT o 4 s
S
!
5 0 PASSIVE O v
+ IN - E
When operating in al-passive mode:
Strap positive terminals 1 & 2
Strap positive terminals 3 & 4
Strap negative teminals 1 & 2
Strap negative terminals 3 & 4

Connect cables from amplifier to passive in terminals
When operating in bi-amp mode:

Ensure no terminals are strapped

Connect low-frequency ampiifier to LF in terminals
Connect high-frequency ampiifier to HF in terminals

Diameter 15"
Fg 30Hz
Qrg 0.24
Vis g
Vo 28.172in3
Ny 2.7%
Sensitivity 1W/1m/97dB
Pe 400W
Xiaax 0.22
£ 6.002
Mid-bass: Electro-Voice EVM10M
Diameter 10"
Fg 65Hz
Qg 0.17
Vs 1418
A 54in3
n, 5%
Sensitivity 1W/1m/98.5dB
Pe 200W
Xgax 0.11"
Re 5.20)
Midrange: Electro-Voice VMR #1803-0302

With no published specs for this driver, | determined the
following information:

Diameter 6.5"
Sensttivity 1W/1mA7dB
Power handling 50W RMS/500W PEAK
Dispersion 170° 500-1kHz
Horn tweeter: Electro-Voice ST350B
V/C diameler 1
Frequency response 3k-15k +3dB
Power handling 5W long-term average
Sensitivity 1W/Mm/101dB
Horiz. disp. 120° @ 4kHz
120° @ 8kHz
110° @ 16kHz
Vert. disp. 90° @ 4kHz
70° @ 8kHz
50° @ 16kHz
Re 6.202
Directivity factor Ry (Q)7.5 @ 4k
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