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Good News

2 RIBBON LOUDSPEAKERS
Standing Modules are Dolby AC-3-ready,
monopolar, high-impedance, nbbon-based

® INVENTORS' ON-LINE BB
An inventors' bulletin board is now on-line at
the New Jersey Institute of Technology. The

loudspeakers. They offer
electrostatic-like transparency
and openness in a minimum-
diffraction, 6” x 9" footprint. The
modules feature flush-fitting
grille hoods and either 15" or
30" (%" wide) ribbons.
Impedance is 8¢€2, and
frequency response is
68-20kHz +2.5dB. Power
handling is 125W,; sensitivity is
88dB. Newform Research
Inc., PO Box 475,
Midland, ON L4R 4L3,
(705) 835-9000,
FAX (705) 835-0081.
Reader Service #104

new resource is a collaboration of the Fontel
Foundation and NJIT's Enterprise
Development Center. The service assists
entrepreneurs with technical, administrative,
manufacturing, and marketing problems
usually associated with the development of
new inventions. The Fontel Inventors’ Bulletin
Board is on-line continuously at

(201} 643-7219 or (908) 463-5434. It can be
reached with software set at 8 data bits, 1
stop bit, and no parity, at modem speeds
from 2,400 to 28,800 baud. Fontel
Foundation, Inc., 11 Coventry Court,
Englishtown, NJ 07726, (908) 536-4360, FAX
(908) 972-4988.

® ANNUAL CONVENTION

The 99th Annual AES Convention will be held
October 6-9 at the Jacob K. Javits Convention
Center in New York. This year's theme, “Audio in the
interactive World," reflects the impact of interactive
technology on the rapidly evolving pro audio indus-
try. More than 100 technical papers, a dozen work-
shops, and numerous special events and seminars
are being prepared for the expected record atten-
dance. Audio Amateur will be attending the show—
be sure to stop by our booth and say hello! For more
information, contact AES headquarters: 60 E. 42nd
St., New York, NY 10165-2520, (212) 661-8528,
FAX (212) 682-0477.

| AUTO-
TRANSFORMERS
A new line of toroidal
auto-transformers offers
an alternative to full-
isolation transformers
for step-up or step-
down applications. The
devices are up to

© SONIC TRANSPORT
The SFT-1 retrieves digital information
from CDs and delivers data with low

70% smaller than word clock jitter. The transport satisfies p—
full-isolation designs of the industry standard specifications for . —
the same power rating, various digital interfaces, including / e

S/PDIF and AES/EBU. Basic clock ™ e

depending on the specified output voltage

requirements in relation to input voltage. functionis performed by a 16.9344MHz - - S
Standard power ratings are 250VA, 500VA, crystal oscillator designed for extremely
750VA, and 1kVA, with custom ratings avail- low jitter (approxmately 2ps from 100Hz
able as options. Toroid Corp. of Maryland, to 40kHz). When the digital signals reach
2020 Northwood Dr., Safisbury, MD 21801- the outputs, jtter typically measures .
7805, {410) 860-0300, FAX (410) 860-0302. 10ps. Son!c Frontiers Inc., 2790 Brighton
Reader Service #106 Rd, Oale“e, ON L6H 5T4, (905) 829-
3838, FAX (905) 829-3033.
Reader Service #103 (g

® ADVANCED CIRCUIT SOFTWARE

The Electronics Workbench® Engineer's Pack enables engineers to design and
verify complex circuits. More than 2,450 models included with the software corre-
spond to actual parts from popular databooks. The SPICE I/0 utility allows
export of schematic files to SPICE netlist format; the PCB Export utility allows
export directly into most popular PCB layout packages. The software is available
for DOS, Windows, and Mac. Interactive Image Technologies, 111 Peter St.,
Suite 801, Toronto, ON M5V 2H1, (800) 263-5552, (416) 977-5550, FAX (416)

BIWIRE SPEAKER CABLE ©

Terminator 2 employs a single-cable biwire configuration, with separate wire
paths for highs and lows contained within the same exterior jacket.
Multi-Bandwidth Technology optimizes the signals flowing separately to top
and bottom speaker terminals. Claimed audible benefits include better bass
definition, improved dynamics, and a deeper, wider soundstage.

Music Interface Technologies, 13620 Lincoln Way, Suite 320, Auburn, CA
95602, (916) 888-0394, FAX (916) 888-0783.

977-1818, ewb@interactiv.com. Reader Service #101
Reader Service #107
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Drill perfect holes from %" to 4" in diameter with Forstner bits from MLCS. The bits cleanly drill flat- two years; by Audio Amateur Publications, Inc., Edward T. Dell, |

Jr.. President, at 305 Union Street, PO Box 494, Peterborough. |
| NH 03458-0494. Second-class ffposlage paid at Peterborough,
| NH and an addttional mailing office. |

POSTMASTER: !
Send address change to: f

Speaker Builder, PO Box 494

Peterborough, NH 03458-0494

s — J

bottom or through holes in end grain, veneers, and thin and regular stock. Sizes %" to 7/8" are supplied
with solid ims. Shank size is 3/8" and overall length is 3%2" for diameters %" through 2-1/8". For larger
diameters, shank size is '2" and length is 6-3/8". MLCS Ltd., PO Box 4053, Rydal, PA 19046,
(800) 533-9298, FAX (215) 938-5070.
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® TEMP CONTROLLER

The Dial-Temp Soldering Iron Controller was

developed to moderate fixed-temperature

soldering irons into variable-temperature tools

for working with heat-sensitive electronic
components, or for other applications

requiring lower tip temperatures. The device

is compatible with any 15~1.6kW iron, and
adjusts tip temperatures from 150°F to full
heat. Featuring a grounded wall plug and
receptacle, the Dial-Temp provides 15A
capacity. Hot Tools, Div. of M.M. Newman

Corp., PO Box 615, Marblehead, MA 01945,

(617) 639-1000, FAX (617) 631-8887.
Reader Service #108

Good News

O TRAPEZOIDAL LOUDSPEAKER

The KP-3002-C is a two-way, vented system in a trapezoidal
enclosure. It features a 2" titanium dome compression driver
coupled to a Tractrix Wave™ 60° x 40° hom, and a 15", 300W
woofer housed in a ported cabinet. The 15° trapezoidal design
allows the enclosure to be used individually or in multiple-system
arrays. Locking Neutrik™ 1" connectors afford easy biamping.
The proprietary KLiP™ circuit serves as a protection device for
the HF driver, and fuse-protects both
the LF and HF sections.
Klipsch Professional, 149 N.
Industrial Park Rd., Hope,
AR 71801, (616) 695-5948,
FAX (616) 695-7623.
Reader Service #111

< KICK PANELS

I I f f- Electronics Company e 44 Pearl Pentecost Road / Wir
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® SOFTWARE TOOL KIT

The BenchCom™ Software Bundle is a complete set of tools and utilities
for PC Instruments’ PC-based products. The software includes: four
different graphical user interfaces (DOS, Windows, 0S/2, and Windows
NT); DLLs; programming libraries (with support for C, C++, Basic, Pascal,
Visual C++, and Visual Basic); third-party application drivers; and utilities
for printing, plotting, and data file translation. Benchcom is provided with
every instrument purchased from the company. PC instruments Inc., 9261
Ravenna Rd., Building B11, Twinsburg, OH 44087, (216) 487-0220,

FAX (216) 425-1590.

® TESTDISC
The Professional AudioVideo Retailers
Assoc. (PARA) has commissioned
Sheffield Lab to create a new test disc.
Cuts include two each of pop, jazz, and
classical music, two demonstration, and
five technical. The disc was designed to
hefp AV consumers better understand
and set up their audiohome theater sys-
tems. A group of independent audio deal-
ers worked with Sheffield Lab to produce
the disc. The 1995 PARA Test &
Demonstration Disc is available at partici-
pating PARA dealers nationwide. PARA,
10 E. 22nd St., Suite 310, Lombara, IL
60148, (800) 4-PARAY4, (708) 268-1500.
Reader Service #112

Reader Service #110

Q-Forms are replacement automotive kick panels featuring molded mounting locations for two-way
speaker systems with woofers up to a 5%" and 1’ tweeters. The woofer location is covered by a
molded grille covered in an acoustical cloth. The panels allow speaker systems to be installed without
cutting of the vehicle. Sizes are available to fit more than 20 models, with colors which match the spe-
cific application. Q-Form kits are complete and include detailed mounting instructions. Ai Research,
PO Box 159, Stillwater, OK 74076, (405) 624-6722, FAX (405) 372-5489.

Reader Service #102

ELECTRONICS COMPANY
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Editorial

SOUND AT WHOLESALE

s Christmas approached in the sec-

ond year of my marriage, I decided

that the nicest possible gift for my
bride would be a brand new, sparkling wash-
er and dryer. While it is true that we needed
these appliances, since we had a newborn and
synthetic diapers hadn’t yet been invented,
nonetheless it tumed out not to be the most
romantic expression of my affection and
regard for my spouse.

Both the practical and romantic approach-
¢s to marital relationships have their uses, of
course. But it is vitally important to know the
difterence.

Your audio system is not a spouse
(although a surprisingly large number of
audiophile spouses consider the rivalry seri-
ous enough that the distinction is without a
significant difterence), but the ways in which
thiy avocation takes its adherents often look
quite similar.

For some scarchers of good sound. the
game is really one of “beating the system.” A
good system sounds cven sweeter to the
owner's ears if the pieces are bargains, rang-
ing from significant savings to virtual theft.

In a society obsessed with consumption
coupled with planned obsolescence, there is
certainly a lot of hardware excellence floating
around in yard sales these days. One of our
editors gleefully showed me a vintage KLH
Model 11 dating from the "60s which was
making quite wonderful music in his daugh-
ter’s room. The suitcase-style LP player with
detachable speakers sounded just excellent.
The changer had needed some work, one
speaker cable had to be replaced and the
entire system cleaned, but at a price of just $2
from a local yard sale. it was a dazzling dis-
covery. After he attached a repaired CD play-
er to the AUX inputs of the unit. it sang beau-
tifully through its minispeakers.

Fair enough. A friend of this editor
remarked later, however, that the latter had
invested about $300 worth of time (10 hours
in a lab equipped with $2,000 worth of equip-
ment) in the update of a $2 bargain. Whit the
editor brought to this project was a lifetime of
experience and knowledge, and the origin of

that resource was something quite different
from bargain hunting.

This editor’s interest in electronics as a
schoolboy grew steadily as the years passed.
His interest in music deepened as he grew
older. His technical knowledge became the
hasis for a first job, but all the while the pur-
suit of musical excellence became much
more than a casual matter.

His work in audio has become a major
component in his own life experience. It has,
as I can understand from my own experience,
become a profound commitment into which
he pours a lot of time, quantities of cnergy,
and all the intelligence he can muster.

I can look back to my own journey over
the years and sece how my interest grew
steadily from the time I first heard a piece of
classical music from a 78 rpm disk played on
a vintage RCA Victrola. Without quite realiz-
ing it, I began searching for more and more
information, and collected recordings, and
then equipment. But all of it goes back to the
core of that first experience of music. The
appetite for the music is at the bottom of it all.

I suspect that a great deal of the misunder-
standing and controversy that continues o
simmer between groups who have been
dubbed “golden ears” and “meter readers™ is
a matter of basic motives. What infatuated
audiophile can sit idly by and ignore what his
cars tell him about the difference in sound of
two power amplifiers which happen to mea-
sure identically? A passion for excellence and
better answers to the questions of compara-
tive quality won’t let you give up the quest
because scientific measurement says no dif-
ferences exist.

If the issue is merely practical results, then
a cheaper capacitor, op amp, transformer, or
whatever component happens to be in ques-
tion will be quite satisfactory. Certainly this is
a reasonable answer to such questions if we
are dealing with pragmatic issucs.

Our quest for high-quality sound is admit-
tedly arational, although viewed from the
cooler sidelines, it may well appear to be
irrational. Its root is difficult to define entire-
ly. It is a thirst for the knowledge that over-

comes the defects and deficiencies. Unlike
the design engineer who works in a world of
possibles, price points, manufacturing prac-
ticalities, and competitors, the amateur’s
quest is a love affair. It is a zeal for an
impossible perfection which considers com-
mitments of time and money as necessitics
for achieving small increments in improved
sound. On the other hand, it is certainly evi-
dent that for many audiophiles a more mod-
est view of this pursuit is satisfactory. The
end result is only a washing machine and a
dryer, nothing more.

I would argue that any advance in almost
any human endeavor is, more often than not,
the result of a passion in some human heart
and mind. Those obsessed with a question, a
mystery, or a discase often seem quite irra-
tional to others. And the innovators are often
criticized and even vilified by those who are
still comfortable with conventional views.

Surely there must be room in this avoca-
tion for all levels of enthusiasm. At one level
we have those who just want enough knowl-
edge to successfully upgrade a sound system
to a better fevel. At the other end are the pas-
sionate extremists who will go to any lengths
to find a slight advance in resolution and clar-
ity. We will do well to understand cach other
and realize where and how far this muse of
music takes each of us.

Take stock of your own relationship. What
do you expect from this audio avocation?
What are you investing in it? Time, talent,
treasure? How important is the relationship?
What kind of rewards and satisfactions flow
back to you from your commitment? How
much is enough? For myself, I cannot think
of many lifc investments which have paid
better dividends.

When I sit in my favorite chair of an
evening and switch the system over to CDs or
sometimes to LPs. the magic of the music
tells me. however indescribably, what this
pursuit is all about. The surprise of a new per-
formance of a well-known pop tune or a
familiar symphony releases something in me
and adds a dimension to life which really isn’t
possible in any other way, exactly. —E.T.D.
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Design a PWM
'switching power

iamplifier into your
next powered audio
product... and do it

without R&D.

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

development kit with demo board.
*40

895 Cherokee Boulevard Chattanooga, TN 37405
Tel: 615-756-0706

Ml This Class-D 200W-8Q 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 |

©1995 ASI

Sals Agent: ACOUSTICAL T
" suppLy —— 7 ﬂ(%
INTERNATIONAL =4
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About This Issue

With the approaching colder months, it’s
an appropriale time to consider heading
back indoors to the comfort of a good
DIY speaker building project. This issue
cxamines several unique schemes 1o
enhance the sound performance of your
system.

First, G.R. Koonce introduces the
acoustic waveguide approach, which he
uses to tackle the problem of producing
acceptable levels of bass with small dri-
vers (“Waveguide Path to Deep Bass, Pt.
1, p. 8). In the first of this three-part
series, he experiments with constructing a
double-cnded waveguide structure,

Bill Waslo offers a different method to
in-room hi-fi reproduction. As a follow-
up to his focused array system in SB 4/95,
he continues 10 make a strong case for this
configuration, in which distributed reflect-
ed signals combine with simultancous
direct signals. After jury-rigging a setup to
test this concept, he presents his prelimi-
nary measurement and listening results in
“Testing a Simple Focused Array” (p. 24).

Marie Shrewsbury provides a step-
by-step procedure for building your own
midrange horns. After experimenting with
different materials, the author settles on a
concrele version. You'll be pleased to wit-
ness the blossoming of this Morning
Glory design for improved sound quality
(“Momning Glory Midrange Horn,” p. 18).

Unlike dice, shoes, and bookends, two
subwoofers may not necessarily be better
than one, as Tom Nousaine explores in
“Stereo Bass: True or False?” (p. 16).
This article will probably unearth more
questions than it settles, as the author
shatters several myths in his investigation
of subwoofer placement.

Good tools are not the only cssential
ingredients of a successful workshop; you
also need a good reference source when a
problem arises. Bob Wayland recom-
mends several titles that should be includ-
ed in every woodworker’s library
(“Wayland’s Wood World,” p. 38).

Contributing editor Joe D’Appolito
offers a detailed review of LinearX's
pcRTA, a real-time analyzer that you
might consider for its many features and
case of use (“‘Product Review,” p. 42).
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Part 1

THE WAVEGUIDE PATH
TO DEEP BASS

any years ago, I did the bass por-

tion of record playback via multi-

ple 15" drivers, which certainly
produced the needed quantity of bass. In
recent times, [ have come to prefer the bass
articulation of smaller drivers, in the 6.5-8"
range. This article covers my most recent
quest to develop acceptable bass extension
with these smaller drivers,

MAJOR PROBLEMS

There are some problems with trying to gen-
crate extended bass—say flat to within 3dB
down to at least 35Hz—with small drivers in
normal direct-radiating systems (i.c., vented
and closed-box systems):

e Moving air: to produce acceptable levels
of bass, you must move large quantities of air.
The smaller the driver-effective cone area,
the larger the displacement must be to accom-
plish this feat. Reasonably priced small dri-
vers tend to have only moderate lincar-dis-
placement capability.

e Efficiency: a direct-radiating system has
an efficiency in the passband cquivalent to
that of the driver reference efficiency. Thus
the driver must be very efficient or able to
handle lots of thermal power to produce the
required bass. Reasonably priced small dri-
vers tend not to be high powered.

e Low fg: to design a flat response with a
low -3dB cutoff frequency, the driver must
have a low free-air resonance (f). Typical
small drivers do not have a low enough fg.
You can add mass to the cone to lower fy. but
this lowers the driver efficiency, which is
counter to what you are trying to accomplish.

Itis clear that to produce acceptable bass

PATENT NOTICE

The experimental structure discussed in this article may be
covered by the patents shown below. Proper arangements
should be made before you undertake anything other than
experimental investigation using this technology.

Patent No. 447,749 to P.G.A H. Voigt, 1936 (England)
Patent No. 1,969,704 to A. D'Alton, May 25, 1933 (US)
Patent No. 4,628,528 to A. Bose and W. Short, 1985 (US)
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By G.R. Koonce

-
B
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OBSERVATION POINT

FIGURE I: Resonant-tube loudspeaker notation (Fig. 9 from Ref. 1).

performance with typical small drivers, the
ideal approach is one that provides:

e An acouslic gain so the thermal power
and displacement limits of the small driver
produce acceptable low-frequency  output
levels.

e An approach that allows a low system {5
without requiring a very low fg for the driver.

The transmission ling (TL) is a direct-radi-
ator system that reportedly will produce an 13
value below the driver fg. Since a major por-
tion of its passband is produced by the for-
ward face of the driver, its efticiency is limit-
ed 1o the driver’s reference efticiency, so it
does not offer the desired acoustic gain.
There are nondirect radiating approaches that
do provide these advantages. The oldest is
probably the homn, but the problem with this
approach is the size—absolutely unaccept-
able for my needs in the 35Hz range.

Over the last several years the bandpass
system, another nondirect radiating system,
has evolved. I have run numerous small dri-
vers through the software to design bandpass
systems, but none has produced the desired
low ;. Because the bandpass-system
responsce is based on the driver fy. it does not
meet the second provision listed above.
Another device receiving much attention in
recent years is the acoustic waveguide, cer-

tain forms of which offer the promise of

acoustic gain and low f3 for a driver of rea-
sonable fg.

WAVEGUIDES

In general, a waveguide is any structure of
constant or expanding arca that transports a
wavefront. The hom certainly fits this defini-
tion. The more common use of the term per-
tains to devices designed to control the wave-
front at the acoustic output point and thus
direct the unit’s radiation pattern (i.c., direc-
tivity). The “constant-directivity” horn, used
at midfrequencies and above, produces an
acoustic radiation pattern that is basically fre-
quency independent and represents an exam-
ple of this form of waveguide.

Another class of waveguide structure uses
constant-area pipe sections 1o produce low-
frequency output augmented by the resonant
property of such pipes. This waveguide
comes in two varieties, single-ended and dou-
ble-ended. A single-ended waveguide has a
pipe on one face of the driver, while the other
tace radiates directly—in effect. an unstuffed
transmission-line system. In a double-ended
waveguide both driver outputs (both sides of
the cone) feed pipes: in effect, you have a dri-
ver set somewhere along the length of a pipe.

This article covers the development and
testing of an experimental double-ended low-
frequency waveguide structure. Figure |
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FIGURE 2: Relative output pressure mag-
nitude of resonant-tube system (Fig. 10 from
Ref. 1).

(from reference 1) shows this waveguide
configuration, and Fig. 2 (also from reference
1) shows that if the driver is placed at the one-
quarter point of the pipe, you obtain a reason-
ably flat and cxtended bass response. Note
that reference 1 refers to this structure as a
resonant-tube loudspeaker, which certainly
describes how it works, but I will continue to
use the term waveguide. This was the struc-
ture that I set out to investigate.

The driver feeds two pipes, the shorter
being YL and the longer being %L, where L
is the total pipe length. Reference 2 also
addresses this structure and indicates that rea-
sonable (6dB or more) sensitivity improve-
ment is available, but that passband ripple is
to be expected. I will refer to the input ends of
the waveguide structure as throats, but since
the pipes are of constant diameter, I will refer
to the outputs as ports, rather than the term
“mouth,” as is used with horns.

ORIGINAL CONSTRUCTION

The problem was how to build a double-
ended waveguide structure for experimental
investigation with so many unknowns. While
the references recommended round wave-
guide pipes, they would be difficult to build
and practically impossiblc to “fold” into a
reasonably sized structure for easy testing. |
thus built with a rectangular cross section.
The test waveguide was sized for 6.5” drivers
to keep it as small as possible, so I used a
6.25" x 3" pipe area, which is just below the
effective cone arca of a typical 6.5" driver
(waveguide area = 18.75 in?; arca of 80% of
a6.5" driver = 21.24 in2).

It was difficult to determine the total
length (L) required for a waveguide to meet
my goal of usable down to 35Hz. Reference
2 indicated a usable passband from /4 o
S5M4, where A is the wavelength of the 3L
portion of the waveguide. For a sound veloc-
ity of 1,128fus, at 35Hz the wavelength is
32.2" or 387.7". The 34L portion of the wave-
guide must be one-fourth this length, or
96.7"; the total length L must then be 128.9”.
I had on hand some sheets of particleboard

-

Basic Vaveguide Structure
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FIGURE 3: Drawing of basic waveguide structure tested.
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INTERNAL GROSS VOLUMES OF DRIVER
MOUNTING STRUCTURES (in3)

W/O DRIVERS MOUNTED VOLUME
Single 6.5” driver mounting box 3173
Single 8” driver mounting box 4236
Dual 6.5" driver mounting box 3780
Dual 8” driver mounting box 6706
Close coupling single—driver box 3375
Rubber throat (volume between

driver and each side of waveguide) 1924

that were 60" long, which allowed me to
build with a total length L of 126.8”. Thus, |
might fall short of my 35Hz goal, but this is
the type of information my testing program
attempted to establish.

The concept was to build a waveguide
structure that comes apart at the one-quarter
point to insert a driver. Also, 1 required the
two waveguide outputs (ports) located side-
by-side so I could use near-field measure-
ment techniques. | therefore decided to build
the basic waveguide structure as shown in
Fig. 3, with the 34l portion folded so both
ports were at the same end and with inputs
(throats) located on the top.

Since this made it difficult to insert a sin-
gle driver with both faces tightly coupled to
the waveguide throats, 1 contemplated the use
of two drivers driven out of phase. If the dri-
vers behaved in an Isobarik fashion (testing
shows they do not), then the volume of the
box holding the drivers would be removed
from system considerations. I built four box
structures to attach to the basic waveguide
structure: one for a single 6.5" driver, one for
a single 8” driver, and two covering dual 6.5”
and 8" drivers. All boxes were as small as
possible 10 keep things coupled relatively
tightly to the waveguide, but it was clear that
the single-driver boxes would place a com-

'x 0 | | e

.L_-‘f

1
FIGURE 4: Drawing of four driver attach-
ment boxes for basic waveguide structure.

pliant volume between the back of the driver
and the waveguide throat.

Gross (drivers not contained) intermal vol-
umes for these boxes are listed in Table 1. All
construction was with 5/8” particleboard.
Electrical connection to drivers was via brass
sheet-metal screws threaded through the par-
ticleboard with dual sets of terminals for
boxes that housed two drivers. Where the
various pieces attached to the waveguide or a
top fitted a box, the surface was gasketed
with 1/16-inch-thick foam tape to try to main-
tain an air-tight union.

THE STRUCTURES

Figure 4 shows the four attachment boxes,
and Photo 1 shows the basic waveguide
structure and four attachment boxes. The
basic waveguide structure is at the right of the
picture, the dual-driver boxes are rear left,
and the single-driver boxes are rear center.

Speaker Builder 6/95 9



TABLE 2

CHARACTERISTICS OF DRIVERS USED IN TESTING

DRIVER SIZE fs (Hz) Qs Vas (ft3) TYP SPL SURROUND CONE MATERIAL NOM.
dB/W/m MATERIAL & THICKNESS Q
A 6.5" 47-48 0.36-0.37 0.47-0.50 87.5 Foam Paper (med thick) 4
B! 6.5" 75-76 0.64-0.75 0.39-0.40 89.2 Foam Paper (thin) 4
C 6.5" 56-60 0.82-1.0 0.57-0.62 86.4 Foam Poly (thin) 8
D2 6.5" 54-56 0.64-0.65 0.31-0.39 85.2 Foam Poly (med thick) 4-16
B 6.5" 49-52 0.46-0.51 0.18-0.20 83.1 Foam Paper (thick) 4
e 8” 62-63 0.67-0.83 0.97-0.98 89.5 Cloth Paper (med thick) 8
u 8y 31-33 0.49-0.58 18-24 87.1 Foam Paper (thick) 8
Vs 8" 37 0.72 15 85.5 Foam Paper (thin) 6
we 8" 45-47 0.38-0.39 0.96-1.0 90.0 Foam Poly (thin) 6
X7 8" 45-46 0.30-0.32 17-18 93.2 Foam Paper (thin) 8
Y8 8" 37-40 0.45-0.47 24-25 90.1 Foam Paper (thin) 8
z 8" 29-30 0.48-0.49 35-36 88.1 Rubber Paper (thick) 8
Notes: Al drivers have forward half-roll surround except T.
1. This driver (B) has a large, flat, paper dust cap.
2. Dual voice—coil driver, data for voice coils in parallel.
3. Driver has a 2.4"-diameter thick cardboard disk covered in foam glued to cone, leaving only about %" ring of cone exposed.
4. This driver has reverse half-roll surround and curvilinear cone.
5. Only have T/S parameters on one sample. Driver has vented dust cap and no front gasket, so does not seal well 1o test boxes.
6. Driver has vented magnet structure.
7. Driver cone has decoupling rings.
8. Driver cone has decoupling rings and large wizzer cone.
which indicates that this is not the best bafflc b Sa6y
configuration. T
I planned to use the waveguide to investi- £ Bending Baffle
gate a group of 6.5" and 8" drivers represent- I A A
ing a variety of T/S parameter groups. Table 1 v \i\\\
2 shows the basic information on each of _ 4+ N
these drivers, none of which I purchased for / \.'
this investigation. Some were good drivers I S
simply had not used yet, but most had becn
around for a long time because [ had not fig-
ured out how to do anything really worth- e Ul
| while with them!

PHOTO I: Basic waveguide structure: four
original driver boxes and %L extension.

Also shown in the picture (left front) is an
extension built for the 3L portion of the
waveguide (discussed below).

When you fold a rectangular structure, you
change the arca at the comers. To help correct
for this, I inserted simple 45° baffles in the
pipe, designed according to the simplest rule
for the bending of high-frequency runs on
printed circuit boards (Fig. 5). I used this
technique wherever the waveguide structure
was bent 907 in cither plane. 1 recommend
you review more recent work by Bruce Edgar
(“The Monolith Hom,” SB 6/93, p. 13),

10 Speaker Builder 6/95

IMP TO THE RESCUE

With 12 different driver types to evaluate in
single and dual combination, recording data
was a major undertaking, since I wished to
observe impedance and near-field (NF)
response for all combinations. Fortunately,
Liberty Instruments introduced IMP, which [
purchased and constructed for this work.
Being a bit leery of testing an unknown sys-
tem type with an unknown test technique, I
proceeded slowly. I still lack the necessary
expericnce to properly judge the results that
IMP produces (I tend to think in the frequen-
¢y domain, not the time domain), but without
IMP the data collection would have been too
time-consuming to obtain all the results pre-
sented here. T highly recommended IMP (or

FIGURE 5: Drawing of how waveguide
bending baffles were designed.

the new Liberty Audiosuite) for anyone who
needs one test set for impedance, T/S pa-
rameters, and acoustic measurements.

The test results cover a long time period,
and I used various versions of the IMP soft-
ware, some of which were Beta versions.
Thus, the figures may not appear exactly as
displayed by your IMP software. My original
testing used the Pulse test waveform, while
all later work used the MLS test waveform.
Results agreed quite well, but the MLS wave-
form is vastly superior in its noise rejection,
and I definitely recommend it.
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Zin to Single Driver Type E
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FIGURE 6: Z to 6.5" driver type E via
impedance meter.
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FIGURE 7: Z, to 6.5 driver type E
mounted on waveguide via IMP.
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FIGURE 8: IMP near-field response for sin-
gle 6.5" driver E on waveguide.

I was lcarning IMP during this investiga-
tion, so determining the exact time period to
FFT was a mystery to me. Fortunately for
NF testing, the room reflections are over-
whelmed by the direct signal and you have
morc leeway in sclecting the FFT period.
Most data shown was generated using a rec-
tangular 200ms FFT window, which should
give accurate frequency resolution to below
10[lz. Some of the carly data was repro-
duced with newer IMP software for repro-
duction purposes.

My first test was with the single 6.5” dri-
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vers. I mounted one unit of driver type E
(Table 2) on the single 6.5" driver box and
measured input impedance (Z;) with an
impedance meter, both in the box alone
(almost identical to the baffle Zy) and with
the box attached to the waveguide structure
(Fig. 6). The waveguide surely controls the
driver input impedance, which still appears to
show a peak at the driver fg, but this is a coin-
cidence; later curves show that the driver fg
does not even appear in the curves of Zp
mounted to the waveguide.

Figure 7 shows IMP’s rendition of Zp
mounted on the waveguide, and agreement is
excellent. I measured the acoustic perfor-
mance of this driver/waveguide by placing
the mike right at the partition between the "4L
and %L waveguide ports (sce Fig. 8 for these
NF test results). The basic shape is what Fig.
2 had led me to cxpect, but there is a major
dip at 100Hz. The reason for this dip is that
the single driver boxes change the length of
onc portion of the waveguide so the correct
3:1 length ratio is not maintained.

Fearing that the box between the back of
the driver and the waveguide throat would
have such an effect, I had planned to mount
the single driver over the shorter YL portions,
but in construction somehow positioned the
driver over the %L portions, which made
things three times as bad. In an attempt to
cure this, I built an extension for the 34L por-
tion of the structure (Photo 1), to correct the
length ratio as much as possible. This exten-
sion made a 90° rotation of the output to keep
the two output ports relatively close together
for NF testing, but the two ports were no
longer side-by-side, so mike placement
affected NF results.

Figure 9 shows the NF response for the
single 6.5" driver waveguide system with the
%L extension in place. The small dip in the
response (near 89Hz) appeared in all 6.5 sin-
gle-driver tests with all driver types, and I
believe it to be a function of the driver diam-
cter or some dimension of the driver mount-
ing box. With single 8" drivers, a similar dip
always occurs, but at about 83Hz. In general,
performance with single drivers mounted this
way was unsatistactory, so I present no addi-
tional data.

FURTHER TEST RESULTS
The use of dual drivers driven out of phase
offered more potential, and I tested them
without the %L side extension. Figure 10
shows Zy for the dual drivers Z; note that the
driver resonances (29.3Hz and 29.8Hz) do
not show as peaks on this plot. Figure 11 dis-
plays Z;y using dual drivers X, with main
peaks similar to those in Fig. 10. Figure 12
shows a typical NF response for dual drivers
X, agreeing well with what Fig. 2 predicts.
Since my waveguide output ports were
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FIGURE 9: IMP near-field response for sin-
gle driver E with %L pipe extension.
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FIGURE II: Z, for dual drivers X on
basic waveguide.

located side-by-side, I believe the NF
response shape should match the response
shape of Fig. 2, but have seen no mathemati-
cal proof that this is truc. There were slight
differences in the NF response with different
pairs of driver types, but generally Fig. /2
shows the basic shape for all dual 6.5" and 8"
drivers.

If the drivers were Isobarik in behavior,
then the response shape would be the same as
if either driver were driven alone. Under such
conditions, you could use IMP to observe the
output from the undriven driver for some
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TABLE 3

IDENTIFICATION OF UNITS DRIVEN AND MEASURED IN FIGS. 13-16

FIGURE WHAT WAS DRIVEN
13 Driver on %L
14 Driver on %L
15 Driver on %l
16 Driver on %L

PULSE POLARITY WHAT WAS MEASURED

Normal Voltage on %L driver
Normal Waveguide NF response
Inverted Voltage on %L driver
Inverted Waveguide NF response
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FIGURE 1[2: IMP near-field response for
dual drivers X on basic waveguide.
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FIGURE 13: Voltage at YaL driver A while
driving %L driver A only.
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idea of the displacement function for the dni-
vers. In this area, T tested dual 6.5 drivers
type A. Figures 1316 provide the results for
NF response with one driver driven and the
clectrical output of the other driver under
these conditions. Tuble 3 identifies details for
cach figure.

The two NF responses are similar but not
identical. The same is true for the open driver
voltage outputs, which means my assumption
of Isobarik operation is invalid. Clearly, the
waveguide has far more control over the dri-
vers than does the small chamber in which
they are enclosed, something that was appar-
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ent when I saw the first impedance curve for
the dual drivers on the waveguide.

There is some information to be gained
from the basic shape of the curves for open
driver output voltage in Figs. 13 and 15. They
do represent the driver displacement for the
test conditions, even if they are not accurate
for the case when both drivers are driven.
There are no sharp peaks, which would have
indicated large driver displacement at a spe-
cific frequency.

It you ignore the various dips in Figs. 13
and /5 and determine the hasic voltage from
the undriven driver can be approximated by a
straight horizontal line over the passband,
then you can form a conclusion about the dni-
ver displacement. A dynamic driver's output
voltage is due to the voice coil moving in a
magnetic ficld and is thus a function of voice-
coil velocity. A voice coif moving with sinu-
soidal motion of peak displacement X will
have a displacement versus time function (x)
given hy:

X = Xsin(2mft)

where X = peak displacement, { = frequency,
and t = time.

The instantancous voice—coil voltage (v)
would be some constant (k) times the deriva-
tive of the displacement function:

V= _ 2nfkX cos(2ntt)
The RMS voltage (V) would be:

V=07072nfkX  or V=k,iX

where constant k; = 0.707 27k

‘The approximation of 'V as constant over
the passhand means peak displacement X
halves as frequency { doubles. There is no
indication of the magnitude of the peak dis-
placement—ijust that the peak increases lin-
carly as frequency is reduced. Note that this
result is in contrast with the normal result for
adirect radiator system, where in its passhand
the displacement will decrease 4:1 as fre-
quency is doubled. The reason may well lie in
the sloped response of the waveguide. The
dual-driver waveguide seemed to be working
about as theoretically predicted insofar as its
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FIGURE IS: Voltage at %L driver A while
driving YL driver A only.

NF response was concerned, so it was time to
give it a listen.

LISTENING TO THE WAVEGUIDE

I moved the waveguide into the garage and
placed it next to a three-way 8" closed-box
system that was to serve as the upper end for
listening tests. 1 placed the waveguide on the
floor so the ports were in line with the front
of the upper-end system. I used a tunable sec-
ond-order active crossover to drive the wave-
guide and upper-end system in a biamp con-
figuration.

Since I had only one waveguide structure,
all listening was done in monaural, which
tends to produce less bass than a pair of
speakers with the same response in sterco. [
set the crossover frequency at about 100Hz to
suppress the peak that appears in the wave-
guide response. It was immediately evident
that you could not obtain a good setting of the
waveguide level in comparison to the level of
the upper-end system, something that experi-
ence has shown always means trouble. [ tried
the waveguide driven in both normal and
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FIGURE 16: Near-field response for driving
Vsl driver A only.

inverted polarity. Normal polarity for the
waveguide is arbitrarily defined as positive
voltage input causing positive pressure in
(cone moves toward) the Y4l throat.

The only conclusion to be drawn was the
combination was terrible! The waveguide
was very strong on steady-state signals in its
frequency range, but transient instruments
sounded very weak. If you set the level on

stringed instruments, it was way too low on
drum, and vice versa. Set to a level where
drum was still weak, pink noise tests with a
1/3-octave real-time analyzer (RTA) indicat-
ed the waveguide bass icvel was too high.
The only time 1 had witnessed similar results
was when testing a vented-box system in
which the box was too weak and radiated
nearly as much as the driver. The waveguide
is a large structure with much surface area
and very small output ports. Could it be the
waveguide structure was not stiff enough?

1 set the waveguide on sawhorses and fed
it a couple of watts of pink noise bandlimited
to 200Hz. Using the RTA, I then probed the
output level at the output ports and around the
various portions of the structurc. The SPL
from the top of the cover over the dual drivers
and from almost all of the structure was less
than 20dB below the port outputs, and did not
have the same frequency spectrum.

Since the structure has a very large surface
area, it radiated considerable audio energy.
The structure was clearly not stiff enough.
You are, in effect, building a horn that is all
throat, so it must be very stiff. Rule #1: The
waveguide structure must be very stiff. It was
clear I needed to return to the building mode.

We have covered what 1 was trying to

accomplish and the initial waveguide con-
struction. Initial test results were very encour-
aging, but results of the listening session were
disappointing. The waveguide structure is not
sufficiently stiff as constructed. Part 2 will
examine the waveguide revisions and addi-
tional fixtures, along with test results of these
changes. »
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STEREO BASS: TRUE OR FALSE?

n investigations of optimal subwoofer

positioning (Stereo Review, January "95)

the questions of multiple sources and
sterco program content needed to be
addressed before conclusions about woofer
placement in high-quality systems could be
drawn. More specifically, before drawing a
set of rules about optimizing subwoofer per-
formance. we need to know: (1) whether full
separation to DC (now possible with CD)
has made full bandwidth stereo a mandate;
and (2) whether multiple sources are useful
ceven without sterco programs.

First, sterco (out-of-phase left and right
information) does scem to be available on
modern CDs. My friends Eric Busch (DLC
Design) and David Ranada (Stereo Review)
confirmed this and supplied reference pro-
gram material for experiments. So, no matter
what you might think of it, there is full band-
width sterco program content.

DOES IT MATTER?

Do we really hear in “'stereo™ at low frequen-
cies? I was not convineed, but so much has
been discussed about the enhanced sense of
realism and spaciousness with stereo sub-
woolers, I was willing to investigate these
promiscs of better system sound. Thus, |
experimentally tested the perceptibility of
stereo at low frequencies and the use of mul-
tiple subwoofers,

By Tom Nousaine

First, I set up a variable crossover (40), 60,
80. 125, and 150Hz at either 6dB or
18dB/octave high- and low-pass) and a pair
of matching Klipsch SS12 subwoofers (set
to maximum bandwidth at 160Hz low-pass).
[ placed the subs directly underncath a pair
of Snell KII two-way main speakers (in their
normal in-room locations) and ran through a
sequence of test signals (sinc-wave sweeps
from 160-20Hz, pink noise) and music (bass
drum and organ) while switching between
mono and stereo.

[ adjusted the mono feed with a Dynaco
PAT-5 preamplifier to accommodate the
summing gain and I matched levels to within
0.5dB from 30-80Hz with an MLSSA ana-
lyzer and microphone placed at center
couch. The “stercophony” of the test sctup is
verifiable using the MLSSA system.
Additional sterco comb filtering was clearly
cevident in the response graphs (Fig. 1) with
uncorrelated pink noisc.

However, I could hear no perceptual dif-
ference between mono and sterco using
801z crossover slopes, and neither could
two other listeners in single blind presenta-
tions—even with the main L&R speakers
switched off. At crossover frequencies above
100Hz the difterences between mono and
sterco tended to be locational in nature, as
both listeners rated sterco and mono identical
in spaciousness. Their opinion was divided

between the two as “most natural” overall,
indicating equivalent performance.

In sum, music listencrs were unable to
identify differences in monophonic and
stereophonic reproduction at frequencies
below 80Hz, even using programs that high-
light stereo content and with speakers locat-
ed at maximally efficient, stercophonic loca-
tions. [ concluded that listeners do not per-
ceive stereo information at subwoofer fre-
quencies. Sterco is a higher-frequency phe-
nomenon associated with locating sound.

STUCK IN A CORNER

However, this alone doesn’t mean the use of
sterco subwoofers is without ramifications.
The desirability of multiple sources at low
frequencies is intertwined with stereo.
Conventional wisdom says that multiple
sources differentially excite room modes,
thereby smoothing in-room response. A
similar case is often made for sterco
sources: out-of-phase signals will differen-
tially cxcite room modes leading to
smoother in-room response.

Actually, maximally exciting all modes
(width, length, height, oblique, and tangen-
tial) produces the smoother in-room
response in a modal sense. This leads to best
response at low frequencies with your sub-
woofer in a comer. Yep, it's true, the lowest,
loudest, and flattest response comes from
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FIGURE 1: Two subwoofers at stereo locations. Stereo (solid)
shows added comb filtering versus monaural reproduction at low

frequencies.

better.
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FIGURE 2: Low-frequency response with woofers in a corner
(solid). midwall near door. and midroom. Corner location is much
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TWO IN SAME CORNER
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FIGURE 3: Moving a subwoofer into the corner produces flatter,
smoother, and deeper bass. Adding a second subwoofer in the same

corner increases output by 6dB.
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FIGURE 4: Driving a second subwoofer in stereo degrades
response. Driving the second sub 180° out of phase (super stereo)

subwoofers located in the corner. Placing
the sub midwall or out in the room does dit-
ferentially excite modes, but this just pro-
duces modal notching irregularities.
Response improves at low frequencies as
we move the sub toward the walls and into
comers (Fig. 2).

Furthermore. optimization occurs when
multiple woofers are placed close together,
so putting the second woolfer in the same
corner delivers identical frequency response
and 3dB more reinforcement than placement
in opposite corners (Fig. 3). Using a second
wooler anywhere but another corner can
reintroduce modal notching, which at higher
frequencics may be perceived as “stereo”
comb filtering, but at subwoofer frequencies
just limits extension and output. Strategic
placement (staggered midwall) of the second

ProBox 5.0 Speaker Building Software for Windows

Calculates every practical configurafion from sealed enclosures 1o trple-can
enclosures. Equpped with

Muliple Box Design Viewing + Multipie Response Curves + IASCA Wire Calou

and yet easy Y0 read displays & full

Breakdown of Shapes & Ses in a Cut Sheet Diagram « Database o Store Box Design:

woofer can result in flat, low response while
wasting about 6dB of boundary reinforce-
ment. This may be useful in some limited
cases, but the subwoofer must be driven in
summed mono.

WHY MONO?

Using uncorrelated (stereo) pink noise with
two comer-placed woofers yielded no mea-
sured change in response compared to mono
L&R performance except for the summing
gain. So mono and sterco are tied here.
However, switching to sterco noise with the
staggered midwall strategy slightly wors-
ened response, and simulating “ultra stereo™

by driving the second woofer 180° out of

phase simply reintroduces the modal notch-
ing syndrome (Fig. 4).
My conclusion is that you should run

WOODWORKING PROJECTS
FOR CAR AUDIO SYSTEMS
Production Line Woodworking Sils -
Five-Sided Boxes Cgf Mini Trugks +
Wood-Bending + Contouring *T ools
& Ther Uses (Such As Rgule'sl
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Acousic Theory * Formulas for Areas,
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Lengths  Parameters + Acoustic
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HOW TO DESIGN & BUILD
EXOTIC ENCLOSURES

Isobarik, Band Pass & lso-vent “

Enclosures * Best Enclosures for
Particular Speaker *T uning Frequency
Vet Design « Standing Wave Modes

ProBox 50 Speaker Building Software
Video Prices:
WOODWORKING PROJECTS FOR CAR AUDIO SYSTEMS $49.95

TO ORDER

1-800-467-6263

multiple subwoofers 1.&R mono when pos-
sible because sterco may degrade perfor-
mance of nonoptimal. noncormer-placed sub-
woofers. Also. a single larger subwooler will
deliver more output than two small ones
because the output sums coherently and larg-
er drivers generally have more linear travel,

In closing. I mention a few things your
Mom forgot to reinforce. Do not mistake
three-picce systems with crossovers above
100Hz for satellite/subwoofer combinations.
They are mostly satellite/woofer combina-
tions. The hottest. best-performing modern
music and home theater systems employ
full-range main speakers, with good
response o 80z augmented with separate
true summed mono subwooters crossed
over at 80Hz or lower and optimally placed
in a corner.

$99.95

HOW TO CONSTRUCT A SPEAKER ENCLOSURE $4995
HOW TO DESIGN & BUILD EXOTIC ENCLOSURES $4995
ial Discounted Offer! 199
All 3 Videos with Software $ 95

s/ s/ G

'@ National Academy of Mobile Electronics

7867 Duntrook Road,Sue E+San Diegn, CA 2126
Phone: 6126951784 FAX-6196%5.384
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A MORNING GLORY
MIDRANGE HORN

any tirst attempts consist of “‘junk™
separates. Mine were  forever
breaking down. 1 would replace

them with modern components whenever
finances allowed.

Some months ago, I fortuitously acquired
a pair of QuadIl monoblock power amplifiers
(a classic British vintage valve design) and
preamp. I was captivated by the valve ampli-
fiers’ warm, fluid sound. They seemed to
give a far more natural presentation than my
solid-state amp. The catch was. they pro-
duced only 12W. While this would be suffi-
cient for normal use, 1 was convinced they
would perform better with a very high sensi-
tivity speaker (94dB+), which would be
capable of resolving the fine detail at which
analog amplification excels.

I decided the most feasible solution was to
use homs. As I did not have the money to
spend on a Lowther or a Klipsch, DIY was
the key. Thus began my initiation into the
twilight world of the amateur speaker
builder!

PLANTING THE SEED

A scarch through the Leeds [England]
libraries turned up only a couple of articles,
but I found enough references to justify a trip
or two to the British Library. There I photo-
copied articles by Klipsch, Olson and Massa,
Crabbe, Newcombe, and others, as well as a
number from Speaker Builder.

Armed with this information, I promptly
set out to build a midrange hom. My first
attempt was with wood, but the picces didn't
fit together. A second try, using a wood/poly-
fill template cast into concrete, looked like a
Henry Moore cinder block, and had a bun-
gled flare rate. The third version, made from
card and papier miché, was too resonant.!

ABOUT THE AUTHOR

Marie Shrewsbury is self-employed, with technical qualifi-
cations in computer science and a certificate in counsel-
ing. Hobbies include watching fims and playing rock
music loudly.
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By Marie Shrewsbury
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PHOTO 1: The author's crude prototype.
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FIGURE |: Template for cutting the five
speaker sides.

Finally, I tried a different technique for cast-
ing into concrete. This produced a crude pro-
totype with distorted sound. Nonetheless, it
was a start.

WATCH IT GROW

I designed my horn to have a low-frequency
cutoff of 208Hz, with a flare rate of one dou-
bling every 9cm (Fig. 1). In a Wireless World

article, Dinsdale proposes using a flare rate
with a lower frequency cutoff than the mouth
arca.Z Another source suggesits this is not nec-
essary for a midrange hom.? As a compro-
mise, [ used an actual mouth area optimal for
250Hz, with a flange (as described by
Klipsch*) to provide the extra area required to
reach 208Hz. This flange also braces the
mouth against resonances. My mouth area is
equivalent to a hom’s circular section, with a
diameter of A/3.

A pentagonal section prevents parallel sur-
faces within the horn from generating stand-
ing waves, and is not much more difficult to
manufacture than a square one. If you wish to
make a smaller design using the construction
principles outlined here, simply substitute
your own dimensions for the side cutout.

The crude prototype in Photo 1 served
principally to test my manufacturing meth-
ods. It is positioned on top of a Goodmans
Magister, which I needed for the lower fre-
quancies (and includes grids to prevent my
cats from scratching the drive units.)

LET IT BLOOM

I cut five sides from cardboard; each is
cleaned and bent to increase flexibility
(Photo 2). This also provides a better contour,
so the sides more casily fit together. I tacked
down the rim of each side to a board traced
with the mouth’s shape, and cut off the over-
lapping picces with a Stanley knife. Then I
attached the 48cm-long central rod, which I
later used to brace the throat end.

The sides are joined with insulation
tape. Be sure the edges meet evenly, with
no overlap. Begin with the bottom and
work progressively toward the top, as
shown in Photo 3.

As a result of a miscalculation in deter-
mining the radial length of each side, the cen-
tral rod was 1.5cm too short. I plotted the
hom profile on a graph and measured the
radial length from this, not realizing it
assumed a square section. It seemed unlikely,
however, that an increase in doubling dis-
tance of 3mm would cause any problems.




PHOTO 2: Speaker

PHOTO 3: Attaching the sides.

I applied strips of papicr miché to the
template, both as reinforcement and to
smooth out small irregularitics on the sur-
face. This method also fixes the joint
between the sides. The tape tends to peel
away if left long enough, so I completed the
process in one sitting, applying two coats of
papier miché and allowing the first to dry in
bétween. Any “ripples” can be slit with a
Stanley knife and smoothed with glue. Dab
the glue onto the template, then place the
strips of paper onto this, smoothing as you go
(Photo 4).

You should also cover the joint between
the template and the baseboard. (It must be
sealed.)

CONCRETE CAST

The template should be watertight. or contact
with the concrete will cause it to soak. which
is moderately disastrous. It must also peel
away smoothly from the wet concrete, so I

used two coats of vinyl sitk paint to scal it
After substituting a central rod of the correct
length, T attached several card pentagons,
which 1 taped to the sides to hold them in
alignment at the throat. The top picce (Photo
5) is screwed through these into the central
rod to provide a level surface for the concrete.

To cast the sides, prop the template up side-
ways, preferably against a wall. Spoon on and
smooth down the concrete, using a “‘chopping™
action with the side of the spoon to compact
the concrete and expel trapped air. I main-
tained as closely as possible a depth of 2cm.

The concrete should meet both the top
picce and the bascboard (Photos 6 and 7). 1
embedded 2.5cm nails in the concrete near
the bascboard to reinforee the joint with the
flange. Although this is probably unncces-
sary, after the collapse of a previous attempt 1
was taking no chances.

Tused a proprictary brand of “quick drying
path mix” concrete, which appears to contain
fiberglass. It was sufficiently dry after 12
hours to allow rotating the template and cast-
ing the next side. Nails embedded in the
exposed edges form a better joint with the
adjacent side.

FLANGE WAYS

Once the sides have set. return the template to
an upright position to cast the flange. Arrange
five picces of 34.5cm-long, 18mm-deep
stripwood around the base, parallel with the
sides. Mark their locations on the baseboard
for a more precise flange width (4.5cm in this
case). Apply the concrete ina similar manner
to the sides, smoothing it with the stripwood.
Photo 8 shows the bricks Tused to prevent the
wood picees from slipping (the top picce has
been removed).

PHOTO 5: Sealing the speaker (with top
piece attached).

When the flange set. separating the tem-
plate from the concrete proved to be a two-
person job. A friend held it upside down by
the baschoard, while T worked a gap between
the Mange and the board. It came away clean
ly to reveal a splendid internal contour. Photo
9 shows it fresh from the mold.

The next step involves casting a similar

REFERENCES

1. A. Toneburst, “Low Cost Hom Loudspeaker System,”
Wireless World (May 1970): 202

2. Dinsdale, “Hom Loudspeaker Design,” Wireless World
(from High Fidelity Designs, Darrington et al., p. 133).

3. B.C. Edgar, ‘The Edgar Midrange Hom," SB (1/86): 7

4. P. Klipsch, “A New High Frequency Hom," IEEE Trans
Audio (Nov./Dec. 1963): 202
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PHOTO 6: Applying concrete to speaker side. (Speaker is posi-

tioned sideways.)

flange onto the throat end, to which the drive
unit mounting can later be attached. Not sur-
prisingly, this is done in much the same way
as the mouth flange, except the stripwood
sides are 14cm long x 2.4cm high. [ attached

PHOTO 8: Casting the flange.
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PHOTO 9: Concrete mold separated from
the template.
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board).

five plus plugs, wrapped with insulation tape
to prevent concrete seepage, 2cm in from
each comer of the base.

The concreting procedure is as previ-
ously described. When it has set and the
template is removed, the phase plugs will
be solidly embedded, providing a base for
the screws.

Photo 10 illustrates this process. The
white blotches show where I used polyfill to
eliminate small pockmarks in the surface.
Apply it fairly liberally; the excess is easy to
file off when dry.

MORNING GLORY BLOSSOMS
Initially, I sealed the inside of the hom with
several coats of white Hammerite. While it
improved the appearance, the Hammerite
was too thick to penetrate some of the tiny
pockmarks. A liberal application of vinyt silk
would have worked better. Two coats of blue
Hammerite gave the hom its “Moming
Glory” appearance (Phoro 11).

The outside finish is the final step.
Because the surface was not in contact with
the template, it was somewhat lumpy. My
attempt to smooth one side with polyfill

B -

PHOTO 10: Casting the throat end.

PHOTO 7: Letting the concrete set (note nails driven into base-

proved insufficient. I then found some *fin-
ishing plaster”” which spreads very smoothly,
as seen in Photo 12.

Unfortunately, I don’t have access to high-
tech equipment for plotting response curves.
The best I could da was take a sensitivity
reading, which I managed with an old JVC
tuner/amp feeding cqual amounts of white
noise to two midrange units—one maunted
in the hom, the other on a baffle of similar
area. [ miked them both at an cquivalent dis-
tance from the diaphragm, and used the
record level indicator on my cassette deck to
measure the output. Bearing in mind that this
method is not very accurate, it showed that 1
was getting 10dB more from the unit in the
homn than the one on the baffle.

The drive units, a pair of old Philips
midranges, were rescucd from a three-way
speaker with a blown bass. I conducted lis-
tening tests on the horn alone, with a
Goodmans Magister supplying the bass, and
with an experimental prototype bass hom
(the latter integrated best). Live instruments
and vocals are incredibly lifelike, resolution
of low-level detail is exceptional, and there is
no hint of coloration.

T SR RN

PHOTO 11: The horn’s inside finished with
Hammerite.
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PHOTO 12: Smoothing the outside.
Unlike the square-section  prototype,

which even at a distance of 8-10" sounded
right only dead-on axis, the Moming Glory
has excellent distribution. There is no change
in sound cven at 90° to the axis. T can only
speculate that this may be due to cumulative
reflections between the nonparallel walls,

PHOTO 13: The completed horn.

NO REST
In the future, I would make several small
changes in the construction of this design:

. When papier michéing over the joint
between the template and the baseboard
(Photo 4), it would be better to fill in the gap
before covering, cither with filler or com-
pacted papier méiché. The small kink here
resulted in a slight rim (1-2mm) around the
inside of the mouth.

2. Tused only two layers of papier méché,

which left an imprint of the cardboard pattern
on the hom. Using more lavers should reduce
this. although too many layers introduce
kinks and bumps.

3. Replace the cardboard pentagons with a
Jigsawed wooden pentagon. and tack the
sides to itat the throat. This will help prevent
the sides from sliding out of alignment. &
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Vifa M25WO-00 10" Woofer, cast frame, paper cone, foam surround,
91dB3, Fs 31 Hz, Qts 45, Vas 153.5, Bohm, F3 of 45Hz in |.8cf scalcd.
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TESTING A SIMPLE
FOCUSED ARRAY

y previous article (SB 4/95, p. 10)
described a concept for a “focused
array” loudspeaker system. In case

you missed it, the article outlined a method
to configure an array of identical drivers
spread out in a listening room so the path
lengths of reflected signals, from cach driver
to the listener, all differ and the reflected sig-
nals are therefore spread out in time. The dri-
ver positions are, however, restricted to those
at a fixed radial distance, so, unlike the
reflected signals, the direct signals all armive
at the listener simultancously.

The simultancous direct signals add up as
20 log# (number of drivers), while the dis-
tributed reflected signals ideally total 10 log#.
The intended effect is an enhancement of the
direct signal intensity relative to the reflected
signal strength, with the primary aim of
reducing the effects of room acoustics on the
perceived sound, while increasing efficiency
and reducing distortion. On the down side,
this is very much a “sweet spot” system for
use by only one or two listeners.

When I wrote that article, I knew it would
be a while before T would be able to manage

By Bill Waslo

all the woodwork to build the numerous
speaker boxes to test out the scheme. T pre-
sented the idea to lure some of you speaker
builders, who might be a little less pressed for
time, into testing it

Since then, I have found a way to perform
some first-order tests of the concept. I already
had four 4” midbass drivers, which I had

acquired about a year ago with the aim of

someday making a pair of D’Appolito-con-
figuration satellite speakers. I remembered
some of Cockroft’s simple transmission lines
(described in this magazine) which used pipe
for the housing. My local hardware store sells
thick-walled PVC pipe up to 4” in diameter
and cuts it for free, so this provided a cheap,
labor-free solution for some quick enclo-
sures. Admittedly, use of only four drivers
(theoretical enhancement of 6dB) is less than
I would have preferred, but I believed I could
at least get a feel for what to expect from a
focused array.

CONFIGURING THE DRIVERS
I had four 42" lengths of pipe cut (that’s what
would easily fit in my car), stuffed each with

polyester fiberfill, and mounted the drivers on
one end of each pipe with shipping tape.
Needless to say, this was not a detailed
design. The measured response of each line
using IMP showed a 6dB shelf drop below
500Hz.. To compensate, I made a simple pas-
sive RC filter to precede the power amplifier.
I originally set the filter to level off again
roughly above 1kHz, but measurements and
listening tests proved the drivers had a very
ragged- and unpleasant-sounding high-fre-
quency response.

I had little hope of using the focused array
concept in the traditional tweeter frequencies
anyway, because the very short wavelengths
involved required the listener to be at a pin-
point location. I assumed that a separate sin-
gle narrow dispersion tweeter would better
serve the high frequencies and limit reflec-
tions via normal but not absurd bcaming.
Therefore, I used only a simple rolloff in the
filter to handle the midrange shelf and addi-
tionally provide the low-pass characteristic
for a crude crossover network.

The final woofer eqg/electronic crossover
network consisted of only a 2.2kQ series
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FIGURE |: Anechoic response of midwoofer in pipe. with filter,
Above: time domain. Below: frequency domain.

FIGURE 2: Midrange waterfall plot.
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FIGURE 3: Nearfield measurement of bass response.

PHOTO |: Focused array setup in author’s living room (photos by

Darek Ball).

resistor from the preamp output to the amp
input, and a 0.151F capacitor across the amp
iqpul. For the high frequencies, I crossed-
over a “‘Dynapleat” planar driver with a series
6uF capacitor, driven by a separate amplifier
channel. T chose this driver because of its
rather narrow pattern, due, no doubt, to a
large radiating arca.

A plot of a sample quasi-anechoic
midrange response (no tweeter), measured
18" from the cone, is shown in Fig. /. The
waterfall plot in Fig. 2 shows a resonance at
1kHz and others still remaining above the
3kHz crossover point. A low-frequency near-
field measurement provided the curve in Fig.
3. While not especially impressive, these
curves looked reasonable. One of these mid-
woofer drivers, configured with the “tweet-
er,” sounded somewhat nasal and didn’t play
very loudly before breaking up. But using
his as a reference point, I proceeded to the
rest of the test.

Relying on only anechoic and near-field
measurements, we tend to ignore some ugly
facts. Figures 4 and 5 represent the cold,
hard, slap-in-the-face of reality. These are in-
room response measurements of the same

PHOTO 2: Arrangement of the pipe speakers.

sn/12
1:59.6ns

L0 200

midwoofer speakers,
including the effects

FIGURE 4: In-room midrange frequency response of single pipe
driver without tweeter, measured at the listening position.

of reflections. A liv-
ing room is not a safe
place for poor, defenseless speakers. The
midrange curve has been slightly smoothed at
1712 octave to average through the “grassy”
appearance, which would otherwise result
from all the interfering reflections.

ARRANGING THE ARRAY

Photo 1 shows the bizarre arrangement used
in this test. A wooden stepladder supported
two of the pipe speakers at different heights
and at somewhat offset lateral positions
(Photo 2). T mounted the Dynapleat (serving
as tweeter) on a step of the ladder with ship-
ping tape, with a handful of fiberfill stuffed
behind it to help absorb the planar driver’s
back wave. A chair held another pipe, sever-
al feet off the floor and to the right, and two
large throw pillows supported the fourth pipe
about 13" above the carpet.

I labeled the midwoofer drivers as A, B, C,
or D, for reference to the data plots. T chose
the positions strictly based on what could be
managed from the available furniture and

shop supplies, and other than being visually
situated at random placements, they were not
optimized according to any measurements. A
couch approximately 8 away was the target
listening position. Since only four mid-
woofers were available, the setup was strictly
monophonic.

I used IMP/M to aid in the alignment of
the driver positions. I put the microphone at
the target listening position and used the
“cycling” feature to measure a repeating
serics of MLS acoustic responses, but
watched only the upper time-domain plot of
the calculated impulse response. Two drivers
were {irst driven in paraliel, and the resulting
pattern on the computer screen showed the
time offset due to their relative positions.
When there was an error in the positions, two
main pulses were seen rather than one; as the
positions came close, they merged into a two-
homned pulse (Fig. 6).

When the positions matched, the total
pulse height peaked (Fig. 7). Using a laptop
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FIGURE 5: In-room bass response, measured from listening posi-

tion, of single pipe driver.

slightly misaligned.

FIGURE 6: Time-domain pulse response for two midwoofer drivers,

computer on the floor near the arrangement, I
watched the pulses while I moved the drivers
closer to or away from the listening position.
I repeated the process as 1 connected cach
successive midwoofer and tweeter to the
amplifier. 1 adjusted the tweeter level by
varying its amplificr channel’s gain for opti-
mal flatness as seen on the frequency
response display.

MEASURED RESULTS

Figure 8 shows the time-domain plot via low
sample rate of a single driven midwoofer dri-
ver, as sensed at the listening position. Figure
9 shows the same plot, gain-adjusted 10
match peak amplitudes, for the case where all
four simultancous drivers are driven. Figures
10 and 11 show similar measurements at the
higher sampling rate.

Clearly. the basic idea works. The differ-
ence as shown on the plots is not dramatic,
but, nonetheless, substantial. You can expect
a stronger effect when 8 or 16 drivers per
channel are used.

Figure 12 shows the low sample rate
(4,096 points at 1.92kHz) frequency response
for cach of the four individual drivers, mea-
sured at the target listening position, and
looking pretty grim. Figure 13 shows the
results for the entire focused array, which
appears more uniform in both peak and aver-
age level (and more closely resembles the
near-ficld measurement result of Fig. 3), but
with a pronounced repetitive notch approxi-
mately every 35Hz. These notches are appar-

ently due to reflections off the wall approxi-
mately 8 behind the listener and to an unfor-
tunate choice of array position in which all
four drivers are nearly equidistant (relative to
a low-frequency wavelength) from that wall.

This occurred to me only after the sctup
had been disassembled. A wiser choice
would be to install the array so it fired in a
diagonal. rather than perpendicular, direction
to the back wall. Such a configuration is
probably the obvious choice for a stereo con-
figuration, but as 1 was thinking “mono”
when setting this up, I thoughtlessly put it in
front of the existing couch position and fired
the array right toward a wall. Live and learn.

Figure 14 shows the high sample rate
(4,096 points at 61.2kHz) response for each
driver, and Fig. 15 is the focused array ver-
sion. The focused array is somewhat
smoother and passably resembles the ane-
choic measurement shown in Fig. [, but
clearly there’s still much room for improve-
ment. The 35Hz repeating notches appear to
persist, as well.

Figure 16 shows the system response
made after the “tweeter” was connected, and
includes the time-domain trace so you can sce
the definite narrow pulse reflections which
the tweeter has allowed onto the response.
The tweeter could stand to be a little more
beamy for this application. I chose it because
it was the only strongly directional tweeter
driver available. The strange drop-off at
about 7.5kHz is a characteristic which also
appears when the tweeter is measured alone.

Figure 17 shows how the response varies
when the listening position is shifted lateral-
ly 6", I’, and 2’ to the right of the focus point.
The overall stability is reasonable to a little
over a foot, in agreement with listening tests
(described later), but falls apart at about 2’
off focus.

I have read that the car fuses all sounds
arriving within about 50ms. In Fig. 18 we see
the energy-versus-time curve of a single mid-
woofer driver over this duration, generated
with a developmental version of the Liberty
Audiosuite program, and in Fig. /9 the same
curve for the focused array. Both plots are
normalized to the initial arrival peak, demon-
strating the expected direct-versus-scattered
enhancement of about 6dB for the four-
driver system.

IN AND OUT OF FOCUS
With the caveat that my expectations could
casily affect my listening opinions, 1 present
the following subjective “review” of the
focused array sound, as compared to the sin-
gle woofer and tweeter sound and to the
“unfocused array” sound outside of the lis-
tening position focus. You may justifiably
question whether reflections  should be
reduced, making subjective reactions to this
scheme very relevant. Of course, it would be
helpful to have more than just my family’s
reactions, but I could not practically keep the
setup (Photo 1) dominating my busy living
room for more than a day.

First the verdict: I like it, but it is unusual,

Lk

J

FIGURE 8: First 256 samples of the impulse response of one pipe

FIGURE 7: Pulse response of two midwoofers in alignment. driver, measured in-room at the listening position, low sample rate.
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room, high sample rate.
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FIGURE 1 1: Focused array version of previous measurement, level :11 M
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and not at all subtle. With some recordings
(most notably vocals, acoustic guitar, and
piano), it can grab you and make your eyes
widen when you move into the focus. With
others (one baroque string recording, in par-
ticular), it's just different and maybe not
even an improvement. The effect can some-
times be a bit more engaging than you may
desire. This system is more appropriate for
music demanding close attention than for
background sound.

One of the most noticeable effects is how
vague (maybe even lousy) the sound is out-
side of the focus. The multiple drivers cause
multitudes of interference patterns, as if the
sound were entirely reflected. An indefinite
effect—spacious, yet seemingly coming from
no place in particular—brings to mind shop-
ping-mall music playing at one end and you
atthe other. As my son described it, the sound
you hear outside of the focus is somewhat as
if'it were down the hall from a room in which
musicians are playing. Moving toward the
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ahead seem very
large. Others (Rikki FIGURE 13: In-room bass response of the focused array, measured

v at the focus.
Lee Jones” “Pop

Pop,” for instance)

give the effect of sitting at the entrance to a
small recording booth, but not at all in an
unpleasant sense. There is a sense of unusu-
al clarity, but this may be due to the stark
contrast to the extreme lack of clarity many
fect outside of the focus. This system

includes its own counterexample to cue your
listening responses.

OTHER SUBJECTIVE RESULTS
Another notable feature of this implementa-
tion is the intense “mono-ness.” There is a
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In-room  response,
Prominent tweeter reflections are indicated on time-domain plot.

with tweeter, at the focus.
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FIGURE 14: In-room midrange frequency response of each mid-

woofer pipe.
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FIGURE 15: In-room midrange response of focused array.

FIGURE [7: Midrange response variation off focus.

clear image with a sense of depth (I'm not
sure_how) that’s definitely mono and will
make you crave some left-right separation.
This mono presentation showed a basic dif-
ference between focused array sound and
headphone sound. Headphone sound, partic-
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ularly mono headphone sound. tends to
localize in the center of the listener’s head.
The focused array, while having a smooth-
ness such as headphones can give, puts its
sound out in front where it belongs. Also, the
focused array image stays put when the lis-

tener moves his head while a hecadphone
image sweeps across the room.

The critical effect of the “'sweet spot™ is
not as pronounced when moving toward or
away from the array as when moving up or
down or sideways. Standing behind some-
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FIGURE 19: Energy time curve of focused array showing reduced

one who is at the focus, you still hear a good
image. although it is still more specific than
planar speaker sound. Side-by-side listening
with a friend probably would be disappoint-
ing. although a reduction of the crossover
frequency may help. In general, the apparent
position of the sound source seems to be at
the tweeter location, but then the tweeter
was prominently visible and that’s where
the apparent source was expected to be. A
fairer test is to set up an array of tweeters
with only one playing with the midwoofers
and then determine if listeners can sense the
sound’s origin.

There is also a sense of increased volume
at the target listening position, as anticipated.
This is not terribly dramatic, however, except
perhaps in the bass. That may be more relat-
cd to moving in and out of room modes rather
than from going through the focus. I sense at
the focus that these pipes are producing more

bass than common sense or measurement
would lead me to expect. Listening to a sin-
gle pipe system with the twecter does not
give that sense. but then a single 4” driver is
probably going nonlinear trying to generate
sufficient SPLs.

After collecting the measured data pre-

sented above and sampling a number of

recordings, I readjusted the array drivers to
focus on a point about 3’ closer to the array.
A quick response measurement showed little
obvious improvement, yet the listening test
provided even more pleasing results. Perhaps
the further reduced relative reflection intensi-
ty caused by moving ncarer to the speakers
could explain this result. Or perhaps it was
just a better position in terms of room
acoustics. This was the position at which
about half of the listening test occurred. |
don’t think I ever spent so much time listen-
ing to mono.
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I’ve used much space in this magazine for
such a minimal sctup, but I think it shows my
enthusiasm for this scheme's results. I'm not
sure it would be everyone’s cup of tea; there
are evidently listeners who even like the
sound of speakers which intentionally
increase the level of reflections. And many
others would dislike the restricted listener
position which the focused array requires.

WHAT’S NEXT?

My future efforts will involve sterco, and
more drivers per channel, for improved en-
hancement. And I'd like to determine how
the array plays with drivers, enclosures, and
a crossover design that sounds really good in
a conventional setup (not really the case in
my simple test). But for that I'll probably
need to wait for someone clse to do some
building. If you give it a try, let me know
how it works. )
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5.25" Polypropylene
Woofer 4 or 8
|5502R-4 5502R-8

Rubber
Surround

Fs (Hz) 50 52 Fs (Hz) 48 48
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Cutout/Depth 4.25"2" = Cutout/Depth 4.87"/2.25" Diameter
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Fs (Hz) 26.8 342 Rscc 6.350
Rscc Q 3.41 6.36 Vel @1K .885mh
Vel mH@1K 45 .70 Qms 2.06
Qms 2.68 1.80 Qes .45
Qes .369 457 Qts .37
Qts .324 .364 Mmd 23.6g
Mmd (g) 1.3 13.3 Cms (m/N) 989.6
Cms (um/N) | 2877.7 1524.5 Vas 68 Liters
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Madisound 6102
6.5" Polypropylene
Woofer 4 or 8 2
61024 6102-8
Fs (Hz) .30 30
Rscc(Q) | 3.35 6.6
VeL(mH@1K)  .087  0.18

Qms | 66 | 75
Qes .35 45
Qts .33 42
Mmd (g) 14.5 11.2
Cms (um/N) 18128 23129
Vas (Ltrs) 39 49.7
Efficiency 90 87
(db 1w/1m)
Xmax 3.5mm pk
Power | 50 w
Magnet 120z
Cone Black Poly
Surround Foam
Voice Coil 1* 2-Layer Kapton

**6102-4 / Dashed; 6102-8 / Solid

ne (]

CutoutDepth | 5.62"/2.87"
Price $25.00
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vented pole picce

Vented Sealed
40 8Q  4W  8Q
VB Itrs 18 | 40 | 114 | 28

FBHz | 36 30 =~ | ~
F3Hz 41 33 58 | 47
Pot | 15" 2'  Qte= | Qte=

Diameter 7 7

Length | 4.6" 5.2" Rg=.4|Rg=4

A7 Impedance
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Madisound Driver Measurements

« All measurcments made in a 37 m> anechoic chamber
equalized to give response for an infinite baffle.

» All frequency responses measured corresponding to
2.83Vrms @ | meter, same voltage for 4Q and 8Q2
drivers.

o Dual voice coils are measured at 2.83Vrms per coil.

» Dual voice coil Theil-Small parameters are measured
with voice coils in series using Delta Mass method
with Audio Precision and Leap.

« Suggested box alignments arc sometimes given with
an (Rg) value. which is added resistance from induc-
tors in series with the woofer. If you neced specific
box alignments, plcase call.

e Apcriodic dampening devices such as the Dynaudio
Variovent and Scan-Spcak Flow Resistor are very
useful in sealed box applications. These vents reduce
the impedance maximum at the resonance point, al-
lowing for a more clear and detined bass, as well as
the use of a driver in a box that is smaller than
optimum volume.

« Some volume and linear cquivalents:
12 foot = 28.3 liters = 1728 inches; 25.4mm = 1"

Madisound 8154—8"

Polypropylene Woofer 8 O
Fs 30.6Hz
Rscc 4.55(2
Vel @1K .25mh
Qms 9.7
Qes .28
Qts .27
Mmd 34g
Cms (um/N) 798.5
Vas | 495 Liters
Efficiency 89db 1w/1m
Xmax 3.5mm pk
Power 75w
Magnet 20 oz.
Cone Black Poty
Surround Foam
Voice Coil 1.5" 4-Layer Kapton
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Cutout/Depth 7.12"/3.37"
Price $36.00

vented pole picce
8154 B4 Alignments
Rg=0|Rg=4 Rg=.7

Vb Liters, 15 19 23
F3Hz 51 45 42
FbHz 46 43 40
Port Dia 2" 2" 2"

Length | 6.1" 5.3" | 5.1"
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' Polypropylene Woofer 8 2
Fs , 33Hz
Rscc . 51Q
Vel @1K | 13mh
Qms | 3.5
Qes | 45
Qts 4
Mmd 23g
Cms (um/N) 889
Vas 55 Liters
Efficiency 89db 1w/1m
Xmax 3.5mm pk
Power | 75w
Magnet 20 0z
Cone Black Poly 8152 B4 Alignments
Surround Foam Rg=0 Rg=0 Rg=.4
Voice Coil | 1.5"2-tayer Kapton Vb Liters 30 50 | 63
Cutout/Depth 7.12"/3.37" Fa Hz 43 | 35 33
Port Dia 2" 2" 2"
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Madisound 81524—8" Madisound
Polypropylene Woofer 81524DVC—S8" Dual
40 Voice Coil Polypropylene
Fs 36Hz Woofer 4Q0/4 Q
Rscc | 3.7Q Fs 31.7Hz
Vel @ 1K Amh Rscc 3.50
Qms | 39 Vel @ 1K .34mh
Qes 44 Qms 9.2
Qts 4 Qes .32
Mmd | 22qg Qts .31
Cms (um/N) | 819.59 Mmd 38g
Vas | 51 Liters Cms (um/N) 631.44
Efficiency | 89db 1w/1m Vas 39.2 Liters
Xmax | 2mm pk Efficiency 87.5db 1w/1m
Power | 75w Vs s Xmax 5mm pk
Magnet | 20 0z Power 80w 40/40 i
Cone Black Poly 81524 B4 Alignmems Magnet 20 oz. 81524DVC B4 Allgnments
Surround Foam Rg=0 Rg=0 Rg=23 Cone Black Poly Rg=0 Rg=5 Rg=
Voice Coil 1.5" 2-Layer Kapton | | Vb liters, 28 45 56 Surround Foam Vb liters |~ 22 33 46
Cutout/Depth 7.12"/3.37" F3hz | 45 38 a3 Voice Coil | 1" 2-Layer Kapton F3 hz 39 34 30
Fohz | 37 37 | 348 CutoutDepth  7.12%/3.37" Fbhz 34 335 | 30
Length | 4.7" 2.3" 2" Length 6" 5x 4.3"
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Madisound 1052DVC—10"
| Dual Voice Colil Polypropylene

Madisound 1054—10"
Polypropylene Woofer 8

Woofer 8 /8Q Fs 24 6Hz
Fs | 20.4Hz Rscc 6€2
Rscc | 6.1Q Vel @1K .24mh
Vel @1K | 46mh Qms 4.07
Qms | 3.68 Qes 25
Qes | 28 Qts | .237
Qts | .26 Mmd 429
Mmd | 469 Cms (um/N) 997.57
Cms (um/N) | 1220.1 Vas . 160 Liters
Vas | 197 Liters Xmax 3.5mm Pk
Xmax | 6mm pk Efficiency 92db 1w/1m
Efficiency | 90db 1w/1m Power [ 125w
Power | 50/50 w . Magnet 30 oz.
Magnet | 30 0z. Cone Black Poly
Cone Black Poly 1052DVC QB3 Alignments Surround Foam 1054 QB3 Alignments
Surround | Foam . Rg=0 Rg=.5 Rg=1 Voice Coil 15" 4-Layer Kapton Rg=0 Rg=.5Rg=.9

Voice Coil 15" 22LayerKaplon | \ib Liters| 47 57 69 Cutout/Depth 9.12"/4 45" Vb Liters 29 35 | 42 |

Cutout/Depth 9.12"/4.45" F3 Hz 38 35 33 Price $43.00 F3Hz 52 46 | 43
357

Price $45.00 26.8 FbHz = 417 38 578

FbHz = 31 . 286

E B " "
. “ B 3
Port Dia 3" 3 ;3 Port Dia 3 0 3 |
: " « N
" N " 8. 7.8
Length . 9.9 93 8.6 Length 8.7 3
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Madisound
10204DVC—10" Dual
Voice Coil Woofer 4)/4Q)

Fs 21.2Hz
Rscc 3.6Q
Vel @1K .35mh
Qms 3.5
Qes .21
Qts 2
Mmd 50.4g
Cms (xm/N) 1045.4
Vas 168 Liters
Xmax 5 mm Pk
Efficiency 90.7db 1w/1m
Power 100/100 w
Mcag::t Blzgkon’.ol vented pole picce
S o Y 10204DVC B4 Alignments
Voice Coil | 2" 2/2-Layer Alum — Rg=0:Ro=.5/Rg=1
Cutout/Depth 9.12"/4 45" GIliSceT I a0 42
one |5z |4 ] o0
Can be used with both B
voice coils in series for 8Q el ol B 25 5
or in parallel for 202 Length | 87" | 74" | 6.3°
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Madisound 10207—10"
Dual Voice Coil
Woofer 8Q2/8 Q

| 20 100

Fs 19 2Hz
Rscc 5.7Q
Vel @1K 51mh
Qms 3.43
Qes 23
Qts 22
Mmd 57
Cms (um/N) 1138.6
Vas 184 Liters
Xmax 5 mm Pk
Efficiency 89.4db 1w/1m
Power 200w 100/100
Magnet 40 oz. vented pole picce
Cone Black Poly 10207DVC QB3 Alignments
Surround Foam Ra=0 Ra= Rq =
Voice Coil 2" 2/2-Layer Kapton . 9= g=5 Ra=1
CutoutDepth  9.12"/4.45" | Vb liters| 26 3 | 40
Price $56.00 EZ :z 3‘;55 3‘;15 3(7) |
g z 5 B
Can be used with both - . . .
voice coils in series for ort Dia| 2.5 25 2.5
1602 or in parallel for 4Q Length | 9.5 9 8.6
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Madisound 1252DVC—12"
Dual Voice Coil Woofer

80 /8Q
Fs 15Hz
Rscc 5.6
Vel @1K 3mh
Qms 41
Qes 39
Qts 36
Mmd 78g
Cms (um/N) 1331.4
Vas 533 Liters
Xmax 6mm pk
Efficiency 88.5db 1w/1m
Power 100 50/50w
Magnet 30 oz.
Cone Black Poly 1252DVC B4 Alignments
Surround Foam
Voice Coil 15° 22-Layer Kapton Rg=01Rg=0} Rg=0 | Rg=0
Cutout/Depth 11.12..1—5.0.. Vb Ltrs| 85 100 | 130 | 142
Diice $48.00 FbHz | QTC | QTC | QTC | 17
Can be used with both PortDia, .96 | 9 8 g
voice coils in series for 16Q | | | ength Sealed 11

or in parallel for 40

4B 20V M ALDIOCTECISION 1262 0VMC
n

242 Impudence
%0

AMPL(dB1) & LEVELIV) ve PREQ(MI)

. } it w4 H Hae
100 n— 1 14 11 a®
P { +A -4 35
PUCI (I 02 P IS NPWAY:| 4L .
LR H A4 144 1
ORI LV W S 1t oy 4t Lo H 29
n SR ! ! 14 4 N+ e
v EBRE skl .
e IS ERIN ! RR A4 Hy

] e .

L Y 100 " (LY 20

Madisound 12204DVC
12" Dual Voice Coil Woofer

40/40
Fs 22.8Hz
Rsce 3.6Q
Vel @ 1K .26mh
Qms 4.58
Qes .42
Qts .38
Mmd 68.89
Cms (um/N) 550.6
Vas 220 Liters
Xmax 5 mm Pk
Efficiency | 90.3db 1w/1m
Power 200 100/100 w
Magnel 40 0z. vented pole picce
Cone Black Poly
Surround Foam 12204DVC B4 Alignments
Voice Coil 2" 2/2-Layer Kapton Rg=0 Rg=.5 Rg=5 Rg=0|Rg=S5|
Cutout/Depth 11.12"/5.0 Vo L": 85 | 85 100 113 142
Price $60.00 FaHz| 42 | 38 (375 31 28
Can be used with both FbHz | QTc 24 216
voice coils in series for PortD., .75 | 85 | 8 | 3" 3"
8Q or in parallel for 2Q Length Sealed 6.1" 59"
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Madisound 10208—10"
_ Sealed Box Woofer 8Q

Fs 24Hz
Rscc 5.70
Vel @1K 13mh
Qms 4.62
Qes .62
Qts .54
Mmd 459
Cms (um/N) 900.5
Vas 145 Liters
Efficiency 87.5db 1w/1m
Xmax 6.5 mm pk
Power 100 w
Magnet 30 0z
Cone Black Poly
Surround Foam
Voice Coil 2" Kapton

CutoutDepth  9.12"/4.45"
Price $53.00
The use of fill will reduce the Qtc.

This driver may be okay for free air
applications to 45 Hz.

8 283V m AUDAIOPIUZCISION 10200
1] 7 T T

vented pole picce

10208 Sealed Box Alignments
Rg=0 |Rg=.5 Rg=0 |[Rg=.5|

VbLir | 99 99 142 | 142
F3hz | 32 31 | 313 294 |
Qtc 86 | 93 | .78 | 84

AMEL(dHY) & LEVEL (V)

vs TRLO() 2A7 Impudance

T 50

J

Madisound 1258 12"
Polypropylene Woofer

80Q
Fs 16.6Hz
Rscc 5.6Q2
Vel @ 1K 2.39 mh
Qms 5.32
Qes 41
Qts .38
Mmd 57.2g
Cms (um/N) 1418.99
Vas 568 Liters
Efficiency 90db 1w/1m
Xmax (mm) pk 4
Power 75W
Magnet 300z
Cone Black Poly
Surround Foam
Voice Coil 1.5" Kapton

Cutout/Depth 11.12" /5"
Price $44.00

1258 Alignments
Vbliters| 70 85 100
F3hz | 375 | 35 34
Align. | Sealed | Sealed | Sealed
Qtc 1.15 1 .98

The usc of filling will reduce the Qtc
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Madisound Madisound
15258DVC—15" Dual 15254DVC—15" Dual
Voice Coil Woofer Voice Coil Woofer
80 /8Q 40/4Q
Fs | 22.5Hz Fs 23Hz
Rscc 5.5Q Rscc 3.7Q
Vel @1K .36mh Vel @1K .25mh
Qms 5.35 Qms 5.71
Qes | .52 Qes .47
Qts | 47 Qis 44
Mmd 121.59 Mmd 1229
Cms (1m/N) 367.38 Cms (um/N) 346.1 {
Vas | 368 Liters Vas 347 Liters {
Xmax 5.5 mm pk Xmax 5.5 mm pk
Efficiency 91db 1w/1m . Efficiency 91.5db 1w/1m .
Power 200 1001100 w | - Cnied pole picee Power 200 100/100 w_| venied pole picce ,
Magnet l 60 oz. 15258DVC Sealed Box Alignments Magnet I 60 oz. 15254DVC Sealed Box Alignments |
Cone Black Poly Rg=0 {Rg=.5| Rg=0 |Rg=5 Cone Black Poly | Rg=0 |Rg=.5 Rg=0 |Rg=.5
Surround | Foam LVb 100 | 100 | 142 | 142 Surround Foam Vb | 100 | 100 = 142 | 142 |
5 - iters | ; : Liters |
Voice Coil 2(2")K"apu)n" FaHz 37.8 | 36.6 | 354 | 338 Voice Coil 123(7{;;7?203. FaHz, 40 | 37.7 38 | 35
CutoutDepth 13.87/6.0 ot | 103 112 9 98 Cutout/Deith 87"/6. o |52 110a] 8 | o1
Price $80.50 It is recommended to use fill and Price $80.50 It is recommended to use filling and
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Madisound’s Coaxial Drivers

All of Madisound’s coaxial speakers utilize AUDAX State of the Art ferrofluid cooled dome tweeters. Mylar 6db
filters are included for the tweeter. All drivers have black polypropylene cones.

4502/Audax
Fs | 102 Hz
Vas 3.8 Liters
Rscc 37Q
Qms 7.77
Qes .46
Qts i 43
Efficiency | 88 db 1w/1m
Power 40 Watts
Depth 21 Ag"
Cut-out 4"
Price $35
5402/Audax
Fs 91 Hz
Vas 5.42 Liters
Rscc 3.68Q2
Qms 7.84
Qes .60
Qts | .56
Efficiency 89 db 1w/1m
Power 40 Watts
Depth 214"
Cut-out arg
Price $36
6102/Audax
|Fs 58 Hz
| Vas 19.5 Liters
Rscc 36Q
Qms 6.5
Qes .55
Qts 51
Efficiency 90 db 1w/tm
| Power 40 Watts
Depth 274"
Cut-out 574"
Price $37
8COAX
|Fs 38.4 Hz
| Vas 38.9 Liters
Rsce 36Q
| Qms 7.56
| Qes .44
|Qts 41
| Efficiency 90 db 1w/1m
| Power 75 Watts
Depth 334"
| Cut-out 7"
Price $49.50

Ordering Information: All speaker orders will be shipped promptly, if possible
by UPS. COD requires a 25% prepayment, and personal checks must clear
before shipment. Add 10% for shipping , residents of Alaska, Canada and
Hawaii, and those who require Blue Label air service, please add 25%. There
@ fee for packaging or handling, and we will refund to the exact shipping

charge. We accept Mastercard or Visa on mail or phone orders.
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The 4502/Audax will work well in a'small sealed
enclosure, a 200mfd capacitor is reccommended on the
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| The 5402/Audax will work well in a 9 liter sealed
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box with an F3 of 115Hz. A 280mfd capacitor could
be used to limit the bass when used with a subwoofer
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The 6102/Audax will work well in a 10 liter sealed
box with an F3 of 99Hz. A 280mfd capacitor could
be used to limit the bass when used with a
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The 8COAX can be used in a 14 liter sealed box for
an F3 of 68Hz or a 28 liter vented box for an F3 of
44Hz (2" dia. vent by 4.4" length). Suitable for
In-wall or ceiling mount applications.

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

¢ all have our favorite references,

those books which somechow

seem o have just the right infor-
mation to solve frequently encountered prob-
lems. When I need to design an active filter,
for example, I grab Stefan Niewiadomski's
Filter Handbook (CRC Press, 1989, $30.95).
Good reference materials such as this are an
invaluable part of my workshop. This review
covers some of my favorite woodworking
references. I hope they will be as much help
to you as they have been for me.

Because normally we are troubled by
problems in specific areas, the general topics
include:

¢ techniques
tools
materials
e inspiration

great mainstream my 1

tull ot product reviews,
features and music reviews, In our
regular tree DIY Supplement
(banded in-house

amplifiers

on) are
d\‘ﬂl):l’l\‘d and
constructor, as well as DIY letters
pages full of useful design advice,
kit reviews and kit news. You'll
available
nowhere else, on titanium-anode

find reviews here

008« tor example, books trom
the vintage
products and FETs from the USA

around world

Our in-house designers and
laboratory produce unique valve
amplitier designs, including
transformers tor the
DIY Supplement Qur
loudspeakers are designed around
hi-tech. Polvday carbon-fibre and
in future, HDA  drivers - all
available in the USA.

Coming in 1995 an all-valve
phono stage, mcluding MC; an
clectrostatic “speaker kit that runs
at 13kV; an HDA luud\pc.lkor‘ a
twin-300B «ingle-ended power
amplifier, plus much more

38 Speaker Builder 6/95
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REFERENCES

By Bob Wayland

Before providing details, though, two
good general references are worthy of men-
tion. Ermest Joyce's Encvclopedia  of
Furniture Making (Sterling Publishing, 1989,
$21.95) was originally printed in 1970, and
revised and expanded in 1987 by Alan Peters.
This book is primarily aimed at woodworkers
with small shops. The careful coverage and
detailed descriptions of common techniques
are especially useful for woodworkers who
are just getting started, but significant cover-
age of more advanced techniques is also
included. The sections on vencering, mar-
quetry, and inlay offer ideas for adding a per-
sonal touch to your enclosure. The last 40%
of the book deals with the business end of
woodworking, something which would
appeal to that small fraction of professional
speaker builders.

Please charge my Credit Card with the amount

:Subscription Form o

[}
\ P.O. Box 754, Manhasset, N.Y. 11030 - 0754 Name
Telephone: 516 627 3836 Fax: 516 627 1972

FR)/HI-FI

300B triode 28watt push-pull amplifier. Switchable feedback,
unique driver transformers, dual choke power supply, welded
steel chassis. Weight 44lbs. $ 1160 - valves & carriage extra

Telephone: 516 627 3836

John L. Feirer’'s Cabinetmaking and
Millwork (Bennett IL. Publishing, 1982,
$31.36) is an older book that is continuously
revised. When I need to know of a new or dif-
ferent approach to a woodworking problem,
this is where I turn. It is not detail-oriented,
but instead covers considerable ground and
emphasizes comprehensive coverage from
the manufacturing point of view.

Both of these books, and the ones which
follow, are quickly dated. Such recent
advances as random orbital sanders and
sandpaper attaching techniques are not cov-
ercd. You can keep up with advances easily
and cheaply by looking through woodwork-
ing supplier catalogs, such as the Garrett
Wade catalog. While this works well for
tools and materials, it is only marginal for
techniques. Our primary aim is to build

1 e wds accepted

Fax: 516 627 1972 !

Other Models include:
28watt push-pull (300B)
20watt push-pull (5881)
17watt single-ended (5881).
4watt single-ended (6080).
Line valve preamp (6922) ...
Carriage extra

For further information on our range of kit
valve amplifiers and loudspeakers, please
contact us at the address below.
Distributor enquiries welcome.

World Audio Design
64 Castellain Road, Maida Vale
London. W9 1EX, England
Tel: (+44) 171 289 3533
Fax: (+44) 171 289 5620



BETTER

than the
FOURTH EDITION!

* 9 errata and addenda

* 22 updated figures

and references

» 7 more great ad pages

* Ilmproved resources

listing

» New chapters on Home

Theater (10pp.. 30 figs.)

and Auto Sound (9pp

39 figs.)

BIGGER

than the

THIRD EDITION!
= Totally revised '
vvvvv d updated
* 98 more text pages

* 246 more figures

* 17 more pages of
valuable ads

= 4 new chapters,
inel. “Software’ and
“How Speakers Work™
= IBM software offer

« #BKAA2-V = 224pp. » 8-1/2 x | | = soft »

53495 PLUS SHIPPING®

$3 USA, $5 Other Surface. $10 Other Air

* MC - Visa » Discover » Cheek or Money
Order in US Funds Drawn on US Bank *
Dealer Inquiries Invited »

OLD COLONY SOUND LAB, PO BOX 243, DEPT. A95, PETERBOROUGH, NH 03458 USA
24-Hour Tels.: (603) 924-6526 (603) 924-6371 24-Hour Fax: (603) 924-9467




speakers which function well and have an
enchanting appearance. Most of the tech-
niques we need are ones which have been
successfully employed in the centuries of
woodworking that have preceded us.

TECHNIQUES

The one arca which causes the most confu-
sion and has the most visible effect is finish-
ing. Sadly, this is also where people keep
their “secret recipes,” often passed from gen-
eration to generation. When you examine the
ficld. however, the underlying principles are
really  quite  simple.  Bob  Flexner's
Understanding Wood Finishing: How 10
Select and Apply the Right Finish (Rodale
Press, 1993, $27.95) is a common sense, no
nonsense instruction which removes the mys-
tique associated with finishing.

Flexner carefully and precisely describes
the preparation for finishing, which, if fol-
lowed, will help prevent the mistakes that
result in the need to strip a finish. Have you
cever wondered whether you can apply a fin-
ish over wax? You'll find the answer in this
book (only straight oil, oil/varish blend, or
shellac finish should be used). What is the
difference between a pigment and a dye, and
which is best for your enclosure? Flexner is
good about identifying problems and offering
solutions, and his book is casy to read, with
practical inside information.

For the sheer joy of finishing wood as a
vocation, read George Frank’s Adventures in
Wood Finishing (Taunton Press, 1981,
$10.95). His practical advice on getting the
most from your wood’s color is not only a
treasury, but contains information which is

virtually impossible to find elsewhere. Did
you know that potassium dichromate creates
the illusion of great depth in mahogany, or
that ferrous sulfate enhances the form inher-
ent in bird’s-cye maple?

You may often need to make your enclo-
sure colorless. Frank includes an entire chap-
ter on this subject. If you are the tenacious
sor, and wish a truly remarkable finish,
Frank explains how to produce a Chinese lac-
quer (there arc over 30 steps). This book is
slightly over 100 pages long: however, it
holds your attention far longer than the time
it takes to read.

Every new project secems to require a
unique joint or method. So many good books
on woodworking joints are available that 1
usually run the other way whenever a new
one comes along, perhaps because my first
one has been a long-time companion: Tage
Frid Teaches Woodworking: Joinery, Book |
(Taunton Press, 1979, $21.95). It has since
been combined with Book 2 (Shaping,
Veneering, Finishing) and is sold as a single
volume. [ #BKTN3 for $29.95 plus $3 S/H in
US from Old Colony Sound Lab.]

Frid’s warm, gentle nature is evident
throughout, and the step-by-detailed-step
instructions make you fecl he is right there look-
ing over your shoulder, making sure you don't
make a mistake. Although he uses the table saw
extensively, he is fond of describing how to use
hand tools. For example, there is a section on
cdge-joining boards using a hand joiner plane. If
you don’t have a joiner, this is essential given
the narrow stock available today. His humor is
evident in his advice on spreading glue when
gluing up the boards to be edge-joined: T then

use the cheapest brush 1 can find—my finger.
Spread the glue thinly but evenly.”

Many other aspects of woodworking tech-
niques arc covered in the two previously
mentioned general references. They will usu-
ally get you pointed in the right direction—
the rest is up to your ingenuity!

TOOLS

When using tools, speaker builders have a
specific set of requirements. The general
operations, of course, are the same as for any
other woodworker. While the specific opera-
tions have been the grist for this column in
the past, a real need exists for the techniques
to maintain and ensure the safe, accurate
operation of your equipment. The books by
Joyce and Feirer are a good starting place for
the day-to-day problems.

Over the years [ have bought book after
book on jigs for power hand tools. After gath-
ering dust, they all ended up in the Goodwill
collection. The problem is that the jigs are for
solving problems I don’t have. (From the
number of these books I see in used book-
stores, I suspect others have had the same
experience.) On the other hand, there are a
few good books with general coverage.

The one piece of equipment at the heart of
a workshop is the table saw. It doesn’t mat-
ter whether the saw is a simple, portable
bench model or an industrial cabinet device,
the basic needs are the same. A remarkably
straightforward and precisely written book
on table saw use is Kelly Mehler's The Tuble
Saw Book (Taunton Press, 1993, $25.95).
Full chapters are devoted to saw blades,
work spaces, adjustment and maintenance,
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Whether you're moditying, rebuilding, or designing crossovers from scratch - using premium quality resistors, inductors,
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safety, npping, crosscutting, and joinery.
The suggestions made for npping thick
stock illustrate the care which is charactenis-
tic of the coverage. One of the first sugges-
tions is to listen to the motor, and cut as fast
as possible without bogging it down. Don’t
nip in a series of shallow passes, because the
thick matenal is likely to distort and produce
a piece which is no longer flat to the fence.
When ripping bevels. always cut with the saw
blade tilted away from the np fence. The sec-
tion on adjustment and maintenance can

increase your accuracy and the pleasure of

using your saw a thousandfold. Have you
checked the flatness of your saw table top?
What if it isn’t flat? (One solution is to have
it reground, but this is expensive!)

Other books are available on different tools.
I suspect you will find that the instruction book
which came with the equipment is better than
what you can buy in the local bookstore. If you
don’t have a copy, you can usually get one by
writing to the manufacturer. (You can find
addresses at the reference desk of your local
library or in the Thomas Register.)

MATERIALS

All too often, books on wood are scientific
treatises which don’t give the speaker builder
any useful information. A notable exception
is Understanding Wood by R. Bruce Hoadley
(Taunton Press, 1981). [Available as
#BKTNS for $31.95 plus $3 S/H in US from
Old Colony Sound Lab.] Working with wood
nlakes you aware that hundreds of variables

are interacting o create an environment of

extreme complexity. You can begin to work
in this environment only when you under-
stand how wood and wood products react to
being cut, secasoned, machined, joined, bent,
and finished.

Hoadley’s book gives you this knowledge.

SOURCES

Bennett IL Publishing Co. Div. of Macmillan Pub.
3008 W. Willow Knolls, Peoria, 1L 61614
(309) 689-3290, (800) 447-0680

¢RC Press, Inc.
2000 Corp. Bivd. NW, Boca Raton, FL 33431
(407) 994-0555, (800) 272-7737

0Old Colony Sound Lab
PO Box 243, Dept. 895, Peterborough, NH 03458
(603) 924-6371, FAX (603) 924-9467

Prentice-Hall, Inc.
113 Sylvan Ave., Englewood Cliffs, NJ 07632
(201) 592-2000, (800) 922-0579

Rodale Press Inc.
33 E. Main St., Emmaus, PA 18098
(610) 967-5171, (800) 527-8200

Sterling Publishing Co.
387 Park Ave. S., New York, NY 10016-8810
(212) 532-7160, (800) 367-9692

Taunton Press
63 S. Main St., Newtown, CT 06470
(203) 426-8171, (800) 243-7252

If you build an enclosure in Albuquerque in
July and send it to San Francisco in January,
how will this affect the integrity of the joints?
The information in this book prepares you o
arrive at a good idea for a specific configura-
tion, but to do so you must read and under-
stand the entire book.

We must work with the mechanical prop-
erties of wood, and perhaps the best engi-
neering reference is the US Forest Products
Laboratory’s Wood Engineering Handbook
(Prentice-Hall,  1990). [Available as
#BKPHS for $59.95 plus $3 S/H in US from

Old Colony Sound Lab.] Chapter 4 provides
a most helpful source when you need to find
the right wood for the best response (or lack
of response) to a vibrational pattern, includ-
ing the speed of sound and the damping
capacity or internal friction. Did you know
that at room temperature the internal friction
is al a minimum at about 6-8% moisture
content? What moisture content is best o
glue up solid wood. and what effect does this
have on how your enclosure responds to a
specific frequency?
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Goertz low-
inductance wire:

Goertz Ml low impedance speaker cables— high
purity copper or silver flat, solid conductors ideal
for both internal and external speaker use. The
patented Goertz design virtually eliminates high-
frequency rolloff, skin effect below 50 kHz, hum
from power wiring, and cross talk.

Alpha-Gore foil-conductor air core inductors,
available in 12, 14 and 16 AWG, also minimize
high-frequency rolloff
and skin effect below
100 kHz, reduce power
loss, and eliminate satu-
ration distortion. High
winding tension and
vacuum fusing of faces

the measurable
difference.

GOERTZ (1) CONVENTIONAL (11)

provide consistent values and maximum stability.

Why SE"IE fo Used together, these new components provide a

run-of-the-mill signal path between amplifier and transducer that

: is “as distortion-free as possible within the limits
inductors of present technology.”

a”d WI’E? *...hoth Dave and James at Ambrosia

Audio feel it to be one of the hest speaker
cables around when you consider the
.Q& cost (heck, forget the cost-I think
.| iUs great regardless!)... dynamics
‘ and punch out the kazoo... this

\ — stuff is highly recommended.”
~The Earful, October 1994
; <
! g3 T " _ _ “Better bass, understandably,
" ise! Gres
2 A but- surprise! Greatly

enhanced highs! And
excellent definition.”
—Clark Johnson, Positive Feedback, October 1994

Alpha-Core Inc.

915 Pembroke Street,
Bridgeport, CT 06608 USA
(203) 335-6805 / (800) 836-5920
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Product Review

pcRTA, LincarX Systems, Inc., 7556 SW
Bridgeport Rd., Portland, OR 97224, (503)
620-3044, FAX (503) 598-9258.

The pcRTA 1/3-octave real-time analyzer is
built on a full-length, 8-bit PC card for use in
IBM PCs and compatibles. All connections
are made through a box which features tour
microphone inputs and a line-level input and
output.  The  microphone
MS51—has a claimed calibration accuracy of
+0.75dB, and a clipping level of 154dB SPL
with very low distortion.

Features include built-in white- and pink-
noise generators, 32 analysis bands (31 ISO
173-octave bands and one (ull band) realized
with four-pole mulitiple-feedback analog fil-
lers, true-RMS detection with selectable aver-
aging times, and SPL measurements with a
resolution of +0.025dB and a claimed accura-
cy of H).5dB. Spatial averaging is greatly
facilitated by the program’s ability to process
up to four microphones simultancously.

In addition to basic SPL measurements,
pcRTA measures reverberation times and
impedance (with 1/3-octave resolution), and
performs IASCA and USAC scoring (auto
sound) and home theater testing. Data dis-
plays include the usual bar graphs, line
graphs of multiple measurements, and
numerical text displays of single measure-
ments to 0.1dB resolution.

Control software runs under the Windows
3.1 graphical operating system, with VGA or
higher graphics. The software stores up to 20
curves, and supports scaling, math functions
(addition, subtraction, multiplication, and
division), as well as averaging of multiple
curves. Simultancous viewing of multiple
curves or bar graphs is possible, with full
selection of color and style for cach curve.
ASCIl data import and expont, clipboard
export, and graphics export (both raster and
vector images) are available, as are macros
for repetitive Q/C operations. Although the
system can be installed on a 286, LincarX
recommends a 386 or better CPU with
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LINEARX’S pcRTA

By Joseph D'Appolito
Contributing Editor

coprocessor and a minimum of 4MB RAM. 1
obtained the results cited in this review on an
8MB 486DX33.

FIRST IMPRESSIONS

The pcRTA came shipped in a sturdy card-
board box, which opened to reveal two
Styrofoam trays stacked snugly within. One
held the full-slot PC card in a protective anti-
static bag. The other contained the user man-
ual, four MS1 microphones (each individual-
ly packaged in ziplock plastic bags, with con-
necting cables and 3.5" calibration diskette),
a connector box, and a 6" interface cable with
DB15 connectors on each end.

The multilayer PC card is a very sophisti-
cated, beautifully executed combination of
analog and digital circuitry. Two-thirds of the
card is filled with four rows of surface-mount
quad op amps, cight to a row. The op amps
are flanked by numerous 2% polypropylenc
caps, chip resistors, and TIHAT ICs, which
are very accurate true-RMS converters.

The remaining third contains a 12-bit A/D
chip, additional quad op amps, and two LSI
chips, “Pebbles” and “Bambam.” These
PLCC chips contain firmware which controls
the interface between card and computer.

HARDWARE INSTALLATION
Be sure to ascertain whether you have suffi-
cient power supply capacity. The power
requirements are +12V at 200mA and +5V at
230mA, with the biggest problem usually
presented by the —12V supply. Hardware
installation is otherwise relatively straightfor-
ward. The board uses neither interrupts nor
DMA, so there are no IRQ or DMA jumpers
(o set: however, prior to installation you must
select an VO port address. Four address selec-
tions are available: Hex 21E (the default set-
ting), 25E, 31E, and 35E. Jumpers for select-
ing the /O port address are located just above
the gold fingers of the bus slot connections.
The card can be installed in any ISA 8- or 16-
bit EISA or VESA slot.

The most difticult part of the installation
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FIGURE |I: Functional block diagram.

[T e P TR )

=
We LN Proceesiey Usimer Yorw Help

m-tm ard | Sysem

FIGURE 2: Opening screen.

O NI

e — T

[ LA T [1]
| Mf’\»/v .l
TR T T [T —
/ A f
R0 Y | 4
s /00 [ 1] AN
RN A R 1
“ \
l | | '\'

FIGURE 3: Calibration curve for a typical
M51 microphone.

process is finding enough clearance for the
full-length card. These cards are becoming a
rarity in modern PC add-ins. In fact, many
newer systems have large obstructions which
can interfere with full-length cards, such as
CPUs with integral coolers in the forward
halt of the motherboard. 1 had to move two
cards to other slots and rearrange the wires
running to the reset and turbo switches in
order to scat the pcRTA card on my system.
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YOUR SOURCE FOR TECHNICAL BOOKS, TEST CDs, AND

SOFTWARE

EASY ORDER FORM: COPY FOR FAX OR MAIL

Please send me the software checked below, which is 3-1/2" DS/HD for IBM unless otherwise indicated:

The Audio Amateur Magazine Index,
1980-1990/Schoof. Updatable.
SOF-AAX2B3. $16.00.**

Modes for Your Abodes/Saluzzi.
SOF-ABO1B3. $25.00.

Audio Engineering Society Bibliographical

Database/Schwamkrug (Germany).
6700+ spreadshect entries include JAES
1953+. SOF-AES1B3. $49.95.

Liberty Aids/Koonce. Enhancements
for IMP and Liberty Audiosuite.
SOF-AID1B3G. $19.95.

AIRR Anechoic and In-Room Response
Measurement/Bunn (France).

For Soundblaster card.
SOF-AIR1B3G. $49.95.*

ALPAS-X Allpass Crossovers
Deluxe/Tissi (Brazil).
SOF-ALPIB3G. $99.00.

AUDIOCAD Pro/Uibel (Germany).
SOF-AUDI1B3G. $119.00.*

BASSBOX for Windows/Harris
Technologies.

SOF-BAS2W3G. $99.00.

Benson Modeling/Koonce.
SOF-BEN1B3G. §9.95.
BOXRESPONSE with Graphics/Bullock
& White. SOF-BOXZIBS. $50.00.
Bandpass BOXMODEL/Bullock &
White. SOF-BPB1B3G. $50.00.*
CALSOD Standard / Audiosoft
(Australia). Computer-Aided
Loudspcaker System Optimization
and Design.

SOF-CAI.2B3G. $69.95.*

CALSOD Professional/ Audiosoft
(Australia). SOF-CAL3B3G. $269.00.
FITDUCT/Silva (Brazil). Duct-length
calculator. SOF-DCT1B3. $25.00.
Elektor Item Tracer/Hogenboom
(Netherlands). In Dutcﬁ but easily
used, sources 2700+ rare European
electronic parts. SOF-EIT2B3. $7.95.
Bass lHorn Design/Senson.
SOF-HORIB3. $19.95.

IMP Impulse response Measurement and
Processing, including MLS/ Liberty
Instruments. Requires IMP hardware—
please inquire. SOF-IMP2B3G. $89.95.*
Koonce Private Files #1 — Vented Box
Design. SOF-KPFIB3G. $14.95.
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Koonce Private Files #2—Closed Box
Design/Testing.

SOF-KPF2B3G. $14.95.

Koonce Private Files #3 — Crossover/
Paddin§ Desién.

SOF-KPF3B3G. $14.95.

Koonce Private Files #4 — Misc. Box
Design/Testing.

SOF-KPF4B3G. $14.95.

Koonce Private Files #5— Driver
Evaluation/Overshoot Funetion
(Wright's Transient Response).
SOF-KPF5B3G. $14.95.

[.ADP | oudspeaker Analysis and Design
Program/G & ] Technologics.
Windows.

SOF-LADIW3G. $134.50.

LAUD Liberty Audiosuite/Liber?'
Instruments. Comprehensive audio test-
ing using Personal Sound Architecture
sound card in PC (not included).
SOF-LAU1B3G. $269.00.

LECD Loudspeaker Enclosure and
Crossover Design/Gendale
Technology (South Africa).
SOF-LECIB3G. $79.95.*

Audio Literature
Database/Schwamkrug(Germany).
2000+ non-AES entries, some
European. SOF-LIT1B3. $29.95.
LMP "Souped Up” Professional
Loudspeaker Modeling Program
(DOS)/Sitting, Duck.
SOF-LMP3B3G. $49.95.

1.MP Professional
(Windows)/Sitting Duck.
SOF-LMP3W3G. $69.95.

LMP Professional (Macintosh)/
Gonzalez. SOF-1L.MP3M3G. $39.95.
BOXMODEL. (DOS)/Bullock & White.
SOF-MOD4B3G. $59.95.*
WINBOXMODEL
(Windows)/Bullock & White.
SOF-MOD5SW3G. $74.95.
MACSPEAKERBOX/Micro Sound
Associates. For Mac.
SOI-MSBIM3G. $39.95.*

LDP Professional Loudspeaker
Design Powersheet/Bacon.
SOL-PSH12B3. $69.95.**

O Here is my order form, with software checked
above totaling

| am also including my appropriate shipping charge

as follows:

USA surface, add 7% to order.
Other surface, add 14%.

USA second day, add 14%.
Other air, add 25%.
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L.DP Professional for Macintosh/Bacon.
SOF-PSH2M3. $69.95.**

PXO Passive Crossover CAD with
Graphics/Bullock & White.
SOF-PXO1B3G. $50.00.*

QUICK BOX/Sitting Duck.
SOF-QBX1B3G. $34.95.

Quick and Easy Transmission Line
Design/Sharp.

SOF-QET2B3. $8.95**

Room Design Powersheet/Bacon.
SOF-RDP1B3. $59.95.**

Speaker Builder Magazine Index,
1980-1990/Schoof. Updatable.
SOF-SBX2B3. $16.00.**

MAC SLM Sound Measuring Tool
for Mac/Staggs. Revolutionary.
SOF-SL.MIM3G. $74.95.

Speaker System Designer Plus/Bodzio
Software (Australia). Known as
Soundliasy in Furope, succeeds
SSD 4.25. Windows.
SOF-SSD5W3G.** $269.00.
Transmission lL.ine
BOXMODIEL./Bullock & White
SOF-TLBIB3G. $50.00.*

The Listening Room

(DOS)/Sitting Duck.
SOF-TLRIB3G. $47.95.

The Listening Room
(Windows)/Sitting Duck.
SOF-TLR2W3G. $89.95.

The Listening Room
(Macintosh)/Gonzalez.
SOF-TI.R3M3G. $67.95.
Thicle-Small Measurement/Thompson.
SOF-TSMI1B3. $29.95.

VENTWRK PL.US Vented Box
Construction/Augspurger.
SOF-VNT2B3. $19.95.
Woofer-Satellite Offset/Sitting Duck.
SOE-WSO1B3G. $34.95.

X+OVIR (Windows)/Harris
Technologies.

SOI-XOV2W3G. $29.00.

*$5.00 demo disk available for this program,
usable as credit toward later full purchase.

**Requires spreadsheet software not supplied.

Note: We ALWAYS carry the most recent version!

'CALL OR WRITE TODAY FOR YOUR FREE COMPLETE LISTING!

NAME
uss$ S
STREET
Shipping . CITY ST 2P
Handling__ < .1\ MC/VISA/DISCOVER # EXP. DATE
Total Order US$ o
TELEPHONE OR FAX (CIRCLE) DATE

Mastercard » Visa « Discover « Check or Money Order in US Funds Drawn on US Bank

OLD COLONY SOUND LABORATORY
PO Box 243, Dept. B95

Peterborough NH 03458-0243 USA
Tels. 603-924-6371, 603-924-6526 Fax 603-924-9467



All external connections are made via an
interface cable, with DBI15 connectors on
each end that mate with a connector box. This
box contains four 3-pin. female XLR micro-
phone connectors and two Y" jacks for linc-

level input and output. Attaching one end of

the interface cable to the card and the other
end to the connector box completes hardware
installation.

SOFTWARE INSTALLATION

The program is itself a Windows application.
and software installation can be accom-
plished from either Windows or DOS. (I

installed from within Windows.) You need
about SMB of free hard disk space.

The procedure is quite straightforward.
First create a pcRTA directory in the path of
your choice. It should have three subdirecto-
ries for storing measurement data and a
fourth—"‘export”—containing software for
generating export products (graphs, screens,
and the like) in a wide range of formats. All
installed files are placed in the pcRTA direc-
tory path. You do not modify AUTOEX-
EC.BAT. CONFIG.SYS, or WINL.INI files,
and no files are placed in your Windows or
Windows/System directories. This is a nice

Technology.

or faxing to

Increase your
electronics know-how
and skills

The speed and intensity with which electronics penetrates our
daily lives at home. at work. or in our car. tends to make us
forget that we can use electronics creatively by building
designs with a practical application and having the satisfaction of
a successfully finished project. Elektor Electronics. which is
distributed all over the world. can help you achieve these goals.
Throughout the year. the magazine features original construction
projects, informative articles and news on the gamut of
clectronics. science & technology. book reviews and information
on new products. The past 11 issues contained 80 major and 97
minor construction articles, 21 articles of an educative or
instructional nature. and 10 articles dealing with Science &

i you wish to increase your electronics know-how and skills.
take out an annual subscription to Elektor Electronics by writing

World Wide Subscription Service Ltd
Unit 4, Gibbs Reed Farm
Pashley Road, Ticehurst
East Sussex TN5 7HE, England
Telephone +44 580 200 657; Fax +44 580 616

You will then have the convenience of having the magazine
delivered to your home. and the peace of mind that you will not
miss any issue. The current rate for an annual subscription
(11 issues) is $US 57.00 (post paid - airspecded).

There are also a number of Elektor Electronics books geared to
the electronics enthusiast - professional or amatcur. These
include data books and circuit books. which have proved highly
popular. Two new books (published November 1993) are
305 Circuits and SMT Projects. Books, printed-circuit boards,
programmed ErroMs and diskettes are available from
Old Colony Sound Lab
PO Box 243, Peterborough NH 03458
Telephone (603) 924-6371, 924-6526
Fax (603) 924-9467
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and cable with four M51 mikes

feature in case you ever need to uninstall the
program.

The entire installation procedure takes
about five minutes. At the end of the main
process, the software asks whether you have
any Microphone Data Files (MDF), which
contain the calibration data for microphones
supplied by LinearX. Once these files have
been read in, installation is complete. As a
check, T installed pcRTA on two different
machines and did not encounter a problem
with either.

FUNCTIONAL DESCRIPTION

Figure 1 is a functional block diagram of
pcRTA. Tt has two intemnal signal generators,
one of which is a 19-bit Maximum Length
Sequence (MLS) white-noise generator with
a 2s cycle time. The other, a square-wave

TABLE 1

ABBREVIATED SPECIFICATIONS

NOISE GENERATORS

Noise spectra White, pink

Digital sequencer 19-bit MLS

Cycle time 20s

Pink noise filter 6-stage, +0.5dB 10Hz-40kHz
Maximum output +2.6dBm (RMS)

Output impedance 50002

SQUARE WAVE GENERATOR

Output frequencies 31,180 centers, 20Hz-20kHz
Frequency accuracy +0.5%

Maximum output 9.6dBm (RMS)

Output impedance 5002

INPUT SOURCES

Types Mic1, Mic2, Mic3, Mic4, line in
Maximum input leve! +20dBm

Input impedance 100kQ

Full-band response -3dB @ 0.6Hz and 150kHz
Full-band noise fioor ~-91dBm (input shorted)

20Hz 1/3-octave band

noise floor —130dBm (input shorted)
20kHz 1/3-octave

noise floor -110dBm (input shorted)
1/3-OCTAVE BAND FILTERS

Dynamic range >120dB

Detection method True RMS

Averaging time Selectable: 50ms-50s

Filter topology Multiple feedback loop

Filter order/class 4-pole, second-order

bandpass Class Il
ANS! §1.11-1986,
ASA 65-1986, Type 1-C
ANSt WEIGHTING FILTERS
Filter types A B,C,DE
Design standard criteria ANS) S1.42-1986,
IEC 537-1976 and
ASA 51,575-601 1972
M51 MICROPHONE

Design criteria

Frequency response
(uncorrected) +4dB, 10Hz-40kHz
MDF (corrected) +0.75d8, 10Hz-40kHz

PRICE INFORMATION (as of 7/7/95)
pcRTA 8-Bit card with

connector box and cable $1,495
M51 microphones $ 250ea
pcRTA 8-Bit card, connector box

$2,245
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generator with 31 output frequencies placed
at the standard 1SO 1/3-octave center fre-
quencies, is used in the calibration process.
The white-noise signal 1s passed through a
six-stage shaping filier to produce a pink-

noise spectrum with a claimed accuracy of

+0.5dB from 10H/ to J0kI1z. The three sig-
nal sources are first fed to a 12-bit DAC atten-
uator for setting output levels and then routed
to the line output through a 500€2 resistor.
All external input and output connections
are made through a box which intertaces with
pcRTA via a 6' cable having DBIS connec-
tors at both ends. The unit has five external
inputs. four XILR unbalanced mike inputs,
and a %" female-jack line input. Each input
has an impedance of 100KQ and accepts a
maximum level of +20dBm. Pin 3 carrics
+10V DC to power the mike's FET buffer. In
addition to the external inputs, an internal
input for analyzer calibration is directly off

the DAC attenuator. There is also an external |

line-level output on a 14" female jack with a
500€2 source impedance.

All active inputs are fed to one of four
autoranging gain blocks. They are then
optionally passed through ANSI weighting
filters and a second autoranging gain block
before reaching the actual analyzer section.
Each autorange gain block has a nominal
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FIGURE 4: ARIA 5 1/3-octave frequency |

response measured with M51 #1 (a) and
ACO mikes,
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FIGURE 5: Ratio of M51 #1 to ACO fre-
quency response.
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FIGURE 6: Ratio of M51 #2 to ACO fre-
quency response.

gain of 20dB. The ANSI filters include A, B.
C. D, and E weightings, which determine the

effectiveness o the measured  process
according 0 various criteria. For example.
the A-weighting curve approximates the
inverse of the human audibility threshold at
cach frequency. By applying the A weighting
1o a measurement of low-level background
noisc. the measured spectrum is moditied so
as to indicate the refative audibility of the
noise in each 1/3-octave band.

The analyzer function comprises 31 1/3-
octave band filters. plus a full-range band.
The former are analog filters. and use a mul-

tiple-feedback-loop topology to produce a
four-pole. second-order bandpass response.
Filter center trequencies follow the standard
ISO 1/3-octave spacing (20, 25, 32..12,500,
16,000, 20.000t7). The full-band trequency
response is down 3dB at 0.6H7 and 150kHz.

Each 1/3-octave band filter is followed by
a tue-RMS log detector. which converts the
measured signals into an equivalent decibel
voltage level relative to either a reference
voltage level of 0.775V (dBm) or a reference
sound pressure level of 1P (dB SPL).
Conversion to dB SPL requires an appropri-
ately calibrated microphone. Averaging time
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of the RMS detector outputs is selectable
over a range of S0ms=50s. Pertinent specs are
listed in Table 1.

ANALYZER CALIBRATION

Before you can perform any measurements
with pcRTA. a calibration procedure must be
run to align the analyzer with the computer in
which it is installed. The program uses the
computer bus clock for many purposes. Since
cach computer has a different bus speed, the
calibration routine first measures this speed
and then performs a range of tests on the ana-
lyzer itself. Other parameters requiring cali-

| +$50 MINIMUM ORDER
' Phone 800-291-0389
L Fax (716) 892-4302
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SOURCE <+ <=
FO

Jack Dishes * Feet * Clamps

SPEAKER - -
- CABINET - -
' COMPONENTS

* OVER 500 ITEMS IN STOCK FOR IMMEDIATE DELIVERY

bration include square-wave and white- and
pink-noisc-generator output levels, the exact
gain of cach autoranging gain block. ANSI
filter gain levels, RMS detector scale factors.
and the DAC attenuator. Be sure to allow the
computer and analyzer board to reach a stable
operating temperature by turning on the
cquipment at least 15 minutes prior to run-
ning the calibration routine.

Once software installation is complete. a
new program group called “LinecarX
Systems™ will appear in the Windows
Program Manager screen. Double-clicking
on the pcRTA icon starts the program. After

YOUR Handles * Corners |
NE Sweaker '

casrers

TCH

Sy
1705 Broadway
Buffalo NY 14212 |

-
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initialization, the main graph screen comes
up, as shown in Fig. 2 (more on this later).
To bring up the Analyzer Calibration screen.
click first on the Utilitics menu and then on
“Analyzer Calibration.” Clicking on “"Run
Calibration™ initiates the process. which is
automatic and takes about four minutes to
complete.

MICROPHONE SETUP

One final step is required before you can
begin to use pcRTA for acoustic measure-
ments or microphone setup. Microphone data
files (MDFs), containing microphone sensi-
tivity and response data. are used to convert
measurcd microphone output voltages into dB
SPL. These files must be present or pcRTA
will not process acoustic measurements.

If you purchased a LincarX microphone
(extra-cost item) with pcRTA. the applicable
MDF is supplicd on a 3.5" disk. IF'or any other
mike you might use, you must construct your
own calibration file. Instructions are included
in the user manual.

Data can be processed from as many as
four microphones in any one sequence of
measurements. Each mike and its MDF must
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FIGURE 7: ARIA 5 1/3-octave frequency
responses: (a) on-axis, (b) 30° off-axis, and
(c) average of the two curves offset 10dB for
clarity.
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be specifically assigned to any one of the four
mike inputs or the line-level input. (The latter

is useful for line-level outputs from a micro-
phone preamp.)

For mike assignment, click on the Edit
menu (Fig. 2) to bring up the submenus.
Select “*Microphone Setup.”™ and another sub-

Premium drivers for stage, studio
and critical listening.
Ask for them by name.

V6/20 Series 11 bass-midrange
U10/30 instrument/stage speaker
HOVR-6 professional midrange (Nov 95)

All Driver Design speakers are
100% American made.

Distributed by:
A & S Speakers
S10-685-5252
Driver Design
916-795-3244

Reader Service #42
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menu appears listing the inputs. Choose one
and follow the instructions to install the MDF
for your mike.

pcRTA IN DETAIL

The opening screen (Fig. 2) contains a graph
arca, a tool har, and pull-down menus. The
tool bar has icons for initiating a test
sequence, signal generator on/off, vertical
scale up/down and autoscale. graphic zoom
and redraw, as well as buttons for calling up
the curve library and control panel windows.
Pull-down menus comprise File, Edit,
Processing, Utilities, View, and Help.

Four operating modes are available:
frequency
response  function common to all RTAs),
impedance, reverberation time, and noise
analysis. These modes are accessed under the
File menu, which has the customary options
(new, open, save, and exit). “Open” pulls
down a submenu listing the operating modes.
Clicking on amplitude, for example, brings
up a dircctory of all the amplitude curve
libraries having the file name form “*.dh.”” At
this point you can select either a previously
developed library or “untitled.db” to begin a
new library. (Or, you can go directly to a new
curve library by selecting “new.”)

The Edit menu has seven selections: curve
library, control panel, text, bar and line graph
displays. mike sctup, and notes/comments. A
curve library holds up to 20 data curves, any
or all of which can be displayed simultane-
ously. Each curve has its own title which is
shown, together with its assigned color, in the
legend below the plot area (Fig. 2). Up to
cight lines of notes appear in the Notes and
Comments window below the graph area.

Display modes for the graphing function
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FIGURE I I: Reverberation times (RT40) of
basement lab.

include the conventional bar graphs, as well
as line graphs and single-curve text displays.
Multiple curves in bar-graph form are
extremely difficult to read. especially when
more than two are displayed simultaneously.
Here is one of many arcas where pcRTA
shines over conventional RTAs. Through the
Edit/Line Graph Display menu option, you
can set the color and style (solid, dash, dot) of
cach curve for casy visual differentiation.

As its name implics, the control panel sets
the operating conditions for the hardware and
software in cach mode. Currently. control
panels exist for amplitude, impedance, and
reverberation time measurements. Editing is
initiated by clicking on the tool bar button or
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be specifically assigned to any one of the four
mike inputs or the line-level input. (The latter
is useful for line-level outputs from a micro-
phone preamp.)

For mike assignment, click on the Edit
menu (Fig. 2) to bring up the submenus.
Select *“Microphone Setup.”™ and another sub-

Premium drivers for stage, studio
and critical listening.
Ask for them by name.

V6/20 Series T bass-midrange
U10/30 instrument/stage speaker
HOVR-6 professional midrange (Nov 95)

All Driver Design speakers are
100% American made.

Distributed by:
A & S Speakers
510-685-5252
Driver Design
916-795-3244

menu appears listing the inputs. Choose one
and follow the instructions to install the MDF
for your mike.

pcRTA IN DETAIL

The opening screen (Fig. 2) contains a graph
arca, a tool bar, and pull-down menus. The
tool bar has icons for initiating a test
sequence, signal generator on/off, vertical
scale up/down and autoscale. graphic zoom

| and redraw, as well as buttons for calling up

=
e made [owdspeakers A K
driver design limited amplitude (the conventional
17 mane blvd # 44 Va1 \
-
N

the curve library and control panel windows.
Pull-down menus comprise File, Edit,
Processing, Utilitics, View, and 1elp.

Four operating modes are available:
frequency
response function common to all RTAs),
impedance. reverberation time, and noise
analysis. These modes are accessed under the

| File menu, which has the customary options

(new. open, save, and exit). “Open” pulls
down a submenu listing the operating modes.
Clicking on amplitude, for example, brings
up a directory of all the amplitude curve
libraries having the file name form “*.db.” At
this point you can sclect cither a previously
developed library or “untitled.db” to begin a
new library. (Or, you can go directly to a new
curve library by sclecting “new.”)

The Edit menu has seven selections: curve
library, control panel, text, bar and line graph
displays, mike sctup, and notes/comments. A
curve library holds up to 20 data curves, any
or all of which can be displayed simultane-
ously. Each curve has its own title which is
shown, together with its assigned color, in the
legend below the plot area (Fig. 2). Up to
cight lines of notes appear in the Notes and
Comments window below the graph area.

Display modes for the graphing function
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FIGURE 10: Unweighted (a) and A-weight-
ed (b) background noise of basement lab.
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FIGURE 1 I: Reverberation times (RT40) of
basement lab.

include the conventional bar graphs, as well
as line graphs and single-curve text displays.
Multiple curves in bar-graph form are
extremely difficult to read, especially when
more than two are displayed simultaneously.
Here is one of many arcas where pcRTA
shines over conventional RTAs. Through the
EditLine Graph Display menu option, you
can set the color and style (solid, dash, dot) of
cach curve for casy visual differentiation.

As its name implies, the control panel sets
the operating conditions for the hardware and
software in each mode. Currently, controf
panels exist for amplitude, impedance, and
reverberation time measurements. Editing is
initiated by clicking on the tool bar button or
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double-clicking on the System window under
the graph arca.

In the largest control panel of the three—
amplitude—you can select the signal genera-
tor type (white or pink noise, or square wave),
signal level, response weighting (1lat and
ANSI A, B, C. D. and E). averaging time
(50ms=50s). input source and mode. graphics
display type. and testing mode. Data may be
cither dBm or dB SPL.

Input sources include mikes 14, which
may be selected in cither the average or mul-
tiplex mode. In the average mode, the data
from multiple mikes is averaged and placed
in one curve, whereas separate curves for the
data from cach mike are set up in the multi-
plex mode. Graphics display choices are 1/3-
octave, one octave, and single-band in text,
bar, or line-graph format. Testing modes
include continuous, peak hold, and cycle
limit. The latter conducts the test a user-spec-
ificd number of times, and holds and displays
the results of the last test.

MATH OPERATIONS

A number of math operations in the
Processing menu can be applied to stored
data curves. (This very powerful feature is
not commonly found in conventional RTAs.)
These operations include scale, invert, multi-
ply, divide, average, and sum. Selecting one
brings up a screen, which allows you to pick
the curve(s) from the current library on which
the operation is to be performed, and specify
the name and location of the result.

The divide function is especially useful.
By sclecting one curve as the reference and
dividing all other curves by it, departures in
decibels can be displayed. (Subtracting two
curves in decibels is equivalent to dividing
one by the other in numerical value.) This
function is very useful for QC purposes,
where you may have limits on allowable
response deviations of, say, production loud-
speakers from a reference standard response.

The Utilitiecs menu provides support for
ASCII data import and expont. full graphics
export of raster or vector images, and clip-
board export. along with auto sound scoring
and the previously discussed self-calibration
routine. ASCII import in pcRTA is rather
interesting. The frequency range and number
of data points are controlled by the program,
which interpolates or extrapolates the data as
required to match the 31 ISO 1/3-octave data
points ultimately retained.

Raster-image formats for export include,
among others, BMP, GIF, JPG, PCX, and
TIF. Raster-image files can be extremely
large, while vector-image representations are
very efficient and provide high-quality reso-
lution. Vector graphics images can be expont-
ed in Windows Metafile, Adobe Ilustrator
v3.0, and Encapsulated Postscript format.

pcRTA IN ACTION
The following examples will give you some
idca of the breadth of pcRTA’s capabilities;

Microphone Calibration: Figure 3 is a
calibration curve for a typical M51 micro-
phone. The response is within +0.7,
=3.1dB relative to 1kHz from 20Hz to
20kHz. As stated carlier, LincarX claims
this calibration curve is accurate within
+().75dB. I thought it would be interesting
to compare two of the four MS1s supplied
with my pcRTA review sample (sclected
at random and labeled #1 and #2) against
my laboratory mike, an ACO 7012, which
is flat within +0.5dB from 20Hz to 20kHz.

I measured the 1/3-octave frequency
response of an ARIA 5 loudspeaker with the
three mikes, taking great care to place them
in exactly the same location relative to the
loudspeaker. According to LincarX., the M51
is calibrated against a B&K 4133 in the same
manner as my comparison. Although all
mikes are nominally omnidirectional,
because the comparison is made in a rever-
berant environment, differences in off-axis
TCSPONSE can ¢xaggerate response  Crrors.
With systems such as MLSSA, IMP, CLIO,
SysID, or LMS, it is possible to separate the
direct and reverberant arrivals, and thus mea-
sure on-axis response without reverberant
contamination. A difference also arises
because LinearX calibrates the MS1 at 552
discrete frequency points, whereas my com-
parison involves averaging over 1/3-octave
intervals.

For the following measurements, I set
pcRTA in the amplitude mode, with an aver-
aging time of 10s. ARIA 5 frequency
responses, as measured by MS1 #1 and the
ACQO, are plotted in Fig. 4. The curves seem
1o agree very closely on the SdB/div scale.
Going to the Processing menu and selecting
“divide,” the MS1 response was divided by
the ACO response to obtain the ratio of the
two in each 1/3-octave band. In the Edit
menu, I switched the display from line graph
mode to text mode to achieve the comparison
shown in Fig. 5.

Microphone absolute sensitivity is usually |

calibrated at 1kHz. The difference between
the two mikes at 1kHz is 0dB, meaning that
their absolute calibration is the same. (Just
prior to these measurements | verified the
ACO sensitivity with a B&K 4230 sound

level calibrator.) The worst-case deviation of

MS51 #] from the ACO is 0.6dB. The M5l
#2/ACO comparison (Fig. 6) shows MS1 #2
off from the ACO by 0.6dB at 1kHz. If we
remove this (.6dB offset, worst-case devia-
tion from the ACO response is +(0.7dB and
—1.1dB. Given the caveats of the preceding
paragraph, and in particular the fact that these
mikes could differ by as much as 1.25dB at
any frequency and still be in spec, this com-

parison gives me confidence in LinearX's
mike calibration accuracy claims.

Multiple Mike Amplitude Responses:
With pcRTA again in the amplitude mode, |
brought up the control panel, set input to
“multimic.” and selected microphones 1 and
2 in the multiplex mode. I placed mike #1
1.5m from the ARIA 5 on-axis. and mike #2
at the same distance 307 off-axis. After the
program accumulated the  1/3-octave
response data from both microphones, |
reopened the control panel and set the mike
maode to “average.” Running the test now
produced the average response from the two
microphone locations. (This result could also
be obtained by averaging the two curves
through the Processing menu.)

The three response curves, shown in Fig.
7, are rather hard to interpret visually. Using
the math processing function to generate the
ratio of on-axis to off-axis response (Fig. 8)
reveals a  perhaps  unexpected  result.
Normally. with a quasi-ancchoic measure-
ment, we would expect the low-frequency
responses to agree, with departures occurring
in the crossover region and at higher frequen-
cies where the tweeter is more directional.
The 1/3-octave RTA measurements, howev-
er. include room effects which are very sensi-
tive to microphone placement. This accounts
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for the otherwise surprising +3, —4dB varia-
tion in responses below 300Hz seen in Fig. 8.

Impedance Measurements: The imped-
ance mode is activated by clicking on the File
menu and selecting in sequence the sub-
menus “open” and “impedance.” This brings
up an Impedance Curve Library in which o
store subsequent impedance measurements.
Test leads from both the line input and line
output are connected across the element
whose impedance is to be measured.

Figure 9 is an example of pcRTA’s
impedance measurement capability. The first
curve shows the impedance magnitude of a
vented woofer in a three-way loudspeaker
system. It displays the vented system’s char-
acteristic double resonance peaks. The sec-
ond curve is the complete system imped-
ance, as seen from the input to the crossover
terminals. LinearX readily admits that these
curves are not useful for design purposcs;
however, they give a coarse indication of
impedance anomalies which might reveal
problems with the speaker or other device
under measurement.

Noise Analysis: This mode was not
implemented in the version of pcRTA I
reviewed, but you can fool the program into
doing a background noise analysis simply by
selting the generator output to zero and run-
ning an amplitude measurement. The select-
ed microphone will then measure back-
ground noise.

Figure 10 depicts the background noise
SPL in my basement lab averaged over 10s,
with both unweighted and A-weighted curves
shown. The unweighted level starts at 34dB
SPL at 20Hz and falls to a constant 20dB
SPL above IkHz. In my cxperience, good
home hi-fi listening environments are typical-
ly 12-15dB higher than this, especially at low
frequencies. Applying A-weighting gives an

| average audible noise level of 20dB SPL

across the entire audio band.

Reverberation Time: pcRTA mecasures
the time it takes sound to decay by 20, 40, or
60dB in each octave band. These reverbera-

| tion times are referred to as RT20, RT40, and

RT60, respectively. For home listening,
RT60 in the range of 2-3s for low frequen-
cies, and much less than a second at the high-
er frequencies, is ideal.

To determine reverberation time, excite
the listening volume with pink noise via a
loudspeaker long enough to establish steady-
state acoustic conditions, and measure the
noise level in cach 1/3-octave band. Then
shut off the noise source and measure the
time it takes the level to fall by 20, 40, or
60dB. In order to measure RT6(), the noise
level in each 1/3-octave band must be at least
60dB above background. For my basement
lab this meant an SPL of 95dB at 20Hz—not

| casily done! T was able to measure RT40



using a three-way loudspeaker system with a
10" woofer.

Place pcRTA in the reverberation time
maode by chlicking on the File menu and
selecting in sequence the submenus “open™
and “reverberation time.” This brings up a
Reverberation Time Curve Library for stor-
ing subsequent measurements. | set the rever-

beration control panel for a stimulus time of

Is and a Ss maximum integration time. The
resulting reverb times (RT40) are shown in
Fig. 1. The lowest two bands (20 and 25H7)
max out at 5s, the upper limit of integration,
but actual reverb times are probably some-
what in excess of this value. The measured
RT40s are in line with my lab’s 15.000{t% vol-
ume and acoustic treatment.

SUMMING UP

I'have only two minor complaints. The man-
ual is preliminary, and, as such. not up to
LincarX's usual high standards. Installation
and operations are well-covered, and there is
a pretty good tutorial section. What has set
previous LincarX manuals apart. however,
are the rich number of application examples.
which add greatly to an understanding of the
system and how best to use it. Such exam-
ples are missing from the preliminary manu-
al. but LincarX assures me that later revi-
sions will inchide them. Also, several fea-
tures—most notably the noise analysis
mode—are still under development and not

yet fully implemented.

The program is very easy to use. Anyone
familiar with Windows-based software will
have no problem getting up to speed quickly
with pcRTA. If you are looking for an RTA,
this is the most flexible, feature-packed offer- |
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ing in its price range on the market today. The
additional functions, multiple-curve display
and post-processing capabilities, and exten-
sive data export facilitics appear to set pcRTA
apart from conventional RTAs. Over a period
of several weeks during my evaluation the
hardware and software performed flawlessly.

For those of you involved in the measure-
ment and equalization of hi-fi or home theater
systems, car audio installations, THX theater
systems, or room cqualization in general,
pcRTA is all you need—and then some. Its
full capabilities have yet to be explored, and
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‘ Minimum System Requirements ‘

with at least 4 MBytes of RAM) 7

25 $9900

networks :md L pads Regular prlcc
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{Canada +$6 00 |
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By the time you read this review,
LincarX’s PAC3 portable analyzer chassis
should be available. This unit has three full
ISA slots, a battery-based power supply, and
a 14W wideband amplifier. The battery is
said to provide very low noisc operation; a
built-in charger runs off either AC mains or a

12V battery. PAC3 interfaces with your com-
puter through the serial COM port. A note-
book computer and PAC3 tum pcRTA into a
fully portable analyzer, with two slots left
over for additional add-ins.

One caveat: pcRTA is not the ideal tool
for loudspeaker- and crossover-system mea-

Turn Your Multimedia PC into a Powerful

Real-Time Spectrum Analyzer

Yiew QOpticas Utilities \Yindow Help

¢ Real-Time, Record, Playback, or
Post Process
* Time Series, Spectrum, Phase, 256 Color

Features -

¥
¢ Dual channel FFT Analyzer Flle_Edit_Mode
¢ Narrowband and 1/3 Octave Ay &

.

Pook b

Spectum

®| w20 [ [LenChenner

Lot Sarcmt

Spectrogram and 3-D Surface plots 1
* FFT sizes through 16,384 pts ':;
 Digitat Filtering | [
¢ Signal Generation > ::
* Deaimation and Triggering ?_.~ |
¢ Overlap Processing Wi |
00| '

. . H0a | = . A
Applications | "», “!\.‘l'.f'”
® Acoustic Research ol 5]
* Distortion Measurements R A A ARG oE i Sty

Noise Analysis
il < n
* Frequency Response Testing 3 TemGeae,  Spadogen
* Vibration Measurenents e @ioivE 1A v TSI (Bacean aw 500 ve 100 de

¢ Transfer Function Measurements

System Requirements

¢ 386/ 486/ Pentium and Windows 3.1
¢ Windows compatible sound card

¢ 4 MB RAM miinimum

* Mouse and Math coprocessor

* 256 Color VGA (for spectrogram)

Pioneer Hill Software
24460 Mason Rd. NW

LHS Poulsbo, WA 98370

Call Now for Free Demo Disk!

Affordable Signal
Processing Software

$3 95 Software only
*629

Software plus pro quality* sound card

*DC-19kHz flat t0 0.2 dB, THD < 0.005%, 5/N - 90 dB
2 channel, 16 nt, 44.1 kHz sampling

PCMCIA sound cards also available

1-800-401-3472

Spectra Plus
Professional Edition

Tech Info: 360-697-7733

Fax: 360-697-7730

BBS: 360-697-7717

surement and design. CLIO, MLSSA, IMP,
or LinearX’s own LMS are better choices for
this purpose. In particular, CLIO (recently
reviewed in SB 4/95, p. 44) provides a basic
173-octave RTA and reverberation time mea-
surement capability in addition to all the
clectrical and acoustical measurements
required for designing loudspeaker and
crossover systems.

MANUFACTURER’S RESPONSE

We would like to thank Joe for his excellent
and thorough review of the pcRTA analyzer.
We will be finishing the Noise Analvsis mode
very shortly, and will then be releasing a final
completed manual including application data
Jor car stereo, surround sound movie the-
ater/home, and environmental acoustical
analysis testing.

We will soon be releasing another new
1/3-octave RTA analyzer (pcRTAjr) with sim-
ilar powerful computer-based features, but at
much lower cost, for car stereo and other
general-purpose applications that do not
require all the advanced ANSI filtering and
mike multiplexing features of the pcRTA.

We are also now shipping the new PAC3
portable analyvzer chassis which enables
notebook computer users 1o operate any of
our computer-based analyzers, via a serial
COM port, without the need of ISA bus slots.
The PAC3 also includes a built-in 10W audio
power amplifier, with +0.25dB response
Sfrom 10HZz—100kHz and THI <0.005%, and
features AC, DC, or battery operation. %

Chris N. Strahm
Engineering
LinearX Systems, Inc.

ReaderServiceﬂJ
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ACCUTON

2730 W Thomas Rd.
Phoenix, AZ 85017

QUALITY DRIVERS & MORE

etc.

Request a FREE catalog

Phone (602) 272-6696 FAX (602) 272-8633

We Offer A Complete Line Of Kits
Also Specializing In Speaker Repair

ELECTRONICS

0 ORCA CONNECTORS

(Mntn Std Time)
:00 PM Weekdays
:00 PM Saturdays
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e e S R
Tools, Tips & Techniques

DRIVER ATTENUATION FOR
MATCHING

When building speakers a frequent problem
is matching individual driver sensitivities.
Typically, a tweeter or midrange is substan-
tially more sensitive than a bass driver; dif-
ferences of 3-5dB are not uncommon for
various quality drivers and even the individ-
ual drivers.

Vance Dickason’s Loudspeaker Design
Cookbook (fourth edition, p. 118) gives some
design formulas for calculating the values of
two resistors that can be connected to a driver
to divide its output while still maintaining the
same impedance as seen by the crossover net-
work (Fig. I). Although you can figure the
formulas on a good pocket calculator, the fol-
lowing chart is very handy to determine those
resistor values at a glance, without further
work. I used the equations in Dickason's
book for R1 and R2.

For convenicnce, Table I gives resistor
values for driver impedances of 2.5-12Q in
half-ohm increments, and attenuation from
0.5-6dB in half-decibel increments. In most
cases the incremental values are more than
adequate to cover all the common combina-
tions you’re likely to encounter. Trying to
calculate and build networks with smaller
increments of impedance and attenuation is
probably not beneficial due to resistor toler-
ances and driver vaniations. Because of this,
5-10% tolerance resistors (which you can
produce with series-paralle! combinations for
sonie of the more nonstandard values shown
here) are more than adequate.

The exact absolute values indicated here
are not necessary. But it is important that the

o_
To Amp.
o—_____

Crossover
Network

FIGURE I: Attenuator circuit.

relative values used in a speaker pair are very
closely matched so image shifts will not
occur, and that perceived sound character is
the same for both systems. In addition, for
best results you should use some sort of
impedance compensation (a zobel network)
on the driver itself so the attenuator network
has a linear effect on the drivers’ response.
You should never try to resistively pad
down the level of a bass driver. The resulting
drop in amplifier damping factor as seen by

the driver can negatively affect the system’s
bass response. Specifically. the driver’s
damping at bass resonance can be substan-
tially affected. resulting in a system with very
boomy sound. If you have a woofer more
sensitive than the midrange or tweeter, then it
is best to start over with a sct of drivers with-
out a wooler sensitivity problem. »

William R. Hotfman
Aubum, CA 95603

TABLE 1

ATTENUATION REQUIRED (dB)

05 1.0 A5 2.0 25

25 14 27 .39 51 63
42 21 13 97 75

30 A7 33 47 62 75
51 24 16 12 9.0

35 20 .38 .56 72 88
59 29 19 14 10

4.0 22 43 63 82 1.0
68 33 21 15 12

45 25 49 . 92 1.1
76 37 24 17 14

5.0 28 54 80 1.0 13
84 4 27 19 15

55 31 60 87 1.1 14
93 45 29 21 16

6.0 34 65 95 12 15
100 49 32 23 18

6.5 36 n 1.0 13 16
10 53 k) 25 19

70 39 .76 1.1 14 18
118 57 37 27 21

75 42 82 12 15 19
127 62 40 29 23

8.0 45 87 13 14 18
135 66 42 27 21

85 48 92 13 17 20
143 70 45 33 25

9.0 50 98 14 19 23
162 74 48 35 27

95 53 1.0 15 20 24
160 78 50 37 28

100 56 1.1 1.6 2.1 25
169 82 53 39 30

105 .59 1.1 1.7 22 26
177 86 56 41 3

1.0 62 12 17 23 28
186 90 58 42 3

15 64 13 18 24 29
194 94 61 44 34

120 67 13 19 25 30

-30 -35 4.0 45 5.0
73 83 92 1.0 1.1 R1
6.1 50 43 37 32 R2
88 1.0 1.1 12 13 R1
73 6.0 51 44 39 R2
10 12 13 14 1.5 R1
85 71 6.0 52 45 R2
12 13 15 16 1.8 R1
97 8.1 68 59 51 R2
13 1.5 17 19 20 R1
" 9.1 77 6.6 59 R2
15 17 18 20 22 R1
12 10 8.6 74 6.4 R2
16 18 20 22 24 R1
13 " 94 8.1 71 R2
18 20 22 24 26 R1
15 12 10 88 77 R2
19 22 24 26 28 R1
16 13 " 9.6 84 R2
20 23 25 28 31 R1
17 14 12 10 9.0 R2
22 25 28 30 33 R1
18 15 13 " 96 R2
23 27 30 32 35 R1
19 16 14 12 10 R2
25 28 31 34 37 R1
21 17 15 13 " R2
26 30 33 36 39 R1
22 18 15 13 12 R2
28 32 35 38 42 R1
23 19 16 14 12 R2
29 33 37 40 44 R1
24 20 17 15 13 R2
31 35 39 42 46 R1
25 21 18 15 13 R2
32 36 4.1 44 48 R1
27 2 19 16 14 R2
34 38 42 46 50 R1
28 23 20 17 15 R2
35 4.0 44 49 53 R1
29 24 21 18 15 R2
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BAEKGAARD IS BACK

G.R. Koonce's SB 2/95 article (The
Backgaard Crossover Technique,” p. 20)
prompied this letter, which, while it offers no
comment on the article itself. provides some
information that may be of interest. Mr.
Baekgaard’s filler driver paper evoked some
“Letters to the Editor” in the AES Journal
(Vol. 26. No. 9, pp. 650-654) from Messrs.
Leach and Hoge.

1 was fascinated by Baekgaard’s paper (“A
Novel Approach to Linear Phase Loud-
speakers Using Passive Crossover Net-
works™). However, it appeared that the filler
driver must have an extraordinarily wide
bandwidth, and, if such drivers were avail-
able, why not just use first-order filters, with-
out the filler driver? Also, if the effect of the
filler driver can be produced by a discrete dri-
ver, couldn’t the same effect be produced
clectrically?

After considerable diddling with my filter
performance program, 1 discovered that an
overlapped, second-order crossover produced
an output that is in phase with its input. I built
such a network and, with resistor loads, test-
ed it with square waves and determined the
predicted performance. However, 1 found
that my “‘original” thought was not so origi-
nal..after 1 ran across Vanderkooy and
Lipshitz’s paper, “*Use of Frequency Overlap
and Equalization to Produce High-Slope
Linear-Phase  Loudspeaker  Crossover
Networks,” (AES preprint 1926, C-6).

Why not try to do this electroacoustically?
That is, have a speaker manufacturer build a
woofer and a tweeter with two voice coils;
feed one pair of coils with the normal second-
order filter signals, and the other pair the
“filler” driver signals. This may have some
merit, but it requires development capabilities
beyond my means.

It seems that these Canadians are either
anticipating my thoughts or shooting them
down! For instance, when D’ Appolito pub-
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lished his MTM configuration paper. 1
thought, “Now we can have a stable, hori-
zontal acoustic axis and (with third-order
acoustic slopes) also constant power.” Not
long after, 1 discovered Vanderkooy and
Lipshitz’s paper (“Power Response of
Noncoincident Drivers,” AES preprint 2049,
F-4), which demonstrated: not so!

David Meraner
Scotia, NY 12302

Contributing Editor G.R. Koonce responds:

Ithank Mr. Meraner for the additional infor-
mation (which I had not seen before) on the
Baekgaard “filler driver” crossover tech-
nigue. WM. Leach’s comments pointed out
that the Baekgaard technique may be con-
stant-voltage, but it is not constant-power,
which he considered importanm. W.J.J. Hoge
commented that the technique produced a
crossover that was not constant-resistance
and that the driver and crossover compo-
nents might better be used in a three-way sys-
tem. E. Baekgaard replied with additional
discussion on his technique and presented
plots showing constant input impedance in
the crossover region and a flat system
acoustic response in a reverberant field.

I do not intend to reopen the general dis-
cussion of what is the “best” passive
crossover. Anticles discussing this have filled
many pages, including those of Speaker
Builder. My *“Crossovers for the Novice”
article (SB 5M0, p. 26) contained a Speaker
Builder article mini-index, as well as simple
definitions of the terms used above in sum-
marizing the comments on the technique.

Basically, a passive crossover takes in a
single signal from the amplifier and divides
the signal into frequency portions proper for
each driver in a multiway speaker system. We
care about whar tvpe load the crossover
reflects back to the amplifier, what type
source impedance each crossover section

presents 1o its driver, how fast the various
crossover sections attenuate the signal as you
move out of its band, and how the various
crossover sections “add” back together in
terms of total power output and on-axis
response. All of this is especially of interest
with the real drivers applied, mounted in
their proper locations, and examining their
total acoustic response—a far more difficult
task than just working with the crossover out-
puts into resistive loads.

All passive crossovers are a compronmise;
itis very difficult 10 build a three-way or more
complex crossover that is constant-voltage
and constant-resistance. It can be approxi-
mated via many drivers and crossover com-
ponents. Each builder using passive
crossovers must decide what compromises
produce the desired sound quality.

DRILL BIT SOURCE

In his contribution to Tools, Tips &
Techniques (SB 3/95, p. 57), Phil Bamberg
noted the difficulty of finding 9/16 Forstner
drill bits for use in installing grille snaps.

My current catalog from MLCS Lid. (PO
Box 4053, Rydal, PA 19046) includes 9/16
Forstner bits as a new item. Its price is $5.95,
or $4.95 each if you buy three. Shipping
(UPS) is free in the contiguous US. The stock
number is #9026, and you should refer to cat-
alog C-17C to order. Their toll-free number is
(800) 533-9298.

R. Valentine
0ld Greenwich, CT 06870

SAAB STORY CONTINUES |

Several months ago 1 received a trial issue of
Speaker Builder and was absolutely delight-
ed to read Mark Florian's initial article on
installing an upgraded sound system in his
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SAAB. As an owner of a 1988 SAAB 900
turbo, 1 have long considered replacing the
factory speakers, so 1 regarded receiving that
issue as close to divine providence. Needless
to say, 1 subscribed 10 the magazine for the
second and final installment of the anticle!

I have several installation questions, most
of which are related o my lack of familiarity
with the subject.

1. What type of crossovers did you use
between the woofers and tweeters for the
front and rear speakers?

2. What type of crossover did you use to
control the subwoofer? (I have ordered a
copy of Ferguson’s book that you referenced
in the article.)

3. Do you have plans or dimensions for the
rear speaker enclosures? At the very least,

what was the vent diameter in the speaker
enclosure?

Thank you for a very timely article.
Although the principles can be applied o0 any
car, 1 believe it was most fortunate that you
did all the work ona SAAB.

Bill Kennedy
Muncie, IN 47304

Mark Florian responds:

Thank you for vour kind comments regarding
my sound article for the SAAB. The tweeters
on the front dash use a 4.7UF cap in series.
and the midrange units use a parallel combi-
nation of 47uF and 22pF nonpolarized elec-
trolytics (Fig. 1). The schematic for the rear

378°

3%”

FIGURE 3: Cabinet dimensions (vent is 1”
ID x 2%" long, sch-40 PVC).

speakers is in Fig. 2. Madisound figured out
these values when [ ordered the drivers.

The subwoofer crossover circuit is
straight from Ferguson's book, except for the
modifications covered in the article. | have
also included the outside cabinet dimensions
(Fig. 3) of the enclosure, which uses 5/8"
particleboard.

Vacuum Tubes for

are Back!

Glass Audio brings together yesterday’s tube with
today’s improved components, voltage control and the
exciting new Soviet tubes, to make smooth sound in
your livingroom possible again!

LJYES! Please send me an issue of Glass Audio to examine FREE for 30 days. When | choose to subscribe I'll pay just $23.00 for six
issues (one year) of the best information on tubes to be found anywhere. (I'll save $13 off the newsstand price.) If | choose not to sub-
scribe, I'll write “cancel” on my invoice and return it. I'm under no further obligation!

Wincrease my savings, sign me up for twelve issues (two years) of Glass Audio at $45.00. (That's a $27 savings off the newsstand price!)
Canada/Mexico add $6 per year, Overseas rates: $45, 1 yr; $80, 2 yrs. Remit in US $ drawn on a US bank.

Prices subject to change without notice

NAME

STREET & NO.

CITY STATE ZIP
Glass Audio

PO Box 176 Dept. SB95, Peterborough, NH 03458-0176
Voice: (603) 924-9464 or FAX 24 hours a day to (603) 924-9467
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% DEFLEX

SPECTRA z)1OL3ije

D""""””PAN ELS

The simplest and most cost effective way
to upgrade your existing system

You need at least 2
Deflex panels for a
pair of smali bookshelf
speakers, 4 panels for
a pair of Tannoy 6's.
and at least 6 panels
for larger cabinets

[
I, xJ ‘
e ,«Z&)} S

Once you have
gained access to the
inside of the cabinet,
remove foam and/or
wool damping from
the inside of the
speaker (if fitted)

XN\
Place the flexible
| Deflex panel thru' the
speaker cut-out and
| stick to the inside of
| the cabinet using the
L / recommended

% . _— adhesive

Now sit back and gl
listen to the extra T
detail in sound, and

far less distortion

when played loud

What the experts have to say...

"...a marked improvement was obvious from the hrst few
bars of REM's Automatic for the people album...
Hi-Fi News & Record Review - March1994

“...Deflex panels seemed to give greater tightness and
control, improved internal clarity, and pitch dehnmon -
all without deadening the sound in any way..
Audiophile - January 1994
“...the result was sharper imaging, wider dynamics
and a more natural sound..."
CHOICE VERDICT
Sound Quality ..-..
Value for money | | [m}
Hi-Fi Choice - Janulry 1994
"...But one things for sure - the De!lex panels are
no gnmmlck They work...
Audio Video - November 1994

Some Of Our Other Products:
*MIT MultiCaps... Better selection and
the best prices anywhere!
*InfiniCap, Solen, SCR/AZON, Rel-Cap,
etc., premium grade film capacitors.
"Klmbar, Cardas, MIT, XLO, Acrotec,
‘performance wires.

MICHAEL PERCY AUDIO
P.O. Box 526
Inverness, CA 94937
(415) 669-7181 Fax (415) 669-7558
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CLEANING UP THE
SEWERLINE

While browsing through Speaker Builder
1/94, 1 came across the Craftsman’s Corner
presentation (p. 62) of your version of my
Simpline (SB 2/93). 1 was rather surprised to
see it, since I didn’t recall noticing it when the
magazine first arrived. Your ingenuity is
intriguing, and your use of ready-made prod-
ucts is very clever. The entire project looks
clean and sleck (in spite of the reported
muddy bass).

Unfortunately. while you've succeeded in
approximating the Simpline, your design dif-
fers from it in several areas, which might help
to explain the differences in performance
between your version and mine. A major
problem lics in the diameter of the pipe you
sclected. A 47 (inside diameter) pipe has a
cross section of about 12% in2, which is
approximately half of the cross section area I
employed in the Simpline.

The Simpline has an internal volume of
about 0.356". The 4 oz of stuffing I specified
resulted in a stuffing density of about 0.7
Ib/f3. Assuming your tube is 24” long and
allowing about 15 in? for the volume of the
speaker, your version would appear to have
an internal volume of about 0.166ft3.

You didn’t mention the weight of your
pillow stutfing, so I'll assume that you used
the specificd 4 oz. which is 0.25 Ib. That,
divided by 0.166ft3, produces a stuffing den-
sity of about 1.5 Ib/ft3. This high density,
coupled with a cross section of only about
half of what I used, suggests that your
Simpline will probably remain in the bath-
room a long time.

Schedule 40 tubing is rather thin, and is a
poor choice (o use in an environment subject
to sonic vibration. The “voice” of the tube
speaks out in unison with the speaker and
things arc not going well. (If only Judge Ito
were here to ensure that both parties were not
speaking at the same time!)

Getting to the bottom of things, we come
to the feet. The feet should be long enough
(or longer) to allow an exit area at the base
that is at least equal to the cross section of the
tube, which in this case is about 12%2 in2. To
find the correct height, divide the cross sec-
tion area by the circumference of the wbe
(circ = dm). In the case of your 4” wbe, the
height is about 1”. You could make the arca
greater, but it wouldn’t help much.

I'm assuming you used the contour fiiter.
Omitting that would affect the spectral bal-
ance of the Simpline. If you were to use a 6”
dia. tube. the cross section would be a bitover
28 in2. A 24” long tube (minus 15 in? for the
space occupied by the woofer) would be
0.384f¢ in internal volume. For a stuffing

SALE! zi:ns
o ADHESIVE!
MARKERFOAM™ACOQUSTIC FOAM
yv ‘ GIANT 54”x54”

| Immediate Shipping |
Reg $2995 Now $19.99 « 3" Reg
539 95 Now $29.99! KILL NOISE QUICK!
High performance, full-size sheets of super high density Markertoam.
EZ mount. Blue or gray. Super-effective sound absorption for studios
Markerfoam offers best value. looks professional & 15 proven in studios

worldwide Request Foam-Buyers Guide Catalog, specs & tree samples
today VISA, MC. AMEX. COD, PO's, QUANTITY DISCOUNTS

7 MARKERTEK JUMBO

750 SOUND ABSORB BLANKETS

. //\\./,\ Heavy-duly 72°x80° padded biankets
=) S\ absorb sound wherever they're hung or

X ) == ,;» draped Fabulous for stage, studio & field
e — use Top professional qualty at a super
saver price! Weight 61bs Black, $19.99.

MARKERTEK BLADE TILES™
HIGH PERFORMANCE
LOW, LOW COST!
$3.49 per tile. 16x16x2
America’s best acoustic tile
value. only from Markertek!
Charcoal. Also available 16x
16x3" as shown, $4.49 each
MARKERSTIK ™ foam adhe-
sive FREE with any Foam pur-
chase n this ad' Limited offer

A $5.95 per tube value

2T gD : '.
R R
*
T S e —

SONEX

'] e
\ ——
All the colors and sizes

auau;“ plus great prices!

Get our FREE 149-page catalog
of over 6,000 exclusive and hard-
to-find supplies for audio & video.

800-5 22-2025 America's mostunique

FAX 91 4.245.1 757  catalog for audio & video!

RKERTEK

VIDEO SUPPLY

Header Service #10

4 Hu St Sau emes
New ork12477

Learn how to
Recone Speakers

WORKSHOP VIDEO

1502. N Harrison St.,

{30 €

This comprehensive video has taught hun-
dreds world wide how to perform this task.
Recone, Re-foaming & repair compression

Ft. Wayne, IN 46808

Drivers. All in this How-To video.
$39.95 WVS
Check , 1502 N. Harrison
Visa, MC Ft. Wayne, In 46808

2 week delivery (219) 424-5463
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MAHOGANY SOUND
The Transmission Line Specialist
FO. Box 9044
Mobile, AL 36691-0044
334 633-2054

Acousta-Stuf
The Very Best Damping Material For
Speaker Systems. It Produces Deeper
Bass, Cleaner Mids, And Greater
Dynamic Range. Acousta-Stuf Costs
$9.50 Per Pound UFS Faid.

Q&ETLD
Quick & Easy Transmission Line
Speaker Design Booklet & LOTUS
1-2-3 Software. Learn How To
Design Optimized 1/4 Wavelength
TL Speakers. QAETLD Costs
$8.95 Plus $1.80 P&H.

New For 95
Acousta-Tubes
Round Paper Tubes For Building ‘
Cylindrical Speaker Enclosures.

Please Note Our New Address
& Area Code

Call Or Write For A Free Catalog

For $189.95 2??
And much, much more!
0-Scope 1 turns PC-ATs into DSO,Spectrum
Analyzer, Frequency Counter, DVM. DC-50KHz

Sinewave Sweep

Spectrum |

Actual O-Scope | Captured Signals
For Orders and lnquiries Call: 1-800-980-9806
For Technical Assistance: 1-713-777-0401

Allison Technology Corporation
8343 Carvel, tlouston, TX 77036 |
FAX and BBS 1-713-777-4746
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density of 0.7 I/f3, you would need 0.269 1b |

(4.3 oz) of pillow stufting.

Using the calculation method of a couple
paragraphs above, the length of the legs
(they’re becoming too long to be called feet)
is close o 1-3/8. T used 25 in? as the figure,
since 1 know that the Simpline is happy with
that. 1 don’t know if closet flanges come in a
6” size, but from what I've seen of your
brainstorming capabilities. 1 feel comfortable
leaving that situation up to you.

I am very pleased that [ discovered your
presentation, even at such a late date. One
final thought: T would think if a person had
muddy bass, the bathroom would be an
excellent place to clean it up. You might sim-
ply try 1.9 oz of stuffing (about 0.7 1b/{13) for
the 4” pipe, and spread the stuffing as evenly
as possible.

John Cockroft
Sunnyvale, CA 94087

| W. Werner responds:

I think we should all write a nasty note to the

| plumber’s supply consortiun indicating our

extreme displeasure at their not having the
decency to supply cheap plastic pipe and fit-

tings in a wide variety of sizes 10 serve the |

needs of speaker builders evervwhere. That
said, 1 would heartily recommend Mr.
Cockroft’'s comments to anvone attempting
the sewer pipe version of the Simpline [sew-
erline?—the name does not deserve to be
capitalized!]

Iwas intrigued by the original Simpline’s
ability to achieve good bass from such a
small driver by mass loading and the use of u
transmission line. To quickly satisfy my
curiosity, | used materials available at my
local hardware store. If better materials, as
Mr. Cockroft suggests, are available, they
are not at ny store.

I wish rapid prototype materials were
nmore readily available, since I am long on
ideas and short on time. If anyone has ideas
along this line. | would certainly like to hear
them. The paper forms used for concrete posts
might be good—I recall an SB article using
them. However, what do 1 do for end pieces?

I haven't done much with iy “sewerline”
since building it and amazing myself with the
transmission line and effects of mass loading
(1 haud it out now and then to impress visitors
with what such a small driver will do), and
have not tried Mr. Cockroft’s suggestions. |
will when time permits.

I understand the need to print more construc-

tion articles, which I find very interesting, but |

All your life they’ve called you
"picky", hard to please. WRONG!
Truth is, you’re a perfectionist! You
want it done

RIGHT!

You want to build your speakers
and you want them to be
PERFECT! "You are there" imaging,
great dynamics, powerful, clean
bass, REALISM! You demand
durability and affordability. You can
build them. All you need are world-
class designs and the parts to put it
all together.

An ACI Parts Kit is the
answer to your prayers.

ACT’s are the only kits available
that have received over 20 great
reviews in magazines from Speaker
Builder to Stereophile. Choose
from six great models including the
reference quality Sapphire III and
the 250 watt Titan "smart amp”
powered sub.

Be picky, build your
PERFECT ACI speakers.
Call or fax us today!

ACI aiv.

Audio Concepts, Inc.
La Crosse, WI

Phone: (608) 784-4579
Fax: (608) 784-6367
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Tube & General Purpose Projects

Lap,
sizEER

METAL
CABINET N

~J

REAR PANELS AVAILABLE

LC SERIES

’80° ANODIZED ALUMINUM e

D ANODIZED

0
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!
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0
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AGES AN" OAK END PANELS
VAILABLY

LC Series

pace s
MODEL Wx O L]
Le-1 100 x 100750 4500 4

% : MC-20A 17 ¢ 10 %
el :Ac-zu 17x14x35 4525 48

Audio Transformers for Tube Construction

POTS & SOCKETS
ALSO AVAILABLE

Inputs - Line/Mic

WOOEL PRI SEC CASE  USE PRICE S

T2 15 E "‘,““ A%
D 1A '5‘\'

ort o _Tube Outputs ”‘voU"'}m

orz &

OT-3 7k 4,

FOR MORE INFO
EQUEST
CATALOG T8-1
WRITE OR FAX FOR

Power Supply
SECOND!

AUDIO SOLUTIONS,
o A Ste e SMee} CONSTRUCTOR!
PT-1 5V 4413 ' ARE, A
N v SIPS and AUDIO
Gmae 3 R S A TRANSFORMERS
T ek 4 R B A
PT-4 5 6y

ORDER TODAY! ($30.00 MINIMUM ORDER)
ALL PRICES INCLUDE WORLOWIDE SHIFPPING!
A IS USA, CANADA & MEXICO. B IS REST OF WORLD

B

® ORDER (800) 634-3457 @ FAX (800) 551-2749
{702) 565-3400 m FAX (702) 565-4828
SESCOM, mc 2100 WARD DR., HENDERSON, NV 89015

Reader Service #23

COMPONENTS

Whether you order 1 part or
all 53,226...MOUSER stocks
and...ships same day!!

CALL...(800) 992-9943

for your
FREE
CATALOG

958 North Main St.
Mansfield, TX 76063

MOUSER'

ELECTRONICS

Sales & Stocking Locations Nationwide
Reader Service #30
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does SB really need 11-page construction/
review articles from a novice? Anyway, 1, for
one, found much humor in Ms. MacArthur’s
quaint report ("Kit Report: Audax of
America A652. SB 2/95, p. 42).

Her 21-step safety list is a must for anyone
preparing to enter the Chemoby! of speaker
building and soldering. Don’t get me
wrong—safety is very important, but Ms.
MacArthur forgot to tell us to tape our
shoelaces to our shoes so we don’t trip and
fall face first into our tabie saw that we forgot
1o turn off.

Ms. MacArthur, even with an ill child, you
sound like you have 100 much time on your
hands! Who else would rather strip individual
strands of litz wire instead of dipping it into
those awful, terrible. horrible, possibly,
maybe, carcinogenic chemicals you don’t
want in your house? What about the brain
cell(s) you destroyed by inhaling tin/lead sol-
der fumes? Heaven knows what is in the plas-
tic fumes emanating from all the terminal
lugs you overheated. You didn’t mention if
you were wearing a face mask. When
Duncan burps. do you banish everyone to the
bomb shelter until your house airs out?

Ms. MacAnthur, I would love to read about
your escapades as you undertake the chal-
lenge of stuffing a circuit board with polar-
ized capacitors, one of which is oil-filled, that
you inadvertently wire up incorrectly.

William H. Wallace
Stockton, NJ 08559

Nancy MacArthur responds:

I'was perplexed by your letter on safety issues

raised in the A652 review but will trv to
respond to your concerns.

I couldn’t find the “21-step safery list” 10
which you refer. 1 did write a section with 21
1ips for novices, but only one of these (maybe
mo if you stretch) was about safety. The
other tips covered soldering and construction
techniques.

Why all the fitss about ny decision to strip
litz wires by hand? Individual circumstances
vary. For example, a single adult or a family
with teenagers generally will worry less
about storing toxic chemicals than a family
with toddlers. If using a chemical stripper on
litz wires makes sense in your particular situ-
ation, by all means use it. It’s up 10 you.

Including a few safety tips in an article
aimed at beginners doesn’t strike me as
excessive. Believe it or not, occasional SB
articles for more advanced speaker builders
also comtain safety information. Dig out your
back issues and take a look ar Wayland's
Wood World.

LESS TECH TALK, PLEASE

I have been a subscriber oft and on for sever-
al years. One of the reasons for the sporadic
subscribing is because of the magazine's con-
tent. I have been a professional speaker
rebuilder, cabinet builder, and stereo enthusi-
ast for some time. 1 read Speaker Builder as
someonc who simply enjoys speakers. From
this standpoint I become very discontented
with the articles, so many of which are either
by electronics engineers or master cabinct
makers. They are weighed down with heavy
math equations and formulas that very few

COMPANY

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

PRODUCT

FAX

Harris Technologies
Hi-Vi Research Inc. Canada Drivers
Hovland Co.

Markertek Video Supply
Meniscus

Morel Acoustics

Parts Connection, The
Parts Express
International, inc.

Pyle Industries, Inc.

BassBox and Xeover

MusiCap Film & Foil Speaker Cap
MIT Electronic Components MIT MultiCap®

(616)

(905)

10
Unique & Hard-To-Find Accessories (914) 246-1757
Super Ferrites & Other Parts (616)
High-Tech Audiophile Speakers (617)
Assemblage DAC-1 Kit (905)
Free 1995 Catalog (513)

Speakers & Components

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

Solen Inc. Speaker & Crossover Components (514) 443-4949

Speakers Etc. 1995 Catalog (602) 272-8633

TCH, Div. of Umbra, USA  Speaker Cabinet Hardware (416) 299-6168

Don’t Delay, Fax Today!

616) 641-5738
905) 475-8226
209) 966-4632
916) 823-0810

616) 534-7676
617) 277-2415
905) 829-5388
513) 222-4644

(309) 699-6507




readers could possibly begin to understand.

In addition, authors always just seem to
have test equipment or a computer, and a pro-
gram that they can plug information into and
easily obtain an answer to the character and
performance of a speaker or different box
configurations. The only common or ordi-
nary feature about these engincered projects
is that they always include an old Radio
Shack, Peerless. or Philips speaker. It almost
secms as though the articles are writien by
engineers trying to reach out to the common
guy the best he can, but he just can't seem 10
get there. 1 am sure both you and I know
many talented engineers who just can’t relate
1o the rest of the world.

Once in a while, a project hits the mark,
using some conventional means with logical
speaker choices and shows that with just a lit-
tle common sense and some good advice
from someone such as Madisound, an ordi-
nary guy can build a decent-sounding device.
Readers need to know more about the many
brands and maodels of speakers that you
advertise in your magazine: Dynaudio,
Morel, Eton, SEAS, LPG, Vifa, or Peerless
woofer, mid, or tweeter units, They need o
know what they’re buying.

How good is a particular brand? Can |
achieve good performance from a Peerless or
Vifa woofer or do [ really need 10 spend all

GOOD MEWS
FOR 1996!
Audio Amateur

Publications, Inc. is

happy to announce that
subscription rates for

Speaker Builder
will not increase for
1996.

Despite a 14% increase in postage
costs and similar increases in the cost
of paper. we have been able to hold
the line on the cost of your renewal
for 1996.

As a service to our readers, we will
do our best to keep these prices
through the next year. To be sure to
receive 1995 rates, renew carly!

Thank you for your readership
in 1995 and the future!

—

that extra money on a Dynaudio? What do
these speaker combinations sound like with
difterent kinds of music? What types of cone
materials produce a smoother or punchier
sound? What types of tweeter dome materials
give a brighter, more realistic sound than
indicated on a graph?

A good example of an article that could
have been great is “A Flexible Four-Way

System” (SB 4195, p. 14). As with many arti- |

cles, this one focused on how the author built
this potentially great slamming system, fail-
ing to mention what it could do or how it
sounded. The article was almost not cven
worth the space. Explore the system’s poten-
tial, not just how to build the box.

I suggest that you include performance
reviews on several speakers, from the many
long-time models of various brands offered.
Give your readers an idea of what they are
like and what the market contains.,
Otherwise, the only recourse for readers is 10
spend their money and possibly be disap-
pointed. In addition, advertisers would selt
more product.

I also suggest more articles on using JBL,
EV, Aliee, Gauss, and Cerwin-Vega speakers
for high-performance low-end and mid/high-
end. Most of these speakers work great in a
simple retlex box with the right volume, port,
and with simple butt joints and proper brac-
ing. While I realize some of your readers are
technically minded engincers, the vast major-
ity are not. Speaker Builder has so much
potential, but is like a runner in a race who
stubs his toe coming out of the starting
blocks. »

Steve Pleasant
Dayton, OH 45405

S e e e e T e
References

Sfrom page 41

INSPIRATION
An often-heard—and unfortunately true—
remark is that our speakers are wondertut o
listen to but godawful to look at. The shame
is that it is our own fault. Somehow we make
the mistake of thinking visible beauty is not
important.

When [ stopped making wooden objects
for a strictly utilitarian purpose and started
being concerned about the beauty of my
enclosures, something changed. This attitude
was brought to a head when I read The
Impractical Cabinetmaker by James Krenov
(Sterling Publishing, 1993, $14.95). Some
lopics covered are considerations on match-
ing wood grains or the aesthetics of cabinet
design. I hope your reaction is the same as
mine when you read this wonderful book. &

Hi-Vi Research Inc.
Canada

| § Majoring in producing and designing HI-
END speakers/electro-acoustical  sys-
tems and amplifiers, located in the
Ontario, Canada area, has immediate
opportunities in the areas of:

® Drivers Designer
® Homs Designer
i ® Tweeters Designer
| | ® Loudspeakers Designer
® Planar Magnetic Speaker Designer
‘ ® Professional Loudspeaker Designers
® Flectro-Acoustic System Designers
I ® Electrostatic Speaker Designer
l‘ ® Hiend Amplifiers Designer & Engineer

Three years experience is essential.

Hi-Vi Research Inc. Canada is an equa
opportunity employer, offers a competitive
salary, and a comprehensive benefits pack-
age. If you would fike to join our team,
send resume to:

100 Spy Court,
Markham, Ontario L3R5Hé6
Fax (905) 475-8226

MUSICAP * Film and Foil
Capacitors

IDiscover what many hobbyists, designers, manufacturers,
jand reviewers already know The finest matenals, careful
lwinding, and hand termination ensure

SPEAKER CAPS Transparency
Value Wvdc  Dwm _in Pnce
10t 100 §5x200 1700 Accuracy 5%
15 100 70 x 200 19.50
20 100 70x225 2150 Detail
27 100 80 x2.25 2350
30 200 92x288 2950
33 100 86x288 25 50 Low DA. DF,
40 100 85x288 2700
50 100  95x288 2050 and ESR
6.0 100 84x325 30 00
70 100 1.05x325 3400 "
80 100 110x325 3700 16 ga silver-
90 100 1.20x325 40.00 plated leads
100 100 135x325 44.00
15 % Off on orders over $ 250 00
coupling caps from .01-4.7 uf.| Made in USA

DH LABS - iow capacitance high resolution

Silver Sonic T-14 Speaker Wire 375/t
BL-1 Interconnect wire 350/ ft
OFH-14 14 ga mid-bass wire 150/ft
T-20x 20 ga twisted pr wire 175/t
Small spade for vintage amp posts 110/ ea

RCA banana, spade . XLR, hookup wire avail

PO Box 66905
Portland, OR 97290-6905

(503) 761-0743

prices subject to change 12-6 PST M -F

|
|
|
{
l
' Sounp ProbucTs
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TRADE

STATE-OF-THE-ART PASSIVE CROSS-

OVERS featuring Hovland MusiCaps®.
Software available, free Design Guide. ALL-
PASS TECHNOLOGIES, INC., 2844 Charmont
Dr., Apopka, FL 32703-5972, (407) 786-0623.

ELECTROSTATIC

+* KITS+ PARTS ~ TRADE SECRETS#

save S$S building, repairing, modifying ESLs

CATALLOG/START-UP MANUAL—-S$3.00
~DAVID LUCAS»

924 HULTON RD, OAKMONT, PA 15139

SPEAKER CROSSOVER DESIGN SOFT-
WARE FOR WINDOWS®. Send $25 for soft-
ware and documentation. Demo available. D &
D SYSTEMS, 9407 E. 65th St., #3205, Tulsa,
OK 74133.

D.H. LABS manufactures top guality audiophile
hookup wires, cables and connectors for the
most demanding applications. For more informa-
tion and review reprints, contact us at 6633
Glenway Dr., W. Bloomfield, MI 48322,
phone/FAX (810) 851-1296.

PRODUCTION TIME AVAILABLE for high-
quality, precision home or pro audio cabinets in
your choice of beautiful finishes. Service the
West Coast since 1982. IMAGINEERING, (800)
JET-7000.

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

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

HUNDREDS OF ECONOMICAL WOOFERS,
MIDS, and TWEETERS, for home, car, or
prosound. Free catalog. Dealer inquiries? SRS,
1839 No. Circle, Colorado Springs, CO 80909,
(719) 475-2545.

SPEAKER HEADACHE?? Call the Speaker
Doctors for free friendly estimates. We can re-
cone any speaker. Home, auto, or pro speakers,
parts, re-foam kits, etc. TRI-STATE LOUD-
SPEAKER, (412) 375-9203.
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Classifieds

FOR SALE

Two stock Marantz 8B amps, sound great,
$1,750 ea.; stock Scott 6BQ5/EL84 integrated
amp, $125; 11 8068 tubes (Sanders E-Stat
amp), $300; three 6C33 monster triodes, $30;
projects: TVA-10, done right, VTL driver, $150;
Stromberg 6550 monoblocks, $150; old RCA PA
head 4X6V6, $50; electric guitar parts, $75. Dan,
(505) 783-4551.

Two Wharfedale 12” cast frame woofers, W60D
system, $120; two Lafayette 99-0092 free stand-
ing three-way crossovers, $30; transformer set
from Eico ST-40, 20W with 7591 tubes, $65.
Stanley, (216) 288-9480.

Crown IC-150A preamp, $125; pair JBL 2470
midrange compression drivers, $225. Kent
Elliott, voice/FAX (913) 677-1824 (KS).

Dyna ST-70 power transformer, used,
Stereophile issues Vol. 5: #10, Vol. 6: #1-6, Vol.
7: #1-8, Vol. 8: #1-8, Vol. 9: #1, Vol. 11: #5 & 6,
Vol. 12: #3 & 4, Vol. 15: #2 & 3, Vol. 17: #1-12.
George Kriich, 56 Oakdale Ave., Hubbard, OH
44425-2147, (216) 534-4225,

Pair JBL 2235H, $250; pair Focal 8K415S, $100;
pair Dynaudio D21AF, $60. Jerry, (601) 264-
6971.

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

Welborne Labs

EXPERIENCE

| the low-
frequency
performance of
TC SOUNDS
underhung
motor drivers

L I withmore than
) 1" linear travel!
oo 10", 12", 15"
available.
e | | <« 5
) X TC SOUNDS
TC15°SVC  TC12°SVC TC10°SVC
Fs (Hz) 156 199 195
Vas (liters) 1039 310 174
Qts 31 28 23
Xmax (mm, p-p, eff} 28 28 28
SPL (dB) 93.0 912 89.2
Call (619) 622-1212 or Fax (619) 622-9293
New Focal 10V516 woofer, boxed, $70;

Stephens Trusonic 80FR L.N., $25; University
N2B crossover, $10; Jensen RP302A ultra tweet-
er, $15; Rec-O-Kut Ronpine 2 model R-320A
L.N. and manual, $40. Jim, (708) 425-6719.

Dipole wing enclosures for magnetic planar dri-
vers, back 21” wide, 8” deep, opening: 4 1/8" x
63", cannot ship, $50. Joe, (609) 397-8315 (NJ,
EDT).

Rare Pentron portable combination wire
recorder, 78 rpm record player, AM radio and PA,
$300; dbx 222 type Il noise reduction unit, $80;
dbx 224, $100; Ampex VR5100 17 B&W video
recorder with cable and tape, $50. Recorder too
heavy to ship. Robert, (805) 522-2579.

Pair Altec 808 horn drivers, $225; pair 32C mon-
itor homs for 808, $100; pair empty 9849 moni-
tor cabinets for 12" plus 32C hom, worn but stur-
dy, $100; Pioneer CTF1000 cassette deck,
$275; pair ROR speakers, 2x6” plus tweeter in
each, black, $150; two mono tube integrated
amps. David, (914) 688-5024.

Speaker project “estate sale:” pair Accuton C2-
11, two pair Accuton C2-77, two pair Focal
8K516, custom DB Systems active crossovers,
precision machined white birch MDF cabinets
with biscuit joints. In boxes, uncompleted, can
ship, $1,750. Also two pair Focal 8V416J,
$125/pair; Audio Control C-101 EQ/analyzer,
$145. Chris Hornbeck, (501) 664-8705.




) INFORMATION
(Y
Four types of
Classified Advertising

are available in
Speaker Builder:

FOR SALE: For readers 1o sell per-
sonal equipment or supplics.
WANTED: Help readers find equip-
MENT OF Services.

TRADE: For any business or private
party selling equipment, supplies or
services for profit.

CLUBS: Aid readers in starting a
club or finding new members. Specitic
gundelines apply to Club advertising.
Please write to the Ad Dcrarrmcm for
terms. Don’t forget, include a #10
self-addressed stamped envelope.

PRICING
All advertising is $1.50 per word, $10
minimum per insertion. Deduct 5%
for a 8x contract. Please indicate num-
ber of insernons. Payment MUST
accompany ad. No billing for word clas-
stfied advertising.

AD COPY
A word is any collection of letters or
numbers with a space on either side.
No abbreviations; please spell our all
words. Count words, not letters. Ad
copy should be clearly typed or print-
ed. Hllegible ads will be discarded.

SUBSCRIBERS

Receive fiee For Sade and Wanted ads,
50 word maximum, cach additional
word $.20, $10 minimum. For Club
ads, follow instructions at the bottom
of the Clubs lstngs. Please submit
only one ad per category per issue.

Please include vour name, address, and
telephone number. It TRADE please
indicate number of insertions on the
ad. All free ads are run only once, and
then discarded. Ad guestions, copy and
copy changes cannot and will not be
answered on the phone. All correspon-
dence must be in writing addressed to:

Speaker Builder
Classified Department
PO Box 494
Peterborough, NH 03458-0494

Carver M1.5T amp, 350W/channel, $400; SAE
model 2300 preamp with built-in parametric EQ,
$150. Both in mint condition. Nick, (209) 583-
6511, after 5 p.m. PST.

Six Dynaudio 24W-100 woofers, four of them
unused, $105 each; four Dynaudio D-52AF, $60
each; two Dynaudio 17W-75, $50 each. Wil take
best offer. Brad, (513) 433-6229.

1982 Boston Acoustics A150s, $50; 1988
Legacy Signatures, $1,000; pair Threshold
Stasis One monoblocks, $2,000; Yamaha
receiver, $50; Technics tumtable, $50; Curcio
Audio Engineering vacuum tube digital proces-
sor, $100. Mark Runnels, 1812 Wilson Lane,
#101, McLean, VA 22102, (703) 448-3375.

LinearX LMS system with mike, $800 or best
offer; ACO Pacific 1/2” 40kHz mike with power
supply, $800 or best offer. Paul, (714) 841-6884,
days, (714) 251-1006, evenings PST.

Ashley FTX-2000 amp , 1,350W @ 4( bridged,
new model, mint, $500; pair 200W monoblock
high-current amps, $200; other misc. items.
Franklin, (505) 522-3994, leave message.

New/used Morel MDT-33 tweeters, $75/$55
each; replacement voice coils, $7 each; #266
woofers, $60/$45 each. Paul, (303) 438-4164,
leave message anytime.

Pair JBL 2404H tweeters, $150; pair 2420B dn-
vers with 2305 horns, $300; 2231H woofer, $120;
5234 electronic crossover, $100. Paul, (410)
727-6930, days. (410) 661-9857, evenings.

ST-70 in perfect working order, clean chassis,
very little piting, completely stock although | will
include recommended changes that will make
this amp sing like Billy Holiday! $350 (includes
shipping). Lloyd, (617) 232-2887.

WANTED

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

Crossover network wiring diagram for early large
Advent speakers, serial numbers U183502 and
U179073, will pay costs. Alex Weibel, 219
Lakeside Dr., McKees Rocks, PA 15136, (412)
787-8117.

Altec 436, 438 compressor amp; 1566, 1567
mike mixer; EQ, compressor, or mike preamp by
RCA, Urei, White, Pultec, Langevin, or Fairchild.
Kent Elliott, voice/FAX (913) 677-1824 (KS).

R SN I & T ST
Ad Index

ADVERTISER PAGE
A&SSpeakers ................ 21
ACI (Audio Concepts, Inc.) .. ...... 57
Acoustical Supply Internationat . . . . . . 6
Allison Technology Corp. . ........ 57
Alpha-CorelInc. . ............... 4
DriverDesign . ................. 48
Elektor Electronics . . ............ 44
Forgings Industrial Co. .. ... ... ... 1
Harris Technologies . ... ......... 51
Hi-Fi News & Record Review . . . ... 45
Hi-Fi World Audio Publishing . . . . .. 38
Hi-Vi Research Inc. Canada

Drivers. . ................... Ccv2

HelpWanted .............. ... 59
HovlandCo.................... 49
Madisound

Clearance Sale. ... ............ 23

Driversand Parts. . .. ........ 32-37
Mahogany Sound .. ............. 57
Markertek Video Supply . ... ...... 56
MCM Electronics .. ............. 15
Meniscus . . ........ .. ... ... ... 22
Michael Percy Audio. ... ......... 56
MIT Electronic Components . . ... .. 31
Morel Acoustics. .. ............ Ccv4
Mouser Electronics. . ............ 58

National Academy of Mobile Electronics 17
Old Colony Sound Lab
Box Model Software 50
Loudspeaker Design Cookbook V. . 39

Software List .. ............... 43
Parts Connection, The .. ......... 40
Parts Express International, Inc.. .. CV3

ADVERTISER PAGE
Pioneer Hill Software ............ 52
Pyle Industries, Inc. . ............ 13
Sescom,lnc. .................. 58
Soleninc...................... 29
Sound Products ... ............. 59
Speaker City, US.A.. . ........... 51
SpeakerWorks. . ............... 50
Speaker Workshop . ... .......... 56
Speakers Etc................... 52
TCHUmbra ................... 46
TIFF Electronics . . . .............. 4
Zalytron Industries Corp.. . ... ..... 27
CLASSIFIEDS

David Lucas, Inc. . .............. 60
TCSounds. ................... 60
Welborme Labs . .. .............. 60
GOOD NEWS/NEW PRODUCTS

AES ... 3
AiResearch.................... 4
Fontel Foundation, Inc.. . .......... 3
HotTools . ..................... 4
Interactive Image Technologies .. . .. 3
Klipsch Professional . . ............ 4
MLCSLtd. ... ... .. ... 3

M.M. Newman ..................
Music Interface Technologies . . . .. ..
Newform Research, Inc. ... ........

PC Instruments, Inc.. .. ...........
Sonic Frontiers, Inc. . . ............
Toroid Corp. of Maryland
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If you are interested in joining
a club or forming one in your
area, contact the following:

ARIZONA

Arizona Audiophile Society
PO Box 13058, Scottsdale, AZ 85267
Paul Christos, (602) 971-3979

CALIFORNIA

Tube Audio Enthusiasts

65 Washington St. #137,

Santa Clara, CA 95050

John Atwood, FAX (408) 985-2006

Greater South Bay Audiophile Society
Larry Fisher, (310) 599-6579;
Dave Clark, (310) 427-4207

Los Angeles Loudspeaker
Designers Group

Geoffrey, (213) 965-0449;
Eduard, (310) 395-5196

West Valley Audio Society
Woodland Hills
Barry Kohan, (818) 225-1341

COLORADO

Colorado Audio Society
1941 S. Grant St.,
Denver, CO 80210

(303) 733-1613

CONNECTICUT

James Addison
171 Hartford Rd., A-7,
New Britain, CT 06053

Connecticut Audio Society
129 Newgate Rd., E. Granby, CT 06026
Richard Thompson, (203) 653-7873

FLORIDA

Angel Rivera
Bradenton, FL 34206
(813) 792-3870

GEORGIA

Atlanta Audio Society, Inc.
4266 Roswell Rd. N.E., K-4,
Atlanta, GA 30342-3738
Chuck Bruce, (404) 876-5659;
John Morrison, (404) 491-1553

ILLINOIS

Chicago Audio Society

PO Box 313, Barrington, IL 60011
Brian Walsh, (708) 382-8433,
E-mail sysop@ nybble.com

Prairie State Audio Construction Society
20 Wildwood Tr., Cary, IL 60013

Tom, (708) 248-3377 days,

(708) 516-0170 eves.

CCLUBSD

MASSACHUSETTS

The Boston Audio Society

PO Box 211, Boston, MA 02126-0002

E. Brad Meyer, phone/FAX (617) 259-9684,
E-mail 72365.75@compuserve.com

MICHIGAN

Southeastern Michigan Woofer and
Tweeter Marching Society

PO Box 721464, Berkley, Ml 48072-0464
(810) 544-8453, E-mail

aa259 @detroit.freenet.org

MINNESOTA

Audio Society of Minnesota
PO Box 32293, Fridley, MN 55432
(612) 825-6806

NEVADA (Las Vegas)

Tarcisio Valente, (702) 435-7451

NEW JERSEY

New Jersey Audio Society

209 Second St., Middlesex, NJ 08846
Frank J. Alles, (908) 424-0463; Valerie
Kurlychek, (908) 206-0924

NEW YORK

The Audio Syndrome
Nassau and Suffolk counties
Roy Harris, (516) 489-9576

Catskill and Adirondack Audio Society
PO Box 144, Hannacroix, NY 12087
(518) 756-9894

Daniel Phinney

29 Brian Dr., Rochester, NY 14624
(716) 594-8118, 5-9 p.m. EST
The Gotham City Audio Society
c/o Dave Schwartz, President

375 11th Street

Brooklyn, New York 11215

(718) 788-0917

Long Island/Westchester County
Publio Morera, (516) 868-8863

Western New York Audio Society
PO Box 312, N. Tonawanda, NY 14150
Denny Fritz

NORTH CAROLINA

Piedmont Audio Society
1004 Olive Chapel Rd., Apex, NC 27502
Kevin Carter, (919) 387-0911

TENNESSEE

Memphis Area Audio Society
8182 Wind Valley Cove, Memphis, TN 38125
J.J. McBride, (901) 756-6831

TEXAS (Sweetwater)
Rick, (915) 676-7360

UTAH (Salt Lake City)

Wasatch Audio
Edward Aho, (801) 364-4204

WASHINGTON

Pacificnorthwest Audio Society
Box 435, Mercer Island, WA 98040
Ed Yang, (206) 232-6466;

Gill Loring, (206) 937-4705

Vintage Audio Listeners and Valve
Enthusiasts

1127 NW Birite Star Ln., Poulsbo, WA 98370
(206) 697-1936

CANADA

Greg Boboski

70 Sumter Cres., Winnipeg, MB R2T 1B9
Canada

(204) 694-7024

Montreal Speaker Builder Club

4701 Jeanne Mance, Montreal,

PQ, H2V 4J5 Canada

Andrew McCrae, (514) 281-7954

CHILE

Christian Bargsted
Los Gomeros 1542, Vitacura, Santiago
(011) 562-538-0638

GEBRMANY

ESL Builders Group
Gunter Roehricht
Buhlerstr.21, 71034 Boblingen, Germany

SOUTH AFRICA

Hi-Fi Club of Cape Town

PO Box 18262, Wynberg 7824, South Africa
Chris Clarke, FAX (011) 27-21-7618862, E-
mail chrisc@iaccess.8a

UNITED KINGDOM

London Live DIY Hi-Fi Circle
Brian Stenning, (011) 44-81-748-7489

If your club is not represented or
if you are interested in starting
up a club, simply send the infor-
mation (club name, contact per-
son, address and phone/FAX
number) to:

Audio Amateur Publications, Inc.
Clubs

PO Box 494

Peterborough, NH 03458

FAX (603) 924-9467




CALL TOLL FREE

340 E. First St., Dayton, Ohio 45402-1257, Phone: 513-222-0173, Fax:; 513-222-4644

._parts Express is dedicated to
bringing serious speaker builders
the finest products currently avail-
able. We have recently become a
distributor for Linear X and now
carry their superb loudspeaker
design program, LEAP Version 4.5,
plus the outstanding LMS loud-
speaker measurement system. We
are also very pleased to announce
that Parts Express is now an autho-
rized distributor for Morel
Acoustics. Morel's unique vented
magnet system and large diameter
Hexatech voice coils provide
smooth frequency response, high
power handling, and astonishingly
low levels of distortion. We also
carry the high performance line of
drivers from Audax, featuring the
revolutionary High Definition
Aerogel and Carbon Fiber cone
materials. For high quality
crossover networks, we stock Solen
polypropylene capacitors, 14 gauge
air core inductors from ERSE, Solo
copper foil air core inductors, and
Monster Cable speaker wire. Our
software programs for enclosure
design include BassBox 5.1, Quick
Box from Sitting Duck Software,
and Loudspeaker Architect 2.01
from N.A.M.E. Call now for your
copy of our FREE 212 page catalog
and to get the details on these and
many other quality products.
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For Further Information Please Contact: morel N "
acoustics usa
414 Harvard Street
Brookline, MA 02146
Tel: (617) 277-6663
FAX (617) 277-2415  heade Service #



