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You want serious audio?

Then get serious about
who you buy from.

MCM Electronics is unsurpassed in
supplying the highest quality products
for the serious audiophile. Products like
Focal brand loudspeakers, Audio Select
drivers, Reliable Capacitors multicaps,
AMS Enterprises wood veneer speaker
cabinets, LinearX design products and
so much more.

Km Made in France, Focal is the

high quality reference by which all
speakers should be judged.

MCM

For the speaker builder on a budget,
Audio Select offers a cost conscious
line of products that are low on price
but high on quality.

A M S Enterprises

offers a complete line of
pre-assembled crossovers,
wood veneer and black lacquer
speaker cabinets.
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CALL TOLL FREE
4]

1-800-543-4330 .

Visit MCM'’s website www.mcmelectronics.com
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THE BACKBONE OF PERFORMANCE

AudioCapt

NEW SERIES -
OUTSTANDING VALUE &
PERFORMANCE

CRrROSS-OVER CAPS

* Metalized polypropylene
up to100uf & 2400V

Fim & FoiL Caps

e Teflon

* Polystyrene

e Polypropylene

¢ Aluminum, Tin
& Copper

up to 20uf

& 1000V MultiCaptm

PATENTED, SELF-BYPASSED
HIGH-PERFORMANCE

Fim & Foi
e Polystyrene

up to 3uf & 600V
e Polypropylene

up tol6uf & 800V
METALIZED
* Polypropylene

up to 30ut & 600V

CALL FOR SPECS

COMING SOON FROM OUR
LATEST R&D & LISTENING
EVALUATIONS:

REL ULTRA-HIGH FIDELITY
AuDIOCAPS!

LOWEST DISTORTION
HIGHEST QUALITY

CALL FOR SPECS

ReLIABLE CAPACITORS - AUDIO AGENTS: FINCH & MARSH

Call or fax for information, specs, distributors TerL (916) 885-2279 rax (916) 823-0156
Visit our web page: www.capacitors.com
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B VOICE COIL SUBS
Aria presents the Dual Voice Coil Subs, featuring a four-layer dual voice
coil with a Kapton former, a strontium-ferrite magnet, and rugged steel
basket. The magnets are 50% larger than Aria’s Single Voice Coil
Subwoofers, and the enlarged voice coil handles more power and easity
dissipates heat. For more information, contact Fultron Car Audio,

(800) 467-2400.

W AWARD-WINNING ANTENNAS
Day Sequerra introduces the Stealth antennas, which received an
Innovations '97 award at CES. The three models, the SA0.5, SA1.0, and
SA3.0, utilize a design developed to receive TV and AM/FM broadcasts.
The antennas feature a fan monopole element coupled to a low-noise,
cascaded, bipolar RF amplifier, thus providing a high-quality signal
source. The isolated power supply contains separate TV, AM, and FM
outputs, eliminating electrical interference and the need for a signal
splitter. Day Sequerra, 520 Fellowship Rd.,
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222-4141, FAX (609) 222-4110,

Good News

C MOBILE SPEAKERS
AuraSound, the audio subsidiary of
Aura Systems, Inc., introduces a line
of high-performance audio speakers,
the Mobile Reference Series, which
incorporates the company’s patented
Neo-Radial Technology™. It features
cast aluminum frames for low
weight, high strength, and low
magnetic leakage. The series
includes the MR5.1, MR6.1,
MR52, MR62, and the MR629
systems. The Mobile Refer-
ence Series received an
Innovations '96 Design and
Engineering Award from the
Electronics Industry Association
(EIA). Aura Systems, Inc., 2335
Alaska Ave., El Segundo, CA 90245,
(310) 643-5300, FAX (310) 643-8719.
Reader Service #105

> BRITE TAPE

Star brite announces Star brite

Liquid Electrical Tape. You can

apply this liquid vinyl to wires or

terminal junctions to seal out

moisture and prevent corrosion.

It dries to a flexible protective

coating that holds wires and

terminals together, eliminating

the chance of a loose connec-

tion. The coating is resistant to

acids, alkalies, petroleum-

based chemicals, and gases,

and is available in black, red, green,

clear, and white. Star brite, 4041 SW

47th Ave., Davie, FL 33314, (800}

327-8583, FAX (305) 587-2813.
Reader Service #103

E502, Mount Laurel, NJ 08054, (609)

E-mail www.daysequerra.com.
Reader Service #106

B SURGE OF POWER
TDL Electronics announces the SURGE-1, an AC power-line filter and
surge protector. Five large inductors furnish differential and common-
mode filtering. It features continuous current, an operating voltage of
100V to 140V AC, 120V AC nominal, and energy absorption of 6500A.
TDL® Electronics, 5260 Cochise Trail, Las Cruces, NM 88012-9736,
(505) 382-8175, FAX (505) 382-8810, E-mail RTipton@ zianet.com.
Reader Service #108

C RADICAL SPEAKERS
Switzerland's Precide SA introduces two loudspeaker models, the Kithara
and the Aulos. They feature the use of the Air Velocity Transformer® [AVT®),
a mid/igh-frequency transducer. The Kithara's woofer is mounted upward,
resulting in 94dB at 1W/1m, stands 44” tall, and requires 16in? of floor
space. The Aulos reproduces frequencies from 1.5-12kHz, and its 6.5”
mid/woofer is mounted at a 45° upward angle. Both are finished in oiled-wal-
nut veneers. Distributed by Babylon Business Campus, 411-E Caredean Dr.,
Horsham, PA 19044, (215) 773-9600, FAX (215) 773-0332.

Reader Service #111

B COOK UP AN ENCLOSURE
Cubicon Corporation's The Cubicon
Cookbook contains application notes
for manufacturing loudspeaker
enclosures from various fiberboard
geometric structures. The book
includes information on particular
physical and construction techniques
required when developing loudspeak-
er boxes from Cubicon paper prod-
ucts. Cubicon Corp., PO Box 28745,
St. Louis, MO 63146, (314) 567-
0667, FAX (314) 567-0046.

Reader Service #102

ramiid Electrical Tape
conn.rctiro!u 1o seal uu(d 'l:oh‘(.:::‘l::.c::::?.:: e'l:cmzal
Slkn nt corrosion,

® Adheres to a1
metal. plastic,
:"":’v'. rubber
com,
& nm.mno
* Stops terminay
':,'Ow: from
sening
to vlbr.n.g: e
® Safe ang
to uu" easy
® Fast drying
© UL tests
available
request pon

> - -8
‘Lhrbntg'
QuiIp
ELECTRICAL

v TAPE

CONNECTIONS

-

B WHAT A VARIETY
Acoustic Research introduces a range
of speakers, satellites, and sub-
woofers, designed by Christie Design
Corp. The Edge is a compact speaker
offering hi-fi sound quality for home-
theater surround-sound systems and
other applications, including indoor
and outdoor speakers, multimedia
computer speakers, and upgrade
speakers for micro component
systems. The AR S 12 HO, S 10 HO,
and S 8 HO subwoofers offer the
choice of speaker-level inputs and
outputs for easy integration into any
video or music system. The 312 HO,
310 HO, 308 HO, 208 HO, 206 HO,
and the CS 25 HO loudspeakers
feature magnetic-shielding and
high sensitivity. Acoustic Research,
9424 Eton Ave,, Ste. J, Chatsworth,
CA 91311, (818) 407-4820, FAX
(818) 407-4825.
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@ CATALOG SOFTWARE
Doubleware Publications announces
AudioFile, a computer program for
cataloging audio recordings. The
Windows-based software provides up
to 25 fields for indexing and cross-
referencing collections of classical,
jazz, pop, and gospel recordings.
The program allows an unlimited
number of recordings and tracks per
recording, and an unlimited number
of soloists per track. Doubleware
Publications, PO Box 450826,
Cleveland, OH 44145,

Reader Service #107

B NEW NAME

The New York-based private equity
company, Greenwich Street Capital
Partners, announced the purchase
of Mark IV Audio. The company will
now be called EVI Audio. Brands
operated under this banner include
Altec Lansing, Electro-Voice, DDA,
Dynacord, Gauss, Klark Teknik,
Merlin, Midas, University Sound,
and Vega. EVI Audio, 602 Cecil St.,
Buchanan, Ml 49107.

B VIBRATION-FREE PLATFORMS
Bright Star Audio produces the Ultimate
Isolation System 3, incorporating the Air Mass
3 (formerly the Air Mass 1), Big Rock 3, and
Little Rock 3 isolation platforms and pods. The
company also features the Air Mass 19, a
pneumatic isolation mount that uses three
individually adjustable air cells, suitable for
tube amplifiers and other components with
an off-center load weight. Bright Star Audio,
2363 Teller Rd., Unit 115, Newbury Park,
CA 91320, (805) 375-2629, FAX (805)
375-2630, E-mail Barry Kohan@Tanet.Com.
Reader Service #110

Good News
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C SIXQs

KEF Audio introduces the KEF Q Series speakers. Six models make up the
series: the Q15, Q35, Q55, Q65, Q75, and the Q95 Center Channel. All the
speakers are for use in home theaters, with matched tonal balances between
the center- and stereo-channel models. They feature a clear-cone mid/woofer

of polypropylene, and a centrally mounted %-inch soft-dome tweeter, and

all use magnetic shielding, permitting placement near direct-view CRT

monitors, and eliminating picture errors. KEF Electronics of America, Inc.,

89 Doug Brown Way, Holliston, MA 01746, (508) 429-3600, FAX (508) 429-3699.
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If you
build i,
it will
rock.

TCH offers vou the ability
10 combine state-of-the-

art speaker components

Handles
1o design and build
AL Ea e Corners
vour own custom loud
speikers. So whether Speaker Grills
vour speakers will rock
: Casters
concert halls, disco floors

N . . Speaker Carpet
or living rooms. TCH P P
has over 500 items in Clamps
stoch and ready tor )
: Jack Dishes

immediate delivery.

Feet

1-800-291-0389 Grill Cloth
Plugs & Jacks
l -<. I ﬂ ($50 min. order)
[ |
1O o=

1705 Broadway, Bultilo, NY 14212 Fax: T16-892- 1302
2955 Congressman Lane. Dallas, TN 75220
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THIRD
GENERATION
CLASS-D POWER
AMPLIFIERS

Reliable, high-efficiency
switching amplifiers have

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

LGT is an OEM manufacturer of high performance audio amplifiers, either turnkey
with a full feature set, or as pre-fabricated PCB assemblies. The high efficiency of
Class-Iy is available in several configurations and output levels. Heatsinking
requirements on all models are minimal. Contact Terry Taylor for full details and a ‘
developer kit.

©1996 LGT

I G I SWITCHING TECHNOLOGIES
e nnn

910 Creekside Road » Buildings « Chattanooga. TN 37406 ¢ Email: acoustical@aol.com

Tel:423-622-1505 Fax:423-622-1485 ‘
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The peculiar evil of silencing the expression of
e a e ' an opinion is, that it is robbing the human race;

posterity as well as the existing generation;

4 those who dissent from the opinion,
u z e ' ® still more than those who hold it.
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About This Issue’

Aided by the expanded capabilities of
Liberty Audiosuite, veteran loudspeaker
tester G.R. Koonece examines driver
response in two-way speaker systems.
He concludes that a simple repositioning
of your drivers can make a big differ-
ence in a pair’s sound performance, pro-
vided they have the proper crossover
configuration (“Side Saddle: A New
Two-Way,” p. 10).

Like life, speaker building is a jour-
ney. For Gregory Smith (“A Shielded
Trio,” p. 22), his path to complete a
home-theater system covers three years.
His crowning achievement is a (large)
center-channel speaker. Along the way,
he added a pair of speakers to his com-
puter system and wrestled with video-
display interference problems.

In the aptly titled “Measuring Loud-
speaker Resonance” (p. 30), Mark
Williamsen shows how you can mea-
sure loudspeaker resonant frequency
using several different circuit configura-
tions.

The audio industry’s annual rite of
winter—CES in Las Vegas—is usually
an accurate barometer of the status of the
industry. This year was no exception, as
C. Victor Campos discovered several

| interesting new technologies (‘‘Covering

the Winter CES,” p. 34).

Publisher Ed Dell’s crack staff of
reviewers worked overtime to present
their assessment of some new loud-
speaker products: a versatile spectrum
analyzer for speaker analysis (p. 40), a
protective device for your loudspzaker
(p. 42), and a software analyzer for
audio testing (p. 45).

e _ S
Speaker Builder (US USSN 0199-7920) is published every
six weeks (eight times a year), at $32 per year, $58 for two
years; Canada add $8 per year; overseas rates $50 one
year, $90 two years; by Audio Amateur Corporation,
Edward T. Del, Jr., President, at 305 Union Street, PO Box
494, Peterborough, NH 03458-0494, Periodicals postage
paid at Peterborough, NH and an additional mailing office.

POSTMASTER:
Send address change to:
Speaker Builder, PO Box 494
Peterborough, NH 03458-0494
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FilterC A D i
Design Active Filters in 3 Easy Steps

FilterCAD is a program specifically developed to handle the unique requirements of active
filter design. In the past, filter designers had to rely on tables and equations of filter design
data, or use trial-and-error analysis with general circuit simulation programs. FilterCAD pro-
vides an entirely new approach- direct design. FilterCAD contains all of the synthesis equa-
tions necessary to actually design the component values itself, in addition to providing a
full target generation system for accurate comparison. With FilterCAD, designing simple or
complex multi-stage filters is an easy and very fast 3 step process!
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It could be your solution

DMN features:

* compact size and small weight;

* hand treated fabric dome;

¥50 mm voice coil with aluminum former;

¥ shiclded self - enclosed magnet system with two big
Neodymium rings:

* vented design with large non-resonant acoustic chamber;

# opened plastic frame for effective cooling;

B detachable back cap for critical “flat” applications.

DMN - delivers high end sound in a compact convenient size.

The considerably increased rear acoustic chamber provides

better sound quality suppressing parasitic reflections.

Two Neodymium magnets from both sides of the top plate

create a “sandwich” type magnet system which provides sym-

metric electromagnetic properties of the motor structure,

reducing distortions.

The compact face plate allows close positioning of compli-

mentary drivers

DMN has a uniform acoustic

power dispersion in the most

critical frequency band. This

driver will allow you an

acoustically smooth and nat-

ural transition to a tweeter,cre-

ating very open, clean and life-

like sound.

Effective frequency range 700

Hz - 10 kHz.

SPECIFICATIONS

Characteristics Symbol Value Units

PRIMARY APPLICATION
Nominal Impedance z 5 Q
Resonance Frequency Fs 350 Hz
Nominal Power Handling  Pnom 60 W
Max Power Handling Pmax 120 W

dB

Sensitivity (1w/1m) )]
VOICE COIL
Diameter [<] 50 mm
DC Resistance Re 46 Q
Inductance Lbm 0.127 mH
Length H 3.3 mm
Former aluminum
Layers 2
MAGNET
Magnet System Type double neodymium
Gap Height He 4 mm
Linear Excursion Xmax 0.35 mm
PARAMETERS
Net Weight 0.33 Kg
O
3
©
QD
Q soft dome

midrange driver

DMN

-
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for more info please

}

ACOUSTIC TECHNOLOGY
INTERNATIONAL INC
100 SPY COURT, MARKHAM, ONTARIO

e Call: (905)'475'31 00 Tel: (905)—47LSR o E):TA\E&; 475-8226

Due lto constant product improvement Hi-Vi Research may modify specifications w { prior notice
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SIDE SADDLE: A NEW TWO-WAY

or many years | have built

two-way systems with a verti-

cal alignment of the tweeter
over the woofer. Now, with the testing
capability of Liberty Instruments’
Audiosuite, 1 believe other configura-
tions may ofter advantages. This article
describes my investigation. including
the results of experimenting with time-
adjusting a small two-way system.

TESTING

Liberty Audiosuite allows you to make
anechoic measurements in a real room
by gating the period of the acoustic
time response that generates the fre-
quency response. This enables frequen-
cy-response measurements on the indi-
vidual drivers, the drivers with their
crossover (CO), and the summed
response of the driver set with the CO
at desired angles off-axis. Most of the
data presented in this article was obtained
with the drivers mounted in a round, 6'-
diameter test baffle offering results good
down to at least 400Hz. All Audiosuite test-
ing was via MLS test signal.

The systems covered in this work were
not available to me at the time 1 prepared this
article, so 1 had to use test results 1 had saved
as files. Thus, sometimes there are slight dif-
ferences in the CO network between data

By G.R. Koonce

PHOTO |I: Finished two-way 5%4” woofer system—
front view.

sets, ete. This is not an attempt to use
“smoke and mirrors™ on readers; when the
differences are important to the discussion, |
will explain them.

While anechoic testing allows you to see
what the drivers are doing. it does not show
what will happen in a real room. Both of
these areas are important and must be con-
sidered. 1 will present some data taken via
pink noise and 1/3 octave real-time analyzer

(RTA). Note that the newest versions
of Audiosuite can perform this test. but
the data 1 present here are via hard-
ware RTA.

INITIAL DEVELOPMENT

During the development of a three-
way system with R. O. Wright (A
Modest-Cost Three-Way Speaker
System,” SB 6-8/96). we passed
through the examination of a two-way
system that used an 8” woofer and a
low-resonance tweeter. It was during
work on that system that 1 developed
the conclusions presented here. Keep
in mind that all I say here is valid only
for a two-way system using a third-
order Butterworth (BW) CO with the
woofer and tweeter connected with the
same polarity.

In addition, the driver-response lim-
its were not sufficiently far from the
CO frequency to make the acoustic CO
shapes true third-order BW, a condition that
is likely with any two-way system. Keep
these limitations in mind when considering
application of the approach presented here
to any two-way design of your own.

The 1” dome tweeter and 8” woofer were
mounted vertically aligned, with the tweeter
at the top. in the 6" test baftfle. Figures 1 and
2 show the anechoic response of the system
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FIGURE |: Acoustic summation response of 8” two-way system at
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FIGURE 3: Crossover schematic for two-way system.
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AUDAX
TWO025MO
TWEETER

the woofer. If the enclosures are
set on speaker stands. this is
achieved by slightly tipping the
front panel. but for a system
standing on the floor, it can be
difficult.

I normally design to fit my
normal listening condition of
having my scated ear height at
about 42” and back about 10/
from the tront of the speakers.
Figure 7 shows various ways of
implementing this listening angle

measured at vertical angles from up 15°
(above tweeter) to down 30° (below tweeter
and toward woofer). It is clear that for angles
above about down 10°, a hole™ is present in
the 1-3kHz region.

Figure 3 shows the CO 1 used for these
tests: I modified the high-pass (HP) from the
theoretical design values to “push™ the tweet-
er response for a smoother summed
response. Further modification of the HP CO
can help to fill in the 2-3kHz dip shown in
Figs. I and 2. The results of the modification
appear in Fig. 4 for various test angles, and
Fig. 5 is the HP schematic.

The penalty paid for this response
improvement is shown by the system input
impedance (Fig. 6), where the impedance
dips 10 2.3Q. This is typically the problem
you encounter when trying to “push” the dri-
ver responses to produce a good two-way
system, and it is basically why we had modi-
fied our project to a three-way approach.

SMOOTH LISTENING

It is clear that you will get the smoothest
response by listening to this system on an
axis of about down 15-20°. That is. you
must position the system front panel so that
when you're seated. your cars are on a line
about 15-20° below the tweeter and toward

with a floor-standing two-way
system. With the normal tweeter-over-
woofer configuration (7«¢). you need to tip
the front panel about 30°—an excessive tip
angle that can lead to an enclosure that will
fall over backwards. I breadboarded this
configuration. and it did sound good. but it
looks strange and has a sound quality that
varies with listener height, i.c.. standing ver-
sus seated.

Inverting the configuration by putting the
woofer above the tweeter (Fig. 7b) yields a
nearly vertical front panel. which won't tip
over and looks reasonable. But breadboard
tests showed the bass response was hurt
badly by having the woofer so high. and it
also suffers from the problem of sound-qual-
ity variation with listener height.

The basis of this article is shown in Fig.
7¢. It may look a bit strange, but the woofer
and tweeter are mounted side-by-side at the
same vertical height. The front panel has
been tipped about 15° so that both drivers are
nearly on-axis toward the listener in a verti-
cal angle. The result is that the vertical
response is now nearly independent of listen-
er height, since it is composed mainly of the
directivity of the individual drivers.

VERTICAL-PROBLEM SOLUTION
So the configuration in Fig. 7¢ solves the

C1 c2

20.2uF 60.6uF R1 LS1
+ 1
> >
AUDAX
) R2| TWO025MO
IN 0.279 17 TWEETER

'
SEEy

FIGURE 5: Schematic for modified high-
pass crossover.

vertical-response problem very nicely, but
what happens in the horizontal plane? Figure
8 shows the typical listening setup in my
garage. If the enclosures face straight out,
rather than being toed in. it is clear the listen-
er is on an angle of about 20° to the front
panel. So if the boxes are built in mirror-
image pairs. with the tweeters always out-
board. the listener will be on about a “down™
20° angle. which is the most desirable.

1 reconfigured the breadboard system to
match Fig. 7¢ and judged the sound in
monaural to be quite good, consistent for
both standing and seated positions. This
still leaves questions about the sterco imag-
ing. but 1 felt this approach deserved further
investigation. 1 tested the breadboard two-
way system discussed above with pink
noise and hardware RTA. For these tests,
the front panel was vertical, with the nor-
mal tweeter-above-woofer alignment. For
most tests, the microphone was back 547
and at the tweeter height, so vertically the
measurements are on the tweeter axis. As
noted above, these tests include reflected
energy. more indicative of the system
power output than the summed response on
any axis.

The CO and tweeter-padding values 1
used are not always the same as in the baf-
fle tests above, since work was going on
throughout the testing period to smooth the
system response. Figure 9 shows the results
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FIGURE 4: Acoustic summation response of 8”

with modified high-pass crossover.
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for three tweeters. The Audax TW025V2 is
a nominal 4€2 tweeter that requires a differ-
ent HP CO network, but the Audax
TW025MO and SEAS 25TAC are nomi-
nally the same impedance and use the same
HP network.

Note that in these RTA tests, the plotted
points are the RTA 1/3 octave band centers
and represent the average of more than one
test. When I tested with noise, the data
moved around a bit, so do not try to read too
much into small variations. It’s interesting
that an indicated excess energy occurs in the
region of the 1.5kHz CO frequency, whereas
the on-axis anechoic response would lead
you to expect a “hole” there.

Figure 10 shows measurement results
with the Audax TW025MO tweeter for on-
axis and horizontally off-axis at 15° and
30°; this is moving to the side of the verti-
cally aligned woofer and tweeter. Note that
the on-axis curve does not match this tweet-
er in Fig. 9—typical of noise-measurement

results. Figure 11 shows the same horizon-
tal directivity results with the SEAS 25TAC
tweeter, again with some differences in the
on-axis response versus Fig. 9.

The basic result of these off-axis tests is
that the response changes smoothly, with
only a slight loss of high-frequency
response. If you tip the system over 90°,
resulting in the side-by-side woofer and
tweeter, these curves represent the vertical
response, showing how insensitive this
approach should be to listener height.

THE BASIC ASSUMPTION

My basic assumption is that the best way to
build a two-way system (using a third-order
BW CO with both drivers wired with the
same polarity) is to rotate it 90° from the typ-
ical tweeter-over-woofer configuration, The
advantages are that the now-vertical
response changes very gradually with listen-
er height, and the normal stereo positioning
for speakers and listener (Fig. 8) tends to

A) TWEETER OVER WOOFER

FRONT PANEL

TIPPED

WOOFER |

ABOUT 30

LISTENER

42" HIGH

DEGREES

TO LISTENER

FIGURE 7: Front panel layouts for the proper listening angle.

place the listener on the best horizontal lis-
tening axis.

A slight toe in of the boxes can fix the
horizontal listening axis for unusual speaker
or listener locations. Al you need do is build
the boxes with the front panel tipped back
properly to put both drivers on-axis with the
seated listener’s ears, and then build mirror-
image boxes with the tweeter always out-
board of the listener.

In trying this approach, I had on hand a
pair of rather unusual 5.25” woofers by
Dayton (Catalog #295-200 from Parts
Express) and some surplus planar tweeters.
The woofers were unusual in that they would
go to almost 40Hz in a vented box of about
0.55 ft* (see Small model results in Fig. 12).
The 2-3dB peaking is intentional; it not only
keeps the box smaller, but I believe it results
in a better-sounding system when you’re
building with small woofers.

BENSON MODEL RESULTS

Figure 13 shows the Benson model results
for one of the woofers. Note that below
about 1.2 X f. (about 70Hz) the port is mak-
ing the main contribution to the system out-
put—which means these things have a
chance of working well for moderate listen-
ing levels. I decided to try them in a two-way
system with the bargain planar tweeters.

Figure 14 shows the on-axis frequency
response for these woofers as measured in
the 6 baffle. To get a high enough frequency
to work with the intended tweeters, it’s nec-
essary to push the woofer up to about
3.5kHz. This means you must tweak the
low-pass (LP) CO to account for the
woofers’ rising response above 1kHz. This is
not something I want to do with systems that
others would try to duplicate, but it is reason-
able in “one off™ pairs, since driver repeata-
bility is not a concern.

Figure 15 shows the on-axis acoustic
responses of the two drivers with a third-
order BW CO designed for an electrical CO
at 3.5kHz. The tweeter response is quite
good; note that these bargain planar tweeters

FIGURE 8: My typical stereo listening
geometry.
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RAEN

HIGH EFFICIENCY PURE RIBBON TWEETERS

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

=== RAVENRI

__CummaAarive S T in Deday Date: ~09~*
CA TR Tane: 222

i DT A 3 P KGS 1.14

LBS= 25

@2 x 80 mm
3.63x3.151in.
Moving mass:
0.0061 g
0.0002 oz.
dB/W/m 95

2 KHz to 40 KHz

TUE S THInAL_DETAY - — Date: 21-09 95| RAVEN R2

About . _RAUEN A2 uith transforrer ORCA TR Tine: 00:30:09 |

KES 22

LBS 4.9

166 x 76 mm
6.54 x 2.99 in.
Moving mass:
0013 g

0.0005 oz.
dB/W/m 98

2 KHz to 40 KHz

— ELECTRICAL B _ACOUSTICAL TESTS =

RAVEN TRANSDUCERS are distributed worldwide
exclusively by ORCA Design & Manufacturing Corp.
1531 Lookout Drive, Agoura, CA 91301 - USA

TEL (818) 707 1629 FAX (818) 991 3072

E-Mail: orcades @ aol.com

OEMs, stocking distributors and importers inquiries
welcome. Goods now in stock in America.




Audax TW025V2 Tweeter
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FIGURE 9: Live room on-axis response of system with three

tweeter types.
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FIGURE 1 I: Live room system response at horizontal angles—SEAS

go to 20kHz without the dip common to 1”
dome tweeters.

As expected from Fig. /4, the woofer
response is not an acoustic third-order BW
LP, and you must play with it. Figure 16
shows the results after reducing the LP
design to 3.0kHz for the total system
response at angles of down 5° to down 20°.
These look quite good for listening on a
down 15° to 20° angle to a two-way system.

1 breadboarded this system and listened to
it on an axis of about down 15°, and it
sounded quite good. The remaining question
was how a pair of them would image. You
have to have a pair to answer this.

A TIME-ADJUSTED SYSTEM

One of the capabilities of the later
Audiosuite software is the ability to plot
the “step” response of a driver or system.

This is the response of the test item to a
single input edge, such as a step from 0V
to 1V and then staying there. Since speak-
ers will not generate DC acoustic output,
what you ideally get is a sharp rise (or fall)
and then an exponential decay back to zero
acoustic output.

Real drivers alone or in groups will not
produce this ideal response. However, if the
multidriver system is in proper alignment on
the test axis, you will get a single rise and
decay toward zero. If they are not aligned,
you will see individual rises and decays for
each driver.

I placed the 5%4” woofer in a vented test
box and positioned the tweeter on top so |
could move it back and forth. Figure 17
shows the step response for the system with
no offset in tweeter position relative to the
woofer. The tweeter step is clearly visible

ahead of the woofer step, at about 2.5ms in
the plot. Somewhat surprisingly, the tweet-
er step appears to be of opposite polarity to
the woofer step, although both are connect-
ed with the same polarity. Is this a mistake,
or an effect of the CO 1 used (still third-
order BW)?

Figure 18 shows the impulse time
response of the woofer. The bottom trace
shows the electrical impulse into the woofer
with 3.0kHz LP CO at the extreme left edge.
The top trace is the acoustic impulse out of
the woofer for this input. The inversion is
normal in my test setup.

Figure 19 is the same result for the
tweeter wired with inverted polarity and
without its HP CO; as you would expect, it
is clearly out of phase with the woofer.
Figure 20 is the same except with the
3.5kHz HP added, and now the main tweet-

30 Degrees off Horizontal Axis

10 Dayton 5.25in Hoofers 11:51:83 02-83-1936
% Small Signal Frequency Response -- Hon-Optimum Design
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& -5 = —— it A B = ==m==- tnit B
lO +10 - — T__ S
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FIGURE 10: Live room system response at horizontal angles—

Audax tweeter.
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FIGURE 12: Small model predicted bass response for 5.25”
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SPRING SURPLUS SALE SPECTACULAR

- DESCRIPTION PRICE
| Roederstein(ERO) 1.0 mfd Mylar cap., PC mount, 250V, 3Imm x 25mm x 14mm, 6mm leads 10/$4.00
| Mallory 1.33 mfd Mylar cap., axial, 10%, 250V, 10mm x 25mm, 43mm long leads, Yellow 10/$2.00
ERO 2.2 mfd Mylar cap., axial, 10%, 250V, 12mm x 30mm long, 43mm long leads, Green 10/$4.00
ERO 2.2 mfd Mylar cap., PC mount, 63V, 18mm x 13mm x 7mm , 6mm leads, Green 10//$2.00
| Panasonic 2.75 mfd Mylar cap.,10%, 250V, 24 mm x 8 mm x 16mm, Dipped, 32mm leads | 10/$3.00
T.1. 3 mfd Mylar cap., axial, 10%, 100V, 32mm x 14mm diameter, 90mm leads, Yellow  10/$4.00
ICC 3.9 mfd Mylar cap., axial, 10%, 100V, 30mm, 17mm x 7mm, 42mm leads 10/$6.00
Unknown Mfg 4.7 mfd Mylar cap., PC mount, 400V, 26mm x | 7mm x 8mm, white 110/$4.00
| Elpac 5 mfd Mylar cap., axial, 10%, 50V, 10mm T x 7mm W x 31mm L, 55mm leads, Yellow 10/$4.00
| Marcap 6.8 mfd Mylar cap., 10%, 100V, 28mm x 15mm x 26mm, Dipped, 31mm leads $0.80
Mitsubishi 10 mfd Mylar cap., 10%, 100V, Dipped, 14mm x 24mm x 30mm, 34mm leads  $1.00
Steel Bobbin 10.0mH 16awg inductor, 0.95Q DCR, 64mm diameter, 44mm tall . $6.00

Audax DW50M 14mm poly dome tweeter, 4Q, 94dB, Fs 2050, 45 watt, direct drive poly  $5.50
dome with diffuser, fluid cooled, 50mm round flange(no mounting holes)

Philips AD163 1" textile dome tweeter, 8Q, Fs 1300Hz, 50 watt, 92dB, 92mm x 80mm $10.00
flange(3.6" x 3.2"), frequency response from 3,000Hz to 20kHz, a classic

MB Quart MCD-25S 1" Titanium dome tweeter, 8Q2, F3 1000Hz, 90dB, 100W, 3.75" -$18.00

square, similar to MCD-25M tweeter but with a single magnet, smooth response to 20kHz

Audax TW60Ti 10mm titanium deposited dome tweeter, 4Q2, 60mm square flange, comes ’$ 15.00 a
l with autosound hinged wedge mount and 3mfd mylar capacitor for 6dB crossover pair

Peerless 821214 2" dome midrange, textile dome, chambered back, Fs 298 Hz, 89dB, $28.00
200W@1kHz, 134mm flange(5.27"), 106mm cutout(4.17"), smooth response to SkHz, useful
for frequencies down to 800Hz with a 12dB crossover, depth is 74mm (3")

Dynaudio 19W38 6.5 poly cone woofer, 4, rubber surround, vented pole piece, 1.5" voice $40.00

coil, sandwich cone construction, 89dB, 70 watt nominal, 3mm X-max, Fs 46 Hz, Vas 17.6
| liters, Qms 2.4, Qes .44, Qts .37, Re 2.9Q, very smooth response to 5kHz, F3 of 87Hz in .2 ft

sealed or F3 of SOHz in .4ft

91dB. F3 of 75Hz in .5ft

Q2

%

3

vented with 2" diameter vent by 6.7" long

Eminence 8253 8" poly cone woofer, foam surround, 40 oz magnet, 2" diameter voice coil, $29.00
[ 4mm X-max, Fs 34Hz, Va5358.5 liters, Qms 5.99, Qes .34, Qts .32, good response to 2.5kHz,

sealed or F3 of 47Hz in .9ft3 vented with 2" @ vent x 4" long

Shielded and Semi-Shielded Speaker Bonanza!

: Audax AMTW74A 10mm dome tweeter, 4Q, 3" flange, poly dome, shielded magnet, 48mm -$5.50
| cutout with 22mm depth, Fs 2900Hz, 94dB, 40 watts @ SkHz, freguency range SkHz to 25kHz |

Vifa D25SF-04-06 1" poly dome tweeter, 4" truncated flange(round with top and bottom | $15.00
squared off), shielded magnet, 6€2, 92dB, Fs 1000Hz, 50 watt, frequency range 3-24kHz

Stanford Acoustics MSF77B20U, 3" Full Range speaker, 4 ohm, shielded magnet, paper  $5.50
cone, foam surround, 20 watt, 89dB@2.83V, Fs 83Hz, Vas 2.38 liters, Qms 2.75, Qes .55,
Qts .46, F3 of 130Hz in 1 liter sealed enclosure, full range response to 10kHz

Stanford Acoustics MSF100B20U, 4" woofer, 492, shielded magnet, paper cone, foam $7.50
surround, 20 watt, 89dB, Fs 68.5 Hz, Vas 4 Itrs, Qms 1.86, Qes .43, Qts .35, smooth response
to 3kHz, F3 of 140Hz in 1.3 liter sealed or F3 of 85Hz in 2 liter vented, 1" @ vent x 4" long

Vifa C13SG-15-09, 5" woofer, 9Q, semi-shielded with bucking magnet, doped paper cone, $12.00
stamped frame, rubber surround, 89dB, Fs 49 Hz, Vas 16 lite.jrs, Qms 2.1, Qes .44, Qts .36,

35watt, frequency range of 95Hz to 9kHz in .2 ft

sealed enclosure

| Stanford Acoustics MSF165B30R, 6.5" woofer, 8Q, shiclded magnet, paper cone, foam  $12.00
surround, 30 watt, 90dB, Fs 33.'§Hz, Vas 49.3 liters, Qms 3.17, Qgs .36, Qts .32, good response
to 4kHz, F3 of 73Hz in .4ft” sealed box or F3 of 48Hz in .7ft” w/ 2" @ vent x 5" long

Seas PI7TRCD 6.5" woofer, Same as P17RC, but semi-shiclded with bucking magnet, cast  $28.00
frame, poly cone, rybber surround, Fs 35Hz, Qts3.32, Vas 40.8 Itrs, 60 watt, 90dB, 3mm x-max,
F3 of 78Hz in .4cf” sealed or F3 of S0Hz in .6ft” vented, 2" @ vent x 6" long, smooth to 4kHz

Sale prices good through July 31th 1997. Sale prices are only good for items currently in stock.

MADISOUND SPEAKER COMPONENTS
8608 UNIVERSITY GREEN
P.O. BOX 44283
MADISON, WI 537444283 U.S A,
TEL: 608-831-3433 FAX: 608-831-3771
e-mail: madisound@itis.com
Web Page: http:/www.itis.com/madisound

&
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|
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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
is no fee for packaging or handling, and we will refund to the exact shipping
charge. We accept Mastercard, Visa and Discover on mail or phone orders.
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er impulse has been inverted. It was clear
that to get a well-aligned system, 1 would
have to use the tweeter polarity inverted,
still a valid configuration for good theoreti-
cal on-axis summation with a third-order
BW CO.

PADDING FOR TESTING

After some playing with the tweeter offset, |
obtained the step shown in Fig. 2/ with
3.17offset; this was about the best I could
do. Note that this amount of tweeter setback
corresponds to about 0.23ms time delay.
Interestingly, the testing in this breadboard
configuration required much less tweeter
padding than the baffle tests. I was using a
different tweeter sample, but the change was
much greater than this would require.

For the baffle tests, | padded the tweeter
5dB to match the woofer (a 5¥4” woofer that
goes to 40Hz is not oo efficient), but on the
alignment breadboard, the padding required
to match the woofer was only 2.5dB. The
tweeter is being used in these tests without
any baffle, but I have never been able to
fully account for this difference.

Figure 22 shows the measured response
of this system from up 10° to down 10°.
These responses are not as nice as those
obtained for down-angle listening in the baf-
fle with normal tweeter polarity, but are cer-
tainly good enough to justify listening to see
what precise alignment oftered.

I set up the breadboard system so that it
was on-axis toward my seated listening posi-
tion, with the tweeter moved to the correct
3.17 offset. About 30 seconds of the first CD
told the story: the sound was terrible. The
tweeter level was way too high. I removed
the 2.5dB pad and replaced it with the 5dB
pad trom the baffle tests. I thought this was
too much padding, estimating that about
3.5dB would be best, but I made no more
padding changes.

I changed the tweeter polarity to normal
(destroying the alignment), which greatly
improved the sound, but it was still not near-
ly as good as listening at the down 15°
approach | developed earlier. It was clear
that the alignment I had arrived at did not
work well at all, a condition that is typical
with high-order COs.

This shows why breadboard listening is
an important part of system development,
since more than a nearly flat on-axis
response is needed to produce a good sys-
tem. I'm sure time adjustment has merit, but
not at the expense of other important require-
ments for a system. | decided to proceed
with the side-by-side system.

THE SIDE-BY-SIDE

I built the side-by-side system with a 0.55
ft> vented box and diffuser port (Photo I).
About one half of the bottom area is con-
sumed by the port diffuser while the CO is
packaged in the remaining space. The two
boxes were constructed as mirror images
and used with the tweeters outboard.

I was extremely pleased with the sonic
performance of these boxes within their lim-
ited power capability. If I build again with
small drivers going to 40Hz, 1 will increase
the box size and reduce the design response
peak to perhaps 1.5dB or less. (I have since
built with a 6¥2” wooter going down to 40Hz
with slightly under tdB peaking and now
recommend a very low peaking, even with
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FIGURE 13: Benson model predicted bass response for woofer B.
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FIGURE 20: Impulse response for inverted tweeter polarity with

small drivers if they go low in frequency.) 1
measured the bass response of one box via
near-field test, and the summed system
response is shown in Fig. 23. This indicates
the planned 3dB peuk is there and the —-3dB
cutoft is about 42Hz.

You should take these as approximations,

for to generate this curve, you must get the
near-field driver and port responses set to
the proper relative level, which is difficult
with the diffuser port. Without arguing
about | or 2Hz, it is clear the box measures

very close to what the models predicted.
My main question about using the side-
by-side approach

rate=40.00kHz ]

was how well they

a rather narrow sweet spot, with the image
decaying very quickly as you move off cen-
ter. These boxes formed an image as long as
you were anywhere within the bounds of the
two boxes; clearly. the image pulled off cen-
ter, but it was still there. 1 plan to try this
configuration more in the future.

CONCLUSION

[ N S would image. The  While not covered in this work, data show
| answer is: very well.  that if the tweeter is wired in inverted polari-
llewns S o ﬂ At the sweet spot, 1ty to the woofer, then the boxes should be
) ' could hear nothing used with the tweeters inboard of the
i to indicate the con-
figuration was not
e — = | “typical.” The sound SOURCES:
. .
[ quality was consis-  Liberty Instruments, inc.
tent whether 1 stood PO Box 1454, West Chester, OH 45071
kr:-») ;r,- ,'u or sat. (513) 755-0252
The real surprise ;2('31 EEF)Sprtessts Dayton, OH 45402-1257
s . First St., Dayton, -
was when | moved - gqy g et (513) 222:0173, FAX (513) 2224644
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FIGURE 18: Impulse response for normal woofer polarity with order BW CO yields  Liberty Audiosuite
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FIGURE 19: Impulse response for inverted tweeter polarity with-
out crossover.

FIGURE 21: System step response with inverted tweeter polarity
and 3.1” tweeter offset.
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* AUTO ON/OFF

* PHASE REVERSAL SWITCH

* VARIABLE LOW PASS FILTER

* HIGH AND LOW LEVEL INPUTS

Peak Instrument Co.
'V THE wOOFER TESTER™

Peak Instrument Company proudly introduces “The Woofer
Tester". Just ask any loudspeaker engineer, and they will tell
that the only way to design enclosures of the correct size and
tuning is to measure the Thiele-Small parameters for the actual
drivers to be used. The reason? Manufacturers' published
specs can be off by as much as 50%! But until now, measuring
the parameters yourself required expensive test equipment and
tedious calculations, or super expensive measurement systems
($1,200 to $20,000). The Woofer Tester changes all that. Finally,
a cost effective, yet extremely accurate way to derive Thiele-
Small parameters, in only minutes! The Woofer Tester is a com-
bination hardware and software system that will run on any IBM
compatible computer that has EGA or better graphics capability
and an RS232 serial port. The Woofer Tester will generate the
following parameters. Raw driver data: Fs, Qms, Qes, QTs, Vas,
BL, RE. LE, SPL @ 1W/1m, Mmd, Cm, and Rm. Sealed box
data: Fsb and system Q. Vented box data: Fsb, ha, alpha, and
Q loss. The Woofer Tester system includes hardware, test leads,
serial cable, AC wall adaptor, detailed instructions, and software.
Distributed exclusively by Parts Express, Dayton, OH.

CALL NOW FOR
YOUR FREE FULL

LINE CATALOG

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

E-MAIL ADDRESS: sales@parts-express.com

PARTS 7100 WATT

SuBwooFER AMPLIFIER

You've asked for it and now we have it! Ideal for building subwoofer
projects for audio and home theatre systems, this amp includes both
high and low level inputs/outputs, phase reversal switch, volume
control, auto on/off (activated by input signal), and an electronic low
pass filter that is continuously variable from 40 to 200 Hz. The
amplifier sums the right and left stereo inputs to a mono output, so
that only one amp is required per system. Also includes a “Direct In”
low level input that bypasses the electronic crossover for use with
Dolby AC-3 surround sound decoders (AC-3 has a built in subwoofer
crossover). Rated power output: 100 watts into 8 ohms @ 0.01%
THD, 150 watts into 4 ohms @ 0.01% THD. Signal to noise ratio:
100 dB (A-weighted). Dimensions: 10-1/16" W x 9"H x 5" D . Net
weight: 7 Ibs.

COMPUTER NOT INCLUDED

QUICKLY AND
ACCURATELY
MEASURES:
Fs, Qums, Qes, QTs,
Vas, BL, RE, LE,
SPL @ 1W/1m,
Mmd, Cm, and Rm
IN MINUTES!

¢ 30 DAY
MONEY BACK
GUARANTEE

¢ 1YEAR
WARRANTY

¢ SAME DAY
SHIPPING

CALL

1-800-338-0531

Source Code: SBM

TOLL FREE

[World Radio Histo




woofers. For the two systems tested, the
measured performance in this configuration
was not as good as for the tweeter hooked in
normal polarity.

One advantage is that the sound quality of
the system is relatively insensitive to listener

Our Samples Are Better Than

FREE!

We're so sure you'll love
our Square Drive Screws we

will practically pay you to try
them. Return this ad with $5
and we'll send you our famous
“Try-Pack” Sampler of 100
screws (25 each of #8 x 5/8,8x 1-
1/4, 8 x 1-1/2 and 8 x 2), a driver
bit for your drill, our catalog listing
350 types of Square Drive screws,
and take $5 off your first order of
$25 or more, or $10 off your first
order of $50 or more! (Limited time
offer. Available in USA only.)

heads with nibs from McFeely’s, which quick-

| ly became our favorite fastener.” Speaker-

Enclosure Screws, Robert J. Spear and
|Alexander F. Thornhill, Speaker Builder, 2/94

cFEELY'S

SQUARE DRIVE SCREWS
PO Box 11169 » Dept SB6F
Lynchburg * VA » 24506-1169

’T\Ne tried a box of 1-3/4‘-#é;relubricated flat

height when the driv-
ers are mounted at
the same height. The
normal geometry
used for two-channel
stereo listening also
positions the listener
on a good horizontal
axis for a flat re-
sponse. The one pair
of speakers built
with this approach
produced an image
over a wide horizon-
tal angle, making
them ideal for gener-
al listening while
still having a realis-
tic and normal image
at the sweet spot.

If you own a pair
of two-way systems
with the proper CO
configuration, it is
easy to try this con-
cept. Tip them over
on their sides with
the tweeters out-
board for normal
tweeter polarity, or
the tweeters inboard
for inverted polarity,
and put something
under the front of
each box to tip them
so the listener is on-
axis in the vertical
plane. The results

could surprise you. %
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FIGURE 22: Acoustic summation response with inverted tweeter
polarity and 3.1” offset for angles from up 10° to down 10°.
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“The blndlng post:s on the Mesa are from TIFF and they are great. |
Good enough that | wish all manufacturers would go to such a
Martin G. DeWulf, Bound for Sound 8/96
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ALYTRON
Focus on Focal!

COSMETICS ON SALE

5K413S .$79.00
DCH20TDXIT, crwrwaes 2 52 (1t SO ere $65.00
SNAtL ... ... $45.00
10K611 (Similarto 10K617) . . . . . .. .. .. .. $139.00
12V726S . . ... .. ... $175.00
TCOOTDX/T ... ... . .. .. . .. ... ... .. $36.00
K21 . . . . coemn  « . EEe ¢ IF T O I8EE $55.00

Brand new Focal drivers have
come to us at a special price
because of a slight imperfection
in cosmetics.

Some of these are so slight you
can't even see them. Use these
drivers to build a great looking
and great sounding Focal system.

ZALYTRON INDUSTRIES CORP.
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501
TEL. (516) 747-3515 FAX (516) 294-1943

Our warehouse is open for pick-up 10AM to 6 PM daily, Saturday 10 AM to 5 PM
UPS orders shipped same day - Minimum order $50.00

Call or Write for your Latest Catalog mailed FREE in USA. Canada $5 P&H, Worldwide $10 P&H




A SHIELDED TRIO

ien | started building speakers. |

already had many, in stereo pairs.

Only when I started putting
together a home theater and a computer-
based music system did I need more—
specifically, the magnetically shielded
designs that both these appli-
cations require to preclude
interference with their near-
by video displays.

My original intention was
to build a center-channel
speaker and a pair of speak-
ers for the computer system.
That’s not what I ended up
with, but what I learned in
achieving my goal is much
of the story.

GETTING CENTERED
Usually the centerpiece of
a home-theater system is a
Dolby Pro-Logic surround
receiver. In this configura-
tion, you have at least two front speakers.
and a mono surround channel is usually
carried by two rear speakers that are fed
the same signal. ( My previous S8 article'
details construction of my inexpensive
rear channels.)

The main advantage of Pro-Logic over
the earlier Dolby Surround is that it can uti-
lize a center-channel speaker (although it’s
possible to operate with a “phantom™ center
image created by the left and right speakers).
At first, I never really missed having a dedi-
cated center channel in my home theater. but
when my audiences grew, it became difficult
to get everyone seated in the sweet spot
where there is a center image. So I decided
to build a center-channel speaker.

Usually such speakers are designed to sit
on top of a television, but the top of my TV
was already crowded, so I decided to make
mine large enough so that the TV could sit
on top of it.

PROCESSOR OPTIONS

Depending on your surround processor, you
may include an option for your center speak-
er to run either in “wide™ mode. where it is
fed the entire frequency spectrum, or in
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“normal” mode, where the deeper bass
(below 100Hz) is distributed equally to the
left and right speakers.

Some processors use other techniques; for
example, the Audiosource processor I've
been working with normally runs all the

front channels full-range, but it you utilize
the subwoofer output. it gets the low-pass
output from an 80Hz crossover, while all the
tfront channels get the high-pass output. If
you don’t need to reproduce all the lowest
frequencies, you can have a much smaller
center channel.

If you wish to experiment with a center-
channel speaker without using a surround
processor, it's easy to derive a center signal
from a stereo source. Simply wire the center
signal between the grounds of the left and
right channels. You can do this at the preamp
level and drive three amplifier channels.

A sample of this configuration by Paul
Klipsch appeared in SB. and an identical
circuit drives a center speaker in my stock
Chrysler/Infinity car stereo. so it’s fairly
popular. However, be careful in experi-
menting with this sort of thing. for unless
your equipment has a common ground
between channels, it can cause big prob-
lems: check your amplifier’s manual to see
if this is allowed.

In a center-channel-equipped home the-
ater, the dialog in the sound track comes
from the center speaker. Therefore. in order
for playback to be as realistic as possible,

you should locate the center speaker as near
the display as possible. Having the sound
seem to come from somewhere other than
the screen is disconcerting. In a movie the-
ater, speakers are located behind the screen,
which is perforated with enough holes to let

PHOTO I: Crossover in the open back of
the enclosure.

the sound through (the treble on film sound
tracks is boosted to compensate for the loss
incurred by beaming the sound through the
screen). Since home systems with such
screens are quite rare. the best way to syn-
chronize the sound and picture is to put the
center speaker right next to the display.

COMPUTER SOUND
Recent improvements in my computer had
finally made its audio good enough that |
thought it deserved something better than
the mediocre speakers | had been using.
Hooking up the SoundBlaster 16 card to my
big stereo to test things out. I learned there
was some pretty impressive sound to be had
in some modern computer titles.

It seemed wise to have real full-range

ABOUT THE AUTHOR

Gregory Smith pays for his extravagant audio hobbies by
working as a computer programmer. His writing on a
variety of topics, including music and equipment, can be
found on his World Wide Web home page at
http://www.westnet.com/~gsmith.



speakers, for the bass on some sound eftects
and music added considerably to the etfect.
However. there was no room near my com-
puter for a decent-sized subwooter—only
enough space for a stereo pair. 1 decided that
in addition to the center speaker. I should
build two more speakers for my computer,
and that one of my design goals should be to
achieve as deep a bass response as possible
in the size 1 had to work with.

FIELD OF GREENS

Video displays using a cathode ray tube
work by shooting a beam of electrons toward
the screen. If you place a magnet near the
tube, the magnetic field will exert enough
pull to change the path of the electrons. The
result is a smeared picture. usually a big
green spot.

Traditional speaker drivers (even tweet-
ers) contain magnets large enough to cause
this problem. The simplest way to solve it is
by moving your speakers farther away from
the display to reduce the influence of the
magnetic field on the CRT.

This may be an acceptable solution in
many setups, but if you create your center-
channel speaker close enough to the display
so that the dialog appears to originate from
it, it’s probably near enough to warp the
color. The real solution in this case is to use
speakers that are magnetically shielded.

BUCKING THE TREND

A common myth is that you can shield dri-
vers by using big sheets of metal. Lining
the inside of your speakers with steel is not
only expensive and heavy. but it doesn’t
work reliably. Some hold that you can get
slightly better results by wrapping the mag-
net itself in a steel cup, but even this isn’t
very effective.

When creating shielded drivers, most
manufacturers put a second magnet. known
as a bucking magnet. behind the first to can-
cel out the stray rear part of the field that
causes problems. The definitive article on
this topic is Richard Pierce’s “Tour de
Magnetic Force,” ¥ a commentary on issues
brought up in a Brian Smith article titled
“Adjusting Woofers for High Performance.™

The focus of that discussion is that you
can take another magnet, smaller than the
one on the woofer. and attach it to the exist-
ing magnet with its polarity reversed. If
properly done. this can weaken the rear field
while altering the front and side fields.
changing Qg4 in the process. But as Mr.
Pierce has pointed out. “'this is not a task that
can be easily and successtully accomplished
as a weekend no-brainer project.”™

Obtaining the proper size of magnet is the
biggest problem. If you have drivers you
don’t mind disassembling, it is possible to

I 7.00in. >
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-24.00in.

FIGURE I: Center speaker front layout.
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separate the magnets from the rest of the
assembly. You can remove magnets from
their pole plates by heating them enough to
cause the adhesive to weaken.

Matthew Honnert recommends removing
the easily melted plastic parts from the main
magnet assembly, then heating the drive in
an oven at 350°F for 20-25 minutes.® After
removing the magnet and voice coil, the
remaining portion could be recycled as a
passive radiator.” However. my reading on
the topic of adding a bucking magnet indi-
cates that this is a very haphazard method,
with the final outcome unpredictable.

DRIVER LESSONS

Having given up on shielding existing dri-
vers because of all the discouraging infor-
mation available, I set about finding good-
quality drivers that were already shielded. 1
decided to purchase Vifa drivers from
Madisound. At the time, Vifa had available
the $13 D19TD-03-08 %" dome tweeter.
designed to be used from 4kHz up (with an
fgof 1.4kHz).

Of the two midrange woofers available, 1
decided to use the $32 6Y2” M17SG-(9-08.
which claimed to be usable up to 5kHz. 1
was looking for a full-range system. and the
6Y2” woofer was rated to have an f; point of
69Hz in a sealed enclosure and 45Hz in a
vented one. The catalogs gave me the
impression that Vifa had designed these dri-
vers 1o be used together, but after finishing
my system, I found their integration some-
what less than perfect.

What was excellent was the shielding on
the drivers. 1 got only slight interference
between the drivers and my TV and moni-
tor, and that was only when the magnets
were very close and pointing toward the
screen. With the drivers enclosed. and their
fronts parallel to the screen, no hint of mag-
netic-field distortion appeared in the picture.

Since 1 wasn’t going to use the center
speaker full-range, 1 had no need to make a
vented design to extend its low-frequency
output; a smaller closed design would be
sufficient and would obviate sensitivity to

low-frequency rumble. On the other hand.,
the computer speakers would benefit from
the deeper bass of a vented alignment.

CENTER ENCLOSURE

Since 1 wished my center speaker to be a
base for my 25”-wide TV and two feet is a
convenient length for plywood pieces. 1
decided to make the center enclosure 247
wide. To accommodate the 62" and yet
keep the enclosure of 3" plywood as short
as possible. 1 designed it to be 8” high.
Vifa's spec sheet for this woofer states an
internal volume of about 0.6 ft* fora Q = 0.7
closed alignment. With internal dimensions
of 2214” x 644", this would mean a depth of
7”. which is not nearly deep enough to rest
the TV securely on top.

I decided then to put an internal chamber
in the enclosure for the woofer to unload
into. making the external depth a full 132",
As a bonus, I could leave part of the back
open (nobody can see it behind the TV any-
way). making it easy to remove and modify
the crossover (Photo 1). Figure | shows
how I positioned the drivers on the front. but
that’s not what I reccommend now.

When you're crossing over a woofer as
high as this one. most of the frequency
spectrum comes trom it. Accordingly. when
you place the woofer off-center, all the
sound from the speaker seems also to be
coming from off-center. If' I were designing
another speaker like this, 1'd put the woofer
right in the middle. and put the tweeter as
close as possible to it. probably just to its
upper left or right.

CROSS CROSSOVER
Checking the driver data, it seemed that the
best crossover point was at SkHz. 1 picked a
12dB/octave. second-order design (Fig. 2).
which appeared to be the best compromise
between tweeter protection and design-
implementation cost. Since there was a mod-
erate sensitivity difference between the
woofer and tweeter. | inserted some L-pads
to drop the level on the tweeter.

As an experiment, | initially left out the
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impedance-compensation resistor and capac-
itor across the woofer portion of the circuit;
everything I read highly recommended this,
and I was interested to hear the difference.

After installing the drivers and hooking
up the removable crossover to the rear
binding posts and L-pad, I did some listen-
ing. At first, I was quite pleased. Then,
while adjusting the L-pad. I noticed a very
strange phenomenon. As | was shifting
the volume around, it seemed as though
the crossover point was moving with it.
Looking at the impedance graph for the
woofer dispelled my surprise; it rapidly
rises in this area, so that by SkHz it’s up to
16€2 (instead of the approximate 82 it has
below that and above resonance).

Maybe you can make other designs work
without impedance compensation, but with
L-pads involved. I couldn’t get anything
close to a correct match between woofer and
tweeter. After installing the compensation
on the crossover board, things worked much
better. Approximately 2dB of reduction
matches the levels quite nicely, and you
could just as easily use fixed resistors to
attenuate this amount.

Overall, the frequency response seemed
fairly flat, with a peak in the upper tweeter
region. Vifa's graphs showed a fairly broad
on-axis peak of about 3dB between 10 and
20kHz, which seemed to match with what |
was hearing. The bass quality was excellent
for a driver of this size, leading me to con-
clude that the driver parameters weren't far
oft from the specs.

The center speaker seemed done enough
for the moment, so I put it into permanent
position under the TV for extended evalua-
tion (Photo 2). Building the enclosures for
the computer pair was the next step.

BAFFLING CHOICES
I like narrow baffles, which not only look
nice, but help reduce diffraction. An 8”
external width was as small as I could go.
The monitor is about 17" deep, so that was a
good depth for the matching speakers.
Doing the math to meet the specified ported
alignment volume of almost 1 ft* made the
external dimension for the height also 177,
It’s not exactly a golden-ratio-based
design, but space concerns in this case
must dominate over sound-quality issues.
You can cut each of the speakers out of a 2
x 4’ piece of plywood without 100 much
trouble. Assembling everything, cutting
holes for the drivers and installing them,
and installing the port (2”7 diameter, 5”
long) completes the enclosure itself (Fig. 3
and Photo 3). | wired two duplicates of the
crossover that I had worked out for the
center speaker and attached them to bind-
ing posts in the back.
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DISPERSION
Now that I had a
stereo pair to work
with, I did some seri-
ous listening to evalu- |
ate the speaker quality.
The ported enclosures
considerably improved
low bass quality and
quantity. There’s al-
ways a price to pay,
though; the modula-
tion from lower bass
notes made worse an
already problematic |
crossover. Deep bass
notes smeared and dis- ‘
torted the entire upper L
midrange.

Imaging was weird.

D

.35mH

6.8 ohms

[OF
lg | 1

[
1 N

EU4)

- | - _
FIGURE 2: Crossover.

Looking at the tweet-
er-response graphs again, | saw that the
response is flat if you move 30° off-axis.
When [ tried decreasing the speakers’ toe-in
to get enough off-axis to flatten out the
tweeter problems, the centered vocals
dropped off, and the center image collapsed.
This all makes sense when you think
about it. The 62" woofer starts dropping its
response fairly quickly above 2kHz when
it’s off-axis. Decreasing the toe-in had put a
dip in the response from 2-4kHz, right
where most vocals are. The lesson here is
never to select drivers without considering
the off-axis response interaction along with
the simple on-axis one; if the manufactur-
er’s data doesn’t show
it, be concerned.
There's a reason
that certification pro-
grams for sound sys-
tems such as THX
have very stringent
requirements for dis-
persion. One way to
get the narrow vertical
and sufficiently broad
horizontal coverage
required by THX is to
use a D Appolito-
inspired vertical MTM
configuration. A hori-
zontal MTM setup is
not a good choice for a
center-channel speak-
er. This factored in to
my own design, al-
though 1 certainly
won't claim that con-
trolled dispersion was
one of my original
goals. It was only after
hearing some of the
problems I got from

ignoring this facet of the design that its
importance really sank in.

ONE TO THREE

In my home theater, I had been using two
original Advent speakers, rebuilt with new
woofers, for my left and right channels. It
became very apparent that even my non-
optimal design for the center channel was far
outclassing the old Advents.

Now that I'd finished the other two
shielded speakers, it seemed reasonable to
try out all three together as a matched set of
front speakers. This worked so much better
that I found another home for the Advents. |

PHOTO 2: The TV on the speaker enclosure.
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“I'm confident that the CFAC Inductors
provide an interesting alternative for high-
end manufacturers to consider in their
quest for sonic truism.”

Vance Dickason, Editor
Voice Coil, Nov. 94

"The CFAC Inductor far ex-
ceeds anything I have used in
the past.”

Arnie Nudell, President
Genesis

"They are, simply, the best..."’
Robert Grost, President
Unity Audio

ichael Percy, CA
TAl%d15)669-7181

Speaker City USA, CA
Tel: (818)846-9921

Parts Express, OH
Tel: (800)338-0531

Handmade Electronics, PA
Tel: (610)432-5732

The Parts Connection, ONT.
Tel: (905)829-5858

For Catalog: Solo Electronics, 2462 Tripaldi Way, Hayward, CA 94545, USA.
Tel:(510)887-8016 Fax:(510)887-1657
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PHOTO 3: The vertical computer speakers.

built some simple stands and left the trio
hooked up together. I made other arrange-
ments for the computer system, since the
matched set of three worked too well on the
home theater to break them up.

There was another bonus to this arrange-
ment. The treble of most movie sound tracks
is unnecessarily boosted for my ear, produc-
ing a screcching 1've always tried to correct
with treble controls. The dip in off-axis
response that I was trying to fix corrects this
harshness perfectly. 1 hate to leave a flaw in
something 1 build. but this one matched the
movie-sound problem too well to correct.
Therefore. I decided to call this one a wrap.

BOTTOM FEEDING
All these front speakers go down respectably
into the bottom end. but they can’t keep up
with the deep material found on today’s
sound tracks. Because of this, 1 ended up
recycling my first speaker project—a sub-
woofer originally designed for my car’s
trunk—for the home theater. My original
design goals for that project were reasonable
size (it had to fit in the trunk) and response
down to below 30Hz.

To accomplish these aims. I used a simple
design based on the popular Madisound

¥
1

I

T 1

FIGURE 3: Left and right front layout for
computer speakers.




Pure ceramic concave
Ac c UTO N by dome drive units, from super
tweeter to midbass
The new line of ACCUTON is a true breakthrough in high technology applied to speakers. For the first time ever you can build
an all ceramic system, from tweeter to low frequency! Al ACCUTON diaphragms are made of pure Al203 in the alpha crystal
lattice (corundum) through a unique patented process. This ultra hard material provides high internal sound velocity and pure
piston behavior, which transcribe into very low distortion and virtually no coloration. The ACCUTON ceramic units are among
the purest transducers ever made, at any price. For a detailed catalog with specs and curves, as well as system designs, please
contact ORCA. For supply, contact our stocking distributors.

ORC A Design & Manufacturing Corp.: 1531 Lookout Drive, Agoura, CA 91301. TEL (818) 707 1629 FAX (818) 991 3072
A & S Speakers, California. TEL (510) 6856400 FAX (510) 603 2724 Speakers ETC, Arizona. TEL (602) 272
6696 FAX(602)2728633. ZALYTRON,New York. TEL(516) 747 3515 FAX(516)294 1943. MDB Technologie,
' Canada. TEL (514) 891 6265 FAX (514) 6357526. W.A.R., Australia. TEL 61 9 445 2422 FAX 61 9 445 2579.

C2-12 Supertweeter US$ 180.00

Efficient (close to 90 dB) 1 in. con-
cave dome high frequency unit. Lig-
uid cooled. Very wide band (2.5 to
30 KHz). Low Fs (700 Hz). It can be
used in 2 or 3-way designs with a large
variety of crossovers. One of the very
finest tweeters available today. This
is where the super hard ceramic dome
shines the most: the break up mode
happens well above the audible range

C2-23 Tweeter Us$ 22000

Efficient (close to 90 dB) 1-3/16 in.
concave dome tweeter. Liquid cooled.
Wide band (1.7 to 23 KHz). Very low
Fs (350 Hz). The ideal tweeter for 2-
way designs. The ceramic dome keeps
the upper resonance still above the
audible range, and at the same time
the tweeter can meet just about any
midrange or midbass unit where it best
performs.

C2-79/6 Midrange US$ 260.00

Be f 2 In 1cave dom
midrange. Liquid dampened. Extremely
wide band (200 to 6 KHz). Very low
Fs (96 Hz). This outstanding unit cov-
ers perfectly the human voice (200
to 2000 Hz). Near perfect piston func-
tioning warrants very low distortion
and virtually no coloration over the
whole spectrum. Designed to work well
in a small tubular sub-enclosure.

C2-88 Midbass Us$ 270.00

The first true midbass using a ceramic
concave dome diaphragm. High-loss
rubber surround. Wide band (40 Hz to
4 KHz). This 3-1/2 in. is an amazing
bass unit and at the same time a re-
markable midrange, working as a pure
piston over its range. This will give the
designer an extraordinary degree of
freedom. Ideally suited for D’Appolito
configurations.




"SPECIALISTS IN THE ART OF SPEAKER REPAIR"

FACTORY AUTHORIZED SERVICE:
Advent, B:I-C, Bozak, EPI, RTR,
Cerwin-Vega, JBL Home & Pro

Replacement grilles for Altec,
B:I-C, Cerwin-Vega, JBL & Marantz

Refoam kits available for 4", 5-1/4",

Speaker parts & adhesives,
cones, spiders & dust caps

6-1/2", 8", 10", 12", & 15" speakers
- only $29.95 (JBL slightly higher)

3 Way Crossovers Circuit
Breaker Gold Plated Binding
Posts $19.95 each!

Special Closeout on rebuilt DYN

W24-100, W17-75. BELOW COST!

We Buy Dead Speakers: Altec, E-V & JBL

=3 1-800-526-8879 iz

NO CATALOG AVAHABLE ——
CALL US FOR HARD TO FIND DISCONTINUED PARTS

49311\;\1 South Mingo / Tulsa, Oklahoma / 74146

SPEAKER CITY, U.S.A.

Your Complete Store For
Speaker Components!

PROUD TO DISTRIBUTE:

VIFA' FOCAL SCANSPEAK DYNAUDIO
VERSA-TRONICS AUDAX ACCESS
ACCULINE RIBBONS
RAVEN PURE RIBBONS
PIONEER/OEM EMINENCE
FOSTER/CULVER  McCAULEY
CFAC/SOLO FOIL INDUCTORS
AXON CAPACITORS & RESISTORS
SPEAKER KITS, & COMPLETE

HARDWARE ACCESSORIES

Audio Drivers: MR 17.75, W30-100,

1252DVC, a dual-voice coil 12”7 model.
Each coil is 862 and can handle about SOW
for a decent output volume. The driver is
well constructed, especially for its $42 cost.

Most sealed-box designs have an f; of
approximately twice their resonant t'rcqlien-
cy, and this one is no exception. The unusu-
ally low resonant frequency of 15Hz lets the
1252DVC go down pretty deep. even with-
out venting. Mcasuring the woofer specifica-
tions, I found it very close to the design
chart, which recommended a scaled-box size
of 85-130 Itr. This corresponds to a system
Q¢ of 0.96-0.8 and a corresponding f; of
32-30Hz. Normally, a Q- this high would
produce “boomy™ bass. but since the reso-
nant frequency of the design is in the 40Hz
range. it's not objectionable.

The box I built was 80 ltr., rather on the
small side. To make it work as well as pos-
sible. I bought two Scan-Speak flow-resis-
tive vents, which are plastic hole covers
with fiberglass-like filling, similar to the
Dynaudio vartovent. Placing these in the
cabinet lowered the resonant frequency a
few hertz. I calculated that the box size nec-

| essary to get that response without the vent

was 90 Itr. The catalog description that these
vents “let the woofer behave as if it's in a
larger enclosure™ seems accurate.

If you're putting something together with
this woofer for home audio, you should cer-
tainly increase the size as much as possible
while still keeping a good box tuning. My
box required most of a 4 x 8 piece of ply-
wood to make. and dealing with that is what
convinced me to stick to smaller sheets in
the future. The subwoofer cost about $125.

I used the electronic crossover in the sur-
round processor. Since this woofer has con-
siderable output all the way up to 2kHz, it
will really screw up the rest of your system
if you don’t cut out higher frequencies. |
don’t recommend passive crossovers for
subwoofers. Having an active crossover and

| amplifier dedicated to the sub lets it rumble

away without affecting the other channels.

This dual voice-coil woofer lets you run
it as a stereo 8€2 design or in parallel for a
mono 4€2 load. Hook it up to 100W or so of
power, and it sounds quite nice. Adding the
subwoofer to the five channels of sound |
already had finished the sctup, but |
wasn’t happy with how it looked.

PAINT PAIN

My usual construction method utilizes lots
of glue to keep a good seal. combined with
an array of drywall screws holding cvery-

115 S. Victory Bivd., Burbank CA 91502

(818) 846-9921 FAX (818) 846-1009
aTVu..a. .-

ORDERS ONLY! (800) 595-9924
28 Speaker Builder 3/97

thing tight. While this makes cabinets of
fairly good quality, they certainly aren’t
good looking. For this project. I decided to
try Abilene’s Texturelac™, a spray finish that
gives a textured look and feel to wood while

www.speakercity.com
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covering all those nasty blemishes far better
than regular paint. I got two gallons of black
for approximately $90.

I employed a painting expert to take
care of spraying the paint, which was not a
simple process. The thickness of the
Texturelac made it trickier to apply than
regular paint. and my expert used an air-
compressor and paint gun suited to this
application. My painter told me that simi-
lar textured paint more suitable to amateur
application is sold in auto-supply stores,
with the intended application being things
such as rocker panels.

We put two coats of paint over five aver-
age-sized speakers and two stands. using

about Y of the two gallons. I recommend |

more than just two coats now that I've seen
the final result. The value is excellent if you
have a number of speakers to paint, and the
drying time was right on Abilene’s specifi-
cation of 15 minutes.

Overall, I was rather pleased with the
product. but don’t believe Abilene’s extrava-
gant boast that it will fill in all the litte holes
in your wood. The screws in my boxes were
all set slightly below the surface of the
wood. but the Texturelac really didn’t do
well in filling in those small spots. You
might investigate automotive body filler to
fill in the holes cleanly before you spray.

I can’t fully recommend Texturelac to
everyone, as it really appears to be intended
for industrial consumption. If you don’t have
good painting facilities available, along with
the appropriate expertise. this isn’t a good
product to start with.

HINDSIGHT
In this project, my greatest regret concemns

the tweeter. It was inexpensive and easily
worth its cost, but was not really up to my
inflated expectations from working with
more pricey components. Since I blew out
two of them under the high demands of the
center speaker, I really can’t recommend this
model for that application.

On the other hand. Vifa's woofer is one
of the nicest parts I've ever worked with,
with the one caveat that you really shouldn’t
use it up to a full SkHz because of its poor
oft-axis response. I believe a system with
this woofer and a larger tweeter suitable for
use with a 18dB/octave crossover at
3-3.5kHz could perform really well.

Overall, I'm satistied with how this sys-
tem turned out. My entire five-channel-
plus-subwooter home-theater speaker
package cost around $500. and T think the
result compares favorably with similar
packages the big manufacturers have been
releasing lately—usually for about $1000.

If you include the value of the time |
spent building everything. it may not
seem like much of a bargain. but that’s
not actually the case—building speakers
should be fun. and you can’t put a simple
price on what you learn from building
them yourselt.
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Alpha-Core
Inductors
deliver
the latest
and very best
in crossover
technology
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PO Box 44283
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Alpha-Core’s foil-wound inductors will do what others can't:
Deliver leading edge technology
for audio transducer and speaker crossover networks.
Available in 12 and 14 gauge.
No magnetic cores — eliminates saturation distortion
BUT THERE'S MORE!

Made with high purity copper and solid fine silver,
inductors are constant-tension wound onto a Lexan polycarbonate tube
with a polypropylene dielectric; mounting face is vacuum fused.
Core inductors provide consistent values, maximum stability.
PLAY AFTER PLAY — YEAR AFTER YEAR
With no minimums, you may choose from standard inductor values
or have them custom-made to your specifications.

It's that easy to upgade!

Alpha-Core, Inc.
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Tel: (800) 836-5920 — Fax: (203) 384-8120
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MEASURING LOUDSPEAKER

ne day recently it occurred to me that
Omeasuring speaker parameters is a

lot like measuring other circuit com-
ponents. Of course, | had read this many
times, but 1 understood it anew when 1 sud-
denly realized that 1 could use a loudspeaker
as the frequency-controlling element in an
oscillator, and that the frequency of oscilla-
tion would exactly equal the loudspeaker’s
resonant frequency.

RESONANCE DEFINED

1 knew this would be the case because reso-
nance is usually defined as the frequency at
which a loudspeaker. driven by a constant-
current source, exhibits maximum cone
motion. You measure this by looking for a
voltage peak at the speaker’s terminals, on
the assumption that back electromotive
force (EMF) will peak when cone motion is
greatest.

The circuit of Fig. I is typically used for
this measurement."2 R1 is an arbitrarily high
value—between 100 and 1,000Q2—that
approximates constant-current drive to the
speaker. The sine-wave generator is assumed
to be a voltage source that is flat with respect
to frequency. This circuit also lets you mea-
sure impedance, as it varies with frequency,
by reading the voltages across R1 and the
speaker at each frequency of interest.

Note that of the techniques shown in this
article, this is the only one that allows you to
develop the impedance-curve data required
for Thiele/Small design methods. Voltages
in the circuit are determined at each frequen-
cy by the ratio VSPk‘ngpkr = V_/R1. Solved
for impedance, this becomes: Zspk .= Rl X
Vspkler'

RESONANCE REDEFINED
When making this measurement, you'll find
that for some speakers the impedance peak is

ABOUT THE AUTHOR

Mark Williamsen is a consultant in the field of software
testing, and a student at the Milwaukee School of
Engineering. He can be contacted by E-mail at
71716.306 @ compuserve.com.
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RESONANCE

By Mark Williamsen

rather broad, making it hard to find the
peak’s center. You achieve a more precise
measurement of resonant frequency by seek-
ing the frequency at which voltage and cur-
rent in the voice coil are in phase.’

Figure 2 shows an X-Y oscilloscope con-
nected to present a Lissajous patemn*> mea-
suring the phase angle between voice-coil
current (X input. which actually mea-

For speakers in open air and in sealed cabi-
nets, this will occur at one frequency. For
reflex-type cabinets. you typically will find
three frequencies that exhibit zero phase: two
peaks and a minimum between them.

You can estimate the magnitude of
impedance at resonance by reading the X
and Y voltage amplitude of the scope trace.

sures voltage across a resistor in

series with the voice coil) and voice- LS
coil voltage (Y input, connected PARTS LIST
across the speaker terminals).

You find the resonant frequency 5;1 ;&Oﬁ W restist?r t gagio g:adl: g;”;?g

oo . ) o inear potentiometer adio Shac -

by adjusting the sine-wave genera- r, UAT41 operational amplifier  Radio Shack #276-007
tor’s frequency until the oval figure D1, D2 1N914/1N4148 siicon diode  Radio Shack #276-1122
on the scope closes to a diagonal line.  C1 0.0047pF disc capacitor Radio Shack #272-130

Sine Wave Generator R1 ACVM Loudspeaker

AAAY
100-1000 Ohms

O
O

FIGURE |: Standard setup for measuring loudspeaker resonance and impedance.

Oscilloscope

O X-Input

Ground

O Y-Input

Sine Wave Generator
R1
100 Ohms
[
Loudspeaker

FIGURE 2: Oscilloscope connected to find zero-phase frequency.




Sine Wave Generator

VR1

QO

5 kOhms

ACVM R1

100 Ohms

Loudspeaker |:

FIGURE 3: Bridge circuit for finding zero-phase frequency.

The scope’s ground is shown connected to
the junction between R1 and the speaker.
since most scopes have a common ground

between X and Y inputs. This means, of

course. that the sine-wave generator’s output
must float with respect to the scope’s
ground. If you can’t make the generator out-
put float, use a 600£2 line transformer
between the generator and the measurement
circuit to obtain the necessary isolation.

For this measurement. I have been using
a general-purpose scope that has an input

bandwidth extending beyond 50MHz. In
my urban situation. I see a lot of radio-fre-
quency interference (RFI) superimposed on
the scope trace. For a clear picture. you
may need to experiment with shielding,
grounding. or low-pass filtering of the
scope inputs.

[ have had good results by just inserting a
470K resistor in series with each input to
the oscilloscope. This combines with the
scope’s internal 30pE input capacitance to
form a simple R/C low-pass filter that wipes

out most of the RFL. You can also select a
sine-wave generator with more voltage out-
put in order to achieve a greater signal-to-
noise ratio.

The X input is shown connected across
R1. rather than across the speaker. thus
resulting in greater amplitude. since many
scopes have less gain on their X inputs.
Select DC coupling. if available, for both
inputs. If one or both inputs must be AC
coupled. make sure that phase shift in the
scope won't be a problem by connecting
both X and Y inputs to the sine-wave gen-
erator and verifying that a diagonal line.
not an oval, is maintained down to the low-
est frequency of interest, typically 20Hz.

RESONANCE REQUIRES MOTION

The concept of resonance is meaningful
only if the loudspeaker's voice coil is mov-
ing. Anything that interferes with that
motion will alter or inhibit resonance. This
could range from a chip or rub between the
voice coil and pole piece. to placing the
loudspeaker face down on a table while try-
ing to measure it.

To see exactly how the voice coil moves
in relation to the pole picce. buy a cheap
loudspeaker and take it apart. Since the
process is not easily reversible, 1 suggest

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

XMS9 Crossover Network ¢ 24 dB/octave
slope ¢ fourth-order constant-voltage
design ¢ Outputs in phase ¢ Low noise ¢
Controls on circuit board or panel ¢
Settable crossover frequency from
20-5,000 Hz.

XM16 Crossover Network ¢ 48 dB/octave
slope ¢ Eighth-order constant-voltage
design ¢ Outputs in phase ¢ Low noise *
Controls on circuit board or panel ¢
Settable crossover frequency from
20-5,000 Hz.

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

PS24 Open Frame Power Amplifier
Power supply with toroidal power
transformer, rectifier, and one or two
PM21, PM22, or PM23 (MOSFET) Power
Amplifier Modules —all in one compact,
power package!

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

g
\J

WRITE NOW FOR FREE LITERATURE ABOUT THESE AND OTHER MARCHAND PRODUCTS

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

Web Page: http://www.marchandelec.com

E-mail: phil@marchandelec.com
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spending not more than $10. First cut out
the dust cap. the dome in the center of the
cone. Inside, you will see the top of the pole
piece, which is stationary while the voice
coil moves. Push the cone up and down by
hand to see this motion.

Next. with a knite or scissors, cut com-
pletely around the cone’s surround, the out-
ermost edge that connects the cone to the
basket. This may be made ot cloth, foam,
rubber, or the cone material itself. Finally,
cut completely around the spider. the corru-

gated cloth ring that holds the narrow end of
the cone to the magnet structure. The cone
and voice coil should then come straight out
as one assembly.

With the cone’s suspension removed. if
vou connect a 1.5V battery to the voice-
coil leads with the correct polarity, it will
jump right out ot the basket. Trying to
push the voice coil back into the motor
with the battery still connected will give
you an idea of the amount of force that is
involved in making sounds.

A4

Ci .0047 uF
| |
A1 11
+12v
. 100 Ohms Ic1
I Nuoic | 38
5 kOhms
2 |IN- ol
3 | IN+ 6
ouTt
4 5
V- NULL[—
D1 D2
UA741
x A
x [ 12V
1N914 1N914 Loudspeaker Frequency Counter
o~ (BBBE
O Ground

FIGURE 4: Bridge circuit connected to oscillate at resonance frequency.
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=A2+B2/10 =B2-A2/10
=A3+B3/10 =B3-A3/10
=A4+B4/10 =B4-A4/10
=A5+B5/10 =B5-A5/10
=AG+B6/10 =B6-A6/10
=A7+B7/10 =B7-A7/10
=A8+B8/10 =B8-A8/10
=A9+B9/10 =B9-A9/10

=A10+810/10=B10-A10/10
=A11+B811/10=B11-A11/10
=A12+B12/10=B12-A12/10
=A13+B13/10=B13-A13/10
=A14+B814/10=B14-A14/10
=A15+B15/10=B15-A15/10
=A16+B16/10=B16-A16/10

=A17+B17/10=B17-A17/10
=A18+B18/10=B18-A18/10
=A19+B819/10=B19-A19/10
=A20+B20/10=B20-A20/10
=A21+B21/10=B21-A21/10
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FIGURE 5: Spreadsheet showing how sine and cosine values emerge from simple mathe-

matics.
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A BRIDGE TO THE PAST

What if you don’t have an oscilloscope to
check for zero phase? Figure 3 shows how
to add a potentiometer to the cireuit of Fig.
/I, making it into a bridge circuit capable of
precisely detecting zero-phase frequencies.
Instead of looking for peaks. iteratively
adjust input trequency and potentiometer
VRI1 to find a sharp null on the AC volt-
meter (ACVM).

When the bridge is in balance. you can
remove the potentiometer from the circuit
and measure the resistance tfrom each end to
the wiper. The ratio of these values will be
the same as the ratio between RI and the
loudspeaker’s impedance at the balance fre-
quency: R -hi/R -lo = RI/ZSPM_. Solving
for Z\p“, vou have 7 R, -lo %
RI/R,-hi.

The potentiometer is shown as Sk, but the
valtue is not critical. I chose it to be low with
respect to the ACVM’s input resistance, and
1o be greater than the sine-wave generator’s
output impedance. You can use a multiturn
potentiometer for finer resolution.

sphr = vrl

A BRIDGE TO THE FUTURE

But what about the loudspeaker as oscillator?
The Nyquist criterion tor sustained oscilla-
tion is that the loop gain must be greater than
or equal to 1. and the feedback signal must
be in phase with the input signal at the tre-
quency of oscillation.? Figure 4 shows how
10 add an operational amplitier to the brndge
circuit of Fig. 3 to make it self-oscillating at
the speaker’s resonant frequency.’

I added C1 to suppress ultrasonic oscilla-
tion, and DI and D2 to protect the op-amp
mput. With this circuit, you can measure
loudspeaker resonant frequency without
using an ACVM or a sine-wave generator.
All you need is a frequency counter, and
many digital voltmeters (DVMs) now have a
counter builtin.

Adjust the potentiometer VR so that
oscillation is sustained at a reasonable level,
below clipping. At this point the bridge is in
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balance, and. as before, you can remove the
potentiometer from the circuit and measure
to calculate the speaker’s impedance at reso-
nance. If you aren’t interested in measuring
impedance, replace the potentiometer with
an automatic-gain-control (AGC) circuit to
stabilize output level.

WHY A SINE WAVE?

Now why should an oscillator produce a sine
wave, instead of some simpler waveform,
such as a sawtooth or square wave? This is a
complex question. Answers begin with the
Pythagorean Theorem and continue through
to the basic nature of time and our physical
universe. 1 put my mind at ease by playing
with the spreadsheet of Fig. 5, in which sine
and cosine results emerge from simple linear
muath operations.

Assuming you have a spreadsheet similar
to Works or Excel. put the value 1 in cell Al
In cell B, put the value (). These are the ini-
tial conditions. In cell A2, put the formula =
Al + B1/10. In cell B2 put the formula = Bl
- A1/10. Now fill down cells A2 and B2 for
about a hundred rows. Specify relative coor-
dinates if your spreadsheet requires this.

Calculated values in the two columns will
vary from around -1 to +1. Plot columns A
and B on a line graph. and you will see sine

and cosine curves, as in Fig. 5. Columns A
and B represent displacement and velocity of
the loudspeaker cone, which vary in quadra-
ture relationship (that is, with a 90° phase
difference) to each other over time (repre-
sented by the horizontal axis of the chart).

Each state of A and B. or displacement
and velocity, depends only on their previous
state. If your spreadsheet can plot X against
Y. you will see a circle—or actually a spiral,
unless you apply some AGC. I leave this as
an exercise for the interested reader.

You may be wondering, as | did, what
would happen if you connected a reflex-type
cabinet to the circuit of Fig. 4. 1 tried it and
found that I could force it to oscillate at
either of the two maximums, but that it much
preferred the one with higher impedance. &

OF NOTEIN

Audio Electronics

Issue 2, 1997

« Son of Zen

+ A SOW ABAB Amplifier

« A New Outboard Dac, Part 3

- D.T.N. Williamson: Fifty Years of
the “Williamson™

+ Product Review: X-DAC 3.0

MAHOGANY SOUND

The Transmission Line Specialist
FO. Box 9044
Mobile, AL 26691-0044
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 UFPS Paid.

Q&ETLD
Quick & Easy Transmission Line
Speaker Design Booklet & LOTUS
1-2-3 Software. Learn How To
Design Optimizes 1/4 Wavelength
TL Speakers. QAETLD Costs
$8.95 Plus $2.05 P&H.

Acousta-Tubes
Round Paper Tubes For Building
Cylindrical Speaker Enclosures.

Please Note Our New Address
& Area Code

Call Or Write For A Free Catalog

Reader Service #9

If you’re a lottery winner or an NBA star,

don’t read this!!!
But for the rest of us...there is The $ensible Sound!

T$S reviews the audio equipment that is within the price range of 98% of the audiophile population—
and we’ ve been doing it for 20 years! The audio landscape is littered with publications which fall over
one another to be the first to tell you about equipment you can’t afford. If you can afford to play in
that leaguec—fine, there are a bunch of publications that will gladly feed your need. However, if you
purchase audio equipment as a means of enjoying music, and want to maximize your buying power,
we are the magazine for you!

(9726
CIBLE
)ound

= /4 .
4 ‘

For 20 years, helping audiophiles and music lovers
to spend less and get more.

1 year—6 issues—only $29

Call toll free: 800-695-8439
VISA/MC accepted

or mail to: The $ensible Sound
403 Darwin Drive
Snyder, NY 14226

NIV WY

Back issues with subscription: The most recent 3 for
only $12, the most recent 9 for only $27, or all avail-
able back issues (46 issues) for only $89!

Speaker Builder 3/97 33



COVERING WINTER CES

or a CES. the 1997 Winter
FCOnsumer Electronics Show was

somewhat unusual. Realizing that
business in our area of the industry
decreased by more than 30% in 1996,
exhibitors and attendees were perhaps fearful
and, at the same time, expectant. Despite
some exceptions—and contrary to promises
made during the 1996 Winter CES—the
market over all has suffered substantial
decreases in revenue.

In some respects. dealers must accept part
of the blame for this business climate. Many
large dealers, or those who purchase through
buying combines. have pretty much
demanded from manufacturers the type of
products they want and dictated the direc-
tion which the market will take. Although
these demands might be feasible for big

By C. Victor Campos

companies, they present, in

some instances, an impossible

set of timing and circumstances for

the smaller specialty manufacturers who are

the bread and butter of profit for the smaller
specialty dealers.

WAIT TILL NEXT YEAR

All in all, the 1997 WCES failed to unveil
any ground-breaking technologies or radical
improvements to existing products. The
entire tone at the show could be summed up
by the first major press conference on the

]

REVEL CORP

A leading high-end audio manufacturer in the Los Angeles
area, has the following positions available:

Loudspeaker Systems Design Enginee(r/Manager
e

The candidate must have experience in

signing high-end
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ducer modeling and testing, filter design, acoustic measure-
ments, and materials specification. Experience in management
of projects and engineering personnel is highly desirable.

Electronics Engineer

Design and development of high-end electronics. The candidate
must have experience in designing Class-D amplifiers, DSP-
based systems, ADCs DACs. A working knowledge of DSP soft-
ware is desired. Experience in management of projects from
design through production is desired.

These are extraordinary opportunities to work on cutting edge
products in a dynamic environment. Please send your resume
with salary history to:

kvoecks@revelspeakers.com or
Revel Corp.
19748 Dearborn Street, Chatsworth, CA 91311
Attn: Human Resources
Fax: (818) 701-3755
EOE/AA/D/V
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PHOTO I: NAD Electronics’ 118 digital
preamplifier.

first day. Robert Minkhorst, Philips
Consumer Electronics Company President
and CEQ. announced new Philips headquar-
ters in Texas. and manufacturing and design
engineering facilities in Fremont, CA. The
mandate for these new facilities is to design
and manufacture (in the US) products that
are targeted and desirable to the American
public: flat TV screens (presumably plasma,
although this was not discussed directly).
HDTV, Internet TV for Web use. LCD pro-
jectors (with “cutting-edge™ technology).
and DVD, which, according to Minkhorst, is
the most important development since the
compact disc.

All these products are scheduled for the
end of 1997 or beginning of 1998, creating
the impression that these announcements
are essentially meant to preclude sales of
similar devices this year and, perhaps. to
“save” the market for these forthcoming
Philips products. In addition. plans call for
both digital and analog cordless phones,
digital answering machines with and with-
out caller ID. and many other products.

Delivery of DVD is slated for sometime
in the spring. which was the same promise
made last year. When a reporter from
Variety asked Minkhorst what software
would be available for DVD, Minkhorst
needed to consult with one of his colleagues.
He replied that about seven or eight titles—
with unspecified contents—would be avail-
able from PolyGram. which is one of the
companies Philips controls. It was also
unclear whether any major movies or cinema
presentations would be available this year.

Perhaps underlining the experience at
Philips was Sony’s press conference, featur-
ing a “Presentation on Sony’s Total Bold
Approach to DVD.” Sony could have used
last year’s CES presentation. Not much more
information than that reported in 1996 was



given except that the price of DVD has now
increased to around $1.000, instcad of the
original projected price of $6(X).

By the way. Sony’s display. which was
located in the North Hall of the Las Vegas
Convention Center. must have set back the
company by close 1o $1 miltion. A neighbor-
ing exhibitor commented that the display
lighting alone must have cost around
$100.000.

HOW BIG?
I should note that the 1997 WCES was so
spread out that it would be impossible for
any individual, or individuals, short of a
group, to cover all the exhibits in a four-day
period. The show occupied the entire facili-
ties of the Las Vegas Convention Center and
the Hilton Ballroom and peripheral spaces,
the majority of the Alexis Park Resort Hotel,
and a very large portion of the Sands
Convention Center. Although the final atten-
dance figure was around 96,000, it was ditfi-
cult to visually gauge attendance. Also, no
matter how accurate the official tally, it can’t
control duplicate registrations from press
people, public relations personnel, and simi-
lar attendees. who represent more than one
company.

CES is essentially an opportunity for deal-

ers. buyers, and foreign distributors to pre-
view upcoming products. Generally speak-
ing. toreign distributors are very much in
attendance at CES, but it is unclear how
many dealers and buyers are really present at
these shows. On the other hand. many

exhibitors seemed

well satistied with

the attendance and the effect their displays
had on their business.

FLAT LOUDSPEAKERS

Actually, most of the show did not reveal
any new products meriting particular atten-
tion or comment (press releases notwith-
standing). Most products, particularly those

PHOTO 2: An array of Acoustic Research loudspeakers.
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in the Specialty Audio area, were really old
bodies in new clothes.

Nonetheless, a few items merit noting.
either because of their promise as a product,
their potential for new product technology.
or a significant step forward in the technolo-
gy. Among these was a new flat-panel loud-
speaker technology from NXT, a part of the
Verity Group PL.C. The Verity Group devel-
oped this technology, which was derived
from work by the British Defense Ministry.
These flat loudspeakers can be fabricated in
almost any size and shape, with thicknesses
as small as 1/8”, and can be enlarged o
video-screen size.

The secret of this technology is the use of
a rigid panel driven by one or more tiny
exciters (NXT's word). which are equivalent
to transducers. The size of the panel deter-
mines the number of exciter elements
required. According to NXT, this technology
differs from conventional flat-panel speakers
in that its transducer has complex vibration
modes (mode distribution) over its entire sur-
face instead of the usual single-point source,
which travels in waves to the edges of the
panel. NXT claims that these panels are
responsive between frequencies of 120Hz
and 20kHz or more.

The high-fidelity performance of these

panels failed to impress. but the technique
showed definite promise for commercial
applications in either public-address systems
in large enclosures or in subway stations, bus
terminals, bus stops. and the like. The use of
those devices in high-fidelity, home-theater,
and multimedia and computer applications
left the listener somewhat less than satisfied.
Nevertheless, the format has potential for
much further development. The attractive
point of this technology is that it does not
need an enclosure as we know it, but can be
freestanding. Since it operates as a bipole, its
positioning in the room—against a wall or in
a wall—is not particularly detrimental to the
function of the device.

NEW FROM NAD
NAD Electronics Ltd. really stepped forward
with two digital products that are bound, at the

Increase your

electronics know-how
and skills

The speed and intensity with which electronics penetrates our

very least, to pave the way for future products.
The first one, the NAD 2.2, is a digital room-
correction system that seems to complete the
work begun by Robert Berkovitz at Acoustic
Research in 1979 and continued by Kevin
Voecks at Snell Acoustics in the early "90s.
The resulting product has almost all the elu-

Technology.

or faxing to

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
electronics, 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 &

If 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 +44 580 200 616
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There arc also a number of Elektor Electronics books geared to
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sive parameters defined.

In a closed demonstration, in what might
kindly be called a horrible room at the
Hilton, Peter Lyngdorf (majority owner of
NAD) and Dr. Radomer Bozovic (the final
designer of the hardware and software for
the 2.2) kindly demonstrated the device to
me. The NAD 2.2 did an outstanding job
(second to none in my experience) of mini-
mizing the room resonance modes in the bot-
tom end and restoring a surprising natural-
ness to the midrange. Also, localization,
depth, and width of the stage were enhanced
considerably.

The improvement the NAD 2.2 effected
was greater than the improvement you
would gain from replacing your loudspeak-
ers with others costing ten to twenty times as
much; even then, the original room problems
would not be addressed. Although this item
is supposedly in production, it remains to be
seen if the problems of manufacturing such a
complex and sensitive device can be
resolved for speedy delivery to the market-
place. The 2.2 is aimed at the professional
market, for use in studios and mixing rooms.

NAD also showed the 118 digital pream-
plifier (Photo ). which is a concrete step
toward answering all the problems which
have plagued analog preamplification in the
past. Based on patents held by Mike Gerzon
(the late, and famous, British mathematician
and researcher), this preamp was executed by
the well-known Dr. Geoffrey Barton in con-
junction with Bjorn-Erik Edvardsen of NAD
3020 fame. This preamp not only includes
digital-to-analog conversion of CDs, DATS,



and mini-disks. but also has full 18-bit ana-
log-to-digital systems to convert analog input
signals to digital format so they can be
processed within the circuitry of the 118.

Perhaps its most salient feature is the
capability of processing signals. including
boosts and cuts of bass. midrange and treble,
as well as filtering, without the inevitable
phase-shift problems and group-delay con-
sequences of such processing. Along with
its compression and expansion modes, it
synthesizes FM stereo from mono signals
and reduces noise and distortion from FM
sterco signals (always the result of weak RF
signals). Its performance appears to be a
clear step forward in the digital develop-
ment of audio.

AR IS BACK

While walking through the North Hall of the
Las Vegas Convention Center, [ was pleas-
antly surprised by the Acoustic Research dis-
play. AR, which for the past couple of
decades seemed to have lost its way. has
made a resurgence that can only be described
as remarkable. Embracing. once again. some
of the original philosophies of the company,
its new products (Photo 2) secem to have the
commitment to quality and performance that
has been absent for so long.

This is not to say that all the philosophies
have reemerged. For example. the all-
acoustic-suspension design has been sup-
planted in some products by other methods

such as vented woofers. But the quality of

execution in manufacture is, at least from the
products shown at CES. impeccable. It is
quite evident that much thought and rescarch
went into the design of these products.

The same can be said about the electron-
ics that power its home-theater systems and
subwooters: quality of execution is impec-
cable. The company has obviously made a
very serious attempt to marry the old philos-
ophy of AR quality and rescarch with mod-
ern production methods, materials, and qual-
ity control.

The company plans to expand its manu-
facturing and R&D fucilities in Northern
California this spring from its present loca-
tion in Chatsworth. Although it is difficult to
make final judgments from this initial
showing. AR’s progress bears close
observation. Cary Christie, who
is the new CEO. and osten-
sibly one of its prin-
cipal designers,
is one of the
original found-
ers (along with

Arnic Nudell and John Ulrich) of Infinity
Loudspeuakers. As a result, he brings to the
position a vast amount of experience in the
design and manufacture of loudspeaker sys-
tems. Also, a not inconsequential by-product
of its new ownership by Recoton Corpor-
ation, is the infusion of capital necessary to
the fulfillment of AR’s goals.

HAVING A BALL
At the Alexis Park, ADCOM demonstrated a
remote-control system (Photo 3) that simpli-
fies and integrates operation for even
extremely complex home entertainment sys-
tems, including two-channel. home-theater.
and audio-video systems. Its hand-held
remote control, operating in the 900MHz
band. consists simply of four controls: vol-
ume up. volume down, enter, and a mouse-
like ball (which provides the name for the
system known as “The
Ball™) to move an
indicator on the
video screen. The
system is c¢x-
tremely easy to
operate and the user.
PHOTO 3: ADCOM's

“The Ball” hand-held remote
control.
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the dealer. or the custom installer can config-
ure it to almost any system., since it includes
facilities for cable, DSS. broadcast signals,
and the gamut of common source equipment.

The mouse-like ball moves a cursor over
the custom-configured master control panel.
which is shown on the system’s main screen.
Centering the pointer over an icon on the
screen and simply pushing the “enter button™
activates the proper response in the system.
The ball actually controls all the functions in
any system, no matter how complicated. and
permits addressing all remotely controlled
components without compromising. or in
any way changing. their individual remote-
control transmitters or functions. The Ball
even controls the lighting in a room. can
raise and lower projection screens and pro-
jectors, and even has a similarly controlled
second zone. Unfortunately. the system has
so many features that it is nearly impossible
to describe its complete operation here.

I had perhaps the most fun with the
minute, casily-carried-in-a-shirt-pocket
Motorola StarTAC cellular telephone. This
appears to be the smallest and most easily
usable cellular telephone, with a full comple-
ment of features. Through the courtesy of
Motorola™s Cellular Subscriber Group. |
used one, which served me well indeed. for
three days during the show. While it includes

many features and conveniences, unfortu-
nately. the price is daunting. However. [ trust
that. like all new technologies. the price will
drop substantially in the future.

OUTBOARD SHOW
I encountered a rather unexpected event as 1
checked into the Debbie Reynolds Hotel on
Convention Center Drive: an unpublicized
outboard show, the first annual High End
Show (HES). sponsored and managed by
Maverick Audio Systems. The exhibitors,
who were not official participants of the
Winter Consumer Electronics Show. were
part of an association known as the
International High End Society. based in San
Diego. CA. and were obviously manufactur-
ers who had been dissatistied in one way or
another with CES’s performance in the past.
Because the show had not been widely or
properly publicized. the attendance was
quite small, consisting mainly of foreign
distributors who may have been advised of
the Debbie Reynolds™ exhibits by word of
mouth. Most of the exhibitors expressed sat-
isfaction with the business they transacted at
the High End Show, and I heard very tew
disgruntled comments. However, as with the
main exhibits at the Alexis Park and CES.
there were no really earth-shaking discover-
ies or demonstrations.

In total, it seems as if the Winter CES is
evolving into a completely different kind of’
show. Whereas those of the 1980s more
than adequately served the audio industry,
the "90°s shows seem to have shifted the
focus to technologies other than audio. sur-
round sound, and home theater. 1 suppose
the reins have been yielded to other tech-
nologies and industries. =)

RESOURCES

Philips Electronics
2099 Gateway Pi., Ste. 100
San Jose, CA 95110

Sony
1 Sony Dr.
Park Ridge, NJ 07656

Verity Group PLC
Stone Hill, Huntingdon
PE 18, 6ED, England

Acoustic Research
9424 Eton Ave., Ste. J
Chatsworth, CA 91311

ADCOM
11 Elkins Rd.
E. Brunswick, NJ 08816

Motorola
1303 E. Algonquin Rd.
Schaumburg, IL 60196

NAD Electronics Ltd.
89 Doug Brown Way
Holliston, MA 01746

focused on:

* SHORT LEAD TIME SERVICE
* ZERO DEFECTIVE PROGRAM

 COMPETITIVE PRICE

ELYTONE ELECTRONIC CO., LTD.

NO. 9, LANE 210 WEN CHANG STREET,
TAIPEI 10664, TAIWAN

TEL : 886-2-709-2500

FAX : 886-2-755-5273

E-mail: elytone4 @ms1.hinet.net

ELYTONE isa specialized factory in

the field of electronic industry since
founded in 1981. We manufacture and
supply the loudspeaker industry with the
highest quality crossover networks and
related materials. We have combined the
technical expertise and requirements of
our customers with our own and have
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MADISOUND SPEAKER COMPONENTS '

' Audiophile | g5 8608 UNIVERSITY GREEN =
Piiie Lide | j P.O. BOX 44283 k
% | 1 g MADISON, W1 537444283 U.S.A. !
April 1997 N eeoseniam acessnam | PR
3 e-mail: madisound@itis.com |2
- D - Web Page: http:/www.itis.com/madisound
Model Size Q fs | Qts | Vas [X-max/Power| Sens. | Cost
Description Hz Liters  mm W/ 1M Per
Peak Watts db Unit
Tweeters - We have replacement voice coils for most Seas tweeters
25TAFN/QG (H623)* 25mm alum. dome tweeter, neodymium magnet, grilt, 6 | 1800 *Audax wedge| 100 | 89 $22.40
19TFF (H586) 19mm textile dome tweeter g | 1700 mounts fit this g5 | g7 | ¢98.50
. T “tweeter. Shielded. 1
20TFF (H830) 20mm coated textile dome tweeter . 8 1500 [ 0 | 89  $17.80
25TFFC (H519) 25mm textile dome tweeter w/chamber 6 1200 | 80 | 90 | $22.80 |
25TAF/G (H398) 25mm aluminum dome tweeter with grill | 6 1400 | | 100 | 90 | $21.90
25TAC/G (H400) 25mm alum. dome tweeter with chamber & grill | 6 | 660 55 | 91 | $25.20
|27TFF (H831) | 27mm coated textile dome tweeter 6+12001 | 90 | 92 | $21.00
27TFFC (H881) 27mm coated textile dome tweeter w/chamber 6 | 900 | | 80 | 91 | $24.20
27TAF/G (H882) 27mm alum. alloy dome tweeter with grill | 611200 | 100 | 91 | $23.10
27TAFC/G (H883) 27mm alum. alloy dome tweeter w/chamber, grill | 6 | 900 | If 90 | 90 | $27.50 |
125 001 Excel (E006) 25mm Sonotex fabric dome tweeter with chamber | 6 | 750 | 90 | 90 | $64.00
Midranges )
MCAT1IRC (H143) 4.5" treated paper cone midrange 8140 | .72 13| 9 llO 89 | $35.70
MP12VC (H453) 5" poly cone, PVC surround, glass fibre plastic frame | 8 | 90 | .44 | 2.9 |9 90 895 | $31.50 |
MP14RCY (H422) 5" poly cone midrange 8| 42 | 20 (172 3 | 110 90 | $38.60
MP14RCY/P (H522) 5" poly cone with phase plug 8 43 | 18 | 166 3 |120| 90 | $38.20

1

K2852 and K2851 Chamber for 11cm drivers: $2.00

Woofers - All woofers feature injection moulded ma_gnesmm frames and rubber surrounds.

Chomber for l4cm dnvers $3.00

T

'CATIRCY (H149) 4.5" freated paper cone woofer . 8 58
L11RC/P (H759) 4.5" aluminum cone woofer | 81 53 ]
P11RC (H454) 4.5" poly cone woofer 8| 55
P11 RCY (H455) 4.5" poly cone woofer, large magnet | 8] 85
W11CY 001 Excel (E001) 4.5" magnesium cone woofer with copper phase plug| 8 | 65
P14RC (H395) 5" poly cone woofer 8 40
P14RC/TV (Hb24) Shielded Magnet 5" poly cone woofer 8 40
L14RC/P (H741) 5" aluminum cone woofer, phase plug 8 | 39
W14CY 001 Excel (E008) 5" magnesium cone woofer with copper phase plug | 8 | 43
P17REX (H414) 6.5" poly cone woofer with large voice coil 8 34
P17RE (H419) 6.5" poly cone woofer | 8] 34
P17RE/TV (H690) Shielded Magnet 6.5" poly cone woofer 8 | 34 |
P17RC (H353) 6.5" poly cone woofer for sealed enclosures. 8| 35
L17RCY/P (H743) 6.5" aluminum cone woofer with phase plug 8 32
T17RE (H823) 6.5" Clear PP/TPX cone woofer 8 | 34
W17E 002 Excel (E009) 6.5" magnesium cone woofer with copper phase plug| 8 | 34 |
CA21REX (H333) 8" Paper cone woofer (used in Seas NJORD kit) 8] 31 |
'P21REX (H282) 8" poly cone woofer with 1.5" VC |81 33
P21RF/P (H511) As above with phase plug and 2" diameter voice coil | 8 | 34
P21RE4X/DC (H442) Dual VC 8" woofer with poly cone |88 | 31
|P25REX (H283) | 10" poly cone woofer 8 27
25F-EW (HO085) 10" paper cone Repl. for Dynaco A25 Speaker 8| 26
CA25RE4X/DC (H372) 10" treated paper cone woofer 8/8| 25

Coincidental Coaxial Driver - The tweeter is mounted at the base of the woofer cone.

T'I 7REX COAX/F

6.5" coaxial T17RE woofer / 25TFFN/G tweeter in a T6 |T1.8K

| (H723) | coincidental configuration. (Clear cone woofer) |W8| W38
T17RE COAX/TVF Same as above, but with a bucking magnetand | 76 |T1.8K
(H825) shielding cup for use near CRT's |W8| W38 !
P17REX COAX/F 6.5" coaxial P17REX woofer / 25TFFN/G tweeterina | T6 T1.8K
(H489) coincidental configuration. (W8 W35 |
P17RE COAX/TVF Same as above, but with a bucking magnet and | T6 | T1.8K

(Shielded)  (H453)

shielding cup for use near CRT's W8| W35

24 | 54 3 | 60 86 | $39.00
30 | 4.6T 3 | 70 | 85 | $45.70

3453 3 | 60 | 845 | $3290
23 53| 3 | 60 | 86  $37.10 |
34 37| 3 I 75 | 86 |$111.00

28 [189| 3 | 60 | 89 | $33.40

21 189 | 3 | 60 | 89.5 $4220

31| 14| 4 | 80 | 855 $50.90

36 10.6| 4 | 70 | 87 $122.00

24 305 3 | 80 | 89 | 54650
33 1305/ 3 | 80 | 87.5  $42.70

27 |305| 3 | 80 | 88.5 | $52.50

32 [408| 3 | 60 | 89 | $35.20 |
27 36| 4 | 80 | 87.5  $58.80

3228 | 3 | 80 | 87 | $49.40

32 /295 4 100 87 $138.00

34 [81.3| 3 | 80 | 93 | $52.70

37 | 689 3 I 80 | 91 | $53.30

34 483 4 | 125 88  $57.30

30 664 3 | 90 | 90 | $61.50

44 [1568| 3 | 80 | 93 | $58.90

35 175 4 | 70 | 89 | $47.70

31 (1879 4 | 90 | 91 | $61.75

w ! w | w [0 89  $76.70

29 |208| 3 |WB80 wars

W | W W |[T90 | T89 $86.40

31 |208| 3 |W90 W87 |

W W | W | T90 T89 | $71.20

25 | 269 3 |wio0| W89

W | W | W | T90 T89 | $80.30

31 (269 | 3 |wioo| w89



Product Review

AUDIOCONTROL INDUSTRIAL SA-3050A
SPECTRUM ANALYZER

Reviewed by Publio Morera

AudioControl Industrial SA-3050A Spec-
trum Analyzer, 3995-$1300, 22410 70th
Ave. W, Mountlake Terrace, WA 98043,
(206) 775-8461, FAX (206) 778-3166.

Speaker builders can be divided into two
basic varicties: those who yeam to measure
and those who don’t. When economics or
other reasons force the measuring-inclined
into the latter group, individuals subscribing
to the “quantifying musicality” measur-
ing ideology can become very frustrat-
ed. My rcasons for pledging alle-
giance to the second active group were
many. including gnawing questions that
eventually launched me on a scarch for

an affordable measurement system.

How could 1 casily measure what [ heard
and liked and that which 1 didn"t like? Even
more worrisome, how could I measure what
[ could not hear and did not know whether |
was supposed to like? (Non-measuring
types need not understand this powerful
drive.) I was also very worried that the rela-
tive goodness of my speaker creations could
be unmasked by some highly sensitive appa-
ratus and exposed as “not so good.”

In any case, I will not discuss my neurosis
any further. Once [ moth-balled my old Radio
Shack sound-level meter and sine-wave gen-
erator, | was on my way. But where?

AUDIOCONTROL TO THE RESCUE
The model SA-3050A one-third-octave real-
time spectrum analyzer is enclosed in a stur-
dy gray-and-black metal case with a carrying
handle (Photo I). Tt includes an internally
calibrated microphone and a battery-pack
option for portability. The instrument fea-
tures a series of bandpass frequency-depen-
dent filters and associated displays, with a
resident pink-noisc generator,

The relative energy in cach one-third-
octave frequency band is displayed on 30

ABOUT THE AUTHOR

Publio Morera is a “quasi™-speaker builder; he gleefully
drags home former store-bought speakers purchased at
garage sales, for example. He then dissects these neglect-
ed and under-damped orphans in a highly secret ceremo-
ny akin to Frankenstein's. He fashions the speakers into
creations of new and perhaps even somewhat improved
sonic character, often using only the original enclosure.
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PHOTO I: AudioControl's Model SA-3050A third-octave real-time spectrum analyzer.

vertical rows of LEDs on the front panel.
The number of illuminated LEDs increases
vertically in cach row in proportion to the
energy reccived by the microphone for each
band of frequencies. The LED display forms
a frequency-versus-amplitude curve, which
constantly updates itself in relation to
changes in the device being tested or the
acoustical environment (in real time). You
can conveniently adjust the analyzer's gain
and display decay time (fast/slow).

Built-in capabilities include six avail-
able memories for response-curve storage,
sound-levei-meter function, peak hold
mode, and averaging for stored curves.
Obtain several readings at various angles
to cmulate a speaker’s composite response
into the listening room, somewhat compa-
rable to the power response. A print option
is available at extra cost for those requiring
a hard copy of their measurements.

NO MORE GRAPHS

Judging from the material contained in the
comprchensive owner’s manual, the 3050A
appears to be primarily intended to help in
setting up sound-reinforcement and  stage
sound systems and general evaluation of
acoustical environments. | use this device
mostly for home-audio and loudspeaker-
measurement applications. When making the
transition from an AC voltmeter and a micro-
phone to a rcal-time measurement system
such as the AudioControl analyzer, the
biggest adjustment you'll face is the variety
of often confusing results that you can obtain.

A slight movement of the microphone
can cause radical shifts in the displayed fre-
quency spectrum of the device under test. As
you might expect, some discipline is
required to obtain repeatable and meaningful
results during acoustical mecasurements. |
recommend a microphone holder (not avail-
able with the 3050A) to maintain proper
microphone placement during loudspeaker
measurement sessions. The pink-noise stim-
ulus gencrated by the RTA alleviates some
of the measurement error caused by reflec-
tions, for example. but judicious use of
absorbent material or outdoor measurements
can improve the measurement accuracy.

The memory/storage feature is very help-
ful for comparing curves, as when you eval-
uate vartous speaker or listening locations.
Tweeter horizontal dispersion assessment
becomes casy by simply rotating the speak-
er in increments on a stand, while watching
the display with the microphone located a
few feet away. In this way you can also fair-
ly assess a speaker’s polar pattern or detect
undesirable lobes.

POOR MAN’S FFT ANALYZER

To anyone who has scen or heard the appar-
ently unstable swishing output of pink-noise
sources, the RTA display monitoring such
noise may seem like a wild dance of frantic
red lights. However, with a little practice and
patience. you can obtain response curves in a
fraction of the time it would take to man-
ually graph the readings from a microphone,
voltmeter. and warble/sine-wave generator




(Fig. D). Although the 3050A lacks the fine
resolution and the ability to show waterfall
plots, impulse response curves, and the data
manipulation capability of PC measurement
setups, it does a goad job of pointing out
response anomalies that are most responsible
for loudspeaker sound colorations,

If you're not inclined to spend time calcu-
lating crossover component values, you may
choose an easier and more entertaining path
for crossover development: first check the
acoustical response of a driver mounted on the
battle or enclosure and then set up a circuit on
a breadboard to determine the proper compo-
nent values by trial and error. You should first
test individual drivers without crossovers,
then with crossovers installed. followed by all
drivers connected to the crossover.

The attenuation slopes and curves will
reflect the combination of acoustical driver
charactenistics and electrical crossover com-
ponent behavior. Any peaks. dips. or other

PRODUCT FEATURES AT A GLANCE
« 30 one-third-octave bandwidth filters.

o Fourth-order fitters conform to ANSI $1.11-1971 Class
Il type E standards.

« Internal pink-noise source.

¢ 9 % 30 large-format LED display with 1dB resolution.

« Six internal memories with battery backup.

o Peak hold function.

« SPL scale with bargraph and full-screen digital readout.
« 92dB display range

« Signal input from balanced microphone input, balanced
phone jack or unbalanced BNC connector

« Battery operation (optional).
o Printer port (optional)

« A and C weighting (optional).
o Cost is between $395-1,300.

frequency/amplitude anomalies, caused by
driver location or by reversing connections.
will also become apparent on the display. The
analyzer permits fast training by allowing you
to relate the sound of a particular driver/com-
ponent combination with the frequency-
amplitude curve shown on the display.

You may even be disappointed to find that
the 3050A will show variations in frequency
energy contents that are apparently inaudi-
ble. You must remember that acoustical phe-
nomena, such as masking, are present. and
that one-third-octave filtering is not quite the
equivalent of our own hearing apparatus.
The 3050A will probably not detect prob-
lems caused by obstructive grille frames or
“acoustically bizarre™ grille cloth.

1t can’t tell you which is the better stuffing
material or crossover capacitor o use, or
directly measure enclosure boominess. for
example. It can, however. allow for a rapid
evaluation of room treatments, equalizer set-
tings. and basic loudspeaker measurements.
Regardless of your speaker-design prefer-

ences and level of knowledge—or to which of

the above groups you subscribe—it is very
important to remember that, “If it does not
sound good. it probably really doesn’t sound
good.” It then becomes irrelevant how it mea-
sures, doesn’t it

Manufacturer’s response:

Thanks for the opportunity to examine Mr.
Morera’s review of the SA-3050A.

It is reviewed using a microphone for
speaker analvsis. While it may not apply
here, one of the overlooked uses of the prod-
uct is 1o measure line-level signals as well.
That is. vou can measure directly the ouput
of an electronic crossover, CD player. etc., as
well as acoustic signals. Measiring line-level
signals is verv useful for troubleshooting a
svstent's components, as well as measuring

Sfrequencey response. Also, you can measure

the output of a passive crossover as shown in
the manual. )

Tom Walker
AudioControl

AUDIOCONTROL INDUSTRIAL SA-3050 SPECTRUM ANALYSIS
System Frequency Responsc--One Third Octave
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FIGURE I: Sample printout from the SA-3050A.

Now Available!

The Parts Connection’s Catalog and Resource Guide Volume 3 is here! Packed with our reg-
ular selection of quality component parts, tubes, wire and cable, connectors, audio books, and
more, as well as our valuable resource section, we have also added many new products. We
have new wire and cables from Goertz, Kimber Kable, and DH Labs, new isolation products
from EAR, vacuum tubes from Svetlana and Sovtek, and a greatly expanded list of audio
books, including many foreign titles. The Parts Connection’s Catalog also includes info on
our new Assemblage DAC-2 digital processor kit, and preliminary info on several upcoming

Assemblage kits.

To order your own copy of The Parts Connection’s Catalog and Resource Guide Vol. 3,
please call, write, or E-mail us at the address and numbers listed below. The $10.00 cost
of the catalog includes surface mail anywhere in the world, as well as a coupon good for

$10.00 off your first order over $150.00, or $20.00 off your first order of $300.00 or more.

Telephone (905) 829-58 sif 120-5388 f

Toll Free Order Line 1-800-769-0747 (U.S. & Canada only) E-Mail: TPI

2790 Brighton Road, Oakville, Ontario

Canada L6H 5T4
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Product Review

Speaker-Knife: clectronic speaker-protec-
tion module; Dynastar Electronics, 1531
E. Starpass Ave., Fresno, CA 93720;
MSRP $49.99.

Anyone who is deeply involved with sound
reinforcement knows the hazards of the
trade: blown amplifiers, blown speakers, or,
worse, a blown amplifier damaging a speak-
er. Wiring mishaps occur with surprising
regularity, reminding us that Murphy's Law
is alive and kicking. I became interested in
this problem primarily to protect the power
amplifier, and wrote an article (TAA 4/90)
describing a protective device for power
amplifiers.  Although amplifiers have
become very reliable. whenever they fail
they usually pump a large amount of DC
current (in the case of transistor amplifiers)
or hum (in the case of tube amps), which can
fry your speakers in fractions of a second.

SPEAKER-KNIFE

Reviewed by Fernando Garcia

Amplifier failures are by no means the
only way to destroy your speaker and no
doubt many audiophiles have experienced
such sad occurrences. Even if you discount
the expense of replacing a driver, the sound
balance usually suffers. For lack of a better
comparison, it is analogous to losing a single
shoe and attempting to complete the pair with
a replacement. You'll always feel the differ-
ence between the new and the worn shoe.
The pair simply doesn’t match or feel right!

And if you own vintage or discontinued
speakers, blowing up a driver could mean
discarding the speaker pair—a nightmare
audiophiles may choose to avoid.

PROTECTION SELECTION

The Speaker-Knife seeks to protect the
receiving end of the business, the speaker
itself. It basically removes the drive from the
speaker whenever the voltage exceeds a cer-

tain level. It comes in a small (214" x 1 7/8”
x 1 3/8”) epoxy-filled plastic cube, with three
color-coded wires protruding from it.
Protection is accomplished in two stages,
clamping and removal. Whenever the volt-
age being fed to the speakers exceeds a cer-
tain threshold. a solid-state clamp (thyris-
tor) quenches the voltage by clamping it
hard to ground. If the overload condition
remains longer than a few milliseconds.,
then the normally closed relay kicks in.
opening the amplifier path. The clamping
action is quite fast, less than a half
microsecond. and can draw substantial cur-
rent levels. Needless to say, your amplifier
must have an output or DC-bus fuse.
Before you rush out to buy a Speaker-
Knife, you must first specify the device's
rating. This is not a straightforward matter;
unfortunately. the enclosed literature, in an
effort to be all-encompassing, makes the

The best news in
AUDIO ELECTRONI

Continuing the 26 year tradition of Audio Amateur, Audio Electronics,
will present great articles like:

* a new twist on phono preamplifier design that produces excellent sound quality
* an overview of the burgeoning home-theater market and how you can assemble your own system
* a multi-part article on how to build your own high-performance DAC

Although the name has changed, the tradition of high-quality audio projects and tutorials continues. Sign up
for a subscription to Audlio Electronics and join in for six big issues of extraordinary audio information.
Q1 YR (6 issues), $28 Q2 YRS (12 issues), $50
CANADA/MEXICO ADD $6 PER YEAR. OVERSEAS RATES: $45, 1YR; $80, 2 YRS
Method of Payment: O Check O VISA QMastercard U Discover 0O American Express

0) has gotten better...

published 6 times a year!

REMIT IN US $ DRAWN ON A US BANK ONLY Card No. exp date

NAME

STREET & NO. -
cITY STATE/PROV. ZIP/POSTAL

Audio Electronics, PO Box 576 Dept. B97, Peterborough, NH 034580576 USA
Phone: 603924-9464 Fax: 603-924-9467 E-mail: audiotech@top.monad.net www.audioxpress.com
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selection a little more confusing. The SKs
are rated in peak power, so you must first
convert the speaker rating to peak-power
rating. The literature contains a conversion
chart to do this, and it lists many ratings.
some of which 1 was unfamiliar with:
music power, program power, continuous
RMS power, continuous program power,
long-term power, continuous sine power.
RMS power. sine power, watts, peak
power. pink noise. short-term power. and
continuous power.

Then you must figure the impedance of
the speaker and select an SK model from a
table of 4, 8, and 16Q impedances. The
trouble is, with so many speakers employ-
ing different impedances. you may be con-
fused as to which impedance to select. In
my case. should 1 choose a 4Q or an 8Q
device for my 62 speakers?

Again, this is not the SK manufacturer’s
fault, as the speaker vendors are quite
inconsistent in rating impedances and
power capabilities. This is especially true
in the automotive audio business, which
makes all sorts of ludicrous claims. When
selecting a device, remember that the
Speaker Knife triggers on a voltage thresh-
old. The power rating will therefore be a
function of the speaker impedance.

INSTALLATION

Once you have overcome the selection
procedure. installation is a snap. The black
wire goes to the speaker and amplifier’s
common, the red wire splices to the wire
from the amp, and the orange wire con-
nects into the speaker itself. Mounting and
wiring hardware is included. although the
supplied splice was too small for the
speaker-wire gauge 1 employ for my setup
(#16AWG). Audiophile speaker cables
would be hard to splice.

The instruction sheet suggests that you
mount the device on the speaker cabinet
and place the sensitive relay inside, but
warns you to use the supplied rubber
grommets to minimize nuisance tripping
due to vibration. This piqued my curiosity,
so 1 mounted the device without grommets
on the subwoofer cabinet in an attempt to
make it trip. After the device failed to do
s0, 1 then tapped it lightly and then much
harder. again failing to make it trip.

Although my review sample was quite
“shock-resistant,” | would heed the advice
and use the grommets. In addition. the man-
ual warns against mounting the unit too
close to the speaker magnets, as this could
impair the internal relay’s response speed.

My review sample had a small power
rating (30W into 8€2). allowing me to test
it without worrying about exceeding my

speaker's ratings. When the threshold |

cutout was exceeded, the protective relay
kicked in. During loud music. a cutout
would occur during heavy percussive
lines. Likewise, any crescendos would be
cut out, and the music would be restored a
fraction of a second later.

Clearly, if you use a Speaker-Knife, it
should have a rating higher than your sys-
tem’s peak listening levels. Otherwise, the
peaks will be muted out, which is certain-
ly an annoying effect.

The insertion loss of the device was
negligible; my review sample had a resis-
tance of 0.016€. 1 performed blind testing
to figure out whether 1 could detect the

presence of any coloring or artifacts during
normal operation. 1 heard none. While 1
don’t claim to have golden ears. the audi-
ble effect should be negligible for a rea-
sonably powered amplifier. which can sus-
tain the loading imposed by the quiescent
current the device requires.

The current draw trom the amplifier was
around 50mA during normal (non-tripped)
mode. surging to about 200mA in the
tripped mode. indicating that the relay has
been activated. Response speed was less
than half a microsecond for the clamp to
trip. and about 7mS for the relay to activate.
1 tested this by dumping the charge of a 50V,

* CAR SPEAKER SYSTEM
* IN-WALL SPEAKER
*TWEETERS

Sepaﬂ!&ompo e ‘

4", 51/4" , 61

Surface/Angle/Flush
Mounting Kits

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

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

Pot-Light Style/Square in-Wall

Reader Service #52
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4700uF capacitor into the module and mon-
itoring the results with a Tekuronix TDS420
storage scope.

CONCLUSION
Is the Speaker-Knife for you? It depends
on your application. For example. low-
power vacuum-tube amps that will never
produce a DC oftset should not require it.
On the other hand. higher-powered auto-
motive equipment could benefit from it
Sound reinforcement. public address. and
other mishap-prone systems would also
welcome the unit.

However. I doubt that any serious audio-

phile who has spent a substantial amount of

money on speaker cables would consider
degrading the performance by inserting the
Speaker-Knife in the signal path. And while
most amplifiers should be immune to the
momentary shorting of the internal clamp-
ing device. others may become unstable.
One aspect of the Speaker-Knife con-
cerned me. The spec sheet states, “Do not
atlempt to send more than 46V continuous
sine wave through any module. It will dam-
age the module and may cause it to explode
at extremely higher levels.” This is an
extremely large and unlikely overload.
However. as a power-supply designer. [
understand safety aspects and the need to
protect the user trom hazards during use.

vkl
NEWS

E(,OR

EVth
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As a matter of fact, regulatory bodies such
as UL. CSA. and VDE assume that fools
are actually very clever when it comes to
creating hazards. Thus. the Speaker-Knife
should have had an internal fuse. fusible
link, or trace to protect the user.

Manufacturer's response:

I would like 1o thank Mr. Garcia for taking
the time to review the Speaker-Knife. Hov-
ever, there are u few statements that need
to be corrected, without intending offense
to Mr. Garcia.

The review states that the SK clamps
the audio voltage “hard to ground.” This
is not the cuse. The SK clamps the audio
through a low resistance, quickly reducing
the gain to the driver and buffering the
power amp from damage.

As quoted, “vour amplifier must have
an outpur or DC-bus fuse™ is simply not
the case; this is one of the main reasons
the Speaker-Knife exists. Many amplifiers
do not have this, except for the primary AC
lines fuse. We have had no “fuse blown”
complaints from the field.

Dynastar recommends that SK be
mounted on the inside of u speaker cabinet
as opposed to the owside, for aesthetic
and physical protection reasons only. It's
the installer’s choice.

The main concern with Mr. Garcia's
review is the idle current in which he
claims measuring 50mA. While we’re not
sure how he arrived at that figure, our lab
tests demonstrate that in the worst case
(capacitance and all) at 20kH= RMS sine,
the module idles at abour SOOUA or less
Just before triggering. Another example
shows about 0.001% of power taken from
a 100W amplifier: less power loss than
most speaker cables!

When triggered, the SK can quash tran-
sients with energy levels of up to 22 joules
as fust as 300nS. Our lub tests demon-
strate this by charging a 42000F comput-
er-grade capacitor to 102V, and instantly
dumping it through the module. (Don’t trv
this with a driver, or else!) I question how
Mr. Garcia derived his 200mA figure.

The Speaker-Knife uses materials that
meet UL-94V fire-retardant requirements,
making it safe for permanent building
installations, plus internal emergency
bypass circuitry—protecting iiself and
equipmeni—should an extreme problem
occur. Of course, all products have a limit.
Again. thank vou for the review. L)

Aram Tokatian
President

1 .
| Dyvnastar Electronics
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Product Review

SPECTRA PLUS PROFESSIONAL EDITION VERSION 3.0

Spectra Plus Professional Edition Version
3.0, 3395 software only, $629 software plus
pro quality sound card. System requirements:
386/486/Pentiun: and Windows 3.1, Win-
dows-compatible sound card, 4MB RAM
mininuan, mouse and math coprocessor, and
256 color VGA (for spectrogram). Pioneer
Hill Software, 24460 Mason Rd. NW,
Poulsbo, WA 98370, (800) 401-3472, FAX
(360) 697-7730.

OVERVIEW

Spectra Plus is one of a new breed of pro-
grams that uses a PC sound board as an /O
device for audio testing. This program turns
your sound board into a spectrum analyzer
equivalent to a stand-alone commercial
audio-band analyzer, with immensely more
memory.

Overall, 1 was very impressed with the
program’s user interface and documentation.
It has the feel of a professional software
product and, generally, works like one.
There may be better products aimed specifi-
cally at analyzing and designing speakers,
but Spectra Plus performs well as a general
spectrum analyzer, and you'll be happy with
the quality of the results. | completed all of
my tests using version 3.0a on a 120MHz

Reviewed by Mark Zachmann

Pentium with 32MB RAM running Win95 at
a resolution of 1024 x 768 in 256 colors.

FEATURES

Spectra Plus includes two main modules—a
signal generator and a spectrum analyzer.
The signal generator uses your sound board
to generate digitized signals: noise, sweep.
tones (multiple sine waves), sawtooth,
square, or pulse. Each choice has a fairly full
option set (Table 1).

Although the signal generator and spec-
trum analyzer are separate modules, they
require a sound board that can perform simul-
tancous input and output in order to work
together (most sound boards do not). My
sound board (AudioTrix) does support simul-
taneous /O, but | was never able to use the
signal generator with the analyzer. Instead. it
produced error messages. | ran Media Player
at the same time as the spectrum analyzer,
and | managed to analyze some MIDI clips as
well as WAV files.

Pioneer Hill recommends that you install
two sound boards it you need simultaneous
[/O. which, in my opinion, is a terrible
choice. Using one board has to be easier on
Windows proper.

The spectrum analyzer works in one of

three modes—real-time, recorder, or post-
process. Real-time mode is primarily used
for setting up scaling and ensuring connec-
tions are right—it runs in display priority.
The analysis occurs in real-time, but no data
is stored.

In recorder mode, the data is shown in
real-time, but it is also logged to RAM or
disk (with limits to storage implying limits to
record time). It also runs in data priority. You
can analyze an existing time series or load
and analyze a WAV file in post-process
mode. In recorder mode, the display may lag
the data reception (especially if you have
multiple analyzer windows open).

In all cases, FFT sizes are limited to, at
most, 16k points (fine enough for 4Hz reso-
lution on a 20-20k test). In post-process
mode the FFT analysis can be done in an
overlapped manner (which can increase time
resolution).

VIEWS

Spectra Plus “analyzes™ electrical data by
providing five graphical views: 1.) the time
series data itself: 2.) the spectrum of the time
series (as a common frequency response
chart); 3.) the phase of the data: 4.) a
3D view that looks like a waterfall chart

SUPRAVOX»
Pole technologique MORINERIE Nord

SUPRAVOX.

Z.A. des Grillionniéres, 34, rue de la Morinerie,
37 700 St. PIERRE des CORPS - FRANCE
Tel: 02 47 32 91 00 Fax: 02 47 32 99 55

Manufacturer of Loudspeakers for 50 years.

Traditional fabrication,
basket in aluminum and paper cone

Serle Melomane

215 RTF 64 » 60 to 9000Hz + 2dB. * 98 dB. « 46W RMS
power. full range or medium use, perfect for tube amp.
285 RTF « 35 to 8000 Hz + 2 dB. * 98 dB. * 70W RMS
GN 400 A » 23 to 4000Hz * 99dB. « 120W RMS power.
Alnico motor 3.5Kg

FRANCE
La haute fidelite integrale

Technical information upon request
DISTRIBUTORS WANTED

SUPRAYVOX . is not only a product line

. AES your partner.
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FIGURE I: Sample Spectra Plus screen display.

but shows snapshot frequency responses:
5.3 spectrum data as a spectrogram—colored
information with one columnar colored bar
per FFT (Fig. 1).

The spectrum and the phase together pro-
vide a “frequency response chart.” The spec-
trogram is good at detecting when a particu-
lar event occurred and also determining gen-
eral frequency spectral rends. The 3D view is
another way to spot spectral trends. The com-
bination of all these views provides a very
good graphical understanding of the input
sound data.

The view windows cach have a toolbar
with, among other features, a button to
— -

transformers,
chassis,

AN\ -

ﬂ HAMMOND
4 MANUFACTURING

u?

change the chart display. which you can win-
dow and zoom in a number of ways to view
the data more casily. X and Y have set-table
range and origin: they can be linear or log dis-
play, and you can select colors for data lines,
bars. and grids. You can also choose an amp-
litude or energy display for time series.

In the spectrum and phase views. you
cannot manipulate the data. Other buttons
include:

e Zoomin by 2

e Zoom out by 2

e Zoom in range

e Display left/right or both

(Ilmu that you've made the ultimate speaher,)
power 1t with your own amplifier.

We have everything you need to

buitd powerful tube based amplifiers.
We carry the best in tubes.

caps,
books and more.

resistors,

G) one electron

=

Svetlana

SIGNAL CHOICES

STYLE OPTIONS

Noise white or pink

Pulse pulse width, repetition rate

Sawtooth frequency, positive, or negative slope

Square frequency, duty cycle

Sweep start and stop frequency, linear or
logarithmic sweep, sweep time (in ms)

Tones frequency, amplitude, of up to ten

simultaneous sine waves

The time series, spectrogram. and 3D
views (as time-based displays) also include
buttons to let you select. hear, and filter a time
range. The data in a range can be frequency
filtered (high. low. band. notch, with sclec-
table frequency. and Q). and copied to or
pasted from the clipboard. By double-click-
ing on the chart, you can also do a “local”
FFT for comparison with the entire data set.

All views can export their data sets to
ASCIHI data files. which you can import into a
spreadsheet. You can print any of the views,
and the printout is a replica of the on-screen
window display. but it fills a page of paper.
and you can add a title and a subtitle.

In cach graphical view you can access
data by just poking with the left-mouse but-
ton in a chart. You get a full-window
crosshair and a display of (X.Y) for the cur-
sor tip. Use the right-mouse button to drag a
line to get differential data. Unfortunately.
there is no way to link this to the data in the
chart. so the display precision is limited to
monitor resolution and your ability to hit a
spot with the mouse. Selecting the 3D view
was particularly chancy.

== ANTIQUE ELECTRONIC SUPPLY TUBES PARTS BOOKS SUPPLIES | =

S
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In addition. Spectra Plus features a distor-
tion analyzer (which 1did not try to use). This
finds the first big peak and then calculates
27 harmonic distortion as well as total har-
monic distortion. Other goodies include
microphone compensation (you create an
ASCIl file describing the microphone
response). frequency markers. and triggering.

The frequency markers were visually of
very limited value. Triggering seems like a
very nice feature (1 didn’t try it) during speak-
er pulse testing. The program lets you trigger
a predetermined time before or after an
event—for example, you can program
Spectra Plus to begin recording just as the
pulse hits the microphone and avoid confus-
ing calculations and leading white noise eat-
ing up RAM. I used the program to measure
noise and examine an existing WAY file.

NOISE MEASUREMENT
I questioned the amount of noise 1 seemed to
be recording on my sound board. Since my
sound board has lots of inputs and outputs, 1
thought perhaps there was leakage between
some channels. 1 ran Spectra Plus and
switched to real-time mode. Then I brought
up the spectrum and the time-series windows
(because SP lets you save configurations, this
could be much simpler if 1 did it more often).
Finally. | connected my speaker out to my
linc in and ran Media Player, my mixer, and
Spectra Plus. First, | ran Media Player with
Canyon.mid to set zero-level position (push
the Record button and lower the volume
until the time series is within bounds). Then.
1 turned oft Media Player. and as I watched
the values swish around. 1 tried moving slid-

ers up and down to minimize the noise value |

on the time-series window. Next. 1 switched
to record mode to look at the data more
accurately.

This let me lower the range of the data
chart to a point where the noise was clearly
visible. The spectral chart showed that the left
channel was clearly more noisy. with the
additional noise having a very non-flat spec-
tral signature. This suggests a likely produc-
tion problem with the board.

As you record, SP keeps track of the max-
imum value and displays it in the status bar.
This nice feature sure makes setting zero a
painless exercise. Of course, the program also
has an automatic calibration facility. but this
requires a constant input signal and I didn’t
have one handy (Fig. 2).

WAV FILE

Analyzing some voice-data files was pretty
casy. You simply switch to post-process
mode. open the file, then select the “Run™
button so the program acts as if the data were
input rather than output (all four non-time-
series graphical views update with data based
on the current time serics). Select a time
range and “hear” it to determine which phrase
you're analyzing. Then try filtering out some
oddities to improve the S/N ratio.

EASE OF USE

With some exceptions, 1 tound Spectra Plus
very easy to use. The installation program.
while primitive, works well and reliably.
There is no uninstall program. The hard-copy
documentation is a 63-page 82 x 11 well-
illustrated document with a table of contents,
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FIGURE 2: Sample Spectra Plus printout.
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DEFLEX

“SPECTRA z)1c0)stlo

Dynamics PANELS

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

You need at least 2
Deflex panels for a

1 pair of small bookshelf
speakers, 4 panels for
a pair of Tannoy 6's.
and at least 6 panels
for larger cabinets

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)

o

Place the flexible
Deflex panel thru' the
speaker cut-out and
stick to the inside of
the cabinet using the
') recommended
adhesive

Now sit back and
listen to the extra TN
detail in sound. and
far less distortion
when played foud

What the experts have to say...
a marked improvement was obvious from the first few
bars of REM's Automatic for the peo; L‘ale 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 I
Value for money | | [m}
Hi-Fi Choice - January 1994
"...But one things for sure - the Detlex panels are
no gimmick. They work...
Audio - 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.
*Kimber, Cndu MIT, XLO, Acrotec,

chassis '

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

Reader Service #21
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but no index. It was well-organized and fair-
ly complete. The on-line help was nearly suf-
ficient (and very well organized), but I need-
ed to read through the documentation after
having trouble with a few options. I would
have benefitted from some pictures of dialogs
in the on-line help section.

Some moderately usetul information
about sound boards—essentially an endorse-
ment of Turtle Beach—was also included
with my package. There was also a useful
FAQ (frequently asked questions) sheet.

Using Spectra Plus is simple—almost all
controls are casy to access. the icons are
straightforward, and the text is often clear.
Just select the mode, each of which has a
toolbar that is labeled. as well as menu
options to select the appropriate function.
The verb label is not ahwvays self-explanatory
and I needed to refer to on-line help to actu-
ally use the product successfully. After the
first time. however, it was casy to collect and
analyze data using the program. And Spectra
Plus struck me as a very professional piece
of work.

I experienced some user-interface glitches
along the way. For example, the only way to
produce an FFT of a spot on a loaded WAV
file is by double-clicking at a spot in the time-
series window, which is not something you
would immediately think of when trying to
perform an analysis.

Another glitch is that very often options
are grayed out, with no indication why. [ tried
hard to switch from 11kHz mono to 44kHz
stereo and was stymied (and almost wrote a
review believing that the program didn't real-
ly support two channels or high resolution').
Because recording performs an append. the
program only lets you change the data format

with a blank dataset. In other words, you
must use the New command to change the
sound format. Since I started with a low-res
signal in memory. I spent some time trying o
“ungray” a menu on the status bar.

STUFF

This product is a good fit for its intended
audience—people looking for an audio-band
spectrum analyzer. For the speaker builder
audience. I would have preferred Pulse and
MLS testing of speakers and more speaker-
specific functionality (e.g.. Thiele/Small
parameter estimation and impedance calcu-
lations). As an engineer. | would have liked
more functionality for data comparison and
storage. Furthermore. the post-process con-
trol was primitive (just add and subtract
right/left, which is nowhere near the func-
tionality of SPICE's calculation language,
for example), restricting the usefulness for
speaker testing.

Some obvious improvements might in-
clude charting combined amplitude and
phase, and just overall better charting con-
trol (changing bounds, for example. is slow
and painful). The program contains overlays
for viewing more than one signal at a time,
but accessing and using that feature was
tedious and not all that useful.

There was also the occasional bug. |
found a way to crash the program repeated-
ly. For example, a certain paste insert ran for
three minutes on my P120, filled the hard
disk (with an easy-to-find file). and then
crashed. T was also unable to play/record
simultancously. Cutting a portion from the
Spectrogram did not really work right, and
took a long time. In fact, the Spectrogram
and the 3D view seemed to be later program

fast and accurately
with BassBox soffware.
Uses both.Thiele-Smail

Rws, BL) parameters with
equal ease.

Copynght © 1996 by Harns Technologees. All rights reserved wo

48 Spcaker Builder 3/97

¢ Easy to use

¢ On-line help
¢ Hi-res mode
¢ Low price

Design Types:
Optimum Vented
Extended Bass
Custom Vented

Band-Pass with
Double or Triple
Chambers

Passive Radiator
Optimum Closed
Custom Closed

Ali designs can use
multiple woofers
{including isobaric)

Built-in Test Procedures:

- BASSHOY Wy trademiark of Harns Technologies. Other trademarks are the property of their respective companies. Computer

Box Design Software with huge
loudspeaker database.

Design Options:
Small and large-signal analysis

Examine one loudspeaker in
several different boxes or

Examine several different
loudspeakers in the same box

6 graphs. normalized amplitude,
2.83-V amplitude, acoustic
power, impedance, phase and
group delay

Advanced vent calculator

Advanced box dimension
calculator w/ 18 volume shapes.

Accepts loudspeaker measured
acoustic response

Accepts automobile or listening
r00m Interior acoustic response.

Use English or metric units
Save and recall designs

Test and calculate loudspeaker parameters* ‘
Test and calculate passive radiator parameters* |

additions that weren’t completely worked
out. The 3D-view filter icon sometimes did
not work. and the selection mechanism
seemed strange and awkward.

I ran the program under debug Windows
o check for programmer errors and found
only a few places where the debug kernel
indicated a fatal error—an average plus
result. In retail Windows, these errors gener-
ally cause no harm, but they do indicate
places where the programmer isn’t achiev-
ing the desired result (for example, Win
Word would score average on this test). Fin-
ally. the File/lmport and File/File Options...
features were in “not yet implemented™ de-
veloper's heaven.

OVERALL REACTION

I really liked this program, as much for the
presentation as for the functionality. But
overall it is too much like a real spectrum
analyzer, without the additional functionality
akeyboard and CPU with lots of main mem-
ory should give you.

Would I buy this product? Probably not. |
don’t really need a spectrum analyzer, and
my IMP does a pretty good job of speaker
testing. On the other hand. a good PC sound
board will have much higher resolution
(both S/N and frequency resolution for the
FFT) than the IMP. Certainly, for more gen-
eral applications, 1 think Spectra Plus is a
darned good offering.

1 am pleased with the quality of the prod-
uct and the professional results this medium-
priced sound card offers. If Spectra Plus is
indeed representative of a new breed of
sound-board-based PC software, then speak-
er builders should experience some interest-
ing years in the future. [~

$99.00

visa

Tel: 616-641-5924
Fax: 616-641-5738

Email: 72674.514@CompuServe.com |
Harris Technologies, Inc.

| Also available
Xeover 2.1 passive cross-
over program for Windows.

‘ and 3-way networks. load compensal

Minimum System Requirements

cluded {

and loudspeakers not
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TEST CDs AND MORE

CBS Standard Test Disc Proseries CD-1
Auditory Demonstrations CD

Hi-Fi News & Record Review Test Disc llI

CD1 - $45.00
CDAC - §37.95
COill - $30.00

CD-1 Audio Test-
91 test signals for home and laboratory use.

CD-2 Impact-
Actual sounds, audio system check & music.

CD-3 Impact 2-

Musical instruments, vocals, chorus, narration.

CD-5 3D Sound-
Three-dimensional sound.

CD-9 High Resolution Master Sound-
16- and 20-bit digital recording.

__________________________________________________ )<g

CDJA1 - $39.95

CDJA2 - §39.95

CDJA3 - $39.95

CDJA4 - $39.95

CDJAS - §39.95

CD-12 Digital Recording Music Highlights-
Music reference for listening room.

CDJAG - $39.95
CD-10 Super Bass Sound- CDJAT - $39.95
36 tracks including super bass digital sound effects and test signals.

CD-13 Music Reference for Listening Room CDJAS8 - $39.95
Audio check using 11 musical tracks and 48 test signals.

Pierre Verany Test Discs 2-CD Set CDPV2 - $37.95
2 CD-set. 106 tracks of digital tests & demonstrations.
PROSONUS Studio Reference CD CDSA1 - $69.95

Intelligibility—Measurement Test Disc
2 CD-set with booklet.

CDSA2 - $145.00

“MY DISC” - THE SHEFFIELD/AZTB TEST DISC

CDSH3 - $29.95

Stereophile Test CD Three CDSTPH3 - $9.95

OLD COLONY SOUND LABORATORY PO Box 243, Dept. B97 + Peter’oorough NH 03458 USA Tels. 603-924-6371, 603-924-6526 Fax 603-324-9467

D Yes! piease send me -

r Qy. | Part #

t— — _ —

— S —

1

R

® Mastercard ¢ VISA ¢ Amencan Express ® Discover ¢ Check or Money Order in US Funds Drawn on US Bank ®

CARD #

TEUFAX

Name

Street

City State

Expiration Date

Today's Date

Zip Code

I_Jiegriptioni

T Price Ea [ Total Price
- 1 | .s
- 1 Shlppmg
Handling S 2.00
l Total Order | S

Shlppmg Welght for CDs is 1 Ib. each.

smppmc BY WEIGHT:
Rest of World
Weightintbs.  Domestic (UPS)  Canada (Ail Suface Air
13 $ 500 $ 850 $11.00 $23.00
45 $ 550 $1250 $17.00 $39.00
|19 $ 600 $16.00 $23.00 $56.00

| — = -



FLARING CONCERNS

I have some questions about determining
port dimensions for bass reflex, specifically,
bandpass speakers. In the general equation to
determine port length as taken from SB 2/81,
p. 20. how were the numerical values for the
k factor determined? It appears that the easi-
er it is for air to move in and out of the port.
the shorter the port can be.

L, = 1.463 x 107 R¥/(fg2V) — kR

where:

L, = length of vent (in.)

R =radius of vent (in.)

fg = desired tuning frequency system (Hz)
Vg = volume of box (ft?)

k =0.83 for cach flanged end and 0.613 for
each unflanged end

SALE! [5:EVE

MARKERFOAM™ ACOUSTIC FOAM

AARAR GIANT 54” x 54~

[Immediate Shipping
2" Req. $29.95 Now $19.99 » 3" Reg
A7) $39.95 Now $29.99. KILL NOISE QUICK!
’ High performance, full-size sheets of
4 super high density Markerfoam. EZ
mount. Blue or gray. Super-etfective sound absorption for studios.
Markertoam offers best value, looks professional & 1s proven in studios worid-
wide. Request Foam Buyers Guide/Catalog, specs & Iree samples today.

SOUNO ABSORB BLANKETS
Heavy-duty 72°x80" padded blankets
U absorb sound wherever they're hung or

- draped. Fabulous for stage. studio and
=/ field use Top professional quality at a super
saver price! Weight: 6 Ibs. Black. $19.99

MARKERTEK BLADE TILES"™
HIGH PERFORMANCE - LOW, LOW COST!!!
America’s best acoustic tile value

only from Markertek! ‘_ﬂ
$3.49 per tle, 16"x16°x2", Charcoal of blie  ~emmm—
$4.49 per tife, 16"x16"x3", charcoal or blue ’
$5.49 per tile, 16"x16"x4", charcoal. ‘\J
MARKERSTIK" FOAM ADHESIVE §
FREE with any foam purchase in this ad! \
Limited offer. A $4.00 per tube value. §

‘ — _—

dSURIE SONEX

au.sll All the colors and sizes
:“ plus great prices!

FREE 6,000 exclusive and hard-to-tind supphes for Pro Audio,

Broadcast Video, Audio Visual & Multimedia production

®

MAR’(ERTEK
VIDEO SUPPLY

4 High St., Box 397, Saugerties, NY (USA) 12477

800-522-2025 » Fax: 914-246-1757
World Wide Web: http://www.markertek.com

Amencas most umique catalog teaturing 320 pages ot over

Ask SB

My fluid-tflow textbook gives loss factors
for various pipe entrances and exits. Curi-
ously. the loss factor is given the variable K
(capitalized). However, 1 can’t see how the k
tactors relate (if at all) to the K factors. For
example, consider the following entrances of
a pipe and the respective K factors:

pipe protruding from wall: K = (.78

end of pipe flush with wall. sharp edge:
K =045

end of pipe tlush with wall, slightly rounded
edge: K=0.2

end of pipe tlush with wall, well rounded
(with radius of edge = 0.2 x diameter of
pipe): K =0.05 ’

for all exit shapes: K = 1.0

These K values are used in the equation
hm=(KxV2)/2xg

where: hm = minor head loss (in.)

K =loss factor

V = velocity of fluid flow (in/sec)

g = acceleration due to gravity (386.1
in/sec?). which is then used in Bernoulli's

| equation.

Note that k and K appear to be inversely
related. In other words. as it becomes easier
for air to enter a pipe. k increases in value,
while K decreases.

The textbook also gives K values for vari-
ous pipe roughnesses and bends, which are
helpful if the port tube has a bend (assuming
the K values can be incorporated into the port
equation). Were the K values used to deter-
mine the k values? If so, can the K values for
a pipe with rounded edges be “converted”
into an appropriate k value, so such a port can
be used in a speaker enclosure?

I'd like to know if adding a considerable
flare (such as for the bell of a rumpet or other
instrument) to both ends of a port would per-
mit a shorter port with possibly a smaller
diameter than one without flares. Can 1 cal-
culate, at least somewhat closely, what the
port dimensions would be if the tube had
“well-rounded™ edges at both ends? (1 plan
on making flares out of wood and then join-
ing them to the tube.)

I have a picture of Bose's three-cham-

Reader Service #10 | bered Acoustimass subwooter (the walls are
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made of a clear material). and the outermost
port has flares (as I described) on both ends
of this tube. (Amusingly. Bose refers to this
port as an “elliptical torrid conduit,” for those
who are under the impression it is just a port
tube.) The ad states that this port “provides
for laminar flow. Benefit: No audible noise
caused by turbulence. even at high levels.”
This is what I'd like to have for my speaker.

J. David Keener
Lancaster, PA

G.R. Koonce responds:

The K (uppercase) fuctor used in computing
loss in fluid flow is different and independent
of the k (lowercase) used in the referenced
duct-length equation. This is not to say that
loss in « port is unimportant; it is needed to
determine the anticipated system response
and the amount of noise generated by the
port. But the duct-length computation has
nothing to do with loss.

Let’s look at the tuning of a vented enclo-
sure in a simplistic way to understand this
difference. When a duct (port) is added to an
enclosed volume containing a driver, it forins
an additional tuned system (in addition to
that of the driver itself) composed of the com-
pliance of the air in the volume acting with
the mass of the air in the duct. If you think of
the air volume as a capacitance, then the
duct air mass represents an inductance. To
tune the fixed volume enclosure 10 a desired

Srequency, vary the “inductor™ by changing

the length of the port duct.

The duct has the problem of “end effect”;
that is, the air mass that forms the inductor
consists of more than just the air in the duct.
The amount of air at each end of the duct,
based on the duct’s radius, will inove with the
air in the duct, making the duct appear 1o he
longer than its physical length, resulting in
the end effect. The amount of air that moves
external to the duct depends on how the duct
is ternminated—standing bare in space or
mounted in « baffle, for instance.

The k in the duct-length equation tries to
correct for this termination to allow you to
establish the duct’s proper physical length.
The k values are established from data on the
effects of various duct end terminations on
the effective duct length.




If loss is introduced into the port duct. it
affects the damping applied 1o the woofer at
the box tuned frequency and may affect the
shape of the svstem response curve and the
svstem efficiency. Near-field test results
showing how grille cloth over the port affects
driver damping are shown in SB 3/95, p. 14
(he sure 1o see the correct Figure 7 shown in
SB 4795, p. 54). It is clear that you need 1o
maintain low losses in the port unless you are
intentionally factoring such loss into the svs-
tem design.

To the basic question, s there any rea-
son 1o flure or otherwise treat the duct
ends?” the answer is definitely ves. When the
air velocity becomes high in the vent, due to
high power outpur or too small a vent, the
problems of audible noise and other adverse
effects can occur. Additionallv, trving to flow
too much air through the duct will cause
loss, affecting the svstem response and effi-
ciencv. It is generally noted thar the high-
velocity air flow exiting the port (at either
end) into the low-velocity air external 1o the
port produces turbulence that causes noise
and increased loss.

Many vears ago I placed a diffuser at the
port output (see SB 2/81, p. 16, and 2/91. p.
45). You can think of this diffuser as a rather
crude flare at the room end of the duct. This
approach allows a higher level of and better-
sounding bass than a conventional port duct
Jor exclusive use on vented svstenis.

I have no experience with bandpass sys-
tems, as I have never built one. The diffuser

port approach precludes the computation of

the required port-duct length, but this is no
problem, since the duct-length equation
produced very inaccurate results inomy
experience with conventional ducts. With
the diffuser port, the duct portion will be
shorter than the equation predicts for a con-
ventional duct, allowing you to use a larger
dicmeter than would be possible with a con-
ventional duct.

The best published work on using special
ends on the duct is by Matthew Polk (“More
Bass in Less Space: A New Approach to
Subwaoofer Design,” Audio, May 1996, p.
28). In developing a high-pover subwoofer
handpass svstem of a new tvpe requiring a
duct of 67 diameter and 307 length. he found
that the duct severely limited the output
poveer capabilite of the svstem. A duct of &
diconeter and 60" length provided better per-
Sformnance, but was totally impractical from a
size standpoint.

He then changed the system to a “Power
Port.” featuring a flared plug ar one or both
ends. The end of the duct is slightly rounded,
and the flured plug is installed on a rod
through the port, resulting in «a structure
looking like a trumpet with a mute, except the
outside diameter of the plug greatly exceeds

the duct diameter. According to the designer,
the Power Port plug converts the high-veloc-
ity air flosw in the port duct to low-velocity

Slow around the circumference of the plug

without generating turbulence.

Polk developed a 147-long Power Port
consisting of a 5.5” diameter duct (with a rod
running through ity for the above svstem,
which performed better than with the Y-
diameter duct and was 1.5dB more efficient
than with the 6”-diameter duct. The maxi-
nmuan diameter for the flared plug with this
design was 127, Polk provides no informa-
tion on computation of the dimensions of u
Powwer Port, but states that additional infor-
mation is available for a small fee by con-
tacting  Polk  Audio (5601 Metro Dr.,
Baltimore, MD 21215, 410-358-3600. FAX
410-764-5266). Mr. Keener and others wish-
ing 1o produce quiet, efficient ports at high-
power levels should review this work.

In summary. no direct relation exists be-
tween the K in Mr. Keener's flow-loss equa-
tion and the k based on duct-end termination
used in the duct-length equation to correct for
end effect. Loss in the port system of a vented
structure is important to hoth the svstem
response shape and efficiency. High-velocity
air flow through a duct produces wrbulence

when meeting low-velocity air at the ends of

the duct, which produces loss and noise.
Duct-termination devices, ranging from
the simple diffuser through port flaring 1o
Polk’s Power Port, can be ¢ffective in pro-
ducing quiet, efficient port ducts. Use of port

flaring or the Power Port approach lets vou

use a smaller diameter (and thus shorter)
duct, as maxinman air velocity in the port is
less critical. I know of no equations for com-
putation of the dimensions of these special-
shaped ports, but believe you must individu-
allv wne any port, since I have never found
the classical port-length equation to produce
accurdate results.

DRIVERS FOR HORNS
I have been following your homn articles in
SB since the start. Prior to this, 1 built horn
cabinets that were mostly unsatistactory. At
the time of your midrange homn article (S8
1/86). 1 was using JBL. 24405 on their parti-
cleboard studio hormn. The lower end was
filled by standard reflex cabinets loaded with
JBL LE15As.

Now [ run JBL. slot tweeters (driven by
60W at 6k), 2440s on your mid horn, with a
precision one-pencil-thick air space (driven
by 150W at 500-6k), twin 2220s one side (as
with the Show Horn). and one side front and
rear loaded (driven by 200W at 35-500k). |
find the front and rear loaded arrangement
gives a “sharper.” but certainly not linear,
impact.

1
|

The Sound Clearing House pro-
vides you access to a variety of
drives at a fraction of the cost
you would normally pay. In fact,
the drivers are usually at or
below OEM costs! So you can
generally get these drivers for less
than the major speaker manufac-
turers would pay for them.

As a group of driver engineers,
we have access to excess
stock that is the result of over
runs, contract disputes, pay-
ment problems, and so on. This
allows us to Cherry Pick quality
drivers at outstanding values.

| || Our on-line catalog at
http://SpeakerPage.com
contains a full technical evalua-
tion, complete with suggested
usages and box designs for
woofers.

For a product list, write
1495 Oak St., Eugene OR, 97401
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| ].mprn\'(' the imaging and clarity of your
speakers by reducing cabinet resonance and
baffle diffraction. Transform the acoustics of

‘ your listening room. Make your car whisper quiet.
| | Goodyear Acoustasheet will do all this for only
$2.48 per sq. ft. (10 min.) plus 85 handling.
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V4" acoustic foam lamination.
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The SuperCables CookBook
by Allen Wright

1 believe cables are crucial to sound
quality, and 10 years of research brings
188 pages (+130 pix) about making your
own. Using only regular tools and
readily available materials, these 33
interconnects, speaker cables and AC
cords will sonically better the hi-priced
commercials — and at a fraction of
their cost! There's 23 pages of support-
ing theory, and we also offer Kits...
SUSH0-£27-$AUDSO-DM60 includes
surface post (airmail DM20 extra)
VISA/NMC welcome,

USA: PhFax: (415) 492 0728
(FSpiritEd@aol.com)

UR: Fax: (01734) 845933
Australia: Ph ++ 61 2 9344 3358
All other areas: Allen Wright/VSE
Einsteinstr. 129, 81675 Munich,
Germany. Ph/Fax ++49 89 477415
(100240.2562 @ compuserve.com)

VACUUM S TATE ELECTRONICS

Speaker Builder

FOR PURCHASE IN
YEARLY SETS!
L=

To receive a copy

of our Complete
Back Issue Listing

Call 603-924-9464

or fax a request to

603-924-94067.

Speaker Builder
PO Box 494
Peterborough, NH
03456-0494

|
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. BACKISSUES |
AREAVAILABLE |

| My problem is that 1 have built a sub-
| woofer and cannot find a suitable driver(s).
The cabinet is a4 25Hz comer hom with one
90° bend. 1 am fortunate enough to have a
60-year-old barn for a shop. The horn is 7" at
the mouth and about 25 long. Using a JBL
2215 gave a massive peak at 70-80Hz. and
even when driven with my 500W amp it was
a poor match for the upper bass. Using a JBL
2220 gives a more linear response but at lev-
els as low as [W_ 1 can hear it bottoming out.
I am currently looking for an 18” driver with
the 2220 type of structure. Am [ on the right
track?

Mike Edwards
MEdwa2515@a0l.com

Bruce Edgar responds:

I'm not surprised thar the JBL 2215 gave
you problems. With an f of 20Hz, the sus-
pension is very loose and would not like
working into a horn throat. I can't tell from
your description of the bass horn what the
mouth and throat areas are, hut that infor-
mation is needed 1o perform any analvsis on
vyour hor.

The resonance you describe may be
caused by a "bell mode” resonance around
the mouth. You can detect the resonance by
Seeling around the mouth when the driver is
driven hard around the resonant frequency
by an oscillator/amp  combination. Cross
bracing at the mouth and sand weights are
the usual prescribed cures. If the mouth is not
the location of the resonance, feel ulong the
horn 1o find the problem point. Again, trv
cross bracing and sand weights.

Most of the 18" drivers have mass rolloffs
of 150-200Hz. You will not find any 18"
drivers with higher mass-rolloff frequencies
comparable to the JBL 2220 or EVMI5L
157 drivers. 1 recommend using o 18"
drivers on a 25Hz horn. The use of two driv-
ers will give better low-end response and
shorten the physical length of the horn.
Good driver candidates  include  the
EVMISB and the PAS ER-1880. I've used
both. The recommended throat areas are in
the range of 150 10 180 in’.

|

HORN DESIGN
Can you recommend the best, most compre-
hensive issue and/or book containing math
formulac for the design of mid and bass
horns? *“The Show Horn™ (SB 2/90) and “The
Monolith Hormn™ (SB 6/93) both look interest-

ing. but which is better? Is there another
souree to consider?

Harry Siddeley
| Dracut. MA

Bruce Edgar responds:

Over the years | have amassed almost every
article on horns that I could find and, unfor-
tunately, 1 have not discovered an article
that gives an amateur speaker builder
good comprehensive way of designing
horns. Most authors avoid treating hors in
a serious manner.

In my survey, I have also found that many
articles just repeat erroneous notions about
horm design without verifving their validity.
The best examples are Dinsdale’s horn
papers in Wireless World (1980: pp. 18-24,
March; pp. 133-139, May; pp. 186190,
June 1974). He started using a flare frequen-
cv modified by a factor of 1.2. So, if vou com-
puted the flare contour for 100HZ with
Dinsdale’s method, you would use a frequen-
cv of 84Hz,

The problem with this notion is that vou
will end up with @ horn much larger than you
actually need. For midrange horns, the size
increase is not too bad; but, for bass horms
the size increase will result in a gargantuan
horn. The second problem is that the resul-
tant design will have a mouth size 100 small
Jor the actual flare rate. A mouth too small
results in a peaky response. Unfortunately,
several software programs use this erro-
neous method for computing horn contours.

I have tried to write my hom papers so
that the amateur can follow each step in the
horn-design process. My Show Horn article
details how to design « bass hom. The
Monolith Hom article shows the pitfalls
encountered when you try to fold a bass horn
with too many 180° bends. Since 1 wrote
those articles, 1 have reached some more
observations about horm design.

Fora forward-firing bass homn, a quarter-
sized mouth abways gives the best low-end-
response results. The Show Hom uses a 1/8
size, but a Y size mouth for another 50Hz
horn with the same driver and folding geom-
etry had better low-end response. The for-
ward-firing hom design gives better imag-
ing, but your listening position has to be far
avway (15, for example) in a large room for
the best integrated sound.

The Monolith horm uses a 1/8 sized mouth,
but the mouth is positioned right at the wall/
Soor interfuce for the best low-end response.
The advantage of this configuration is that it
works well in a smaller room. | have used it
effectively as a center-channel subwoofer-.
The disudvantage is that the bottom-firing
hom spreads the sound out in such a way
that the imaging suffers.

Also. the configuration sounds best with a
concrete floor. For a raised wooden floor,
the bass goes right through the floor unless
you isolate the base with a concrete or mar-
ble slab or a sand buse. »




PHASE LINEARIZATION
The subject of lincar phase in loudspeaker
design has received much attention over the
last 30 years. Apparently. it is difficult to
design a complete loudspeaker system that
has linear phase. but still preserves other
qualities of interest to the designer. such as
side frequency range. good directional
properties, and good power handling, in
addition to the obvious requirement of flat
amplitude response.

Dennis P. Colin (“Waveform Phase
Distortion.” SB 1/97. p. 18) states that the
all-pass response cannot be equalized by
filtering so that it becomes a lincar-phase
response. I'm sure he doesn’t mean this,
because one of the subjects in advanced fil-
ter textbooks is phase equalization. which
can be accomplished by passive, active, and
digital means. Preprints from the AES con-
ceming filter design for loudspeaker divid-
ing “networks™ in the digital domain usual-
ly state that they have been rendered phase
linear by suitable digital filtering.

Phase linearization in the analog domain,
especially with passive networks. is diffi-
cult, and you don’t see it much in speaker
designs. As Mr. Colin says, lincar-phase
loudspeakers usually arise from careful
dividing network choice and physical driver
time offset. But as he may have seen, some
speaker manufacturers make digital equal-
ization boxes (reviewed in Awdio and
Stereophile) tuned for specific models. and
one of their functions is phase linearization.

I agree that phase lincarization in the
mid and low frequencies is desirable and
improves transient response. In fact, I try
to push linear phase down to as low a fre-
quency as I can, because I don’t believe
that waveform distortion is more tolerable
at low frequencies. I made my own active
filter low-frequency phase equalization
box for the KLH 6 speakers. and tested
them in both a listening room and in the
anechoic chamber at the Altec Lansing
Corp. in Anaheim. | also published the cir-
cuit for this box, and the supporting theo-
ry, in the JAES.

It was easy to tell by listening whether
the low-frequency phase equalization filter
was *“in" or “out” in the anechoic chamber

SB Mailbox

when the test signal was a single square-
wave pulse (one full cycle at 60Hz),
repeated about once per second. At home,
the test signal was music. The box made
“Also Sprach Zarathustra™ sound terrific.
My own home-brew full-range speaker
designs have been either rigorously linear
phase or approximately so up to as high a
frequency as | can manage. usually just
above the tweeter crossover frequency.

Victor Staggs, Ph. D
Orange. CA

Dennis Colin responds:

Victor Staggs is right: it is possible to
compensate the phase of an all-puass. at
least over a finite bandwidth. (The ideal-
ized cases | showed, with Zero-rise-time
pulses and response to DC, would require
an infinite  bandwidth  high-frequency
delav and an endlessly growing exponen-
tial step response, respectively.)

In practice, over our 20Hz-20kH:
bandwidth, compensation is very difficult

to do in analog. because many cveles of

the highest frequencies inust be delaved to
become aligned with the lowest ones.
Digitally, however, it is not difficult, and
I'm glad to hear of the work to which
Victor Staggs referred.

I would also like to correct two other
not strictly accurate statements | made.

1. Some frequency-response-altering
Sfunctions do have a constant zero phase
shift. For example, the Laplace functions
1-s2 and 1-1/s> have a flat region which
curves upward to 12dB/oct. boost. above or
below s (normalized frequency) = 1. and
zero phase everywhere. However, these
Sunctions (polvnomials with only even pow-
ers of s) have limitless hoosts. obviously not
useful in crossovers.

2. Crossovers higher than first order
can be realized with perfect combined
phase linearity, but these have two disad-
vantages:

a) At least one driver signal must have
a response peak near the crossover fre-
quency, increasing power loading. and

b) The driver signals in the crossover
region differ in phase by perhaps 1207 or

more. This makes the correct combined
response occur only over a narrow angle
relative to the axis of separated drivers.

I thank Victor Staggs for pointing out
the feasibility (and desirabilitv) of phase
compensation. It may be difficult, but to
my ears it's well worth it. Regarding tran-
sient reproduction, you could say that
phase linearity provides a “degree”™ of
bringing us one “step™ closer!

SUBWOOFER EXPERIMENT

Bill Fitzmaurice's well-prepared article
regarding the use of a “series-vented”
design was of great interest to me (“An
Eight-Inch Subwoofer Test Box.”” $B 8/96.
p. 28). It was easy to understand and pro-
vided a possible answer to my PA low-fre-
quency needs. He referred to the Speak-
Easy computer program, which models
this type of alignment. but noted his lack
of a computer on which to run it.

1 use a computer program called Bass Box
5.1 (upgraded to 5.18). which models the
series-tuned alignment. I input the data from
the article regarding chamber volumes. vent
sizes and lengths, and driver, and the result
was a similar low-end. but very uneven.
overall response in the passband of +9Hz.
This program allows for various amounts of
stuffing, and I selected “minimal.” given the
amount of eggerate foam used. Inputting
other amounts resulted in little change. other
than to alter the peak values.

Fred I. Mullins, Jr.
Charleston, WV

Bill Fitzmaurice responds.

I appreciate your interest in my sub-
woofer experiment. While your computer-
generated response curves do not exactly
match the actual test results of the test-
box, this is not surprising. A computer pro-
gram can produce a result only as accu-
rate as the database on which it depends.
Other computer plots by G. L. Augspurger
give results much closer to the actual mea-
sured response.

I suggest vou try a simulation using a
pro-driver, such as an EVM-15B, to see if
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you can getr wideband response without
losing too much efficiency. My experi-
ments using actual cabinets have not heen
successful in doing this with the series-
port enclosure without requiring enclo-
sure sizes so large that a folded horn is
still a better alternative. I'd he interested
1o hear about your results.

FREELINE FACELIFT

I was interested in Bing Yang’s questions
(“Ask SB.” 197, p. 39) relating to John
Cockroft’s “Freeline” design (SB 5/95). After
40 years of diddling and fiddling, I have con-
cluded that loudspeaker specifications don’t
really mean a whole lot, and Mr. Cockroft’s
allusion to “spiritual and emotional involve-
ment...with the music” is infinitely more
important than actual (or computer-modeled)
response flatness, for example.

Intrigued by the simplicity of the
“Freeline™ design, 1 built a pair from pine
shelving rather than the specified particle-
board (these are not nearly as dense, of
course. but TLs aren’t supposed to generate
much internal pressure). Besides, a hand-
rubbed oil finish looks great on real wood.

To say that my “Freeline™ results were
impressive is an understatement. I wasn’t
prepared for such a big, open sound from
such small enclosures. Nonetheless, by
accommodating the one unusual factor of
this design. you can achieve a dramatic
performance improvement.

The “Freeline”™ design places a fixed
resistor in series with the woofer to yield a
bit more “Q,” hence output, near the
(weighted) woofer resonance. This is a
neat trick, but with two shortcomings.

First, the speaker appears to take more
power for an expected SPL—not in terms
of watts, however; my 25W test amplifier
“went to the rails™ before it truly ran out of
steam. | proved this by inserting a 1:2 step-
up transformer. The ultimate solution was
a home-brewed amp of a “bridging” con-
figuration which could deliver nearly
100V peak-to-peak at modest current.

The series resistor also spoils the amplifi-
er’s damping eftect. This is evidenced by
excessive woofer excursion at obviously
subaudible frequencies. By incorporating a
third-order Butterworth active low-pass fil-
ter (—3dB at 30Hz) into the input circuitry of’
the new amplifier, I casily doubled the sys-
tem’s apparent power-handling capability.
(It is surprising how much subaudible
“noise,” that is, stuft unrelated to the music.
can be found in many recordings. Take Eric
Clapton’s 1992 “unplugged™ Lavla. for
example. What is that thumping?)

The “Freeline™ won't blow doors off
their hinges. A 47 cone can move only so
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much air. If you're after contrived movie
effects and other sounds that can’t possibly
exist in the real world, you'll need a simi-
larly artificial reproducer. But for music.
the “Freeline™ will get you as spiritually
and emotionally involved as you're likely
to want to be.

John Wood
Felton. CA

John Cockroft responds:

Your use of a step-up transformer (and
later your home-brew high-voltage amplifi-
er) is a unigue solution (at least I've never
heard of the process) to what I also thought
were shortcomings in the Freeline's perfor-
mance. ! eventually made quite a few mod-
ifications to the Freeline in several areas.
including removing the 8Q series resistor
circuit. Just a couple of weeks ago I did an
entire makeover of the crossover.,

The Freeline now has a different woof-
er, the 42" Pioneer full-range Al1EC80-
O2F (Parts Express #290-010) costing
$10.50. This is slightly larger than the
original Radio Shack woofer, so vou'll
need to enlarge the mounting hole a bit.
It's best to remove the woofer, neeter,
and most of the stuffing in the woofer hole
10 give the sabre saw a bit of elbow room.

At this point it is a good idea to spor-glue
some V4 felt pads 1o the inside back and
side panels, centered on the centerline of the
woofer. They should be about 6” long. I for-
got to mention these in my original article,
but in view of vour kind description of the
way your Freelines sound, perhaps the pads
aren’t all that important.

Apply two coats of white glue to the

woofer's cone and dust cap, in the manner of

the original article. Also add eight BB-size
split lead-shot fishing sinkers (as opposed to
nine on the original Radio Shack woofer).
The Pioneer's dust cap is slightly sinaller,
but its resonant frequency is about 15H:
lowveer 1o start with, so it all works out). Split
the shot as explained in the article and
mount them around the dust cap. They fit
better on the Pioneer if the litle polvwog
tails point inward towards the dust cap.

The current Freeline has higher stuffing
densities than the original. 1 raised the
lower (longer) line density from 0.9 Ib/fi?
10 1.375 Ib/fi? by adding 2% oz of stuffing.
The Freeline isn't stuffv. You merelyv need
1o push up the original stuffing 1o accom-
modate new stuffing. The upper line densi-
1y increased from 1.2 10 1.8 I/, by
adding 1% oz stuffing.

As a result of a recent discussion with
Vince Bruzzese of Totem Acoustique and
Scott Frankland of Wavestream Kinetics

(and the Analog Room), I decided to re-
design the Freeline's crossover (again).

The treble section now uses a 0.22mH
coil (Parts Express #266-658, $6.30)
shunted across the nweeter ternminals, and
a 25uF capacitor shunted across the
woofer terminals. | used a 1.5pF (#027-
528, $2.15) and a 1.0UF (#027-520, $2.15)
Solen capacitor in parallel. I discarded the
original 3.3UF cap and the 8Q and 10Q
resistors, while retaining the 82 variable
L-pad (Fig. 1). The Freeline sounds best in
my room with the L-pad wiper turned
slightly less than Ya-turn from the off posi-
tion.

This current setup is about 6dB more
sensitive than the original Freeline. It is
very noticeably cleaner and clearer and
more naturally alive. I prefer the Freeline
out away from the wall farther than
hefore—about 22 1o 3ft.

To augment this, I devised a simple pas-
sive line-level filter 10 partially compen-
sate for diffraction loss that occurs when
the lower frequencies wrap around the
enclosure and are depressed on the speak-
er axis. It is a simple first-order low-pass

[filter with an additional resistor slipped in

between the ground leg of the capacitor
and ground. 1 built the two-channel filter
on the back of a four-jack RCA juck board

from Radio Shack and mounted it in a

small plastic project case from the same
source. It goes between the preamp and
the amplifier (Fig. 2).

ATTENTION TO
APPEARANCE

I would like to suggest that the use of the term
“Wife Acceptance Factor” in speaker build-
ing is a result of not fully analyzing a series of
aesthetic, marketing, and engineering prob-
lems (“SB Mailbox,” SB 1/97, p. 42). Most of
the speaker systems 1 build are for friends and
neighbors, and one is in a church sanctuary. 1
designed each to meet specific sonic and aes-
thetic needs. 1 am lucky to eamn a dollar per
hour for my efforts, so 1 consider this a
hobby. My paid work is in courtroom sound
reinforcement and recording.

Many outsiders critique my work, unlike
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FIGURE 2: Partial diffraction compensation
filter. Resistors are aW, such as Radio Shack
#271-1335. Use a polyester film capacitor,
such as Radio Shack #272-1066.

that of the pure hobbyist. Some know me
well, some do not, some are women, some
are men. 1 have not found women to be any
more or less difficult or critical than men.
Success is related to how well 1 can inte-
grate my system into the existing living
room, church, or courtroom.

Most people who build speaker systems
are male. They build for themselves and
hope that the rest of the family will at least
be tolerant. Due to circumstances only. the
first critic will almost always be the
spouse. that is. a female.

To increase the acceptance factor, first
consider sending the back wave from the
woofer out of the living space. Minimizing
the space your speaker system occupies
increases acceptance. Most of a speaker
system is empty space that serves only one
purpose: to contain or phase-shift the back
wave so it does not cancel the front wave.,

Second. take your wife to antique shops
and furniture stores to determine what is
acceptable. You could transform many dif-
ferent hutches and corner cabinets into
speaker or subwoofer cabinets. Sign up for
a woodworking class to learn how 1o pro-
duce nice furniture. Ask your wife to clip
pictures of furniture out of magazines and
talk about them. Modify the design of a
classic piece of furniture and build it.

Keep your woofer/midrange crossover
point as low as possible by using a very
wide response midrange. This will make
your speaker system less sensitive to driv-
er placement, thus increasing the styling
options. Achieving good time adjustment
has produced some very ugly systems.
Crossing over below 350Hz permits a flat
vertical baffle board. Crossing over below
90Hz with a fourth-order network has been
reported 1o allow many feet of separation
between the wooter and a bass midrange.

Install a prototype pair of speakers in
the room for a limited time 1o test a design.
Then transplant the drivers and crossovers
to a finished pair of cabinets.

Consider removable doors for your speak-
ers. If these have inset grilles, you may be
able to get fair sound with the doors closed.
provided care is used in driver placement.

For serious listening, remove the doors.

Use nontechnical examples for why
speakers need to be big. Explain that the
major difference between a calliope and a
fine pipe organ is that the calliope uses small-
bore pipes and high-pressure steam 1o pro-
duce a sound full of harmonically unrelated
noise and weak fundamental tone. Large pipe
organs use very low-pressure air and large
bore pipes. Fundamental tones are strong,
harmonics are pure. and there is little noise.

1 encourage Speaker Builder and its read-
ers to explore ways to improve the cosmet-
ic aspect of speaker systems. The magazine
has done an excellent job of presenting the
technical aspect of speakers.

Jesse W. Knight
Woburn, MA

UPDATE

NETCALC. reviewed in SB 1/97 ("Soft-
ware Review,” p. 40}, is now distributed
only by Audio Components, PO Box 554
NL 5340 AN Oss. The Netherlands: (+31)
412-626610. FAX (+31) 412-633017. E-
mail audiocom@worldonline.nl. In addi-

tion. NETCALC's price has dropped from |

the original $149 to $85. Readers with tech-
nical questions or needing other assistance
may contact the designer directly: Mr. Rien
den Boer, Ariba, Barnonichoeven 32, NL
5244 HZ Rosmalen. The Netherlands,
FAX (+31) 73 52 15841, E-mail mden-
boer@worldonline.nl.

HELP WANTED

1 have been searching for a suitable
crossover schematic. 1 wish to replace my
extremely noisy Mirage LFX-2 with some-
thing 1 build myself. My system consists of
B/W 803s and a set of subs powered with
STASIS amps. I would like to vary the high-
pass/low-pass points from 50-80 cycles
with 24dB/octave slopes. I'm looking for
the best design around.

Pete Perciavalle
perciavalle.p.r@wec.com

1 own a venerable pair of Dahlqguist DQ 10s.
1 have frequently been told that 1 should
replace the super tweeter. but with what?
Does anyone have a recommendation. or
know someone who could help me?

Geoffrey Binder
GeoffreyBinder@vut.edu.au

We encourage anyvone who may have in-

Sformation on these topics to correspond

directly with these readers.—Eds. »

Four types of
Classified Advertising
are available in
Speaker Builder:

FOR SALE: For readers to sell person-
al equipment or supplies.

WANTED: Help readers find equip-
ment or 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. Specific
guidelines apply to Club advertising.
Please write to the Ad Department 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 insertions. Payment MUST
accompany ad. No billing for word clas-
sified advertising.

AD COPY

A word is any collection of letters or
numbers with a space on either side.
No abbreviations; please spell out all
words. Count words, not letters. Ad
copy should be clearly typed or printed.
lllegible ads will be discarded.

SUBSCRIBERS

Receive free For Sale and Wanted ads,
50 word maximum, each additional word
$.20. $10 minimum. For Club
ads, follow instructions at the bottom
of the Clubs listings. Please submit only
one ad per category per issue.

Please include your name, address, and
telephone number. 1f TRADE please
indicate number of insertions on the
ad. All free ads are run only once, and
then discarded. Ad questions, 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
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TRADE

STATE-OF-THE-ART PASSIVE CROSS-
OVERS featuring Hovland MusiCaps. Software
available, free design guide. ALLPASS TECH-
NOLOGIES, INC., 2844 Charmont Dr., Apopka,
FL 32703-5972, (407) 786-0623.

ELECTROGTATIC

+ KITS+ PARTS+ TRADE SECRETS "

save $5$ building, repairing, modifying ESLs

CATALOG/START-UP MANUAL--S5.00
Y DAVID LUCASY

924 HULTON ST, OAKMONT, PA15139

ELECTROSTATIC electronics, transformers,
Mylar®, information. From author ROGER
SANDERS, (505) 759-3822.

WE RE-CONE all home, auto, pro and vintage
speakers. Re-foam kits, $10. TRI-STATE
LOUDSPEAKER, www.nauticom.net/www/
speakers, (412) 375-9203.

La Palma Engineering
Audio and Acoustic Consultants
5462 Bransford Dr.

La Paima, CA 90623-1125
(714) 523-5337 — PE #E13138
E-mail: LPENG @PACBELL.NET

FOR SALE

Pair EVM15L, $280; pair Advent tweeters, $25;

one Advent wooler, $20. Stan, (718) 317-8297, |

after 6 p.m. (EST) or leave message.

Stereophile B/C recommended. Two Rotel RB-
980BX amps; Rotel RB-960BX, $190; ADCOM
GFP-565 preamp, $395; pair Infinity KAPPA

7.1s, $395. All equipment is absolutely perfect. ’

Matthew, (314) 394-4735, 9 am.-2 p.m. or
leave message.

SILVER SONIC™

High Performance Audio Cables
You can afford the best!

Silver Sonic T-14 Speaker Cable
Silver Sonic BL-1 Series 2 Interconnect
Silver Sonic D-110 AES/EBU Digital
Silver Sonic D-75 Digital
See the review in Speaker Builder, issue 4/94

D.H. Labs
P.O. Box 31598
Palm Beach Gardens, FL 33420
(561) 625-8998 (phone/fax)

Reader Service #7
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Use this convenient list to request the products and services that
you need fast. Don’t forget to mention Speaker Builder!

COMPANY PRODUCT FAX
Acoustic Technology Int! Hi-End Drivers 1-905-475-8226
Antique Electronic Supply Tubes, Transformers, Books, More! 1-602-820-4643
! Gasoline Alley L.L.C. Acoustasheet 1-913-827-9337
I Goertz Goertz Inductors 1-203-384-0586
Harris Technologies BassBox and X’over 1-616-641-5738
Hovland Company MusiCap Film & Foil Capacitors 1-209-966-4632
Kimber Kable Speaker cables, interconnects, efc. 1-801-627-6980
[ || Kiein Tech Systems Acoustic Interface Pads 1-561-845-9844
J LinearX Systems, Inc. FilterCad 1-503-598-9258
Mahogany Sound Acousta-Stuf 1-334-633-2054
Markertek Video Supply Unique & Hard-To-Find Accessories 1-914-246-1757

More! Acoustics USA
Solo Electronics

Loudspeaker Drivers, Car Speakers
CFAC Inductor

1-617-277-2415
1-510-887-1657

Sound Clearing House Speaker Drivers 1-541-343-3112
The Parts Connection Crossover Parts 1-905-829-5388
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New! BREAKTHROUGH SPEAKER PADS

Expand tonal range « Add clarity - Optimize full
range reproduction - Protect surfaces from spike
holes « Maximize « Dampen distortion-
causing vibration « $7.%—$69.% . Dealers weicome.
KLEIN TECH SYSTEMS
4262 Northiake Bhd., Paim Beach Gardens, FL 33410
(561) 863-2198  FAX (561) 845-9844

Speaker Builder 198088, 94-96, $120; LinearX
Leap and LMS, $1,075. All plus shipping. Dennis
Mohs, (612) 937-0741.

Peerless 1727 10” woofers, never used, $40
each; Audax TSX1125JSN, new, $19 each;
AWO02551, new, $19 each; CFAC 0.47mH coils,
12 gauge, $19 pair, MC preamp kit, battery oper-
ated, $25; power transformer 20V CT at 1A, $5.
Dave, (412) 274-8149.

BI-AMPING???

New low prices on the XVR-1 Crossover
Platform! (See article in SB 2/96.) Kits,
assembled units, & PC boards available.

AuDIO ARTS
RD2 Box 3502, Wernersville, PA 19565
(610) 693-6740 « audioarts@enter.net

Dynaco PAT-5 updated boards, defeated
stereo-mono and low-filter switches, blend pot
added, $50; Integrex Dolby-B decoder, new,
$48; SSS EQ1 12-band equalizer kit with extra
parts, $30; Hafler DH-330 tuner, $125; Pioneer
TVX-9500, $20. Collectable hi-fi books, SASE
for list. Andy Keller, 1455 Twinsisters, Long-
mont, CO 80501, (303) 772-4801.

INSULATED ESLS

NO ARCING MORE BASS
CONSTRUCTION PLANS & PARTS CATALOG $5.00

HIGHER SPLS X E N NO PERF METAL

PO BOX 114 DUNMORE PA 18512

Pair ScanSpeak Kevlar 18W8546 7” mid-bass,
$210; pair D2905/9300 1” soft-dome tweeters,
$110. New matched pairs. Ed, (206) 562-9848,
E-mail clrsoft@wolfenet.com.

Pair JBL 1” horn drivers, Alnico with aluminum
diaphragms; pair Altec 291A large Alnico horn
drivers; pair 511, 811, and 421 woofers; Pioneer
Spec |, Il, and IV preamp and amps; two
Nakamichi 6702X rackmount cassette decks;
Community homns. David, (914) 688-5024.

SPEAKER RECONING
RE-SURROUND

REPLACEMENT SPEAKERS

Are your speakers blown, foam rotted or just sounding tired?
We are one of the largest and most experienced
repair centers nationwide. We offer:

« Factory Authorized Service: * Professional Service
ADS, Advent, Altec, Bose. * Fast tum-around
Cerwin-Vega, EPI, EV, * Grille Repair
Infinity, and JBL. * Raplacement Grilles

~ Hard to Find Parts for Most Brands!

Over 50 years of experience rebuilding speakers,
Have the Experts at Midwest rebuild your speaker!

' MIDWEST SPEAKER

4 800-883-9172

|| 293 N. Snelting Av. St. Paul, MN 55104

"""" Reader Service #57

Pair Advent | tweeters, $20; E-V RE85 Dynamic
Lavalier mike, $35; E-V 649B Dynamic Lavalier
mike, $25; Audio Technica AT816 unidirectional
Dynamic mike, $20; one University N2B cross-
over, $10. Also have Advent | woofers (needing
surrounds) and Advent | crossovers. Jim, (408)
425-6719.

Krell PAM-3 preamp, $1,100; Lexicon CPI V2,
MSB modified to accept AC3 and DTS, $1,200;
TDM three-way stereo electronic tuner, $200;
speaker selectors by Nilen SPS-1 and HDS-1;
Technics SU9070 preamp, $100; Technics
SH9010 stereo EQ, $100; Dynaudio 21WS4,
D76, D28, and D21; Audio Concepts AC5; Vifa
D25; JVC HS 1101 ribbon tweeter. Bert Lopez,
(914) 362-0927.

Vifa tweeters: D27TG-35 and D27TG-05 1” silk
domes, D25-AG37 aluminum domes, $12 each;
used replacement domes, $2 each; matched
pair Focal 8K516 Kevlar woofers, new, $150;
Sony WM-D6C micro portable stereo cassette,
$225. New equipment in original cartons (with
warranty): Technics SL-1200MKIl professional
turntable, $390; Audio Research LS3 preamp
(Stereophile-rated Class A), $1,250; Adcom
GFA5400 HEXFET power amp, $525. Fred,
(610) 693-6167.

Pair AR 4X speakers, fair, $70; Bogen PA ampli-

| fier, 100W mono, all transistor, mutiple output

BOSE Acoustimass bass modules: AM3, AM4, |

AMS5, AM7, no cubes, $75 to $125 each; Bozak
woofers, mids, tweeters, crossovers; pair repro
E-V “Patrician 800s"” with original drivers,
$4,500; pair E-V 30” woofers, factory rebuilt in
1996, $1,000 pair. Bud, (912) 432-9885 after
6 p.m. (EST).

HP 200CDR wide-range oscillator, 5Hz—600kHz, |

rack mount, balanced/unbalanced output, low
distortion, $125; HP 302A wave analyzer
0-5kHz tunable voltmeter for distortion product
measurements, $200; TEK 561A scope, three

vertical and two horizontal plug-ins, rack mount, |

spare CRT, $100. Manuals included, plus ship-
ping. Offers. Ron, phone/FAX (408) 246-2874.

B&W 805 in wainut finish, $775. Harold
Goldman, (212) 724-9843 (NY).

Altec 511B, 604E, 803B; Apogee; Bryston 108,
Bryston speaker selector; Cambridge SW-1;
Entec SW-1; E-V 30" subwoofer; HP334A,
339A, 8903B; HP301 HV 0-1kV 500mA; JBL
B380/X63A; KEF 139B; Magnapan bass panels;
M&K speaker selector; ESR-6; Sound Lab
A1/B1; Tannoy monitor gold; Vandersteen 4A;
VMPS tower. Best offer. John, (408) 737-2980,
FAX (408) 735-1426.

Sonic Frontiers SFD-1 digital converter, Tele-
funken 6DJ8, soft recovery diodes, choke-
loaded PS, asking $700; Pioneer PD-65 trans-

port only, analog section removed, separate |

reg. PS for master oscillator, highly damped
enclosure, 7562 BNC, asking $350; UltraAnalog
AES-21 AES/EBU receiver, $50. Ashby, (954)
723-5225.

Kenwood Dolby 3 processor, 30W center-chan-
nel amplifier, rear channels need repair for
15W/channel, rear-channel delay, heater, hall,
and wideband modes. Rear-channel and center-
channel line output. Dr. L.H. Steinberg, (215)
592-9765.

One Dyna PAS, silver face, cosmetically and
sonically good shape, $125; ST-70 with Van
Alstine pcb, $450; one KLH Model 18 FM
tuner, just re-aligned, $75; Revox A77 Model
1224 built-in speakers, everything works to
specification, very nice shape, including heads,
$500. All items shipped UPS COD. Lloyd,
(617) 232-2887.

Dyna PAS-2, $75; Dyna FM-3, new faceplate,
$75; Dyna ST-150, Boak-Jung mod, $125; pair
KLH 2s; Janszen 130 tweeters, woofer and
tweeter in one cabinet, $400. All plus packing
and shipping. Paul Leo, (718) 459-5443.

taps, good condition, $100; Brainard stereo inte-
grated amp, all tube, 15W/channel, 82 and 162
taps, 6V6 outputs, works, needs TLC, $65.
Ralph, (810) 264-6784.

‘ WELBORNE LABS

OUR NEW 1997 CATALOG IS NOW AVAILABLE
HIGH QUALITY AUDIO KITS and SUPPLIES!!
Vacuum Tube and Transistor Power Amplifiers, Passive-

Preamps, Li ges, Phonostages, Activa Cro
Power Supplies, Line Conditioners and many more Kits.
Parts and Supplies

Hovland MusiCaps, Kimber Kaps, MuliCaps, Solen, WIMA
and ELNA Cerafinas; Caddock, Holco, Mills and Rasista
Golden Dragon, NOS, RAM Labs, Sovtak and Svatiana
tubes; Cardas, DH Labs, Kimber Kable, Nautrik, Vampire
and WBT connactors and wire; Alps, Noble and Stepped
Voluma Controls; Enclosures, Books, Software and othar
Supplies for DIY'ars. | ional Orders For a
copy of our 200 Paga Catalog, sand $12 (US/Canada), $18
(Intemational) or call us (303) 470-6585, fax (303) 791-5783
e-mail: wlabs@ix.netcom.com. Visa & Mastercard Accepted
Catalog Charge Rafunded with Orders ovar $200.

P.O. Box 260198, Littleton, CO 80126-0198
Visit our Websita for more info: http:/Awww.welbomelabs.com

Reader Service #95

WANTED

Information on theory of operation of “Karlson”
enclosure, a.k.a Distributed Constants Expo-
nential Coupler. Will pay costs. | have the build-
ing plans published by Mullard circa 1960. Mark
Kelly, PO Box 71, Wahgunyah 3687, Australia,
phone/FAX (011) 61-3-57261615.

GOT A BURNT-OUT QUAD ESL?

We have the spare parts for every
Quad electrostatic speaker.
Ask for free catalogue with price list and
shipping information.
Quad (Germany) GmbH, Rheinstrasse 24, D-56068 Koblens
TEL: 011-49-261-38824 » FAX: 011-49-261-38172

Vitavox S-2, 2205/431, 220E/321; Lansing 415,
801, 901, 808, N-400, N-800, 284, 285, 287,

| Jensen V180C, L-180C; Q tweeter, F-SA, F-7,

PS-1,2, 3,4; W.E. 12025, 12027, 31, 32, 15, 24,
25, 26, 555, 518, 6368, 713, 754, NO3, 555W,
594, 595, 596A, 597, 4151, 4181, 4194, 4171,
91, 92, 94, 86, 124, 142, 20A/B, 87. John, (408)
737-2980, FAX (408) 735-1426.

Cash paid for working or damaged Carver rib-
bons: 30", 48”, 60"—does not matter. Hal, (540)
459-5571, FAX (540) 459-3809.

Knowledgeable speaker designer/builder expe-
rienced in electronics and quality assurance
seeks position or association with audio compa-
ny in New York or Florida. K.J.M. Audio, (516)
868-8863.
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Tools, Tips & Techniques

PRIME NUMBERS FOR BOX DIMENSIONS

When you calculate Vg you should address
the question of the relationship of width to
length to height. Many would try a combina-

tion that produces the maximum number of

panels from the minimum amount of ply-
wood. There is nothing wrong with saving
money, but how correct is this approach with

Exclusive
Distributor of
Acoustic Research
&

NHT Parts

ARNHT

Complete in-house service:
We can test and “bring back to life”
AR and NHT speakers and equipment
using original components,

800-225-9847 FAX: 508-478-9816
17A Airport Drive
Hopedale, MA 01746

Reader Service #55 1

regard to the sound quality?

Some authors have suggested various
dimensions for rectangular enclosures
designed to prevent the coincidence of stand-
ing-wave modes that could produce severe
colorations.! Standing-wave modes are cer-
tainly unavoidable, but there are ways to con-
trol them. One is to use absorbent linings
inside the box. Vance Dickason writes of
other proposed relations and describes inter-
esting results when you use different arrange-

ments of linings.2 Here we will see that prime
numbers can also be a valuable tool.

I have asked many people for whom stand-
ing-wave modes are not a clear phenomenon
to listen to a fixed low-frequency tone (e.g.,
50Hz) in a room with only one speaker, and
to stroll through the room. It is then easy for
them to find points in the room where cancel-
lations or reinforcements of the tone occur.
This effect also happens inside the box, but at
different frequencies, because of the smaller

PRINT

wavelength”

FIGURE I: BASIC program for calculating the standing-wave frequencies in a rectangular box.

PLANAR MAGNETICS

EXPERIENCE THE PERFORMANCE OF A RIBBON
AT THE PRICE OF A DOME.

DEW ELECTRO-ACOUSTICS MODEL 72-11
ANSWERING THE DESIGNER'S NEEDS

¢ A HIGH-FREQUENCY PLANAR TRANSDUCER
DELIVERING SUPERIOR WAVEFORM ACCURACY, TRANSIENT
RESPONSE, AND LINE SOURCE IMAGING. THIS IS ACHIEVED BY
AN ULTRA-THIN (.000187) X-HIGH TEMP MEMBRANE/CONDUCTOR HYBRID.

MEMBRANES ARE INTERCHANGEABLE AND AVAILABLE IN SEVERAL RESISTANCES
FOR ACCOMMODATING CONFIGURATIONS RANGING FROM SINGLE TO MULTI UNIT ARRAYS AND

EXPANDED LINE SOURCES.
* AVAILABLE RESISTANCES: 2.7, 5.4, 10.8 OHMS.

¢ DEW ELECTRO-ACOUSTICS MANUFACTURES PLANAR TRANSDUCERS FROM 7 TO 31*, THE PERFECT
SOLUTION FOR NEW OR UPGRADING EXISTING SOUND SYSTEMS AND HOME THEATER, THE MODEL 72-11
IS USED IN THE DEW 5930 SPEAKER SYSTEM. IT HAS A RADIATING AREA OF 72 SQ. CM.
AND A FREQUENCY RESPONSE BEYOND AUDIBILITY

¢ PRICES START AT US. $52.00
* DAVID E. WINDISCH ELECTRO-ACOUSTICS, PO BOX 7967. ALBUQUERQUE, NM 87194-7967 TEL: (50S) 899-8974
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dimensions of the box and the involved wave-
lengths that affect the sound quality.

PRIME NUMBERS

Trying different sets of three prime numbers,
you can find a suitable relation that accords
with good performance and your own aes-
thetic tastes.

Recall that a prime number is an integer
that is evenly divisible only by itself or 1. For
example: 1, 2,3, 5,7, 11, 13, 17, 19, 23,....
The use of prime numbers may prevent the
coincidence of standing-wave modes because
no prime is a multiple of any other integer.

First, here are some sets of three prime
numbers, excluding the number 1 for obvi-
ous reasons:




TABLE 1

FUNDAMENTAL FREQUENCIES OF THE TONES OF THE MUSICAL SCALE

A 27.50 55.00 110.00 220.00 440.00 880.00 1760.00
Bb 29.14 58.27 116.54 233.08 466.16 932.33 1864.65
B 30.87 61.74 123.47 246.94 493.88 987.77 1975.53
C 3270 65.41 130.81 261.63 523.25 1046.50 2093.00
Db 3465 69.30 138.59 277.18 554.37 1108.73 2217.46
D 36.71 73,42 146.83 293.66 587.33 1174.66 2349.32
Eb 38.89 77.78 155.56 311.13 622.25 1244.51 2489.02
E 4120 82.41 164.81 32963 659.26 1318.51 2637.02
F 43.65 87.31 174.61 349.23 698.46 1396.91 2793.83
Gb 46.25 92.50 185.00 369.99 739.99 1479.98 2959.96
G 49.00 98.00 196.00 392.00 783.99 1567.98 3135.96
Ab 51.91 103.83 207.65 415.30 830.61 1661.22 3322.44
TABLE 2 |, = ;{,——VB/P

STANDING-WAVE MODES, BOX 1

DEVIATION FROM
ORDER FREQUENCY CLOSEST TONE

0,0,1)  171.05Hz 2.08%
0,0,2)  34211Hz 2.08%
(0,0,3  513.16Hz 197%
(0,0,4)  68421Hz 2.08%
(01,00  398.73Hz 1.72%
0,1,1)  43387Hz 1.41%
(0,1,2)  525.38Hz 041%
(0,1,3)  649.86Hz 145%
(1,0,00  598.09Hz 183%
(1,0,1)  62207Hz 0.03%
(1,0,2)  689.02Hz 137%
2,3,5 3,57 5.7.1
2,3,7 3,5, 11 5.7.13
2,3, 11 3.5.13 5.7.17
7.11,13 1, 13,17
711,17 11, 13,19
711,19 11,13.23

(The relation marked with an asterisk (*)
is very close to one proposed by Colloms.)

Denoting a set of three primes as ny, n,,
and n3, and their product as P,

P=n, n, n;

In order to use these numbers as weight-
ing factors for the dimensions that define Vg,
calculate the inner dimensions of the box
(i.e., I, 1, and 1,) as follows:

I =y WoP
ly=n, WP

ABOUT THE AUTHOR

Hugo Rodriguez graduated in 1976 as an electronics engi-
neer from the National Polytechnic Institute of Mexico. He
has worked for about 16 years in the loudspeaker industry
for four of the six major companies in Mexico, and at
Oaktron Manufacturing in Monroe, WI. He is currently a
metrologist in the Pyrometry Lab of the National Center of
Metrology of Querétaro, Mexico, and is a charter member
of the Mexican Society of Acoustics.

Here it is important to remember that Vg is
the net internal volume, after adding the dis-
placed volumes of drivers, braces, and ports.

Now, applying the given equations to
some examples, suppose that Vg is 125 liters.
First select the primes 2, 3, and 7. Then:

P=23-7=42
and:
|, = 23125/42 = 2.887dm = 28.8cm
I, =33125/42 = 4.315dm = 43.2cm
I, = 7 A25/42 = 10.069dm = 100.7cm

To verify: Vg = I, -1, -1, = 125,287cm?,
which is close enough to 125 liters. Call this
box 1.

Now try 7, 11, and 19 for the same vol-
ume (box 2):

P=7-11-19=1463

I, =7 ¥125/1463 = 3.083dm~30.8cm
|, = 11 Y125/1463 = 4.885dm-~48 8cm
I, = 19 ¥125/1463 = 8.368dm~83.7cm

Vg = Iy 1y 1,= 125.773cm?, which is still
close to 125 liters.

JUDGING THE RESULTS

In both cases, the resulting volumes do not
deviate more than 0.25% from the original
volume, and the dimensions fit all right with
standard 10”-diameter woofers. But which
one is best?

At this moment, it looks as though we are
again at the beginning of the problem, but
this is not so. Here 1 suggest a criterion for
the assessment of any W x L x H relation.
This concerns the fundamental frequencies
of the tones in the musical scale. You could
select a box for which the standing-wave

|
’t
:

|
|

|

!
|
=

Digital Storage Oscilloscope

For $189.95 2?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 Inguiries Call: 1-800-980-9806
For Technical Assistance: 1-713-777-0401

Allison Technology Corporation
8343 Carvel, Houston, TX 77036
FAX and BBS 1-713-777-4746

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

H—O0—V—t A N—DB——
MusiCApP©®

“After auditioning a wide variety of caps,

| ind these film-and-foil capacitors to be
the most musical performers—and by a
large margin. The MusiCap specializes in
textural liquidity (lack of grain) and
delicacy of treble nuances.”

Dick Olsher, Reviewer and Designer; from
November 1996 Samadhi Acoustics white papel

COMPARE NOW

The most naturally revealing capacitor. Film
and foil polypropylene construction—optimized
for fine speakers and vacuum tube electronics.
Precision made in USA. Values from .01 to 10pF

To listen to MusiCaps for yourself, contact:
* Welborne Labs  303470-6585
« The Parts Connection  800-769-0747 ‘
« Michael Percy Audio Products  415-669-7181
« Madisound Speaker Components  ¢08-831-3433
» Just Speckers 9163736777
» Handmade Electronics $10432-5732
« American Audio Import, Netherlands 31-78-6510567
+ Anchor Cross Co.Tokyo, Jopan 81-3-3203-5606
« Bina Putra Datamas, Indonesia 62-21-8209126
« Octave Electronics. West Malaysia 603-793-793-9
« SJS Electroacoustics, England 44-1706-823025
« Tang Hill international Ltd., Taiwon 886-2-5813605
« OEMs contact Hoviand Company ot
ph 2099664377 » fax 200-966-4632

Reader Service #73

Speaker Builder 3797 59



PREMIUM
' CROSSOVER NETWORKS
MK POWER 1208 PASSIVE

| YOU'VE DESIGNED BUILT AND LOADED
] YOUR ENCLOSURES
WITH HI QUALITY SPEAKERS.
YOU HAVEN'T SPARED ANY EXPENSE,
| YOUVE SPENT TIME AND MONEY
LET CROSSTECH AUDIO'S
PREMIUM HI POWERED

| CROSSOVER NETWORKS
' FINISH OFF THE JOB

DO IT YOUR WAY. THE RIGHT WAY!

CuSTOM FREQUENCIES NOT A PROBLEM

CROSSTECH AUDIO INC.

[ 30 Francine Lane Staten Island N.Y.10314
Phone (718) 370-8399 Fax (718) 370-8297

_ Reader Service #85

driver design limited

quality american-made  loudspeakers

Premuum drivers for stage,
studio and critical listening. Ask
for them by nanze.

V5/12R 5-1/4” midbass for
compact vented two-way
systems

V6/20 6-1/2” midbass for high-
power three-ways, vented two-
way systems and arrays.

HOVR-6 professional 6-1/2”
midrange for high-output stage
systems and home theater.

U10/30 10” guitar/PA speaker

Driver Design
The American Alternative
Phone: 510-370-1941
E-mail: DDL111@AOL.COM

|
|

modes are less coincident with the tones of

| music. Tuble 1 gives the values of the funda-

mental frequencies of these tones.

From Tuble 1. the result of calculating the
change of pitch between two adjacent semi-
tones is about 5.95%. The term “semitone™ is
used to denote this change of pitch. A change
of pitch of approximately 12.25% denotes a
full *“‘tone”™—not twice 5.95%. because
music is built on a logarithmic scale.

Then, it any standing-wave mode results
from two semitones having an optimal devia-
tion of 2.93% (V1.0595 =1.0293), our box will
perform at its best. Indeed. this is a very diffi-
cult condition to achieve. Those deviations
closest to 2.93% must offer better resulis.

DETERMINING SWM FREQUENCIES
Now we need to determine the frequencies of
the standing waves that will occur in our
boxes and compare them with the frequencies
of Tuble 1. As you can find in some acoustics
texts? or in reference 1. these frequencies are
calculated with the following equation:

B %\/(illl)z +(jn,)’? S0P

fSW"I

where:

¢ = 345 m/s (the velocity of sound at room
temperature),

. 1y, and 1, are the inner-box dimensions we
have calculated.

i. j, and Kk are the mode orders (0, 1. 2, 3, 4,
5.....) excluding the 0, 0. 0 case.

(Note: This equation is valid not only for
calculating the standing-wave modes of
boxes. but also for rectangular rooms.)

A BETTER WAY

However, itis tedious to do all these calcula-
tions. I wrote a BASIC program to get the
first 10 order modes, limiting them to a suit-
able maximum frequency, because the high-
er trequencies are absorbed by the inner lin-
ing of the box and are also attenuated by the
crossover network. The program works with
any relation of box dimensions, not only
those based on prime numbers. Fig. I is the
listing of this program.

In the examples. I limited the calculations
to a maximum frequency of 700Hz. With
their results, 1 calculated the deviations of
the modes to the closest musical tone. See
Tubles 2 and 3.

REFERENCES:

1. Martin Colloms, High Performance Loudspeakers, 4th
ed., (Pentech Press Ltd., London, 1991).

2. Vance Dickason, The Loudspeaker Design Cookbook,
5th ed., (Audio Amateur Press, Peterborough NH, 1995).

3. Leo Beranek, Acoustics, (McGraw-Hill, New York, 1954).

(All books are available from Oid Colony Sound Lab, PO
Box 243, Peterborogh, NH 03458, 603-924-6526/6371,

Reader Service #42 | FAX 603-924-9467.)
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TABLE 3

STANDING-WAVE MODES, BOX 2

DEVIATION FROM

ORDER FREQUENCY CLOSEST TONE
(0.0,1)  205.79Hz 0.90%
0.0,2)  411.50Hz 0.90%
0.0,3  617.38Hz 0.79%
01,00  35297Hz 1.07%
(0,1,1)  408.58Hz 1.64%
(0,1,2)  54221Hz 2.24%
(1,0,0)  559.25Hz 0.88%
(1,0.1)  59592Hz 1.46%
(1,0,2)  694.38Hz 0.59%
(11,00  66133Hz 0.31%
(1L.1,1)  69261Hz 0.84%
TABLE 4

STANDING-WAVE MODES, BOX 3

DEVIATION FROM
ORDER FREQUENCY CLOSEST TONE

0.0,1) 232.17Hz 0.38%
0.0,2 464.35Hz 0.39%
0,0,9 696.52Hz 0.28%
0,1.0) 325.04Hz 1.41%
1.1 399.45Hz 1.90%
0.1,2) 566.81Hz 2.24%
0,20 650.08Hz 141%
021 690.30Hz 1.18%
(1.0,0) 541.74Hz 2.33%
(1.0, 1) 589.39Hz 0.35%
(1,1,0) 631.77Hz 1.53%
(1,1 673.08Hz 2.10%

As shown in Tuble 2. box | has frequen-
cies of 525.38 and 622.07Hz. which produce
standing waves that are very close to musical
tones. The latter is essentially Eb, but, as 1
stated above, this frequency will be better
absorbed by the lining in the box than the
lower ones. Also, it will be attenuated by the
crossover network by 8dB, assuming a third-
order crossover network and 400Hz cross-
over frequency.

Frequencies of modes (0.0,1) and (0.0.2)
in box 2 are closer to musical tones than
those in box 1. The mode (1,0.1) that is coin-
cident with the Eb tone in box | does not
occur in the same way in box 2, since it devi-
ates by 1.46% trom the D tone.

I tried a third option, using the 3.5, and 7
set, with the results shown in Tuble 4. where
you see a poorer performance. This is
because their first modes are closer to musi-
cal tones that are in the range of the woofer
operation. [ do not think that this is a bad
relation, but the best one will depend on the
size of the box"s volume.

For the reason stated above. it [ builta 125-
liter box, I would not use the dimensions of
box 3. The standing-wave mode at 525.38Hz
of box | makes it difficult for me to select it
instead of box 2. but the dimensions of box |
appeal more to my aesthetic taste. »

Hugo Rodriguez
Querétaro, Mexico
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PC BOARDS SHIPPING WT. 1 LB.

Description

PCBD-3A/B

PCBF-6
PCBGK-B1A
PCBGK-B1B
PCBJ-5
PCBK-13A
PCBK-13B
PCBK-6
PCBP-10A

PCBP-10B

PCBP-11
PCBP-3
PCBS-1
PCBS-3
PCBS-6A

PCBSB-E4
PCBT-1
PCBT-1A

PCBV-2
PCBV-3A
PCBW-3
PCBW-4
PCBW-4MLS

PCBW-4MLS/PR

PCBW-5
PCBY-2

PCBY-3
PCBK-3

Name
Address

City

Ouantityﬁ

Part #

Electronic Crossover DG13R
Mitey Mike Test Mocrophone
Didden Super Regulators

(Each PCB consists of one positive and one negative regulator)

Jung Filter Crossover WJ3

Curcio St-70 Power Supply

Curcio St-70 Driver Board

Pass A-40 Power Amp

Valkyrie Preamp Main Board

Valkyrie Preamp Power Supply Board
Waldron Tube Crossover
Pass/Thagard A75 Power Amplifier

Pass/Thagard A75 Power Amplifier
Power Supply

Zen Amplifier

Borbely 60W MOSFET Amplifier
Borbely Servo 100 Power Amplifier
Borbely DC100 Power Amplifier
Curcio Tube Pre-preamp Master
Power Supply

Muller Pink Noise Generator

Curcio Tube Preamp Regulator
Curcio Tube Preamp Master

Power Supply

Lang 20W MOSFET Power Amp
Curcio ‘Daniel’ Auto Mute

Borbely Improved Power Supply
imp Audio Analizer

Imp Audio Analizer Maximum Length
Sequence (MLS) Add-on Board

Imp mLs pcb plus stmls imp prom
Lib Instr mic/probe preamp pc board
Ryan Adcom GFA-555 Power Supply
Reguiator

Youtsey Anti-Jitter Board

Crawford Warbler

State Zp

R Descrlptlon

Printed Circuit Boards - Easy Order Form

Size & Reference Price
2” x 3” from Audio Amateur 2/72 $10.00
1-5/16" x 4-1/8” $10.00
1-7/8" x 4-7/8” from Audio Amateur 3/95 $24.95
3” x 3" from Audio Amateur 4/75 $10.00
5” x 9” from Glass Audio 1/89 $27.00
3-1/4” x 7” from Glass Audio 1/89 $17.00
3” x 3” from Audio Amateur 4/78 $6.00
4-1/2” x 5-1/2” from Audio Amateur 1/94 $17.65
3” x 5-7/8” from Audio Amateur 1/94 $10.25
2” x 4-1/2” from Audio Amateur 3/79 $12.00
4-1/2” x 4-3/4” $14.95
Audio Amateur 4/92-1/93
3-3/8” x 5” $8.95
Audio Amateur 4/92-1/93
5” x 5” from Audio Amateur 2/94 $12.95 |
3-3/8” x 6-1/8” from Audio Amateur 2/82 $11.75
4-1/8” x 6-1/2” from Audio Amateur 1/84 $16.00
6-1/2” x 4-1/8” from Audio Amateur 2/84 $16.00
4-3/4” x 3-3/4” from Audio Amateur 5/84 $10.35
4-1/8” x 2-3/16” $9.40
10-11/16” x 2-11/16” from Audio Amatuer2/85  $27.00
3-3/16” x 2-11/16” from Audio Amateur 2/85 $8.00
5-11/16” x 6-1/16" from Audio Amateur 2/86 $21.40
1-1/2" x 2” $8.00
4-1/4” x 5-1/2” from Audio Amateur 1/87 $16.00
4 x 6-3/8” $39.95
1-1/2" x 2-1/16” $13.95
$38.95
$14.95
3" x 6-1/4” from Audio Amateur 4/89 $28.50
3-1/2” x 4-3/4” from Speaker Builder 3/96 $15.95
3-1/4” x 3-3/8” $11.20
A
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Vintage Design

ELECTRO-VOICE TL505

Vented-box (bass-reflex) design with
gross internal volume of 7.1ft3 for use
with the Electro-Voice EVM18B 18" driv-

quency response curves by the optional
use of a removable port cover. Dimensions
are in inches; centimeter dimensions are in

er. You can select two different low-fre-  parentheses
FRONTVIEW . 2ey> ]
IDE VIEW 212" 622
s [ 5461 1 |— oo, ;) - —~1 I
| —18 2 - o | L ‘
n v I
I - . —
f I { ]
|
| o
(4
301/2°
3 1 Tars
C A
RExd
{
17148C. |1 '
these cleats not o @3.8) 1
overlap item 7 |
widthof 4. ‘
|
f * 16 7/8'dia; [ ’ o9
@29 -+ : t |
| ' UI __A_L_H__\_;_VJ_ +L 71
Y L - v . 3ja )_ 34" 5/8" - YBAOR typ
= \ : (1{9)_’J ™ L*(19) \,(wr‘ l‘mn" 1‘3’3 all 12 edges
34 '10 134'wood 16ho|os .
- 2 kel 2 has o undersde o
2 14" 4 - 6 bi d or
5.7 (10.2) 7 sunk tokaephead of screw llush
A with surface.
CONSTRUCTION NOTES:
All joints should be securely glued and nailed (or stapled).
2. All joints rust be airtight Seal gquestionable joints with silicon
based caulking cormmpound.
3. Use 1/2" wide weather stripping tape around port cover (item 5)
for airtight seal
4.  Speaker must be mounted from front of cabinet.
5. Handles, trunk corners, and furniture glides or casters may be
added at builders option
6 Input connec tor should be selected by builder and mounted on
rear.
7 Grille not shown
8. Parts listed and dunensioned in chart below must conform to
dimensions on drawing for proper cabinet tuning, ,
9. The builder tay select material and dimensional fit for parts not A ’J
listed in chart - ’§
10, The cleats (items 6) 10 be flush with rear of batfle (item 4) and [}’[ ,
run completely back to tear cleats. /4
11, Line top, both sdes, and back with 3" fiberglass insulation. <& |
Insulation must not block port opening on inside of cabinet. f
see note 3 CONSTRUCTION VIEW
~ PARTS LIST — TL505 -
[ ITEM T MATERIAL SIZE aty. | REMARKS
1 3/4" (1.9) 21-1/2"" (54.6) x 30-1/2""(77.5) 2 Sides
2 Plywoc;d 23" (58.4) x 21-1/2"" (54.6) 2 Top and bottom
—_—— —— " v
3 or 23" (58.4) x 29'* (73.7) 1 Back
4 : 23" (58.4) x 24-3/4” (62.9) 1 Baffle
article board e e ot ) RLSE 4
5  Perticeboard 4-1/16” (10.3) x 12-1/4” (31.1) 1 1 Port cover
6 | 3/4"(19) x3-1/2"(8.9) Fir See Note 10 4 Cleats
7 3/47(19) x4 (10.2) Fir__ 23"(58.4) 1 Port top
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ELECTRONICS & MORE

Parts Express Speaker Kits

Each kit includes the loudspeaker drivers, unfinished cabinet plus grill
frame and 1 yard black grill cloth, grill guide kit, pre-routed baffle
board, pre-cut internal brace, port tube, acoustic foam, premium air
core inductors, Solen polypropylene capacitors, crossover PC board,
internal wiring, terminal cup, F-disconnects, black oxide screws, and
cabinet/crossover assembly instructions. Each unfinished cabinet fea-
tures 1-3/4" thick medium density fiberboard front baffle(!), 3/4" thick
MDF shell, oak laminate veneer finish, and solid oak rounded corners.
To complete the project requires the following steps: ® Assemble and
solder crossover components to the printed circuit board ®Cut hole for
terminal cup ®Glue in internal brace ®Mount crossover PC board to
cabinet wall ®Install internal wiring Cut acoustic foam and put in
place ®Gilue in baffle board ®Finish cabinets to your preference
#Install port tube and terminal cup ®Wire and mount the drivers ®And
that's it; you're now ready to enjoy your new speaker system! Note:
Basic woodworking and soldering skills are recommended.

2 Way. & Morel System

Perfect for smaller rooms or for use in a
home theatre system, this loudspeaker is
housed in a diminutive .22 cubic ft. enclo-
sure. It offers the soundstaging and su-
perb imaging reminiscent of the classic
British mini-monitors. Combines the im-
pressive Morel MW 142, 5" woofer and
MDT 20, 1" soft dome tweeter. The MW
142 features a huge 3" voice coil for very
low distortion and exceptional control.

The port tube is mounted on the rear
panel (port hole is not pre-cut). The
crossover features 6 components; one 16
gauge CFAC air core inductor, one 14
gauge air core inductor, two Solen
polypropylene capacitors, and two wirewound resistors. Frequency response:
63-20,000 Hz (+/-3dB). SPL: 85 dB w/2.83V @ 1 meter. Crossover fre-
quency: 2,400 Hz. impedance: 8 ohms. Power handling: 150 watts RMS.
Dimensions: 12" H x 8" W x 8" D. Net weight: 15 Ibs.

#SB-300-750.......coocciiiiiiecneee e $184.50

Why Our Cabinets Are Better —

W 1-3/4" MDF Baffle Board: Since the front baffle receives the highest
amount of mechanical energy, reducing this energy by utilizing 1-3/4"
thick medium density fiberboard material is critical to ensuring low levels
of coloration.

B /4" MDF Shell Medium density fiberboard outperforms conventional
particleboard in strength and vibration damping ability.

B Bracing To further reduce panel resonance’s, all of our cabinets
include a 34" MDF “shelf” brace.

Wﬁayton Lowdspeaker Co.” Cabinets suany

Speaker Kits & Cabinets

FOR MORE INFORMATION ON ALL OF OUR SPEAKER KITS CALL FOR YOUR FREE C

2 Way, Dual 5" Vifa Sysmm

Dual 5" woofers mounted in the popular
D’Appolito configuration allows this system to
produce a superior vertical frequency re-
sponse as well as lowered distortion in the
bass frequencies. It uses the Vifa D27TG-
05-06, 1" silk dome tweeter for extended
highs and the P13WG-00-08, 5" woofers for
neutral midrange reproduction and good
bass definition. The six component cross-
over network includes one 16 gauge CFAC
air core inductor, one 14 gauge air core in-
ductor, two Solen polypropylene capacitors,
and two wirewound resistors. The system is
contained in a .70 cubic ft. enclosure. Fre-
quency response: 55-22,000 Hz (+/- 3 dB)
SPL: 89 dB w/2.83V @ 1m. Crossover fre-
quency: 3,000 Hz. Impedance: 4 ohms.
Power handling: 60 watts RMS. Dimensions:

23"Hx 9" W x 10" D. Net weight: 28 Ibs.
#SB-300-760 .........cccoeviiiiiiieceece e

B Superior Joinery Dado and slot joinery are used throughout to
provide incredible strength.

B Oak Laminate Veneer. High quality, real oak laminate veneer can be
stained and finished to your liking.

B Solid Oak Corners Solid oak corner quarter rounds compliment the
oak laminate veneer for beautiful appearance and added strength.

Each speaker cabinet is shipped unfinished and is suitable for staining
and/or painting. Includes grill frame (fabric not included). Pre-cut internal
brace and front baffle board must be glued in using carpenters glue, not
included. Basic woodworking and finishing skills are highly recommended.
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Part # Description Price
SB-300-700 .22 Cubic ft. bookshelf cabinet $40.50
SB-300-705 .46 Cubic ft. bookshelf cabinet 45.50
S$B-300-710 .70 Cubic ft. cabinet 65.50
SB-300-715 .96 Cubic ft. cabinet 71.50
SB-300-720 1.55 Cubic ft. cabinet 75.50
SB-300-725 2.70 Cubic ft. subwoofer cabinet 91.50
SB-300-730 3.04 Cubic ft. tower cabinet 132.00
SB-300-735 3.29 Cubic ft cabinet 139.95

Call Toll Free:

1-800-338-0531

For your free
Full-Line Catalog!

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



High-Tech Audiophile %
Loudspeakers

For Further Information Please Contact

morel
acoustics usa
414 Harvard Street
Brookline, MA 02146
Tel: (617) 277-6663
FAXIGFTI27T2405
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