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Filteer C AD
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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» M&P
All Selenium products (woofers,
hom drivers, horns and tweeters)
are now available from M&P. The
Pro Unit Woofers (12", 15, 18")
feature 1kW continuous power
handling with up to 100dB SPL
(1W/1M). Factory computer-
aligned set screws allow for
replacement of cone, spider,
former, and voice coil. Selenium
also manufactures customized
speakers. M&P Technologies, Inc.,
75 E. Uwchlan Ave. #128, Exton,
PA 19341, (800) 355-0500,
FAX (215) 524-5531.

Reader Service #115

W SASAKI
Dr. Harry Olson determined that
*ideal sound comes from a
spherical speaker enclosure.”
Sasaki Acoustics' spherical glass
"Clearball” allows uniform sound
radiation plus extra freedom in
speaker placement. Cyclops
Distributors, 600 N. 12th St.,
Reading, PA 19604, (215)
374-4760, FAX (215) 478-9475.
Reader Service #109

O SITTING DUCK SOFTWARE
Listening Room, a new program
for Macintosh computers, allows
users to position listener and
speakers interactively and displays
the magnitudes of standing waves,
plus the effects of 124 early
reflections on the direct response.
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The S-90 speaker system was
designed to achieve a timbre match
with other front-channel speakers to
avoid the sonic discontinuity that
occurs when sound pans across the
left, center, and right channels of

Local optimization of listener
and/or speaker positions and other
new features. Sitting Duck
Software, PO Box 130, Veneta,
OR 97487, (503) 935-3982.
Reader Service #106

=== Roader Service #36

unmatched speakers. Miller &
Kreisel Sound Corp., 10391
Jefferson Blvd., Culver City, CA
90232, (310) 204-2854,
FAX (310) 202-8782.

Reader Service #102

W SCANTEK

The new brochure on the precision
Type 116 Sound Level Meter from
Norsonic describes features and
specifications. With an 80dB
dynamic range, the meter
simultaneously measures peak and
RMS values of A- and C-weighted

® IMPULSE
The H6 hom loudspeaker in
corporates the same high-
frequency unit used in the H1 and
H2 models with compact design.
Cabinet dimensions are 36" x 7.5"
x 14”. Nominal impedance is 8Q
with sensitivity of 89dB (2.83V at
1M). Low and midfrequencies are
produced by a doped paper coned
drive unit that is back loaded by a
horn. Impulse Loudspeakers,
5 High Parade, Streatham High
Road, London SW16 1EX, (081)
769-5726, FAX (081) 769-0353.
Reader Service #103

O POLYDAX
The latest line of woven Keviar
cone mid-bass speakers includes
the HT100KO0 (4”), HT130K0
(5v4"), HT170K0 (64"), and
HT210K0 (8"). Design features
include high-loss rubber
surrounds, large (20-0z.) magnet
structures, and high-temperature
voice coils wound on aluminum
formers. Polydax Speaker Corp.,
10 Upton Dr., Wilmington, MA
01887, (508) 658-0700,
FAX (508) 658-0703.
Reader Service #101

noise levels. Data is presented both
numerically and graphically, and
the unit is PC compatible. Scantek,
Inc., 916 Gist Ave., Silver Spring,
MD 20910, (301) 495- 7738,
FAX (301) 495-7739.

Reader Service #113
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) AUDIOCONTROL

The C-101 Series Ili octave equalizer
has a built-in digital pink-noise test
generator and areal-ime audio
spectrum analyzer. Octave-spaced
sound oontrols allow for adjustment
while pairing left and right sliders. The

Good News

18dBloctave Chebychev alignment
subsonic fitter, can be connected to
any home stereo. AudioControl,
22313 70th Ave. W., Mountlake
Terace, WA 98043, (206) 775-
8461, FAX (206) 778-3166.
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B DZURKO
Dzurko Acoustics is a new "High
End" division of Audio Concepts.

B SCANTEK
Norsonic now offers a lightweight
precision sound calibrator, Type
1251, providing a signal of 1kHz at
114dB independent of microphone
equivalent volume, ambient
temperature, and atmospheric
pressure and humidity. Scantek,
Inc., 916 Gist Ave., Silver Spring,
MD 20910, (301) 495-7738,
FAX (301) 495- 7739.

Reader Service #116

unit, which comes with a calibrated Reader Service #107 Its first product is the Shadow, A TN
microphone and features an having a unique “enclosure within ""‘"\\\\\
an enclosure” upper cabinet
® TRI-STATE module that eliminates
The new catalog of home stereo, out-of-phase leakage. Design —
automotive, and professional refinements and attention to detail 14652228°8
O MCINTOSH speakers, parts and accessories, include an elegant hand-veneered

Home theater with Dolby Pro
Logic® and Home THX Audio are
now in production, capable of
reproducing movie sound tracks
and stereo music with equally high
quality. McIntosh Laboratory, Inc.,
2 Chambers St., Binghamton, NY

refoaming and reconing services is
now available. Normally a $1
value, the catalog is currently be-
ing offered free to any speaker
builder who calls. Tri-State
Loudspeaker, 650 Franklin Ave.,
Aliquippa, PA 15001,

13903-2699, (607) 723-3512, (412) 375-9203.
FAX (607) 724-0549. Reader Service #112
Reader Service #110

MiIntosh
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enclosure and hand-damped, cloth

dome tweeters and midrange driv-

ers. Dzurko Acoustics, 901 S. 4th

St., LaCrosse, W1 54601,

(608) 7844570, FAX 784-6367.
Reader Service #104

) OPTOELECTRONICS
The new M1 frequency counter,
with ten user-selectable gate times,
is capable of ultra-high-speed
measurements and high-resolution
10-digit measurements. The pocket-
size counter is virtually hands free
for frequency finding of 10Hz-
2.86Hz. Optoelectronics, Inc., 5821
NE 14th Ave., Fort Lauderdale, FL
33334, (800) 327-5912,
FAX (305) 771-2052.

Reader Service #111

Speaker Builder (US ISSN (1193-7920) is published every six weeks
{eight times a year), at $32 per year, $58 for two years; Canada add $8
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Cabasse

True geodesic honeycomb diaphragm. Only from Cabasse.

Exclusively from:

ORCA, Design & Manufacturing Corp.
1531 Lookout Drive

AGOURA, CA 91301

United States of America

Tel: (818) 707-1629
Fax : (818) 991-3072

For informations, call or write.
Free brochure upon request.

Stocking distributors:

Zalytron Industries

469 Jericho Turnpike

Mineola, NY 11501

Tel:(516) 747-3515 Fax:(516) 294-
1943




Good News

Continued from page 4

O MOTOROLA
An improved midrange 100W horn
driver incorporates protective
circuitry that allows it to be used
safely at continuous power levels
of 400W. Frequency response;
800Hz-20kHz. Motorola Ceramic
Products, 4800 Alameda Bivd. NE,
Albuguerque, NM 87113, (505)
822-8801, FAX (505) 822-8812.
Reader Service #105

O CAIG
Pro-Gold is an environmentally
safe aerosol for cleaning,
lubricating, and protecting gold,
base metals, and other
precious-metal connector
surfaces. Its nonabrasive/
noncorrosive formula enhances
conductivity, reduces intermittent

> B&W
The Matrix 803 Series 2
loudspeaker features three 6"
drivers and a sloping shelf; cabinet
dimensions have also been
reduced. Frequency range is
20Hz-22kHz; sensitivity is 90dB
SPL (2.83V/1M); nominal
impedance is 8Q2. B&W
Loudspeakers of America,
PO Box 653, Buffalo, NY 14210,
(800) 387-5127.

Reader Service #114

connection problems, and
increases transmission quality.
Caig Laboratories, Inc., 16744 W.
Bemardo Dr., San Diego, CA
92127-1904, (619) 451-1799,
FAX (619) 451-2799.

Reader Service #108

Roy Allison’s Famed Tweeter Now Available
Winter Sale Prices Now in Effect --- Save Big $3 on every Purchase

Very light voice coil on aluminum bobbin,
immersed in damping coolant

Flexible lead wire

Felted convex cone I

/

Vy Ib. barium /
ferrite magnet

Sintered steel pole plate
/ molded into mounting flange
Forged steel bottom
plate/center pole

RDL AcousTics

26 Pcarl Strect, #15
Bellingham, MA 02019

6 Speaker Builder / 1/94

world renowned for its aimost perfect

dispersion pattern. Edgar Villchur said of
Roy Allison upon hearing this tweeter for the
first time, “The student has surpassed the
teacher.” No other tweeter in the world
creates such an even power response
throughout the listening area. This is due to
the pulsating hemisphere created by its
unique design.

@oy Allison’s Convex Dome Tweeter is

For Specifications and Ordering

Call 1-800-227-0390

Reader Service #39

Reader Service #14 wmmmdy




Specification
Overall Dimensions
Mounting Baffle Hole Diameter
Magnet System
Nominal Power Handling (Din)
Transient Power - 10ms

Voice Coil Diameter

Voice Coil Type/Former

Frequency Response

FS - Resonant Frequency
Sensitivity 1W/1m

Z - Nominal Impedance

RE - DC Resistance

LBM - Voice Coil Inductance @ 1kHz
Magnetic Gap Width

HE - Magnetic Gap Height

Voice Coil Height

X - Max. Linear Excursion

B - Flux Density

BL Product (BXL)

Qms - Mechanical Q Factor

Qes - Electrical Q Factor

Q/T - Total Q Factor

Vas - Equivalent Cas Air Load

MMS - Moving Mass

CMS

SD - Effective Cone/Dome Area
Cone/Dome Material
Nett Weight

""114-S

Neodymium
Magnet
DPC Cone
4" Woofer

2118mm (4.64") x 58mm{2.29")

295mm (3.75")

Pot Type, Vented, Neodymium Magnet

150W

800W

54mm {2.125")
Hexatech Aluminium
55-7000 Hz

65 Hz

87 dB

8 ohins

5.6 ohms

0.47 mH

1.25mm {0.050")
6mm (0.236")
12mm (0.472")
3mm

0.88T

6.75

2.32

0.36

0.31

3.18 litres (0.113 cu. ft.)
7.00gm

807um/n

53cm’ {20.86 sq. in.)

DPC (Damped Polymer Composite)

0.500 kg

Specifications given are as after at least 45 minutes of high power,

low frequency running, or 24 hours normal power operation.

The 114-S is the first of Morel’s new generation
of woofers, featuring a powerful Neodymium magnet
system which provides increased sensitivity, lower Qt
and reduced distortion. For a 4" driver it is unique in
having a large 54mm (2.125") diameter Hexatech
aluminium voice coil.

Benefits of this large voice coil diameter include
a very high power handling capacity and lack of sound
level compression. In addition, it allows the use
of a very shallow cone profile. Coupled with
the use of Damped Polymer Composite
cone material and a rubber surround,
this provides excellent dispersion
{off-axis response), resistance to
cone break-up (even at high sound
pressure levels) and lack of colouration.

Frequency and phase response are
very flat, while the roll-off is very smooth.
The MW 114-S may be used either as a
bass-mid range in 2-way systems, or as a
mid-range in multi-way systems.

The vented magnet system is encased
within a steel chassis, which improves efficiency
and shields the magnet, virtually eliminating stray
magnetic fields. The MW 114-S is ideal not only for
high quality hi-fi, but also TV, video and surround-
sound applications.
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Editorial

A HAPPY FIFTEENTH, SB

The first issue of this magazine was mailed in February of 1980,
which means that the issue you hold in your hands—the first of
eight for 1994—is also the first in our fifteenth year of publication.
This milestone, while not a major one, merits some pause for
reflection on where we came from and some looking forward into
the years ahead.

My announcement that speaker articles, which for a decade had
appeared at the rate of 2.5 per year in Audio Amateur, would be
moved to a new periodical was greeted with consternation by a
few readers. One California 744 subscriber, while loyally send-
ing in a sub to Speaker Builder, predicted that neither publication
would survive for more than a couple of years.

All through the seventies [ had been more and more aware that
the Thicle and Small articles were radically reshaping loud-
speaker theory. Before SB’s founding a major topic in the Journal
of the Audio Engineering Society had been loudspeaker technol-
ogy. | also discovered in the late seventies that a Seattle, Wash-
ington company named Speakerlab had amailing list of more than
90,000 names. Founding a loudspeaker journal thus seemed a
worthwhile enterprise.

| believed, as 1 said in my initial editorial, that separating
loudspeaker articles into a new magazine would enhance the
attention its readers and authors would give to the topic. Speaker
Builder has done so far beyond any hope I had for it at its founding.
The intensification a periodical gains by limiting its subject matter
is aresult of the feedback between its editor, authors, and readers.

What is vital to this process, however, and its most valuable
attribute, is the cross-fertilization of ideas. I have watched authors
evolve in their thinking over the past decade and a half. Ideas set
out in our earlier issues have undergone major revisions, some-
times by the selfsame author. The journey of this sort of journal
is a voyage of discovery.

This magazine has attracted an astonishing array of writing,
research, and construction talents. The enthusiasm our contribut-

=== Reader Service #21

ing editors bring to this avocation is the primary fuel for the
contents. It would be difficult to overestimate the value of the
education and experience our editors and authors bring to their
interest in loudspeaker design and construction.

Although the computer was a technological capability we were
aware of in 1980, [ doubt that anyone in that year really understood
or anticipated what sort of influence what came to be called the
PC would have in the decade to follow, including IBM and Apple.
Our acceptance of the PC and its proliferation laid the groundwork
for an explosion of applications whose influence we are still only
very partially realizing.

The PC has revolutionized loudspeakers. The control in
manufacturing drivers has enabled a higher level of driver
uniformity that was sorely needed; the ease of device design
has made much more diversity possible at a far smaller devel-
opment cost than ever before. Our computer capability as
hobbyists in terms of loudspeaker design and measurement has
become affordable at the speed of light, it seems. And just as
we thought we knew what was going on, the whole enterprise
of sound and sight reproduction has begun not only to merge
but to migrate into computers as well.

The indirect influence of the computer on almost anything
having to do with building loudspeakers is nearly impossible to
catalog. Adhesives, plastics, cabinet material, damping materials,
connectors, wire, screws, and tools are all evolving rapidly and
making possible all manner of small, significant improvements
hitherto unattainable.

Speaker Builder circulation grew by just over 20% in 1993. It
is now available at more news outlets than ever. Almost 70,000
copies of the magazine were distributed last year, many of them
to a steadily expanding audience overseas. | thank all of you for
your investment of enthusiasm and vigor in this enterprise. You
are a very rewarding audience. | hope you will join me in wishing
our teenaged SB a happy fifteenth —E.T.D.

Speaker Builder / 194 9



..Finally, a complete low cost PC based solution
for all of your loudspeaker and audio measurements.
Use your home computer and the CD quality 16 bit
sound card from Media Vision to actually measure
the performance of your loudspeakers, electronics
and crossover filters. PC AudioLab does it all!

PRODUCT HIGHLIGITTS:

t * OSCILLOSCOPE

T T T TT][ * SPECTRUM ANALYZER
o YT, * NETWORK ANALYZER
e \ * DISTORTION ANALYZER

T |+ LOUDSPEAKER ANALYZER
* IMPULSE ANALYER
ROOM ACOUSTICS ANALYZER

b |
as_1 1 11 Jax .

TEST CABLES

* DETAILED MANUAL
GRAPHICAL USER INTERFACE
PRINTER OUTPUT SUPPORT

* MOUSE SUPPORT

System Requirements:
. IBM 386/486 AT / coprocessor .
. 4 Mb RAM memory .
. VGA Graphics Display

Medis Vision Pro 16 Sound Card

@@mmm cousms N\

AUDIO SOFTWARE PRODUCTS . yo1a vision
2553 CARPENTER ST., THOUSAND OAKS, CA 91362 (818) 719-2566 PHONE/FAX
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About This Issue

What happens when a savvy audiophile
gets the opportunity to design a sound sys-
tem for a church auditorium before the
cornerstone is laid? Starting on page 12,
Marc Bacon walks you through the proc-
ess and the results.

Erno Borbely and Jean-Claude
Gaertner are well known to Audio Ama-
teur readers for their amplifier and preamp
designs—among other things. They have
now turned their skills to a modular elec-
tronic crossover whose flexibility puts al-
most any topology within the speaker
enthusiast’s reach. Indeed, the configur-
able system allows easy variation and com-
parison of networks. Their offering begins
on page 20.

The peculiar evil of silencing the expression
of an opinion is, that it is robbing the buman race;
posterily as well as the exisiting generation;
those who dissent from the opinion,
still more than those who hold it.

~JOHN STUART MILL
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Is all the trouble we take to carefully
manage the backwave from our drivers just
a waste of time? Apparently if you pay
| careful attention to some details, you can
leave the back of the cabinet wide open.
Warren Hunt and Joseph Janni have
wrestled with the problem and reveal their
solution starting on page 30.

It is painful to decide your speaker is
outmoded and that you should probably
dispose of it. Mark D. Seymour had a
long-time relationship with his venerable
| Magnepan MG-Is. Rather than junk them,
he went to work with the basics to see what
improvements might be possible. He de-
tails these for us beginning on page 44.

Low-frequency AC signals are seldom
accurately measurable on any but the most
expensive meters. That being so, Professor
Homero Silva devised a way to convert
the signals to DC for greater accuracy. His
| solution appears on pages 56-57.
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SANCTUARY SONICS

hen it comes to architectural sound, much

of what passes as public address and
musical systems bears very little resemblance
to "mid-fi," let alone "hi-fi." Accordingly,
when [ was privileged to participate in the
design and construction of a new church in
Longueuil, Quebec, | had the opportunity to
improve over similar structures, and atamuch
lower expense.

Before designing any public address sys-
tem, it is important to have a working knowl-
edge of architectural acoustics. [ highly
recommend Acoustical Designing in Archi-
tecture, an excellent primer which requires
only a knowledge of high school algebra.!
[See Related Products box.—Ed.]

HOUSES OF THE HOLY

When designing a church building, it is im-
portant to prioritize the requirements for
speech comprehension versus musical enjoy-
ment. Religions which utilize organ music in
large cathedrals will enjoy longer reverbera-
tion times, while others place more emphasis
on the spoken word. The church | was in-
volved in designing incorporates congrega-
tional singing, an occasional choir or
instrumental ensemble, and a sermon deliv-
ered from the pulpit area. Reverberation must
be sufficient to support singing, with proper
treatment of sidewalls; the stage area requires
a monitor system which will not generate
feedback; and excellent speech comprehen-
sion is essential.

Further constraints imposed by property
lines and strict zoning ordinances dictated a
622" x 624" maximum building size. In
order to accommodate a 300+ seating capac-
ity in the auditorium and still have Sunday
school classroom space—plus maintain ade-
quate acoustics—we decided to orient the
auditorium on the building diagonal and
move the classroom space to the basement
and second story. The resulting room has an
irregular contour, with no point more than 46'
from the stage, yet with corner-to-corner dis-

ABOUT THE AUTHOR

Mark Bacon is a professional engineer who works as a
consultant in the areas of materials engineering, welding,
and quality assurance. Author of several SB articles and
the Loudspeaker Design Powersheet, he takes an avid
interest in speaker design, and especially in system mod-
eling and loudspeaker/room/ear interaction.
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By Marc Bacon

tances of over 74'. Its only drawback is the
lack of parallel side walls to aid congrega-
tional singing. Diffusion is excellent, how-
ever, and flutter echo nonexistent.

To provide a sense of spaciousness, we set
the ceiling height at 14', with a stage height
of 371A4". Construction materials included
suspended 2' x 4' foam panels for the ceiling,
gypsum board on steel studs for the walls, and
a concrete floor covered by commercial low-
pile rug in the seating areas and asphalt tile in
the aisles. In preference to pews, we used
individual fabric-covered chairs due to their

cost advantage and placement flexibility. An
added benefit is that these chairs have a simi-
lar acoustical effect whether the auditorium is
fully occupied or nearly empty (see the side-
bar, "Architectural Acoustic Calculations.")
In designing the musical system, I chose not
to follow the time-honored practice of mounting
two large, powerful horn-loaded speakers in the
front, with directivity calculated to cover the
audience. Due to the auditorium’s wide fan
shape, the angle of coverage is too great to
support a convincing stereo image. In addition,
the distance from the stage to each listener is
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FIGURE 1: The auditorium plan, overhead and side views.




insufficient to warrant a high-sensitivity sys-
tem. Furthermore, | believe discretion to be
de rigueur in a church (i.e., the less apparent
the better).

MONITORY RESTRAINTS

The final configuration is shown in Fig. /. Two
subwoofers are located under the stage area for
frequencies below 85Hz. Using a large band-
pass box with the port leading to the front of the
stage, only two 8" grille cloths are apparent. The
bulk of the musical spectrum is communicated
through ceiling-mounted two-way speakers,
which are designed to cover a cone of area in a
way that minimizes variations in average direct
sound levels (Fig. 2). Each ceiling speaker is an
acoustic suspension unit, with ashallow rear box
attached to an MDF front and painted the same
color as the ceiling panel acoustical tiles.

To maintain some semblance of sonic per-
spective, while providing stage monitors, we
utilized four existing Peavy monitors (not
hi-fi, but small and paid for): two facing the
center of the auditorium and two returning
sound to the stage area. We incorporated them
into a ceiling-mounted bar which also pro-
vided stage spot illumination. The monitors’
sound level was lowered to give an even SPL
over the audience and stage.

Loudspeaker sensitivity was not an issue,
since the church already possessed a good
mixer and a 200W/channel amplifier. We
chose to use mono sound, routing the output
ofone channel tothe subwoofers and the other
to the main speakers. Although unconven-
tional, this approach allowed an overall
8CY/channel load, as well as a single console-
mounted passive crossover, with no trans-
formers to degrade sound in the signal path.
It also permitted active balancing of the sub-
woofers’ level to the main speakers without
using an active crossover.

Based on the listeners’ proximity to the
stage, the nonparallel walls, and the multi-
ple sound sources resulting from the vari-
ous speakers, our goal was to create a
diffuse soundfield which would be soni-
cally pleasing despite a lack of stereo per-
spective. As the human ear is notoriously
inept at locating sound sources in the verti-
cal plane, we thought the monitor speakers
and short stage-to-listener distance might
provide some focus.

After considerable computer simulation us-
ing the Loudspeaker Design Powersheet, |
chose Vieta 13" drivers for the subwoofers.
Discussions with Elliot Zalayet at Zalytron and
Kimon Bellas at ORCA revealed that an even
more outstanding version of this already superb
air mover recently had been developed.

The L120/F3 has improved magnetic sys-
tem linearity and an incredibly low 16Hz
resonant frequency. With its massive, ma-
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FIGURE 2: Relative SPL between the two ceiling speakers, ignoring room effects.
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FIGURE 3: LDP predictions of subwoofer/main speaker frequency response.
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FIGURE 4: CALSOD predictions of main
speaker frequency response and input im-
pedance.

chined die-cast aluminum frame, ample rear
opening, thick (over !4") highly damped
cone, long travel, and uniquely vented voice
coil, it is an amazing value. Givena box which
allows them to work, these drivers will deliver
effortless, ample, low-distortion bass notes.
On sustained notes with a large amplifier, you
can feel the wind from the 8-inch-diameter
ports from 4’ away. (Note: Since the time this
article was submitted, Vieta drivers are no
longer imported by ORCA. Focal has devel-
oped a drop-in replacement which [ have not
yet tried, but which they claim has even lower
distortion.)

For woofer/midranges, [ chose the Focal
6VO0I3. These units have an uncanny mid-
range that is immediately coherent and three-
dimensional, even when unbaffled. When
placed in a 20-liter ported box, they have
surprisingly clean bass output, although they
are incapable of reproducing the lowest oc-
tave. The price/performance ratio is outstand-
ing, the rolloff easily controlled by a simple
crossover, and the off-axis response would
make any serious listener happy. Further-
more, they are less affected by box reflections
than some thinner-coned Kevlar midranges.
As with all the Focal drivers I’ve seen, the
craftsmanship is superb.

The tweeter sets the timbre for most musi-
cal instruments and reproduces the frequen-
cies necessary for speech comprehension, so
it is critical to the tonal balance. I chose the
Focal T90Ti02, a very musical tweeter with a
concave shape resulting in outstanding off-
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FIGURE 5: Crossover configuration.

axis performance. The resonance typical of
many metal-domed drivers has been pushed
up into the range of inaudibility; the titanium
dome is further damped with a 7-micron layer
of titanium oxide. According to ORCA, ex-
tensive Finite Element Analysis (FEA) of
magnetic circuits, suspension, voice coil
formers, and the like, has been used in the
driver’s design. Although they compress
more than the Morel MDT30 when over-
driven by low-frequency sound, they are
much more analytical to my ears, with a
certain "sweetness" that is hard to define, yet
extremely pleasant.

UNIDENTIFIED SOURCE

Using the Loudspeaker Design Powersheet and
CALSOD, [ designed the subwoofer boxes and
ceiling units, as well as an extension speaker.??
The results are shown in Figs. 3-8.

I chose a fourth-order Linkwitz-Riley
(L-R) acoustical crossover between the
midranges and the tweeters because of its
good lobing pattern, low Q, and good
tweeter protection. In developing the cir-
cuit, [ used the resistances of the wire (14-
gauge Signet music wire from Zalytron) as
a lumped parameter before the crossover,
and an impedance-compensating circuit to
reduce the inevitable peak around the cross-
over. To keep series resistance low, | used
two conductors in each direction for the
subwoofers, and one conductor for each
midrange and tweeter.

A single console-mounted passive cross-
over reduced the cost substantially compared
with individual crossovers mounted in each
box; however, it required bi-wiring the entire
church directly from the crossover, which

Subwoofer

|/
=

“ﬁ

11.280— 11.93
o |
| ! l—]

|
o

L-SOO l l

Platform

37.500
a.t{
_1_
—

/
a

Z

I

i
l

@%
%>
=

M_l7

FIGURE 6: Subwoofer box design.

TABLE 1

SUBWOOFER BOX
CONSTRUCTION AND MATERIALS

Material:
1V4¢" particleboard on 2" x 4" bracing, with all joints
glued using construction adhesive.

Construction notes:

1. Support on wood screws and insulate from floor with

fiberglass.

2. Mount Vieta woofers face-to-face.

g. Reinforce baffle board between woofers with 2 x 6"
race.

4. Measure actual Sonotube diameter and adjust

length to suit.

5. Line sides of rear box with 1” fiberglass.

Specifications:

Impedance 4Q2

400W RMS

SPL 93.1dB 2.83v/1M
L =22Hz

Fo=43Hz

Fr=85Hz

Q=09

$=0.55

was an | 1-hour job for two people. Although
the crossover is a fourth-order L-R, the elec-
trical part of it is not, so it must be combined
with the driver response to obtain the desired
transfer function. Crossover parts included
SCR polypropylene capacitors, Intertechnik
coils, Signet wire, and massive ORCA bind-
ing posts. While going to a lower-order cross-
over and cheaper parts may be tempting, [
firmly believe this to be false economy for

audiophile systems.
The subwoofer boxes, which seemed mon-
Continued on page 16
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We've changed the way you'll

listen to headphones.

We thought you might like an excerpt from
our White Paper. You can think of it like an
audiophile infomercial.

The acoustic image produced by a stereo system is a sound ‘
painting. It exists in your mind because you can localize the [;
sound in space. Headphone listening is unable to present a
normal audio image because much of the spacial localization
information is missing. In order t0 understand what Head-
Room does and how it corrects Jocalization, you must first
understand the psychoacoustic cues your mind uscs to
localize sound.

Imagine you are listening to a pair of speakers. \ \
and you turn off the left speaker. Both cars
continue to hear the right speaker. But the
right earisa little closer to the speaker. so it
hears the sound slightly betore the left ear. 2
This time difference between cars is called the 5\4 §
Inter-Aural Time Difference (ITD). ITD is the — \
primary cue your mind uses to localize sound lefi-to- 7\R\\\ %
right (lateralization). N

The near car also hears the sound slightly louder. This is 3
because the tar caris inthe acoustic shadow of the head. The loudness
difference between ears is cafled the Inter-Aural Amplitude Ditference
(IAD).

ITD significantly overwhelms the importance of TAD as a lateralizing eue.

The Pinna is the outside part of your ear. The part you can see. The folds and ridges
of the Pinnacreate complex interactions with the high frequency components of incoming
sound. The exact nature of the relationship between Pinna effects and auditory tocaliza-
tion is not completely understood. However, it is generally agreed that the Pinnae create
high frequency reflections around your ear, heard and decoded by your mind as up-down
localization clues.

il

There are a varicty of other

40 Degrave Eor tover 40 egress
localization cues your mind
uses. Your visual perception
of physical surroundings is
compared to what you hear.

usac s8usac rusec  Walls, ceiling, floor. your

clothes. your posture. ete. are
| all used toevaluate sound tim-
bre and location.

But the most importam
cues of all are the acoustic changes heard with head movement:

Your acoustic memory is very short. o to evaluate sound accurately you need to switch
quickly between areference sound and an unknown sound. Your mind accurately senses
acoustic differences only in that briet moment of 1ransition. This is why it is better to A-
B switch between audio equipment when performing quantitative objective comparisons
without test equipment. (Please do not missread this as an endorsment of ABX audio
reviewing. | firmly believe in the validity and importance of the subjective musical
experience). Toovercome shortterm audio memory problems during xound localization.
your mind continuously compares head movements with changes in the IAD, ITD, and
Pinnacues. The changing head positionis the reference against which all localization cues
are pereeived and understood.

Hardw are to duplicate all the above cues in headphones sutficiently to recreate normal
listening would be extraordinarily complicated. 1t would have to be adjustable for cach
individual, it would have to take into account your head movements while listening, and
it would have to be cahbrated for cach individuals ear shape.

Such solutions exist however. NASA has a system that duplicates virtually all
psychoacoustic cues for pilots and astronauts: termed a convolvatron. The xystem
synthesizes the out-of-head audio cxperience sufticiently for pitots to hear sound from
their coordinate directions. For example, if an enemy plane is behind him. the threat
warning signal sounds hike itcomes from thatdirection. [fthe pilot turny his head, a sensor
in the helmet measures the head movement, and the waming signal continues to come
from the correct direction. This gives pilots a more natural cognitive environment in
which to work. This experimental system requires that the pilot go through an ear
calibration session in an anechoic chamber,

The HeadRoom solution is not quite as complex, it strivestorecreate only ITDand IAD
information. HeadRoom, however, is much less expensive.

When first considening this project. there was a tendency to try to model other
localization cues (like reverberance).
We have resisted this temptation.
We designed HeadRoom to process
the audio signal only the amount
required to recreate the natural de-
lays and equalization you hear with
a pair of speakers.

I [ 1 [EL] 1 o sene

Head Room

So. .. let's go back to turning off one speaker. In headphones. if you turn off the left
channel, only the right ear hears the remaining audio. Consider that this means that any
audio information that is only on one channel. ix only heard in one car. Your mind doesn’t
like this. your brain wants to hear the audio in both ears with a time delay between ears.
This is exactly what HeadRoom does. 1t provides a cross-feed delay and EQ signal path
between channels. In other words. the right channel goes directly 1o the nght car. but it
also gets mixed into the left channel via the eleetronic delay and equalization circuit. We
call thix circuitan “Audio Image Processor.™

The interaural time ditlerence for 30 degree off
center sound is about 300 uSec. But different frequen- er 4 Time it
ies travel around to the far ear at ditterent rates. Low 0.4
frequencies set up a standing wave at the surface of the
head and take longer to get around tothe far car than the
high frequencies. You can visualize this like a rock in - 20008
a river: water rushing up 10 the rock feels the back

10M1uS
pressure of the water next 1o the rock. To getaround the
rock, the water has to travel farther than the actual
K : 200, KN/ 20KH/

diameter of the rock. The delay generated by the Audio

Image Processor, therefore, is not a fixed time delay. It

delayslow [requencies for longer than the high freguen- 1AD Frequencs Respon
vies. 20db Near Far

It is intuitively obvious that the ear farthest away Far bar

from the speaker does not hear sound as loud as the ear — oun
closest to the speaher. What is not quite xo obvious is

the frequency dependence of this phenomena. Low 2046 o

frequencies wrap themselves around your head as they . T

go by. so they experience only modest attenuation as o [ Rt
they travel to the far car. As you get higher in frequency (~1KH7). the acoustic wave has
a more difficult time wrapping around your head. Soon the sound just travels right past
your head. and the far car is literally in the shadow of the head. A frequencies get very
high (~5KHZ), acoustic energy begins to act like packets and wants 1o travel along
surfaces (Literally: The Skin Effect). When these high frequency sounds reach your head.
they follow your shin surface around to the far ear and restore frequency response. The
result is the TAD response curve has a dip centered around 2 KHy.

The HeadRoom crossfeed circuit does not exactly mateh the typical IAD curve. It
would be difficult 1o build an analog filier with adip at 2 KH7 and retain the correct ITD
response of the filter. But nature has been kind to us.

When you delay an audio signal and mix it back with itsclf. you create a noteh filter.
The center frequency of the noteh will be that frequency which has a half cyele timeequal
tothe delay. (You may have 1o think about that for asec). A significant amount of audio
is the same on both the left and right channel. so we create a notch filter in the mono part
ol the audio. But the resulting frequency response is very close 1o the response required
by the natural [AD.

Either we were Jucky. or nature is beautitul. Well. actually. we knew what we were
doing. but the numbers did have to be close enough for the right tweak.

An additional contributor to 1AD is the slightly betier high frequency response of the
car closest to the speaker. As a sound source moves toward the side. the high frequency
response of the ear on that side improves. The Premium and
Supreme HeadRoom include a Near-Ear Emphasis Filter.

Headphones deliver audio that seems to come from inside
the head. HeadRoom does not solve “In-Head-Localization.” [\"’T‘\

To do thix you must recreate all localization cues. But Head- \ 0/ @
Room does correctly “Lateralize™ the audio image. Typically. /

when listening to headphones, there is a strong central image
with twosound blobs 1o the left and right. This happens because
the difference signal audio tends 1o snap all the way over to the
cars. And the mono signal is heard to form a strong center

Withow HeadRoom

; o S N\
image. These lateralizing problems are almostiotally corrected f: \
by HeadRoom because the ditference signal information ar- |
rives at both ears with correct timing and amplitude differences. N y

1t is worthy 10 note that the very best recordings (Cheshy.
Dorian, Delos. Audio Quest, MLA. Mapleshade. Three Blind
Mice, etc.) are made with very few and very expensis e micro-
phones, and do eontain some timing information. But. these
recordings remain engineered for speaker reproduction. not
headphones.  HeadRoom does a surprisingly good job imaging these recordings on
headphones.

The image when listening to HeadRoom fills the left-right space smoothly. Instruments
tend 10 be more clearly localized at one point in space. Reverberance seems to be more
natural and behind the instruments. A depth di sion becomes apparent. Your head
seems to become a coherent listening space. a more natural audio environment. The sound
has dimension within your head.

You get . . . HeadRoom.

If you'd like to receive the complete 13 page White Paper and 24 page HeadRoom
Manual (in a nice readable type size). give us a call. 1ty free:

Wath HeadRoom

1-800-828-8184 € ) Head Room
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Continued from page 14

strous on my workbench, are totally invisible
under the stage area. To prevent unpleasant
bass sounds from transmitting to the base-
ment, every joint is glued and reinforced with
2" x 4" building lumber, In addition, the boxes

are isolated from the floor on large screws set
on a mat of insulation. The ports are 8-inch-
diameter Sonotubes set 3" into the sub-
woofers (to ensure that my formula for end
correction applied), but project from the front
of the boxes to the front of the stage. Thus,

TABLE 2

CEILING BOX
CONSTRUCTION AND MATERIALS

Material:

V4" particle board, except for back, which is tV4gparticle
board.

Construction notes:

1. All joints are glued and screwed.

2. Use grille cloth or window screen on quarter round
frame for grille.

3. Paint to match acoustic ceiling.

4. Fill box with fiberglass insulation.Specifications:
Impedance 8

75W music power

F385Hz

SPL 90 dB 2.83V/im

Qrc=07

the box is entirely isolated from the surround-
ing plane surfaces.

The result is quite good, with better defini-
tion, transients, and extended response than
many audiophile systems, although the imag-
ing is not as convincing as my home system.
The cost is just over $5 per installed seat, not
counting my time, which is a bargain com-
pared to professional installations. Response

Continued on page 18
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RELATED PRODUCTS

{6’}0%;%?4” are available from Old Colony Sound Lab, PO Box 243, Peterborough NH 03458, (603) 924-6371, FAX
#BKAC4 Acoustical Designing in Architecture $27.95
#SOF-PSH1BS  LOUDSPEAKER DESIGN POWERSHEET Basic version for [BM 2 x 54" $49.95
#SOF-PSH1B3  (same) 1 x 314" $49.95
#SOF-PSH2B5  LOUDSPEAKER DESIGN POWERSHEET Professional version for IBM 5 x 514"  $69.95
#SOF-PSH2B3  (same) 3 x 314" $69.95
#SOF-CAL2B4G  CALSOD WITH GRAPHICS Standard version 1.30 for IBM 1 x 314" $69.95
#SOF-CAL2B6G  (same)2 x 514" $69.95

Please consuit Old Colony ads or Contact OCSL for discount and shipping charges information.

Continued from page 16
under the middle rear speaker at a seated ear
level is $2dB from 100Hz-15kHz referenced
to 1kHz. Apart from a narrow (1’ wide by 8'
long) band behind each column, pink noise is
within 1.5dB of center throughout the entire
listening area. Intelligibility at 70-80dB is
certainly preferable to earsplitting PA speak-
ers, visibly mounted up front for all who sit
near them to hate.

The sound balance makes it difficult to
locate the source as either the front of the stage

1. Calculate reverberation time (p. 138,
Equation 8.17)*:

- 0.049V
" -230S log1o (1~ & ) + 4mv
where:
tso = Time in seconds for a 60dB decay
in sound

V = Room volume, ft.3
S = Total surface area of the room
¢ = Average absorption coefficient of
the room
m = Attenuation coefficient of the air
For the church, results are (Fig. A):

Frequency Empty Full Optimal
(H2) Room Room for Speech
128 0.718 0.751 1.100

256 0.558 0523 0.980

512 0.404 0.363 0.820
1,024 0.371 0.325 0.820
2,048 0.368 0.320 0.820
4,096 0.343 0.300 0.820

The general characteristic is a very "dead"
auditorium, but having excellent speech
comprehension (syllable articulation is over
87%). A distributed low-level system is re-
quired to support music. The trade-off for
such an environment is lack of fullness for
congregational singing, somewhat compen-
sated for by the hard, reflective walls.

2. Estimate diffusion characteristics:
Consider apoint source of sound on the stage
and reflect rays off the walls. Then, using a
CAD drafting program, observe if sound
foci exist. Valid for frequencies over ap-
proximately 250Hz. The church showed ex-
cellent diffusion. A low-leve! distributed
sound system also aids in diffusion.

3. Volume per seat (p. 170): Acceptable
figures range from a low of 125 ft.%seat to
asmuch as 175 ft.¥/seat. The church has 132
ft.3/seat. Sound is normally better and con-
struction is less expensive toward the lower
end of the scale.

4. Calculate transmission loss and noise
reduction factors (pp. 216, 217):

ARCHITECTURAL ACOUSTIC CALCULATIONS

Noise insulation factor = 10log1o a/T dB

where:
a = Total number of units of
absorption in the room
T =ZTiS+ TS+ T3S
Ti.23 = Transmission coefficients of

room boundaries with areas
S1, Sy, and S3

For the church, the noise insulation factor
is 38dB.

The average A-weighted noise varies be-
tween 58 and 65dB at this location. Sound
levels in the unoccupied church are thus
between 20 and 37dB, which is extremely
quiet. The concrete floor and ceiling, brick
facing, double doors, heavily insulated
walls, and thick thermopane windows pro-
vide excellent insulation.

5. Calculate steady-state SPL for one
acoustic watt (p. 125, Equation 8.6):

Lp = 10log1p 1/a + 136dB

where:
Lp= SPL for one acoustic watt
a = Total absorption in Sabins

For the church, Lp = 99.6dB.

With an average loudspeaker efficiency
of 0.08, the sound level for one electrical
watt is 78dB. Thus, maximum sustained
sound level with the 200W/channel ampli-
fier is 101dB throughout the building—too
much for comfort. Maximum before ex-
ceeding speaker thermal rating at 7 x 75W
= 105dB.

6. Calculate angle from sound source to
listener (Fig. B):

Angle for front listener = 228.8°

Angle for rear listener = 7.7°

Difference = 21.1°

This is more than the 15° desirable as a
good figure, so grazing attenuation is greatly
reduced.

*References are to page numbers in
Acoustical Designing in Architecture.

—&—Empty

—8—Full

—&— Optimum
A

60 (seconds)
o
o

0.2 4-160=0049
1 -2.30S log10 (I-d+4mV)
0 + + + -
128 256 512 1024 2048 4096
Frequency (Hz.)
FIGURE A: Reverberation time of Longueuil church.
* o , y:
3 44"
I IL | [
-33" -

FIGURE B: Cross-section of audltonum.
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(subwoofers) or the ceiling (main speakers). |
Flush-mounted ceiling speakers offer the
added advantage of not suffering from lower-
midrange dip, as they radiate into half-spheri-
cal space.

HOW TO SUCCEED {
While none of the congregation had heard
anything like the Vietas’ bass output, no one
complained of boominess or overbearing
bass, either. Playing test tones during instal-
lation was fun: at 20Hz, the 3" concrete floor
resonated; at 30Hz, the windows vibrated; at
40Hz, the gyproc set up a roar; and at 50Hz,
the ventilation ducts buzzed—al! with about
93dB steady sine waves. Most important, that
lower octave provided the foundation so vital
to sacred music. The buzzing does not, of
course, occur with most music. The Vietas
were far from being stressed, even with all the
amplifier power | had on hand to play the
Telarc 1812 Overture cannon.

Good sound in public places is attainable.
All it takes is application of basic acoustics,
some of the speaker-building knowledge you
have acquired at home, and a few simple
modeling and measurement tools. You
should avoid undersized wires, stamped per-
forated baffles, whizzer cones (rather than
quality tweeters and crossovers), tiny imped-
ance-matching transformers, and no rear

—
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A Quality Texture Look

Without Laminating Costs and Labor!

Designed For Use On Speaker Cabinets
~ / AP,

RESTORES OLD WORN OUT SURFACES

Spray finish produces a three-dimensional look that resembles a pebble.

stucco or leather texture. It can be handled within 15 minutes of spraving and eliminates
| most sanding, spackling or extra paint operations. Dries to a hard mar-resistant and washable

finish.

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

TEXTURELAC

Is formulated for use on all wood, and composition woods, plastics and

metal castings. It is available in most colors.

For a trial order or swatch panel of TEXTURELAC with descriptive literature call or write

Abilene Research and Development Corp.
PO Box 294, Hewlett, NY 11557 9(516) 791-6943 ® FAX (510) T91-6948

Reader Service #33

chamber. Unlike many sound reinforcement
speaker manufacturers, you should also avoid
using a huge driver with small excursion lim-
its in a small box, which is crossed over much
too high to a compression horn whose only
virtue is high sensitivity. [

You will succeed, because speakers are
your hobby and not your livelihood, so you
can afford to spend the time to plan and
execute your work properly. | encourage all
of you to take advantage of any opportunity
to participate in a similar undertaking. &

REFERENCES ‘

1. Knudsen, Vem O. and Cyril M. Harris, Acoustical
Designing in Architecture, Acoustical Society of America,
1978.

2. Bacon, Marc, "The Danielle, Part 1,* SB 4/92, p. 22.
3. Bacon, Marc, “The Danielle, Part l1," SB 5/92, p. 34.
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MODULAR ACTIVE CROSSOVERS

By Erno Borbely and Jean-Claude Gaertner

he laws of physics are such that repro-

ducing the entire audio frequency range
with one transducer is practically impossible.
We must, therefore, rely on filters to divide
the audio spectrum into smaller ranges for
loudspeakers. For cost reasons, most of these
filters are passive. They allow us to get by
with only one amplifier, and the whole setup
seems very simple.

Calculating a passive filter is a difficult
task for an amateur. Effectively, the loud-
speaker’s impedance varies considerably as a
function of frequency, and this affects the
results of the calculations. Utilization of net-
works that correct the impedance (and, more
importantly, software like CALSOD and
LEAP) facilitate these calculations.

Active filters, which require a separate
amplifier for each band, are generally re-
served for high-end speakers. Obviously,
this costs more than a single amplifier, but
the approach has several advantages: you
can use loudspeakers with different charac-
teristics; the amplifiers can be adapted to
the particular frequency range they are sup-
posed to reproduce; each speaker is driven
directly from the amplifier’s output with
only a cable in between; filter element cal-
culation is very simple and can be accom-
plished with textbook formulas.

A number of active filter structures are
available, each having its own advantages

and disadvantages. We chose a second-order
structure called the Sallen-Key. The inde-
pendence between the filter’s low-pass (LP)
and high-pass (HP) sections allows you to
adapt the slope and cutoff frequency to suit
your particular speaker. We will propose sev-
eral filter applications for practical speaker
systems.

All filter types theoretically can be imple-

000

A w |

internal chassis.

00U

mented with the circuit proposed here, but
only Bessels, Butterworths, and Linkwitz-
Rileys are of interest for audio. The Bessel
(also called Thomson) offers the best tran-
sient response. The overall slope around the
cutoff frequency, however, is only about
4.5dB/octave, with the 6dB/octave slope per
order achieved only several octaves beyond
the cutoff frequency. The Butterworth offers

— -

L il

L - o M

PHOTO 1: Front view of the crossover. We used an aluminum 2U 19‘ Fisher box with an

v -

PHOTO 2: Rear view of the crossover. XLR is used for symmetrical, and Teflon® isolated
cinch for asymmetrical input. Note that on this prototype we didn’t mount the XLR plug that

would be needed for symmetrical output.

FIGURE 1: Two-way crossover block schematic. Power supply is +24V. Switch on mute.

LOW PASS

s23
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FIGURE 2: Switch-on delay schematic. The
switch-on delay is R/C (about 22 seconds in
this case).
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ness, bandstop slope, and transient re-
sponse. The Linkwitz-Riley, an even-order
filter, combines all the qualities of the But-
terworth with good phase response around
the cutoff frequency.

CIRCUIT DESCRIPTION

The JC/EB-193/141 is auniversal active filter
designed for two- and three-way loudspeak-
ers. It is implemented on a motherboard, with

PHOTO 3: The three-way extension motherboard. Note the two shielded links: the first is

to bring the buffered signal from the main two-way motherboard; the other is to link the
high- and low-pass sections on the three-way extension motherboard.

plug-in or solderable buffers and crossover
networks. (Each motherboard serves one
channel.) In the basic two-way mode, it pro-
vides a common input buffer, the LP and HP
filter sections, and the output buffers. As a
three-way extension board, it uses the filter
sections and the output buffers. The filter
slope is selectable in 6dB increments between
6 and 24dB. Input and output buffers can be
configured for either single-ended or bal-
anced operation.

Figure I is the block schematic for a two-

way crossover. B1/B4 form a balanced-to-
single converter and serve as acommon input
buffer for the filter sections. When used with
single-ended sources, B4’s input should be
shorted to ground (S3 to S2). Alternatively, it
can be removed from the board.

The crossover’s LP section is formed with
B2 and B3, with their networks P and P2. BS
and B6, with P3 and P4, form the HP section.
As shown, each buffer and its associated net-
work represents a basic second-order Sallen-
Key filter; therefore, a second-order crossover
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FIGURE 3: Two-way crossover schematic and wiring diagram.
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can be implemented with only one buffer/net-
work. A third-order filter requires one sec-
ond- and one first-order network. This can be
implemented with either P1/B2 or P3/B5, and
Z2/Z3 of P2 or P4. B3 (B6) is needed only if
you use the optional volume control P1 (P2).
For a fourth-order crossover, you will need all
four buffers and networks.

The single-to-balanced converter for the
output is comprised of B7/B8 and B9/B10.
They also serve as output buffers. For single-
ended output, B8 and B10 can be omitted. A

mute relay installed at the output will, when
activated, short the output signal to ground.
We recommend doing so in order to avoid DC
thumps at the filter’s output when powering
up and down. Figure 2 showsapossible switch-
on delay.

Figure 3 is the two-way crossover’s sche-
matic and wiring diagram. The buffers are
shownasblocks with pinassignments. Note that
signal ground and power ground are completely
separated, allowing you the flexibility of imple-
menting your own grounding scheme. (You

must, however, remember to connect the two
grounds somewhere—either on the board or
at the power supply.) The motherboard has
built-in 317/337-type regulators, which you
can omit when using off-the-board regulators.
QI and Q2 are the relay drivers for the mute
circuit. The mute relay, an SDS S2 12V,
shorts the output of the buffers to ground. An
instantaneous or delayed mute command is
supplied to the board through Pins S11 and
S12: S11 is the mute command pin (the relay
is activated with a voltage higher than 2V);

We wish to build a two-way crossover with
a cutoff frequency of 2kHz, and will calcu-
late all the values of the passive network.

1

Fo=———
2xnxRgxCo

(M

According to equation (1) we have:

1

000=—mMM—
2x3.1416 x Rg x Co
1 . @
———=795773 x 10"
6.2832 x 2,000

— RgxCop=

LOW-PASS SECTION

First-order:

We choose a value for Co = 5,600pF and
according to (2) Ro = 14,210Q. So, we will
use P1 (Fig. I)and Z2=Ro = 14,210Q (13k
+ 1k21), Z3 = Co = 5,600pF.

Second-order Butterworth:

Table A gives m; = 0.7071 q; = 1.4142.
Figure A2 gives C; =m,Co, C2= q1Co, s0 C2
=2C,. We choose C = 10nF, so C2=20nF.
Ci1=m;Co=0.7071Co, so Co= 14.142nF and
equation (2) gives Ro = 5,627Q (5k62). We
willuse Pl and Z; = Z; = R = 5,620Q, Z3 =
C,=10nF, Z4 = C2 = 20nF (10nF+10nF).
Third-order Butterworth:

Table A givesm=0.5,mz=1,q1=2. Figure
A3 gives C; = mCo, C3 = myCo, C2 = qiCo.
We can see that C; = 2C3 = 4C,. We choose
Cz = 20nF, C;3 = 10nF, Cy = 5,000pF. C, =
m;Co, so Co = 2,500pF and equation (2)
gives Ro=7,957Q. P1 and P2 will be needed.
P1:Z,=7;=Ro= 7,960 (6k81+1k15), Z;
= C, = 5,030pF (4,700pF+330pF), Z4 = C:
=20nF (10nF+10nF). P2: Z2 = Ro = 7,960Q2
(6k81+1k15), Z; = C3 = 10nF.
Fourth-order Butterworth:

Table A gives m; = 0.9238, m; = 0.3826, q)
1.0823, q2 = 2.6131. Figure A4 gives C,
mCo, C3 = mCo, C2 = qiCo, Cs = q2Co. We
choose Cq = 22nF, so Cp = 8.419nF and equa-
tion (2) gives Ry = 9,452Q), C, = 7.777nF, C3
= 322nF, C; = 9.11nF. P1 and P2 will be
needed. Pl: Z, = Z; = Ry = 9,452Q

CALCULATING THE CROSSOVER NETWORK

(8k25+1k21), Z3=C,=7.77nF(6.8nF+1nF),
Z4=C=9.11nF (82nF+InF). P2: Z, =7, =
Ro = 9,452Q) (8k25+1k21), Z; = C3 =3.22nF
(2.2nF+1nF), Z4 = C4 = 22nF.

Fourth-order Linkwitz-Riley:

Two second-order Butterworths in cas-
cade. We have already calculated the val-
ues, so passive network P1 and P2 will be
the same, as you can see in Fig. A5. P1:
Z1=272,=Ro=5,620Q, Z3=C, = 10nF,
Z4 = C; = 20nF(10nF+10nF). P2: Z, =
Zz = Ro = 5,620Q, Zs = C| = lOnF, Z4 =
C2 = 20nF(10nF+10nF).

HIGH-PASS SECTION

First-order:

We choose a value for Co = 5,600pF and
according to (2) Ro = 14,210Q. So we will
use P3 (Fig. ) and Z;= Co=5,600pF Z; =
Ro = 14,210Q2 (13k+1k21).

Second-order Butterworth:

Table A gives m) = 0.7071 q;, = 1.4142.
Figure B2 gives R = Ro/my, R2 = Ro/q;. We
choose Co = 5,600pF, according to equation
(2) Ro = 14,210Q, R; = 2,0096Q, R; =
10,048Q. We will use P3 (Fig. /)and Z, =
Z>=Co=5,600pF, Z3=R; =20k, Z4=R; =
10k.

Third-order Butterworth:

Table A givesm; =0.5, mz= 1, q1 = 2. Fig.
B3 gives R1=Ro/my, R3=Ro/my, Ry = Ro/ql.
We choose Co= 6,800pF according to equa-
tion (2) Ro = 11,702Q, R; = 23,405Q, R3 =
Ro=11,702Q, R, =5,851Q. P3 and P4 will
be needed (Fig. /). P3: Z) = Z; = Co =
6,800pF, Z; =R =23,405Q (22k1+1k3), Z,
=R2=5,851Q (5k62+221). P4: Z; = Co =
5,600pF, Z3 = R3 = 11,702Q (11k+681).
Fourth-order Butterworth:

Table I gives m; = 0.9238, mz = 0.3826, q;

TABLE A

CROSSOVER NETWORK EQUATIONS

BUTTERWORTH (see note 1)

Order m

first (6dB/octave) 0

second (12dB/octave) m1 = 0.7071

third (18dBloctave) m1 =05
m2=0.1

fourth (24dB/octave) m1 =0.9238
m1 = 0.3826

LINKWITZ-RILEY (see note 1)

Order m

fourth (24dB/octave) m1 = 0.7071

BESSEL (see note 2)

Order m

first (6dB/octave) 0

second (12dB/octave) m1 = 0.6808

third (18dBloctave) m1 = 0.4998
m2 = 0.7560

fourth (24dB/octave) m1 = 0.3871
m1 = 0.6698

Note 1: The coefficients in m and q are valid for low- and high-pass filters. All coefficients and equations are from
the book Filtre actif by Paul Bildstein, Editions Radio, 9 rue Jacob 75006 Paris.
Note 2: For Bessel, the coefficients m and q are only valid for a low-pass filter (ibid., p. 54).

q equation
0
q1 = 1.4142 (0% + 1.4142p + 1)
=2 (o> +p+1)(p+1)
q1=1.0823
q2= 2.6131 (p? +1.8477p + 1)
(0% +0.7653p + 1)
q equation
q1= 14142 (0° + 1.4142p + 1)
(0% + 1.4142p + 1)
q equation
0
q1 = 1.9077 (0.6180p + 1.3616p + 1)
q1 = 1.9547
(0.4771p% +0.9996p + 1)
(0.756p + 1)
q1 = 1.0048
q2=0.7298 (0.3889p% +0.7742p + 1)

(0.4889p% + 1.3396p + 1)
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S12 is the power supply pin (+12V for the
recommended relay).

Figure 4 is the block schematic for the
three-way extension board; Fig. 5 is the sche-
matic and wiring diagram. The circuit con-
sistsofan LP (B2, B3) and an HP section (BS,
B6), connected in cascade and forming a
bandpass filter. The input signal is taken from
the input buffer’s output on the two-way filter
board. The bandpass filter’s output is con-
verted to a balanced signal by B9 and B10.
You can remove B10 from the board if the

balanced output is not needed. Second- and
third-order filters can be implemented as pre-
viously described.

We used ORCAD for all schematics and
the new LAYOI software for the PC board
layouts. When we tested the laser printer
check plot and the Gerber files, we found that
the lines and pads appeared thinner on the
check plot than on the screen. Both outputs,
however, are usable. For the final prototypes,
we used the Gerber output files with very
good results. [Note: LAYOI, an impressive

package at an affordable price, is available
Jfrom Old Colony Sound Lab—see the Avail-
ability Box. —Ed.]

On the motherboard, the regulator
heatsinks are grounded. Consequently, the
latter must be insulated with mica or other
insulator materials. The motherboard is con-
figured as a two-way crossover (bold lines
indicate the jumpers). This board is fully
populated, with all four networks and all ten
buffers installed. In many cases, you will be
using fewer than the full complement. Except

=1.0823,q2=2.6131. Figure B4 givesRy= P4: Z; = Zy = Co = 6,800pF, Z3 = R3 = =5,600pF,Z; =R, =20k, Zs =R, = 10k. P4:
Ro/my, R3 = Ro/my, Rz = Ro/qi, Re = Ro/qp.  30,587Q (30k1+475), Zs = Ry = 4,478Q)  Z,=273=Co=5,600pF, Z3 =R, =20k, Zs =
We choose Cp = 6,800pF according to equa-  (4k32+150). Rz =10k.
tion (2) Ro = 11,702Q0, R = 12,6680, R3 =  Fourth-order Linkwitz-Riley: As another example, look at Fig. 7, which
30,587Q), Ry = 10,8120, Ry = 4,478Q). P3  Two second-order Butterworths in cascade.  shows the actual response of one of the proto-
and P4 will be needed (Fig. /). P3:Z;=Z, Wehavealready calculatedthe values,sothe  types with a cutoff frequency of 140Hz.
= Cop = 6,800pF, Z; = R, = 12,668Q passive network P3 and P4 will be the same,
(12k1+562), Zs=R>=10,812Q (10k+825).  as you can see in Fig. B5.P3:Z;=Z>=Co
C2 =qicCo R2 =RO/q1!
1 NN -
I [ , '
|
RO RO RO -1 —0 ce o [ co l—o
S ey o—br—o0 o+l
co c1 % RO At
=mlCO *RO/m1
il ! i v
1) First Order 2) Second Order 1) First Order 2) Second Order
CT =qlCOD R2 =RO/q1
I T —
T | I .
RO
RO RO -1 COI I (I:O ‘[>;_l I o
o— ! o—il I} ‘
1 -
I Smico S0 :lm/m LA
. v .
3) Third Order 3) Third Order
C2 =qlcCOo Ca =q2C0
R2 =RO/ql R4 =RO/q2
B ]
| L |
RO RO —0 ) co I« —~-o0
R o —ANAN co co — __<| l,_g-
c3 O—I
. o I —m2CO0 a E:O/mz
I =m1CO =RO/m1
4) Fourth Order 4) Fourth Order
c2 -qiCo C2 =qiCOo
R2 =RO/ql R2 =RO/ql
CL_L co LO
co co <| |. .
ci o I I I R1
-, I-mxco im o
I =m1CO ] =RO/m1 v
5) Fourth-order Linkwitz-Riley v 5) Fourth-order Linkwitz-Riley
(Two Second-order in Cascode) (Two Second-order in Cascode)
FIGURE A: Low-pass structure. FIGURE B: High-pass structure.
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PHOTO 4: The rear panel Note the way we made the ground connections; the ground input
pin (the cinch on the right of the XLR) is connected to the signal ground on the motherboard.
The three ground output pins are connected together and soldered to the star ground.
Signal ground and power ground are connected at one position only for each channel. The
best we found was to connect Pin S14 and S23.

iy Nia o

PHOTO 5: Top view of the measured crossover in a two-way asymmetrical input/output
system, with the needed buffer modules and passive network. To go to three-way or

symmetric, just plug in module and play.

o

P2 Low Pass
Section

for B4, B8, and B10, which are dedicated for
balanced operation, you must always install a
jumper between input and output for the miss-
ing unit. Otherwise, the next unit will not
receive a signal. If you have installed connec-
tors for each unit, but don’t use all of them,
you can install a wire jumper in the connector
itself. [Note: Board patterns and stuffing
guides are available upon request. See the
Availability Box for details.—Ed ]

The volume control also needs bypassing
if not used, as do the muting relays at the
output. 1f you don’t need the muting func-
tion, don’t install them. The points marked X
and Y on the stuffing guides indicate the
location of the interconnection cable be-
tween the two motherboards ( for a three-way
system), which should be shielded. When the
motherboard is used as a three-way exten-
sion board or bandpass filter, the optional
volume control is connected to Pins S6, S7,
and S8. Again, those units not used must be
bypassed with a jumper.

The motherboard setup procedure is very
simple. Simply check that regulators U2
and U3 are working. Apply a £28V unregu-
lated voltage to Pins S17, S18, and S24, and
check the output voltages across filter ca-
pacitors C17 and C18. They should be close
to £24V. The buffers should be checked
separately (see the BUF 124 setup proce-
dure). Overall frequency response of the
filter sections should be checked with buff-
ers and networks installed.

UNITY-GAIN BUFFER

The heart of the crossover is the buffer, around
which you build the filter sections. The sche-
matic of the discrete BUF 124 is shown in Fig
6. Originally developed as an input and tape
buffer, it has been updated and optimized for
filter operation. It features very low distortion
and a rise-and-fall time of 200ns.

The BUF 124 two-stage circuit consists of
aJFET-cascode input stage and a bipolar-cas-
code second stage—both pure Class A. Due
to the cascode-connected JFETs, which oper-
ate at 2mA drain current, the input stage
features very low input capacitance and high

Continued on page 26

FIGURE 4: Three-way extension board block schematic. Power supply is +24V. Switch on mute.
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THE
CENTER
OF I'T A1 1

The center channel, often thought of as responsible for only reproducing dialogue, is actually
responsible for reproducing about two thirds of the total acoustic energy of a typical movie.
Much of the film's music track and a great deal of the sound effects originate from the center
channel. This leaves the front, main channel mostly responsible for augmenting the center
channel's foundation with far left and right information; and this leaves the rear channel
responsible for spatial ambience. This being the case, the center channel must be well designed
and constructed with high quality components, and when done well, it should have a similar
tonal balance to that of the front, main speakers. We at A&S Speakers following these
guidelines, have developed a top quality center speaker. Vifa components, among the most
respected and widely used in the high-end market, are used in our center speaker as well as all
of our A/V satellite speakers. This insures excellent quality and tonal consistency in our A/V
packages.

THE CENTER CHANNEL

TECHNICAL SPECIFICATIONS
Frequency response: 55 Hz - 20kHz +/-3db
Sensitivity: 88 db

Nominal Impedance: 8 ohm

Thermal power capability: 100 watts RMS
Crossover frequency: 2800 Hz

18°

—s" 9"

1090

Bass-Mid:VIFA Twoeter:VIFA  Bass-Mid:VIFA
Mode:M1380  Model:D2SSF  Model:M138C
Cut-out: 4 Cut-out 2 /4"

FRONT VIEW
Price: $217.00 assembled ea.

$197.00 kit ea.

$115.00 w/o cabinet ea.

¢— 3/4' PARTICLE
BOARD
ORMDF

TlEPORT 2°1.D.
"2 1/2° LENGTH

Terminal Cup: RP33-S

Cut Out: 2 5/8"

INSIDE SECTION

‘ &s 3170 23rd Street; San Francisco, CA 94110
Spea"er 'S Telephone: (415) 641-4573 Fax: (415) 648-5306
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PHOTO 6: External power supply box with a conventional transformer (top left) for the relays
and a toroidal transformer for the buffers. We used an AC filter, seen in the right of the

photo.

Continued from page 24

common-mode voltage swing. Q1 and Q3
must be matched to +£10% of Ipss (either the
"BL" or the "V" group can be used).

To adjust the DC offset at the output, P1 =
200Q. R4/RS and R'4/R’S are connected in
series and in parallel with P1, respectively,
and are used to set the current in the input
stage to 2mA. You can check the current by
connecting a DVM across R3 (or R6) and
measuring the voltage drop across the resis-
tor, which at 2mA is 2.8V. Ifthe drain current
is higher than 2mA (i.e., the voltage drop is
>2.8V), you must connect R4 and R5 in the
circuit to reduce it. If it is less than 2mA,

connect R'4 and R'S in parallel with P1 to
increase the current.

The second stage operates at approximately
15mA. When the input stage is operating at
2mA, this current is set up automatically to the
correct value. D1 and D2 are used to bias the
cascode transistors Q6 and Q7 relative to the
emitter voltage of Q5 and Q8. R8 forces a
current of approximately ImA through the
reference diodes.

R10, R16, and C4 form the buffer’s feed-
back network. In unity-gain application (i.e.,
when the buffer is used as a filter), R16 is not
connected to ground. It is used only when the
buffer is connected as a balanced-to-single or

single-to-balanced converter. In balanced op-
eration, the gain of the input and output buffer
is higher than unity. R9 and C6 form the
amplifier’s output network, isolating the buff-
er from capacitive loads. Since it works in
pure Class A, the buffer is virtually short-cir-
cuit proof—you can short its output with a
relay for muting purposes.

The buffer is connected to the motherboard
through a 10-pin gold-plated connector. You
can solder it to the motherboard or install a
mating connector on the board and plug it in.
[Note: The BUF 124 is available as a kit. See
the Availability Box.—Ed.)

BUFFER SETUP PROCEDURE
Test each buffer module separately, if possi-
ble, before installing it on the motherboard.
This simplifies measurements, adjustments,
and any necessary component changes. Ifyou
have access to a scope, connect it to the
buffer’s output and check for radio frequency
(RF) oscillations. If you have complete audio
instrumentation in your workshop, perform
the usual gain, frequency response, noise,
total harmonic distortion (THD), and inter-
modulation distortion (IM) measurements.
Inputs should be shorted under DC measure-
ments/adjustments.
Before testing, set P1 to mid-position.
Short signal ground to power supply ground
Continued on page 28
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FIGURE 5: Three-way extension board schematic and wiring diagram.
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A better speaker damping material...

If you've been building speakers for some time. you know how much guesswork goes with speaker
damping and stuffing. The choices seem endless: fiberglass. wool. Dacron., tlat foam. convoluted foam,
felt, tar, plus various “magic” compounds that you're invited to brush or pour into your new cabinets.
Everyone has their own recipe., and who knows if it's a recipe for disaster? Or what effects the vapors
prorr——— c1illcd by these chemicals might have on the glues that bond your woofer surround to its cone and
chassis? In this era of costly, space-age drivers and computer-assisted design, we think such risks are
totally unacceptable. So we went to work to find the ideal solution.

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

First. THE PAD. It’s u thin (1716 inch) black flexible viscoelastic damping material (filled vinyl copolymer) with maximum perfor-
mance between 50 and 100 degrees F (we hope that that covers the temperature range of your listening room) and excellent flame
resistance - it meets UL94 V-0. Thanks to its outstanding damping characteristics, THE PAD will dramatically reduce the vibration
energy stored in the walls to which it is applied.

Easy to cut and apply, THE PAD has a pressure-sensitive adhesive back: simply peel off the release paper and press hard onto a clean
surface. You can use THE PAD on just about anything you suspect of vibrating: driver frames, thin panels like car doors. and. of course.
the walls of your speaker cabinets. And it can be used 10 recess a driver without using a router: just laminate enough layers to match the
thickness of the driver frame and apply to the front baffle. Finally. it is the ideal material for “constrained layer™ wall construction, where
two panels are laminated on each side of a damping material for optimum transmission loss. Because THE PAD has a fine grain leather
finish, you can wrap an entire cabinet exterior and give it an attractive appearance at the same time!

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

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

One-inch deep polyester urethane foam. structurally optimized for acoustical damping. Highly effective at
“soaking™ maximum sound energy with minimum thickness. —

e

Barrier septum. 1/8 inch thick. Made of limp flexible vinyl copolymer loaded with non-lead inorganic fillers. it is a
“dead wall” that isolates the vibrations in the walls of your cabinet from the vibrations created inside the enclosure.
Polyester urethane flexible open-cell foam. 174 inch thick. Thanks to special vibration-isolation characteristics, it L__
decouples the vibrating structure (the wall) from the rest of the damping system, thus optimizing performance
High-loss vibration damping material, same as The Pad. It is strongly bonded to the cabinet wall with pressure \;I\‘u;;u:u;:
sensitive adhesive. ‘
These layers are laminated using an adhesive-free mechanical and thermal process. thus optimizing performance and eliminating the
risk of solvent fume damage. BLACK HOLE 5 can be used in any enclosure, as well as for acoustical panels to improve the characteristics

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

1531 Lookout Drive 818-707-1629

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

AE ONCableS New from ORCA!

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

Quter insulation: UL approved TPE
Cable geometry: non interfeaved spiral
Individual conductor insulation: 105 degree Celsius. UL approved PVC
Cable equivalent gauge: total - AWG 11, 2 conductors - AWG 17,4 conductors - AWG 14
Individual conductors: solid core AWG 20 copper. long-grain and ulira-soft, free of all contaminants and oxy gen
Cable core: crushed polypropylene
Inner envelope: mylar film

Reader Service #32




R3
1. 4K

02
25K248
os - C3
25A817A 0. 1uF
o1 LM338-2. 5
2sx1708L
os
25A817A
Rs
L]
T S 33. 2K 2
1
2« Pt 22pF R
INS l. P ouTt
R1 47,3
b .]_ R2 ce
11 ™ 330pF
22pF I _SGNOD
25C1827A
03 PCND
283748L on i
5 25C1827A i —cs 7
04 02 [ 6l 1uF
zr.un__l i CELHCH LM338-2. S
sana L z . =
IN
* T4 re c2 L Leo
1. 4K
| 2N 8 0. tuF T T 10uF/3SV
- L _1g —2av)
9
ey Yo

01, 02 MATCHED 10SS
R4, R" 4, R3, R° 3 SEE TEXT
SCNOs» Sigrnol CGrouna

PCNO: Power Ground

FIGURE 6; BUF-124 schematic.

Continued from page 26

at the output. Connect 24V regulated supply
to the module and perform the following
measurements/adjustments:

1. Connect a voltmeter across R3 (or R6)
and measure the voltage drop. It should be
2.8-3V.Ifitis less than 2.8V, install R4’ and
RS'. Ifthe voltage is more than 3V, install R4
and R5. (The resistor values depend upon the
Inss of Q1 and Q3. Some experimentation
will be necessary to determine the correct
values.) The BUF 124 kit is sold with

AVAILABILITY BOX

To obtain prints of layouts and stuffing guides, please
send a 9" x 12" manilla SASE with postage for 2 oz.
(intemational readers, please include postal cou-
pons) to: SB, PO Box 494, Dept. EB, Peterborough,
NH 03458-0494.

Remarkable LAYO1 PC board design software is
available in packages priced as low as $99 for 4,000-
point capability. For a free color information packet,
contact Old Colony Sound Lab, PO Box 243, Dept.
EB, Peterborough, NH 03458; (603) 924-6371, FAX
(603) 924-9467.

BUF 124 KIT. The BUF 124 is sold as a single board.
Kit includes drilled PC board, all resistors, capacitors,
and semiconductors. Components are packed in
plastic bags and are marked with component number
and/or value. We reserve the right to substitute com-
ponents of equal quality. Contact: Borbely Audio,
Melchior Fanger Strasse 34A, 82205 Neu-Gilching,
Federal Republic of Germany, 011-49-8105-5291,
FAX 011-49-8105-24605.

2SK170BL/2SJ74BL FETs are also available sepa-
rately, matched and marked with loss. Contact Bor-
bely Audio for information.

matched/marked Q1/Q3, which makes se-
lecting the right resistor values easy.

2. Connect a millivoltmeter to the ampli-
fier’s output, and, with P1, adjust the offset
to OV.

CROSSOVER NETWORKS

The crossover networks are mounted on plug-
in PC boards. Separate PC boards are avail-
able for the low- and high-pass networks. The

TABLE 1

BUF 124 PARTS LIST
PART DESCRIPTION
Resistors

1k*

R2 ™M
R3,6 1.4k
R4,5 Select for Ip = 2mA
R4’ 5 Select for Ip = 2mA
R7, 11 150
R8 33.2k
R9 47.5
R16 2k (For balanced operation)
Trimpot
P1 200 multiturn cermet
Capacitors
C 22p/630V PP, MICA, COG
C1.235 0.1/63V WIMA MKS-2
c4 22p/630V PP, MICA, COG
Cé 330p/630V PP
C7,10 10puF/35V TA
Semiconductors
Q1 2SK170BL**
Q2 25K246
Q3 28J74BL"
Q4 25J103
Q5,6 2SA817A
Q7,8 25C1627A
D1,2 LM336Z-2.5

Miscellaneous

10-pin connector, 3M type number: 2510-5002
BUF 124 PC board

“All resistors 0.5W/1% metal film, Resista MK-2
or equivalent.

**Q1 and Q3 are matched to 10% of ipss.

crossover networks are connected to the
motherboard through the same kind of con-
nectors as the buffers. For calculation of the
crossover network, refer to the sidebar "Cal-
culating the Crossover Network." ]

I
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FIGURE 7: Response of the crossover populated as a two-way system. The cutoff frequency
is 140Hz in a fourth-order Linkwitz-Riley mode. Only one value of capacitor and two for the
resistors was needed: 0.1 uF/160V WIMA MKP2; 7.5k and 15k 1% metal film resistors.
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TABLE 2
TWO-WAY MOTHERBOARD PARTS LIST
PART DESCRIPTION
Resistors
R7, 11 47k
R12, 14 2,210
R13, 15 121
Capacitors
C15, 20 1,000uF/35V radial
C16-19 47uF/35V radial
C21-24 0.1uF/100V WIMA MKS02
Semiconductors
Q1,2 BC337 or equivalent
U2 M337 T0220
u3 LM317 70220
D1-6 1N4007 or equivalent
Miscellaneous
B6-10
P14 10-connector 3M
ref. 8510-4500
21,2 SDS Relay S2-12v
Heatsink Schaffner ref. WA 337-25,
40r38,1
U1 2-pin removable jumper
TABLE 3
THREE-WAY MOTHERBOARD PARTS LIST
PART DESCRIPTION
Resistors
R11 47k
R12,14 2,210
R13,15 121
Capacitors
C15,20 1,000uF/35V radial
C16-19 47uF/35V radial
C21-24 0.1uF/100V WIMA MKS02
Semiconductors
1 BC337 or equivalent
U2 LM337 10220
u3 LM317 T0220
D2-6 1N4007 or equivalent
Miscellaneous
B2-6,9, 10
P1-4 10-connector 3M
ref. 8510-4500
22 SDS Relay S2-12V
Heatsink Schaffner ref. WA 337-25,
40r38,1

MOUTH

Word of mouth helps us grow, and our
growth means a stronger publication that can
do more of the things that need doing in the
pursuit of better audio systems. If you have
friends, associates, relatives or even enemies
who share your enthusiasm for SB, either let
us send you prospectuses to pass along to
them or telt us their names and addresses,
and we will send the word along. THANKS.

POWER

High performance two way, three driver floor standing
loudspeaker system featuring:

—ad . SCAN-SPEAK D2905 1" Fabric Dome
] Tweeter.

TR PEYTEM

i+ Dual SCAN-SPEAK 18W/8544 7" Kevlar®

A Woofers.
‘ ‘ ‘ | *‘ + 10 AWG Music Coll Hex-Laid Inductors.
l 8.0 « SPRAGUE High Frequency Metallized
| H b Polypropylene Film Capacitors bypassed with ‘

im . | 1 uF Ultra-CAP Capacitors.
» OHMITE Precision Power Resistors |
T H H |« Allcrossover components hand matched to 1%.
|+ QB3 Partition Vented, Aperiodically Braced
Cabinet with 24" Composite Front and Rear.

» Sand-Filled lower chamber.

* Crossover is externally housed in its own cabinet '
f and connected via a dedicated cable. f
111 | J * Available as a Woodworker's Kit, with pre- ‘
n veneered cabinet flats, or as a Complete Kit. |

For a complementary copy of our complete catalog, including drivers, I

crossover components, accessories, and all 10 of our High [
Performance Loudspeaker Kits, please give us a call or drop us a line. l

North Creek Music Systems |
| Route 8, PO Box 500, Speculator, NY 12164
Voice/Fax (518) $48-3623.

EEE

YOUR CURE FOR SPEAKER
HEADACHES!

e FACTORY AUTHORIZED SERVICE: .
Advent, Bel*C, Cerwin Vega, EPI,
Genesis, JBL, & RTR

e Polypropolene Cones For Reconers
8",10",12" & 15"

e Parts & Adhesives s

e We Buy Blown Speakers ®

e Call Us For Hard To Find Parts

1-800-526-8879x==

Reader Service #17

ma

WE RECONE, RESURROUND
AND MANUFACTURE

WE BUY, SELL AND TRADE
MARANTZ, McINTOSH, Tube
Equipment

25 Years Audio Experience
Custom Grilles for Bel*C, JBL,

Marantz, Altec, & Cerwin Vega
From $29.95 Each

4931 A-1 South Mingo ¢ Tulsa, Oklahoma * 74146
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A FULL-RANGE
OPEN-BAFFLE SYSTEM

f the various speaker system designs, the

open-baffle is one of the most misunder-
stood. We have built a full-range open-baffle
system that performs superbly. It operates as
a dipole radiator at all frequencies, yet has
astonishing deep-bass performance.

We have always found particularly appea!-
ing sound qualities in unenclosed specakers
(Apogee, Audiostatic, Carver, Magnepan,
Martin-Logan, Quad. among others), which
share a common design feature: rather exotic
technology is used to produce their superb
sound. Unfortunately, this technology is usu-
ally too difficult for an amateur to work with.
We were determined, however, to reproduce
these sound qualities with conventional, read-
ily available technologies. As we have not
found our design approach discussed any-
where in the audiophile literature, we will
describe it in considerable detail.

OPEN ADVANTAGES

One of the best approaches to enclosure de-
sign is to eliminate as much of the structure
as possible, and an open baffle is the simplest
solution. It consists of one or more drivers
mounted on a supporting structure that is
usually flat and completely open in the rear.
The baffle does not attempt to restrict the rear
sound emissions in any way, nor is it an
enclosure in the conventional sense.

An open baffle is easier to construct than
traditional enclosures. More so than the
sealed box, and certainly much simpler than
vented, ducted-port, transmission-line, or
folded-horn enclosures.

Although front panel vibrations occur in
any design, open baffles have fewer panels to
vibrate than conventional six-sided enclo-
sures. The vibrations are caused by the ac-
tion/reaction of the front panel to the direct
motion of the driver cones. With a total weight

ABOUT THE AUTHORS

Warren Hunt is a technical supervisor at a film and video
editing company in Hollywood, with an associate's degree
from the Manhattan Community College of New York, He
has been interested in speaker design and woodworking
for several years, and has built a variety of cabinets and
enclosures. Joseph Janni is the chief scientist of a large
govemment laboratory. He holds a PhD in engineering
from the University of New Mexico, and has been design-
ing speaker systems for over twenty years.
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By Warren Hunt and Joseph Janni

PHOTO 1: The front of the open baffle final
prototype, showing the placement of the
individual drivers and the side panels.

of 60 Ibs. and a speaker moving mass of 0.3
Ibs., the action/reaction ratio of our open baf-
fles is very favorable.

Conventional enclosures have additional
sources of panel motions caused by internal
pressure increases and decreases that do not
occur in open baffles. These vibrations are
quite audible and can add undesirable col-
orations—"cabinet talk"—which can be al-
most as loud as the primary speaker output.
For examples of these effects, refer to the
speaker reviews in any recent issue of

Stereophile magazine, where cabinet vi-
brations are measured separately.

Our design has excellent imaging, primar-
ily because open baffles are dipole radiators.
Dipoles emit sound equally in the forward and
rearward directions, but the rear emission is
180° out-of-phase. By directing more sound
toward the listener and away from the side
walls, they improve the imaging. We think
our design produces sufficient wall reflec-
tions to provide pleasing room ambience, but
not so much as to degrade imaging. The rear
emission reflects off the back wall, which
adds a very pleasing and spacious quality to
the sound at mid and high frequencies. For
this article, we have defined the back wall as
being directly behind the speaker system.

Another significant factor is that the prefer-
entially forward and rearward emission pattern
of open baffles allows the acoustics of the re-
cording to predominate over those of the listen-
ing room. This consideration is particularly
important for superior-quality recordings.

Our open baffle is inherently less sensitive to
room placement than conventional enclosures
due to its dipole radiation pattern, and because
we used multiple drivers.! Soft-dome tweeters
plus three cone drivers are aligned vertically,
with the third driver near the floor as a sub-
woofer. Two identical tweeters, one forward-
and one rearward-firing out-of-phase, are lo-
cated midway between the two 10” cone drivers
in a D’ Appolito configuration.

We experimented with locations as close as
8" and as far as 3’ from the back wall, and
verified our conclusions with several measure-
ments and listening tests. Although the closer
location performed well, the sound changed
somewhat in character, with more deep bass and
improved imaging in the 3' location. At2.5' and
beyond, the sound assumed a warmer and richer
quality. Our system was not very sensitive to
side wall distance. We probably obtained these
encouraging results because an open baffle
minimizes the formation of standing waves in
the room.

Driver selection is simpler than for any
other enclosure type, because the final system
resonance and transient response are easier to
determine. With open-baffle mounting, the
driver free-air resonances change by less than
2Hz. For all practical purposes, the reso-



nances of drivers in an open baffle and their
free-air resonances are the same. Their tran-
sient response is also unchanged, which
greatly simplifies driver selection.

THE FLIP SIDE

The predominant disadvantage of full-range
open-baffle systems seems to be the wide-
spread lack of understanding of their correct
design principles. This became apparent
when we unsuccessfully searched a dozen
books for technical design information.

Driver suppliers aren’t accustomed to open
baffles, either. After we built the second pro-
totype and verified that deep bass was possi-
ble using a 12" subwoofer, we decided to
upgrade to a 15" unit. We telephoned several
suppliers with some specific questions aimed
at optimum driver selection. Most suppliers
listened to our questions, then asked what we
were doing. When we explained that we had
already builta successful full-range open-baf-
fle system and were planning to increase the
subwoofer size, they usually told us politely
that such a system couldn’t possibly work at
low frequencies; nevertheless, they provided
the information we requested.

Open-baffle systems are not necessarily less
efficient at low frequencies than other enclo-
sures. Without the subwoofer, our frequency
response is about the same as a comparable
sealed box—both measured outdoors—having
a system resonance of S0Hz, free-air driver
resonance of about 25Hz, and a critically
damped (Qs = 0.5) response. Our passband
efficiency above 100Hz is virtually identical to
the sealed box. If no corrective equalization
were applied to either system, both would be
about 14dB down at 25Hz and they would have
similar outputs for the same electrical input.

Unfortunately, when open baffles are indoors
and close to a back wall, efficiency decreases by
several decibels. Conversely, sealed box effi-
ciency can increase when properly placed near
rear and side walls, Efficiency isn’t everything,
however, and the open baffle’s improved imag-
ing and transparency more than compensate for
this inadequacy.

The acoustics of conventional open baffles
require a very large physical size in order to
produce a flat frequency response down to the
audibility limit. For example, a 10’ x 10" open
baffle would be 6dB down at about 27Hz.
Rather than consider an unrealistically large
baffle, we chose to attenuate the mid and high
frequencies with a low-pass circuit to balance
the smaller baffle’s deep-bass self-cancellation.

Our low-frequency response is further im-
proved by adding a subwoofer below 70Hz to
increase the output. This doubled our power
draw at very low frequencies, but increased
our acoustical amplitude where we most
needed it. We used the low-pass circuit to

drive all cones, including the subwoofer, with
aboost of 9dB at 25Hz. The extra design work
was worth it, because our frequency response
is nearly flat down to 25Hz; however, at these
frequencies there is considerable cone excur-
sion at the loudest fevels.

RESPONSE MEASUREMENTS

The common misconception that you can’t
get deep bass from an open baffle is due to
the front radiation’s cancellation by the rear
out-of-phase radiation. As you will see, this
seemingly insurmountable problem can be
solved. In fact, our system’s frequency re-
sponse will dispel any concerns you may
have about its performance.

Photos | and 2 show the final prototype,
front and rear; Fig. / is the frequency re-
sponse. The measurement was taken out-
doors, 6' in front of our prototype
perpendicular to the tweeter. This response
includes the effects of our low-pass circuit,
which is a fundamental design element, and

PHOTO 2: The rear of the open baffle final
prototype, with the wiring only partially
connected.

our subwoofer resonant crossover (both of
which we will describe later). We used no
additional parametric equalization. The 13-
octave warble tones on the second Stereo-
phile test CD served as a sound source for
all of our measurements.

In this geometry, the acoustical effects of
the ground (a large flat patio) are included.
This arrangement is more realistic and easier
to standardize than a purely anechoic environ-
ment, hence it is more appropriate. Of course,
no wall or ceiling effects exist with outdoor
measurements, and we were sufficiently dis-
tant from any vertical structures to eliminate
their effects.

As you can see from Fig. /, the frequency
response is generally within 3dB from 25Hz-
20kHz. This extraordinary response would be
noteworthy for any type of speaker system.

The rise near 150Hz is a cabinet-shape
effect produced by the depth of the perpen-
dicular side panels, which becomes notice-
able when the average depth of the sides is
greater than 8”.2 Qur side panels are tapered,
with a 4” minimum depth at the top and a
maximum of 9” at the bottom. The average
depth is 6.5". While eliminating the side pan-
els would reduce this rise, we retained them
to ensure the front panel’s rigidity as well as
to have self-standing units.

The 2dB drop at 4kHz appears in the
tweeter manufacturer’s published frequency
response plots. We independently measured
the same trend with our inexpensive ap-
proach, which was encouraging.

TOMBSTONE TERRITORY

The baffle’s shape evolved from aesthetic
considerations. After sketching a number of
different possibilities, we experimented with
the proportions of the most appealing ones.
Since we couldn’t consider anything close to
“bookshelf" dimensions, we set the size limi-
tations of 24” (width) and 54" (height). A high
rectangular baffle with rounded top corners
and sides sloping down to a wider base be-
came our favorite.

The advantages of sloping sides became
apparent as we added acoustical design con-
siderations. Our goal was a self-supporting
baffle, with a base and side panels deep
enough to hide the drivers’ frame when
viewed from a profile. After experimenting
with the first prototype, we settled on the final
dimensions, which through careful listening
and additional measurements proved them-
selves on the second prototype.

Listening experiments revealed that the
subjective sound quality improved slightly
when we tilted the top of the baffle back a few
inches. After listening to the sound with sev-
eral different configurations, we settled on a
6° rearward tilt.
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FIGURE 1: The system frequency response measured outdoors 6’
from the open baffle. The microphones were perpendicular to the
tweeter. The sound sources were 1/-octave warble tones.
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FIGURE 3: frequency response of the low-pass resonant crossover

connected to the subwoofer. The subwoofer is boosted 4dB at 35Hz
by the resonance and merged with the midranges at about 70Hz to
form a smooth transition.

A practical open baffle’s shape must have
diverse pathlengths (sound paths) from the
rear to the front. This will eliminate the pos-
sibility that either a deep cancellation notch
or a strong reinforcement peak will occur at
any specific frequency. [n order to provide the
necessary distribution spread, the maximum
pathlength should be at least twice that of the
minimum.

Our maximum pathlength, from the sub-
woofer front to the baffle’s top corner and
back to the subwoofer rear, is 7.5'; the mini-
mum pathlength is 2'. Since the former is
more than twice the distance of the latter,
there should be no problem with cancellation
notches or reinforcement peaks. Our meas-
urements bear this out.

Another benefit of this design is that each
driver has a unique pathlength distribution, a
result of the baffle’s deliberately tapered
shape. As an added advantage, our speakers
have a distinctive appearance. Friends have
taken to calling them the "tombstones."

DRIVER SELECTION

I. To design an open baffle, seven driver pa-
rameters are required: power handling, driver
sensitivity in decibels/watts/meters, free-air
resonance (fp), maximum cone excursion
(Xa4x), and the mechanical, electrical, and total
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RESONANT  IMPEDANCE
FILTER MODEL AT
25-100 HZ

FIGURE 2: Subwoofer resonant crossover
with Q = 1.6 and 4dB of electrical gain.
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resonant factors (Qus Qr, and Q). Some of
these are not T/S parameters, because open-baf-
fle designs do not use this theory.

2. All drivers except the tweeter should
have nearly identical fis, regardless of their
diameters. This allowed us to use the same
low-pass circuit for all the drivers.

3. Every driver must have a long throw
capability (i.e., large Xaz4v). A peak-to-center
throw of at least S mm is needed.

4. The fy should be about 25Hz, because
it establishes the lowest frequency the design
can reproduce. Below this resonance, the sys-
tem response drops very rapidly.

5. The total system transient response
Qg is determined by the driver Qy, which in
turn is dominated by Q. Ideally, Qg should
be about 0.5; however, values ranging from
0.25-0.75 are acceptable and should not
degrade the transient response to the point
of audibility.

6. Whilethe mechanical Qusis not particu-
larly important since Q;: dominates, it should
be in the range of 3-6.

7. Thedriver electrical Qx should be about
0.5, since it dominates the system damping,.

8. Analternate design uses drivers with an
inherently high Q7 of 4. The acoustical output
would then increase steadily at progressively
lower frequencies (approaching resonance) and
cancel the open-baffle 6dB/octave rolloff. This
approach produces a flat response and would
allow us to avoid using the low-pass circuit and
subwoofer resonant crossover. Such drivers are
unavailable to consumers, however, and our
approach has better low-frequency transient re-
sponse (Qr=2).

POSITION OF POWER
The midranges and tweeters are configured in
asymmetrical D’Appolito design. Their rela-
tive positions produce a subjectively pleasing
sound which is difficult to achieve with a
single midrange. This configuration works
superbly for both open-baffle and conven-
tional enclosures.

The D’Appolito design has a much better
vertical radiation pattern than the single mid-

range, with a superior (vertically stable) lo-
bing pattern near the crossover frequency.
Lobing makes the speaker system sound dif-
ferently off the primary axis, while reduced
lobing results in lower phase aberrations in
the 1-4kHz frequency region. The ear is most
sensitive in this frequency region, so all forms
of distortion need to be minimized.

Small distortions in the upper midrange
(1-4kHz) contribute more substantially to a
degradation of overall sound quality than do
similar distortions in the deep bass or high
treble. To reduce phase distortions, our design
has no electrical components (such as cross-
over components) other than connecting wire
between the midranges and the amplifier.

The placement of our subwoofer—only 4"
from the floor—eliminates the severe suckout
notch that can result from floor bounce effects
in the 100-200Hz region. This effect is a
major problem with most enclosures whose
drivers are more than 2’ above the floor.**
Notches of 10dB are common, but this prob-
lem is nonexistent for our design.

THE TWEETERS

For excellent tweeters at a reasonable price, a
good friend recommended the Audax
HDI3D34H. Its features include low reso-
nance (900Hz), nominal 8Q impedance,
92.5dB/W/M sensitivity, unusually large
magnet, soft-dome design, exceptionally
smooth frequency response, and subjectively
pleasing sound quality.

The tweeters’ 900Hz resonance allows
them to be crossed over at the high-fre-
quency limit of our midranges, which are
6dB down at 2.5kHz. We experimented
with 20, 15, 10, 4.7, and 2.2pF (polypro-
pylene) as a first-order crossover, with the
tweeters wired in parallel. The subjective
sound quality for the three largest values
seemed a bit harsh on massed violins; the
best overall sound was achieved with the
4.7uF value.

To create a partial zobel effect and moder-
ate the severe tweeter impedance rise at reso-

Continued on page 34
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Continued from page 32
nance, we placed a 1.2mH inductor directly
across the tweeters. This produced a nearly
constant load on the crossover down to 900Hz and
successfully eliminated the resonance effects.
We chose the final crossover capacitor
value by combining three methods. First, we
strove for the flattest possible frequency re-
sponse with the sound-level meter outdoors,
using the warble tones to obtain as smooth a
transition as possible at 2.5kHz. Second, with
the baffles indoors, we again experimented
with the capacitor values and the partial zobel.
Finally, based on critical listening tests using
three listeners, we settled on a4.7uF capacitor
with the 1.2mH zobel.

THE MIDRANGES

The midrange drivers should reproduce as
wide a frequency range as possible with a very
smooth response, as this maintains the purity
of the critically important musical instrument
fundamentals and their first few harmonics.
We think the Madisound 1052DVC 10" driver
best satisfies these criteria. It has excellent
specifications, dual voice coils, polypropylene
cones, and superb frequency response over the
entire operating range from 25Hz-2.5kHz.

The manufacturer’s values are: fo = 20Hz,
Qu=3.68,Qr=0.28,Qr=0.26,Rr=12.2Q,
Xarax= 6 mm, sensitivity of 90dB/W/M, and
power handling of 100W. We measured: f=
25.2Hz, Qu=4.4,Qr=0.20,Qr=0.19,Rg=
11.4Q, and sensitivity of 92dB/W/M. These
represent averages for three drivers which
were nearly identical in their measurements.
We thought additional measurements were
not needed for the remaining drivers.

In the midrange, polypropylene cones pro-
vide better sound quality than paper. With a
higher stiffness-to-mass ratio, polypropylene
enables better transient response where it is
most important—across the extended mid-
range band. Cone material doesn’t matter for
subwoofers as long as it is rigid enough.

We wired the dual voice coils in the 16Q
configuration, with the two drivers wired in-
parallel for a net midrange impedance of 8Q2.
The net midrange acoustical output is equiva-
lent to using one 8Q2 midrange driver.

A midrange crossover is unnecessary, be-
cause the two 10" drivers are used over their
full operating range. We measured their un-
equalized open-baffle acoustical output to be
from 60Hz-2.5kHz at the 6dB down points,
where the subwoofer and tweeters are brought
on line.

MATCHING EFFICIENCIES

Our criteria for subwoofer selection included:

» High subwoofer efficiency to match the
high midrange efficiency (and to avoid
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building a speaker that required high-cost

amplifiers)

e A primary amplifier with only 60W/channel

¢ A 25Hz free-air resonance

¢ Long-throw drivers (subwoofers as well as
midranges, because we must pump a lot of
air at low frequencies to overcome acous-
tical self-cancellation)

o A driver Qrnear 0.5 (to provide optimum
electromechanical transient response)

¢ Moderate power-handling capability

While no specific driver meets all these
criteria, one comes close.

We selected the exceptional Polydax
HD30P4STSM 12" driver as our subwoofer.
It has the following manufacturers’ values: fo
=25Hz, Qu=2.0, Q= 0.40, Q7= 0.33,Rx=
520, Xuax = 4.5 mm, sensitivity of
95dB/W/M, and 90W power handling. Our
measured values were: fo=28Hz, Qu=2.75,
Qr=0.17, Qr=0.16, Rg = 5.5, and sensi-
tivity of 98dB/W/M.

These values are averages for the two
drivers; their individual measurements are
quite similar. Our experience indicates that
the measured resonance (fp = 28Hz) is an
initial value and will probably decrease sev-
eral hertz after break-in. The same concept
applies to the midranges.

PREAMPLIFIER /’\C2

FIGURE 4: Passive low-pass circuit to par-
tially correct for low-frequency self-cancel-
lation.

Originally, we used a subwoofer which
was identical to the midranges (both 10”). The
bass was adequate but not dramatic—it failed
the 1812 Overture cannon test. Since we like
strong bass down to the audibility limit, we
changed subwoofers.

The 12" Polydax driver produces extraor-
dinary bass in our baffle. Even though we are
pleased with it, we will probably use a 15"
subwoofer in our next version and biamplify
it. In that case, we can be less careful about
matching the subwoofer and midrange effi-
ciencies, because we will be able to control
their levels independently.

RESONANT CROSSOVER

The subwoofer is brought on line only below
70Hz, where the 10" drivers’ acoustical out-
put has begun to roll off; it augments the

midranges’ deep bass output. Both the
midranges and the subwoofer continue to op-
erate down to 25Hz.

We did not use a traditional crossover;
instead an innovative resonant crossover (Q
= 1.6) drives the subwoofer and shapes its
response. Due to the circuit resonance, our
crossover provides 4dB of "free" electrical
gain. It provides a steep high-frequency roll-
off, and therefore also acts as a crossover.

The electrical values of the subwoofer
resonant crossover are illustrated in Fig. 2
(left). R1 is the connecting wire resistance
plus the internal resistance of inductor L1,
which combined equal 0.84Q. L1 is 18mH.
C1 is 330pF rated at 35V, although a higher
voltage rating would provide some additional
design margin for higher-powered amplifiers.

In our crossover calculations, we included
the subwoofer’s variable low-frequency im-
pedance, as shown in Fig. 2 (right). We did
not assume the subwoofer to be purely resis-
tive. The electrical values we used to model
the subwoofer impedance near its resonance
were: R2 (the DC resistance) is 5.2Q; R3 is
28.3Q2. When combined at the subwoofer
resonance, they become the total impedance
at resonance of 33.5Q. C2, the combined
acoustical and electrical capacitance at reso-
nance, is modeled as ImF. L2 is the net
acoustical and electrical inductance at reso-
nance and is modeled as 40mH. The com-
bined values of C2 and L2 must produce the
subwoofer’s 25Hz free-air resonance; they
need not be physically precise to model the
correct resonant value.

A constant resistance assumption would be
seriously wrong for any subwoofer in the
vicinity of its resonance. The variable sub-
woofer impedance actually improves the
resonant crossover’s performance, because it
increases the resonant peak and slightly steep-
ens the frequency drop. These desirable ef-
fects could not be obtained if the subwoofer
had a constant resistance. The output of the
resonant crossover driving the subwoofer im-
pedance model is shown in Fig. 3.

TRANSITION FREQUENCY

Momentarily disregarding the effect of nearby
walls, the idealized open baffle low-frequency
response declines at an asymptotic rate of
6dB/octave.” The decline begins at the average
baffle transition frequency (F 4), which is estab-
lished by the baffle size and shape. Caused by
rear- and frontwave cancellation, it can be wors-
ened by close proximity to a back wall. Side
walls don’t have much effect.

The 6dB/octave decline continues to the
driver resonance fo. For an open baffle, this
is nearly the same as the system resonance Fs.
Below Fstherolloffincreases to 18dB/octave,

Continued on page 36
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ered, it can be as steep as 24dB/octave. This
rolloffis the same as that exhibited by ducted-
port (bass-reflex) enclosures below their low-
frequency cutoff.

As with any speaker system, flat room
response is obtained by using an additional
parametric equalizer to selectively compen-
sate for room effects. Open baffles are not
unique in this regard, although ours requires
less parametric equalization than many other
systems due to its multidriver design.

As the average frequency below which
cancellation begins, F 4 is actually the same as
the first reinforcement maximum. Reinforce-
ment occurs when the wavelength of Fj4
equals twice the open baffle’s mean front-
to-rear acoustical pathlength P4}

To compute these pathlengths and fre-
quencies, consider the speed of sound, which
at standard temperature and pressure is
1,088'/second. Our baffle’s minimum path-
length (Pay) is 2, corresponding to an initial
onset frequency (F)) of 272Hz. While it is
useful in an open-baffle design, F; is not the
most important factor. That distinction be-
longs to the average acoustical pathlength
(P4). Averaged over our tapered baffle for all
three cone drivers, this is about 4', which
corresponds to an F4 of 136Hz.

Each driver’s pathlength distribution can
be measured by stretching a string from front
to rear in uniform angular increments, such as
20°. Adding the individual lengths and divid-
ing by their number results in P,4.

An alternate method of obtaining P4 is to
take the square root of the baffie area.” In this
calculation, use the front panel’s full area.
Divide the side panel area in half| since it is
perpendicular to the front baffle and not as
effective acoustically. This method also re-
sultsin a P4 of 4'. F; and F 4 determine where
the initial and average low-frequency rolloffs
begin, not where they are 6dB down.

Acoustical theory predicts that our 6dB
down frequency F6 should be halfof F+.'° The
result is 68Hz, which is close to our measured
value of 60Hz.

F6=%=68Hz

LOW-PASS CIRCUIT NAVIGATION

An important design aspect is shaping the
three cone drivers’ low-frequency response
below 136Hz by placing a simple passive
circuit (Fig. 4) between the preamp output
and the main amplifier input. The circuit’s
frequency response is shown in Fig. 3. It has
2.8dB of insertion loss and 9.4dB of low-fre-
quency boost between 15Hz, where it peaks,
and 200Hz, where it flattens to within 1dB.
We are calling it 9.4dB of low-frequency
boost, although it is actually the equivalent
amount of midfrequency attenuation.

The low-frequency rollover (3dB down
point) is at 44Hz; the upper rollover (3dB up
point) is at 100Hz. The 3.3dB/octave slope is
less than desired, but the two rollover fre-
quencies are so close that a full 6dB/octave
slope cannot be achieved with this simple
circuit. As you can see from the frequency
response measurements in Fig. /, however,
the 3.3dB/octave slope is adequate. We don’t
need the full slope, because we bring in the
subwoofer at the point where the unequalized
midranges would begin to drop below 6dB.
The subwoofer’s additional contribution and
the passive low-pass circuit’s frequency
shaping combine to produce a nearly flat
low-frequency response.

The internal impedance characteristics of
this circuit work well with our 1kQ) preamp
output and 100kQ2 amplifier input. These im-
pedances are typical for most modern pream-
plifiers and amplifiers, so our circuit should
work well in these systems, and is also suit-
able for use in a tape monitor loop. With a
preamplifier having an output impedance of

Due to the circuit’s placement between the
preamplifier output and the amplifier input,
the resistors need be only /4 W and the capaci-
tors rated at 10V. The latter should be Mylar®
or polypropylene, not electrolytic. R1, which
represents the preamplifier’s internal resis-
tance, is 1k€2; R2 is 3.9kQ2; R3 is 1.5kQ. R4
represents the amplifier’s 100kQ} input im-
pedance. Cl is 0.22uF; C2 is 1uF.

To provide sufficient isolation from induced
hum, the circuit must be in a metal box. Our
original version, which was in a plastic box, was
sensitive to being near other electronic equip-
ment. We used a passive rather than an active
circuit because it is much easier to build and is
distortion-free. In addition, it requires no power
supply or integrated circuits.

Even though our passive low-pass circuit
attenuates mid and high frequencies rather
than boosts low ones, most systems do not
need an active circuit. Provided sufficient
power is available, passive equalization
works because the frequency shape is the
same despite a lower absolute amplitude.
Even at extremely loud levels, volume con-
trols are not usually tumed up more than 30%.
At least 15dB of unused gain capacity exists
in the remaining volume- control rotation, and
we use this excess to provide our boost. As a
result, our volume control usually is turned up
to about 60% rather than 30%. We never need
to have the volume control at maximum—and
we like our music quite loud.

DEEP BASS OUTPUT
One of our goals was to produce an open-baffle
system with a frequency response extending
down to 25Hz. We achieved this low-frequency
output in several ways.

1. We evaluated midrange and subwoofer
efficiencies before purchase, so as to have as
efficient a subwoofer as possible compared to
the midranges.

2. The drivers’ free-air resonances are
slightly above the lower limit of audibility.

3. To provide as much low-frequency

Fi=—t——=22-272Hz

2Py less than 1kQ), the insertion loss would be  augmentation as possible, we used the
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FIGURE 5: Passive low-pass circuit frequency response.

FREQUENCY (HERTZ)

FIGURE 6: The system frequency response measured indoors at the
listening location 10’ from both open baffles at tweeter height using

1/3 octave warble tones. No parametric equalization was used.
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midranges over their full frequency range.
Our measurements indicated they produce a
nearly flat response from 2.5kHz—-60Hz.
Their response extends below 60Hz to 25Hz,
where it augments the subwoofer output.

4. We used multiple drivers. Two 10" driv-
ers have an effective radiating area of 0.068 m?,
which s slightly larger thanthe 12" subwoofer’s
0.053 m?. Operating the 10" drivers below 60Hz
is roughly equivalent to having a second 12"
subwoofer at that frequency. The phase shift
induced in the subwoofer by the resonant cross-
over reduces this effectiveness slightly.

5. A resonant crossover (Q = 1.6) placed in
series with the subwoofer provides 4dB of ad-
ditional electrical boost at 30Hz (Fig. 5). Ignor-
ing foramomentthe acoustical self-cancellation
effects and using the manufacturer’s sensitivity
results in a net difference between the sub-
woofer and the two midranges of:

95dB (woofer) — 90dB (midranges) + 4dB

= 9dB (net acoustical difference)

The 9dB excess in the subwoofer means
that it is acoustically louder than the
midranges. This net difference eases the
power required from the amplifier at low
frequencies and enables the system to per-
form with less low-frequency boost from
the passive equalizer. Remember that the
subwoofer begins to operate just below
70Hz, where significant self-cancellation
is already occurring. This process balances
the acoustical output of the subwoofer and
the midranges.

INDOOR ACOUSTICAL MEASUREMENTS
To make all of our acoustical measurements,
we used three Radio Shack sound-level me-
ters simultaneously, mounted in a triangular
pattern (Photo 3). Radio Shack’s perform-
ance curves indicate that the meters do not
have a flat frequency response, with increased
sensitivity from 2—-10kHz and decreased sen-
sitivity above 10kHz. We made the necessary
corrections to our results.

Figure 6 shows the frequency response
measured 10’ from the drivers slightly above
tweeter level at the listening location. Both
speakers were in their standard placement 2’
from the back wall and were driven simuita-
neously. No parametric equalization was used.

By comparing Figs. / and 6, you can see
the effects of room boundaries, which are
dominated by the back wall. The most notice-
able differences between the outdoor and in-
door measurements are the —5dB notch at
50Hz and the room absorption dip between
4kHzand 9kHz. The notch corresponds to the
listening room’s 24’ depth.

As you might expect, the unequalized in-

door frequency response is not as good as the
outdoor measurements. Any speaker system
suffers serious acoustic degradation when
placed in a realistic environment. Nevertheless,
our response is nearly flat—usually within
3dB—down to 25Hz when measured outdoors,
and is reasonably flat below 3kHz indoors even
without parametric equalization.

After the design work and construction
were finished, and we knew the outdoor fre-
quency response was excellent, we still had
the degrading effects of room acoustics to
deal with. We used the three sound-level me-
ters in conjunction with a Sony ESD-1000
parametric equalizer to flatten the response at
the listening location. Figure 7 shows the
results. Although the high frequencies meas-
ured relatively flat, they also sounded overly
bright. By lowering the high-frequency
equalization by 3dB, we achieved extraordi-
nary subjective sound quality.

The Sony equalizer is very flexible. It al-
lowed us to select any frequency and ampli-
tude, and the Q of the shape. The specific
settings listed in 7able / provided the meas-
urements in fig. 7.

In typical situations, the listening location
is the only position that really counts. Near-
field anechoic measurements are academi-
cally nice, but ordinary rooms are certainly not
acoustically similar to anechoic chambers.
Such completely absorbing chambers have
virtually no wall, ceiling, or floor reflections.

Conventional near-field measurements
made within a few inches of the drivers, or at
the standard distance of one meter, are not
meaningful for open baffles. They serve only
to evaluate basic driver performance as a
starting point for system design. For this rea-
son, we have not included them in this article.

PHOTO 3: The sound-level meters used to
measure frequency response. The average
of three meters provides a more repre-
sentative answer. Acoustical measurements
at a single point can be very misleading,
particularly when they are taken indoors.

Our frequency response measurements
contain a 0.5dB meter reading error, caused
primarily by difficulties in reading the warble
tone sound source, plus the standard deviation
of the RMS sum of the difference of each
individual measurement from the three-meter
average. These usually combined to be only
about a decibel—a fairly small error—so our
measurements should be reasonably accurate.

AMPLIFIER POWER

We used a medium-power, 60 W/channel Ad-
com 535-11 amplifier. lts overload indicator
never flashed during any of our listening tests,
even at very loud low-bass levels. This con-
vinced us that even though our system was
somewhat less efficient than other enclosures,
it could still be driven to near-deafening levels
by only 60W/channel.

To keep resistance to a practical minimum,
we used 16-gauge, 0.004CY/foot resistance wire
between the amplifier and the speakers. A 12.5
wire pair (25" round trip) provided a 0.1€2 total
resistance. This consideration is particularly im-
portant for an open-baffle system where the
cone damping is primarily electrical.

While the impedance presented to the
amplifier by the speakers is not constant, it
should not be a difficult load. Higher-load
impedances, and resistive rather than ca-
pacitive loads, are preferred. At high fre-
quencies, the two tweeters, parallel
inductor, and series capacitor combine to
present a primarily resistive 4Q load. Most
amplifiers can easily drive 4Q at high fre-
quencies, where power requirements are
usually modest. The first-order crossover
increases the high-frequency impedance at
6dB/octave below the crossover frequency,
so the tweeter load becomes about 50%
capacitive. 1t exceeds 8Q) at that point but
is in parallel with the midranges, which in
this operating range are resistive and induc-
tive. This combination should produce an
easy amplifier load.

The midranges’ paralle! impedance is 8C2 at
100Hz, increasing to 25C) at 20Hz and 2kHz.
The subwoofer's actual impedance in its oper-
ating frequency range below 70Hz is always
greater than 10€). Below 35Hz, the subwoofer
resonant crossover imparts a partially capacitive
character to the amplifier load, but it is offset by
the 10-25Q varying resistive and inductive load
of the paralleled midranges.

Impedance-matching networks (zobels)
are unnecessary for our application, because
we use no conventional low- or midfrequency
crossover networks which require perform-
ance stabilization. Impedance matching is
necessary only to obtain proper performance
from a crossover network by maintaining a
constant resistance load. Since our midranges

Continued on page 40
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Vifa Madisound Vifa Madisound Vifa Madisound Vifa

1" DOME TWEETER D27TG-05-06] | 1" DOME TWEETER D27TG-15-06|
' Features 7 ] Features

* SILK & FABRIC DIAPHRAGM
l WITIH A SPECIAL COATING.
* LINEAR RESPONSE FRONTPLATE.

| * LOW DAMPING FERROFLUID

W, HIGI1 COLLOID STABILITY.
* DAMIED CAVITY IN POLEPIECE.
* REPLACEABLE VOICE COIL.

Nominal Impedance (ohm] 6
Nominal Power (IEC 268-5) (W) 100
Frequency Range [kHz] 2.5-30
Sensitivity (1W,1m)/(2,83V,1m) (dB} 91/

Effective diaphragm Area [sq.cm]
Voice Coil Resistance [ohm]

!

4.
Operating Power [W] \ZT
Voice Coil Diameter [mm] 6

Voice Coil Height [mm] .6
Air Gap Height [mm] ‘\ 2
Moving Mass (incl. Ai) [g] 0.29
Free Air Resonance [Hz) % 1000
Force Factor, B*l [T*m] 2.6
Magnet Weight [mm] h 240

Total Q-value [Qt]
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Price Fach $15.00

These new tweeters from Vifa are in o
keeping with the engineering eveel-
lence and competitive pricing that has el
made Vifa 2 leader in the audio indus-
try. )he tweeters hasc very flat fre-
quency responses and fast rise times. " |
These improsements have come from |
redesigned face plates with "tube *
loading instead of "harn™ Joading his
differeace results in a Nat response and «

smooth roll off, hoth on and off avis.

1 he new dome materials help damping
I and sirtually eliminate ringing.

* SILK & FABRIC DIAPHRAGM
WITH A SPECIAL COATING.

* LINEAR RESPONSE FRONTPLATE
WITH IMPROVED DISPERSION.

* LOW DAMPING FERROFLUID
W. HIGH COLLOID STABILITY.

* DAMPED CAVITY IN POLEPIECE.

* REPLACEABLE VOICE COIL.

Total Q-value [Qt) <<>/
. .
)

Price Each $15.00

Nominal Impedance [ohm] 6
Nominal Power (IEC 268-5) [W] 100
Frequency Range [kHz] 2.5-30] |
Sensitivity (1W,1m)/(2,83V, 1m) [dB] 91/
Effective diaphragm Area [sq.cm] -§H
Voice Coil Resistance [ohm] 460N
Operating Power [W] Qf
Voice Coil Diameter [mm]
Voice Coil Height [mm) %n.s
Air Gap Height [mm]) \\ 2
Moving Mass (incl. Air) [g) 0.29
Free Air Resonance [Hz) % 1000
Force Factor, Bl [T*m] NS 2.6
Magnet Weight [mm] 240
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The D27TG-05 and -35 tweeters have = I'—-
a Nat Nange with an exposed silk dome.
The D27TG-15 and 45 silk domes util- o |—=

ize a very small bell or bulge to help
focus the sound toward the front. The L

-35 and 45 units use a rear chamber to

fower resonance. We recommend the . [iln
-35 and 45 for use in two way systems.
Vifa has described the sound difference
between the Nlanges, suggesting the flat ©

Nange as being neutral, and the bulged
flange as reproducing aural perspec- *
tise with accuracy.
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1" DOME TWEETER

D27TG-45-06|

1" DOME TWEETER

Features:

* SILK & FABRIC DIAPIIRAGM
WITII A SPECIAL COATING.

* LINEAR RESPONSE FRONTPLATE

* LOW DAMPING FERROFLUID

W. IIGH COLLOID STABILITY.
* BRAIDS AND REAR CIIAMBER.
* REPLACEABLE VOICE COIL..

Nominal Impedance [ohm] 6
Nominal Power (IEC 268-5) (W] 100
Frequency Range [kHz] 1.5-30.}
Sensitivity (1W,1m)/(2,83V, 1m) [dB] 90/
Effective diaphragm Area [sq.cm] d’g
Voice Coil Resistance [ohm] 4

Operating Power [W]
Voice Coil ameter [mm]

Voice Coil Height (mm) 1.6
Air Gap Height [mm)] 2
Moving Mass (incl. Auwr) (g] 0.29
Free Air Resonance [Hz] h 700
Force Factor, B*1 [T*m] 2.5
Magnet Weight [g) 240
Total Q-value [OQt} 0.38

! Price Each $19,50
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will refund to the exact shipping
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Features:

* SILK & FABRIC DIAPHRAGM
WITII A SPECIAIL COATING.

* LINEAR RESPONSE FRONTPLATE
WITII IMPROVED DISPERSION.

* LOW DAMPING FERROFLUID
W. IIIGII COLLOID STABILITY.

* BRAIDS AND REAR CHAMBER.

* REPLLACEABLE VOICE COIL.

Nominal Impedance [ohm) 6
Nominal Power (IEC 268-5) [W] 100
Frequency Range [kHz]

Sensitivity (1W,1m)/(2,83V,1m) [dB]
Effective diaphragm Area [sq.cm]
Voice Coil Resistance [ohm]

Operating Power [W]

Voice Coil Diameter [mm}

Voice Coil Height {mm}

Air Gap Height [mm] X
Moving Mass (incl. Air) (g]

Free Air Resonance [Hz]

Force Factor, B*l [T*m]

Magnet Weight [g]

Total Q-value [Qt]
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Continued from page 38

have no crossovers, they don’t need imped-
ance matching. Conventional first-order
crossovers have been carefully matched with
a partial zobel to the tweeters’ varying imped-
ance in the vicinity of their resonant fre-
quency. The woofer uses a resonant crossover
with a different performance and function
from that of a conventional crossover. The
varying subwoofer load on this network is
desirable and aids rather than hinders its per-
formance.

A multidriver speaker system does not
need a constant impedance load in order to
work well. The additional complexity re-
quired to achieve it would degrade other pa-
rameters (i.e., raise costs, increase
complexity, and induce unneeded phase
shifts). The most important aspect of imped-
ance is that it be thoroughly considered in the
design; it need not be constant.

TRANSIENT RESPONSES

The overall system Qg determines the tran-
sient response. Quite unlike conventional en-
closures designed using T/S theory, our
open-baffle Qg is found from the reciprocal
sum of the parallel Q values plus a straight-
forward addition of the series Q values. While
it would be preferable to have Qs= 0.5 for the
subwoofer, midranges, and tweeters in order
to achieve optimum transient response, we
did not quite achieve this goal.

An underdamped cone (Qs > 0.5) returns
to its neutral position and then overshoots. It
oscillates a few times about the neutral posi-
tion before stopping. In this condition, the
cone is inadequately controlled, hence under-
damped. Neither modest underdamping nor
modest overdamping is audible; however,
either extreme is quite audible. In our opinion,
if critical damping cannot be achieved, then
the latter is preferable because the mushy
sound resulting from uncontrolled cone mo-
tion is particularly unsatisfactory.

An overdamped system (Qs < 0.5) pro-
vides no benefits. The cones do not return to
their neutral position rapidly enough, but at
least there is no oscillatory motion.

The subwoofer Q is obtained from the
free-air driver parameters provided by the
manufacturer or measured by the speaker
builder. These parameters are modified by
external wire resistances and combined with

TABLE 1
PARAMETRIC EQUALIZER SETTINGS*
FREQUENCY (HZ) Q-VALUE GAIN
26 37 +8.0
9 37 =35
10k 0.7 +6.0

“Used for Fig. 7.

the Q of the low-pass resonant network that
is in series with the subwoofer.

The low-pass network reactance (R;) was
0.74Q at resonance, and was due to the series
inductor’s DC resistance. A minor contribu-
tion from the connecting wire (Rw) was 0.1Q.
The amplifier internal resistance (R;) was a
negligible 0.05W. The low-pass resonant
crossover had Q of 1.6. The specific calcula-
tion for the subwoofer transient response us-
ing the manufacturer’s values is:

1/Qsuswoorer = 1/Qum + Re/[Qe(Re + R + Rw + Re))
=~V +52/[0.40(2.0 + 0.10 + 5.2))
=050+171=221

Qsuswoorer = 0.45

The effect of the series resonant crossover
must be added to that of the subwoofer:

QsuBWOOFER SYSTEM =

Qsuswoorer + QresonanT CIRCUIT

=0.45 + 1.6 = 2 (approximately)

When an electrical circuit drives an elec-
tromechanical device in series with it (as op-
posed to paralleled), the Q values are added.
Our subwoofer Q of 0.45 is close to the
theoretically ideal value of 0.5 for critical
damping of the cone motion, so we have
excellent electromechanical performance.
When combined with the resonant cross-
over’s Q of 1.6, it increases to about 2: our
electrical/acoustical transient response is un-
derdamped. This transient response is much
better than that of most ducted-port, but not
as good as most sealed-box, enclosures. Sub-
jectively, we hear tight, superb deep bass.

The midrange Q is easy to determine, be-
cause there is no circuitry between the
midranges and the amplifier other than wire.
As before, Ry; is negligible.

I/Quiorance = 1/Qm + Re/[Qe(Rs + Rw + Re))

=1/368 +12.2/(0.28(0.10 + 12.2)}
=0271+354=381

Qumiprance = 0.26

Our midrange transient response is some-
what overdamped, so we attempted to move
the Q closer to the ideal value of 0.5 in order
to achieve exact critical damping. We inserted
a series resistor in the wire path to the ampli-
fier, which both lowered the midrange ampli-
tude relative to the subwoofer by a few
decibels and increased the Q. These results
should have been beneficial but were not.

We inserted a 5.6Q2 resistor (for Quaprance:
= 0.37), and then a 3.3Q resistor (for
Quapranct= 0.33). Three of us listened care-
fully to the results, and we all heard a slight
“veiling" of the details and nuances in the
sound in each case. While the results are
puzzling, we trusted our ears and removed the
resistors. Perhaps, for some reason, slight
overdamping is subjectively more pleasing at
midrange frequencies.

The tweeter Q should be given by the
manufacturer’s values, as modified by the
wire resistance Ry. Unfortunately, the manu-
facturer does not provide the information.

1/Qrweerer = 1/Qum + Re/[Rg + Rw + Re)]

At lower frequencies, the calculation
would be slightly different because it is af-
fected by the capacitor’s series reactance Re-.
At the tweeter-crossover frequency, R and
Ry are nearly equal if R¢; and Ry are small.
The equation would be:

1/Qrweerer = 1/Qu + Re/[Qe(Rg + Rw+ Re + Re))

The open-baffle frequency response is not
related to the system Qs in the same manner
as in conventional enclosures. We obtained
excellent frequency response by varying the
baffle shape, using multiple drivers, applying
the D’Appolito configuration, balancing the
subwoofer and midrange acoustical efficien-
cies, using the subwoofer resonant crossover,
incorporating the passive low-pass circuit,
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FIGURE 7: The same as Fig. 6, except that the parametric equalizer was used to compensate
for the room boundaries and smooth the frequency response.
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and placing the baffle at least a foot from the
back wall.

To achieve good transient response, strive
for a system Qy that is as close as possible to
0.5. The system Qg is a combination of the
driver mechanical Qas and electrical Qy, as
modified by the presence of series resistances
and other Q values in the system.

TWO-WAY DESIGN

Despite the fact that each baffle uses five

drivers—one subwoofer, two midranges, and

two tweeters—our design is essentially a full-
range two-way plus a subwoofer. This con-
figuration produces a balanced dipole sound
pattern at all frequencies. One important as-

pect of good dipole design is to maintain a

full-range frequency response in both the rear

and front directions.

e The two 10" drivers act as a single driver
acoustically.

e The rear tweeter is out-of-phase with the
front one. Except for their physical separa-
tion, they radiate as if they were a single
dipole tweeter.

e The 12” subwoofer near the floor is also a
dipole. It operates only below 70Hz, where
the wavelengths are very long.

MIDRANGE DRIVER SIZE

Midrange size is more flexible with the open-
baffle design than with conventional enclo-
sures. In single-driver designs, the diameter
must be small enough to preclude severe for-
ward beaming {narrowing radiation pattern)
at high frequencies. A larger midrange must
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be crossed over to the tweeter at lower fre-
quencies. In the crossover region, asingle 10”
driver would not ordinarily blend well with
the tweeter, which is radiating broadly over
nearly the full frontal hemisphere.

Our design’s narrower forward radiation
pattern improves the imaging performance. In
addition, after the rear-firing radiation reflects
from the back wall, it substantially broadens
the soundfield throughout the listening room.
The speakers sound transparent and have a
very wide sweet spot, due to minimized lat-
eral wall reflections. Slight midrange beam-
ing near the tweeter crossover frequency is

thus less important than in conventional de-
signs, so we can do quite nicely with 10”
midrange drivers.

An enclosed cabinet with a single 10"
driver and a tweeter would be a poor choice,
because the front radiation pattern near
2.5kHz becomes vertically unstable (i.e.,
moves up and down with frequency). A
higher-order tweeter crossover could reduce
these effects but would not improve the mid-
range’s angular beaming. Our open baffle
combined with a D’Appolito configuration
and a subwoofer near the floor virtually elimi-
nates these problems.
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To summarize, the D’ Appolito configura-
tion minimizes the development of angular
lobes in the vertical plane and stabilizes the
horizontal sound direction as a function of
frequency. The dipole design also produces a
radiation dispersion pattern in the horizontal
plane that is narrower at lower frequencies
than for conventional designs, producing a
better angular balance with frequency and
better imaging. In addition, the narrow angu-
lar width in the horizontal plane is moderated
by the dispersion from the back wall.

BAFFLE CONSTRUCTION
For the prototypes, we used medium-density

particleboard. It is much easier to work with
and more structurally solid than the low-den-
sity variety, but is priced reasonably enough
for this purpose.

We constructed the final version from solid
red oak. The price of this hardwood is not
particularly prohibitive, and working with
solid wood offers construction and aesthetic
advantages. Besides, the first two homes to
receive "tombstones” were furnished with
natural finished oak.

The edges of the actual baffle or front plane
are mitered or beveled at a 45° angle to meet the
mitered front edges of the side and top panels.
This joint will receive a nice round-over (33"
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radius) and be virtually invisible once stained
and lacquered. Biscuit joinery and common
gluing techniques are used for assembly.

The drivers are mounted flush on the baffle
with a rabbet or recess receiving the lip
around the driver frame to reduce diffraction
effects. High frequencies traveling over an
abrupt edge are modified by diffraction in
undesirable ways while rounded edges reduce
acoustic diffraction effects, particularly at the
higher frequencies where such effects are
more pronounced.

DESIGN SUMMARY

We selected a subwoofer that was 5dB more
efficient than the midranges and mounted it
near the floor. Using a low-pass resonant
crossover (Q = 1.6) having a boost of 4dB
increased its output even more. A simple
passive circuit corrected most of the self-can-
cellation rolloff. Multiple drivers mounted on
a variable-shape baffle minimized lobing and
prevented midrange suckouts. This approach
also has the advantage of minimizing side
wall effects.

An open baffle is inefficient at low fre-
quencies because of the self- cancellation that
occurs when the acoustical path length from
the rear to the front of the baffle exceeds a
wavelength. As we have shown, this cancel-
lation does not prevent excellent bass per-
formance. We achieved a smooth frequency
response that extends down to 25Hz, and the
transient response is excellent. Moreover,
construction is simpler than for any other type
of enclosure. The optimum listener location
is not particularly sensitive to room location.
The astonishing subjective sound quality and
extraordinary performance are achieved with
simple components that are reasonably priced
and easily obtained. 2

If you should have a
TECHNICAL QUERY...

about an article appearing in this
magazine, write it clearly, leaving
space for a reply and referencing
the magazine, the article and the
page about which you are inquiring.
Enclose a self-addressed stamped
envelope and send these to
Speaker Builder, PO Box 494,
Peterborough, NH 03458.

If it's warranted, we will forward
your query to the author or a Con-
tributing Editor for a prompt reply.

Help us by not calling in your
question. We have neither the staff
nor the time to respond to technical
questions by phone.
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AN EVOLVING MAGNEPAN MGC-1

ne of Jim Winey’s noteworthy contri-

butions to audio is a relatively low-dis-
tortion planar speaker, which generates
sound waves by employing magnetic (ver-
sus electrostatic) attraction and repulsion
between a fixed air-permeable grid and a
vibrating planar diaphragm. This simple
speaker design has enabled a glimpse of
midrange detail and imaging available only
in exotic, less affordable designs.

[ have owned a pair of MG-1s—a two-way
design popular in the '70s—for 12 years.
While there have been many advances in the
art of speaker design since then, including a
number by Winey himself, [ remain attached
to my "Maggies."

In order that these old friends conform to
my evolving estimation of "good sound," I've
had to rejuvenate them. [ know a number of
you are Magneplanar® speaker fans, and,
since used MG-1s are showing up for sale in
the classifieds, I thought [ would share some
tricks aimed to keep them close to the state-
of-the-art. While many techniques for up-
grading speaker performance are available,
I"ll stick to those modifications which worked
for the MG- I s per se. Even so, many of these
improvements are applicable to both electro-
static and cone-driver designs.

[ have successfully improved detail and
imaging, frequency response, and bass solid-
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FIGURE 1: Schematic of MG-1 as purchased.
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Mark Seymour has experimented with things electrical
and mechanical since age four. He received his BS in
chemistry from LeMoyne College and a PhD from lowa
State. Mark has built or modified numerous audio compo-
nents and has just finished his third set of speakers and
a neutral preamp of his own design.
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ity. Moreover, you can make modifications in
stages of increasing complexity and each will
yield marked improvement.

DETAIL AND IMAGING

Upgrading "passive" circuit components to
achieve sonic improvement has long been a
pursuit of J. Peter Moncrieff, audiophile and
publisher. His advocacy of Wonder Caps®,
Wonder Wire™TM, and Wonder
Solder™TM has resulted in some far-reach-
ing changes in the construction and perform-
ance of high-end audio.":? Amateurs have
"recapped” amps, preamps, and crossovers to

literally transform their systems’ sonic clarity
and neutrality.

| realized the best value—fidelity and dol-
lar—with my Magneplanars by replacing the
stock crossover capacitors with Ultra Kap™
high-quality film devices. My speakers came
with bipolar-polar electrolytic capacitors la-
beled 14uF; they actually measured 12.8uF
and 13.1pF, respectively (Fig. I). These
crossover caps are attached with a gob of
adhesive to the metal panel just beneath the
back grille cloth near the input terminals. To
replace them, you must disassemble the
speaker frame and carefully remove the cloth
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FIGURE 2: Tweeter tower design.
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FIGURE 3: wiring schematic with outboard
tweeter array.

sleeve that surrounds the panel, front and
back. Be careful not to damage either the
internal diaphragm or the supporting metal
frame. (Two sets of hands are better than one
for this operation.) Unsolder, pry loose, and
replace each stock capacitor with 6uF and
8uF (5.4pF and 7. 1pF, measured) Ultra Kaps
wired in parallel.

To further reduce veiling, remove the grille
cloth; these items are notorious for sucking up
high-frequency information, and for generally
fuzzing up the performance of otherwise good
speaker designs. The MG-1 is no exception.

To improve the appearance of the bare
panels, first remove all the oak trim from the
speaker. Using a virtually dry sponge brush
(i.e., most of the paint squeezed out), carefully
apply good-quality flat-black paint to the
front panel. Include the perforated plate that
supports the stationary magnets, but donot let
paint run into the holes or reach the dia-
phragm. Finally, replace the trim, side and top
rails, and base.

A word of caution: MG-1s are sensitive to
sunlight, which degrades the adhesive used

on the diaphragm. [f your speakers back up to
glass, be it window or door, do not remove
the grille cloth.

FREQUENCY RESPONSE

The original frequency specification for my
MG-1s was 50Hz-16kHz 4dB. With time,
however, they became dull sounding: the
sense of air and crispness associated with
good treble response simply faded away. Sub-
sequent Magnepan models offer extended
and more durable high-frequency response by
means of a ribbon tweeter rather than the
film-and-wire diaphragm used in earlier, less
expensive models.

With a little work and about $350 in mate-
rials, | was able to obtain markedly improved
high-frequency performance. The basic plan
calls for tweeter "towers," made by discon-
necting the existing tweeter panels and re-
placing them with separate, free-standing
units supporting a vertical array of high-qual-
ity dome tweeters (Fig. 2).

| decided on an array versus a single-
tweeter design for several reasons. The first
was to maintain a "line” (as opposed to a
"point”) sound source to match the remaining
bass panel’s radiation pattern consistent with
Winey’s original design philosophy. Multiple
tweeters also enable power distribution mini-
mizing distortion. In addition, a relatively
rugged design would easily handle the tran-
sients reproduced by state-of-the-art audio
source/amplifier combinations.

Three paralleled pairs of tweeters are wired
in series, as illustrated in Fig. 3. The effective
impedance of each tweeter in the frequency
range of interest is 6€); therefore, the tweeter
network’s effective impedance is 92 (Fig. ).

The crossover design is a combination of
trial and computer simulation. For simplicity,
| chose to use the original 6dB/octave design
and the original choke, which is firmly affixed
to the panel frame. The challenge was then to
select the crossover point and component val-
ues which would yield a flat frequency re-
sponse without unworkable phase anomalies.

1 determined the choke inductance by cal-
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FIGURE 4: Seas H400 tweeter characteristics.

culation and experimentation. Given the MG-
I’s original specified crossover frequency
(2.4kHz) and the impedance of the panels
(SI), | calculated the optimum capacitance
and inductance to be 13.3uF (13pF meas-
ured) and 0.33mH, respectively.’

In-circuit measurement of the inductance
resulted in an average value of 0.36mH. In the
crossover, the bass panel (said to represent 52
"purely resistive impedance") is series-con-
nected to the choke (/ig. /). The power amp
impresses a voltage across this series circuit.
Since

Er=IxRandEL=1x X

where:
Er= Voltage drop across the resistor
(bass panel)
E;, = Voltage drop across the choke
| Current
R = Resistance of the bass panel
X, = Reactance of the inductor

and
Xe=2xIIxFxL
where:
F Frequency in hertz
L Inductance in henries

therefore, combining and rearranging, we ob-
tain:

(ELxR)(Erx2x11xF)
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FIGURE 5: Bass panel response at 10 cm.
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FIGURE 6: Response predicted by LMP software.
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TABLE 1
INPUT VALUES FOR LMP PROGRAM
TWEETER ARRAY BASS PANEL
Low-frequency 1kHz 50Hz
comer
High-frequency 20kHz 6.5kHz
comer
High-frequency 2 2
rolloff order
Sensitivity 90dB 88dB
Low-frequency 1 1
damping ratio
High-frequency 1 1
damping ratio
Polarity inversion Yes No
Depth offset* 0" 0~
Step frequency None None
Step height 0dB 0dB
Tweeter (network)  9.5Q 5.0Q
impedance
Crossover 6dBloctave 6dB/octave
Crossover capacitance 2.57uF
Crossover inductance 0.36mH

*If the distance from each driver to the listener is the same
(depth offset = 0)

Using this equation, an AC voltmeter, and
a function generator to drive the amplifier, I
obtained values of 0.30mH at 10.0kHz,
0.36mH at 5.00kHz, 0.39mH at 1.00kHz, and
0.40mH at 500Hz.

1 next measured the frequency response of
the bass panel, using a Beyer dynamic
MI101IN(C) microphone placed 10 cm away.
The short distance diminishes secondary re-
flections and increases the signal/noise level
for more accurate measurements. The output
was amplified, digitally smoothed, and cor-
rected for microphone sensitivity as a func-
tion of frequency. Figure 5 shows the bass
response both with and without the choke in
series, which ranges within 7dB from 50Hz-
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FIGURE 7: L-Pad tweeter attenuator.

6.5kHz. Much of the fluctuation is undoubt-
edly due to room effects. (An anechoic cham-
ber and a warble-tone generator would have
produced a smoother response curve.)
My choice of Seas H400-06 1" dome
tweeters was based on several factors:
* Adequate frequency range (700Hz~18kHz
5dB)
¢ Reproducible driver characteristics
* Ready availability from a variety of ven-
dors
¢ Cost($16.90 each for 12 inalot of 14; total
with freight = $215)

ATTENUATING CIRCUMSTANCES

To reduce the number of iterations required
to arrive at the correct tweeter array/bass
panel balance, 1 included an L-pad attenuator
(Radio Shack #40-980). Based on experi-
ments with alternate tweeter connection
schemes, 1 guessed that the tweeter output
would need to be attenuated slightly for flat
response ina "hard" room, but that little or no
attenuation would be needed in a "softer"
acoustic environment.

Knowing some of the tweeter/bass panel
characteristics and guessing at others, 1 used
Ralph Gonzalez’s "LMP Professional” soft-
ware to select the correct driver polarity,
crossover capacitance, and the relative dis-
tance of the tweeter array bass panel from the
listener.* This software is of great practical
utility in designing speakers: it integrates
driver properties, crossover design, phase re-
lationships, and relative driver displacement
to derive frequency response curves and esti-
mate waveforms. 1 used the values in Table /
(therrelative treble/bass sound pressure can be
adjusted via the L-pad) in the final simulation.
[Note: LMP Professional software is avail-
able from Old Colony Sound Lab.—FEd.]

is inverted relative to the bass panel, and the
crossover capacitance is 2.57uF, the pre-
dicted result is as shown in Fig. 6. This re-
sponse is consistent with a crossover
frequency of 2.4kHz. The 2.57uF crossover
capacitance is the measured value of a pair of
3uF Ultra Kaps, although other values from
2.25-2.75uF would work as well.

1 used a value of 9.5€2 in the LMP program
to represent the combined L-pad/tweeter array
impedance. This nominal value is determined
by characterizing the L-pad and then calculating
the combined impedances (7able 2).

An L-pad attenuator is a pair of ganged
variable resistors which change simultane-
ously as the stem is rotated, as illustrated in
Figs. 3 and 7. One is wired in series with the
driver, the other in parallel. When used with
an 8Q driver, the design intent is to hold the
effective impedance of the combined
driver/attenuator constant at 8<), regardless of
the actual current passing through the driver.
A real L-pad and a 9Q driver impedance
(tweeter array) result in a network resistance
that varies slightly with attenuation (7able 2).

Attenuation can be calculated with the fol-
lowing expression:

Attenuation (dB) =
20 x LOG[(1+ RoRe) x {Rs + 1(1/Rp + 1Rp)}(Rso + Ro)]

where:
Ry = Impedance of the driver
Rp = Impedance of the L-pad parallel
resistance element
= Impedance of the L-pad series
resistance element
Rso= Value of Rs at the lowest
attenuator setting (dB = 0)
Typically, Rso <Ry and can be ignored.

When the phase of the tweeter array panel Continued on page 49
TABLE 2
ATTENUATOR CIRCUIT CHARACTERISTICS
L-Pad Dial Var. Parallel (Rp) Var. Series (Rls) Total Network
Position Impedance Impedance Impedance Attenuation
Degrees Measured (Q2) Measured () Calculated () Calculated (dB)
0 Very Large 0.0 9.0 0.0
20 Large 05 95 0.5
40 308 09 79 1.0
60 290 1.3 8.2 15
80 26,6 17 8.4 20
100 24.0 22 8.7 25
120 216 27 9.1 31
140 19.4 3.2 9.3 36
160 17.0 36 95 4.1
180 14.2 4.1 9.6 48
200 1.9 45 9.6 5.5
220 9.7 5.1 9.8 6.4
240 77 54 95 7.2
260 5.0 6.0 9.2 9.1
280 26 6.5 8.5 12.5
300 04 6.9 73 256
320 0.0 70 7.0 57.0
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NEW CALSOD 3.0 PROFESSIONAL SOFTWARE

This great package from Australia is the brand new upgrade to the CALSOD 2.50
Professional software from which smaller, CALSOD Standard versions such as 1.20
and 1.30 were originally extracted. Although CALSOD Standard 1.30 is an excellent and
popular package which more than does the job for most people, Professional CALSCD
3.0 differs in that it is more extensive and aimed (as CALSOD was originally intended)
at professional engineers, as shown below. By Witold Waldman/Audiosoft.

FEATURE DESCRIPTION CALSOD 1.30 3.0

Modeling of sound pressure and impedance responses of vented-box Y Y
closed-box, passive-radiator, and filter-assisted systems
Closed rear chamber and vented front chamber bandpass enclosure Y Y

models for sound pressure and impedance response calculations

Driver impedance models with frequency dependent voicecoil inductance Y Y

Calculations incorporate effects of geometric placement of drivers on
the loudspeaker baffle to account for time offsets

Simple manual curve fitting procedure for creating accurate driver Y Y
sound pressure and impedance models

Al calculations embody both the magnitude and phase response, and Y Y
the driver models include minimum-phase equalizers for intro-
ducing peaks and dips in the response to accurately model
actual driver behavior

Fast passive crossover network simulation and optimization using up Y Y
to 60 components, with arbitrary component and loudspeaker
connections

Standard filter target functions for Linkwitz-Riley, Butterworth, Y Y
Bessel, constant voltage, and user-defined filter functions

Extensive graphics, including loudspeaker impedance and sound pressure
response, crossover network filter transfer function, system
input impedance, SPL on-axis and off-axis response, and SPL
power response

Utility program for designing air-cored inductors

Simulation of baffle diffraction step

Simulation of effects of floor reflections on low-frequency response

Ability to provide simple analytical simulations for design studies

Support for HP LaserJet and DeskJet printers, as well as popular 9-pin
and 24-pin dot matrix printers from 1BM, Epson, NEC, and Toshiba

<
=<

=<
<

< < << =<
< < < < <

Screen plots can be saved as PCX files for importing into desktop Y Y
publishing and word processing software

Full user's manual supplied on disk, complete with tutorial examples Y Y
and formulas for initial filter network design

Double ported bandpass enclosure models for sound pressure and N Y
impedance response calculations

Vented-box, closed-box, and passive-radiator simulations include the N Y
effects of enclosure leakage, absorption, and port/passive-radiator
losses

Active crossover network simulation and optimization N Y

Impedance optimizer for designing zobel and conjugate load matching N Y
networks to meet a desired target impedance function

SPL optimization using up to 5 on-axis and off-axis observation points N Y

Powerful curve-fitting optimizer for determining sound pressure and N Y

impedance models of loudspeaker drivers

Importing of SPL and impedance data from MLSSA, SYSid, System One, N Y
LMS, IMP loudspeaker test systems, incl. SPL optimization
using up to 5 observation points to include off-axis radiation behavior

Optimizing Thiele/Small parameter estimator utilizing impedance data N Y
from added mass, differential box volume, and vented-box impedance
measurements, including frequency-dependent voice coil inductance

Piston approximation for driver models to simulate driver off-axis N Y
radiation characteristics

Specify orientation of principal radiation axis of each individual N Y
driver model used in the loudspeaker system

Simulation of the effects of room gain on low-frequency response to N Y

help the tuning of low-frequency alignments
Purchasing options available:

SOF-CAL3B3G CALSOD 3.0 PROFESSIONAL Software, 315" [BM  $269.00
SOF-CAL3BSG CALSOD 3.0 PROFESSIONAL Software, 51" IBM 269.00
SOF-CALSODUP3  Upgrade from CALSOD 1.20 or 1.30 STANDARD to 199.00

CALSOD 3.0 PROFESSIONAL. Please give CALSOD
1.20 or 1.30 registration number and specify
new disk size.

ROOM DESIGN POWERSHEET
SOFTWARE
Marc Bacon

A companion to the famous LOUDSPEAKER DE-
SIGN POWERSHEET, this program covers a
wide range of knowledge in easy-to-use spread-
sheet format. Working from a main menu, the user
can access programs dealing with room reso-
nances, reverberation, boundary augmentation,
wall diffuser design, resonance traps, and so
forth. Since architectural acoustics can have more
effect on final sound than anything else in the
audio chain except the speakers themselves, the
ease of being able to work through countless
options without spending a dime on remodeling or
moving furniture is very appealing. As with LDP,
the RDP is priced extremely low in relation to the
amount of programming effort, in order to make computer-aided architectural design
available to everyone.

An unprotected source code allows the user to customize and build upon individual
spreadsheets for his own use. Context-sensitive HELP and an introductory
README.1ST file are also included. Requires an IBM PC or compatible with 640K of
memory, hard disk, and Lotus 1-2-3, Quattro-Pro, Excel, or any other spreadsheet which
canuse Lotus *.WK1 files. PLEASE NOTE THAT SPREADSHEET SOFTWARE ISNOT
INCLUDED.

ROOM DESIGN POWERSHEET MENU TREE

Menu Level
1 2 3
Main menu
Help
Room resonances below 250Hz
Help
Room reverberation above 250Hz
Loudspeaker room boundary effects
Help
Diffuser design
Steady-state value of sound pressure
Helmholtz resonator design
Purchasing options available:
SOF-RDP1B5 ROOM DESIGN POWERSHEET for IBM, $59.95
2x51," DSHD
SOF-RDP1B3 ROOM DESIGN POWERSHEET for IBM, $59.95
2 x 31," DS/DD

OLD COLONY SOUND LAB
PO Box 243, Department B94
Peterborough, NH 03458-0243 USA
24-Hour Lines:

Telephone: (603) 924-6371
or (603) 924-6526 FAX: (603) 924-9467

OUR DISCOUNT POLICY
Order Value Discount
<$50.00 0%
$50.00-$99.99 5%
$100.00-$199.99 10%
>$200.00 15%

Mastercard, VISA, Discover, check or money order in US funds drawn on US bank.

PLEASE BE SURE TO ADD SHIPPING CHARGES
Shipping Charge According to Destination and Method Desired (§)

United States Canada Other
Order Value  Surface Air Surface Air Surface Air
< $50.00 3.00 7.50 5.00 7.50 10.00 20.00
$50.00-99.99 4.00 15.00 750 15.00 20.00 30.00
$100.00-199.99 5.00 20.00 15.00 20.00 30.00 40.00
> $200.00 6.00 30.00 25.00 30.00 40.00 50.00




STEREO DESIGN FOR
THE HOME
Ray K. Dehn

Still in its original dust jacket, this is the first book
ever published about the design of home stereo
systems. Actual installations are shown in great
detail through the use of 108 illustrations and pho-
tographs. Topics covered include how to save
money and floor space; choasing your stereo com-
ponents; the qualified dealer; how much you should
spend, the effects of room environment and what to
do about it; FM multiplex broadcasting; proper vol-
ume level, how much amplifier power you really
need; operating your equipment; and (!) future de-
velopments and obsolescence. Chapters are: The
Exciting Stereo Idea; Drapery—An Ideal Stage;
Stereo Systems in Bookshelves; Speaker Staging
with Cabinets; Speaker Systems—Their Design and Selection; Selection of Stereo
Components; Operating Your Equipment; and You and Your Dealer. A collector’s classic
that belongs on every audiophile’s bookshelft 1962, 203pp., 614" x 9v4", hardbound.

BKAU1
$7.95

THE THEORY AND DESIGN OF
LOUDSPEAKER ENCLOSURES
J. Emest Benson

This recent reprinting highlights the work of the man who was Richard Small's mentor and
indeed has been called the Australian (Harry F.) Olson. The work was originally published
in three parts in the Amalgamated Wireless Australia Technical Review in 1968 ("Electro-
Acoustical Relations and Generalized Analysis®), 1971 ("Response Relationships for
Infinite-Baffle and Closed-Box Systems”), and 1972 ("Introduction to Synthesis of Vented
Systems”). Don Keele has said of this book: “It is a classic, and even more comprehensive
and detailed than Thiele and Small's loudspeaker papers as published in the AES Journal
(if you can believe that!). He goes into an exhaustive analysis of the infinite-baffle,
closed-box, damped vented-box, passive-radiator vented-box, and acoustic-resistance
controlled systems. The papers are very instructive and a must-read for anyone seriously
interested in low-frequency cabinet design. It contains the only complete mathematical
model and formula that includes all the previously mentioned systems that | know of... It's
very mathematical, but written in an easy-to-understand manner. | highly recommend itt*
We recommend it as well, with the understanding that it is indeed very technical and is
certainly not for beginners. 1993, 244pp., 6" x 9", softbound.

BKSA1
$24.95

AUDIO TEST & MEASUREMENT: BKAS9
CONFERENCE PROCEEDINGS $34.95

These thirty-two papers from the Portland, Oregon, Eleventh International Audio Engi-
neering Society Conference of 29-31 May 1992 cover both the engineering and
production aspects of testing, including state-of- the-art techniques. Authors examine
electronic, digital, and acoustical measurements, bridging the gap between subjective
and objective measurement to advance the science of audio testing. 1992, 359pp.,
814" x 11v4", softbound.

305 CIRCUITS BKAA28
Elektor Electronics Magazine $27.70

This recent addition to the famous *Circuits™ collection demonstrates the practical
aspects of electronics through projects that can be built at home, in a small workshop,
orin the physics or science departments of schools and colleges. The volume includes
projects for everyone, covering audio and hi-fi; computers and microprocessors; music
and electrophonics; radio, television, and communications; and test and measurement
equipment. United Kingdom, 1993.

HIGH-QUALITY ALPS 10K POTENTIOMETERS VR10KB
Alps Electric Company, Ltd. $35.00
Just in! Hard-to-find and almost impossible to order Alps 10k<2 custom-made stereo
volume pot. Dual sections are log (D) tapered. 21 detents. 15mm shaft. PC pin terminals.
While supply lasts!

AFTERTOUCH ELECTRONIC MUSIC DISCOVERIES
SAMPLER CASSETTES

Associated with the Creative Musicians Coalition and Computer Musician Coalition,
AfterTouch s an exciting new project (and magazine) which produces fresh sounds from
independent electronic musicians with a wide variety of exceptional talents and styles.
Each of these high-quality cassette samplers provides complete compositions from 20
or so different artists, enabling you to experience a fascinating cross-section of the best
on the electronic scene today. Purchasing options available:

CASAT1 AfterTouch Sampler Cassette #1
Artists: Steven C. Kellogg, Djam Karet, Phil Calico,
Marc Mylar & Zoogz Rift, Neu Electro, Robert Bitte,
Bill Gregg, Botanica, Korey Ireland, Michael J. Smith,
Dennis & Christy Soares, Bill Sethares, Elwood Drake,
Mike Kuvinka, Bill Alves, Sally Daley, Lester Palocsay

AfterTouch Sampler Cassette #2 9.95
Artists: Laurie Z., Ragadi, Atlas, Karl Rehn, Tom/Dianne
Lewandowski, Stephen Hale, Peter Gullerud, Peter Anderson,

Erling Wold, Michael Milazzo, Paul Adams, Craig Patterson,

Walter Holland, Jonathan Hartman, Patrick Murphy, Uzima,

Glenn Meade, Walter Holland, Thomas Metcalf

AfterTouch Sampler Cassette #3 9.95
Artists: Keith Snyder, Eleven Shadows, Djam Karet,

Van Gogh's Rogh Riders, Story Road, Number 51, Frank

Sereno, Michael Graziano, Mauve Sideshow, David Ernst,

Mark Steven Brooks, Kit Watkins, Jim Seaman, Idiot Savant,
Michael J. Sohns, Peter Costulis, Jules Siegel, Bo Ketchin,

Kenneth Jacobs, Sally Daley

AfterTouch Samplers #1, #2, and #3,
at a savings of $4.90!

$9.95

CASAT2

CASAT3

CASAT/S3 24.95

PC-ECAP SOFTWARE SOF-CAP2BXG
Circuit Systems $99.00

One of the world's best linear circuit analysis programs is now even better. PC-ECAP will
calculate and plot gain, phase, group delay, impedance, VSWR, and retum loss. This
versatile program can also calculate your circuit's transient response, using one of eight
waveforms: pulse, three types of step functions, ramp, square wave, triangle wave, and
sine wave. PC-ECAP is completely menu-driven, and operation is truly user-friendly. Want
a file? A sorted list is displayed fulf screen, enabling you to just highlight your choice and
go. Use its built-in full screen text editor with pop-up help to describe the circuit to be
simulated, or use its bipolar transistor model maker to create a Hybrid-Pi transistor model.

With PC-ECAP's frequency range of .001Hz to 999GHz, you will find uses for PC-
ECAP from below audio to microwave. The program handles circuits with up to 90 nodes
and 1000 components. High resolution graphs may be displayed on screen or plotted
on 9/24-pin dot matrix or HP LaserJet or DeskJet printers. It even includes a utility to
create, from your analysis data, spreadsheets compatible with Lotus 1-2-3. Atleast 512K
RAM is recommended for the largest circuits, but the program can run with as little as
384K RAM if circuit size is limited. A math coprocessor is used if found, but is not
required. All video adapters are supported. Both 314" and 514" DS/DD IBM disks
included, as well as full documentation.

PLEASE NOTE THAT OLD COLONY NO LONGER CARRIES SOF-CAP1B5G, THE
SHAREWARE VERSION OF PC-ECAP WHICH SOLD FOR $9.95.

DAT TECHNICAL SERVICE HANDBOOK BKVNS5
Richard Maddox $49.95

DAT recorders are already in use in 75% of the recording studios in the US, but there
is a critical lack of reliable information on service and repair. This reference fills that
need, supplying a weaith of technical detail and practical advice for engineers and
technicians. Included are step-by-step instructions for regular maintenance and repair;
detailed techniques for maintaining and adjusting tape transport and head alignment;
complete how-to instructions for replacing the record/play head drum; a complete
engineer's checklist for DAT troubleshooting; and specific service notes, by make and
model. 1993, 256pp., 6" x 9"

OUR DISCOUNT POLICY
g PLEASE BE SURE TO ADD SHIPPING CHARGES
OLQ’OCBO LZ?J’NDY SOUN[?94|~AB (()srgga)lalue (I)J:/scount Shipping Charge According to Destination and Method Desired ($)
0X epartment : o United States Canada Other

Pe[erborough N'H 03458-0243 USA $50.00-$99.99 5% Order Value  Surface Air Surface Air Surface Air
24-Hour Lines: $100.00-$199.99  10% <$50.00 3.00 7.50 500 750 1000 2000
ur Lines: >$200.00 15% $50.00-99.99 400 1500 750 15.00 2000 3000
Telephone: (603) 924-6371 or ) $100.00-199.99 500  20.00 1500 20.00 3000  40.00
(603) 924-6526 FAX: (603) 924-9467 Masjercard. Xmlfrfe'y%:fgfer‘ >$200.00 600 30,00 2500 30,00 4000 5000

in US funds drawn on US bank.
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FIGURE 8: Actual system response (left-channel response measured

at7’).

FIGURE 9: Typical amplifier power supply.

Continued from page 46

Fixed resistors may be chosen instead of
the L-pad, or the attenuation circuit may be
eliminated altogether. Listening areas vary in
tonal balance; however, including the L-pad
virtually guarantees a setting that will meet
your needs.

BUILD A DAGWOOD

The "sandwich" design of the tweeter tow-
ers hides the wiring and crossover compo-
nents within the unit, so assembly requires
some experience with power tools (Photo
). To place the capacitors, hook-up wires,
and L-pad pot between the oak and particle-

board layers, you must create compartments
orchannels usingarouter. [ chose 9/8" parti-
cleboard for its mass and thickness, and
because it allows use of fairly large-diame-
ter capacitors. The volume control, bayo-
net-type fuse holder, and input cable are all
mounted in the particleboard.

The tweeter connecting wires are chan-
neled through a groove that runs from top to
bottom of the oak faceplate tangential to the
tweeter mounting holes. All connections are
made with Wonder Solder; the tweeters are
connected with 20-gauge multistrand wire,
The input lead, constructed from RG-8 Mini-
Foam cable (Radio Shack #278-1323), is per-

We are proud to be adding McCauley loudspeakers and 4%

drivers to our family of fine audio products.

McCauley
6000 Series Loudspeakers & Drivers

ACOUSTICIAN
Horns & Drivers

Eleciro-Voice Recone Kits
Waldom Audio Products

Crossovers, Hardware &
Accessories

Waldom Repair Centers

They use all the original sources for your reconing needs.
For more information and our latest catalog. call us at 1-800-552-1639

P eg

o

manently anchored inside the tower with wire
staples. The other end is connected to the bass
panel via a high-quality, gold-plated RCA
plug. A female receptacle mounted on the
bass panel’s terminal plate makes it possible
to disconnect the tweeter tower.

After all the holes were cut, the routing
completed, and edges rounded, 1 assembled
the particleboard frame and base. I filled the
surface with a wood-filling compound and
sanded prior to adding three coats of flat-
black lacquer, then attached components us-
ing solder and RTV (GE silicone). The oak
faceplate was similarly prepared by cutting
holes for the tweeters, rounding the edges, and

Reader Service #22
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PHOTO 1: Tweeter tower assembly.

drilling and countersinking screw holes prior
to sanding and sealing with "Red Oak" hand-
rubbed stain and oil-resin sealer. Brass screws
mount the tweeters to the plate; the oak face-
plate is mounted to the particleboard frame
with 34" wood screws behind stained and
sealed caps. The tweeter towers are placed
outboard of their respective bass panels (the
old MG-1s with disconnected tweeter panel).
They should be aimed at the preferred listen-

ing spot and located at a distance from the
listener which is roughly equal to that of the
bass panel. You can adjust the tilt angle to
match the MG-1s by making adjustment
screws from carriage bolts, wing nuts, and
washers, mounted through a threaded insert
(T-nut) and applied from the bottom of the
tower base.

After several days of break-in, the assem-
bled system had a reasonably flat frequency

response (Fig. 8). Please be patient: the Seas
tweeters increase in output level and smooth-
ness over the first 40-50 hours of operation.

Take some care in positioning the panels
relative to your listening area. The separate
bass and treble panels offer numerous possi-
bilities, but I think you will like the results. [
found the improvement in sound quality dra-
matic, especially in detail, imaging, and depth
of stage. The air and presence now match the
clarity of the midrange/bass.

SUBWOOFER ADDITION

At the other end of the audio spectrum, you
can gain noticeable improvement with a
subwoofer. Although the quality of bass
from the MG-1 is very good above 60Hz
(provided you have an amplifier equivalent
to the task), for earth-rumbling reproduc-
tion of all sonic information encoded on
CDs—both heard and felt—some assis-
tance is required from 20-60Hz.

Many fine subwoofers of compact design are
available, so I'll not go into great detail about
mine. Let’s just say [ went the time-honored
route of building a monstrous enclosure to ac-
commodate a monstrous driver—the Hartley
224HS. This driver employs amagnetic suspen-
sion design; the cloth cone is impregnated with
a polymerized resin for increased durability and
reduced sensitivity to humidity. The effective

Serious Sound

toll free tech line.

Requires A Serious Source

MCM ELECTRONICS

MCM is your one stop source for brand name
audio accessories. We understand the needs of
serious audiophiles for accurate sound

' reproduction. That is why we stock one of the
largest assortments of standard mount and
original replacement speakers, grills, ports,
crossover components, and hardware. In
addition you will find a wide variety of carpeted
automative enclosures as well as attractive oak
and walnut veneer cabinets. MCM supports
your product selection with a variety of
reference books, cabinet design software and a

To order or request a free catalog . . .

1-800-543-4330

To order by fax . . . 1-513-434-6959

MCM ELECTRONICS

650 CONGRESS PARK DR.
CENTERVILLE. OH 45458-4072

A PREMIER Company

ELECTRON

CALL m}.xllx': 1-800-

e

EMINENCE

LOUDSPEAKERS

Serving you coast to coast. Distribution
Facilities in Dayton, OH and Reno, NV!

$B-13
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FIGURE 1 1: Soft-start protection circuit.

PHOTO 2: Power amp with capacitor bank.

piston diameter is 21.5”, with a nominal im-
pedance of 5Q0.

The driver is centrally mounted in the
source-end wall of a specially constructed 11’
x 22' listening room. Its center is 30” off the
floor: half the height of the bass and tweeter
panels, which are positioned on either side.
The wall’s reinforced frame is made from 2"
x 6" lumber. All joints are fastened with
adhesive and screws, as are the successive
laminations of high-density particleboard and
tongue-and-groove cedar paneling that com-
prise the vibration-resistant surface. The en-
closure volume is 150 ft.%; 100 ft.* is the
manufacturer’s suggested minimum volume
for maximum performance.

The 224HS is powered by a Rotel RB-850
power amp switched to the "bridged" mode,
where it is rated at 150W (monaural) into 8Q.
To prevent disasters, | connected a 100W 5Q
resistor in series with the driver: the Rotel can
clip when driving lower impedance loads.

t use Audio Control’s Richter Scale Series
111 as both the crossover (24dB/octave, 90Hz)
and bass equalizer.® This device easily ex-
tracts and controls a summed low-bass chan-
nel from the output of a stereo preamp, with
minimum distortion of high- and low-fre-
quency information. In addition, bass output
can be equalized from 22.5-250Hz by means
of a built-in warble-tone generator, matched
mike, six-band equalizer. and subwoofer vol-
ume control. In this specific application, no
further equalization is needed once the sub-
woofer output level has been properly set.
Output within 4dB from 22.5-250Hz (center
of the room; 4' off the floor; 10" from the
subwoofer) is attained with the equalizer cir-
cuit disengaged.

Correctly set, the woofer amplifier gain
and speaker phase result in gratifying sonics,
notwithstanding arguments about loss of low-
bass imaging when using a single subwoofer.’
With reasonably flat response to 20Hz, music
becomes more natural and everything is audi-
ble (partly due, no doubt, to biamping in this
power-hungry portion of the audio spectrum).
[fyou don’t like hearing the pedal mechanism
of aharpsichord or the tapping of amusician’s
foot as he keeps time, however, you may not
wish to make this last addition to your system.

BASS SOLIDITY

[ considered the power amp used in my origi-
nal setup—the Hafler DH-200, conserva-
tively rated at 100W/channel into an 8Q
load—more than adequate to tame a wide
range of speakers. By using a long-estab-
lished "soup-up” technique, however, | found
1 could greatly improve the MG-1's mid-bass
solidity.® ® The basic idea is that tight bass
requires instantaneous demand current. One
way to achieve this is to increase the power
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FOR THE CONSTRUCTOR

|
PANELS ARE 060" ,

ALUMINUM ANO ARE FIELO REMOVABLE

MODEL DESCRIPTION
W x D x H (inches)

3AUT WO Tox7x 525 1800
3AU10 HD 19x10%8.25 121.00
3AU14 HD 19x 14 % 6.25 134.00
4AU7 HD 19x7x 70 121.00 i
4AU10 HD 19x10x7.0 120.00
4AU14 HD 19x14x7.0 134.00 |
BAU? HD 1V x7x878 126.00 |
BAU10 HD 19 x 10 8.75 133.00
BAU14 HD 19x 14 8.76 143.00 ;

-EASY TO. '
FABRICATE [
+ SHIPPED FLAT PANELS ARE 063 ALUMINUM [
« ALL ITEMS |
STOCKED FOR DESCRIPTION
QUICK DELIVERY Wx D x H (inches) [) |
- DESIGNED FOR Ta' :' : ": 7“5
x3Ix o
SMALL LOT 8x3x2 | 2098
PRODUCTION exdx3 18.75
Gx4x3 20.95
ax4x3 2318
exTxe 20.95
6xTx4é 2318
Sx7x4 25.75
SESCOM ALSQ STOCKS DUAL SLOPE CABINETS, RACK CHASSIS, |
EXTRUDED BOXES, HARDWARE KITS AND MUCH MOREL
CALL OR WRITE FOR YOUR FREE 24 PAGE CATALOG

USA AND CANADA ORDERS (800} 634-3457

SESCOM, IC., 2100 WARD DAVE

HENDERSON, NEVADA 89015 USA [ WSA ANDWC GRS
TECHNICAL HELP (702) 5650400 |* &y (a0 starea
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lel to the filter caps (Photo 2). A typical power
supply is shown in Fig. 9. The transformer
"transforms" the voltage applied to the diode
bridge, a rectifier emitting pulsed-direct cur-
rent which is rendered "ripple-free" by large
electrolytic capacitors. "C" is the negative
rail; "D" is the positive rail; and "G" is com-
mon ground. Regulators may be added if voltage. Polar electrolytic capacitors must be
various amplification stages require further
voltage control. “igure /() shows an outboard
capacitor bank configuration with an extra
90,508 uF per side. With extreme caution, this  bench power supply will come in handy. Wir-
can be extended up to a total of 250,000uF
per side (my current setup). Sonic improve-
ments are audible, albeit diminishing, with .
each additional 30,000uF increment., Han- Measurement Devices
dling electrical charges of this magnitude at | Voltage Measurements:

50, 60, 70, or 80V DC is risky business, even
if you know exactly what you are doing! An
accidental connection can lead to equipment
damage or serious personal injury. For a de-
tailed and scholarly discussion of this tech-
nique, please refer to Walt Jung’s article in
Audio.'” Some key points are worth mention-
ing here. Choose capacitors that are conser-
vatively rated for the desired operating

connected according to the polarity indicated
on the terminals. Since most electrolytics
need to be "formed" before use, an external

Fluke Model 8012A Digital Voltmeter 5% at 50kHz
Resistance Measurements:

Resource for This Article

Loudspeaker Modeling Program (LMP) Professional
(also known as "Souped Up") is available for IBM
($49.95) or Macintosh ($39.95) from Old Colony Sound

6626, FAX (603) 924-9467. Please include $3 s/h.

Lab, PO Box 243, Peterborough, NH 03458; (603) 924-

Fluke Model 8012A 1% at 2Q2 Full Scale

Signal Generator/Frequency Counter:

BK Precision 2MHz Digital Display Function Generator
Capacitance Measurements:

Heath 1T-2250 Autoranging Capacitance Meter




ing must be heavy gauge to minimize imped- '
ance and great caution taken to avoid shorting
to ground (or the amplifier chassis).

I've leamed from experimentation that add-
ing photoflash and high-quality film capacitors
in parallel with the big electrolytics improves |
detail and removes sonic "grunge." Resistors
added in parallel help the capacitor bank drain
when the amp is switched off. Even so, several
seconds may elapse before the bank voltage
drainstozero. [ suggesthooking a voltmeter from
each of the "hot" rails to ground, so you can
monitor the charge/discharge of the capacitor
bank. Knowing when the amp is effectively off |
is helpful. Finally, you mustadda circuit todamp
the current surge created by initial connection of
your rectifier bridge and transformer to this large
capacitor bank. When the amplifier is switched
on, the transformer and rectifier circuits are con-
nectedtoavirtual dead short. A "soft-start” circuit
will protect your amplifier and provide years of
good service (Fig. 11). Without such protection,
the initial current surge will blow fuses, burn up
the rectifier bridge, and degrade the transformer.
After using this setup for the greater part of a
decade, I've experienced no electrical problems
with these modifications; however, there may be
practical limitations to the size of the capacitor
bank feasible for your amp.'!

To limit this current surge, momentarily
insert a 10Q2 100W resistor between the 120V

|
|
|
|
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AcoustiLs 1

AC line and the power transformer. A time-
delay relay with a built-in, solid-state adjust-
able timer (Syracuse TIRI115A1002) set to
bypass the resistor 100 seconds after initial
power-on works nicely.

Allow sufficient time for your amp to ad-
just to the new capacitors. The longer it is on,
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and the more frequently it is used, the better
it will sound. The capacitors take time to form
after long idle periods, but the improvement
in sound is definitely worth it. This process
will tighten and define the spatial location of
the bass: the directionless "boom" that was
once a pillow-stuffed bass drum will become
a precisely located "thud."

A final modification that audibly improves
lower midrange and bass response also im-

| proves speaker appearance. When driving the

units with 350-125Hz warble tones, | could
feel vibration in the metal panel that supports
the Mylar® (bass) diaphragm. After all, the
sound-emitting element is a tightly stretched
914" x 45" plastic film. This should give rise
to harmonic frequencies at 151Hz, 301Hz,
452Hz, 603Hz, 714Hz, 753Hz, and so on.

The metal support panel is not particularly
rigid, but it is flat and warp free—properties
important to reliable performance. Adding
front and back braces that clamp to the frame
top-to-bottom will attenuate sympathetic vi-
brations, better defining the diaphragm loca-
tion in time and space. The result is enhanced
sound clarity and sonic image solidity.

For structural reinforcement, 1 fabricated
pairs of panels, right/left and front/back, and
mounted them with screws to the metal sup-
port panel (Fig. 12). The front panels are 54"
red oak, 5" wide x 54" long, two per speaker
panel; the back panels are made from the same
particleboard as the tweeter tower, 114" thick
x 5" wide x 45" long. 1 chose the materials
based on warp resistance, weight, and aesthet-
ics. Fourteen holes per panel accommodate
anodized wallboard screws that pass through
the oak panel and the steel support panel, and
anchor in the particleboard.

Countersinking the screws enables the use
of wood plugs (screw caps), which hide the
heads for a professional-looking finish. The
rear particleboard braces are routed to fit flush
to the diaphragm frame, over the six pop-
riveted clamps that hold the frame to the metal
support panel. | applied red oak stain to the

SOURCES
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the music detailed and effortless, with well-
defined sound source location and depth of
field. The musical frequency range is easily
spanned: bass drum and tympani are spec-
tacular; massed strings are melodic; and the
attack and resonance of plucked strings or
brass percussion are outstanding. Overall per-
formance compares favorably to reference
systems employing Theil 3.5s or Magnepan
MG-Ills.

My efforts have been well worthwhile,
Jjudging from the quality of the finished prod-
uct and the feeling of accomplishment as I put
on my favorite recording, sink into my listen-
ing chair, and am transported to a higher
realm. Which changes were most significant?
Well, this experiment spanned a decade, but
I'd rank the changes in the following order
(from most to least significant): tweeter array;
capacitor bank addition; crossover-capacitor
upgrade; subwoofer addition; bass panel re-
inforcement; grille-cloth removal.

In light of the effort and dollars spent to
obtain earth-rending bass, some people might
say I received a relatively modest return on
my investment. Personally, I’d do it all over
again. | hope my experiences will encourage
you to take soldering iron, saw, and screw-

Tweeter
Array

Tweeter
Array

MG-1
Bass Panel

MG-1
Bass Panel

Hartley
Subwoofer

MALIDIDY

Capacitor
Bank

Sources

Cross-Over

Pre-Amplifier

FIGURE 13: Current state of evolution.

properly sanded panel and allowed it to dry
before applying a sealer.

CONCLUSION

Figure I3 shows the overall hook-up diagram
forthe evolved system. My goal was accurate,
credible reproduction of a live performance
rather than dramatic or exciting transforma-
tion of a recording. The changes described
here are the most gratifying of many at-
tempted modifications.

Sources for listening tests included a Cali-
fornia Audio Labs Aria Mark Ili(b) CD
player, a Simiko Blue Point cartridge, Grace
707 tonearm, Kenwood KD-500 turntable,
and Platter Matter™ damping pad. Amplifi-
cation was in two discrete stages: a conrad-
johnson preamp (modified PV2A), and
power amplifiers from Hafler (extensively
modified DH-200) and Mark Levinson (un-
modified #27).

Auditioning my favorite recordings, [ find

driver in hand, and experiment on your own.
Happy sonic adventures! L
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LOW-FREQUENCY AC-TO-DC

hen evaluating T/S parameters, suchas Q7s
or V45, we sometimes face the problem of
measuring AC signals with frequencies lower
than 20Hz. Unfortunately, most digital mul-
timeters (or analogics) can’t do that because of
excessive drop in the coupling capacitor.
To remedy this situation, [ have developed
a full-wave precision rectifier (Fig. /) that
converts a low-frequency AC signal to a DC
value which corresponds to the average value
(not the peak value, as in common capacitor-
filtered rectifiers) of the input signal modulus.

VALUE JUDGMENT
I achieved this with IC2A and associated
passive components. Four diodes form the

By Homero Sette Silva

than 0.7V (diode drop). Filter capacitors are
used to remove the AC components, preserv-
ing only the DC mean value.

Large capacitors provide the best filter ac-
tion but take a longer averaging time. You
have a choice of two capacitor values for fast
and slow operation. Switch to slow for stable
voltage readings at the low-frequency end. If
you aren’t satisfied, try other values.

You must provide a discharge path (10k
resistor) for the capacitor; otherwise, it will be
unable to successively average the input sig-
nal. Increasing the resistor value allows you
to reduce capacitor size proportionally, but

CONVERTER

temperature effect in the diode reverse current
will be of concern.

IC1A and ICID are differential amplifiers
with unity gain. While not essential to circuit
operation, they are rather convenient. The for-
mer, due to its high input impedance, ensures
negligible voltage drops even with small-di-
ameter wires between workbench and suspend-
ing loudspeaker. As a bonus, picked-up noise is
greatly reduced by differential cancellation.

IC1D enables you to use voltmeters with
almost any input impedance without dis-
turbing the averaging circuit. High-input-
impedance voltmeters (IMQ or greater)

bridge rectifier, which, when placed inside the ak —_ ‘

operational amplifier feedback loop, behave 100K 100K L

like ideal ones even for signals much lower DS D4 Ls1 AUDIO

IC18 ¥ Sss:égen GENERATOR
- i1NS 14 iN914 TEST ]
TABLE 1
AC-TO-DC CONVERTER PARTS LIST

Qry PART DESCRIPTION D3

1 Ct 470uF =

1 2 47uF IN914

6 D1-6 1N914 D6

1 IC1A TLO74

1 LS1 Speaker under test e

1 M1 Ext DC meter

2 R8, P1 4k7

8 R1-7,10 100k P

1 R9 5k6

1 R11 10k sy

1 St SPDT _ “ rcia p

ABOUT THE AUTHOR L

2 TLO74

TLO74 100K
Homero Sette Silva holds a BS in electrical engineering and H " % R7
has taught electronics at several universities in Rio de SECA — LO0K
Janeiro and at a technical high school. His main interest in T EXT DC METEA
audio is in system modeling and performance evaluation, =
and for the past two years he has trained technical personnel
in loudspeaker design and Thiele/Small theory. He has

FIGURE 1: AC-to-DC converter, short version.
designed a Thiele/Small parameter analyzer.
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CURRENT DRIVE SOURCE

When measuring a driver’s or enclosure’s
T/S parameters, a current drive source is of
great help. In this case, resistance and im-
pedance moduli can be read directly in the
volts scale.

Frequencies involved in this process can be
quite low—under 20Hz, for example—with
some high-compliance drivers. (Consider Qyy
measurement, where it is necessary to read a
frequency both above and below Fi.) We must
face the problem of increasing inaccuracy with
decreasing frequency when dealing with volt-
meter readouts in the AC scale. A simple
AC-t0-DC converter (a full-wave precision
rectifier) allows us to read them in DC scales,
free from the trouble of coupling capacitors.

Another desirable feature is the possibility
of displaying voltage and current waveforms
onaCRT screen. This enables easy detection
of the zero-phase points of driver resonance
Fs, box-tuning frequency Fp, and imped-
ance-peak frequencies F; and Fy. It also
conveniently shows distortion caused by
suspension and magnetic nonlinearities,
since the zero-phase straight line of Lissa-
jouss patterns at resonance are very sensitive
to harmonics.

The circuit in Fig. A comprises the cur-
rent source and the AC-to-DC converter.
The current source circuit is the same one
that appeared in SB 3/92 ("Successful Cir-
cuit," p. 64), with a correction: R9 = 10Q2.
To improve high-frequency stability, it
also has a 100pF capacitor bypassing R8.

The AC-to-DC converter now has a dif-
ferential amplifier which converts the R9
loudspeaker current to voltage, and a switch
enabling both sinusoidal voltage and cur-
rent measurements in a DC voltmeter scale.
Filter capacitors CI (slow) and C2 (fast)
remove all signal components except the
mean value after a full-wave precision rec-
tification (2 x Peak/I).

R11

’——4::

100K +45v
IC1A

1

AUDIO -1

GENERATOR =

ALl

P ¥

100K

100K

=

J1 50K
TRIMPOT
MULTTTURN

CURRENT j
s2 Tr/j (o

SPOT

iIN914

R20

POINTS I AND E ARE WELL
SUITED TO FEEDO OSCILLOSCOPE
INPUTS LIKE CHi{--CH2 OR
VERT-HORIZ, 7O IS5SAJOUS
PATTEAN OF SPEAKERA VOLTAGE
AND CURREMNT WAVE FORMS.

FIGURE A: Low-frequency AC-to-DC converter.

The four-wire link allows you to suspend
the loudspeaker five or more meters from the
bench without prejudicing accuracy due to

voltage drop, even with small-diameter
wire. If you need an RMS reading, multiply
the mean value in the DC scale by 1.111.

can be directly wired across 10kQ2 resistors
without harm to circuit operation. You can
even use a low-impedance analog voltme-
ter. A 10kQ/volt VOM in the 1V scale is
equivalent to a 10k<2 resistor. In this case,
simply suppress the discharge resistor,
since voltmeter internal impedance does
the same job.

BREADBOARD OF HEALTH
To evaluate operation, breadboard the circuit
using two TLO082 dual-operational amplifiers

or a single TL0O74 quad. Feed a 1V RMS
sinusoidal signal with a frequency around
60Hz to the 100kQ2 input resistors. Adjust the
trimpot until you read 1V in the DC scale of
a voltmeter connected to IC1D output and
common. You now have an AC voltmeter
calibrated to RMS readings for distortionless
sinusoidal input signals.

For a peak-reading voltmeter, adjust the
trimpot to 1.414V for the same |V RMS
input, or change the input to one peak volt and
adjustittoa |V reading. Remember, this will

hold only for sinusoids, since the averaging
circuit is intrinsically a mean-value indicator.

Change the frequency to the lowest value
you expect to find. Check for proper circuit
operation (i.e., a stable reading), and change
the value of the large capacitor if necessary.

If you think using ICIA is unnecessary,
move the two transient protection antiparallel
diodes to ICIC inputs, coupling the input
signal to the 4k7 resistor. All resistors should
be metal film, 1%. L)
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Wayland’s Wood World

PUTTING ON THE PRESSURE

The simple, critical operation of clamping your
enclosure when you are gluing it is also one of
the easiest to mess up. For a strong joint the
clamping must squeeze the glue into a thin
continuous coating on the adjoining wood sur-
faces, at the same time expelling any trapped air.
Finally, the clamping must hold the pieces to-
gether during the setting and curing of the glue.
The requirement that we all get hung up on is
that of ensuring we have the correct gluing
pressure for a specific glue consistency.

The basics of obtaining correct gluing
pressure are the subject of this note, [ will
cover the best glues later. Some general rules
should be kept in mind. If you are using a thin,
low-viscosity glue, use a lighter joint pres-

By Bob Wayland

sure. (This is also true of glues that become
thin during curing.) Hardwoods, particle-
board, and medium-density fiberboard
(MDF) usually need a more viscous glue and
require higher gluing pressures. Of course,
in-between pressure is appropriate with glues
of intermediate consistency. For the materi-
als that we normally use in making speakers
("Building Materials for Speaker Cabinets,"
SB 3/93), this translates into pressures in the
100-250 psi range for hardwoods with spe-
cific gravity from 0.3-0.7, including black
cherry, mahogany, sugar maple, red oak, and
walnut. For particleboard, MDF, and woods
with a specific gravity 0.7, the pressure can
be increased up to 300 psi.

-~

PHOTO 1: Common woodworking clamps.

PHOTO 2: Spacers used to align the applied clamping force.
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glue joint.

As with most things in woodworking, there
is a simple basic principle: Always assure the
correct uniform pressure on the glue sur-
Jaces. If you keep this in mind, the best way
to clamp will usually be obvious. The two
variables you can control are the amount of
force applied by a clamp and the geometry of
the application of that force. Then just put on
the pressure.

HOW MUCH PRESSURE?

Clamps are the usual method for applying
force. A previous column (SB 1/93) consid-
ered different clamps, now we need a bit
more information. How much force can you
expect to be able to apply with the different
types shown in Photo [ and Table I?

The maximum depends upon your upper-
body strength and whether you use a little
mechanical advantage. Itisintrying to getthe
maximum force that one often encounters
difficulty, however. Poorly made clamps can

TABLE 1
POSSIBLE CLAMPING FORCES

Clamp Possible Force
Steel bar clamp 350-5501bs.
C-clamp (T-bar handle) ~2,100 Ibs.
C-clamp (butterfly crank) ~1,100 Ibs.
Hand screw clamp ~ 900 1bs.
Steel |-beam clamp ~2,000 Ibs.
Pipe clamp (34" pipe) =1,100 Ibs
L1

4

PHOTO 3: Use of a spreader to provide uniform pressure on a




W

PHOTO 4: Clamping pads with magnetic holders.

strip threads; bars can permanently distort;
pressure plates can break. The problem is the
variety of cheap, inadequate clamps out there:
clearly, caveat emptor!

Oft-encountered problems in clamping are
insufficient pressure and incorrectly applied
force. When you apply force be sure the force
is perpendicular to the glue surface. Usually,
when using bar, pipe, and [-beam clamps, this
means placing a spacer to elevate the boards
above the bar or pipe such that the axis of the
drive screw is in line with the boards being
glued(Phoro 2). Also, if the body of the clamp
isn’t perpendicular with the glue line, the two
pieces being glued will slip. Most of the time
we don’t want this. [f what youare gluing isn’t
aligned properly, this off-perpendicular ap-
plication of clamps can be used to force the
pieces back into alignment.

The problem of getting enough pressure on
the glue line is one of geometry and bonehead
physics. [fyou are gluing up a corner joint and

PHOTO S: Corner clamping pads.

PHOTO 6: Using the corner clamping assembly.

apply a clamp directly to the boards, the re-
sulting uneven pressure will probably cause
poor bonding, with glue-starved areas next to
ones where insufficient pressure is applied.
This also happens when clamping a solid

wood strip to the edge of particleboard or
MDF. The secret is to use an additional scrap
board as a spreader (Photo 3), which spreads
out the pressure generated by the clamping
point of contact. Just how the pressure is
spread depends upon the stiffness and the
grain patterns within the spreading board.

5 Luckily we don’t need even a 10% answer;
| " 3'/ a factor of two is good enough. You can get
lq— 3 __>1 this by assuming that the force is spread out
. 50
TI 1 " 4. ‘
2 | -0 - -0 27 | —-oc —
_L __L 900 ’u
(a) _n (B) \/
22 HOLES iz DIA. n
6 —— 5 ——»
l Ly
—_—0—0—-0-—-0—0—-0—0—-0-0—-0—~0 —0—0—/0 0—0—0—0 0 —O0—0 ——M————- o— 2"
A
[[{ 28" >JI
(¢)

FIGURE 1: Construction details for grille frame clamp. You need to make two each of (a) and four each of (b) and (c). Use 6/4
hardwood if you have it for (a) and (c), but 4/4 will do. Itis best to use 8/4 hardwood for (b). All holes are 54¢" diameter. Bolt together
using %" bolts using wing nuts and washers for the corner pads (b). The 22 holes on 1" spacing for (c) should be countersunk for
boit heads on the underneath side. The clamp should be assembled and used as shown in Photo 8.
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PHOTO 7: Using pipe clamps to increase
clamping pressure on the corner clamping
assembly.

at 45° from the clamp (Photo 2). Because we
are dealing with a 45° triangle, the pressure is
just twice the width of the board times the
board thickness divided into the clamping
force. The spacing of the clamps is about
twice the width of the spreader board. Keep
these ideas in mind when clamping and you
will move a long way toward meeting the
simple principle above.

JIGS AND EFFECTS

The normal system of clamps (i.e., those
shown in Photo 1) can be made much more
useful with the addition of a few homemade
jigs. One of the easiest to make is pads for
the pressure plates of the clamps. Normally
you will place a pad of wood between the
clamp and the boards being clamped to pro-
tect the latter. Unfortunately, the pads are
always falling out. Most stationery or hard-

ware stores sell magnetic strips which you
can cut to shape and glue to the backs of the
pads (Photo 4), holding them in place while
you set up the clamps.

Another simply made pad helps in apply-
ing diagonal pressure, e.g., when you must
straighten an out-of-square enclosure box.
Start with a square cross-sectioned block and
cut a 90° notch at 45° to one face, or glue 45°
corner braces onto a scrap pad of wood to
form the 90° notch (Photo 5). Just put one pad
on each of the opposing corners and the clamp
on the back surfaces opposite the 90° notches.
Yes, I know that ifthe box is not square, things
are off a bit, but you are only using this device
to make small corrections.

An extension of the corner pads makes for
a useful enclosure-clamping jig. Many of my
woodworking friends consider this overkill,
but it is the only technique | really trust when
making a special enclosure. The idea is to use
4" x 4" wooden posts as a combination corner
and load-spreading clamp. First cut four sec-
tions of the post as long as, or longer than, the
depth of the enclosure. From one corner of
each post, cut out one-fourth. Drill a series of
716" holes in each pad. Through these holes
place 38" threaded rods and secure the pads
in place using fender washers (#4, 5/16" 1.D.,
154" O.D.) and 34" wing nuts (Photo 6).

To keep any squeezed-out glue from at-
taching the pads to the enclosure, either put
waxed paper between the pads and the enclo-
sure or soap the surface of the pads. (If you
use soap, be sure to wipe off any excess before
use.) Selectively tighten the wing nuts until
the enclosure is square and firmly clamped.
This will not provide enough clamping pres-
sure, so you will need to use additional

PHOTO 8: Using the grilie frame clamp.

clamps; e.g., steel [-beam clamps. Using the
comner pads as spreaders, you can readily
apply the necessary pressures (Photo 7).

Tighten the clamps in a sequential manner
to avoid creating unequal tensions that might
distort the shape of your enclosure. It is a good
idea to use the methods discussed in SB 6/93
to ensure that the enclosure remains square
(straight). You can use this same approach
even if your enclosure is not rectangular and
has a number of unusual angles, designing
and cutting the comer pads to accommodate
your special shape.

You can make a simple jig for clamping
the often fragile grille-cloth frame. It is not
something that [ came up with but is an idea
that has been around for a long time. I believe
it was originally designed to aid in making
picture frames. [f you decide to make one,
you will have a dual-use jig. Figure / illus-
trates the construction details. You can make
the legs longer, if needed. One of the jig’s
advantages is its self-aligning capability; if
you have cut the frame members accurately

Continued on page 72
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Tools, Tips & Techniques

VENTED BOX
PARAMETERS

Several years ago, D.B. Keele, Jr. gave us a
couple of equations that made it easy to design
vented loudspeaker systems with the aid of a
hand calculator. The first equation came up
with the specs for an optimum box, the opti-
mum in this case being the flattest possible
frequency response. The equations require us
to input three speaker parameters: fi4, Qrs, and
V.. (Keele’s equations are based upon vari-
ations of the Thiele/Small alignments.)

All is well if the results of this equation
satisfy the designer, but in some cases the
box size or the frequency response of this
alignment will not be satisfactory. Anticipat-
ing this, Keele presented another equation
based upon the selection of the box size (Vg)
and proceeding from there. The designer
could then pick out a box size that he or she
deemed an acceptable compromise, and then
calculate the ripple magnitude at the bottom
of the frequency response to find out if the
box is usable.

We can save a lot of time if the question of
the magnitude of the peak or dip of the re-
sponse could be considered first and a maxi-
mum (of +dB) decided upon. These limits
would indicate the largest and smallest boxes
that would have an acceptable ripple. The
upper and lower limits of f3 would also be
known. Everything inside the limits would
compose a potentially feasible system, and it
would be clear early on if the woofer at hand
was suitable for a vented design.

If Keele’s second set of equations is
worked backward we come up with the de-
sired results:

Vas/ Vg=
Antilog1o [(RIZO)/(QTs/g_e)](lNV).as

where R = ripple magnitude in £dB (peak
or dip)

Antilog is achieved (at least on my Texas
Instruments calculator) by punching the INV
key followed by the LOG key and waiting for
the answer. Calculate (INV).35 by punching
INV, Y¥, .35 = and waiting for the answer.

Vas/Vp is the ratio of the woofer to the
enclosure. The net size of the box may be
found by dividing 7V 4 by V.4s/Vg. You can
use liters or ft.3 or in.%.

Also use V¢/Vpto find f3 and fy:
f3 = (Vas/ VB)'S x fsa

This is just another way of saying that f3
= Vas/Vi x fs4.

fg = (Vas/ Ve x fsa

This exponent is achieved by first punch-
ing the Y~ key and then .32 =. fi4 is the free
air resonance of the woofer.

For a walk-through demonstration [
picked up a Carbonneau catalog and chose a
10" speaker that looked appropriate—the
model CG-258R. fyis 26Hz (x15%—we’ll
use the nominal figure), Qry is 414, and V4
is 6.19 fi.> To be practical, let’s pick +1dB
and —1dB for the upper and lower ripple
limits. We’ll do the upper one first:

Divide +1 by 20 (0.05). Press the INV
key and then the LOG key and wait for the
answer (1.1220185). Divide this by .414
(this is Qzy, 2.7101895). Divide again by
2.6 (1.0423806). Press the INV key, then
the YX key, then .35 =. After a short pause
the answer (1.1259102) will appear; this is
Vas/Vp (Actually this is the V4s/Vp to
achieve a box that will yield a +1dB rip-
ple.) All other conditions will have a dif-
ferent V45/Va.

To find the net V for this setup, divide
6.19 (V45) by 1.1259102 (our V.s/Vp of the
moment). We get a box with a net volume of
5.4977742 (say 5.5) ft.}

To arrive at f3 (which is the half power, |

—3dB point), take the square root of V4s/Vp
(1.0610892) and multiply it by fs4(26). This
is about 27.6Hz.

For fg(the frequency the box is tuned to
via the duct) again take V4y/Vs, punch the
Y¥ key, then .32 = and wait (1.0386786).
Again multiply this by 26 (fs4) and get
27Hz. Since we went to so much trouble,
1’1l give you the dimensions of a duct that
will probably come close to realizing the
speaker we worked out together. A duct
with an inside diameter of 3" and a length
of about 21/4" would probably work. A duct
with an inside diameter of 412" and a
length of 6" would also work, and because
of the low frequency involved would prob-
ably be a better choice. The large diameter
would give lower wind velocity.

The —dB ripple is found in the same way.

You can work it out from the above using the
different figure. I’ll give the calculator read-
outs for each step: —1/20 = -.05. (To get -1,
punch 1, then+key.) The antilogois .8912509,
which divided by Qrxis 2.15278. That divided
by 2.6 =.8279923. At this point punch the INV
key, the Y¥key, and .35 = and wait again until
you see .5831623. This is the V45/Vp for the
-1dB ripple.

The square root of V 45/ Vp, times 26 is 19.8
(say 20) Hz. This is f3.

(Vas/Vp) 2 = .8414971. That times 26 =
21.9 (say 22) Hz. This is fa.

Anything between those two extremes
should be a viable speaker with <tdB peak
or dip. Note: Vgis 10.6 ft.2 (It’s big, but it
goes to 20Hz.) A duct with an inside diame-
ter of 412" and a length of about 434", or 6"
and 834", respectively, would work.

John Cockroft
Sunnyvale, CA 94087
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Craftsman’s Corner

HEAD SPEAKER

PHOTO 1: The Simpline parts.

OK, you asked for it—here is a photo of my
construction of "The Simpline," by John
Cockroft (SB 2/93, p.14). His cabinet con-
struction was too difficult for me (my most
sophisticated machining tool is a rusty hack-
saw). Instead, a trip to Home Depot produced
an almost-ready-made box, cutto length. The
tube is 4" PVC pipe ($9.42), schedule 40 (one
piece of pipe, 10°, will build four speakers).
The top and bottom pieces are, ahem, 3—4"

| closet flanges ($2.11); the feet are 114" caps

(80.21). Stuffing is from an old pillow. Pretty
cheap and quick, yes?

[ modified the Radio Shack driver per the
article. [ didn’t lean it against a wall, the feet
hold it off the floor. I tried different spacings
but it didn't seem to matter and the feet are in
keeping with my aesthetic theme.

Allinall, it’s reasonable for what it is—the
perfect speaker for the bathroom. Mr. Cock-
roft is right about the amount of bass from
such a small driver, but it is muddy. [t was an
interesting one-afternoon project.

| W. Werner

Severn, MD 21144

P.S. Note the clever use of color photography.

| The speaker is white, the background black.

|
|

»

PHOTO 2: The Simpline complete.




SB Mailbox

PHOTO SWAP

THE IMP REVISITED

In Wayland’s Wood World, SB 6/93 ("Let’s
Get This Straight,” p. 50), Photo 5 and
Photo 6 were transposed. Photo 5 depicts a
saw blade check on a piece of 2 x 2 stock;
Photo 6 is a2 x 4 crosscut with a 0.1° error.
We apologize for any confusion this may
have caused.

INCORRECT FORMULAS

My letter in SB 6/93 ("Accurate Measure-
ments," p. 57) included some formulas
which contained lower-case L’s as well as
I’s, which led to some confusion. The cor-
rect formulas are:

0
=F
Qws =Fs x (F2—Fy)

(as printed), and:

(Fi = Fsd) x (Fu* - FD)

Vas=Varx ——
Fi -Fi)
FuxF
Fss=( L x FH)
Fm
FsxF
Adjustment Factor = Gt
FuxFp)
4= il
(Fux Fr)

(Fi’ - Fu) x (P’ —FiD
(Ff xFi)

Don Stauffer
Roxbury Crossing, MA 02120

1 recently saw a demonstration of Bill
Waslo’s IMP audio analyzer ("The IMP,"
Part 1, SB 1/93, p. 10; Part 11, SB 2/93, p. 30;
Part 111, SB 3/93, p. 36; "The IMP: Measuring
T/S Parameters,” SB 4/93, p. 38; "The IMP
Goes MLS," SB 6/93, p. 40) at a meeting of
the Cape Town Hi-Fi Club. | did years of
research on audio measurement using im-
pulse noise as a source and wrote a paper on
the subject, published in 1991 by the South
African [nstitute of Electrical Engineers. The
IMP system is impressive. Mr. Waslo has
done a wonderful job, and my comments are
intended as constructive.

The source signal is important. Mr. Waslo
uses arectangular unit pulse, which is calculated
to have its first zero in the frequency domain
around 25kHz. The main problem with this
pulse is the presence of the high-frequency lobes
that continue out to a theoretical infinity. While
this may not be a problem in the loudspeaker
itself, electrical networks will definitely suffer
from the presence of the high-frequency energy.
Furthermore, the sharpness of the pulse will
have a tendency to shock the system, producing
adverse effects (Figs. / and 2).

Figure I is the unit pulse as observed on
IMP along with the FFT transform. Figure 2
shows a wider pulse, which has the effect of
reducing the first zero in order that the high-
frequency lobes can be readily observed (the
vertical scale being adjusted for ease of view-
ing). Practically, with the pulse Mr. Waslo
actually uses, these higher-frequency compo-
nents can be a number of megahertz.

As the pulse gets narrower the first zero

will move out along with lobes, and the fre-
quency over the range 0-20kHz will flatten.
In the limit, as the width of the pulse tends to
zero, the frequency response will be flat to
infinity. This can easily be proved mathemati-
cally. The Fourier transform of the general
waveform go can be shown by the equation:

(o) = j (t) - exp(—joot) it "

The inverse of this transform is then:
f(t 1 - jwt) d 2
W=5; [ 9w -emiondo @

For the unit pulse, see Fig. 3. The single
element (t) has an amplitude A and extends
from -v/2 to +t/2. Applying the Fourier trans-
form, (t) is 0 outside the above limits of (t).
Then

%]
g(©) = j VIA exp (—jot) dt @)

Sl

At
ot/2

Ifthe pulse has an area of unity,i.e., A-t=1,
Then

@) sinwt/2
w)=——"
8 wt/2

or
g(w)= ﬂ:l where (4)

x=wt/2

This, then, is the unit pulse. The value at x
= 0 is unity; the first zero occurs at © and

FIGURE 1: Unit pulse as observed on IMP with FFT transform.
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FIGURE 2: A wider unit pulse.
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t=0

FIGURE 3: Unit pulse. As width of the pulse
tends to zero, frequency response will be
flat to infinity.

subsequent zeros at multiples of n. If t is
reduced and A is increased, to maintain the
unity of the pulse, the first zero in the spec-

Amplitude

-20KHz +20KHz

e EE—
- Frequency

—_—
requency

FIGURE 4: Idealized frequency spectrum.

trum will move out. In the limit as t tends to
zero and A tends to infinity,

9 (w)=1 (5
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FIGURE 5: Theoretical time-domain pulse.

and the amplitude and phase response will be
flat to infinity.

If we know the frequency spectrum we can
obviously calculate the time-domain func-
tion. Figure 4 shows an idealized frequency
spectrum. It ranges over the bandwidth B,
which is twice the desired frequency range,
the negative domain being required for the
transform. The limits are therefore from
—20kHz = —00/2 to 20kHz = 00/2.

From the Fourier transform of the general
waveform,

fth=

@ et @

The limits being reduced from "—0" to -
®0/22" and "o" to "00/2" and gw being unity
or flat between the limits,

Then
1 w0/2 .
f(t)=ﬂL’M exp (o) - do )
where
©0 ZnBanda)_O_ZnB
2 2 22
18
(= — .
® 2ﬂ[wexp(;mt) do
_ sinnBt_ Bsinx
T omBt T «x

If B is taken as unity height of the pulse then:

smx

fthy= ®)

A

FIGURE 6: Dlsplay of sin x/x pulse on IMP
screen.
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FIGURE 7: A sin x/x pulse producing the frequency-domain

bandwidth flat to 20kHz. FIGURE 8: Phase and frequency response.

where

The equation of the pulse is then given by:

sin n/25
for values of t
n/25

©)

This, then, is the perfect time-domain pulse.
It has a peak amplitude B of unity centered on
t=0. The first zeros are at w and -n. The pulse
width between the first zeros is 2/B and rep-
resents the required spectrum in the positive
domain. In this case:

2
40 x 10°

%: = 50 psec= 20kHz (10)

Figure 5 shows the theoretical pulse. The
sin x/x pulse has its peak amplitude on zero
seconds and the measurement starts (in the
case of a size of 4,096) at —2,048—+2,048.
Figure 6 shows the display of the sin x/x
pulse on the IMP screen. If this pulse is
transformed the resulting frequency span
will be about 400Hz, but the energy is very
high. A more practical example (Fig. 7) de-
picts asin x/x pulse producing the frequency-
domain bandwidth flat to 20kHz. Figure 8
shows the phase and frequency response.
Figure 9illustrates the case fora 10kHz pulse

showing the phase and frequency response.
In all these cases the pulses were synthesized
using a simple QBASIC program.

CLS

OPEN "SINX.DAT FOR OUTPUT AS #1
FOR X = -2047 TO -0.999999

Y = SIN(X) / (X)

PRINT #1, USING "+ #H4"; Y
NEXT

FOR X = 0.999999 TO 2047

Y = SIN(X)/ X

PRINT #1, USING "+# #H4"; Y
NEXT

CLOSE

SR
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The file "Sinx.dat" can now be edited by
inserting the four-line header information.
The value of Y must be inserted at time = 0,
as the program is unable to calculate this (it
can’t divide by zero) at the point where x = 0.
For the above case Y = +1.000000.

You can play around with multiples of X
to get different frequency spans. In a practical
system each desired frequency span should
have its own sin x/x pulse. Figure 10 illus-
trates further reasons for using this pulse.

The figure shows the IFFT of the unit
pulse; the upper trace being an expansion of
the left side of the lower trace. This is, of

| course, the sin x/x pulse produced by the

inverse transform. The left of the lower screen
shows the positive time and the right the
negative. If this is now FFTed it will produce
an erroneous result, because of the mixup in
the time domain signal. This cannot happen
if the source signal is the sin x/x pulse, as this
is the pure pulse.

As both the negative and positive halves
of the pulse are required for the transform,
the pulse belongs in the center of the time
domain. Furthermore, the transform re-
quires the whole of the pulse for the mathe-
matical calculation in the FFT. Cutting out
portions of the signal and FFTing will pro-
duce a distorted result. This is very impor-
tant around time = 0, because most of the
information exists around this critical area.
Mr. Waslo’s waterfall maps cannot work
because this critical area is gradually re-
moved and transformed. Instead, the water-
fall shows a gradual distortion of the signal
that has nothing to do with the loudspeaker
or room acoustics. When transforming a
signal it is better to use the 1/? octave,
averaging to smooth out the result.

Waterfalls or spectral maps are produced
by transmitting a single pulse and taking a
number of separate measurements while the
sound produced by the original pulse dies
away. Reverberation time measurements can
be done in this way to calculate RT 60.

Because of the high accuracy of the sin
x/x pulse producing a frequency response
over the desired range within 0.1dB, the
system can be useful in testing amplifiers,
audio transmission chains, and so on, as
well as for aligning tape machines and com-
paring tape brands. Experimentation with
the system will uncover many uses.

Some possible features for a "deluxe”
IMP system:

* A sin x/x pulse for very high accuracy of
results for acoustic and electrical measure-
ments.

¢ A time-domain display with graticule for
oscilloscope-type measurements, which
can be switched to a single full-screen
display. The screen can be scrolled both

horizontally and vertically. Normal simple

oscilloscope-type controls are provided for

vertical and horizontal measurements, and
crosshatching on screen markers makes
measurement easy.

* Harmonic distortion in the frequency do-
main can be calculated for decibels and
percentages by placing crosshatching
markers over the peak of the fundamental
and calculating. A handy facility is a
marker to peak command.

e The frequency-domain display with on-
screen crosshatching markers can be
switched to single full-screen display
scrollable both horizontally and vertically.
Gain and range facilities are provided.

* Source and input triggering are provided
with trigger delaying,

¢ Multiple buffers will enable construction
of true waterfall maps and the capture of
long-signal transients. RT60 measure-
ments can be carried out by the same
method.

e The 1/? Octave facility provided enables
sound measurements and graphic equal-
izer tweaking of loudspeakers.

» The built-in calibration facility enables
sound-level measurements.

Mr. Waslo has gone further than anyone to
produce an affordable testing system, and 1
congratulate him. It is a pity that he didn’t go
all the way, because he clearly has the ability
to do so.

Philip P.N. Thompson
Hout Bay 7800. South Africa

Bill Waslo responds:

I'm pleased to hear of the Cape Town club’s
demonstration of my IMP system, and appre-
ciate Mr. Thompson's kind comments about
the IMP.Ican’tsay I'min agreement, though,
about the sin x/x being the ideal test source
signal. As Mr. Thompson correctly points out,
the ideal mathematical square pulse has fre-
quency content extending out to theoretical
infinity; so he must be aware that the sin x/x
time function consists of oscillations (noncon-
stant values) that cover all of eternity! In
order to get that abrupt cutoff of high-fre-
quency energy (absolutely), the measurement
can never be finished.

In fact, the frequency spectrum of an ideal
rectangular pulse, which Mr. Thompson sees
as a problem, is of the same shape (x being
Jrequency) as the time-domain function of the
sin x/x he proposes (with x being time). This
Jact may not be immediately obvious in his
IMP FI'T plot of the widened pulses, because
IMP shows frequency-domain data in decibel
(log magnitude) format over a log format
Jfrequency scale.
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FIGURE 9: Phase and frequency response of a 10kHz pulse.

FIGURE 10: IFFT of sin x/x pulsa produced by inverse transform.

It is a basic dual principle of time/fre-
quency domain theory that a limited time
signal in the time domain possesses frequency
content to infinite frequency and that a limited
frequency signal in the frequency domain
corresponds to content over infinite time. For
less absolute. real-world use, of course, we
can limit the measurement time at some point,
with less ideal, but usable, results; in similar
real-world use, we can also limit the spectrum
of the test pulse, quite a bit more easily (and
often it can’t be avoided), by nearly trivial
low-pass filtering.

Mr. Thompson seems to object primarily
10 the energy bandwidth and "sharpness” of
the rectangular pulse. The energy bandwidth

could, admittedly, have been better dealt with
on the board. IMP exists primarily to allow
loudspeaker measurements at the absolute
lowest possible cost; | had assumed that any
competently made power amplifier used with
it would have basic RC filtering at its input to
prevent misbehavior due to RFI, rapid rise
times, or any out-of-band signal with which
the amp might not be able to contend.

In any case, more advanced users could
easily add an external low-pass 10 band-limit
the test signal; IMP s use of a cal-probe input
to reference the input spectrum that is applied
to a unit-under-test means that response vari-
ations of the test signal, such as a low-pass
Silter's slow rolloff; will not affect the meas-

urement (the final response is the output spec-
trum divided by the input spectrum).

Contributing Editor G.R. Koonce con-
vinced me not to assume that all amplifiers
would incorporate such input limiting, so we
issued a suggested modification (SB 3/93
Mailbox, p. 66). adding a rolloff capacitor
across the test pulse output jack; this limits
the input slew rate to the amplifier and pro-
vides first-order band-limiting. The input to
IMP already incorporates rudimentary but
quite effective third-order anti-aliasing low-
pass filtering. | have used IMP quite success-
fully to measure active parametric equalizers
and filters, they have not suffered from the
effects of the pulse.

PRESENTS:

"HIDDEN TREASURES"

- Closeouts -
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THE WOOFER TESTER

The Woofer Tester is a combination J |
Hardware and Software system that § |
runs on any IBM compatible personal
computer with EGA or better graph-
ics capability and at least one RS$232
serial port. The Woofer Tester takes
the following measurements:

® Raw Driver or Sealed Box:
fs- resonant frequency
Qrs- wooferQ
Vas- equivalent volume of air
of driver compliance

¢ Vented Box:
fsa- resonant frequency of box
ha- fsg/ driverfs
alpha- Vas/ Box volume

The power of measurement systems
costing thousands of dollars is now available
to you at an unbelievably low price.

PRICE: Introductory price is $399.00.
Includes everything you need.

Call Brian 301-498-8737
C&S Audio Labs
P.O. Box 1012
Savage, MD 20763-1012
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MOTOROLA

Ceramic Products

Have you ever wondered

how so many companies

piezo speakers?

engineering book on “How
To Use A Piezo.” Ask for
Melisa on (50S5) 822-8801,
ext. 213.

successfully use Motorola I

Call TODAY for your FREE | |
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| see no advantage to using a sin x/x as
compared to a simple causally band-limited
pulse output. The sinx/x is merely what would
result if an impulse were passed through an
ideal brick-wall linear-phase low-pass filter:
it rings forever, and the near total lack of
energy at the high end of the band greatly
complicates any attempt to eliminate ampli-

Sier effects by “cal"ing (can’t divide by zero).

The flat response and linear phase might
be an advantage if no reference cal spectrum
were taken, but then amplifier and smoothing
Silter effects could not be removed, and accu-
racy would suffer. It is far more accurate, and
expedient, to measure what a test signal is,
and correct for that, than 1o go to extreme
means to make it approach some sort of ideal.
A pulse band-limited by a linear filter will
also never quite get back 1o zero (in theory),
but it sure gets close a lot faster than a pulse
that has hit a ringy brick-wall filter.

Mr. Thompson fears that the sharpness of
the pulse will have a tendency to shock a
system, producing adverse effects. Slew-rate-
induced effects are easily dealt with by simple
RC rolloffs or other band-limiting, and I know
of no other effects that might be considered
adverse. If the system under test rings when
it is shocked, that is its impulse response,
which is directly convertible to the frequency
response—that’s what we want. Unless the
response is nonlinear (i.e, changes when level
is reduced), the shock response is the infor-
mation desired and not a problem.

The band-limited pulse is causal—it
staris at the beginning and doesn't waste
acquisition samples. It is easily generated
by a monostable flip-flop and analog linear
Silter (the sin x/x requires a D/A), and on
well-behaved speakers it stimulates a
damped output, making possible the re-
moval of echo effects for quasi-anechoic
measurements (the main purpose of IMP),
which would be quite impossible using the
sin x/x.

The sin x/x shape Mr. Thompson derived
by IFFTing the IMP frequency response of a
rectangular test pulse was actually caused
not by any flaws in the pulse, but by a fre-
quency-domain "window" function that is ap-
plied in IMP version 1.11 through 1.22 to all
Jrequency-domain data before any IFFT op-
eration (in effect, a zero-phase low-pass fil-
ter). The window is used to minimize noise
effects that can result near the Nyquist fre-
quency at 30.7kHz (which is also the first
pulse response zero) when acal is performed;
these effects happen due to the low cal-re-
sponse energy near the zero—the resolution-
limited effects of dividing some very small
numbers by each other at the supersonic fre-
quencies. Ifthis window were not applied, you
would get the usual pulse back, as you must.

After all, the FFT and the pure IFFT are
exactly convertible, aren't they? (In the
IMP/M 2.0 version, the window is applied
only ifthe cal operation s performed. Ifyou
transform a pulse, then IFFT it without
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FIGURE 1: Cumulative spectral decay plot of Titanium dome tweeter. The CSD waterfall
is useful in highlighting delayed or resonant behavior in drivers.
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normalizing it via a cal response, you get it
backwithnoripples). Also, notethatthe FFT
(as opposedtothe theoretical IFourier trans-
Jform) operates on periodic data only, and
treats all time data as periodic: hence the
wiggles at the right side of the screen in Mr
Thompson'sIFFT.

If you FI'T this data correctly (it is sin
x/x-like, so you can't truncate as you can a
pulse) by including all the time data (in his
Fig 10, set the right time marker, MKR2, to
312), you do not produce an erroneous resull,
other than that due to the window IMP ap-
plied. The erroneous result he reports is, in
Jact, not avoidable by but precisely because
of the sin x/x shape of the data, which covers
all time and can't be approximated by the
time-truncated sample.

Mr. Thompson and [ evidently refer to
different things when we talk of waterfall
plots. The waterfalls in IMP (and in DRA's
MLSSA and other speaker analysis systems)
are more properly referred to as cumulative

spectrograms. (Figure [ is an example of this
type of plot.) They work—and quite well.

A true frequency response is a measure of
the Fourier transform of an impulse system
Sfor all time; any attempt at representing "fre-
quency response versus time" is but an ap-
proximation, though it can be quite a useful

one. The curve at the back of the plot is the
Sfrequency content of the entire impulse re-
sponse (or as much as was included in the
measurement). Successive curves show the
Sfrequency content of successively later frac-
tions of the impulse response, which indicate
the contributions to the cumulative plot that
are made later in time—in other words, be-
cause of group delay and ringing, just as
would occur if a tone burst were applied at
each frequency.

Of course there is some spectral leakage
Sfrom cutting into the initial part of the time
response, and the significance of the later
curves becomes questionable at the lower
frequencies because of the shorter valid time
data included (IMP abruptly cuts off the curve
at the low end as the waterfall progresses, to
avoid presenting meaningless data). But we
can't talk about pure frequency response as
a function of time; this plot is an extremely

REFERENCES
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useful invention (not mine) that allows for
easy identification of resonances and reflec-
tion problems.

[ am not an acoustical engineer by trade,
but as | understand it, RT60 doesn 't consider
Sfrequency content at all; isn't RT60 measured
via the time-energy curve? While | suppose it
could be derived at least qualitatively via a
waterfall, I'm afraid | don't grasp what Mr.
Thompson means by "taking a number of
separate measurements while the sound pro-
duced by a pulse dies away." If he is measur-
ing pressure over time, that is just the IMP
time response, fromwhicha TEC curve could
be made; which is not any kind of speciral
map. If he is measuring frequency energy, he
must be measuring it through filters to isolate
the frequencies (or else doing windowed
short-time FI-Ts of sections of it).

Which brings us back to truncation and
spectral leakage. or the decay time of the
filters. | have made such plots in communica-
tions work, but they seem to be of little use in
speaker research; the time periods involved
must be considerable compared to the period
of the frequencies being measured. The wa-
terfalls in IMP are not meant 1o be "frequency
response versus time"; they are meant (o
indicate the time source of the cumulative
contribution to the final response. And the
plot shown does in fact have a great deal to

GET THIS GREAT
CLASSIC NOW-
AND USE IT!

MULLARD TUBE CIRCUITS
FOR AUDIO AMPLIFIERS

First published in 1959 by Mullard, one of Britain’s premier "valve"
manufacturers, this do-it-yourself gem is a complete guide to building
eleven power and control amps for a sound system with vacuum tubes,
featuring a fabled four-chapter tutorial on achieving the best sound with
tubes. Heavily illustrated. 1993, 144pp., 8" x 10", softbound.
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AubpI0 CLASSICS, LTD.

Buys-Sells-Trades-Repairs-Modifies

Amplifiers: Accurus A250 $669: Acoustat
TNT120 $398; Aragon 200411 $999. 40041
$1495; Audio Research Classic-120 $3495
M100s $2735: Carver AV6B4 $519. Silver-9t
$1529. TFM35 $339. TFM42 $549. TFM75
$1799; Chord SPM1200 $2399: Classe DR8
$1195; conrad-johnson EV2000 $3999. MF200
$1499, MFB80 $1049, Premier-5 $3495
Counterpoint Natural Progression $4999
SA100 $999. SA12 $699, SA20A $1599,
Solid-2 $1995; Crown Macro Reference
$2589; Denon POA2800 $549. Dynaco
§T40011 $795. ST70 $249, ST70-il $529
Electrocompaniet AW65 $499. AW100 $999
AW250 $1499; Jadis Defy 7 $3599:
Kinergetics KBA75 $1499, KBA202G $1299;
Krell, KSA150 $3199, KSA250 $4255
Mcintosh MC2100 $499. MC2105 $899
MC250 $399. MC2505 $549, MC275 $2995,
MC50 $249, MC7200 $2049. MC752 $549:
NAD 2100 $299; Motif MS100 $1625: OCM200
$1179, OCM500 $1799; PS Audio Two-C $149;
Quad 306 $499; SAE P50 $299, Sonograph
SA120 $569: Threshold SA4E $3695
Cassette Decks: B&0O 4500 $399. 5500 $375
CD Players: AMC CD6 $529; B&O 4500 $399,
6500 $589: Carver SDA490t $499. Denon
DCD1520 $299. DCD3300 $398, DCD3520
$599. DCM350 $245; Kinergetics KCD40
$1995: Krell CD1 $1669, CODSP-Custom
$2355; Mcintosh MCD7000 $449. MCD7005
$999, MCD7007 $1499, MCD7008W $1459:
NAD 5240 $249; Revox B225 $349: Rotel
RCDB820 $249, RCD955AX $379. CD
Processors: Arcam Delta Black Box $225
Audio Alchemy Decode-1 $229: Counterpoint
DA10ST $1395; Krell SBP32X $1499
Crossovers: Audio Research EC21 $595
Equalizers: Mcintosh MQ104 $149, MQ107
$299: MXR 124 $149, 125 $149. Headphones:
Stax ED1 $449, Lambda Pro 3 $449. SR84 Pro
$225. Integrated Amps: Mcintosh MA5100
$249. MAB100 $549, MAG200 $999. Preamps:
Audio Research SP6E $399: B&K PRO10MC
$425, Carver C11 $399: Cary Audio SLP70
$599; Classe DR4 $699; conrad-johnson PF1
$1049, PFIL $979. PV10 $795; Hafler DH110
$149: Jadis JPL $3499; Kinergetics KPA2
769; Krell KBL $2669, KSL $1899, KSP7B
$1699. PAM3 $1399; Mcintosh C22 $1999,
C27 $699, C28 $449. C29 $1099, C31V $999,
C32 $1099, C35 $1099. C36W $939, C37W
$1499, C38 $1458, CR7 $399: Motif MC9 $649;
Mod Squad Line Drive Deluxe $699: OCM55
$849: Perreaux SM3 $699; Precision Fidelity
C8 $249; Rotel RCI80BX $379; VTL Maxima
$299, Minimal $249, Ultimate $1199
Processors: Burwen DNF1201 $379: Carver
C9 $149, DPL33 $249, HOAV $275: Fosgate
$449: Lexicon CP1 $949, CP2 $549: RG
PRO20-Two $199; SAE5000A $299; Shure
HTS5000 $249; Yamaha DSP100U $349
Receivers: B&O 4500 $589; Carver HR732
$349; Mcintosh MAC4100 $1099. MACA4275
$1060, MAC4280 $1548; Nakamichi TA3A
$399. Record Cleaners: VPl HW16.5 $375
HW17 $598. Speakers: Apogee Centaur
$1139. Diva $5799. Minor $849, Stage $1899;
AudioStatic ES100 $2499; Carver ALIIL
$1299; Dahlquist DQ16 $549, DQ18 $649
DQ201 $999. DQ28 $849; Dunlavy SC1 $759;
Duntech Black Knights $2999; JBL 4408
$399; JM Lab Micron $499;: KEF 105/3 $2699.
107/2 $3599. C85 $519; Kinergetics SW800
$3199: Mcintosh ML1C $599. XR1051 $899,
XR240 $1099. XR250 $1699. XRT18 $2499.
XRT22 $5399; Ryan MCL3 $649: Sound Lab
Pristine $2999; TDL Studio 1 $699. Studio 3
$1299. Tape Decks: Revox A700 $499. Teac
X2000R $499. Test Equipment: Mcintosh MI3
$499. MPI4 $1499; Sound Technology 1400A
$500. Tuner Preamps: Mcintosh MX110 $399,
MX112 $449. Tuners: Carver TX10 $249. TX12
$299: Denon TUGBONAB $499: Magnum
Dynalab Etude $1099. FT101 $699. FT11
$375. Marantz 20B $649. Mcintosh MR55A
$276. MR65B $299. MR66 $799. MR67 $499.
MR7083 $1239. MR71 $599. MR73 $499
MR74 $599. MR75 $1349. MR77 $699. MR78
$999. MR80 $1399. Turntables: VPI HW13-JR
$825. Thorens TD12511 $290 FREE
Catalogue. 8AM-5PM EST Mon -Fri.. AUDIO
CLASSICS, LTD. POB 176 AA. Walton, NY
13856

607-865-7200
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do with the loudspeaker—as a waterfall of a
driver that has a ringy cone (like many dome
hweelers) demonsirates.

A Deluxe IMP is in preparation, but the
change made is for improved noise immunity.
The MLS option (new software, add-in board)
uses a maximum length sequence (pseudoran-
dom noise, basically a periodic sequence of
positive and negative pulses) as the stimulus; a
limited version of what is done inthe DRA Labs’
MLSSA system. | did this to overcome the major

Saw of the rectangular pulse stimulus, which is

its low energy content and high cresi factor (the
sin x/x Is little better in this regard). An MLS
measurement provides rejection of noncoherent
noise and distortion and can be band-limited as
easily as the rectangular pulse.

Unfortunately, the memory size on the
IMP board is not so easily extended, so
longer signal transients (as might be en-
countered in large halls) still cannot be
accommodated. Actual source triggering
would be a big plus, of course; but it would
require an entire hardware redesign,
greatly increasing the cost and complexity.
The existing IMP accommodates sound-
pressure-level sensitivity measurements
with some additional effort (as | shall de-
scribe in an upcoming SB article, along
with the MLS upgrade).

As Mr. Thompson correctly points out,
overlaid screens are nearly essential. The
new 2.0) software accommodates them, as it
does on-trace numbered markers (HP style,
not crosshatching). IMP can currently make
limited harmonic distortion measurements
(for products below the Nyquist limit) using
a sine-wave generator and the Blackman
time window function—the markers read out
the difference in their decibel values, which
can easily be converted by a user to percent:
-40dB = 1%.

I thank Mr. Thompson for his effort, his
suggestions, and his stimulating letter. If he
uses and looks at the IMP system in its en-
tirety, andin its full scope, | think he will agree
that the rectangular pulse is indeed an appro-
priate stimulus.

CURRENT EVENTS

Thanks to Dick Campbell for his kind words
("Smoking Ban," SB 6/93) about my Prism V
articles in SB 4/93 and 5/93, and his interest-
ing remarks on the demands on capacitors
used in passive crossovers. He specifically
comments on the capacitor used in the paral-
leled notch fiiter; but the demands on this
capacitor are no greater than those on any
other capacitors in the crossover network that
are connected in series with the drivers.

All capacitors in my passive crossover,

MahnnantiSedpd

2610 Schillingers Rd. #488
Mobile, AL 36695
(205) 633-2054

TRANSMISSION LINE SPECIALISTS

OKETLD
QUICK & EASY TRANSMISSION LINE
SPEAKER DESIGN is a new booklet that is a
must for TL fans. It offers a step-by-step design
procedure that really works. All you need is a

calculator with a square root key, and imagina-
tion. There is also a computer diskette for use
with Lotus 123, and a 6 V5" 2-way TL project
called The Mini Monolith TL.

Q&ETLD is $8.95 postage paid.

ACOUSTA-STUF
ACOUSTA-STUF is absolutely the best sound
absorption fiber for transmission lines. You
should order one pound per cubic foot of
enclosure.

ACOUSTA-STUF costs $8.95 per pound, UPS paid.
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FOR A FREE CATALOG
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FREE
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including the 30uF cap in the notch filter,
are high-voltage Solen metallized polypro-
pylene, which have an extremely low equi-
valent series resistance (ESR). As Mr.
Campbell correctly notes, ESR is a source
of heating in the capacitor that may lead to
its destruction.

I asked Denis Oullet of Solen Electronique,
Inc., about the "ripple current" specification
of Solen’s capacitors. He didn’t provide such
a specification, but while we were on the
phone he measured a 30uF metallized
polypropylene capacitor for its ESR and dif-
ferential of frequency (df) performance with
a Stanford Research model SR720 LCR me-
ter. The measurements are as follows:

ESR df
100Hz 0.0046Q 0.00008
1,000Hz 0.0025Q 0.00045
10,000Hz 0.0023Q 0.0040
100,000Hz 0.0030Q 0.130

These ESR measurements confirm the desir-
ability of using metallized polypropylene ca-
pacitors to assure low ESR and high current
handling. Mr. Ouellet also affirmed that elec-
trolytic capacitors exhibit much higher ESR
and much poorer current handling capability
as a result.

Although [ was formerly unfamiliar with
the issue of "ripple current," |1 am satisfied 1
have nothing to worry about.

Randy Parker
Lancaster, PA 17601

CHAMBER MUSIC

When | read Walter D’ Ascenzo’s article "The
AR-1 Rejuvenated" (SB 2/82, p. 7), | never
expected to find myself with another AR
product, much less a 30-year-old one. How-
ever, | now am using a pair of AR-3a cabinets
as woofers. | have bypassed the internal cross-
over and am powering the 12" drivers directly
frommy Adcom 555. Can Mr.D’ Ascenzo tell
me if all of the modifications he describes are
necessary for operation with a cutoff at
18dB/octave at 100Hz? In particular, will the
chamber resonance he refers to be a factor in
my application? Thanks.

Les Winter, PE
New York, NY 10003

Walter D 'Ascenzo responds:

It does not surprise me that inquiries still
come in regarding the AR woofer system.
Whether you have the AR-3, the AR-3a, or the
AR-1 cabinet, the price of admission buys you
a well-made enclosure even if the drivers
themselves are no longer useful.

The AR [2" woofer, used in the AR-3a
speakers through to the AR-10pi speakers,
use the steel-frame driver with a vacuum-
formed cone and a natural-rubber half-roll
surround. These drivers have a low-reso-
nance, long-throw performance, but they are
plagued with surround aging in the form of
dry rot. Youcan replace either the woofers or
the surrounds.

My response to your enquiry is an em-
phatic yes, yes! It is vital that the woofer be
capable of reasonable performance well into
the midrange, and at a 100H= crossover you
will still get "bleed." The modifications I sug-
gest in my article should control resonances
and ringing, allowing the woofer to repro-

duce the lower midrange as accurately as
possible with low coloration. As a hobbyist,
free of the constraints manufacturers contend
with, you can fine-tune the sound of the woof-
ers 10 blend with the rest of your speakers. (Be
sure (0 do the tuning without the crossover,
as it is important to hear what you are doing.
The crossover will interfere with that effort )

The chamber resonance caused by the area
under the dust cap is one of the modification’s
most important features. For a home demon-
stration of the effect, just cup your hands over
your mouth and talk or sing.

Placement is another important issue. Cos-
metically, the subvvoofers should be hidden. For
the best sonics, place them next to your main

Do a Little Something
for Your Music’s Image

High Resolution Ribbon
Loudspeakers from
Newform Research.

Our new Ribbon technology
produces smooth, extended response,
excellent dispersion, good efficiency
and high {)urely resistive loads. The

result is superb speed and
soundstaging at mid-fi pricing.

Ribbon drivers (8", 15" and 30") are
available in pairs for the custom
installer and hobbyist.

Newform Ribbons require no
transformer. They are a pure resistive
load, mono-polar and have low
external magnetic fields. They are
ideal for home theatre. Call or write
for reviews, full information, prices
and the name of the authorized
audio specialist nearest you.

Model R8-2

$2495 per pair.
Dual 8" woofers
crossed over to
dual 15" Ribbons
at 900hz. Systems
start at $1095/pair.

in U.S.A. In Canada:
Newform Research Inc.

In Germany:
Zoller Hi-Fi GmbH

In ltaly:
ATD

203 Eggert Rd. P.O. Box 475  Feldheider Str. 42 via Plinio 43
Buffalo, NY Midland, Ont. 40699 Erkrath 20129 Milano
14215 L4R 413 Germany ltaly

1-716-871-1110  1-705-835-9000 02104-39123 02 29404487

International distributor and dealer inquiries welcome.

Reader Service #19
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VALVES/TUBES
FROM WEST EUROPE

Please note supplies to dealers,
manufactures and distributers only-
minimum export order £200GBP/$350

USD. Minimum UK order £50 plus VAT
u LIMITED STOCKS OF WEST EUROPEAN MADE
6LOGC, 12AT7, 12AU7, 12AX7, 211 GE, ECC81,
ECC82, ECC83, EL34, EL84, KT66, KT88, VT4C
by GEC, Mullard, Brimar, Tungsram etc. We
probably have the largest stocks of West Euro-
pean manufactured valves in the world.

mLow cosl, large volumes available from Rus-
sia/East European factories.

mOne million valves/tubes in stock including
cathode ray tubes, tube sockels elc.

m 3AMPIA C.RT. (for Marantz tuner) $36 USD
cach. 200 in stock. Discount for quantity.

Send today for our
updated audio valve catalogue.

Billington Export Ltd.

1E Gilmans Industrial Estate, Billingshurst,
Sussex RH14 9EZ, UK.

CALLERS STRICTLY BY
APPOINTMENT ONLY.
FAX: 0403 783519,
Telex 923492—TRAG
TEL 0403 784961

Reader Service #35

ELECTRONIC
COMPONENTS

Whether you order 1 part or
all 42,738...MOUSER stocks
and...ships same day!!

CALL...
SER (800) 992-9943
—-—-\ for your
FREE
CATALOG

2401 Hwy. 287 N.
Mansfield, TX 76063

MOUSER

ELECTRONICS

Sales & Stocking Locations Nationwide

Reader Service #30
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speakers and align them by time by lining up
the woofer voice coils with voice coils of the
drivers in your main speakers. The results will
more than repay the effort.

One final consideration: don't limit your-
self to the "magical" 100H= crossover. If you
can adjust the crossover point, experiment.
You may find that, in your system, another
crossover point will provide a more optimum
synergism with your main speakers. If you
can successfully lower the crossover point
below 80Hz, it will sound as if your main
speakers, not your woofers, are reproducing
the deep bass. The ploy is especially convinc-
ing ifyou can camouflage the woofers without
compromising performance.

High-end audiophiles please note. The Ad-
com 3535 power amplifier may cost far less
than your silver-plated, big-bucks amplifiers,
but it will impose an iron grip on good woof-
ers and fill out the bottom end without mush
or overhang. Happy POOGEing!

CUTTING EDGE

I found Bob Wayland’s article on materials
for speaker cabinets ("Wayland’s Wood-
working World," SB 3/93, p. 56) most inter-
esting, especially his tabulation of the
modulus of various panel materials.

I had been using particleboard for most of
my speaker projects but when I learned that
speaker builders favor MDF, I used it in my
latest project. | was delighted by its excellent
machine ability and its tendency rot to dull
saw blades. My subjective impression, how-
ever, is that it is not as stiff as particleboard.
Does MDF have a lower modulus?

. ]
David J. Meraner
Scotia, NY 12302

Bob Wayland responds:

You seem to raise two questions in your
letter, one overt and one covert. Let me
address your covert question first. The re-
mark | made about particleboard (PB) and
medium-density fiberboard (MDF) dulling
cutting tools quicker was in relation to the
effects on tools cutting solid wood. The
question you raise about the difference be-
tween the effects on tools of PB versus MDF
is considerably more complex, mainly be-
cause there are so many different types. If
you wish to establish the relationship for a
particular PB and MDF, I suggest that you
start with two identically sharp saw blades
and run a series of wear tests, one blade
cutting PB and the other cutting MDF.
Please let me know what you find.

1 did not provide a value for the modulus

of elasticity for PB because of its great vari-
ance. The American National Standard for
Wood Particleboard, ANSI A208.1, lists 15
grades of PB with moduli values between
80,000 and 500,000 psi. If you bought the PB
Sfrom a local lumberyard, it might be interior
grade floor underlayment PB, grade 1-M-1,
which has a modulus of 250,000 psi. My next
question has even more teeth in it. was the PB
manufactured to specification? Who knows?

B

Wood World
Continued from page 60

the frame will automatically be square. An-
other advantage is that only one clamp is
needed, a hand-screw clamp (Photo 8). Be
sure to make the jig out of a hardwood, such
as maple or oak, as the pressures can easily
split the comer blocks. Again, use wax paper
or soap to protect against stray glue.

RECAPITULATION

Clamping doesn’t have to be a Rube Gold-
berg adventure. KIS—keep it simple. Follow
one simple rule: Always assure the correct
uniform pressure on the glue surfaces. And
be willing to be inventive. )

A WORD TO
THE WISE . £

Your input is important to us!
Here are some tips to ensure you get the
attention you deserve:

B Include a self-addressed envelope
with a loose stamp (or postal cou-
pons if you live overseas) when-
ever you have a question you
would like answered.

& If you would like us to forward a
letter to an author, an envelope
with a stamp clipped to it will help
it reach its destination.

® Don't be misunderstood--a type-
written letter helps cut down on
errors.

@ Identify yourself! Always provide
us with your full name and address.

@ Give us the goods on that author. We
want to know who wrote the article
you have so many questions/com-
ments about. (In fact, the more infor-
mation you can give us about the
article, the more it helps us.)

Don’t forget to write!




ACT AUDIO GIVES GOOD SOUND! Com-
puter analysis of your listening room. Send
SASE for details. ACT AUDIO, 619 Moon Clin-
ton Rd., Coraopolis, PA 15108. T4/94

STATE OF THE ART PASSIVE CROSSOVERS
AND COMPONENTS. Custom coil winding our
specialty. Free Design Guide. ALLPASS TECH-
NOLOGIES, PO Box 453, Amityville, NY 11701,
(516) 598-1320. T8/94

ELECTROSTATIC parts, supplies, exotic cir-
cuits. Free catalog. DAVID LUCAS, INC., 924
Hulton Rd., Oakmont, PA 15139, (412) 828-

Classified

ACT AUDIO COMPUTER SYSTEMS. Custom
configurations for your design needs. Lowest
prices. Ship anywhere in USA. Send your wish
list, we send quote. ACT AUDIO COMPUTER
SYSTEMS, 619 Moon Clinton Rd., Coraopolis,
PA 15108, FAX (412) 264-0677. T4/94

MONARCHY DAC, $695 w/bal out; level 1 MOD,
$259 ($159 kit); Digital cable, $75; 2-way monitor
w/Accuton tweeter, $1,795 ($1,195 kit); Room
Acoustics Handbook, $14.95. MACH 1 ACOUS-
TICS, RR2 Box 334A, Wilton, NH 03086, (603)
654-9826. T1/94

HAFLER HEADQUARTERS IN PENNSYLVA-
NIA! Featuring the highly rated TransNova
Power Amplifiers (Stereophile Class B), new
FET preamplifiers; professional power amps
with balanced inputs. Free shipping. Call or
write. AUDIO ARTS, RD 2, Wernersville, PA

WORLD'S LARGEST SELECTION! Home, Auto
and Pro Speakers, parts and reconing services,
200 pages! $10 (refundable), Visa/MC, $12. TRI-
STATE LOUDSPEAKER, 650 Franklin,
Aliquippa, PA 15001, (412) 375-9203. T5/94

MULTITAP AIRCORE COILS! A 10tap coil has
55 values available via an 11 position barrier
block (0-1, 0-10, 1-2, 1-10). A 20tap has 210. A
20mH 20tap has increments of 1mH 1%. The
values range from .03mH (19-20) to 20mH (0-
20). It can be used to breadboard crossovers
from 65hz to 40khz! 10GA: 20mH .68DCR
20TAP $175; 10TAP $135; 10mH .44DCR
10TAP $123; 5mH .30DCR 10TAP $85. 12GA:
2mH .26DCR 20TAP $110; 10TAP $70; 1mH
.18DCR 10TAP $65. CUSTOM VALUES AND
INCREMENTS NO PROBLEM. Send check or
money order to; KIM GIRARDIN, Box 1181, Wi-
nona, MN, 55987. Wiill ship freight collect.

1967, FAX (412) 828-0422. T1/94 19565, (215) 693-6740. T3/94 T2/94
SPEAKER BUILDER CLASSIFIED ORDER FORM
PLEASE PRINT IN CLEAR BLOCK LETTERS OR TYPE. SPELL OUT EACH WORD. NO ABBREVIATIONS.
1 2 3 4 [ 6 7 8 9 10
1" 12 13 14 15 16 17 18 19 20
21 2 2 24 25 2% 27 28 2 30
K]l R kX] k2] 35 36 7 38 39 40
41 42 43 44 45 46 47 48 49 50
4 For Sale U Wanted U Trade, indicate number of insertions
For Sale ads are to sell personal equipment or supplies. Wanted ads  Please chargetomy DISCOVER  UMASTERCARD  VISA:
are to find supplies, equipment or services. Both are "not for profit” ads
CARDNUMBER TEXP.OATE

and will only run once unless they are resubmitted. Trade ads are for
any business or private party selling something for a profit.

Ad copy: A word is any collection of letters or numbers with a space
on either side. lllegible ads will be discarded.

Price: All ads are $1.50 per word. Deduct 5% on a 8X contractfor Trade
ads. Ten dollar minimum per insertion. Payment must accompany ad.

No billing.

Subscribers receive free For sale and Wanted ads up to 50 words; .20
each additional word. Only one ad per category, per issue.

Please include your name, address and telephone number.

UCheck/Money Order Enclosed

Subscription Account Number: AD D D D D D D

NAME

COMPANY

STREET & NO

Ty

st R
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MYLAR FILM 12 mil, genuine DuPont, 48" wide,
$1 per running foot; also ESL transformers.
ROGER SANDERS, R1, Box 125, Halfway, OR
97834, (503) 742-7640. T1/94

CONTROL CABINET VIBRATIONS AT THE
SOURCE: specially designed high-density
speaker gasket material that is D-E-A-D. Stays
resilient, adhesive backed. One roll 145" x 12"
x 100", $48.00 MEADOWLARK AUDIO, (619)
598-3763. T1/94

Polypropylene caps, 4MFD 200V Rel-Cap,
$7/10, 6MFD 200V Rel-Cap, $12.50/10; 8MFD
200V Ultra-Cap, $15/10. Choke, 4.75mH,
$1.50/ea. Resistors, 15Q, 225W dummy load,
$3.95/ea., plus shipping. SASE for list of other
items. Steve Slater, 3045 Orange Ave., LaCres-
centa, CA 91214, (818) 248- 0416.

JBL L100 Century speakers, 12" three ways, com-
ponents are in excellent condition, cabinets are
good, $500 for pair or best offer. (805) 392-9575.

AudioControl Industrial SA3050A v4-octave real
time analyzer and calibrated mike, new, used
twice, in box, $825, save $175. John (602) 732-
3044 work, (602) 759-7112 home.

All new Dynaudio 24W-75, $55; Eton 11-580,
$200; Cabasse TW-5, $350; Focal 10V516J,
$110. Al 8. Chris (510) 887-8546.

AVAILABLE NOW!

TC SOUNDS makes no-compromise drivers with
linear motor-structures (underhung), high-compli-
ance linear mechanical systems, and stiff lightweight
composite diaphragms. Individual T/S-parameters
for 87, 10", 12", 15" (5.5” & 18" soon). Call (619)
622-1212, or FAX (619) 622-9293.

Audio Catalog #1—The personal library of the late
Donald Aldous, previous editor of Hi-Fi News
magazine, comprising hundreds of rare and out
of print books pertaining to early audio and vac-
uum tube technology. Many are written by noted
authors such as Olson, Crowhurst, Briggs, Moir,
Babani and McLachian. Also included are many
catalogs, magazines and ephemera. For catalog,
please send $2 (US) or $4 (Foreign) to: New
Wireless Pioneers, PO Box 398, Eima, NY 14059
USA, Phone/Fax: (716) 681-3186.

California Audio Delta CD transport and remote,
best unit under $1,000, very low hours, absolute
mint condition, original manuat and shipping car-
ton, why pay retail ($799), your cost $550. Har-
man-Kardon Citation 11, 5 band frequency
equalizer/preamp, $75, needs work on one chan-
nel. Split shipping, 1-800-227-6121, 9-5 (CT).
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Viking 85 tape deck, 3%, and 715; $25. General
Radio BFO Model 1304-B, needs tuning knob,
otherwise near mint, $100. AD-YU Phase Meter
Type 405, needs work, $15. Systron RDB
Counter Model 1304, lots of nixies, $40. Ballan-
tine VTVM Model 300, $25. Heathkit VTVM
Model IM-11, no handle, $20. McIntosh MC-250,
$200. Heathkit FM stereo generator, Model 1G-
37, with manual, needs alignment, $25. Dynaco
PAT-4 preamplifier, $150. Dyna PAS Stereo Cost
Cutters kit parts, chassis, front panel, transform-
ers, controls, boards, and some other parts,
$125. Pair of AR 4x speakers, $100. Bernoulli
Box CDS-PC 20 by lomega, only $10. Or make
an offer for the whole mess. You pay shipping or
if close enough, I'll drop it off. J. Curtis, (715)
341-5880.

REPRINTS

are available for articles,
reviews, and advertisements.

Call today for details.
1-800-524-9464.

Seck MK I, 18 channel recording console with
power supply and case, $1,700; Whirwind 100’
snake, 18 channel, $200; two Biamp EO-230 15
band 2/3 octave graphic equalizers, $200/ea.;
three-way P.A. speaker system set up for biamped
operation, four cabinet system, very smooth and
defined. Components include: JBL 15" woofers, 7
Audax pro mids and EV-ST350 tweeters. Passive
crossovers at 5K, fourth-order LR crossover from
300-800Hz range, $1,600. Call John Del Signore,
(518) 692-8282.

Beautiful three-way horn loaded loudspeakers
112" thick birch veneer cabinets, look and sound
like Klipsch Lascalas, $850 or best offer. Adcom
GFP-555, mint condition, $325 or best offer. Pete
Groth, 384 Trestle Lane, Clinton Comers, NY
12514, (914) 2664183, 6-9 p.m. (EST).

ORCA Prototype, custom two-way 17NDLB/C2-
22 walnut cabinet with carbon loaded baffle out-
board crossover by D'Appolito, $850. Call John
(818) 707-1629.

Velodyne VLD 15-11 subwoofer, mint, $990.
New Sony DTC-M100 SemiPro DAT recorders,
$500. Power Amplifiers: New Hafler XL600s
and two SoundCraftsman 200W. Sony
CDP707ESD CD Player, $750; six new
EVM15B Il 15", $150; Altec 418A 15", $185;
Kenwood 5300 tuner, $85; Thorens w/Rabco,
15" woofers from '30s/'40s Voice-of-the-Thea-
ter. One lot Club/Disco stage lighting equip-
ment, offer? Test Equipment: Tektronix
Oscilloscopes—531A and 453; much other test
equipment, parts, etc. Lot PC Compatible com-
puter equipment and parts. Will fax/send list on
request. John (602) 553-8207, or leave voice-
mail message.

LMS 3.05 complete speaker testing system. PC
card, mike, manual, $1,000. Fax or phone New-
form Research (705) 835-9000.

Harman-Kardon 725 preamp; pair of 775
"High-Current" mono-block amps (100Wi/ch),
need minor repairs. All three for $100 plus
UPS. Onkyo A10 integrated amp (85W/ch),
needs minor repair, $50 plus UPS. (414) 242-
5502.

NAD 2600 power amp 150 WPC 500W bridged,
soft clipping input level control, $350; Speakeriab
K-Horn bass section with Marchand Electronic
Crossover, $375/pr. (San Francisco Bay area
only); Van Alstine Super PAS [l vacuum tube
preamp, wood cabinet, extra two 12AX7 (5751),
four chinese 12AX7, one 12 x 4, $325. All plus
shipping. (415) 768-1294.

Focal Satellites, pro built cabinet, 114" MDF,
black with grilles, black hole treatment inside,
external crossover in own box, gold posts, 70—
20kHz +2 dB woofer 5-K013 L tweeter T 120-K
with rear chamber and impedance compensa-
tion. Below cost! $350 US or $450 CAN. Elec-
tronic crossover three-way stereo balanced XLR
in/out separate gain for all bands, 50-500
Hz\750-7.5 kHz. Mono sub out, phase switch
rack mount A-1, $265 US or $360 CAN. Call
Andrew (514) 281-7954.

Back Issues Of
VOICE COIL
ARE AVAILABLE!

All back issues of Voice Coil are
available from the first issue pub-
lished in November 1987. These
may be purchased for $5 for each
single issue or a one-year set may
be purchased for $40 postpaid.

Send check
with dates of issues desired to:
VOICE COIL
PO Box 176
Peterborough, NH 03458-0176

MC/VISA phone orders:
(603)924-9464; FAX (603)924-9467

A75 matched MOSFETS are not available
through Old Colony or Pass Laboratories. I'm
willing to supply these parts if sufficient number
of people are interested. Quantity purchase and
matching result in cost savings passed on to you.
Anyone interested please contact Nick Mas-
trobouno, 2086 Lakeshore, Sarnia ON N7T 7H6,
(519) 542-0964.

VTL Deluxe 300W monoblock tube amplifiers,
mint, $2,400; Perreaux 2150B 200W stereo am-
plifier, asking $400; Magneplaner MG-3 speaker
system, asking $500; two Entec SW-1 subwoofer
cabinets, asking $400; two Hifonics 250W car
power amplifiers, asking $75/ea.; two Sound-
stream 10" car subwoofers, asking $35/ea.,
never been used. Ashby (305) 475-5225.

Hafler IRIS remote controlled preamp, $395;
Hafler DH-500 power amp, $395. Randy (717)
898-3085.




Pair Accuton C277, $230; B&K EX-442 amplifier,
latest version, $650, Rane ME60 13-octave EQ,
$425; Pair Marchand XM-9 crossovers with
power supply, $125. Must sell all of the above!
Jerry (601) 264-6971

Drivers: University C-15W woofers, $170/pr.; C-
15HC woofers, $180/pr.; University 312, $75/ea.;
HF-206 tweeters, $85/pr.; 4401 tweeters, $60/pr.;
N-2A crossovers, $50/pr.; N-2B crossovers,
$45/pr.; N-3 crossovers, $70/pr; T-203W Spheri-
con tweeters, N.O.S., $70/pr. Sell all $700.
UPS/Surface, continental US, free. Tom (910)
885-9436; FAX (910) 885-2883.

Electronic
by
ACE AUDIO CO.
- est. 1973 -
RD3 Box 351
Homer City, PA 15748
write for free flyer

Crossovers

4" 6.5", 8" woofers from AR, Peerless, Radio
Shack, crossover parts, coils, capacitors. For
lists: George (216) 581-6707 (W) or write: 5095
Boulder Creek Drive, Solon, OH 44139,

Amplifiers: Dynaco stereo 70 with polypro caps,
$150; Harman-Kardon Citation 12, unknown con-
dition, $50; HH Scott Model 250 mono, excellent
condition, $50; Dynaco modified PAT-5, $50. All
plus shipping. Lou Garner, 1400 S Valley View,
#2004, Las Vegas, NV 89102.

JBL 2426 horn drivers, $250/pr.; 2307/2308
hornflens assembly, $150/pr.; 2402 bullet tweet-
ers, Alnico, $180/pr.; 2202 12" woofers,
$225/pr.; "baby cheek” horns for 1” drivers,
$150/pr.; 4612 OK monitor speakers,
$500/pr.; single 4660 defined coverage
speaker system, $450; Altec 411-8A, $375/pr.
David (914) 688-5024.

Sony TA-E1000ESD DSP Preamp: Parametric
EQ, Dynamics control and surround (incl. Pro-
Logic) processed digitally. 10 soundfields, 12
inputs (A & V switched), optical and coax digital
and S-VHS connections. 5CH outs plus 80Hz
subwoofer out. Learning remote. Brushed black
finish, wood sides, $900 plus shipping. Ray (402)
466-2920 after 10 p.m. (CST).

Powervar Mode! ABC 1300-11 three-stage torroi-
dal power conditioner with common mode Pi filter,
594" x 998" x 131%", 39V4 # unit. L.N., $125;
Tripp/Lite Powerverter Model PV-500FC 12V DC,
input=120 V AC, output @ 500W. Cost ($354),
$125 firm. Ballantine Labs 8300 series Digital Panel
Meter, Model 8301B-03, option A27, $25; pair Fo-
cal 7N313 mids, $75. (708) 425-6719.

Marantz 250M power amp, $235; Aperture Intercon-
nects (AudioLink): three - 1 meter and two -2 meter,
$40/all 5; Advent 101 Dolby unit, $25; one Philips
AD0162 T8 tweeter, $12; one Philips ADS060 SQ8
Mid, $15. (414) 458-2057, (4-8 p.m. CST).

DBX 3BX Il Range Expander, mint condition,
$250.; Egg crate foam, 15" x 15" and 12" to 34"
thick, for lining speaker cabinets, $2.50/sheet
plus shipping. Nick (209) 583-6511 (PST).

Matching pair of vintage KEF speakers Model K-2
Celeste MK II's, made in England, sold by Radio
People Ltd. Kowloon Hong Kong with matching
serial numbers, size 6142 x 18 x 11 collector units,
in good shape, sound fine, clean, rare, perfect,
call now, $225. | pay shipping. (305) 931-7131.

One pair Focal 5K413, $100; one pair of MB
Quart MCD-25M, $50. Both good condition, mod-
erate usage. Larry (214) 226-9017, M—F, 1-9.
Will pay shipping.

Carver C-16 Sonic Holography preamp, mint condi-
tion, $400. One pair of Walls Audio Monitor Speakers
with stands, $450 or trade for extemal phone stage
amp. Len (410) 247-9581.

Altec studio monitors #9846, has 411 woofers, 511
horns, 806 divers, $750/pr. (will part out), #9849
cabinets, 12" + horn, $550/pr.; empty 9849 cabi-
nets, $100/pr.; extra pairs 802, 806, 807, 902, 908,
32C horns, 1500Hz and 800 Hz crossovers and
more. Trades possible. David (914) 688-5024.

Mcintosh 2002, 200wpc amp, mint, $1,200;
Carver S7+ mono amps, 575wpc, mint, $1,200;
Soundcraftsmen PP4 205wpc amp, mint, $450;
Hamman-Kardon Citation 12 60wpc amp, excel-
lent, $200; Eclipse 1250 12" woofers, $15/ea.
Paul (914) 528-1510.

Advanced Akustic Compact Monitors from kit
with Dynaudio 17W75 woofers and D-28AF
tweeters. Worked flawlessly until a child poked in
the tweeters. $100 includes COD shipping. SSI
3000 dolby pro-logic processor. Remote and
amps for rear channels. Used one year, fine
shape, $110 includes COD shipping. Larry Ras-
mussen (206) 435-5263.

- Are
" You
Moving?

Please send us your NEW

ST

W

(L SIS NERE Ry < .  SASE TGN T e

address at least four weeks |
in advance. ,.
Thank you. i‘

e :

Infoormation on Karlson loudspeaker products
and related items. Also Transylvania Power
Corp. products. | would consider purchasing 8"
and 10" "ULTRA FIDELITY ENCLOSURES" and
Transylvania products. Would like to correspond
with anyone doing Karison related design work.
David A. Young, PO Box 87, Blockhouse, Nova
Scotia, Canada, BOJ 1EQ. (902) 624-8008.

VOICE i COIL

THE NEWSLETTER FOR THE LOUDSPEAKER INDUSTAY

The Newsletter
for the
Loudspeaker Industry

Voice Coil is the monthly newsletter for
the loudspeaker industry. Published on the
20th of cach month and mailed first-class, it
is onc of the fastest and easiest ways for
loudspeaker people to keep up with their
ever-changing. fast-growing industry. Most
experts agree editor Vance Dickason is a
world class authority on the technology and
significant news and advances happening in
loudspeakers today.

ey

| OICERCOIL

Reliable, practical information about the
major changes in the loudspeaker industry is
the primary priority. Published since 1987
Voice Coil is a collection of information from
and about loudspeaker and peripheral manu-
facturers. It represents the most up-to-date
information and developments and delivers
them to you—FAST!

Each issue features new products, new
patents, product reports, reviews of all the
new computer aided design and test software,
meeting highlights and much more.

It will be the very rare issue where you
won’t find something you didn’t know.

YES, start my subscription to VOICE COIL
D Two years @ $90 (24 issues)

D One year @ $50 (12 issues)

Remit in US$ drawn on a US bank. Rates subject to

DISCOVERMCMSA NUMBER EXP DATE
NAME T T
STREET&NO
o T STATE 2P

Voice Coil

PO Box 176, Dept. B94
Peterborough, NH 03458-0176
(603)924-9464 FAX (603)924-9467

Answering machine for credit card orders ong:
before 9:00 a.m., after 4:00 p.m. and weekends.
Have all information plus MC/VISA available.
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TWO WAYS

to get the
products,
services and
information
you need
from our
advertisers!

I CALL OR FAX .
and be sure to tell them you saw
their ad in Speaker Builder.

Some even offer special discounts
to our readers!

E FILL OUT THE CARD. . .
Nearly every advertisement has a
corresponding reader service num-
ber. Use the reader service card in
this issue to request more informa-
tion. Please mail all cards within 60
days of receipt of magazine.

Used vifa, Dynaudio, Focal drive units at reason-
able prices. Richard Glenn (617) 493-3158.

Caltech Music Lab needs gifts of several pairs
of Quad ELS (original electrostat, not ESL-63)
never overvoltaged. James Boyk (818) 395-
4590, Fax (310) 470-9140.

One Focal 10V516 woofer. Jim (708) 425-6719.

This publication
1s available

in microform
from University
Microfilms
International.

Call toll-free 800-521-3044. In Michigan,

Alaska and Hawaii call collect 313-761-4700, Or
mail ing to: University Microfilms International,
300 North b Road. Ann Arbor, Ml 48106.

Sumo Delilah crossover or Bryston 10 b or better.
Call Andrew (514) 281- 7954.

DeCoursey crossover cards. Prefer 65Hz 18dB,
100 Hz, 18dB, 400 Hz, 18dB, 2200, 18dB. May
be interested in other values; Mod Squad passive
line drive age for $100; one Focal 8” mid woofer
8K515; two Focal 8” 8K516 mid woofers. Also
source for MU metal. Call after 4 p.m. (CT) Char-
les, (901) 386-1121 (TN).

Manual or any information on Weston Model 785
Circuit Tester, about 30 years old. Will pay costs
of copying, postage. Bill /o Jaffa, PO 543,
Sharon, MA 02067, (617) 461-3821.
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Teac reel to reel. Desire model from following:
X-200, X-300, X-300R, X- 2000M, X-2000R. Also
seek a revolver turntable with standard toneam.
Larry (214) 226-9017. M—F, 1-9.

WANTED: SPEAKER AND AUDIO AMA-
TEURS INTHE BRADENTON/SARASOTA/ST.
PETERSBURG/TAMPA, FLORIDA AREAS.
Would like to form a club and develop a lab for
testing speakers/amps/preamps and passive
and active crossovers or just to discuss speaker
projects and ideas with. Angel Rivera, Bradenton,
FL (813) 792-3870.

WANTED: PRO-SOUND HOBBYISTS OR CUR-
RENT EMPLOYEES IN SOUND REINFORCE-
MENT FIELD to correspond with USAF
serviceman in England. Looking for equipment
sources and contact with anyone who has a pas-
sion for quality reproduction of live music. Rick
Diaz, PSC 41, Box 6912, APO AE, 09464.

ELECTROSTATIC LOUDSPEAKER USERS
GROUP is now a world-wide network for those
interested in sharing valuable theory, design,
construction, and parts source information. If
you are interested in building, or have built, your
own SOTA ESL we invite you to join our loose-
knit organization. For information, send a SASE
to: Barry Waldron, 1847 Country Club Dr., Plac-
erville, CA 95667.

MONTREAL SPEAKER BUILDER CLUB Meets
when it can. BYOB, discussions range from
speaker design and testing to equipment modifica-
tion. All welcome, contact Jeanne Mance, Mont-
real, Que, H2V 4J5 (514) 281-7954.

THE CATSKILL AND ADIRONDACK AUDIO
SOCIETY invites you to our informal meeting. Join
our friendly group of audio enthusiasts as we dis-
cuss life, the universe and everything! Tubers,
Transistors, vinyl canyons or digital dots. No matter
what your level of interest, experience, or prefer-
ences, you are welcome. Contact CAAS at (518)
756-9894 (leave message), or write CAAS, PO
Box 144, Hannacroix, NY 12087. See you soon!

ALLPERSONSINTERESTED INSTARTINGAN
AUDIO/SPEAKER BUILDER CLUB IN THE
SOUTHWEST MISSOURI—NORTHWEST AR-
KANSAS AREA, please send your name, ad-
dress, phone number and something about
yourself to: Greg McKinney, 900 S. Roanoke,
Apt. #2, Springfield, MO 65806.

AUDIOPHILES IN THE DAYTON/SPRING-
FIELD, OHIO AREA: We are forming an audio
club. Please contact me if you're interested in
construction, modifications, testing, recording or
just plain listening to music. Ken Beers, 1756 Hilt
Rd., Yellow Springs, OH 45387, (513) 767-1457.

TUBE AUDIO ENTHUSIASTS. Northern Cali-
fornia club meets every other month. For next
meeting announcement send a self-addressed,
stamped #10 envelope to Tim Eding, PO Box
611662, San Jose, CA 95161.

THOSE INTERESTED IN AUDIO and speaker
buildingin the Knoxville-East Tennessee areaplease
contact Bob Wright, 7344 Toxaway Dr., Knoxville, TN
37909-2452, (615) 691-1668 after 6 p.m.

Four types of
Classified Advertising
are available in
Speaker Builder:

FOR SALE: For readers to sell

personal equipment or supplies.

WANTED: Help readers find
equipment 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 for-
get, 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 number
of insertions. Payment MUST accom-
pany ad. No billing for word class:fied
advertising.

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

SUBSCRIBERS

Receive free For Sale, Wanted, and
Club advertising; 50 words maximum;
each additional word just $.20. Please
only one ad per category, per issue.
Please include your name, address,
and telephone number. If TRADE
please indicate number of insertions
on the ad. All free ads are run only
once, then discarded. Ad questions,
copy and copy changes cannot and will
not be answered on the phone. All
correspondence must be in writing ad-
dressed to:

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




NEW JERSEY AUDIO SOCIETY meets
monthly. Emphasis is on construction and modi-
fication of electronics and speakers. Dues in-
cludes monthly newsletter with high-end news,
construction articles, analysis of commercial cir-
cuits, etc. Meetings are devoted to listening to
records and CDs, comparing and A-Bing equip-
ment. New members welcome. Contact Frank J.
Alles, (908) 424-0463, 209 Second St., Middle-
sex, NJ 08846; or contact Bob Young, (908)
381-6269, or Bob Clark, (908) 647-0194.

SOUTHEASTERN MICHIGAN WOOFER
AND TWEETER MARCHING SOCIETY
(SMWTMS). Detroit area audio construction club.
Meetings every two months featuring serious
lectures, design analyses, digita! audio, A—B lis-
tening tests, equipment clinics, recording studio
visits, and audio fun. The club journal is LC, The
SMWTMS Network. Corresponding member's
subscription available. Call (313) 544-8453 or
write David Carlstrom, SMWTMS, PO Box
721464, Berkley, M| 48072-0464.

You DonT Neep A

Bounty HUNTER

to track down
the latest
Speaker Builder

They can be found at:

Audio Lab Zalytron Industries
5269-2 Buford Hwy. 469 Jericho Tumpike
Doraville, GA Mineola, NY
Sound Designs Cody Books, Ltd.
1242 Fascination Circle  Blaine, WA
El Sobrante, CA
Parts Express Egyetti Ltd.
J0E. st St. 1st FI, Chung Shan BId. 13
Dayton, OH Chung Shan North Rd.
Taipei
TAIWAN

Also available at selected
Tower Record stores.

If you prefer home delivery, use
the handy subscription form en-
closed.

ARIZONA AUDIOPHILE SOCIETY Located in
Metropolitan Phoenix is a growing and active club
in the pursuit and reproduction of recorded music.
New members are welcome. Meetings are last
Tuesday of each month. Receive monthly newslet-
ter and biannual joumnal. Club discounts with local
high- end audio dealers. Send inquiry to Arizona
Audiophile Society, PO Box 13058, Scottsdale, AZ
85267, or call Bob Williams, (602) 944-5929.

PACIFICNORTHWEST AUDIO SOCIETY
(PAS) consists of 60 audio enthusiasts meeting
monthly, second Wednesdays, 7:30-9:30 p.m. at
4545 Island Crest Way, Mercer Island, WA. Be
our guest, write Box 435, Mercer Island, WA
98040 or call Bob McDonald, (206) 232-8130 or
Nick Daniggelis, (206) 323- 6196.

THE COLORADO AUDIO SOCIETY is a group
of audio enthusiasts dedicated to the pursuit of
music and audiophile arts in the Rocky Mountain
region. We offer a comprehensive annualjournal,
five bimonthly newsletters, plus participation in
meetings and lectures. For more information,
send SASE to: CAS, 11685 W 22nd St., Lake-
wood, CO 80215, (303) 231-9978.

AUDIO SOCIETY OF MINNESOTA Now in its
15th consecutive year! Serving the many and
varied interests of audiophiles in the upper mid-
west. Monthly meetings, tours, audiophile con-
certs, special guests. For information and a
sample of our latest newsletter, write ASM, PO
Box 32293, Fridley, MN 55432 or call our 24
hour "Audio Hotline,” (612) 825-6806.

LONDON LIVE D.LY. HI-FI CIRCLE meets quar-
terly in London, England. Our overall agenda is a
broad one, having anything to do with any aspect
of audio design and construction. We welcome
everyone, from novice to expert. For information
contact Brian Stenning, 081-748-7489.

THE ATLANTA AUDIO SOCIETY is dedicated
to furnishing pleasure and education for people
with a common interest in fine music and audio
equipment. Monthly meetings often feature
guest speakers from the audio manufacturing
and recording industry. Members receive a
monthly newsletter. Call: Chuck Bruce, (404)
876-5659, or Eddie Carter, (404) 847-9296, or
write: ALA.S., 4266 Roswell Rd. N.E., K-4, At-
lanta, GA 30342-3738.

IF YOU ARE AN "ORGAN MUSIC LOVER" and
like to test your audio system, SFORZANDO has
room for a few more members. We have aboutthree
thousand "Live,” on-the-spot cassette tapes that are
not available in the stores. We are happy to lend them
to you via the mait. Just ask EA Rawlings, 5411
Bocage St., Montreal, Canada, H4J 1A2.

THE BOSTON AUDIO SOCIETY the nation's
oldest (founded 1972), seeks new members.
Dues includes the monthly meeting notice and
our newsletter, the BAS Speaker (6 times/year).
Recentissues cover Carver, a/d/s; the founder of
Tech Hi-Fi; Photo CD; plus visits from famous
speaker designers, listening tests; measurement
clinics; research investigations; and more. Back
volumes available. Membership includes engi-
neers, journalists, consultants, and music-loving
audiophiles like yourself. For information write to
PO Box 211, Boston, MA 02126-0002, USA.

THE INLAND EMPIRE AUDIO SOCIETY
(soon to become) THE SOUTHERN CALI-
FORNIA AUDIO SOCIETY—SCAS is now
inviting audiophiles from all areas of South-
ern California and abroad to join our seri-
ous pursuit for that elusive sonic truth
through our meetings and the IEAS’ official
speaker, The Reference Newsletter. For
information write or call, Frank Manrique,
President, 1219 Fulbright Ave., Redlands,
CA 92373. (714) 793-9209.

PIEDMONT AUDIO SOCIETY Audio club in the
Raleigh, Durham, and Chapel Hill area is meet-
ing monthly to listen to music, demonstrate
owner-built and modified equipment, and ex-
change views and ideas on electronics and
speaker construction. Tube and solid state
electronics are of interest and all levels of expe-
rience are welcome. Kevin Carter, 1004 Olive
Chapel Rd., Apex, NC 27502, (919) 387-0911.

Premium Parts & Accessories
The largest selection of audiophile capacitors,
tesistors, connectors, chassis wires in North
America. MIT MultiCaps, Wonder Caps-solder-wire,
SCR, Solen cap, Rel-Cap: Vishay, Holco, Caddock,
Mills, Resista resistors: MIT, CARDAS, KIMBER, &
silver chassis wires, custom cables & terminations:
all types of audio connectors and adaptors: silver
contact toggle, rotary switches & stepped attenuator
kits. PMI BUF-03's (kit too!). Hubbell hospital grade
plugs & outlets. Tubes, feet, damping sheets &
compounds, tools and many accessories. Extensive
inventory - no delays, good prices and good service!

Phone (415) 669-7181 or fax 669-7558 for a caralog.
Michacl Percy, Box 526, Inverncss, CA 94937

CONNECTICUT AUDIO SOCIETY is an ac-
tive and growing club with activities covering
many facets of audio—including construction,
subjective testing, and tours of local manufac-
turers. New members are always welcome.
For a copy of our current newsletter and an
invitation to our next meeting, write to: Richard
Thompson, 129 Newgate Rd., E. Granby, CT
06026, (203) 653-7873.

NORTHERN VIRGINIA BUSINESS CLUB. | am
interested in turning my speaker building inter-
ests into a profitable business. So I'm organizing
this Business Club to attract other Speaker
Builder Entrepreneurs with the same interests.
Call Frank Troy (703) 912-8226, M—F, 7:30 a.m.
to 4:30 p.m.
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THE WESTERN NEW YORK Audio Society
is an active, long-established club located
in the Buffalo area. We issue a newsletter
and hold meetings the first Tuesday of
every month. Our meetings attract many
prominent manufacturers of audio related
equipment. We are involved in all facets of
audio—from building/modifying to expo-
sure to the newest high-end gear, and the
chance to hear more types of music. For
information regarding our society, please
write to WNY Audio Society, PO Box 312,
N. Tonawanda, NY 14120.

WANTE

AUDIO CLUB
MEMBERS

(Good singing voice not required)

Learn about the latest equip-
ment. techniques and record-
ings through group meetings.
tours and newsletters. Ask
questions. Share viewpoints
and experiences. Have fun!

If there’'s no club in your area.
why not start one? Our club
ads are {ree up to 75 words
($.20 per word thereafter).
Copy must be provided by a
designated officer of the club
or society who will keep it
current.

ESL BUILDERS GROUP is a new address for
people who have built or want to build ELECTRO-
STATIC LOUDSPEAKERS and ASSOCIATED
(TUBE) DRIVERS, or are just interested. We will
concentrate on ESL-related building projects but
also look at the theoretical aspects of acoustics and
electronics. Interested? An answer is ensured, if
youinclude some kind of compensation for postage
and handling. Write to: Gunter Roehricht, Buhler
STR.21, 7030 Béblingen, Germany.

THE PRAIRIE STATE AUDIO CONSTRUCTION
SOCIETY (PSACS), meets every other month.
Meetings feature audio construction, design, and
analyses, blind listening tests, equipment clinics,
autosound, lectures from manufacturers and re-
viewers. PSACS, PO Box 482, Cary, IL 60013, call
Tom, (708) 248-3377 days, (708) 516-0170 eves.

WEST VALLEY AUDIO SOCIETY. We are
starting a group interested in all aspects of high
perfomance audio. West San Fernando Vailey,
CA. Contact Barry (818) 225-1341.
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WASHINGTON AREA AUDIO SOCIETY Meet-
ings are held every two weeks, on Fridays from
19:00 hours to 21:30 hours at the Charles Barrett
Elementary School in the city of Alexandria, Va.
Prospective members are welcome but must reg-
ister in advance in order to be admitted to the
meetings. No exceptions please. If interested
please call Horace Vignale, (703) 578- 4929.

DO YOU LIVE NEAR LAWRENCE KANSAS? |
am a student at the University of Kansas looking
for other speaker builders within driving distance. |
would like to exchange ideas and listen to other
homebrew systems. Michael Marmor, 1520 Lynch
Court#2, Lawrence, KS 66044, (913) 843-8993.

HI-FI COLLECTOR/HOBBYIST seeks "living
letters"/audio pen pals from other states to cor-
respond via reel-to-reel tape. Non commercial
strictly; make up short monologues on subjects
from vintage technology, with regional FM ex-
cerpts for background or equipment samples,
from personal tales of yard sales scavenging
success, repair/restoration tactics and strate-
gies, favorite service centers, general ways to
handle the burgeoning obsession with arcane
hi-fi gear. All correspondence on 3", 5", 7" reels
(Va" tape) will be cheerfully answered and tapes
returned via parcel post. James Addison, 171
Hartford Rd., Apt. #7, New Britain, CT 06053.

THE LOS ANGELES AREA LOUDSPEAKERS
DESIGNERS GROUP If you're just starting out or
an experienced builder and would like to share
ideas on speaker design and listen to each
other's latest creations, give us a call. Geoffrey
(213) 965-0449, Edward (310) 395-5196.

The exciting. illustrated review
magazine of classical music
recordings and high-fi gear

=
Sl Guaranteed you're gonna like it!
> 2nd Anniversary Special
Six 1ssues. $15. Remut: CD Digest.

Box 192, Ringwood, NJ 07456
MEMPHIS AREA AUDIO SOCIETY being formed.
Serious audiophiles contact J.J. McBride, 8182
Wind Valley Cove, Memphis, TN 38125, (901)
756-6831.

Sorry, no credit cards

this ofter

THE HI-FI CLUB of Cape Town in South Africa
sends a monthly newsletter to its members and
world-wide subscribers. To receive an evalu-
ation copy of our current newsletter, write to: PO
Box 18262, Wynberg 7824, South Africa. We'll
be very pleased to hear from you.
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Look no further than Parts Express for your speaker
a r t s building needs. We offer some of the finest acces-

sories available at very reasonable prices. We stock
x ress every item we advertise and most orders are
shipped within 24 hours of order placement. Our

International InC._ o hnjcal support staff can help you select the best

drivers for your particular application, choose

suitable enclosure volumes and even calculate cross-

. over values. The best part is that this advice is free.

So call now for your copy of our free 172 page -

catalog and see what you've been missing. We'll _ S
. even pay for the call!
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For more information on these and all of the other fine products at- p.resé,
call Toll Free 1-800-338-0531, and don't forget to ask for your free catalog.

Parts Express Int'l. Inc. ¢+ 340 E. First St., Dayton, OH 45402-1257
Local: (513) 222-0173 + Fax: (513) 222-4644

.
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High-Tech Audiophile
Loudspeakers

For Further Information Please Contact: mOI‘e| . i’ypical Double Magnet Woofer Cross Section
acoustics usa
- 414 Harvard Street
Brookline, MA 02146
Tel: (617) 277-6663
FAX: (617) 277-2415 Reader Service #15






