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DCL COMPANY developed the X-Vector high
frequency wave guide for high frequen-
cy sound dispersion from industry stan-
dard drivers. The unit's dual threaded
throats utilize two high frequency drivers
to provide a 140 degree wide by 60 degree
high dispersion pattern through its spe-
cially engineered cross-vector wave
guides and phasing devices. From its out-
put lens the X-Vector delivers a con-
trolled soundfield.

The integral 6 by 11-inch baffle surfaces
make mounting easy. Its 1-inch throat
opening allows the performance/power
capabilities of typical compression drivers
to be realized from a relatively small, easi-

IndiShip|
Good News

ly installed and economical configuration.
The 2kHz to 22kHz frequency range re-
quires a crossover frequency at 3kHz. X-
Vector is made from structural aluminum
and high-density compounds, finished in
a black enamel with a protective acoustic
foam over the mouth.

Ask DCL Company, 10822 SW. 188th
St., Miami, FL 33157 for more informa-
tion.

Fast Reply #GK138
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30 ACOUSTICS re-introduces its Three Piece
Loudspeaker System, the Model 3D610,
with a new black and walnut design as
well as refinements of its sonic
capabilities. Six years ago this system
received the ''Design and Engineering
Award"’ for price versus performance and
was widely acclaimed.

For more information contact 3D
Acoustics, 601 Old Willets Path, Haup-
pauge, NY 11788.

Fast Reply #GK120
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BOSTON ACOUSTICS’ A40 Series II two-way
acoustic suspension loudspeaker system
is an advanced version of their original
A40. While it is the same size, the Series
Il incorporates new drivers, which the
manufacturer claims produces extended
bass response, greater sonic accuracy,
lower distortion and higher power handl-
ing. The enclosure is available in rose-
wood or black vinyl.

BA’s new 6-inch bass/midrange has a
polymer diaphragm formulated to mini-

mize cone breakup and insure smooth
response in the Series II. The new %-inch
high frequency driver is a proprietary
design with a contoured faceplate, flush
mounted in the baffle to eliminate diffrac-
tion. Its voice-coil is ferrofluid cooled for
the wide dynamic range of compact disks.

The unit features a frequency response
of 65Hz-20kHz with power handling at
40W.

For more information write Boston
Acoustics, 247 Lynnfield St., Peabody,
MA 01960.

Fast Reply #GK336

dbx’s Soundfield® One loudspeaker
system, Model 1A, with their Controller
can be used with other speaker brands
and operate in any room. The Controller
provides unusual tone-shaping, filters and
rumble suppression for all loudspeakers.
The Soundfield 1A system incorporates
the same technology and achieves the
same properties of the earlier Model One.
dbx claims their Soundfield Imaging®
effects a significant improvement in the
spatial perspective of music reproduction.
With the three-dimensional soundfield
and accurate tonal balance a listener need
not sit midway between two speakers to
experience proper tonal balance and
satisfactory stereo imaging.

The Controller provides over all system
equalization by dealing with room
acoustic problems and compensating for
various sonic recording deficiencies. It is
an outboard line-level analog signal proc-
essor that connects to the tape monitor,
EPL (external processor loop), or pream-
plifier output jacks of a stereo system. It
incorporates high and low frequency
compensation, ambience control, tape
monitor and bypass controls, and features
switching to compensate for against-the-
wall loudspeaker placement.

For further information write dbx, PO
Box 100C, Newton, MA 02195.

Fast Reply #GK583
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POLYDAX - SEAS - PHILIPS
PEERLESS - AUDAX
AMPEREX - EV - MOTOROLA

COMPLETE LINES IN STOCK
DOME & RIBBON TWEETERS,

DOME MIDRANGES, AND BEX-
TRENE & POLYPROPYLENE

DRIVERS

ASSISTANCE

KITS AVAILABLE
EXTENSIVE LIBRARY OF PLANS
FREE TECHNICAL AND DESIGN

Audio Lab

5269 Buiord Highway

Atlanta, Georgia 30340
404/455-0572

FAST REPLY #6K7
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HIFISOUND is now the owner of Strathearn
Audio Limited, and the manufacturer of
the Strathearn, now known as the Stratec
SLC II system. The Strathearn midrange
and high-frequency driver is an elec-
trodynamic transducer consisting of a
thin, low-mass transparent polyester
diaphragm stressed across a low-reso-
nance support frame. The conductive
elements confront force field magnet
planes giving a highly uniform balanced
field in the conductor plane. Unlike elec-
trostatic units, no separate power supply
is required and the non-reactive matching
transformer is suitable for coupling it to
conventional amplifiers.

For further informaton contact Hifi-
sound LSV, Saerbeck & Morava, Judefel-
derstrasse '35, 4400 Munster, W.
Germany.

Fast Roply #6K121
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The FG 1001 is TECH ART's new 1MHz
function generator circuit board, modu-
larly designed to fit into any system,
covers a frequency span of 0.01Hz-
1.0MHz in six selectable ranges, each
continuously variable in a 100:1 ratio.
Sine, triangle and square waves are selec-
table and variable to 10V peak-to-peak
with an adjustable offset of +5V DC.
Trimmers allow user-adjustment of sine
and triangle symmetry, sine and triangle
distortion, and maximum triangle and
sine wave output levels.

The 6 by 4%:-inch circuit board plugs
into a 22/44 pin-edge card connector and
is compatible with industry standard card
cages. Switches and controls connect via
16-pin dip sockets. The FG 1001 facili-
tates making audio oscillators, bench-top
test equipment, communication devices
and laser entertainment systems.

For more information write Tech-
nological Artisans, 53 W. 72nd St. (3G},
New York, NY 10024.

Fast Roply #6K134
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IAPCO, Zeff Advanced Products Company,
introduces two new amplifiers to its line
of automobile audio products and an-
nounces its contract with Ford Motor
Company to design and manufacture two
new mobile audio products.

ZAPCO's M-80 80W monaural amplifi-
er/electronic crossover features 0.03%
worst case distortion, voltage protection
and an integral 100Hz electronic cross-
over. It is designed to drive the sub-
woofer(s) in a bi-amplified system.

The §-80 is a 40W per channel stereo
amplifier featuring reverse voltage pro-
tection, 0.03% THD and has a 10A power
requirement.

For more information contact ZAPCO,
2549 Yosemite Blvd., Ste. F, Modesto, CA
95354.

Fast Reply #6K124
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AUDIO CONCEPTS, no stranger to SB's pages,
has just issued their new 1986 catalog.
First-time builders and professionals alike
will find a wide range of loudspeaker kits,
drivers, crossovers and accessories to up-
date and improve your audio systems.
Since starting in a basement almost ten
years ago, Audio Concepts has become
known for their fast service, low prices

[ =—U = — =—_—=-—— ===

Rick Chinn who works for AUDIO CONTROL
has written a nice comprehensive over-
view of active crossover networks pre-
sumably as a background to their new
Richter Scale Series III, which is a two
channel subwoofer crossover and equali-
zer with a measuring microphone to
analyze and set bass response.

and a helpful and an informed willing-
ness to help customers, as well as to take
suggestions about improving their kits.

If you haven't received your catalog yet
write Audio Concepts, 1631 Caledonia
St., La Crosse, WI 54603, or call (608}
781-2110.

Fast Reply #GK45

Any speaker builder who would like a
copy of "'Crossover Networks from A to
Linkwitz-Riley’" should send a #10
envelope with his or her address and 42
cents U.S. postage attached to Audio Con-
trol, Dept. SB., 6520 212th Southwest,
Lynwood, WA 98046.

EEEE I RNEES TS

Dr. Richard Small, a leading figure in the
development of loudspeaker system
theory and of Thiele/Small parameter
fame, has taken the newly created posi-
tion as Head of Research for UK loud-
speaker manufacturer KEF ELECTRONICS of
Maidstone, Kent, England.

He is leaving his position as Senior Lec-
turer at the University of Sydney,
Australia, to be responsible for develop-
ing and coordinating advanced research
projects, in line with KEF's long term
commitment to the improvement of
transducers, associated electronics,
enclosures and measuring techniques.

Aalvancaa Seuna

Spedkers for the Demanding Listener

NOW AVAILABL

SPEAKER CABINETS & KITS

AIR CORE INDUCTORS
CROSSOVER NETWORKS

SUB WOOFERS
CABINETS FOR

DYNAUDIO, PHILLIPS,
SEAS, FRIED, PEERLESS,

KEF, SPEAKER KITS.

Send $3.00 for literature
to
ADVANCED SOUND
601 W. Baxter Ave.
Knoxville, TN 37921

(615) 637-6694

FAST REPLY #GK1061
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SA-3050
SPECTRUM ANALYZER

First Affordable,
Professional Grade, ‘
Third Octave with Memories

$750 Including Calibrated Microphone

The SA-3050 is a professional, third octave spectrum analyzer, real time program
monitor with six memories, digital pink noise generator, multiple display
options, and full size display which meets ANSI Class II standards utilizing sharp,

Rugged 30 Band Real Time Analyzer
with easy to read 270 dot matrix display
for program monitoring, system design
and setup and other uses requiring precise
measurements. Resolution of 1,2,3, and 4
dB per step with a total range of 44 dB
to 136 dB. Three display integration rates:
fast for reading of transient information,
medium for general program spectral
balance viewing, and slow for measure-
ments. Sound pressure level (SPL) display
also included.

Precision Fourth Order Double Tuned
Filters to meet or exceed ANSI standard
S1.11 1971 Class II. Provides excellent
accuracy for reliable, repeatable analyses.

Six, Non-Volatile, Digital Memories
store frequency curves for reference

fourth order (double tuned) grecision filters.

before, during and after analysis. Freeze,
write and read functions makes com-
parison accurate and convenient.

Laboratory Grade Pink Noise
Generator with adjustable output and
accuracy of + .25 dB throughout the
measurement range. The pink noise
generator has sufficient output to drive
a speaker directly.

Three Professional Inputs are standard,
a phantom powered balanced XLR input,
a FET instrumentation BNC input, and a
balanced bridging ' ” line level input for
maximum versatility.

Calibrated Microphone included in the
package is a phantom powered !4 "”
pressure gradient condenser with a ten-
foot XLR cable.

Audio Control Industrial 6520 212th SW. Lynnwood, WA 98036 206-775-8461

FAST REPLY HGK123

e The Gold 3.0 Ribbon

such an affordable price!”

AUDIO CONCEPTS

1986—Our Cast Of Players Includes:
DRIVERS

¢ Dynaudio e Focal

e SEAS o A(
COMPONENTS

e CHATTEROUX polypropylene o J1AR WonderCaps®

e JAR soldcr e AC coils

e AC acoustic foam e AC accessorics

e SHADOW Electronic Crossovers

KITS

¢ Including the all new Titan, Pulse, Model §
o Lleven of the finest speakers, with kit savings

“They are truly champagne speakers for those of us on beer
budgets. Thank you AC for making such musical speakers for

All new 1986 Catalog, $2, refundable

1631 Caledonia St., LaCrosse, WI 54603
Telephone (608) 781-2110

e The Strathcearn Ribbon

A QUARTZ ] owner
Just one of many satisfied audiophbiles

FAST REPLY #GK45
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About This Issue

Tom Cox likes transmission lines
a lot. Using small drivers (5"} in
multiples of four, he manages to
pack a lot of range and response
into a two cubic foot package
(p-9).

So you wish to make a notch
filter and you've done the calcula-
tions but the result is odd? David
Weems made the same dis-
covery. Theory disparities can be
worked out though, as you will
find in Notch Filters starting on
page 24.

Len Hupp likes, as many do,
the small BBC-designed LS3/5A
monitor. Len has removed some
of the small classic’s limitations
as Len details the changes for you
on pp. 30-31.

Gary Galo, ever alert to new
driver developments, has put
seven cone and done midrange
units suitable for the transmission
line through his test routine and
reports on them beginning on
page 32.

You will find the work of
readers Ralph Gonzalez and
David Meraner gracing our
Tools, Tips & Techniques pages
(40-41} and Bob LeBeck's clever
adaptation of the late Bert
Webb's transmission line on pp.
42-43.

Next time John Cockroft
builds a Mini-Dancer, we'll do
plans for Gondor the sub-bass
woofer and G. R. Koonce will
unveil a program for checking
component specifications in
passive crossovers, just to touch
the high spots.

RETEA e ST
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Editorial

Bags, Burgers and Cheese

The credits following Garrison Keillor's PBS
Prairie Home Companion show now always remind
me that in a few quarters the idea of mass produc-
tion is not a winner. In the past, one supporter
seemed so unlikely, I wondered what they were do-
ing helping to fund a Public Radio program about
that nostalgia-packed mythical town of Lake
Wobegon which seems permanently stuck in a 50
year old time warp. The announcer always says,
"Partial funding for this program is provided by
Coach Leatherware of New York City.

Well I wonder no more. It seems that a Manhat-
tan couple has been directing a small garment
district factory which makes one of the world's most
sought-after handbags. Among those who know a
good bag when they see one, the Coach is reportedly
the best. It is functional, high quality, and the com-
pany can't keep up with the demand, even with 200
employees.

Miles and Lillian Cahn owned Coach Leatherware
for the last 24 years. Two years ago, planning to
retire, the Cahns bought 300 acres in Gallatin, NY
two hours from the city. Six months ago, bored with
retirement, they bought 50 French Alpine goats,
hired two world class experts on goat cheese and
started a farm. The milk goes into a delicacy called
chevre. It looks as though the Cahn's cheese mak-
ing will be even more successful than their leather
bags—weekly sellout revenues were above $3,000
a week at last report. Experts are already saying
their product rivals the famous French one.

One of the Boston TV stations carried a small
feature story last week about a butcher who, hav-
ing run a successful meat market for 30 years,
retired to Florida. Bored with that after a few years,
he returned to his home town and rented a small
store, turning it into a hamburger shop. Twenty
years later, at 80, he is still running the business
nine hours a day, six days a week. When the
reporter asked a row of customers perched on stools
why they come to his hamburger stand, each of
them stopped munching just long enough to say a
few words. One man's answer summed up all their

sentiments: "It's the best hamburger there is,'’ he
said.

My purpose here is not to denigrate the miracles
of mass production or even of mass marketing. Such
efforts have improved the quality of what many
people can afford and raised the nutrional level of
many. But if you want something really good, it can-
not be mass-produced. And that applies to handbags,
goat cheese, hamburgers and to loudspeakers. The
lines of relationship between the person whose
understanding and care are vital to the product can-
not be stretched for any great distance. Most of those
firms producing the drivers speaker builders are us-
ing are relatively small. Their production lines are
diminutive.

Readers of this magazine who are enjoying this
gourmet feast of loudspeaker design and construc-
tion know what that close intimacy feels like and
how satisfying it can be. The pleasure of that hand-
to-hand contact with this technology and our col-
lective success with it is making us a progressively
better informed group. And we are making better
loudspeaker systems. The distance between the car-
ing, knowledgeable mind and the finished system
is very short.

If you are, as yet, only an armchair participant,
I strongly encourage you to take yourself in hand
and build a new design, even if it is that pair of sim-
ple extension speakers you have wanted for your
bedroom all these years. Once you take that first
step, you will doubtless move firmly and without
hesitation to the next one, convinced that the real-
ly ultimate system you have always dreamed of is
not impossible after all.

This is a fine time for rediscovering individual
craftsmanship. The tools are better, the materials
are better, and the way in which we are pooling
our experience in this publication is making the
design information better. If you have been at all
dubious about your ability to make a better system
for yourself, be doubtful no longer. It's time to join
the fun.—E.T.D.
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2 x 4 TRANSMISSION LINE

Driver manufacturers have re-
sponded to the demand for bet-
ter automobile audio systems with a
variety of high quality, wide range and
relatively low cost drivers in smaller
sizes that offer fresh potential for home
speaker designers.

In the 2 x 4 design, Photo 1, I have
combined two columns {one of driv-
ers, and one of transmission line ports)
with four transmission lines {one for
each woofer). Using four-inch drivers
with their high, free air, resonant fre-
quency, enables the entire system to
be packaged in a two cubic foot en-
closure.

DESIGN GOALS. My design goals for
the 2 x 4 were:

e transmission line woofer loading
¢ cylindrical sound radiation pattern
e restricted vertical sound distribution
combined with uniform horizontal
distribution

e clean, useful output from 50-5kHz
without crossover networks

® compact size

e and no exotic cabinet making skills
required.

DESIGN CHOICES. Transmission line
length. To design the transmission line
I constructed a “one time'* experimen-
tal line as described in my SB 4/85 ar-
ticle, p. 9. I used data derived from the
experimental line to determine an op-
timum line length for the 2 x 4. How-
ever, if manufacturer's lot variations
for the driver resonant frequencies are
too wide, the line length should be
modified. I'll cover this in more detail
in the construction section.
Cylindrical sound radiation pattern.
The normal radiation pattern of a ver-
tical column array of drivers is a
cylinder with its axis through the
drivers. The 2 x 4 also has a second

BY THOMAS E. COX

PHOTO 1: The completed 2 x 4, compact and
versatile.

column array of transmission line
ports, which radiate low frequencies
passing through the wool/polyester
low pass filter.

Restricted verticalfuniform horizontal
sound distribution. The design goal of
restricting vertical radiation was based
on Queen's article in the AES Loud-
speakers.! Queen describes exper-
iments that show clarity and image
enhancements by restricting speaker
sound radiation to the floor or ceiling,
combined with uniform horizontal
distribution at high frequencies.

Schroeder? noted the same general
effect when he found a high correla-
tion between high ratios of horizon-
tal/vertical reflection intensity and
listener preference for specific concert
halls. Vertical radiation is normally
restricted by closely spaced drivers
mounted in a column. This is due to
phase differences between drivers
when arranged as a line source. The

details of this vertical restriction are
explained in Crowhurst's book.3 Since
the 2 x 4 drivers are arranged in a
closely spaced vertical column, sound
radiation to the floor and ceiling is
restricted.

Klepper and Steele's article in AES
Loudspeakers,* shows that line sources
(column arrays) have non-uniform
horizontal sound distribution patterns
when all drivers in the line source are
identical.

The article describes improvement
in the uniformity of horizontal distri-
bution, by reducing the effective
length of the line source (column) with
increasing frequency. This is accom-
plished in the 2 x 4 by using coaxial
tweeters in the middle drivers only.
Therefore as input frequency in-
creases, the effective height of the
column decreases, from the full four
driver height, to only the two middle
tweeters.

50-5kHz without crossovers. The de-
sign goal of 50-5kHz, without cross-
overs, is based on my belief that effec-
tive midrange coverage, of all musical
instruments’ fundamental frequencies,
results in more clarity and definition.
With the exception of pipe organs, that
means a frequency coverage of rough-
ly 30-5kHz.

While the 2 x 4 does not reach the
low end target, it does cover the critic-
al 100-500Hz region as well as the
usual midrange (500-5kHz) without
crossovers. Figure 1 shows how I ap-
proached the low frequency response
goal. Free air resonant frequency for
one of the European Loudspeakers of
America 4502s was 93Hz. When I
mounted the ELA woofer in its indi-
vidual transmission line, the low fre-
quency impedance peak dropped to
74Hz; and in tandem with the other
three woofers in a column array, the

Speaker Builder / 2/86 9
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FIGURE 1: Single driver and system impedance/frequency graphs. This shows how the low frequency

response goal was approached.

system peak dropped further to 69Hz.
By this point we are within hearing
distance of the 50Hz low frequency
goal.

One rule of thumb related to high
frequency beaming of cone type driv-
ers says: tweeter crossover should oc-
cur before cone diameter equals a full
wave length. For the 2 x 4 woofers,
with an effective cone diameter of 3%
inches, this works out to approximate-
ly 4kHz, which is close to the design
goal of 5kHz.

Compact size. Since the 2 x 4 was
planned as a present to one of my
daughters, who rearranges the furni-
ture in her room at unpredictable in-
tervals, size was a major considera-
tion.

Ease of construction. The final de-
sign goal called for a small challenge
to my limited cabinet making tools and
experience. Surfaces requiring a furni-
ture finish were minimized, with most
edges either square or at 45 degree
angles.

CONSTRUCTION. Figures 2 and 3
show the basic construction details in
front, side and top views. All horizon-
tal dimensions were based on a driver
resonant frequency range of 80-90Hz.
I have received drivers, of the type
used in the 2 x 4, from different

10 Speaker Builder / 2/86

manufacturing lots with measured free
air resonant frequencies that ranged
from 78-106Hz. If the average value
of the four drivers is 95Hz or greater,
I would suggest reducing the appropri-
ate horizontal dimensions by one inch
(shortening the transmission line
length by two inches).

The enclosure is made from Yz-inch
birch surfaced, hardwood plywood,
but high density particle board can be
substituted if you prefer. The cutting
guide, Fig. 4, shows the layout for the
2 x 4 enclosures. With the 2 x 4's small
dimensions, and cross braced con-
struction, ¥2-inch plywood should pro-
vide sufficient internal damping, and
external stiffness to minimize spurious
low frequency sound generation due
to panel vibration. Rap your knuckles
on the outside of the completed en-
closure and you should hear a dull,
well damped thud.

Notice that Fig. 2 shows only the
left-hand unit in a stereo pair. The
right-hand unit has the same dimen-
sions, but the driver panel and the
panel mounting blocks are on the left
side. Looking at a stereo pair from the
front, driver columns are on the inside
(closest to each other), and the line
ports are on the outside.

A helpful construction tip: label two
edges of all the pieces used in the

enclosure (i.e., front, inside, top, bot-
tom etc.), and you will make fewer
assembly mistakes.

CORE UNIT CONSTRUCTION.
Begin with the horizontal and side
panels. Draw pencil lines on the ver-
tical side panels to locate the ten, 7/s
by % by 14 Ys-inch support mouldings
for the horizontal panels. Pencil lay-
outs are useful in each assembly
operation to locate fasteners and glu-
ing areas. One end of each support
moulding should be located % of an
inch from the front edge of the
enclosure. This provides a stop for
driver panel mounts and the foam
speaker grille inserts at each line port.

Cut the support mouldings to size,
and fasten them to the side panels
with %g-inch brads and wood glue.
When gluing be sure to clean off ex-
cess glue where later assembly re-
quires square internal corners. (On out-
side surfaces let the glue beads harden,
and then chip off, to prevent glue from
getting into the wood's pores if you intend
to use a natural finish on the birch.—Ed)

Next cut 12 pieces of 7/3 by %-inch
moulding to 10% inch lengths. This
moulding will attach the center ver-
tical panels to the top and bottom of
the three internal, horizontal panels.
After the first moulding in each pair
is nailed and glued, use a center verti-
cal panel as a guide to determine prop-
er spacing between the mouldings.

Place an index card between the ver-
tical panel and the installed moulding
(the index card allows about one one-
hundredth of an inch tolerance in the
slot width to make final assembly
easier). Now tightly fasten the second
moulding next to the vertical panel
with Sg-inch brads and glue. Notice
also that the vertical center panels are
only 4V, inches high to allow Y/, inch
tolerance for easier assembly.

After the support mouldings have
been fastened, assemble the side
panels to the horizontal panels with
l-inch brads and glue. This step re-
quires some speed and confidence in
assembly. Partially driven brads, plus
pencil line layouts, help define glue
areas and panel alignment. The brads
are not intended to provide much
structural strength, so be sure to
liberally glue support mouldings, side
panels and the horizontal panel edges.

To avoid a "leaning tower" effect
place the core unit upright on a flat
surface, before the glue hardens, and
check both front and sides for verticali-
ty with a large square. Place a piece
of sturdy plywood on top of the core

T
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unit, and some weight on top of that,
to insure that the core assembly's front
and sides will remain squared while
the glue hardens.

Corner reflectors are made from 15/
by 154inch clear white pine stock
(called Baluster by lumberyards). A
long diagonal saw cut is tricky, so I
bought the corner reflector material at
a local millwork firm and they made
the cut for me. This produces two
lengths of triangular cross-section
material.

Each 4!/,¢-inch corner reflector is
fastened with two 1%-inch # 8-wood
screws, wood shims (I used tongue
depressors) and wood glue to pro-
vide more structural stiffness. The par-
tially completed core assembly is
shown in Photo 2.

Cut four more 7/ by % by 10%-inch
center panel support mouldings and
fasten them to the inside surfaces of
the top and bottom panels. Assemble
the top and bottom panels to the core
unit with 1l-inch brads and glue.
Spread glue in the bottom slot for one
of the vertical center panels. Add glue
to the bottom edge of a vertical panel,
and slide it into position using the 1/,
inch tolerance to keep as much glue
in the slot as possible. Clean excess
glue from the corners where driver
panel mounts will be assembled later.

Attach the bottom edge of all vertical
center panels, and let the glue dry
overnight. Then turn the core unit up-
side down and glue the top edges of
the vertical panels, using the slot toler-
ance to force glue between the panels
and mouldings. Seal the gaps left be-
tween the vertical center panel’s top
edges and the horizontal panel with
wooden shims and glue (only the ex-
posed front 3% inches need be
shimmed).

DRIVER PANEL MOUNTINGS.
Next add the driver panel mountings
(Fig. 2b and Photo 3). These triangular
pieces are cut from a 1% by % by
18-inch strip of plywood (solid lumber
could be used) by alternating 45 degree
and square cuts. Four driver panel
mounting blocks are cut down to 13/,
inch on one side, to allow a 2% inch
opening for the ELA 4502 driver
terminals.

Mount the triangular blocks with
l-inch brads and glue against the ends
of the horizontal support mouldings
(where available). Remember, these
driver mounting blocks will be on the
right-hand side for one enclosure, and
on the left-hand side for the other mir-
ror image enclosure. Drive the brads
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partially into the mounting blocks at
an angle toward the front of the
enclosure, so they can be driven home
easily when glued in place.

Fasten a 19-inch piece of Y-inch,
half-round moulding to the front edge
of the port opening side panel, to pro-
vide a rounded corner for the grille
cloth covering. The core unit is now
complete up to the stage shown in
Photo 3.

PHOTO 2: The partially completed core.

DRIVER PANELS. The driver panels
are also constructed from Yz-inch birch
plywood (Fig. 4). The vertical outside
edges are quarter rounded for smooth-
ness when stretching the grille cloth,
and some diffraction reduction (Fig. 3),
with a 3-inch rounding router bit. Lay
out the center of each driver hole and
cut 1%%/3-inch radius holes (Fig. 2c).

PHOTO 3: Core unit with triangular driver panel
mountings.

After the holes have been cut, and
notches made for driver connection
terminal clearance, place the rear of
the driver through its hole until the
mounting flange is seated against the
driver panel.

Make sure that mounting flanges
cover and seal the terminal notches by
at least 3/3; of an inch. Trace the driver
flange outline in pencil on the driver
panel. Rout these patterns to a depth
of 3,6 of an inch so the driver flange
will fit flush into the routed recess. Do
this for each driver.

Grille cloth standoffs, which provide
clearance between grille cloth and
drivers, are made from a 4-inch piece
of 7/g by Y-inch moulding. Split this
piece down the middle with a pen
knife to form two 7/, by % by 4-inch
strips. The standoff ends are also
rounded to form a smooth curve for
the grille cloth. Fasten the standoffs to
the driver panel with 5/-inch brads
and glue.

DRIVER MOUNTING. The top
Audax driver is mounted to the driver
panel mounts with four 1-inch # 6-pan
head, self threading screws, which ex-
tend through clearance holes in the
driver panel. The other drivers are
fastened to the driver panel with two
%/g inch # 6-pan head, self threading
screws in the top driver mounting
holes and two 1l-inch #6 screws,
through clearance holes into the driver
panel mounts.

To provide a secure seal for the bot-
tom three drivers, and an attachment
for the top driver, run a bead of black
silicone gasket material in the routed
panel areas. Temporarily fasten the
drivers to the panel using only 6/32 x
l-inch machine screws and nuts, and
%g-inch #6-self threading screws. Do
not fasten too tightly. The object is to
pull up the fasteners so the gasket
material is uniformly compressed, but
not squeezed out.

The gasket material between the
driver flange and the panel helps
dampen driver frame vibrations before
they reach the driver panel. A view
of the assembled panel is shown in
Photo 4.

DRIVER PANEL WIRING. Figure 5
is the driver wiring schematic, and
Photo 4 shows a view of the completed
wiring. Postpone final woofer to
woofer wiring until transmission line
matching (to be described later) is
completed. Mount solder lug terminal
strips and small, screw mounted, wir-

Continued on page 14




MADISOUND SPEAKER COMPONENTS
8982 TABLE BLUFF ROAD
BOX 4283
MADISON, WISCONSIN 53711
PHONE (608) 831-3433

MADISOUND is now stocking PERFECT LAY WINDING audio inductors from Solen
Engineering. These are audio grade inductors using 14 gauge wire with the
following specifications:

Perfect Lay Hexagonal Winding. Winding Space Factor: 86.77%

Oxygen Content: Less than 200 parts per million on surface.
Insulation: 130 degree centigrade Single coating Nylon-Polyurethane.
Computer Optimized Coil Dimension.

Encapsulation: Varnish dip coating with & nylon ties.

No Saturation distortion: Test voltage 1500 VAC.

No Hysteresis distortion. Test voltage 1500 VAC.

Inductance tolerance: within 1% of value listed.

Conductivity: Better than 101.5% of National Electrical and Manufacturing
Association (NEMA) standard sample.

*x Wire Diameter: .064 inches; 1.63 mm. High Purity Annealed Copper.

% % % % %X % * % %

PERFECT LAY WINDING AIR CORE INDUCTORS

Inductance Resistance Size Price Inductance Resistance Size Price
L-Mh DC ohms Height Diameter Each L Mh DC ohms Height Diameter Each
.22 .08 .56 in. 2.25 in. $3.70 1.52 .29 .88 in. 3.5 in. S811.70
.33 .10 .63 2.5 4.60 1.82 .30 .88 3.5 12.40
47 .13 .63 2.5 5.70 2.0 .31 .88 3.5 13.00
.56 .15 .63 2.5 6.40 2.22 .33 .88 3.5 13.80
.62 .16 .63 2.5 6.80 2.47 .36 .88 3.5 14.60
.68 .17 .75 3.0 7.10 2.75 .39 .88 3.5 15.30
.75 .18 .75 3.0 7.40 3.0 .42 .88 3.5 16.00
.82 .19 .75 3.0 7.80 3.3 .45 1.0 4.0 16.80
.91 .20 .75 3.0 8.10 3.7 .49 1.0 4.0 17.50

1.0 .21 .75 3.0 8.50 4.0 .50 1.0 4.0 18.30
1.1 .23 .75 3.0 9.00 4.5 .56 1.0 4.0 19.60
1.22 .26 .75 3.0 9.80 5.0 .59 1.0 4.0 22.00
1.47 .28 .75 3.0 11.00 5.5 .63 1.0 4.0 23.40

Values between sizes listed are also available. Add 10% to cost of value larger than
your requirement.

Madisound also stocks audio standard inductors as well as the popular SIDEWINDER inductors

FAST REPLY #6K20
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DRIVER PANEL CROSS SECTION

Continued from page 12

ing cable clamps (available from in-
dustrial electronics parts suppliers), at
appropriate locations to provide sup-
port and termination points for wires
and components.

For the driver panel use # 20-gauge
stranded wire, and to connect the push
terminal connector on the rear panel
use #16-gauge stranded wire. Draw a
pencil layout of the driver panel
mounts on the back of the driver panel
(Photo 4). Use this layout to make sure
to locate the terminal strips so neither
the strips nor the capacitor, nor resis-
tor, will be obstructed by the panel

mounts when assembling the driver
panel to the core unit.

Manufacturer's specifications show
the Audax drivers as 6dB less sensitive
than the ELA 4502s. To balance these
differences the series parallel connec-
tion, shown in Fig. 5, provides roughly
twice the current to the less sensitive
Audax units.

To provide more equal driver cur-
rents to both woofers and tweeters of
the ELA 4502s, a 7.5, 10W resistor
has been placed in series with the
parallel connected tweeters. The 15uF
capacitor serves as a low frequency

blocking capacitor to limit low fre-
quency current to the tweeters.

The negative leads of both the
tweeter and the woofer are combined
in a single terminal on the ELA 4502.

REAR PANEL ASSEMBLY. Install
the speaker push terminal connector
in the rear panel as shown in Fig. 2a.
Use silicone gasket material to seal the
terminal connector flange to the rear
panel. Tighten the mounting screws,
and let the silicone gasket material
ooze around the edges. When the
silicone material has fully hardened,
the surplus material can be cleanly

and easily trimmed with a razor blade.
Install closed cell, vinyl foam, pres-
sure sensitive tape (sold as weather-
stripping) to all rear core panel edges
(Fig. 2a. Fasten the rear panel to each
corner reflector with eight 1 %-inch,
# 8-flat head steel screws, located to
avoid interference with the side panel
screws. Tighten the screws alternately
so the vinyl foam seal is uniformly
compressed to roughly !/g inch.

PHOTO 4: Assembled driver panel components with gasket material between flange and panel to help
dampen driver frame vibration. Note the pencil lines to avoid final assembly parts obstruction.
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PAINTING. Paint all external sur-
faces of the completed core unit and
driver panel with two coats of flat
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FIGURE 4: Cutting guide for the 2 x 4s. | used one 4 by 8 foot sheet of Birch faced plywood.

black paint. Extend the paint an inch
or two into the port ends of the
transmission lines. This makes the
ports and drivers invisible behind the
grille cloth.

DRIVER PANEL SEALING. On
each opening in the core unit mount
the same type of vinyl foam tape used
for the back panel (Fig. 2a). This
sealant should be placed carefully so

that each driver affects only its own
transmission line. The vinyl tape also
seals the wiring between drivers when
the driver panel is tightened.

DRIVER TESTING. Figure 6 shows
the test setup I used for driver match-
ing, and the final tuning of the trans-
mission lines. Although the 2 x 4 sys-
tem could be built without this equip-
ment, I strongly recommend some

AUDAX

AUDAX

MHD 10 P25 FSC

MHD 10 P25 FSC

758 10w
CLAROSTAT vC10
OR EQUIVALENT

ELA-4502 ELA-4502
COAXIAL COAXIAL
TWEETER TWEETER

+ +
RED *

TERMINAL EUROPEAN
LOUDSPEAKERS ELA-4502
OF AMERICA WOOFER
4502-WOOFER

BLACK - - M
TERMINAL ©

FIGURE 5: Driver wiring schematic. The series parallel connection provides roughly twice the current

to the less sensitive Audax drivers.

means of impedance measurement for
optimum performance.

The signal generator should provide
sine wave output over a frequency
range of at least 40-200Hz. An elec-
tronic multimeter, with flat frequen-
cy response over the range of frequen-
cies to be covered in the test, is the
preferred AC voltmeter reading.

Since the drivers are relatively low
cost units, I purchased five of each
type for closer resonant frequency
matching. All ten were broken-in over-
night, using an all night music station
as the signal source.

After break-in each driver was
labeled, and suspended in air with
string through the driver mounting
holes. Each driver was connected to
the test setup in Fig. 6, and signal
generator frequency varied from
50-150Hz. The drivers {woofer sec-
tions only for ELA 4502) were labeled
with the frequency at which the AC
voltmeter showed its highest reading.

?fgé} SPEAKER
2! TO BE
SINE WAVE A TESTED
SIGNAL E[]
GENERATOR A T
AC
VOLTMETER

FIGURE 6: My impedance peak test setup is strongly
recommended for optimum performance.
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This is the free air, resonant frequen-
cy for that driver.

When all the drivers had been tested
I selected sets of two Audax, and two
ELA 4502s, which had free air reso-
nant frequencies as closely matched as
possible.

LINE STUFFING PROCEDURES.
One and one-half ounces of long-hair
wool is required for the driver half of
one transmission line. The long-hair
wool must be combed out to a light
fluffy texture, and sprayed with a
mothproofing solution before being
used as stuffing. Photo 5 is a rear view
of a stuffed transmission line.

I removed the panel of the core unit
and placed handfuls of wool as uni-
formly as possible, from the driver
panel mounts, to the rear of the driver
half of the transmission line. The other
half, which ends in the line port, was
stuffed with Poly-Fil brand, Extra-Loft
batting, available at sewing supply
stores from 45-inch rolls. I cut the large
piece into 7 by 45 inch strips to get the
initial test density of 8 ounces per
cubic foot. I used 1% by 11 %-inch
strips, which adjust density by 20
percent.

Black foam speaker grille material,
forced fitted into the last % inch of the
transmission lines, provides an acous-
tically transparent but visually opaque
port opening (Photo 6). By using wool

PHOTO 5: Rear view of core unit with one stuffed
transmission line.

16 Speaker Builder / 2/86

for the first half, you gain additional
scattering and absorption as the rear
directed high frequency sound waves
go through the wool/polyester
interface.

MATCHING THE LINES. An option
available to the speaker builder, which
is not available to the purchaser of an
assembled speaker, is the chance to
fine tune the speaker system. In the
rush to meet a gift deadline, my first
2 X 4 unit was assembled without tun-
ing individual transmission lines. The
second unit with individual tuning per-
formed so much better, I later dis-
assembled the first unit and tuned
each line individually.

Tuning involves connecting only
one driver at a time to its transmission
line, with all the other drivers in the
column disconnected. Therefore I did
not wire the drivers to each other un-
til tuning was completed. I used long
alligator clip leads for temporary con-
nections between a driver and the im-
pedance/peak test equipment.

With one of the drivers connected
to the test equipment, the driver panel
was assembled to the core unit to seal
that test driver to its transmission line.
Then the input signal frequency was
varied from 50-200Hz. The im-
pedance peaks for that driver/trans-
mission line combination were noted.
I tested each of the other three driver/
transmission line combinations sep-
arately using the same method.

The lowest frequency peaks for both
Audax and ELA units were quite close,
but the higher peaks were separated
by about 10Hz.

Line tuning involved removing a
small portion of the polyester material
from some of the lines until the higher
peaks in all lines matched as closely
as possible. I made all changes to the
polyester side without making any
changes to the wool side. I obtained
the best results by removing the
polyester material to achieve matching
lines, rather than increasing the orig-
inal 8 ounces per cubic foot density.

When all tuning was completed I
soldered the final wiring between
drivers. The vinyl foam seal between
the driver panel and the core unit had
to be replaced. The sealing and reseal-
ing, around the temporary test leads
used for tuning, left permanent depres-
sions in the seals. I soldered the leads
from the push terminal on the rear
panel to the driver panel wiring and
the driver panel fastened to the core
unit, with the seals compressed to ap-
proximately !/g inch.

¢ et =

PHOTO 6: The completed enclosure before final
finishing.

EXTERIOR FINISHING. Acoustical-
ly the 2 x 4 was now complete, as
shown in Photo 6, but I wanted some
finishing touches to make it as pleas-
ing to the eye as it was to the ear. One
possibility I considered was using the
core units as the end supports of a
shelved wall unit. However, since por-
tability was a design goal, I decided to
finish them as shown in Photo 1.

First I wrapped a piece of black
plastic grille cloth around the front and
sides. The grille cloth extended slight-
ly over the top, bottom and back of the
core unit. I fastened it to the top, front
edge with a staple gun. The exposed
staples on the top edge are concealed
by the finished top. Then I pulled it
taut over the face, and stapled along
the bottom.

I cut notches in the corners so the
grille cloth would extend tightly along
the sides of the core unit. I notched the
back corners, and stapled the remain-
ing grille cloth material to the rear
panel.

I mounted furniture guides, faced
with carpeting, on the bottom of the
core unit to provide isolation and pro-
tection from my floor.

For the finished top I used cherry %-
inch veneer plywood, glued to another
sheet of plywood, for a total thickness
of 7fs inch. I covered the top’s edges
with l-inch cherry veneer strips,
which can be glued with an ordinary
electric iron and trimmed with a razor
knife. I finished the veneered surfaces
with a penetrating oil as described in

Continued on page 18




327 Main Street

LANDES AUDIO

Orange, N.J. 07050
(201) 674—4000
Dear Reader,

Landes Audio has been in the audio-video business
since 1945. We still have the first moving magnet car-
tridge produced some 30 years ago, an Elac from Ger-
many. We have an original Motorola portable TV with
electrostatic picture tube that I can’t date.

We currently import the following items which we con-
sider of superior quality and value:

1.TANGENT ACOUSTICS LOUDSPEAKERS
Models available:

a. RS-4: Utilizes 8” Bextrene woofer, KEF T-27 19mm
tweeter. 18dB/octave crossover. 12”w x 24”h x 12”d,
39-30,000Hz in Teak or Walnut. Reflex system 42.5
liters tuned for extended bass performance. $750

b. PS-6: Three-way system with bass and mid units
loaded by separate enclosures. Bass unit is 8” high
temp voice coil loaded in 46 liter enclosure. Mid is
5” in 6 liter enclosure. High frequency is 1” fabric
dome. Frequency is 32-25,000Hz. Cabinet is triangular
and on casters. 35” x 15”w x 11”d. Available in
Rosewood. $1300

2. HELIUS TONEARM MODEL SCORPIO II: A finely
machined double gimbal bearing in a brass block. Tapered
straight arm with locking swivel collar at the headshell.
Brass anti-skate. Fine viscous damped cueing. $250

3. THE ELITE ROCK TURNTABLE: Three ball foot
suspension with leveling. Shining polished ‘‘Black Rock”’
surface of non-resonating material. An ‘‘outrigger’’ at-
taches to the headshell. Its paddle sits in a trough filled
with a damping fluid that rests above the record surface
and follows the tracking path of the arm. The damping
action of the trough eliminates unwanted tonearm
resonances and overswing of the cantilever. The finest
we have heard. $800

4. BRITISH LOUDSPEAKER: From Cambridge, England.
A mini monitor of superb clarity in a quality wood finish.

N\ 4

$229 1,000Hz. $1100 each
WE ALSO OFFER THESE FINE BRANDS:
COUNTERPOINT QED JPW SPEAKERS
PRECISION FIDELITY MOSCODE GOLD RIBBON
TANDBERG FUTTERMAN BEVERIDGE
CAMBRIDGE MARIAH ACOUSTICS  MITSUBISHI VIDEO
LUXMAN MOREL KENWOOD SATELLITE
AKG ELAC PIONEER VIDEO
MOD Z GRADO DYNAVECTOR

Route 24, Chester Mall
Chester, N.J. 07930
(201) 8796889

WE DISTRIBUTE THE FOLLOWING FOR
MANUFACTURER’S AND HOBBYIST’S USE:

1. *‘SPEAKER COAT:’’ A compound called a long chain co-
polymer which when applied to the surface of a paper speaker
cone, transforms it into a plasticized surface. This improves the
quickness of the driver, improves its clarity and makes the lower
frequencies more distinguishable. $15

2. RIFA METALLIZED POLYPROPYLENE CAPACITORS:
2. 10uF, 10%, 250V @ 50Hz, - 40/+ 85C, metal case $8
b. 12uF, 10%, 250V @ 50Hz, - 40/ + 85C, plastic case $9
c. 50uF, 10%, 160V @ 50Hz, — 40/ + 85C, metal case $19
d. 3uF, 10%, 400V @ 50Hz, - 40/+ 85C, plastic case $5

3 . LONG-HAIR WOOL: From Britain, used in loading the speaker
cavity to prevent unwanted low frequency resonances.
$12 per pound

4 . BITUMINOUS FELT PADS: Very dense thin pads used on the
interior surface of speaker enclosures. $7 sq. ft.

5.WOOL FELT PAD: A thicker, softer %" felt also used on
speaker enclosure walls. $5 sq. yard

6 . BERYLLIUM-COPPER BANANA PLUGS: $2.75 each

7 . FOCAL SPEAKER COMPONENTS: Call for availability and
price.

8 . OAKTRON SPEAKER COMPONENTS: Call for quotes.

OUR RETAIL OUTLET MANUFACTURES
TWO REMARKABLE PRODUCTS:

1.THE QT-1: A 40”h x 8”w x 10”d transmission line loaded
two-speaker system with a three-way crossover. Uniquely box-
less and live sound. $1200

2. THE BI-FOCAL: A 40”h x 20”w x 10”d subwoofer, using
two incredibly fast 8” drivers. Response from 16Hz to above

FAST REPLY #GK1013
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CIRCUIT
BOARDS

0Old Colony's Boards are made of top quality
epoxy glass. 2 oz. copper. reflowed solder coated
material for ease of constructing projects which
have appeared in Audio Amateur and Speak-
er Builder magazines. The builder needs the
original article (indicated by the date in brack-
ets. i.e. 3:79 for articles in Audio Amateur and
SB 4:80 for those in Speaker Builder) to con-
struct the projects.

C-4: ELECTRONIC CROSSOVER (DG-13R) New
2 x3'%" board takes 8 pin DiPs, Ten eyelets for variable
components. [2:72] Each 4.50
D-1: HERMEYER ELECTROSTATIC AMPLIFIER II.
{3:73] Two sided with shields and gold plated fingers.
Closeout. Each $5.00 Pair $9.00
F-6: JUNG 30Hz FILTER/CROSSOVER {WJ-3) 3x 3"
|14:75] High pass or universal fllter or crossover.

Each $5.50
G-2: PETZOLD WHITE NOISE GENERATOR & PINK
FILTER. (JP-1) 2/ x3/" [3:76] Each $5.00
H-2: JUNG SPEAKER SAVER. (WJ4) 3% x 5%" [3:77]

Each 87.00
H-3: HERMEYER ELECTROSTATIC AMP BOARDS.
(ESA-3) Set of three boards with plug-in edges for one
channel. [3:77] Set $19.00
J-6: SCHROEDER CAPACITOR CHECKER. (CT-10)
[4:78] 3% x6" Each $7.25
K-3: CRAWFORD WARBLER 3% x3% [1:79)

Each 86.00
K-6: TUBE CROSSOVER. 2 x4/ [3:79] Two needed per
2-way channel. Each $4.25 Four $13.00
K-7: TUBE X-OVER POWER SUPPLY. 5x5%" [3:79]

Each $7.00
K-12: MacARTHUR LED POWER METER. 5/x8%"
[4:79] Two sided. two channel. Each $16.00
L-2: WHITE LED OVERLOAD & PEAK METER. 3 x6”
[1:80] One channe). Each $10.50
L-6: MASTEL TONE BURST GENERATOR. 3/ x65%,"

(2:80]. Each $8.50
L-9: MASTEL PHASE METER 6%, x 23" [4/80]

Each $8.00

SB-Al: LINKWITZ CROSSOVER BOARD 5/ x 8/ {4:80]

Each $14.00

SB-C2: BALLARD CROSSOVER BOARD 5/ x 10" [3:82

& 4:82) Each $14.00

SB-D1: NEWCOMB PEAK POWER INDICATOR 3 x 2"

[SB 1:83) Each $2.50

SB-D2: WITTENBREDER AUDIO PULSE GENERATOR
3/x5" [SB 2:83] Each 8$7.50

SB-E2: NEWCOMB NEW PEAK POWER INDICATOR
1x2" [SB 2:84] Each $2.50

SB-E4: MUELLER PINK NOISE GENERATOR.

4'/g x 2% 4" [4:84) Each $8.50
Old Colony Sound Lab
PO Box 243. Dept. SB, Peterborough NH 03458

To order, please write each board’s num-
ber below with quantity of each and price.
Total the amounts and remit by check,
money order, MasterCard or Visa. U.S.
orders are postpaid. For orders under $10
please add $2 service charge. Canadians
please add 10%. other countries 15% for
postage. All overseas remittances must be

in U.S. funds. Please use clear block
capitals.
NAME -
STREET & NO. -
CITY STATE ZIP
No. Bds. Price
.Board No.. .... $......
Board No.. . ... $. . ...
Board No.. . ... [
Total $
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Continued from page 16
Allen's excellent book on wood
finishing 5

SPEAKER PLACEMENT. Column
speakers are far less sensitive to room
placement, and are often recom-

Continued on page 58

MATERIALS LIST
FOR ONE ENCLOSURE

Wood Materials

2 Side panels 18 x 16%2*

3 Horizontal panels 10Y2 x 16'2

1 Top panel 11%2 x 162

1 Bottom panel 112 x 162

4 Center vertical panels 44 x 112

1 Back panel 19 x 112

1 Driver panel 19 x 6
The above pieces were cut from one half of a
4 x 8-foot sheet of V2-inch Birch plywood (See
Cutting Guide).

10 Horizontal panel support strips 7/ x Va x
144 (/attice moulding).
16 Center vertical panel support strips 7/a x V4
x 10%
8 Corner reflectors 46 x 1515 (right triangle)
10 Driver panel mounts % x 1% (right triangle)

Other Materials
1 8 oz. dispenser of Tite Bond Wood Giue
1 Small box of 1 x 17-gauge galvanized brads
24 1Ya x #8-flat head steel wood screws
10 1 x #6-pan head self threading steel screws
9 3 x #6-pan head self-threading steel
screws
1 Container of black silicone gasket material

1 Package (17ft) closed cell vinyl foam self-
sticking tape 3/s x V4

1 Small package Y4 x 3/g 3 solder lug
terminal strips (H.H. Smith Inc. #864)

1 Color coded 13 x 23/ rectangular flush-
mount push type speaker wire terminal
(Madisound)

1 Package black sculptured foam speaker
grilie (Radio Shack #30FM)

1 8 oz. can flat black enamel

6 Ounces long-haired wool (J. Ebbert)

6 Ounces Poly-Fil Extra-Loft batting

1 Spray can mothproofing

4 Carpet bottom furniture guides

* All dimensions in inches.

Drivers
2 Audax MHD10P25FSC 4Q nominal
impedance
2 European Loudspeakers of America Model
4502 (Drivers available from Madisound)

Electrical Components
1 15uf 200V AC mylar capacitor
1 7.5Q 10W resistor (Clarostat VC-10 or
equivalent)

Here is a structured method for tun-
ing an array of individual transmission
lines (TLs}, which provides excellent
matching with a minimum of “'false
starts."’

I stuff the driver half of each TL
with 1%2-ounces of long haired wool.
I stacked 1Y2-ounces of golyester bat-
ting (Poly Fil Extra Loft® }, cut into 5-
by 16-inch strips, in the port half of the
top TL, and inserted the port end piece
of acoustically transparent foam to
complete stuffing the line.

With all the polyester strips in place,
I measure the driver impedance peaks
for that line/driver combination. Then
I remove the strips one at a time, and
measure the frequency changes in the
impedance peak. The same process is
repeated for each of the four TL/driver
combinations in the array. Table 1
shows the measurements for one
Audax/TL combination and one ELA
4502/TL combination in hertz with the
number of strips used. You can deter-
mine the number of strips for the best
match by comparing tables for each
line in the array.

Table 2 shows the impedance peak
frequencies for all four TLs before
matching (six polyester strips for each
TL's port half) and after matching

A Structured Tuning Method

(four strips for each Audax driven TL,
and two strips for each ELA 4502).
After I adjust the number of polyester
strips, 1 match the high frequency
peaks and the low frequency peaks for
both the Audax set and the ELA set.
In all cases, matching is accomplished
by reducing the number of polyester
strips. O

TABLE 1
AUDAX ELA
Strips Low High Low High
6 63 110 79 106
5 60 110 77 106
4 60 115 77 109
3 59 115 77 114
2 60 120 73 116
1 60 121 73 116
0 61 122 73 122
TABLE 2
Before After
Low High Low High
Top Audax 63 111 59 115
2nd ELA 4502 79 106 73 115
3rd ELA 4502 none 106 72 115
Bottom Audax 75 114 59 115




OLD COLONY SOUND LAB

SOFTWARE

0Old Colony Sound Lab Loudspeaker System Design Software

The following programs are available on 5% " disc for the Apple
(SBK-E3A, $25 each), and the Commodore 64 (SBKE3CD, $25
each). Also available is a cassette for the Commodore 64 (SBK-
E3CC, $25 each).

BOXRESPONSE: This program was written to help the designer
make tradeoffs encountered in the design of enclosures. The pro-
gram asks for the driver resonant frequency, driver electrical and

VENT COMPUTATION: Here is another short program by Glenn
Phillips for the quick calculation of vent dimensions. The pro-
gram calculates the vent length for 1, 2 or 4 equal length ports.
The user enters the box volume and the desired tuning frequen-
cy. With that information, the program outputs vent length and
arca for cach case.

mechanical Q, driver DC resistance and the enclosure volume.
The program also asks for the box type, closed or vented, and
the crossover order, first or second. After these and other data
are entered the program begins outputing relative response at a
series of sample frequencies. Also outputted with the relative
response is the maximum power the driver can tolerate at the
sample frequency. The last bit of data given is the infinite baffle
SPL (sound pressure level), at the sample frequency, with the
driver operating at its thermal or displacement limit. The user
may alter the sample frequency list to view the data in a finer
or coarser sample series.

L-PAD PROGRAM: This short program was first offered by Glenn
Phillips in [SB 2:83]. It asks for load resistance and required at-
tenuation in dB. Its output is the values of the two resistors in
the L-PAD, required to produce the required loss.

SERIES NOTCH: This useful program computes the effect of
series notch filters in terms of phase angle and loss, over two or
four octaves centered at the filter center frequency. The program
asks for the filter capacitor value in pF, the inductor value in mH,
and the resistance in ohms. The first program output is the center
frequency and the attenuation in dB at that frequency,and then
a table is gencrated, showing in selected steps, frequency, net-
work phase angle and attenuation.

STABILIZER 1: This short program calculates values for the
simplest driver shunt equalization network, and the RC series
network. The program asks for driver voice coil inductance and
resistance. Its output is the resistance and capacitance values for
the compensating series network.

AIR CORE: This program will greatly improve the odds of get-
ting the right coil at first try. The basis for the program is an ar-
ticle by Max Knittel [SB 1:83]. Knittel credits the algorithm us-
ed in this program to Thiele. This program’s value over previous
inductance calculation aids is in its attention to wire gauge, and
thus coil resistance. The program asks the user for the desired
inductance in mH and the wire AWG. Program output is coil in-
ductance, DC resistance, wire length, coil proportions and a
number of turns. The user can then change AWG and note the
effect.

RESPONSE FUNCTION: This calculates the small signal re-
sponse of a given box/driver combination. The program asks the
user for the driver free air resonance, driver Q, volume equivalent
to the suspension, box tuning frequency and box volume. The
program output is relative response versus frequency. The fre-
quency series and step size may be changed by the user, by alter-
ing lines at the end of the program.

The following programs are available on 5% " disc for the Apple
(SBK-F1A, $25 each) and the Commodore 64 (SBK-F1C, $25 each).
A printed listing of both the two-way and three-way CAD programs
in generic Basic is available (SBK-F1B, $2 each).

PASSIVE THREE-WAYS: This program, implemented on the Ap-
ple by Bob White from an article by Bullock [SB 2:85], calculates
the values for two and three way passive crossover components.
The user inputs the following: driver impedances, crossover fre-
quencies, crossover order and type. The program responds with
the network figure number (diagrams are sent with the program)
and the values for cach component in the figure. The component
values are ideal.

PASSIVE TWO-WAYS: This program comes directly from the ar-
ticle by Bullock [SB 1:85]. It computes the values for components
and identifies the network diagrams (supplied) for the required
net. The user enters the crossover type APC (all-pass crossover)
or CPC (constant power crossover), and also the driver impedances
and filter order. Output component values are ideal.

EQUALIZER UTILITY: Computes the values for components in
anetwork used to equalize the impedance of a driver over its fre-
quency range. With some change the algorithm will compute
cqualization for a closed box or driver with no enclosure. The user
enters the driver DC resistance and the program prompts for out-
put data required, driver inductance, low-pass losses and im-
pedance equalizer values.

RADIATION PATTERNS: The radiation vertical pattern from a
multi-driver system may be explored with this program based on
Bullock's Article [SB 1:85]. The program asks the user questions
about the phase relation and physical separation of the drivers.
The output is relative SPL over 180 degrees, in 5 degree steps,
in the vertical plane perpendicular to the baffle. With this pro-
gram a designer can experiment with various layouts for the
drivers in the enclosure.

EX-LIMIT: Computes the SPL, G force and required power in
watts for a given excursion, piston diameter and mass. The user
enters a range of frequencies and a step size. This is a useful pro-
gram for evaluating practical limits to woofer power short of the
voice coil thermal limit.

CROSSOVER TRANSFER FUNCTION: The operator enters the
filter order, first, second, third or fourth and the center frequen-
cy. The program then outputs the transfer function for the high
and low pass sections for a frequency range, above and below the
sclected crossover frequency. Functions for the high and low pass
sections are shown in dB relative to the input.

Old Colony Sound Lab

P.0. Box 243, Peterborough, NH 03458 usa T ayment by: L] Check Money Order MasterCard Visa
[J SBK-E3A SBK-F1A []  camono. . EXPIRES

[] sBK-E3CC SBK-F1IC L] name — -

[J sBK-E3CD SBKFIB ) g o

Ppd. USA Canada add $2 for postage Foreign add oy - —<TiE =5

$4 for postage and $2.00 for each additional item




FREE VOLUME
SUBWOOFER SYSTEMS

he emphasis in many profession-

al audio installations today is on
high-level music reproduction with
substantial bass content. The new
digital program sources provide pro-
gram material with considerable
energy in the lowest octave (20-
40Hz). The wusual approach to
reproduce these sounds uses a special-
ly designed subwoofer, crossed over
to conventional drivers.

For reliable high-level sound repro-
duction the subwoofer should be effi-
cient enough to reduce power require-
ments and voice-coil heating. If the
subwoofer can be made as efficient as
the other speakers in the system, you
can use passive crossovers to avoid
the expense of an electronic crossover
and separate amplifier. The price for
efficient low-frequency reproduction,
according to the laws of physics, is
size.

Richard Small established a relation
between efficiency, enclosure volume
and cutoff frequency, which says that
two enclosures of the same type and
efficiency have linear sizes propor-
tional to the wavelength they repro-
duce. Figure 1 shows Small's relation,
and illustrates the proportions be-
tween wavelength and enclosure size.
The truth in Small's relation is ob-
vious for horn-type enclosures, but
holds for any type of enclosure. Thus,
an enclosure designed to reproduce
20Hz must be twice the size and have
eight times the volume of one de-
signed to reproduce 40Hz.

The Altec Model 8182 system is a
good example of the tradeoff. It is a
moderately efficient (92.7dB 1W SPL
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f3= CUTOFF FREQUENCY
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b
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FIGURE 1: An illustration of Small’s relation between enclosure size, cutoff frequency and efficiency.

at 1 meter) vented box design, with
a cutoff frequency of 23Hz. It requires
a substantial 24 cubic foot internal
volume to achieve this performance.
The maximum SPL from the 8182's
18-inch driver is about 112dB in a 3k
cubic foot room. Larger rooms require
multiple systems of probably unac-
ceptable size.

FREE VOLUME. While the laws of
physics cannot be broken, they can be
circumvented. One way is to use ex-
isting free spaces, such as a closet, as
part of the enclosure volume. A low-
resonance frequency driver mounted
in the closet wall is the simplest way
to use such volume, but the resulting
“infinite baffle”’ does not load the
driver well acoustically, which results
in poor power handling. A better tech-
nique is based on a type of enclosure

called an augmented passive radiator
(APR) (U.S. Patent #4076097).
Figure 2 shows an APR enclosure
made from a vented box or an equiva-
lent conventional passive-radiator
system. The passive-radiator cone is
enlarged into a donut shape, and a
diaphragm placed across the hole of
the donut is baffled by another cham-
ber. If the passive-radiator cone is
transformed further it leads to a con-
venient form where the APR system
uses two cones joined apex-to-apex.
The box volume and system cutoff
frequency can be kept constant in this
progression by going to a higher com-
pliance driver. The other driver
characteristics remain unchanged.
The donut hole can be baffled by
any convenient volume. A rigid enclo-
sure is not required because the
system’s response does not depend on
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FIGURE 2: The progression from conventional passive-radiator system to an APR/FV system. My living room fireplace opening serves as the perfect free volume

mounting place.

stored energy in the compressed air.
A large portion of the enclosure's
volume can be freely hidden. In a
vented box, this technique has the ad-
vantage of heavier acoustical loading
to boost power handling over an in-
finite baffle. The free volume should,
of course, be rigid enough to avoid
problems with rattles and noise.

CREATIVE ENCLOSURES. Figure
2(c/) is my APR free volume design,
as it mounts into my living room fire-
place opening. If you use this design,
or any other vented to the outside,
you can avoid pipe organ or Helm-
holtz resonator effects by closing the
flue or vent. The APR installation is
limited only by the installer’s imagina-
tion, and can be vented to attic or
basement spaces by adapting your
idea to the designs in Fig. 2. Systems
can even be mounted in windows to
achieve a true "infinite baffle’’ by us-
ing the entire world as a baffle.

These enclosures are constructed
with conventional techniques. The
passive radiator cones can be
mounted apex-to-apex as Fig. 2 shows,
or in deeper enclosures you can use
a connecting tube to join the cones.
The individual APR cones can be
glued directly to the enclosure to
eliminate the need for metal baskets
on the passive radiators. For the
smaller cone in a passive-radiator, a
rolled-edge gives the best combination
of linear compliance and suspension
linearity.

If properly sized cones are unavail-
able, you can easily build rolled-edge
cones by spreading a flexible material
{such as silicone rubber) over a half-
round mold, coated with plastic food-

wrap.! Mine, as shown in the figures,
is a 22-inch cone with a 15-inch ac-
cordion edge cone. For cloth edge
cones, apply sealant to avoid a leak
through the cloth.

The APR/free volume designs are
always custom. You could build an
enclosure with about half the interior
volume of a vented box for the par-
ticular driver. The two cones mount
apex-to-apex; the smaller is the same
size as the driver and the larger is the
next size greater {for example 12 and
15-inch cones for a 12-inch driver).
Weight is then added or subtracted
from the cones to achieve the desired
response.

CHOOSING DRIVERS. A better al-
ternative for an optimal system would
use the driver's Thiele/Small parame-
ters together with the design exam-
ples in Table 1. If you use half the
volume of a vented box it can lead to
a poor design for some drivers. The
three Thiele/Small parameters are
driver resonance frequency, fs, driver
damping factor Qrs and the acoustic
volume equivalent to the driver sus-
pension compliance, Vas.

These three quantities completely
characterize a driver, so that two driv-
ers with the same parameters and en-
closures will perform identically. The
drivers may have entirely different
sizes, power handling capability or
other specifications, but fortunately
many manufacturers and suppliers
provide the parameters.

Table 1 gives the designs for four
drivers of varying Qrs. The driver
parameters are followed by the box
volume, Vp (in cubic feet), the cutoff
frequency f; (in hertz) and in grams

for properly tuning the passive radia-
tor mass. Driver sensitivities, in
dB/1W input at one meter, are also
included.

Below the APR designs are the cor-
responding parameters for a vented
box enclosure matched to the same
driver. The designs use Chebyshev or
equi-ripple alignments.? These designs
assume that the combination of a
small cone equal to the driver size is
used together with a larger cone of the
next larger size. If non-standard cones
are used, the larger should be 30 per-
cent greater than the smaller one.

The first design uses a 10-inch com-
mercial driver with low efficiency.
For the APR/FV system to achieve a
23.6Hz cutoff frequency you will
need a 1.5 cubic foot enclosure,
whereas a vented box requires near-
ly five cubic feet. A system with two
of these drivers in the same enclosure
would be very similar to the one
shown in the figures.

The second APR/FV system uses a
larger 12-inch commercial driver to
reach a 22.3Hz cutoff with an inter-
nal volume of 8.66 cubic feet. A com-
parable vented box only goes to 24Hz
and requires 18 cubic feet, and the
sensitivity rises to 95.2 with the larger
volume.

The third system uses a 15-inch pro-
fessional driver to reach the very low
19Hz cutoff. The sensitivity is a mod-
erate 92.8, while the volume is only
9.75 cubic feet. A vented box will re-
quire 16 cubic feet to reach only
23.5Hz. This system is best with the
lowest octave reproduced with ab-
solute fidelity.

The last system uses a large 18-inch
professional driver to achieve high ef-
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Old Colony'’s
Audio

Accessories

TABLE 1

NEGLEX 2477
SPEAKER CABLE

For less than the price differential be-
tween standard and fancy finishes on a
pair of speakers, you can make a signifi-
cant improvement in the actual sound of
your system. This high definition Neglex
cable is a coaxial configuration using
Mogami OFHC wire and copolymer in-
sulation. Termination Kits provide two
short lengths of wire, two gold-plated,
14" spade lugs and an insulating sleeve
(one kit required for each end of cable).

The cable has extremely low capaci-
tance, impedance, inductance, and eddy
current effects. In the audio frequency
range, impedance is virtually flat (see
Nelson Pass’ article on speaker cables in
SB 2/80 for a discussion of these effects).
Small improvements in low bass, ex-
treme highs, imaging, depth, distortion,
and amplifier damping all add up to
audibly better sound and greater listen-
ing enjoyment.

Only $2.00 per foot!

Ft. Neglex Speaker Cable
$2.00/t. . ..

Termination Kits
$1.00each.. . ..

Pair Gold Plated. Five-way

Red/Black Binding Post

$5.50 per pair. ... ... .. ..
Total amount enclosed:

Form of payment:

U check Mo O

O mc Visa [

Card #

Expires /
NAME
ADDRESS

CITY STATE ZIp

Phone Orders: (603) 924-6371
(MCor Visa only) 9-4 EST M-F

DISCOUNT: $25-$75 = 10%
$75andup = 15%.
0Old Colony Sound Lab
PO Box 243
Peterborough, NH03458
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APR / F¥ — 1.3 DIAMETER RATIO

Vus fs Vo
Model Ors (ft3) (Hz) (ft3)
Pyle 0.49 2.5 3 1.5
W10C300F [0.59]
10" dia. 4.67
Pyle 0.40 20.5 25 8.66
W12C200F [0.42)
12" dia. 18
Altec 035  29.3 19 9.75
411-8A [0.33]
15" dia. 16
JBL 027  29.0 20 5.9
22451 [0.20]
18" dia. 7.54

APRIFV = Bold Face; Vented Box = Italic.

Sens.
fs Rip. fs PR Mass dB

(Hz) (dB) (Hz) {gm) 1WIM
23.6 14 21.9 95 87.9
[0.76] [0.90] [2.5]

22.2 0.1 25.1

223 0.9 26.3 51 95.2
[0.89] [1.05] [2.6]

24.8 0 24.9

19.0 0.7 22.3 178 92.8
[1.0] (1.18]  [2.7]

23.5 0 21.3

25.6 0.4 29.8 348 95.1
[1.28] [1.48] [2.7]

35.2 0 28.5

NOTE: In the table above figures for APR/FV designs are in BOLD type; the vented box design values
are in /talic type. The values in brackets may be used to adapt the system to other drivers.

ficiency and power handling. The
volume is 5.9 cubic feet and the cutoff
is a moderate 25.6Hz. The compari-
son vented box is slightly larger at 7.5
cubic feet, but has a much higher cut-
off of 35.2Hz. This system should be
used to achieve high SPLs. It clearly
shows the advantages of an APR/FV
enclosure over the Altec Model 8182
system.

These systems can be adapted to
other drivers by using the numbers in
brackets, below the system specifica-
tions, in Table 1. Choose the example
with Qrs nearest the target driver.
The system’s volume is found by
multiplying equivalent driver volume,
Vas, by the number below Vj for that
example. Similarly, you find f; and fg
by multiplying the target driver's
resonance frequency by the cor-
responding bracketed numbers.

The passive radiator mass is found
by multiplying the driver's moving
mass by the bracketed number below
the mass. This mass value assumes
that the small cone is the same size
as the driver; if not, multiply the mass
by the ratio of the cone diameters to
the fourth power. You can make the
best use of an APR/FV system when
you must reproduce low frequencies
at high levels. &

More complete details of how to use this
concept together with basic computer pro-
grams and licensing information are available

from the author. Write, Thomas L. Clarke,
5814 SW. 81 St., Miami, FL 33143.

REFERENCES

1. Clarke, T.L., "Build a Superthruster
Loudspeaker,” CQ (Volume 20}, February 1979,
pp- 101-104.

2. Clarke, T.L., ""Augmented Passive-Radiator
Loudspeaker Systems,’” Parts I and II, JAES
{Volume 29), June and July/August 1981, pp.
511-516.

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, Technical Dept.,
P.O. Box 494, Peterborough, NH
03458.

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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A full range of kits from the most simple to
the most sophisticated designs. Send $3.00
to FOCAL AMERICA, 1531 Lookout Dr.,
Agoura, CA 91301 for a catalog of more
than -20 different kits including crossover
designs and cabinet plans.

A & S SPEAKERS AUDIO LAB MADISOUND SPEAKERS
2371 Dahha St. 5269 Buford Highway 8982 Table Bluff Rd. PO Box 4283
Denver, CO 80207 Atlanta, GA 30340 Madison, WI 53711
(404) 455-0572 (608) 767-2673
AUDIO CONCEPTS JUST SPEAKERS SOLEN
1631 Caledonia St 3170 23rd. St. 5940 Bergevin
LaCrosse. WI 54602 San Francisco, CA 94110 Brossard, Quebec Canada J4Z 122
(608) 781-2110 (415) 641-9228 (514) 656-2759

FAST REPLY #GK29
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NOTCH FILTERS

ave you ever found that notch

filters did not work the way
theory predicted? Well, that's not sur-
prising. Notch filter formulas ignore
some practical aspects of filter be-
havior, and filter discussions ignore
areas of background information. As
you probably know, a notch filter is
a frequency discriminating circuit con-
sisting of an inductor, a capacitor and
usually a resistor. The inductive reac-
tance equals the capacitive reactance
at predictable frequencies to form a
tank circuit.

If this tank circuit is designed to
resonate at a speaker’s response peak,
it will offer a high impedance to cur-
rent flow at that frequency and reduce
loudspeaker output. The shunt resistor
controls a filter's impedance and Q.
Filters can be used as sharply tuned
notch filters or as broadband response
shapers.

I recently discovered how useful
notch filters can be. After I helped a
friend install a small double-chamber
reflex, two-way system {6Y2-inch woof-
er and 2-inch tweeter), we noticed
some flaws. The stereo image was un-
stable, with more than just a sugges-
tion of shrillness on some program
material. We began experimenting
with various crossover networks and
then with filters. The filters, as it
turned out, made the biggest differ-
ence. But, first we had to find the
problem.

PEAK TESTING. The methods de-
scribed here can be used for crossover
experiments and detecting peaks. To
test your drivers, install them in their
enclosures and run leads out for each
one. You can then alter the crossover
wiring or insert filters, while you
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monitor performance changes without
disturbing the drivers.

It is nice if you can test with equal-
izers and analyzers, but we tracked
down our problems with just an audio
generator, an amplifier and a sound
level meter.

We used a Heathkit IG-18 {now re-
numbered IG-5818) audio generator
with a Radio Shack 40-3019 sound
level meter {SLM: no longer available).
We connected the audio generator to
an old power amplifier, which fed the
speaker through the crossover net-
work. Note that the final crossover
network should be in the system, and
you must use an amplifier to couple
the audio generator to the loudspeaker.

I cannot overstate the importance of
maintaining a constant acoustical en-
vironment while testing your speakers
with an SLM. Outdoor testing is the
preferred way to test, but often it is not
practical due to the weather, traffic
noise or other influences. You can
learn a lot from indoor experiments by
maintaining absolute control over
room acoustics. For example, if you
are working alone, you will need to
make changes in the filter wiring while
observing the SLM. You may find that
body movements of no more than an
inch will change your SLM reading.
One slight shift in your position, or an
object in the soundfield, will give in-
consistent test data. You can keep the
soundfield clear by having an assistant
make the wiring changes while you
read the SLM.

Our rough frequency response tests
indicated some uncontrolled peaks.
We disconnected the driver to study
the woofer and tweeter performance
separately. We replaced the discon-
nected driver with dummy resistors to

maintain the crossover network's
proper termination, and we found a
significant peak beyond the passband
on each tested woofer. One woofer’s
response peak occurred at 3.2kHz, the
other’s at 3.7kHz. When we checked
the tweeters, one peaked at a little over
5kHz and the other at just under 6kHz.
Once we brought the problem into
focus we saw it was the filter design.

CHOOSING VALUES. When you
compare inductance and capacitance
values in various notch filters, you are
likely to be puzzled by the design
choices. After all, the range is almost
infinite as long as the capacitive reac-
tance equals inductive reactance at
peak frequency. You may understand
filter action better by going back to
basic engineering textbooks, but you
may find you have as many questions
as you had before.

Some books only deal with theore-
tical conditions, where each compo-
nent is perfect. Those that treat prac-
tical problems usually discuss the kind
plaguing high frequency circuits,
rather than audio bands.

The SRA Loudspeaker Design Cook-
book! gives a formula to calculate the
values of filter components. It is:

c=_1_
15.2f

where (f} is the frequency of the peak.
After finding the value for C, you can
substitute it into the following formula
to find L:

L = 0.025
f2C

The value of C is farads, and L is
henries.




The LDC formula produces a filter
with an LC ratio near 5.8. Filters with
low LC ratios, such as this, will theo-
retically have a narrower bandwidth
than a filter with higher LC ratios. As
we shall see, bandwidth does not
always follow theory. You may need
a filter that can give greater attenua-
tion for severe peaks. A rule of thumb
for a higher impedance filter is:

1

100f

The LC ratio here is 250.
Finally, this intermediate formula
produces an LC ratio of 40:
1

C=_-_
40f

The formula you choose will depend
on the peak’s amplitude and band-
width. By altering the LC ratio you can
change the theoretical Q of your filter.
The real Q may be quite different.

FILTER Q. You will often see or hear
the statement that the Q of a parallel
resonant circuit is determined by the
Q of the coil. The capacitor, it is said,
has little or no effect on Q. These
assertions are probably more valid for
high frequency circuits than for the
audio band. I checked their relevance
to notch filters by running tests with
single coil filters and matching them
to capacitors with equal value. I chose
a commercially available 1mH air-core
coil inductor, wound with 18-gauge
magnet wire on a plastic form, for
each test (Fig. 1}. The filter's im-
pedance peaks at about 2.5kHz when
the coil is wired into a parallel circuit
with a 4uF capacitor.

T

R
|I|Zz

Z, = Impedance of filter
Z, = Impedance of speaker

r N0

Voltage ratio (V) = 2o+ 22

Cut (dB) = 20log Vi
or z

Cut (dB) = 20log 22 + 2,
1

FIGURE 1: The parallel resonant circult used for
notch filters.

I used a non-polarized (NP} elec-
trolytic capacitor on the first test. The
Q for that combination was about
seven. Next, I substituted a couple of
2uF mylar capacitors wired in parallel
to maintain the same total capacitance
and the Q jumped to 14.5. Finally, I
tried an old Western Electric capacitor
gleaned from a piece of surplus tele-
phone equipment in a salvage yard. Its
value was apparently greater because
it produced a lower resonance fre-
quency and a Q of 14.7.

These tests suggest an irony. If you
want a high Q circuit, theory insists on
a low LC, requiring a large value for
C. Good quality capacitors, with large
values, can be expensive. If I use a
2.5kHz filter with an LC ratio of six,
I will need a 26uF capacitor. Fortun-
ately, we can usually get practical
values of Q with NP electrolytic
capacitors.

According to textbooks, you can
predict the Q from the LC ratio. In this
formula R is the shunt resistance:

Q=RJ/CL

This formula has little practical use.
For a better estimate of filter Q, make
up the filter and measure its imped-
ance at its resonant frequency. You
can test the impedance of a filter in the
same way you measure a driver's im-
pedance, by the constant current
method.2 When you find a maximum
impedance, you can calculate Q with
this formula where Z is the impedance
of the filter at resonance and f is the
frequency of resonance:

Q = Z x 27fC

You can measure Q directly by record-
ing the impedance, or maximum volt-
age across the filter at resonance. Then
find the two frequencies, one below
resonance fi, and the other above
resonance f;, where the impedance {or
voltage) falls to 0.707 that of the value
at resonance. Then:

f
Q- Af

where f is the resonance frequency
and Af is f; —fa. You can check the ac-
curacy of your work by this test:

f=JE'2

As you can see, measuring filter Q is
not difficult. If we want to make our
filter a mirror image of a speaker's re-
sponse curve, it would be useful to be

able to predict the Q with reasonable
accuracy. This involves decisions a-
bout the value of R as well as the LC
ratio.

R VALUES. It appears to be easy to
calculate R for any desired Q accord-
ing to textbook formulas. The calcula-
tions are easy, but getting a filter with
the right Q requires bending the for-
mulas a bit. Here is one formula:

) R=Xf
Af

or
R = X0

I made up a filter with a low LC,
designed to resonate at 3kHz to test
this formula. The formula for an LC
ratio of six showed that a 21.9uF
capacitor would be right. I planned to
use a 22uF NP electrolytic capacitor,
but when I measured it the true value
tutned out to be 21.4xF. I would need
an air-core coil with an inductance of
0.13mH to match. I then made a series
of tests, which are reported in Table 1.

TABLE 1

THEORETICAL Q’s vs. MEASURED Q's

Measured Q
Theoretical NP Elect. Mylar
R Q Caps. Caps.
1.0 0.42 0.48 0.47
1.5 0.63 0.63 0.63
2.5 1.05 0.95 0.95
5 21 1.7 1.8
10 4.2 2.6 3.0
15 6.2 2.9 39
22 9.1 3.5 4.8
30 12.5 3.7 515
100 415 4.3 8.1
510 212 5.2 10.3
o 3 5.4 12

LC ratio=6. Components:
L=0.13mH; f=3kHz.

C=21.4uF;

Check this hypothetical problem
against Table 1. Suppose we have a
driver with a peak at 3kHz, and a
bandwidth peak of 800Hz. The band-
width is defined as the —3dB band-
width peak. The Q should be 3.75
(3k/800}. For the low LC ratio filters
X as well as Xc is about 2.44. So, by
formula:

R = 240 x 3.75 = 9Q

Table 1 shows the closest value is
10Q. It appears that the measured Q
with a 99 resistor would be somewhat
below 2.6. We see farther down the
column that a real filter with an elec-
trolytic capacitor and a Q of 3.75, we
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FIGURE 2: A notch fliter response with an LC ratio of six, made with a non-

polarized electrolytic capacitor.

—f (Hz) —»

FAGURE 3: The response of the same fitter in Fig. 2, but with a mylar capacitor.

would expect to use a parallel resis-
tance of slightly more than 30Q: more
than three times the calculated value.
This is hardly reassuring for anyone
who relies on formulas alone. For
broadband filters the formulas work
fairly well. Tables 2, 3 and 4 show how
Q varies from the theoretical value
with various LC ratios. Figures 2, 3, 4
and 5 show the response curves of
filters with various LC ratios and
values of R.

PRACTICAL FILTERS. The tests
reported in the tables and figures show
that for filters with Qs greater than
one, the bandwidth is wider than
predicted by theory. Filters with either
very high or very low LC ratios have
limited maximum Qs. The LC ratio
probably limits the Q for filters with
very high LC ratios, such as the one
with a ratio of 8600.

The limiting factor for low LC filters
is likely to be large values of
capacitance. The available Qs, even
with electrolytic capacitors, may be
higher than you need for most pur-
poses. The ear’s ability to detect devia-
tions from a flat frequency response
depends on the aberration’s band-
width and level. The narrower the
bandwidth, the more prominent it
must be to be heard.

For a practical approach to filter
design, refer to Table 5. If you know
the approximate bandwidth and level
to be eliminated, you can easily choose
an appropriate filter from the table.
Here is an example of how you can
tailor a filter to meet your needs.

Suppose you locate a 9dB peak at
3kHz that has a 1kHz bandwidth, or
a Q of 3. Table 5 shows us that with
an LC ratio of 6 we can expect a cut
of 6dB with a filter Q of 3. The cut

would be about 10dB; much closer to
the needed attenuation.

If you are finicky, you may want to
tinker with filter components to get
the precise degree of cut and band-
width. The data presented in Table 5
is based on tests with filters using air-
core coils and NP electrolytic capaci-
tors.

To estimate R, find the combination
of LC ratio and Q that best fits your
needs and then find the value of R in
Tables 1, 2 or 3. If you make a filter
with an LC ratio that is different from
those listed, you can make a rough in-
terpolation for R. Although Table 5 is
based on a single series of tests, such
estimates will probably be more ac-
curate than finding the values of R
from a formula.

Once you settle on the LC combina-
tion, you can test the various resistors
by finding the desired impedance at

TABLE 2

TABLE 3

TABLE 4

THEORETICAL Q's vs. MEASURED Q’s

THEDRETICAL Q's vs. MEASURED Q's

THEDRETICAL Q's vs. MEASURED Q's

R Theoretical Q Measured Q Measured Q R Theoretical Q Measured Q
1.5 0.24 0.28 Theoretical NP Elect. Mylar 30 0.32 0.31
2.5 0.40 0.45 R Q Caps. Caps. 50 0.54 0.47
S 0.79 0.8 5 0.32 0.37 0.32 100 1.08 0.82
10 1.6 13 10 0.63 0.67 0.69 510 5.50 1.74
15 2.4 1.7 15 0.95 0.88 0.88 1000 10.78 2.07
22 3.5 2.0 22 1.39 1.18 1.33 % o 2.73
30 4.7 2.7 30 1.90 1.44 1.68

100 15.8 4.5 100 6.3 3.25 4.6

510 81 5.4 510 323 6 10.3

o o 5.8 = o 7 14.5

LC ratio = 40; Components: C=8uF N.P. elec-
trolytic; L=0.32mH; f=3125Hz.

LC ratio =250; Components: C = 4uF; L = 1mH;
f=2.5kHz.

LC ratio=8600; Components: C=0.5uF;
L=4.3mH iron core; f=3.4kHz.
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the resonance frequency. That will be:

Q
2xfC

For filters that work outside the
driver's passband, you can usually
pick just about any LC combination
and omit R. Just make sure the filter's
action does not overlap the passband.
With all the filter design variables
there is a good chance that you can
throw caution to the wind and do an
acceptable job using the components
you have on hand. It's at least worth
a try. For example, suppose you need
a filter tuned to 1.5kHz with a band-
width of 600Hz, or a Q of 2.5, and you
have a coil with an inductance of
0.5mH that you would like to use. The
matching capacitor would be:

0.025
f2L

0.025
15002 0.0005

C=

0.0000222 or 22.2uF

This filter's LC ratio is a relatively low
22.5.

If you check Table 5 this filter may
be just about right if the peak you
want to kill is between about 5 and
8dB. If the peak is lower in amplitude,
say 3dB, then depending on what Q
you choose, your filter will either pro-
duce a dip at resonance or two shallow
depressions. If the filter appears to be

close enough, you would solve for the
desired impedance:

Za 25 - 1190
2 x 3.14 x 1500 x 0.0000222

With a target impedance of 11.9Q you
would wire in various resistors and
check the impedance at 1.5k, until
you find the resistance that produces
about a 11.9Q filter impedance.

If you do not have the materials for
coil making, or do not want to make
them, you can buy ready-made coils.
If you buy them ready-made, choose
the value of the coil first and then find
the matching value of capacitance. For
example, one filter I tested for this ar-
ticle required a 0.13mH coil. I had
trouble finding a commercial coil with
0.13mH inductance, but I found a
0.14mH coil. It worked almost as well
as the "ideal’’ with a 20uF capacitor.

FILTER TESTING. When you have
made your filter, wire it into the
speaker circuit and temporarily short
it with a test lead. With your audio
generator, set the peak frequency and
adjust the level so the output reads at
a conveniently high value on your tri-
pod-mounted SLM. I used +6dB on
the SLM, the maximum mark on the
scale. To check the degree of suppres-
sion, unclip the test lead and observe
the change in the SLM reading. This
test double checks your impedance
measurements.

You should observe a couple of cau-
tions when using notch filters. First, if

S ISESSSSSS—S—S—————— e

TABLE 5
Q-Adj. Filter Response (dB)
by R LC-6 LC-40 LC -250
0.3 -0.77 -2 -4
05 -1.25 -3 -6
1 -24 -5 -10
2 -4 -8 -14
3 6 -10 17
4 -7 -12 -21
5 -8 -14 -22
7 — —_ -24

Typical response cut at resonance for notch
filters with various LC ratios. These results can
be expected for filters made with air core coils
and non-polarized electrolytic capacitors.

you use one with a crossover network,
make sure the filter does not reflect a
high impedance to the crossover. You
can avoid this by designing an im-
pedance equalizer for the driver’**
and wiring it into the system between
the crossover and the notch filter as
shown in Fig. 6.

NOTCH
FILTER

M

CROSSOVER
NETWORK

T

' il

L_., IMPEDANCE EQUALIZER

FIGURE 6: This speaker circuit combines an im-
pedance equalizer with a notch filter.
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FIGURE 4: A notch filter response with an LC ratio of 40.
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FIGURE 5: A notch filter response with an LC ratio of 250.

T

Speaker Builder / 2/86 27




OLD COLONY’S BOOK SERVICE
ANNOUNCES THE
THIRD EDITION

of
WALT JUNG’S
IC OP-AMP
COOKBOOK

(Howard Sams—S$21.95)

This third edition is completely revised
and updated by Mr. Jung, one of the
world's foremost authorities on in-
tegrated circuit technology. The previous
editions have both been regarded as
definitive technical resources, as well as
genuine, parts-defined cookbooks with
usable circuits for a wide array of
applications.

OLD COLONY BOOK SERVICE, PO BOX 243
PETERBOROUGH, NEW HAMPSHIRE 03458 usa

Send me copies of Walt Jung's IC Op-Amp Cookbook
at $21.95 each (paperback)

(Please add 50¢ postage USA. $2.20 for Canadian postage and $4.00
for overseas postage.)

I enclose [| check/money order

charge to my (1 MC / [] Visa
CARD NUMBER EXPIRE DATE
SIGNED
NAME MY MAGIC NO

STREET AND NO

CITy STATE

If you're making subjective evalua-
tions of your notch filter, say A/B
listening tests, keep the loudness the
same with the filter in and out of the
circuit. Broadband filters usually pro-
duce significant changes in sound
level, and most listeners will vote
against the hook-up with the reduced
output.

OUR LISTENING TESTS. We made
four filters for the two double-chamber
reflex speakers, following the de-
scribed procedures. We wired them in
series with the drivers they were
designed to correct. The improvement
was striking, and much greater than
we had expected. The surface noise on
old records lost its bite, and highs were
much more natural. The most obvious
change was in the stereo image. Def-
inition was also significantly im-
proved. Above all, the loudspeakers
seemed to invite extended listening
without fatigue.

Everyone who heard the system, be-
fore and after we added the filters,
concluded that removing the peak im-
proved the quality more significantly
than the tinkering we had done with
the crossover and enclosure. o

REFERENCES

1. Speaker Research Associates, Loudspeaker
Design Cookbook, p. 31. [Now out of print. A new
edition is in preparation and will be announced
soon. Use Fast Reply No. GK84 for notification
when the new edition is ready.—Ed]

2. Bullock, R. M., "How You Can Deter-
mine Design Parameters for Your Loud-
speakers,’’ SB 1/81, p. 12.

3. Harms, W., "Evaluating The Zobel,"” SB
4/82, p. 14.

4. Knittel, M. R., "Impedance Compen-
sating Crossover,’” SB 1/83, p. 11.

5. Bullock, R. M., "’Passive Crossover Net-
works.” SB 1/85, p. 13.

YOUR MAGIC NUMBER
HELPS US ANSWER FASTER
Do you want quick service
on orders and subscrip-
tion requests? If so, make
sure you use your ‘‘mag-
ic number’’ when corre-
sponding with us. This
number, which appears in
the upper left corner of
your mailing label, is your
key to a speedy reply.
Use it to help us serve you
better.
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TKITS

from QLD COLONY
Post Office Box 243 ¢Peterborough, NH 03458-0243

ORDERING INFORMATION Prices, except as noted, are prepaid in the USA and
insured. We prefer to ship via UPS, which requires a street address. If you cannot re-
ceive UPS delivery, please include an extra $2 for insured service via Parcel Post.
We cannot accept responsibility for safety or delivery of uninsured Parcel Post
shipments. Orders under $10 please add $2 service charge.

PRICES SUBJECT TO CHANGE WITHOUT NOTICE.
CHARGE CARD PHONE ORDER SERVICE M-F 9am—4pm EDT (603) 924-6371
MasterCard/ Visa Cards Welcome UPS next day and 2nd day air are available to some areas.

———— CROSSOVERS

KC-4A: ELECTRONIC CROSSOVER, KIT A. [2:72] Single channel, 2-way. All
parts including C-4 board and LF3511C's. Choose frequency of 60, 120, 240, 480,
1k, 2k, Skor 10k Each $9.75
KC-4B: ELECTRONIC CROSSOVER, KIT B. |2:72] Single channel, 3-way. All parts
including C-4 board & LF351IC's. Choose frequency of 60, 120, 240, 480, 1k, 2k,
Skor 10k. Each $§12.75
® KF-7: CROSSOVER FOR WEBB TLS. [1:75] Passive 4-way x-over, in pairs, as-
sembled. Components are included for both STC and Celestion tweeters. Made by
Falcon of England CLOSEQUT Pair $50.00
KK-6L: WALDRON TUBE CROSSOVER LOW PASS: Single channel, 18dB/oc-
tave, Butterworth, |3:79] includes 3-gang pot. Choose 1: 19-210; 43-465; 88-960;
190-2100; 430-4650; 880-9600; 1900-21,000 Hz. Each $43.00
KK-6H: WALDRON TUBE CROSSOVER HIGH PASS: Single channel, 18dB/oc-
tave, Butterworth, |3:79] includes 3-gang pot. Please specify 1 of the frequencies in
KK- 61.. No other can be supplied. Each $45.00
KK-6S: SWITCH OPTION. 6-pole, 5-pos. rotary switch, shorting, for up to 5 fre-
quency choices per single channel. Each $8.00

ordered with 2 kits above, Each $7.00
KK-7: WALDRON TUBE CROSSOVER POWER SUPPLY. |3:79] Includes board,
x-fmr, fuse, semiconductors, line cord, capacitors to power 4 tube x-over boards (8
tubes), 1 stereo hiamped circuit Each $88.00
SBK-A1: LINKWITZ CROSSOVER/FILTER. [SB 4:80] 3-way x-over/filter/delay.
24dB/octave at 100Hz and 1.5kHz and 12dB/octave below 30Hz, with delayed
woofer turn- on. Use the Sulzer supply KL-4A with KL-4B or KL-4C.

Per channel $64.00 Two channels $120.00 SBK Board only $14.00
SBK-CIA: JUNG ELECTRONIC 2-WAY CROSSOVER. [SB 3:82] 30Hz filter with
WJ-3 board & 4136 IC adapted as 1 channel x-over. Can be 6, 12 or 18dB/octave.
Choose frequency of 60, 120, 250, 500, 1k, 2k, 5k or 10k. Each $§24.75
SBK-C1B: THREE WAY, SINGLE CHANNEL CROSSOVER. [SB 3:82] Contains 2
each SBK-C1A. Choose high & low frequency. Each $49.70
SBK-C1C: TWO CHANNEL, COMMON BASS CROSSOVER. [SB 3:8?] Contains
2each SBK-C1A. Choose 1 frequency. Each $49.70
SBK-C2: BALLARD ACTIVE CROSSOVER. [SB 3,4:82] 3-way x-over with variable
phase correction for precise alignment. Kit includes PC board {52/ x 9/,"), preci-
sion resistors, polystyrene & polypropylene caps. Requires =15V DC power
supply—not included. Can use KL-4A withKL-4Bor C. Twochannel $134.00

KF-6: 30Hz RUMBLE FILTER. [4:75) 2 channel universal filter card, 1% metal film
resistors and 5% capacitors for operation as 18dB/octave; 30Hz, OdB gain only.
Each $§19.75
KH-2A: SPEAKER SAVER. [3:77] Turn on/ off protection & fast opto-coupler cir-
cuitry to prevent damage to your system. 4PDT relay & socket for 2 channels.
Each $40.00
KH-2B: OUTPUT FAULT OPTION. Additional board mounted components for
speaker protection in case of amplifier failure. Each $6.75
KH-2C: COMPLETE SPEAKER SAVER KIT. Includes KH-2A & KH-1B.
Each $40.00
KL-5 WILLIAMSON BANDPASS FILTER. [2:80] 2 channel, plug-in board and all
parts for 24dB/octave 20Hz-15kHz with precision cap/resistor pairs. TLO75IC's.
Each $31.00

—— AIDS & TEST EQUIPMENT ——

KH-7: GLOECKLER PRECISION 101dB ATTENUATOR. [4:77] All switches, 1%
metal film and 5% carbon film resistors to build prototype. Chassis, input/output
jacks are not included. Each $55.00
KL-3C: INVERSE RIAA NETWORK COMPLETE. [1:80] 1 KL-3R and 1 KL-3H
with 1% polystyrene capacitors. Alternate 600 chm or 900 ohm R,"/C," com-
ponents for 2 channels. Each $35.00
KL-3R: INVERSE RIAA. [1:80| Resistor/capacitor package complete. Contains
stereoR,’ /C,’ alternates. Each 25.00
KL-3H: INVERSE RIAA HARDWARE. [1:80] Box, terminals, gold jacks, and all
hardware in KL-3C. No resistors or caps. Each $§13.50
KE-4: SINE-SQUARE AUDIO GENERATOR. [4:75] Morrey's MOD kit for Heath
IG-18 IG5218). 2 boards and parts to modify the unit to distortion levels of parts per
million range. Each $37.00
KJ-6: CAPACITOR CHECKER. [4:78] All switches, IC's, resistors, 442" [)'Arson-
val meter, x-fmr and PC board to measure capacitance, leakage and insulation.

Each $78.00
KK-3: THE WARBLER OSCILLATOR. [1:79] Switches, IC's, x-fmr and PC board
for checking room response and speaker performance w/o anechoic chamber.

Each $56.00
KL-6: MASTEL TIMERLESS TONE BURST GENERATOR. |2:80] All parts with
circuit board. No power supply Each $19.00
KM-1: CARLSTROM-MULLER SORCERER'S APPRENTICE [2:81] 4 boards and all
parts for construction of the first half of a swept function generator with power
supply. No knobs or chassis. Each $145.00
KM-2: CARLSTROM-MULLER PAUL BUNYAN. (3:81] All parts except knobs,
chassis, output connectors and wire. Includes 2 circuit boards and power supply.

Each $85.00
KM-3: CARLSTROM-MULLER SORCERER’'S APPRENTICE/PAUL BUNYAN
[2:81, 3:81] All parts in KM-1 and KM-2. Each $225.00
SBK-D2 WITTENBREDER AUDIO PULSE GENERATOR. [SB 2:83] All parts,
board, pots, power cord, switches and power supply included. Each §70.00
SBK-E4: MULLER PINK NOISE GENERATOR. [SB 4:84] All parts, board, 1% MF
resistors, capacitors, IC's, and toggle switches included. No battery orenclosure.

Each $27.50

— —— SYSTEM ACCESSORIES ——

KH-8: MORREY SUPER BUFFER. |4:77] All parts, 1% metal film resistors, NE531
IC’s, and PC board for 2 channel output buffer. Each $§16.00
KJ-3: TV SOUND TAKEOQFF. [2:78]. Circuit board, vol. control, coils, IC, co-ax
cable (1 ft.) and all parts including power x-fmr. Each $§21.50
SBK-D1: NEWCOMB PEAK POWER INDICATOR. [SB 1:83] All parts & board. No
power supply required. Two tor$10.00 Each $6.00
SBK-E2: NEWCOMB NEW PEAK POWER INDICATOR. [SB 2:84] All parts &
board, new multicolor bar graph display; red, green & yellow LED's for 1 channel
No power supply needed. Twofor$17.00 Each $11.50
KC-5: GLOECKLER 23 POSITION LEVEL CONTROL. (2:72} All metal film
resistors, shorting rotary switch & 2 boards for a 2 channel, 2dB per step attenuator.
Choose 10k or 250k ohms. Each $36.75
KR-1: GLOECKLER STEPUP MOVING COIL TRANSFORMER. [2:83} X-fmrs.,
Bud Box, gold connectors, & interconnect cable for stereo Each $335.00
KL-2: WHITE DYNAMIC RANGE & CLIPPING INDICATOR. [1:80] 1 channel,
including board, with 12 indicators for preamp or x-over output indicators. Re-
quires = 15V power supply @ 63 mils. Single channel. Each $49.00
Two channels. $95.00 Four channels. $180.00
®KS-7: SCOTCHCAL® PANEL KIT. [2:84) One 10x 12" sheet each of 4 types of
pressure sensitive panel material {blk on aluminum, blk on transparent poly, blk
on white poly, matte clear overlay), one pint of developer plus pads, and instruc-
tions. Requires a simple frame and a light source: ultraviolet, photofioods or the
sun, plus your own press-on lettering materials. Postpaid. Each $34.50

o CLOSEOUT: KITS NOT AVAILABLE AFTER PRESENT STOCK IS GONE.

what's Included? Kits include all the parts needed to make a functioning circuit, such as circuit boards, semiconductors, resistors and ca-
pacitors. Power supplies are not included in most cases. Unlike kits by Heath, Dyna and others, the enclosure, face plate, knobs, hookup wire,
line cord, patch cords and similar parts are not included. Step by step instructions usually are not included, but the articles in Audio Amateur
and Speaker Builder are helpful guides. Article reprints are included with the kits. Our aim is to get you started 