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SCIENTIFIC DESIGN SOFTWARE has released
Version 2.0 of its Computer-Aided
Speaker Design software for the Apple 11
computer. This package allows complete
modeling of loudspeaker systems and ac-
curately predicts system response.

The program calculates and plots the
response and displacement-limited func-
tions for sealed and vented systems. You
can also assess the effect of an electronic
filter, and you have full control over
graph scales and resolution. The program
allows you to design 6, 12, 18 and 24dB/
octave crossovers complete with im-
pedance correction circuits. Nine utility
programs calculate various often-used
functions including reference efficiency
from Thiele/Small parameters, vent tun-
ings and passive radiator mass.

Version 2.0 comes as a two-disk set,
which includes the main program disk
and a file disk that allows data storage on
up to 800 speaker drivers. The file disk
is shipped loaded with data on more than
120 drivers. Computer requirements in-
clude an Apple II with 64K bytes of
memory, Applesoft ROM (read-only
memory} and two disk drives. The Grap-
pler parallel printer interface is supported
for screen printouts.

For further information, contact Scien-
tific Design Software, PO Box 3421,
Northridge, CA 91323.

Fast Reply #HH777
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The new ELECTRO-VOICE TL3512 subwoofer
provides high-output reproduction of
very low frequencies. Based on the
vented-enclosure modeling techniques of
Thiele/Small, the TL3512 combines high
efficiency and sensitivity (99dB, 1W at 1
meter) with low distortion and extended
low-frequency performance in a 9-cubic-
foot enclosure. By covering one port and
applying appropriate boost-and-cut
equalization, you can ''step-down'’ the
low-frequency limit from the normal
38Hz (3dB down) to 28Hz, a useful exten-
sion for many applications.

The TL3512 employs a DL18W very
low frequency reproducer. The woofer's
high-linear cone-excursion ability and
400W long-term average power capacity
contribute to the TL3512's high acoustic
output ability. The unit is constructed of
black, vinyl-clad %-inch particle board
and equipped with a sturdy metal grille
screen.

Additional information is available
from Electro-Voice, 600 Cecil St.,
Buchanan, MI 49107.

Fast Reply #HH453
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The new Medallion transformer from
ACOUSTAT delivers many sonic im-
provements in all Acoustat Magne-Kinetic
(MK) electrostatic speakers. These im-
provements include increased dynamic
range without strain; a warmer, smoother
midrange; extended low-frequency re-
sponse with better control and tightness
of bass transients; extended high-fre-
quency response with improved transient
reproduction; and enhanced imaging and
depth retrieval.

The Medallion transformer will be used
in all Acoustat speakers made under the
new ownership of the David Hafler Com-
pany. Acoustat will also offer a modifica-
tion program for owners of existing Acou-
stat speakers without Medallion trans-
formers. The modifications will be done
at the Acoustat plant in Fort Lauderdale,
Florida, and will include full testing, plus
check-out and replacement of any mar-
ginal components.

Information about the modification
program or the Medallion transformer is
available from Acoustat, 3101 SW First
Terrace, Fort Lauderdale, FL 33315.

Fast Reply #HH1037
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REVOX of Switzerland has introduced a
moderately priced three-piece mini-
subwoofer system, the Piccolo-Bass,
which consists of two Piccolo satellite
speakers plus a subwoofer.

The subwoofer is engineered to radiate
extremely low bass frequencies (48Hz to
120Hz, +3dB)and designed to blend with
any decor. Measuring just 15% by 143
by 14% inches, the subwoofer can be
placed virtually anywhere in a room
without affecting bass reproduction.
Complementing the subwoofer is a pair
of Piccolo satellite speakers. Each mini-
speaker, which measures just 5%z by 8!,
by 5% inches, incorporates a 43¢-inch-
diameter midrange driver and %-inch
dome speakers. Frequency response is
80Hz to 22kHz, +3dB. The satellite
speakers and the subwoofer feature an
unobtrusive flat black finish, with a per-
forated metal grille.

The Piccolo-Bass system is designed for
both audio and video applications. In ad-
dition to augmenting any stereo system,
the new ReVox subwoofer system may
be used with stereo television receivers
or as the rear speakers for the extra

surround-sound channel on movie video-
tapes and videodisks. The subwoofer
system is also ideal for extending an audio
system to other rooms.
For details, contact ReVox America,
1425 Elm Hill Pike, Nashville, TN 37210.
Fast Reply #HH393
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Three new auto loudspeaker systems are
now available from DESIGN ACOUSTICS. The
speakers feature a mounting system that
allows attachment on the front {or top) as
well as behind the rear deck or door
panel.

At the top of the line is the DA-693, a
three-way system that features a 6-by-
9-inch woofer, a 3-inch midrange and a
2-inch tweeter. Impedance is 4{ and fre-
quency response 40Hz to 20kHz. It can
be used with amplifiers rated at up to
80W. The DA-692 is a two-way system
with a 6-by-9-inch woofer and 3-inch
midrange/tweeter. Frequency response is
45Hz to 20kHz, and it will handle up to
80W of amplification. The DA-602 is a
two-way system with a 6-inch round

handling capability is rated at 60W with
a 49 impedance. Frequency response is
55Hz to 20kHz.

The speakers come with grilles, hookup
wire and connectors, and mounting hard-

ware and templates. For price and other
details, contact Design Acoustics, a divi-
sion of Audio-Technica, 1221 Commerce
Drive, Stow, OH 44224.

Fast Reply #HH345

woofer and a 2-inch tweeter. Power-
A&S SPEAKERS
Box 74628, Denver, CO 80207

A&S i
SPEAKERS ...........

We offer the widest selection of European and American high-end speaker components,
kits, and mobile speaker systems:

Audax ¢ Dynaudio « SEAS « E.F. Jordan ¢ Dalesford/Cambridge * Becker ¢ Philips ¢ JVvC
e Peerless * Ultimate ¢ Pyle « MB * Versa-Tronics ® Focal * scan-speak ¢ Morel ¢ Falcon-
Acoustics ® Woodstyle Enclosures ¢ Just Speakers ¢

L .
l.ls C a n S p E a K A&S is proud to announce that the com-

plete line of these prestigious, Danish-crafted, high fidelity loudspeakers is now
available in the United States. Ask for information on these handsomely made
speakers that provide high levels of sound purity, sensitivity and power handling.

m Focal kits, enclosures, electronic crossovers, and drivers featuring dual voice coils and
Neoflex cones are now in stock.

Quantity discounts available to the trade
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SHADOW ENGINEERING
ELECTRONIC CROSSOVERS

SHADOW ENGINEERING offers a comprehensive line of high per-
formance electronic crossover to suit any application. Any combination |
of first and third order filters are available. Crossovers may be purchas- |
ed as full kits, or purchased individually for use with one of two
available Shadow power supplies, or your own supply.

The new Transient Perfect Limited Edition unit uses a third order
Bessel on one pass band, and a first order filter on the other pass band for
zero phase error. Frequency is set at factory. High current low Z power
supply is standard. The MKIVF crossover offers flexibility with its plug
in frequency modules and optional passive high pass section.

Either SHADOW crossover is designed for sonic purity. Only the
finest materials are used, and the design maximizes musical capabilities |

as well as ease of comstriction and flexibility.

1631 CALEDONIA ST., LA CROSSE, WI 54602

Call us today or write
for more information.

(608) 781-2110
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About This Issue

If you've ever looked longingly at a
new speaker box and wanted to build
one for yourself, you'll understand
John Cockroft's fascination with
Ivor Tiefenbrum's Isobarik system.
Mr. Cockroft's knowledge of closed-
box theory applied to a photo of the
two-drive design yielded surprisingly
good results and an exciting project
(p- 7).

Bob Bullock'’s fearless forays into
the wilds of complex passive cross-
overs has convinced him that some
beasts in that territory just aren't
worth taming. He has found some
much more tractable electronic
animals, which he finds do a better
job (p. 14). Some of you may wish to
use an update of the editor's simple
crossover design (p. 20} to implement
Mr. Bullock's configurations.

The legendary Strathearn ribbon
driver (SB 4/84, p. 30) has generated
a lot of excitement among speaker
buffs—and a lot of frustration as well.
Don Spangler and Mark McKenzie
did a Fast Fourier Transform '‘Cat
Scan'' of the Strathearn and offer
some radical remedial surgery to
mend its shortcomings (p. 22).

Ambience is the Cinderella of two-
channel stereo. Attempts to wed her
to the prince—Dave Hafler's three-
speaker Dynaquad four-channel
system, the Bose direct/reflecting
speaker and AR's new MGC
system—are all admirable efforts to
represent the reflected room sounds
in a recording. Dan McGillicuddy
takes a cue from Hafler and works
out the complex variations starting on
page 31.
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Editorial

AUDIO'S IMAGE PROBLEM

Audio, I think, has a severe image problem, a kind
of catch-22 situation that is a curious study in human
shortsightedness. If any of you are old enough to
remember the state of available musical fare after
World War II, you know that we had fewer than
a dozen symphony orchestras in the US. People who
speculated about this relative scarcity usually said
we Americans were just a rough, uncultured lot.

FM radio soon appeared, followed quickly by
Goldmark’s long-play disk, and in a relatively short
span of a decade or so, we had a virtual explosion
of musical appetites across America. Music boomed.
Orchestras blossomed. And reproduced music cre-
ated a hunger for live music.

Despite that evidence, the record makers, broad-
casters and deans of engineering schools have
generally regarded audio as a not very challenging
technology that can easily be made ''good enough"’
for the "general public.”” Most engineers view audio
as a vocation for those candidates who cannot make
it in the more demanding disciplines. Engineering
professors regard audio in roughly the same way
medical-school facuities regard podiatry.

Today a few signs of change are beginning to ap-
pear. Hollywood people who have been content to
make 60 percent of their films with single-channel
sound are beginning to perceive the attraction and
the profitability of the sonic marvels of Apocalypse
Now, Raiders of the Lost Ark and Star Wars. The vast
video giant whose audio signal is compressed, nar-
row and distorted may finally be developing some
semblance of a respectable audio signal that requires
more than two tin cans and a string to transmit.

Like most scientific disciplines, today's computer-
aided tools are not only giving us more information
about more parameters affecting sound reproduc-
tion, they are also making it evident that we know
a lot less about what is relevant to good sound than
we had suspected.

The good news is that the tools for discovery are
becoming accessible to us amateurs. This issue has
two fine examples in Bob Bullock's third crossover
article and Don Spangler's and Mark McKenzie's
work on the Strathearn ribbon transducer. Their
tools are more powerful and less costly than anyone
could have anticipated. Dan McGillicuddy's and
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John Cockroft's articles demonstrate how much
knowledge is available to experimenters these days.

The new knowledge and tools are only the begin-
ning. The fun begins in the reality testing that we
can now do to follow up on that knowledge. That
1s not drudgery or discipline. It is the fun of building
a better device and executing a new trick or com-
promise that solves a heretofore baffling difficulty.

Audio is a magical ingredient. Most mortals never
suspect their latent appetite for it. When we final-
ly know enough about audio, and a tribe of young
turks appears who are sharp enough to see the
potential of realistically reproduced sound, then
audio will come into its own as a respected profes-
sion and pursuit.

I regret to report the apparent failure of SRC Audio
of Dallas, Texas. We have been unable to determine
what has happened, but the company is evidently
caught in the usual legal tangle of bankruptcy pro-
ceedings. A number of readers report checks cashed
or bank card charges executed but no goods de-
livered. We are deeply distressed that advertising
in our pages resulted in reader losses.

Readers should be aware that federal law requires
mail-order vendors to deliver goods within 30 days
or keep customers fully informed about delivery
dates. Reputable firms will not execute a charge on
your credit card until they are ready to ship the
goods. If you do not receive an order within 30 days

of the charge date, contact the vendor and ask for |

an explanation. If the explanation is not satisfactory,
call your credit card company or the bank handling
the card and ask for a refund.

If you order using a personal check and the de-
livery is delayed 30 days or more, you might try
stopping payment on your check, but this is unlikely
to be effective because in most cases, the vendor
will have already deposited it.

Some of you raise the question of why we accept
ads from businesses that go bankrupt. Need I say
that we would avoid it if we could? Ads are placed
far ahead of publication and mailing dates, and
bankruptcies can occur overnight.—E.T.D.

E
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AN ISOBARIK SYSTEM

A DARK HORSE BROUGHT TO LIGHT

In recent years, audio journals have
contained considerable information
on almost every type of speaker
imaginable—with the exception of the
Isobarik design. This is unfortunate,
because I am convinced that the Iso-
barik system has the potential to
reproduce the most accurate, un-
colored sound of any existing system.
If the Isobarik principle were exam-
ined as exhaustively as the others, I
am sure this potential could be
realized.

The Isobarik system is capable of
radiating clean, detailed, greatly ex-
tended bass on a par with transmis-
sion-line speakers, with all their fast
transient response, in a box only slight-
ly larger than that required for an
acoustic suspension design using the
same speaker unit. In the systems I
constructed during my experiments,
the cone motion was extremely well-
controlled down to the lowest registers
in the unit's free-air resonance area.

To the best of my knowledge, the
Isobarik principle was invented by
Ivor Tiefenbrun, owner and chief
designer of Linn Products, a Scottish
firm that manufactures audiophile
products. He has world patents pend-
ing on his design, so you may con-
struct Isobarik speakers for your per-
sonal use, but not for commercial pur-
poses. (Isobarik speakers are available in
the US from Audiophile Systems, 6842
Hawthomn Park Drive, Indianapolis, In-
diana 46220.—Ed.)

ISOBARIK BACKGROUND. In the
Isobarik system (Fig. 1), one speaker
creates the acoustic environment for
the second speaker, which radiates the
sound. The two speakers should be
identical and are coupled electrically
and acoustically at the opposite ends
of a short tunnel mounted behind the

BY JOHN COCKROFT

front baffle. This places one speaker
in front of the other. The back of the
rear speaker opens into the box and is
loaded just like an acoustic suspension
speaker. It rolls off in the same predic-
table way according to the system Qrc
[i.e., f3 equals f. for a Qrc of 0.707, f;
equals 0.7861f. for a Qrc of 1, and so
on). As the frequency goes lower and
the sound drops to inaudibility, the
cone continues to move in and out.
Eventually, because of the box loading,

&,
L
FIGURE 1: Cross-section of a typical Isobarik

system enclosure showing the speaker location and
the loading tunnel.

the excursions begin to round off
somewhat, but by then the frequency
is very low.

When I referred to the sound in the
previous paragraph, I was speaking
figuratively, as the rear speaker is
buried in the box, and its radiation is
only a small part of the total radiation
(the less the better). The front speaker,
whose back opens into the tunne] and

the face of the rear speaker, does not
see the box loading at all, except may-
be indirectly at the lowest frequencies.
Throughout most of the frequency
range, the front speaker thinks that it
is in an infinitely large box. When the
front speaker moves back, the rear
speaker moves back. When the front
speaker moves forward, the rear
speaker moves forward. The pressure
between the two speakers remains
constant. This is what the word
""Isobarik’’ means—constant pressure.

Any difference in linearity between
the two speakers affects both of them,
and they tend to correct each other's
actions, thus reducing distortion. Mr.
Tiefenbrun says that his woofers' dis-
tortion approaches that of a well-de-
signed midrange speaker. As I see it,
the rear speaker acts as a dancing part-
ner for the radiating speaker. When
the front speaker goes forward or
backward, the rear speaker follows the
front's lead. But the rear speaker is so
tactful that the front speaker hardly
knows it is in a box at all. Because of
this, the front speaker retains its free-
air resonance (or close to it).

I have not seen the Tiefenbrun pat-
ent disclosures, and before I started to
experiment, I knew very little about
Isobarik systems. I had seen an adver-
tisement for one of the speakers that
showed a small cut-away photograph
of the speaker's internal construction.
I took it from there by applying stan-
dard closed-box design as proposed by
Small! and others. I wanted something
useful from the start, and I was some-
what conservative in my construction.
Apparently that paid off, as I had no
bad experiences during any of my
experiments.

It seems that my speakers are
acoustically larger than the Linn units
{i.e., the Linn speakers have a higher

Speaker Builder / 3/85 7




Qrc). My Qrc values ranged from
0.644 to about 1.13. Based on what in-
formation I could find {and which
might be entirely misleading), I think
the Qr¢ of the Linn SARA speaker
might be between 1.5 and 1.7. I would
appreciate any further information in
this area. Of the units constructed, on-
ly the one with a Qrc of about 0.644
seemed slightly overdamped. This was
quite a small speaker, and I was us-
ing it on a base about 2 feet from the
floor. When I placed it on the floor,
right up against the back wall, even it
behaved extremely well.

PROJECT ONE. A few years before,
I had designed a small acoustic sus-
pension system for the 5%-inch Peer-
less TO125F polypropylene woofer
and the Peerless KO10DT8 1-inch
dome tweeter. I have always been
fond of this little woofer, even though
the free-air resonance of about 55Hz
seemed a bit high. To compensate for
this, I designed a box with a Qr¢ of
about 0.7 that I planned to use with
a preemphasis filter to lower f; to
about 0.49f.. If I remember right, the
box had a net volume of about 462
cubic inches. This placed f. at about
87Hz. I placed the 12.5dB peak of my
preemphasis filter at 0.51f, or an f; of
about 44Hz. Using the crude measur-
ing instruments I had at my disposal,
I came within about 3Hz of where I
had hoped to be.

Because I liked the Peerless TO125F
and it was small, I decided to begin my
experiments with it. (This unit is avail-
able from McGee Radio, 1901 McGee
St., Kansas City, MO 64108-1891, for
$15.95.) Size was a consideration
because I had to build the speakers on
the breakfast bar in my small apart-
ment. The box (Fig. 2, which was
about the same volume as my small
acoustic suspension speaker, had to be
an entirely different shape to allow for
the tunnel.

I made the box of %-inch particle
board (see Materials List), which is
held together by Elmer's white glue.
You may also use nails to strengthen
the construction. The secret is to have
clean, square joints. I pre-glued all the
surfaces, then final glued them, using
plenty of the sticky stuff. I let it run
out of the joints, then wiped off the ex-
cess. I used fixtures to hold the parts
square while the glue was drying.
When the glue was completely dry (12
to 24 hours), I ran a bead along all the
inside joints and forced the glue into
the joints with my finger.

8 Speaker Builder / 3/85
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After lining the tunnel with %-inch
felt, I glued the tunnel assembly to the
rear of the front baffle, which was
eventually held in place with RTV sili-
cone rubber. If you cannot find %-inch
felt, use several layers of thinner
material available in fabric stores. A
Roval blackboard eraser is made of six
1-by-5-inch pieces of Y%-inch felt. I also
covered the top of the woofer box with
Ya-inch charfoam, a polyester urethane
material often used in lining camera
cases. I just happened to have this on
hand, and it might not be necessary.

The Linn Isobariks use paralle] elec-
trical connections, resulting in a very
low impedance of about 2.5Q at the
crossover point. This could be a dif-
ficult load with some amplifiers. I

sulation known as Armourflex, which
was handy at the time. Rings made of
Yo-inch felt about 3% inches in
diameter, with a 2-inch hole in the
center, are available from many sup-
pliers, including Spectrum Loud-
speakers {2136 Perth St., Toledo, OH
43607). Glue the ring in place around
the dome, making sure it is centered
and the joint is completely sealed. A
square ring should work as well as a
round one.

The tweeter just sits on top of the
woofer box in a grubby, little frame of
balsa wood whose only purpose is to
hold the tweeter upright. Any method
you choose should work as well.

I originally installed a first-order
crossover at about 3kHz, using a coil

+——BALSA WOOD
e TWEETER
[] SITS ON TOP.
TR

ANARRANARN

A

W\

FIGURE 2: Cross-section of Project One. Note
the tunnel part of the front baffle and

f—ll4 in. POLYESTER URETHANE "CHARFOAM"
(OPTIONAL)

USE 2 1/2 OZ. POLYESTER
FIBERFILL IN BOX

LINE TUNNEL INSIDES
WITH 174 in. FELT

HOLE FOR
TWEETER WIRES
; |
|
1
\L !
BANANA JACKS

(@3

104 POT

the location of the wire terminals inside the box. Make
use RTV to secure it

in place.

originally used this hookup, then
changed to series connections. I have
been unable to detect any sonic dif-
ferences, and I am sure my amplifier
thanks me.

The first tweeter I used was a Peer-
less KO10DT8 1-inch dome. I then
switched to a Radio Shack 40-1375
($14.95) leaf tweeter. The 40-1375
reportedly has an almost resistive
impedance of 8Q. Although I did not
measure the impedance, this is the fin-
est-sounding tweeter I have ever
owned.

If you use the Peerless unit, you
should add a felt diffraction ring
around the dome. The ring I used was

a Yz-inch slice of dense foam pipe in-

and capacitor with a Zobel circuit of
4uF and 15% across the series pair of
woofers. The 40-1375 requires a
higher cutoff point, however, so I
removed the coil and let the woofers
run free at the high end, which the
catalog says is 4kHz.

The crossover shown in Fig. 3 may
be used with either tweeter. I put a
4.5uF built-up Mylar capacitor in
series with the tweeter and an attenua-
tion circuit consisting of a 42, 5 or
10W resistor in series with the tweeter
and a 10Q pot in parallel with it. To
simplify things, you could replace the
pot with a resistor of about 3Q. I left
the Zobel in place, as it did not seem
to hurt anything. To test this, I listened




to FM interstation hiss on another
speaker with the same setup, with and
without the Zobel in place. I was con-
vinced that the hiss sounded smoother
with the Zobel. I must confess, though,
that some of my acquaintances tell me
that I get a bit dingy at times, so I will
let you solve the Zobel problem
yourself.

I used about 2Y2 ounces of polyester
fiberfill stuffing in the 450-cubic-inch
net enclosure. (Do not stuff the tun-
nel.) Below the box proper, I made a
base consisting of 3-inch-wide boards
along the front and sides, set in about
% inch on the front and sides and ex-
tending to the rear. A Y%-inch Masonite
panel fastened to the bottom of the
base with rubber feet holds the cross-
over elements, which I wanted to keep
outside the box for easy adjustment.

This speaker performed just about
the way I had hoped. The sound ap-
peared to go down smoothly to some-
where below 60Hz, and by 50Hz,
there was much less sound. Listening
to this speaker the first night was
disconcerting in light of how I thought
a 5%-inch speaker should sound. In
this case, f; was about 0.632f. in a sys-
tem with a Q¢ of 0.707, or about 58
percent lower bass. The system re-
tained a flat curve and extremely clean
and detailed sound.

After some weeks of listening, 1
decided to try my bass boost filter on
this speaker. (See the sidebar on page
12 for an updated version of the
author’'s boost circuit.) 1 arbitrarily
assumed an f; of 55Hz and set the
12.5dB peak of my filter to 0.51f.. I
found that this point allowed a system
with a Q¢ of 0.797 to reach a new f;
of about 0.49f.. I set the filter to about
28Hz. Listening with a frequency
generator confirmed that I was in the
right ball park. After several days of
listening, I raised the peak to about
33Hz, and I liked the sound better. In
this case, 3 is 0.6f. for a Qr¢ of about
0.7.

The sound is open, full, extremely
detailed and very musical. The bass is
not just noise or a resonance; it is bass
music, just as it should sound. This
sound is comparable only to that of the
few transmission-line speakers I have
heard. I cannot imagine a better woof-
er for a large electrostatic speaker, par-
ticularly if it is biamped.

PROJECT TWO. I became involved
in my second experiment when I re-
membered an 8-inch acoustic suspen-
sion speaker stored at my son's home.

v/

NOTE SERIES HOOKUP

150*
ORS
4uF -— N
40
ow 4-47uF

HF ﬂ:\{: 100 POT **

* ZOBEL CIRCUIT
OPTIONAL
(SEE ARTICLE)

«+ ANY POT UP
TO 504.

FIGURE 3: Suggested crossover for Project One. You
may use this crossover with either the Peerless or
Radio Shack tweeter.

I had designed this speaker for the
Radio Shack 40-1021 8-inch polypro-
awfrzﬁxwx-mw- My unit had
the following specs: fsa=30Hz, Qrs=
0.529, Vas=3.332 cubic feet. I then
designed a box with a Qr¢ of 1.

_This was a potentially fine speaker,
but it had one seri roblem: it
could not € even a reasonable

amount of power. The box was just
too large for %Ee woofer. I began reduc-
ing the box volume with wooden
blocks, and by the time I had filled it
with 440 cubic inches of blocks, the
speaker performed reasonably well. I
rechecked f. and O1¢ und the

to be about 64Hz and 1.13, re-

=<
spectively. The gross infernal volume
was now about 1,600 cubic inches.

“Building another box, especially one

of this size, in my small kitchen was
not a very inviting prospect, so I
decided to use the original box and
build a removable tunnel on the front,
over the original woofer. First I
removed the woofer and crossover,
then taped off the tweeter leads. I left
the tweeter in its place to keep the hole
plugged. The woofer leads went direct-
ly to the rear terminals, as I planned
to biamp the system. I used 7 ounces
of polyester fiberfill in the box. I might
have been able to eliminate this, but
I was not sure how the experiment
would turn out, and I knew the stuff-
ing would not do any harm.

I built the tunnel (Fig. 4) out of
Ye-inch plywood and lined it with
Y-inch felt. Acoustic foam such as
charfoam might also work well. 1
glued the tunnel on a square of %-inch
Masonite, which I had cut to the tun-
nel's inside dimensions and which
served as a mounting flange. 1
mounted the tunnel just like a speaker,
using 12 sheet-metal screws and a
bead of Duxseal. I mounted electrical
terminals in one of the tunnel walls
and connected wires externally in
series with the rear terminals. (The
box is not a thing of beauty, but it
works well.)

If you want to build a box from
scratch, use a gross internal volume of
1,575 to 1,600 cubic inches. Don't go
larger. If you go much smaller, I
would be interested to find out what
happens. It makes sense to install the
tunnel inside the box, as in Project
One. If you use the dimensions shown
in Fig. 4 {leaving off the flange and glu-
ing the tunnel directly in place), the
enclosed volume of the speaker and

iy

o
S
B
T - - 7

FASTEN TO FRONT BAFFLE
OVER EXISTING SPEAKER

174 in, FELT LINING

MATERJAL: I/2in. PLYWOOD OR PARTICLE BOARD
BACK FLANGE: 174 in. MASONITE

THIS TUNNEL WENT ON AN EXISTING BOX OF 1600 CUBIC
INCHES GROSS INTERNAL VOLUME. USE 7 0Z. OF
POLYESTER FIBERFILL STUFFING.

FIGURE 4: Detail of the add-on loading tunnel for Project Two. Note the terminals for the external wires

to the rear.
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100K

luF -
I.6Hz
T4 :
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= 100K
BUFFER

« | HAD TO ADD THIS STAGE BECAUSE
THE LOW OUTPUT WAS QUT OF PHASE.

C=0.luF = ~ 159Hz CROSSOVER

5}
S
o

ol

HI
?OUT

"POINT A" (SEE FIG. 7)

10K 10K
10K [\
X L +
C
'95 AYl
VWA i
10K ,\
‘[_I/

IOK

L
g 10K S 10K

10K

VW

10K

g VW

b 5)LOW
. iDOUT

INVERTING STAGE *

FIGURE 5: Schematic diagram of the active third-order symmetric crossover used to combine Projects One and Two.

tunnel is about 365 cubic inches. Add
that much to the gross volume of the
box. It will not hurt to use a few glue
blocks between the tunnel and the
front baffle for rigidity.

I do not think tunnel size is critical.
In the cut-away drawing of the Linn
SARA speaker, it looks as though the
front speaker's magnet actually pro-
trudes beyond the plane of the rear
speaker's mounting ring. In any case,
the tunnel dimensions I used worked
fine.

MATERIALS LIST
FOR PROJECT ONE

2-by-4-foot sheet of ¥4-inch particle board (number
of pieces)

box front and rear—two 10%2 by 10%2 inch
box sides—two 9 by 82 inch

box top & bottom—two 10%2 by 82 inch
loading tunnel back—one 7 by 7 inch
loading tunnel sides—two 3 by 5%z inch
loading tunnel top & bottom—two 3 by 7 inch
base sides—two 3 by 7% inch

base front—one 3 by 9 inch

12-by-18-inch sheet of Ya-inch Masonite (number
of pieces)

base bottom cover plate—one 9 by 82 inch
box terminal plate—one 5 by 5 inch

base rear panel—one 3 by 9 inch

10 Speaker Builder / 3/85

To combine Projects One and Two,
I built an active third-order sym-
metrical crossover along the lines of
the Ashley and Kaminsky design (Fig.
5).2 Using 0.1uF capacitors at points C
will produce a crossover point of about
159Hz. You can scale that figure to
produce any crossover point you wish.
I can detect no sonic indication of the
sound passing from one speaker to the
other at crossover.

Perhaps you might use the Isobarik
woofer with a conventional midrange.
If so, a higher crossover point is re-
quired. Use the following capacitor
values for the indicated crossover
points: 0.032xF for 500Hz, 0.022,.F for
722Hz and 0.01uF for 1,590Hz. The
Radio Shack woofer works well at any
of these points. I would suggest using
the best midrange you can find, per-
haps one of the new polypropylene
dome units.

Figure 6 shows the power supply I
used for the crossover. Any similar bi-
polar unit should work as well. If you
want to use one woofer, you may use
the summing amplifier® in Fig. 7 with
two of the electronic crossovers in Fig.
5. I recommend a crossover of 160Hz
or so, which means that you cannot

use a system with a normal midrange
unit. Since this summing amplifier in-
verts, you need not use the final in-
verting stage in Fig. 5. Attach the sum-
ming circuit to the place marked point
A. If you want to use this circuit for
some other purpose, you must also use
the buffer section in Fig. 5 and the
power supply in Fig. 6.

Isobarik speakers tend to be chunky
(and ugly) in shape. If most other
speakers were made that way, they
would probably be subject to standing-
wave problems. Isobariks do not have
this problem because the internal tun-
nel acts as a baffle impeding the stand-
ing waves. The best way to handle the
shape, both aesthetically and practical-
ly (and maybe even acoustically), is to
make separate bass, midrange and tre-
ble units and stack them as in KEF's
large monitor speakers. If you do this,
you might want to place the crossover
network for Project One in some other
location to lower the stack height and
bring the speakers closer together.
Perhaps you could place the crossover
units in the base used to raise the
woofer to the correct height. The
crossover will then remain -easily
accessible.



Rounding off the corners of the

boxes or changing the woofer height G S L

(RADIO SHACK 276-570)
might result in further sonic improve- BLACK/YELLOW\ e s o= RRROLECHICH
ment. In my original design, the center , / . +15V
of the woofer was 16 inches from the l (NOMINAL)
floor. Changing this height might B *1l 1000kF

make a difference in the sonic quality ol

of the bass. If so, you could use a stand
to raise the woofer.
I put my 5%-inch Isobarik unit on

.

top of my 8-inch unit. After extended e
listening tests, I decided that this is the . & T
most pleasing and satisfying speaker A / \—YELLOW — oI L)

system I have ever built. Using a fre- TRIAD F9IX
quency generator, the sound goes ClSRZLer
down very smoothly to somewhere in
the upper twenties, with much iess
doubling than I would expect from
such a lightweight speaker.

FIGURE 6: Schematic diagram of the power supply for the active crossover in Project Two. Any similar
bipoiar supply will work just as well.

: c 0
A speaker with a Qrc of 1.13 should LEFT CHANNEL OF REGUIRED) AT THIS POINT
have an f; of about 0.75fc. Since the (oK 10K EL,&%’}E?%SE?S,;&S%ES
b ’ v d IN; 5K
fc in this box is about 64Hz, t'hat vyould MR L
make f; about 48Hz. From listening to
the swept speaker, I believe the new T Flstre s -
f3 is around 30Hz. The bass then ? out
30 10K i
becomes 0.625 of the original f; (48Hz), O S =

or 60 percent. This compares favor- =
ably to the 0.632, or 58 percent, lower- RIGHT CHANNEL

ing I achieved with the 5%-inch unit.  pgyge 7. This summing amplifier allows you to use one Project Two woofer with two Project One satellites.
I have a feeling that because the two  Note that this circuit also inverts, eliminating the inverting stage in Fig. 5.
woofers work against each other in

Orherin o
Polvdax socolker cormomition szg(?.,": 5 ? SN

SOROKer COOOTioON  BASS-MIDRANGE

Subsidiary ot AUDAX France We could have used polypropylene.

However, initial tests of TPX as a new
alternative loudspeaker diaphragm ma-
terial indicated that TPX possessed su-
perior properties over any other materi-
al we had ever considered for this ap-
plication. Its desirable, characteristically
HIGH YOUNG’S MODULUS, HIGH IN-
TERNAL LOSS and LOW DENSITY
make TPX an ideal choice for use in our
loudspeakers and in your systems.

We are convinced that the additional
development time was well worth the ex-
pense. Allow us to convince you of the
clear sonic advantages of our new
generation of plastic cone drivers by
responding to the Fast Reply number
listed below. 82

2 Park Avenue, New York, N.Y. 10016-9389, Tel: (212) 684-4442, Telex 237608 Pldx
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times of nonlinearity, the curves of
varying Q's will be more alike than is
the case with acoustic suspension
speakers. If this were true, it would
mean that for a given response curve,
several box sizes would be possible.

Thanks to the kindness of John Alm
of Sound Goods, an audiophile store
in West San Jose, California, I was able
to listen to my speaker system for a
while in a superior environment with
high-quality equipment. I listened to
Moussorgsky's ''Pictures at an Exhibi-
tion" and "A Night on Bald Mountain"’
on compact disk. I was not prepared
for the performance that came from
my ugly speakers. Even though the
sound was in mono (I have only one
of these beasts), I have never heard
such startling monolithic clarity and
such exquisite and delicate tonal
separation. I had no sensation of listen-
ing to speakers, especially in the bass,
and instead felt as though I was hear-
ing live instruments. Even at volume
levels higher than I normally dare to
use, the cone remained in control,
with no observable problems. 1
switched to the 5%-inch unit (as a full
range) for a bit, and it was the same,
except for the very deep bass, which
of course was not there.

""How could these be cheap Radio
Shack speakers?’ 1 thought. The
answer is that a speaker is just a
speaker. If it finds the right environ-
ment, it will perform well; it it doesn't,
it won't. It is staggering to think of a
system with a couple of Gold Sound
12-inch polypropylene woofers with
an efficiency of 94dB/watt/meter, a
rating of 120W each and an fs; of
18Hz. That is one nice thing about the
Isobarik principle: twice the speakers
can handle twice the watts. The Linn
DMS and PMS speakers apparently
use the KEF B139 (highly modified,
they claim) with useful output at 10Hz.
Linn's philosophy is that all sonic
wavefronts begin at DC, so the better
the speaker's performance is at very
low frequencies, the more realistic it
will sound.

I recently constructed a variant of
this design, which uses a push/pull
configuration that eliminates the need
for a loading tunnel. The woofers are
a pair of Radio Shack 4-inch units
($9.95 each). The net Vg is about 160
cubic inches, which might be a little
too large. The system weighs about the
same as a bowling ball because of a
new damping material 1 have devel-
oped. 1 prefer its sound to that of most
commercial speakers. I won't go into

12 Speaker Builder / 3/85

The bass boost circuit I used was about
ten years old and quite outdated. As a
replacement, I suggest the circuit® in
Fig. S-1, which requires that the buffer
stage in Fig. 5 be inserted ahead of it.
The resistors can be 5 percent tolerance,
but it might be better to use 1 or 2 per-
cent ones for the damping resistors. You
may scale the capacitors to change the
peak point. A 0.47uF value results in a
peak of about 34Hz.

This is a very versatile circuit. To
change the damping, you need only
change the value of resistor Rd.
Everything else remains the same. To
make a useful experimental instrument
out of it, I suggest using a four-position
switch at Rd. At the first position, in-
stall Rd as shown. This produces a
damping factor of 0.235 and a peak of

A Bass Boost Circuit

about 12.5dB (I aimed for 12dB). In the
second position, install a 58.8Kk resistor,
producing a damping factor of 0.5 and
a 6dB peak. This is just right for equaliz-
ing a sixth-order vented system. The
third position would have a 22.6k
resistor. It yields a damping factor of
1.414, which is the maximally flat But-
terworth curve. This would be most
useful for a subsonic rumble filter. At
position four, you could place a couple
of handily spaced banana jacks that
would accept any resistor, mounted on
banana plugs. A pot might also be
handy here.

I also use banana jacks for the capaci-
tors. Use two buffers and two filters for
stereo. This filter requires the bipolar
power supply in Fig. 6 [one only, of
course, for either mono or stereo). &

C=0.57uF (28 Hz2)

0.485uF (33 Hz) |3°Z'2K ?»Z'ZK
0.47uF (34 Hz) " 5"
Lt r
d=0,235 =
Q:0.4255
FROM C c ’_?OUT
BUFFER I
STAGE ) H + L
(SEE FIG. 5)
310K 10K

ICs-USE NATIONAL LF353N DUAL BI FET; RADIO SHACK 276-1715
(SOMETIMES TLO82 IS SUBSTITUTED.)

FOR STEREO: TLO84C QUAD BI FET; RADIO SHACK 276-1714

FIGURE S-1: Bass hoost circuit for use with Project One. The peak is about 12.5dB.

all the details, but I hope 1 have in-
terested some of you in the possi-
bilities of Isobarik loading and that
some serious experimentation and dia-
logue will follow. »
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Historically, the ribbon loudspeaker has been
an interesting alternative to high-performance
loudspeaker design since the early 1930’s.
Though cost-effective production technology has
not been available until now, ribbons were seen
by many as an attractive solution to the inherent
problems which continue to plague even the best
dynamic, electrostatic, and field-type transducers
today. Vacuum technology and computerization
has enabled Gold Ribbon goncepts to present an
affordable esoteric foudspeaker for the 21st
century. For example. . . . ..

Most dynamic cone loudspeakers are rated at
approximately 3% Total Harmonic Distortion
(THD). The GOLD 3.0 ribbon satellite’'s THD is
1/10th (.3%) this amount. And with a moving
mass close to a gram per 1100 grams of magnet,
the rise and decay speed of the GOLD 3.0 is so
fast that it can best be exhibited as a live sound
reinforcement transducer, where the dynamic
range exceeds even digital recording capa-
bilities.

The GOLD 3.0 operates from 200 hz to 30kHz,
thereby releasing speaker designers from the
complex phase and distortion problems which
result from the use of cross-over networks in the
delicate vocal region above 200 Hz. And for
unparalieled accuracy, Gold Ribbon Concepts
uses computerized manufacturing techniques to
match each GOLD 3.0 voice coil to within an
incredible thickness tolerance of 25 atoms.

The performance of the Gold Ribbon Concepts
GOLD 3.0 ribbon satellite is best illustrated in the
full expression of a beautiful piece of music.

GOLD 3.0 Time Delay
Spectrum Analysis

‘on: Frequency 30KkHz

GOLD 3.0 Phase Response

— Graphic Plot Delay

OPIF & =l

kHz

Golb Repor

CONCERLI O

214 East 14th Street
lowa City, Coralville, 1A, 52244, USA
(319) 3519144/1-800-844-GOLD




PART 111

PASSIVE CROSSOVER NETWORKS

ACTIVE REALIZATIONS OF TWO-WAY DESIGNS

BY ROBERT M. BULLOCK Il
Contributing Editor

ll-pass and constant-pow-
er networks are ideal for
home speaker builders be-
cause you can design them
from passive components by
formula and they have re-
sponse properties considered
desirable for loudspeaker ap-
plications. You may also gl::
tively realize these networks
by formula to produce the
same desirable properties, as
well as some additional bene-
fits not possible with the pas-
sive versions.

This time, I want to show
you how to actively imple-
ment the two-way networks
in Part I of this series (SB 1/85,
p. 13) using the 30Hz Rumble
Filter kit from Old Colony
(KF-6, $19.75; PO Box 243,
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closer tolerances than the
large inductors and capacitors
used in passive networks, so
it is easier to produce a high-
ly accurate active crossover.

My initial decision to go ac-
tive was motivated by the
above considerations in con-
junction with subwoofer de-
sign. To cross over to a sub-
woofer at 150Hz, I found that
large crossover inductors with
more than an ohm loss were
necessary. Further, the sub-
woofer impedance fluctua-
tions were still rather signifi-
cant at 75Hz, which led me to
believe that they should be
equalized out. That is when I
found that equalizing a woof-
er's mechanical and acoustical
characteristics requires ex-

Peterborough, NH 03458).
Next time, I will do the same
for the three-way networks in
Part II.

BENEFITS & DETRIMENTS. I
strongly recommend that you read
Martin Colloms's excellent account of
the many benefits of using active
crossover networks.! One benefit that
he does not discuss is also of tremen-
dous value to the home builder: you
can accurately build active networks
by formula without making the prob-
lematic assumptions that passive
designs require.

Remember that passive ladder de-
sign is based on the assumptions that
loudspeaker loads are resistors and
that crossover inductors have zero
resistance. At best, the former assump-
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FIGURE 1: Stuffing guide for the rumble filter circuit, showing only the filter-
shaping components. The left circuit is configured as a low-pass filter and
the right circuit as a high-pass filter.

tion can be only approximately met in
practice, and even high-quality induc-
tors have enough resistance to intro-
duce distortion into the filter response.
Thus, the response accuracy of a pas-
sive network is inevitably compro-
mised by loudspeaker impedance fluc-
tuations and inductor losses.

Active networks do not have induc-
tors, and they are effectively isolated
from loudspeaker impedance fluctua-
tions by the intervening amplifier.
Thus, you can avoid the two most dif-
ficult problems of passive design. As
an additional benefit, the low-power
resistors and small capacitors needed
for active networks are available at

tremely large inductors (ap-
proximately 25mH) and
capacitors (approximately
2,000pF). I concluded that a
passive crossover designed by formula
was not practical for such a low
crossover frequency.

I then purchased a second amplifier
and built an active network using the
rumble filter kit. I was impressed by
the accuracy of the crossover and by
the ease with which it could be built.
This led me to buy a third amplifier
and convert to three active channels.
Now I use passive networks only
when designing for someone else or
when I use a fourth channel (I cannot
yet afford a fourth amplifier).

My conversion to active crossover
networks has improved my system's
sound more than any other modifica-



TABLE 1

TABLE 2

FIRST-ORDER NETWORK

SECOND-ORDER APC NETWORK

Fe ceup R3
100 .0150 1061
150 .0150 707
200 .0130 530
300 .0150 353
400 .0150 263
500 .0150 212

1000 .0150 106

2000 .0015 530

3000 .0015 353

4000 .001S 265

5000 .0015 212

8000 .0015 132

10000 .00153 106
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R3H Fe
106103 100
70736 150
33052 200
35348 300
26526 400
21221 500
10410 1000
33052 2000
35348 3000
269246 4000
21221 35000
13243 8000
10610 10000

2]

OO0 0O00O00DO0O0DOOO

a
™
o
~
w
o
o
~
w
X

OO OCOOO e e s - pe 4o pa
st e AT AN
AU NNNUNOO0OO0O0OO0O0 O
=R NNWURERE DDLU
QWO ANWO oUW O o
NNV WOONUNWO ) -
e NN N e NN WO
OWrOrPNO~ OO W
NN WURL DWWV
OWrOUNWOLOUWOoOo
NN UNWOONUIWO -
OO NN NTWO
COWrHrOONOROBNONW

tion I have made. I have noticed a
dramatic increase in detail and texture,
especially at higher frequencies. The
inevitable pops and ticks from records
are not nearly as objectionable because
even though they are still present, the
duration of each one is so much short-
er. This makes the apparent average
noise level much lower and is perhaps
responsible for a feeling of increased
dynamic range. Overall, the sound re-
production through active networks
has much more clarity and impact
than it does through passive networks.

The main objection to active cross-
over networks is economic—i.e., you
need a separate amplifier for each
crossover channel. My solution was to
use three amplifiers costing a total of
$600 rather than one $600 super am-
plifier. My feeling is that inexpensive
amplifiers do not introduce as much
distortion as passive crossover net-
works. I urge you to look into this
alternative and am sure you will be

gratified by the sonic results if you
follow through with it. Now on to the
details of active two-way design.

RUMBLE FILTER AS CROSS-
OVER. You can easily convert the
30Hz rumble filter kit into a two-way
first, second or third-order crossover
network for a single stereo channel by
adding a few resistors and capacitors.
You need two kits for fourth-order net-

TABLE 3

SECOND-ORDER CPC NETWORK

RIL R2L R3L

a)l | | ;[
R';H
CIH c2H C3H
b >
’—j'mn )T R 3H
3 1

FIGURE 2: The filter-shaping circuitry. Figure 2a is
the low-pass circuit and Fig. 2b the high-pass
circuit.

Fe C(UF) R2L R3L R2H R3H
100 .0150 75024 75024 75026 150053
150 .0150 50018 50018 50018 100035
200 .0150 37513 37513 37513 75026
300 .0150 25009 25009 25009 50018
400 .0150 18737 18757 18757 37513
500 .0150 15005 15005 15005 30011

1000 .0150 7503 7503 7503 15005

2000 .0015 37513 37513 37513 75026

3000 .0015S 25009 25009 25009 50018

4000 .0015 18757 187357 18757 37513

5000 .0015S 15005 15005 15005 30011

8000 .0015 9378 9378 9378 18757

10000 .0015S 7503 7503 7503 15005
TABLE 4
SECOND-ORDER EQUAL COMPROMISE NETWORK

Fec C(UF) R2L R3L R2ZH R3H
100 .0150 40935 137508 89222 126179
150 .0150 27290 91672 59481 84119
200 .0150 204468 68754 44611 63089
300 .0150 13645 45834 29741 42040
400 .0150 10234 34377 22305 31545
S00 .0150 8187 27502 17844 25236

1000 .01S50 3094 13751 8922 12618

2000 .0015 20468 68754 44611 63089

3000 .0015 13645 45836 29741 420460

4000 .0015 10234 34377 22305 31545

5000 .0015 8187 27502 17844 252346

8000 .0015 S117 17189 11153 15772

10000 .001% 3094 13751 8922 12618
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TABLE 5

THIRD-ORDER NETWORK

Fe C(UE> R1L R2ZL R3L R1H RZH R3H
100 .0150 109282 779793 140171 76188 29915 524094
150 .0150 72855 519862 93447 50792 19943 3493946
200 .0150 54641 389897 70085 38094 14958 262047
300 .0150 364927 259931 446724 25396 9972 1744698
400 .0150 27321 194948 35043 19047 7479 131024
500 .0150 21854 155959 28034 15238 5983 1048179
1000 .0150 10928 77979 14017 7619 2992 52409
2000 .0015 54641 389897 70085 38094 14958 262047
3000 .0015 36427 259931 44724 253946 9972 174698
4000 .0015 27321 194948 35043 19047 7479 131024
5000 .0015 21854 155959 28034 15238 5983 104819
8000 .0015 13660 97474 17521 9524 3739 65512
10000 .0015S 10928 77979 14017 7619 2992 5240¢%
works. I suggest you familiarize ferent from the ones Jung uses, but  Low Pass High Pass
yourself with the rumble filter by they are equivalent and make it ClL=omit C1H = jumper
reading Jung's article,2 which covers physically easier to place the parts. C2L=omit C2H =jumper
its design and capabilities. The kit con- The filter alignment procedure I ~ C3L=C C3H=C
tains a circuit board with two identical used starts with the selection of a con-  R1L=jumper R1H =omit
filter circuits and all the necessary venient stock value C for one of the R2L =jumper R2H = omit
components, except the shaping capacitors. The other capacitors are =~ R3L=1/{Cex] R3H = 1/{Cex)

resistors and capacitors. then easily obtainable multiples of C.
I put the low-pass filter on the left The resistor values are calculated from
and the high-pass filter on the right of the radian crossover frequency we=
Figure 1, which shows only the board's 27 f; and C. The nearest 1 percent re-
filter-shaping components. (See The sistor values are more than adequate.
Audio Amateur 4/75, p. 17, for the com-  Even with 10 percent capacitors, the
plete, original stuffing guide.) The suf- active network should be more ac-
fixes L and H are used to distinguish curate than a comparable passive net-
between the low-pass and high-pass work. If the capacitors are measured
filter-shaping components. Figure 2 and matched, even greater accuracy is
shows the schematics for the portion possible.
of the circuits containing these com-
ponents. The schematics are for third- FIRST-ORDER NETWORK. This is
order filters. For a second-order a simple case because there is only one
crossover network, jumper R1L and type of crossover network and hence
C1H and delete C1L and R1H. If you only one set of design formulas. If C
jumper R2L and C2H and delete C2L is a convenient, standard capacitor
and R2H, you have a first-order value, the design formulas for the low-
crossover. These arrangements for first pass and high-pass sections are as
and second order are somewhat dif- follows:

TABLE 6

FOURTH-ORDER APC NETWORK (BOTH BOARDS)

Fc C(UF) R2ZL.R3L R2H R 3H
100 .0150 75026 75026 150053
150 .0150 50018 50018 1000335
200 .0150 37513 37513 75026
300 .0150 25009 25009 50018
400 .0150 18757 18757 37513
500 .0150 15005 15005 30011

1000 .0150 7503 7503 15005

2000 .0015 37513 37513 75024

3000 .0015 25009 25009 50018

4000 .0015 18757 18757 37513

5000 .0015 15005 15005 30011

8000 .0015 9378 9378 18757

10000 .0015 7503 7503 15005
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I will use this format for all the net-
works. Note that you may use dif-
ferent values for C in the low and
high-pass sections, but making them
equal reduces the number of different
component values needed.

SECOND-ORDER NETWORKS.
For an all-pass crossover (APC), with
a convenient C value chosen, the for-
mulas are as follows:

Low Pass High Pass
C1L=omit C1H =jumper
C2L=C C2H=C
C3L=C C3H=C

R1L =jumper R1H =omit
R2L =1/{Cux) R2H = 1/{Cex)
R3L=R2L R3H=R2H

For a constant-power crossover
(CPC) or a compromise network, let A
be defined as in Fig. 8 of Part I (p. 15).
Calculate M as follows:

Mo A+ A7
2

Then, with a convenient choice for C,
the formulas are:

Low Pass High Pass
C1L=omit C1H =jumper
C2L=2C C2H=C
C3L=C C3H=C

R1L =jumper R1H = omit
R2L =1/2MCe) R2H= A/2Cux)
R3L = M/{Cex) R3H=2/{ACux)



Designed by Sidereal Akustic specifically for high quality audio circuitry

Metalized polypropylene

Extremely low DA, DF and ESR |

Multi-guage stranded, oxygen free high-purity copper leads

Special oxidation inhibiting PVC lead insulation

Hand-soldered lead termination

Extended contact area lead attachment

Non-permeable lead material for low hysteresis distortion

Superior winding and lead attachment for minimum self inductance

Exceptional intertransient silence

D.C. operation: blocking, coupling, bypass, R.F. circuitry, R.C. circuits, computers and high sensitivity

instrumentation

A.C. operation: power factoring, line filtering, high level audio (loudspeaker filter networks)

High mechanical stability for freedom from ‘“singing” and microphonic effects

Low leakage, high insulation resistance

No bypass required — If bypassed with capacitors from other manufacturers, there will be no benefit. In fact,
we have occasionally observed the SiderealKap to assume the inferior qualities of
capacitors from other manufacturers, when these capacitors are used to bypass the
SiderealKap. If you must bypass, use a small value SiderealKap.

100% quality testing

Designed to meet thermal shock, vibration and moisture resistance specifications

Self-healing, high reliability design

Competitive O.E.M. and distributor pricing

Most values now in stock for quick delivery

Sidereal Akustic Audio Systems Inc.
™ 1969 Outrigger Way, Oceanside, CA 92054  [619] 722-7707
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THIRD-ORDER NETWORKS. Only
one type of third-order network exists.
For a convenient choice of C, the for-
mulas are:

Low Pass High Pass
ClL=C ClH=C
C2L=C C2H=C
C3L=0.1C C3H=C

RI1L=1.02996/(Cx)
R2L =7.34938/(Cux
R3L=1.32108/(Cux)

R1H =0.718057/(Cu)
R2H =0.281943/(Ce)
R3H =4.93947/(Cu)

FOURTH-ORDER NETWORKS.
Now things get a little more involved
because you need two kits and there
is more than one type of crossover net-
work. The procedure is to build two
second-order crossover networks, then
cascade them to form the fourth-order
network. Thus, you need four kits for
two stereo channels.

The fourth-order APC is the easiest
case because it uses two identical
boards. For a convenient C value, use
the following formulas:

Low Pass High Pass
C1L =omit C1H =jumper
C2L=2C C2H=C
C3L=C C3H=C
R1L=jumper R1H =omit
R2L=1/[2Cux) RZH = 1/(2Cex)
R3L=R2L R3H =2/(Cex)

Build two boards with these formulas,
then connect the low-pass output of
one board to the low-pass input of the
other. Do the same with the high-pass
sections. You have now cascaded
second-order filters to obtain fourth-
order filters.

You use the same cascading pro-
cedure for the CPC and compromise
networks as you did for the APC, but
now the two boards are not identical.
For a compromise crossover, start by
letting K be defined by the following
formula:

K = 1/10%0

where P is the peaking in decibels in
the voltage magnitude response
(0<P<3). For a CPC, K equals ,2/2.
Use these values of K to calculate Al
and A2 as follows:

Al

J1+K + /1-K

A2 = 14K - J1-K

Then use these values to calculate M1
and M2:
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TABLE 7A

FOURTH-ORDER CPC NETWORK (FIRST BOARD)

Fc C(UF) R2L
100 .01000 8882
1350 .01000 5921
200 .01000 44491
300 .01000 2961
400 .01000 2220
S00 .01000 17746

1000 .01000 888

2000 .00100 44941

3000 .00100 2961

4000 .00100 2220

5000 .00100 1776

8000 .00100 1110

10000 .00100 888
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M1 - (AL + JATP-04)
2

Mz - (A2 + J[A2F-04)
2

Now choose a convenient C value and
determine the component values for
the first board from the following
equations:

Low Pass High Pass
C1L=omit C1H =jumper
C2L=10C C2H=C

C3L=C C3H=C
R1L=jumper R1H = omit
R2L=1/[10{M1)Cec]  R2H=A1/{2Cux)
R3L=M1/(Cuc) R3H=2/[(A1)Cuc]

For the second board, use these
formulas:

Low Pass High Pass
C1L=omit C1H =jumper
C2L=10C C2H=C

C3L=C C3H=C
R1L=jumper R1H =omit
R2L=1/[10{M2)C] R2H = A2/(2Cuc)
R3L=M2/(Cuy) R3H =2/[{A2)Cu]

Finally, cascade the two boards, pref-
erably with the A1 board first, and you
are done.

BONUS NETWORK. Because the
rumble filter kit allows you to work
with third-order filters as basic sec-
tions, you can realize one more net-
work without any new formulas. Use
the third-order formulas to build two
identical boards and then cascade
them. The result is a sixth-order APC
for one stereo channel. If you decide
to use this network, remember to re-
verse the polarity of the tweeter just
as you do for second-order networks.

CALCULATIONS & DESIGN TIPS.
I think you will agree that the calcula-
tions for an active network are a little
simpler than those for a comparable
passive design. If you are willing to ac-
cept a preselected crossover frequen-
cy and C value, you can use Tables 1-8
to read off resistor values. The second
and fourth-order compromise Tables 4
and 8 are for the equal compromise—
i.e., the combined magnitude response
has a 1.5dB peak, and the combined

TABLE 78

FOURTH-OROER CPC NETWORK (SECOND BOARD)

Fc ccu
100 .0
150 .0
200 .0
300 .0
400 .0
500 .0

1000 .0

2000 .0

3000 .0

4000 .0

S000 .0

8000 .0

10000 .0

e - 0000000 e |

QOO0 O~ s s s s

) R2L

00 26606
00 17737
00 13303
00 8849
00 66351
00 5321
00 2661
00 13303
00 8869
00 6651
00 5321
00 3324
00 2661

R3L R2ZH R3H
95206 60906 915892
63471 40604 277261
97603 30453 207946
31735 20302 138631
23802 15224 103973
19041 12181 83178

9521 6091 91589
47603 30453 207946
31735 20302 1384631
23802 15226 103973
19041 12181 83178
11901 7613 S5198¢

9521 6091 41589

*




TABLE 8A

FOURTH-ORDER EQUAL COMPROMISE NETWORK (FIRST BOARD)

Fec C(UF) RZL
100 .01000 9380
150 .01000 6253
200 .01000 4690
300 .01000 3127
400 .01000 2345
500 .01000 18746

1000 .01000 938

2000 .00100 4690

3000 .00100 3127

4000 .00100 2345

S000 .00100 1876

8000 .00100 1173

10000 .00100 938

R3L R2H R3H
270044 139712 181303
180029 93141 120849
135022 69856 90652

9001S 44571 60434
67511 34928 45326
54009 27942 36261
27004 13971 18130
135022 698546 90652
90015 96571 604314
67511 34928 45324
54009 27942 36261
33756 17464 226463
27004 13971 18130

power response has a 1.5dB dip. I
have postponed a computer-assisted
design program until the next time so
that I can do both two-way and three-
way networks in the same program.

The value of C you choose deter-
mines the range of the resistor values.
I usually try to choose it so that the
smallest resistor will be 1kQ or more.
You should consult Jung? for the best
type of capacitors and resistors to use.
Once you have chosen C, there are
only three other possible capacitor val-
ues—0.1C, 2C and 10C. Clearly, if C
is a stock value, so are 0.1C and 10C.
You can obtain 2C by paralleling two
capacitors of value C.

The rumble filter kit does not in-
clude the necessary +15V power
supply. I have used the Old Colony
Gately Power Supply (KF-3, $27), and
Ed Dell recommends the Suzler pre-
amp power supply from Old Colony
(KL-4, four versions available). I am
sure many of you will have your own
ideas regarding power supplies.

As for op amps, the rumble filter kit
comes with a 4136 device, which I re-
placed with a TLO74,

Another consideration is sensitivity
matching. The first stage of each rum-
ble filter kit is set up to supply gain
with the resistors RI and RF in Jung's
original stuffing guide. The amount of
gain is given by the following formula:

G = 20log{l + RF/RI)

This makes it very easy to adjust not
only for different woofer and tweeter
sensitivities, but also for different
amplifier gains. I set up mine with RF
equal to 2.21kQ and a 10k pot for RF.
I then calibrated the pot dial for gains
up to 14dB. That way, I can use the
crossover with a variety of loudspeak-
ers and amplifiers.

OTHER CROSSOVER KITS. For
those of you who are willing to use a
third-order active network at crossover
frequency 60, 120, 250, 500, 1k, 2k, 5k
or 10kHz, Old Colony offers the Jung
Electronic 2-Way Crossover {SBK-CIA,
$24.75), which includes not only the
rumble filter kit, but also the necessary
filter-shaping components. The low-
pass filter in this kit is realized by the

TASLE 88

FOURTH-ORDER EQUAL COMPROMISE NETWORK (SECONO BOARD)

Fc C(UF) R2L
100 .01000 18977
150 .01000 12651
200 .01000 9488
300 .01000 6326
400 .01000 4744
500 .01000 3795

1000 .01000 1898

2000 .00100 7488

3000 .00100 6326

4000 .00100 4744

S000 .00100 3795

8000 .00100 2372

10000 .00100 1898

R3L R2H R3H
133481 76229 332293
88987 50819 221529
66740 38114 166147
4494914 25410 110764
33370 19057 83073
26696 152446 66459
13348 7623 33229
66740 381114 166147
4494914 25410 110764
33370 19057 83073
26696 152446 66459
16685 9529 41537
13348 7623 33229

"equal-resistor’’ method, so the kit
component values are different from
those given by my third-order for-
mulas. The 'convenient capacitor
value' method I used has the poten-
tial for greater accuracy without the
need for constructing custom capacitor
values, but I am sure you will find a
vast improvement in performance re-
gardless of the method used to realize
the crossover.

I would also like to mention the Old
Colony Electronic Crossover, Kit A
(KC-4A, $8J. If you can use crossover
frequency 60, 120, 240, 480, 960,
1920, 5k or 10kHz, a single kit gives
you a second-order CPC, including the
filter-shaping components. If you
cascade two of these kits at the same
crossover frequency, you have a
fourth-order APC. You may also use
this kit to realize the other second and
fourth-order networks by applying my
formulas and supplying your own
filter-shaping components. The filter-
shaping components are R1-R4 and
C1-C4. All you have to do is make the
following identifications:

Low Pass High Pass
Ci=C2L C3=C2H
C2=C3L C4=C3H
R3=R2L R1=R2H
R4=R3L R2=R3H

For a fourth-order network, you
must build two kits and cascade them.
Finally, you may use the kit for first-
order designs with the following
formulas:

Low Pass High Pass
Cl=omit C3=jumper
C2=C3L C4=C3H
R3 =jumper R1=omit
R4=R3L R2=R3H

If you want more information about
these two kits, corsult Ed Dell's re-
work of his SB article? on page 20.
Among other things, he discusses op
amp choices, the supplementary cir-
cuitry in each kit and using the kits for
three-way active networks. I plan to
cover this last topic in detail in the next
installment.

REFERENCES

1. Colloms, Martin, High Performance Loud-
speakers, Second Edition, Halsted Press {New
York), 1980.

2. Jung, W.G., "A L.F. Garbage Filter," The
Audio Amateur 4/75, p. 14.

3. Dell, E.T., "Electronic Crossovers
Revisited," SB 3/82, p. 22.

Speaker Builder / 3/85 19



ELECTRONIC
CROSSOVERS REVISITED

any Speaker Builder readers have

written to us in the wake of
Walt Jung's series in TAA on IC distor-
tion (Issues 2 and 3, TAA 1978) ask-
ing why we don't update past projects
that contain ICs, especially those us-
ing the 741.

The 741 has become an embarrass-
ment and needs replacing by better
descendants, especially in the elec-
tronic crossover we published in TAA
2/72 (see Fig. 1). We have updated the
Old Colony circuit card for this
crossover to accommodate dual
in-line eight-pin packages. See Fig. 2
for the new card layout. Jung advises
using either the National LF351 or the

BY EDWARD T. DELL

Texas Instruments TLO71 in this cir-
cuit as a direct replacement plug-in for
the 741.

When we come to the three-way
crossover, however, we discover a
snag. Our little design is a two-pole
configuration giving a 12dB/octave
slope. A growing body of evidence
shows the 12dB slope has problems
avoided by 18dB and 6dB slopes. Qur
crossover has that drawback as well as
some notch cancellation in the way we
derive the center channel by cancella-
tion of 180-degree out-of-phase fre-
quencies.

Note that in Fig. 1, IC3 inverts the
main signal and feeds it to the

uninverted low-pass and high-pass
portions of the audio band. The out-
put of IC4 is thus a center channel
consisting of the main signal with the
high and low signals cancelled out.

PARTS LIST
(FIG. 1)

All resistors + 1% metal film.

C1, C2 +5% low leakage polystyrene or
polypropylene

C3, C4 + 1% polystyrene

IC1, 2, 3, 4 4ALF35IN or MC34081P

Solder all posts to copper foil for best long-term
performance.

TABLE A

BUTTERWORTH RESPONSE

+V
- ?
H
160K 100K Ic1 > _-- - _,@ High Pass*
NPl 1 LL_O,V!]
-v I < Rrs Frequency  R1
c1 CZI ' 100K i (Mz)
L , 60 1.88M
R N R ! (1.82M)
ew | RN A , 120 938k
; i (909K)
?“ : ' 240 469k
: 47
= |\ CENTER | (475K)
| -V . 480 234k
: a2 ! (221k)
; ! 960 117k
. : (121k)
f = = ! 1920  58.6k
B mmeme oo 1< gre | (56.2K)
' < 100K !
. ! 5k 22.5k
R Pty (22.1K)
c3 ©)
01 S 10k 11.3k

R1

(1K)

*for C3,4=0.001,F

( )=nearest practical E24 value

Equations

two-pole high-pass, C1=C2=0.0014F; R2=2R1; R1=

FIGURE 1: The original crossover circuit published in TAA 2/72 can be im-

proved by substituting the National LF351 or the TI TLO71 for the old 741s.

two-pole low-pass, R1 =R2=100k; C1=2C2; C2=

Low Pass**

R2 c1 c2
3.75M 0.038uF 0.019uF
(3.65M) (0.047uF) (0.022uF)
1.88M 0.019uF 0.0094uF

(1.82M) (0.022uF) (0.01uF)
938k 9400pF 4690pF
(909k) (0.01uF) (0.00474F)
469k 4690pF 2340pF
(475k) (0.0047uF)  (0.0022uF)
234k 2340pF 1170pF
(221k) (0.00224F)  (0.001uF)
117k 1170pF 586pF

(121k) (0.001uF) (500pF)
45k 450pF 225pF
(43.2k) (470pF) (220pF)
22.5k 225pF 112pF
(22.1k) (220pF) (120pF)
**for R3,4 =100k
1.13x 108

f

1.13x10-¢
f
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You can use the crossover in other
ways, however. In Fig. 3, we cascade
two DG-13R boards to produce a
12dB/octave, three-way crossover.
Values for the two boards should be
the two crossover points: for example,
card 1 is set for the low frequency,
card 2 is for the high frequency.

In Fig. 4, we adapt the DG-13R
board to a two-way, 18dB/octave con-
figuration. You need only choose one
crossover point. The first card omits
one resistor/capacitor pair in each ac-
tive filter, reducing it to a 6dB/octave
configuration, with lower distortion
and phase problems.

Figure 5 shows the crossover's
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FIGURE 2: Layout guide for DG-13R board.

ultimate form. Four DG-13R boards
and eight ICs produce a three-way,
18dB/octave slope to low, mid and
high pass bands. You'll have to choose

two frequencies, one for cards 1 and
2 and the other for cards 3 and 4. See
Fig. 3 for the 6dB/octave wiring in-

structions for cards 1 and 4. »
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FIGURE 4: 18dB/octave, cascaded, two-way crossover, one channel. Use jumpers in place of R4 and
C4. Omit R2, C1, R4 and C4. Fregquency-determining elements are the same for both cards.
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FIGURE 5: The three-way, 18dB/octave network utilizes four single-channel boards for one audio channel. For boards 1 and 4, omit R2, C1, R4 and C4.
Install jumpers in place of R4 and C4. Choose one frequency for cards 1 and 2, the second frequency for cards 3 and 4.
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MODIFIED STRATHEARN
RIBBON SPEAKER

BY DON SPANGLER and MARK D. McKENZIE

Having heard improvements
of anti-resonant filtering applied

to the Jordan module (TAA 4/84,
p. 54), we decided to undertake a
similar project for the Strathearn SLC2
midrange ribbon driver.

Modifying the Strathearn driver in-
volved about a year's worth of testing.
During that time, we tested several
damping materials in the diaphragm,
the speaker's free air performance,
various enclosure types, electrical
direct drive versus drive through the
stock toroid transformer, and numer-
ous driver arrangements, including the
addition of a super-tweeter. We have
sorted through the results and believe
we have come up with an excellent-
sounding, top-end speaker that meas-
ures +2dB from 350Hz to 20kHz.

Our tests included exhaustive pulse
testing and Fast Fourier Transforma-
tion (FFT) analysis, along with com-
prehensive listening tests. We have
found that pulse testing, when proper-
ly interpreted, correlates strongly with
listening tests, much more so than any
other electrical tests we have tried.
Because of this, we would like to begin
with an analysis of the pulse-testing
process.

WHY USE PULSES? Three main
types of test signal are commonly used
to analyze speakers—the venerable
sine wave, noise (white and pink) and

pulses. These test signals provide vary-
ing amounts of data and require differ-
ing amounts of time to perform. Keep
in mind that any test signal that does
not begin and end during the time that
the observer is logging data does not
reveal information on the transient
operation of the device under test
(DUT).

A sine wave provides the least
amount of transient information.
Figure 1 shows an oscilloscope presen-
tation of a sine wave, while Fig. 2
shows frequency versus magnitude. If
an interval of limited duration is
observed, you cannot determine the
beginning or ending time of the sine
wave. Within this observed interval,
the changing magnitude values form
a pattern that is constant through time.
Although the data on the magnitude of
the DUT output at the frequency of
the sine-wave signal has very high
resolution, you cannot predict how the
DUT will perform when it is asked to
start or stop producing the sine wave.

Pink and white noises are made up
of random transients. They reveal
more transient information than a sine
wave, but because of their random
nature, no transient sequence ever oc-
curs in isolation. A transient episode
always begins before the preceding
episode ends and ends after the next
one begins. Figure 3 is an oscilloscope
presentation of white noise, and Fig.

4 shows frequency versus magnitude.
A pulse signal has one rising and one
falling transient. The duration of the
pulse is always less than one-half cy-
cle of the highest frequency of interest.
Figure 5 shows an oscilloscope presen-
tation, while Fig. 6 shows frequency
versus magnitude. Thus, with one
easy test signal, you get data on the
spectrum of the DUT, in which the
transient data’s contribution is bal-
anced against that of the DUT's
steady-state performance.

Sine-wave data or pulse data is often
presented in a graphic form called a
Bode plot. The magnitude of a number
of frequencies is noted and marked on
a graph. You can do this manually
with pen and paper or automatically
with a sweep generator and chart
recorder. The two differ as follows:
with pulse data, all frequencies of in-
terest are present simultaneously in
the magnitude/time plot, whereas with
sine waves, the frequencies are
discrete in time. To separate the fre-
quencies making up a pulse, you must
use a mathematical process called Fast
Fourier Transformation (FFT). These
transformations are based on the idea
that complex waveforms are made up
of a number of simpler waveforms. In
this particular application, the complex
waveform is a pulse, and the simple
waveforms are sine waves.

In most circumstances, the FFT is

moc—-H—ZeOr»Z

410dB

moc—H-ZO>»T

B TIME >

FIGURE 1: Oscilloscope presentation of a sine wave.

1kHz

FIGURE 2: Frequency versus magnitude of a sine
wave.

TIME >

FGURE 3: Oscilloscope presentation of white noise.
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transparent, and the mechanics of the
transformation are not important to
the end user. It is, however, beneficial
to have some knowledge of how the
shape of the pulse information deter-
mines the frequency response that the
FFT produces. To help you understand
the process better, I will present three
examples of pulse responses, the math
of the transformations and the result-
ant frequency response of the basic
building blocks of all complex tran-
sient behavior. See Table 1 for the
names and sources of the equipment
used for data acquisition and analysis.

SAMPLE PULSE RESPONSES. Sup-
pose you wish to determine the mag-
nitude of a perfect pulse at 1kHz. To
do so, you would use a 1kHz sine
wave and a 1kHz cosine wave (which
is a sine wave shifted 90 degrees so
that the points of maximum magni-
tude and the zero crossings are re-
versed). Align the three signals so that
every point in time at which the
perfect pulse is sampled matches an
equivalent point on the sine and cosine
waves (Fig. 7). Then multiply every
point in time cf the perfect pulse sam-
ple window by the values of the sine
and cosine at the matching degree po-
sitions. In the perfect pulse, only one
time unit has an associated magnitude
value; all other time units are zero (a

(Fig. 8), with a value of 1 at one sam-
pling point and a value of 0.5 at the
next, the FFT would change in the fol-
lowing ways. The degree 10 values
would stay the same—i.e., the sine
product would be 0.174 and the cosine
product 0.985. But the degree 20
values would change from zero to a
sine product of 0.171 and a cosine
product of 0.47. Add the sine values
for a total of 0.345 and the cosine
values for a total of 1.455. If you
square the two numbers, sine equals
0.119, and cosine equals 2.117. Add
the two products together (0.119+
2.117=2.236) and take the square root
of the sum for a final magnitude value
of 1.5.

Should the imperfect pulse's fre-
quency of interest be ten times lower,
the degrees with which the sample
would coincide would become degrees
10 and 11, for which the summed
squared sine equals 0.072, and the
summed squared cosine equals 2.179.
Add these two together, then take the
square root for a 100Hz magnitude
value of 1.5.

Should the frequency of interest be
ten times higher than 1kHz, the coin-
ciding sine and cosine degrees would
be 10 and 200. For these sample
points, the summed squared sine

TABLE 1

EQUIPMENT USED

1. Apple Il, any series

2. 1QS 401, any series
(1QS, Inc, 2610 N. Greenbrier, Santa Anna,
CA 92706)

3. any calibrated microphone

4. any suitable amplifier

equals zero, and the summed squared
cosine equals 0.26. Add the products
together and take the square root for
a magnitude value of 0.5. If you con-
vert these values to decibel equiva-
lents, with 1kHz as the reference fre-
quency, the frequency response of the
imperfect pulse will be as follows:
100Hz, 0dB; 1kHz, 0dB; 10kHz,
-9.5dB.

Figure 9 shows the frequency re-
sponse of an imperfect pulse. You can
see the response deviations and pulse
alterations for a driver that is limited
in reproduction of the higher frequen-
cies. Should the driver be limited in
low-frequency response, the pulse re-
sponse might look something like Fig.
10. This is the same as the first im-
perfect pulse, except now the second
sampled magnitude value is negative.

For the 1kHz analysis, degrees 10

good reason for transient accurate MATERIALS LIST

speakers, as the FFT becomes simple).
Add all the sine products together and
square the sum. Do the same with the
cosine values. Then add the two
squared values together, and the
magnitude of the perfect pulse at 1kHz
will be the square root of the sum.

For example, if the pulse magnitude
is 1 and corresponds to degree 10 of
the sine, the sine product is 1 times
0.174, or 0.174, and the cosine value  Registors for corrective filter, 100
is 1 times 0.985, or 0.985. All other 20
time units are zero, so the total for the
sines is 0.174 and for the cosines
0.985. If you square the two numbers,
sine equals 0.03, and cosine equals
0.97. Add the two products together
(0.03+0.97=1) and take the square
root of the sum for a final magnitude
value of 1. This is the equivalent value
of a 1kHz sine-wave building block of
the pulse. Repeat the process for all
other frequencies of interest. In a
perfect pulse, all other frequencies
have the same magnitude. This final
magnitude value remains the same
with any sine or cosine degree posi-
tions used.

Should the input pulse not be perfect

Material
Strathearn midrange ribbon
speaker, SLC2

Supplier

Audio Concepts

1631 Caledonia Street
LaCrosse, W1 54601

GSI Audio

578 Neperhan Avenue

Yonkers, NY 10701

WonderCaps (old style) also suitable

Capacitors for amplifier, crossover and
corrective prefilters: WIMA MKPIO
series (polypropylene)

Corrective filter coils (see note)*

Radio Shack #271-132

Two Radio Shack #271-131

(two 1Q units in series)

Frost King Air Conditioner

Part #F1524, local hardware store

Foam inserts for driver

Hot glue, Mortite, Liquid Nail Local hardware store

Particle board Local lumber dealer

Bituminous felt Local building supplier
llibruck

3800 Washington Ave. N.
Minneapolis, MN 55412
or local audio dealer

Sonex

* For the coils, purchase two Radio Shack #278-1302 devices. Hookup wire is 18 gauge solid.
Each contains three rolls of wire on suitable plastic forms for the project. Unwind all of the wire.
On two of the forms, tightly wind 55 turns of wire. These will serve as the 109xH coils. On the
other four coils, wind 53 turns of wire. Two should be wired in series and will serve as the 207xH
coils. Do not mount the coils with a magnetic material. Hot glue is suggested.
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FIGURE 4: Frequency versus magnitude of white
noise.

FIGURE 5: Oscilloscope presentation of a pulse
signal.
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FIGURE 9: Frequency of the imperfect pulse in Fig.
8.

and 20, the summed squared sine
value is zero, and the summed squared
cosine value is 0.265. If you add the
products together and take the square
root, you come up with a final magni-
tude value of 0.5.

For the 100Hz analysis, degrees 10
and 11, the summed squared sine
value is 0.006, and the summed
squared cosine value is 0.244. If you
add the products together for a value
of 0.25 and take the square root, the
final magnitude value is 0.5.

For a 10kHz analysis, degrees 10 and
200, the summed squared sine value is
0.119, and the summed squared cosine
value is 2.117. Add the products to-
gether for a value of 2.236 and take the
square root to produce a final mag-
nitude value of 1.5. Using 1kHz as the
reference frequency, the logarithmic
converted magnitude values are 100Hz,
0dB; 1kHz, 0dB; 10kHz, +9.5dB. Figure
11 is a frequency response graph of the
second imperfect pulse.

Before moving on to the modifica-
tion, we should mention a special type
of sine-wave testing using tone bursts.
A tone burst allows you to observe test
beginning and ending, but obscures
the degree to which the transient
behavior alters the summed output.
Because of the defined rate of
magnitude change, a sine wave has
only one frequency. During the start
of the sine-wave burst, the transient
performance of the DUT is excited at
the sine-wave frequency and at every
frequency below the fundamental.
Nothing above the fundamental is ex-
cited because the duration of the signal
has exceeded one-half wavelength of
the fundamental.

Transient information is provided
during a tone burst only during the
first and last quarters of the sine-wave
pulse. The sine wave that occurs be-
tween the first and last quarters is not
transient but steady state. The number
of cycles for which the steady-state
portion of the fundamental lasts will
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0dB

20Hz 1kHz 20kHz
FIGURE 6: Frequency versus magnitude of a pulse
signal.
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milliseconds

FIGURE 7: To determine the magnitude of a perfect
pulse, use a sine wave and a cosine wave. Align
the three signals so that the perfect pulse matches
an equivalent point on the sine and cosine waves.
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TIME >

FIGURE 8: An imperfect input pulse.

reduce the contribution of the tran-
sient portion in a summed analysis. If
one complete cycle of a sine wave is
divided into four quarters, then for a
tone burst that lasts for seven cycles,

the transient portion would come from
the first and last quarters, for a
summed portion of 2. The steady state
from the remainder of the tone burst
results in a summed portion of 26. An
FFT of this tone burst would show a
central spike representing the fun-
damental and a slight spread in fre-
quencies about 15dB lower. A 3dB
decrease occurs for every power of 2
increase of the fundamental over the
number of transient portions.

PLANNING THE MOD. When plan-
ning a modification, you should have
some idea of what you would like the
speaker to do. In the case of an ideal
speaker, you would want it to repro-
duce a pulse perfectly. It should jump
precisely on a transient, not compress
the peak magnitude and not overshoot
or ring on the decay.

It is a good idea to know how the
speaker under consideration—in this
case, the Strathearn ribbon speaker—
fails to meet these ideal criteria. You
can determine this by testing the
Strathearn in free air and observing the
results (see Figs. 12 and 13). Figure 12
shows the magnitude versus time (or
pulse response) of the speaker. The
Strathearn exhibits very good response
in the onset of the pulse, as the energy
is tight and very closely bundled in
time. The decay of the pulse is not as
good as you might wish. The pulse
takes too long to drop off, and there
is some evidence of a mechanical res-
onance causing ringing in the decay.
Also, the main body of the energy be-
ing delivered is slightly spread over
time.

In Fig. 13, the FFT-derived frequen-
cy response of the pulse, the Stra-
thearn exhibits two elevated plateaus
separated by a suck-out in the upper
midrange/lower treble. The low-fre-
quency plateau starts at about 500Hz
and extends to about 2kHz. It is very
smooth and even. The higher-fre-
quency plateau centers on the 10 to



CIRCUIT
BOARDS

0ld Colony*s Boards arc made of top quali:
ty epoxy glass. 2 oz. copper. reflowed soldcr
coated material for easc of constructing pro-
jects which have appeared in Audlo Ama-
teur and Speaker Builder magazines. The
builder needs the original article (indicated
by the date in brackets, i.e. 3:79 for articles
in Audio Amateur and SB 4:80 for those in
Speaker Builder) to construct the projects.

C-4: ELECTRONIC CROSSOVER (DG-13R})
New 2 x 3%" board takes 8 pin DIPs, Ten eyelets
for variable components. [2:72] Each 4.50
F-6: JUNG 30Hz FILTER/CROSSOVER (WJ-3}
3x3" {4:75] High pass or universal filter or
Crossover. Each $5.50
H-2: JUNG SPEAKER SAVER.
3 x5%” [3:77] Each $7.00
J-6: SCHROEDER CAPACITOR CHECKER.
(CT-10) [4:78] 3% x 6" Each $7.25
K-3: CRAWFORD WARBLER 3% x 3% [1:79)

Each $6.00

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. 5 x5%"
[3:79] Each $7.00

L-2: WHITE LED OVERLOAD & PEAK
METER. 3 x 6" [1:80} One channel

Each $10.50
L-6: MASTEL TONE BURST GENERATOR.
3/ x 6%" 12:80]. Each $8.50

L-9: MASTEL PHASE METER 6%, x 2%," [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
$B-D2: WITTENBREDER AUDIO PULSE
GENERATOR 3/x5” [SB 2:83] Each $7.50
SB-E2: NEWCOMB NEW PEAK POWER IN-
DICATOR 1x2” [SB 2:84] Each $2.50
SB-E4: MUELLER PINK NOISE GENERATOR.
41, x23,4" 14:84] Each $8.50

0Old 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 20% for
postage. All overseas remittances must be
in U.S. funds. Please use clear block
capitals.

NAME

STREET & NO

cIry STATE zip
No. Bds. Price
Board No $
Hoard No $
Board No 8. .
Total 8
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(WJ4) | cerning the use of thinner material for un-

and subwoofers, so 1 really have no quar-
rel with the way it was presented.

To get back to Mr. Weems’ tapered
pipes, the taper he uses is the reverse of
the type generally used in TLs. It is actual-
ly more nearly a horn than a TL, whose
function is to guide and lose the speakers’
back radiation. I am reminded of the late
Stewart Hegeman's split, conical slot load-
ed horns, made for Eico, Lowther, and for
his own company. Of course they were
different, but there may be a kinship. I
have wondered how they might have
sounded stuffed.

Just out of curiosity I would like Mr.
Weems to place his line in a horizontal
position to see whether he notices an im-
provement in the smoothness and solidity
of the sound.

1 don’t understand his statement con-

damped pipes {or maybe I just don't want
to). I also believe his equation for optimum
speaker placement is invalidated by stuff-
ing only one side of his pipe. The stuffed
side will appear longer. This is not a criti-
cism, only a suggestion. Perhaps with a lit-
tle more work he just might get out of the
doghouse and produce a speaker system
that is dog-gone good. And who knows,
if he can find a long-haired cat he could
even have dynamic damping! But leave
the rabbits to Bruce Edgar.

John Cockroft
Mountain View, CA 94041

Mr. Weems replies:

Dynamic damping? Such a shameless sugges-
tion must give “paws” lest the SPCA become
involved. But I must admire such an original
concept. It would surely catapult speaker de-
sign to a higher category of science. As to
long-haired breeds, try Persian, it should
work as well as rug padding.

In regard to your suggestion of putting
tapered pipes in a horizontal position, 27"
high, that would, of course, lower the driver
and elevate the port. Unfortunately, having
spent my time and energy in speaker ex-
periments instead of more lucrative goals, my
old house lacks enough wall space to do that
without moving large pieces of furniture. And
that would alter the acoustic environment.
Room position always seems to be a major
influence.

I agree with you on the two Radio Shack
drivers, 40-1022 and 40-1376. They are bet-
ter than most of the larger and more expen-
sive models.

I think the tapered pipe owes something to
Voigt's early designs. I'm not familiar with
the internal anatomy of Hegeman's horns, but
I remember the speakers.

Both sides of the pipe should be stuffed. The
stuffing in the throat was not shown in the
drawings, but it is specified in the article.

As to undamped pipes, I don't understand
anything at all about them. Or maybe 1 just
don't believe them. They were popular in Eng-
land a generation ago and authors were ada-

mant about using thin materials.

I still have my pipes for the 6%" Peerless
woofer but, sad to say, I did not follow my
own advice about screening the ports to keep
critters out. The small pipe, for the 42"
woofer, became a mouse house. Even worse,
a morgue. The mouse mother perjshed, per-
haps by a heart attack induced by the high
SPL. The death of the entire family followed
but I didn’t find the source of the odor until
the pipe was saturated with it. The enclosure
had to be burned. A Viking's funeral for the
little fellows.

WARRANTY WOE

In Gary Galo's '"Transmission Line Loud-
speakers, Part II: Application’ {SB, 2/82)
he states, ''Solder leads {never use slip-on
speaker connectors!}"’

In Audio Concepts instructions for its
Quartz kit (which uses the excellent
Dynaudio drivers) the builder is warned
to use the slip-on connectors provided
with the kit and not solder the speaker
connections. Further, they state the war-
ranty is void if the leads are soldered.

What gives? These are the only two in-
stances I can recall addressing the ques-
tion and they definitely are not in
agreement.

I always soldered the connections until
being warned against the practice in the
Audio Concepts instructions. Help!

Dave Schneider
Marion, 1A 52302

Audio Concepts is talking about warranty.
Galo is talking about sound. Mr. Galo's ad-
vise is consonant with Walt Jung's advice on
this matter. Audio Concepts, rightly, is be-
ing conservative in advising against a prac-
tice that, also rightly, voids a warranty. Of
course, careless or inept soldering could
damage a driver's leads where they attach to
the cone. Galo's advice assumes prudence
and care, as well as a desire for good sound
that is more important than warranty
cards.—Ed.
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ment. More on this in a moment.

Your third modification raises questions I
dealt with when I evaluated the unit. I agree
with you. I don't like putting unnecessary cir-
cuitry into the signal path either—particularly
for the high frequencies. My initial inclina-
tion was to connect it as you described, so
I phoned Audio Control and questioned them
about it. They said the equalizer section of
the unit was designed to receive tape output
levels only, which are lower in level than a
preamp’s main output, and also independent
of the volume control setting. Running the
preamp’s output into the equalizer section via
the crossover raises the equalizer section’s
distortion level because of the slight over-
loading that may occur at high volume
settings.

Your letter prompted me to investigate this
further. My measurements indicate you
should have no problem connecting the unit
as you describe. The equalizer’s clipping level
is between 7.6 and 7.8V, measured at 20Hz,
100Hz and 1kHZ (the highest frequency likely
to be passed to the equalizer from the cross-
over; most crossover frequencies will be well
below this). Harmonic distortion just below
clipping is .016% at 100Hz and .045% at
20Hz. Apparently the equalizer section is not
prone to the overload problems Audio Con-
trol believes. Its performance seems identical
to the crossover section. On this evidence, I
recommend connecting the unit as you
describe.

The supply voltages (which are +13V in
my sample| limit the clipping level of the
equalizer and crossover. The maximum rat-
ings for TLO75 op amps are + 18V. When you
replace the unregulated supply in the Richter
Scale with a regulated supply of +15 to
+16.5V, you raise the clipping and perfor-
mance levels.

The space on the right hand side of the cir-
cuit board in the Richter Scale chassis is large
enough to add a regulated supply. When you
remove the power transformer, you free a
space measuring approximately 3" x 7" x
2%". You cannot use Audio Control’s trans-
former since the secondary voltages aren’t
high enough. Mount the new power trans-
former in an external box, then feed the
secondary AC voltages to the rectifiers and
regulators mounted in the free chassis space.
The Gately supply circuit board (Old Colony
KF-3] will fit here.

If you want more brute force regulation as
in the Jung PAT-5/WJ1A preamp supply
(TAA, 1/78, 3/79), the power transformer,
rectifier bridges and input filter caps can be
mounted in an outboard chassis. A parallel
set of input filter caps, the regulation circuitry
and the output filter caps can then be
mounted in the free space in the Richter Scale
chassis. With a judicious layout everything
should fit. 1 did this in my own electronic
crossover.

The Audio Control power supply schematic
has two errors. The 2200 resistors between the
470uF filter capacitors are not shown. The
schematic shows the capacitors connected in
parallel. The same error exists in both the
positive and negative supply sections. The

resistors labeled 2241, connecting the 470uF
output filter caps to the zener diodes, should
be labeled 2.2kQ. Again, the same error is
repeated for the positive and negative
supplies.

Your procedure for setting the woofer level
should produce exactly the same results as my
Procedure B. I agree with your assessment
of the worth of the Richter Scale; its value
as a piece of test equipment alone justifies the
expense.

PIPES, PETS & PORTS

About your TTT Test—I've been thinking
of adding an equalizing circuit to reduce
the roll-off.

I was quite interested in David Weems'
cathouse—I mean tapered pipes, {but the
man does seem to have a way with ani-
mals). I was interested because what he
created must be a relative to a little system
I designed and built last November. Un-
doubtedly I was anticipating Thanksgiv-
ing when the idea occurred to me to make
a stuffed version of the Bose Acoustic
Wave enclosure. I had inadvertently
thrown away the article describing it, but
as I recall it was a six foot pipe, open at
both ends, with the speaker placed a third
of the way from one end.

I decided to stuff the pipe to make it
shorter and chose three feet. I placed the
4” inch speaker 12” in from one end. The
cross section was about 25 square inches.
I settled on a density of about .6 lbs/cu.
foot.

Although I have spent very little time
with this system, I hear natural sound
similar to other Transmission Lines (TLs)
I have built.

I made the pipe in a straight line and
placed it in a horizontal position on a 27"
tall stool with the line about¥% to ¥2” from
the back wall. The speaker is facing up-
ward, as suggested by Roy Allison {a man
who knows what he's talking about).

Mr. Weems and I both chose the same
drivers for our projects, which appeared
in the same issue of SB, 2/87. This should
invite some comparisons. I have used
these little units in many projects. Of all
the Radio Shack drivers, the 40-1022
seems the most consistent, is also inexpen-
sive and sounds good in a variety of ap-
plications. On a cost-for-sound basis they
are high on my list.

The 40-1376 tweeter listed as %, is real-
ly a %" tweeter. Its dispersion is excep-
tional, and in most rooms needs a diffrac-
tion ring to limit the dispersion and thus
cut down on destructive room reflections.
This unit is the closest thing I know of to
a point source. It seems to be a silver col-
ored version of the Audax Tw74.

About my project, the "Demonstrator,"’
SB, 2/87 it isn't “a tiny double woofer" but
a full-range system. This concept was cre-
ated to help those trying to create woofers
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distortion level because of the slight over-

PIPES, PETS & PORTS
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loading that may occur at high volume
settings.

Your letter prompted me to investigate this
further. My measurements indicate you
should have no problem connecting the unit
as you describe. The equalizer’s clipping level
is between 7.6 and 7.8V, measured at 20Hz,
100Hz and 1kHZ (the highest frequency likely
to be passed to the equalizer from the cross-
over; most crossover frequencies will be well
below this). Harmonic distortion just below
clipping is .016% at 100Hz and .045% at
20Hz. Apparently the equalizer section is not
prone to the overload problems Audio Con-
trol believes. Its performance seems identical
to the crossover section. On this evidence, 1
recommend connecting the unit as you
describe.

The supply voltages (which are +13V in
my sample| limit the clipping level of the
equalizer and crossover. The maximum rat-
ings for TLO75 op amps are + 18V. When you
replace the unregulated supply in the Richter
Scale with a regulated supply of +15 to
1 16.5V, you raise the clipping and perfor-
mance levels.

The space on the right hand side of the cir-
cuit board in the Richter Scale chassis is large
enough to add a regulated supply. When you
remove the power transformer, you free a
space measuring approximately 3" x 7" x
2%". You cannot use Audio Control's trans-
former since the secondary voltages aren’t
high enough. Mount the new power trans-
former in an external box, then feed the
secondary AC voltages to the rectifiers and
regulators mounted in the free chassis space.
The Gately supply circuit board {Old Colony
KF-3) will fit here.

If you want more brute force regulation as
in the Jung PAT-5/WJ1A preamp supply
(TAA, 1/78, 3/79), the power transformer,
rectifier bridges and input filter caps can be
mounted in an outboard chassis. A parallel
set of input filter caps, the regulation circuitry
and the output filter caps can then be
mounted in the free space in the Richter Scale
chassis. With a judicious layout everything
should fit. I did this in my own electronic
crossover.

The Audio Control power supply schematic
has two errors. The 226} resistors between the
470uF filter capacitors are not shown. The
schematic shows the capacitors connected in
parallel. The same error exists in both the
positive and negative supply sections. The

About your TTT Test—I've been thinking
of adding an equalizing circuit to reduce
the roll-off.

I was quite interested in David Weems'
cathouse—I mean tapered pipes, (but the
man does seem to have a way with ani-
mals). I was interested because what he
created must be a relative to a little system
I designed and built last November. Un-
doubtedly I was anticipating Thanksgiv-
ing when the idea occurred to me to make
a stuffed version of the Bose Acoustic
Wave enclosure. I had inadvertently
thrown away the article describing it, but
as I recall it was a six foot pipe, open at
both ends, with the speaker placed a third
of the way from one end.

I decided to stuff the pipe to make it
shorter and chose three feet. I placed the
4" inch speaker 12” in from one end. The
cross section was about 25 square inches.
I settled on a density of about .6 Ibs/cu.
foot.

Although I have spent very little time
with this system, I hear natural sound
similar to other Transmission Lines {TLs)
I have built.

I made the pipe in a straight line and
placed it in a horizontal position on a 27"
tall stool with the line about % to ¥2” from
the back wall. The speaker is facing up-
ward, as suggested by Roy Allison {a man
who knows what he's talking about).

Mr. Weems and I both chose the same
drivers for our projects, which appeared
in the same issue of SB, 2/87. This should
invite some comparisons. I have used
these little units in many projects. Of all
the Radio Shack drivers, the 40-1022
seems the most consistent, is also inexpen-
sive and sounds good in a variety of ap-
plications. On a cost-for-sound basis they
are high on my list.

The 40-1376 tweeter listed as %, is real-
ly a %" tweeter. Its dispersion is excep-
tional, and in most rooms needs a diffrac-
tion ring to limit the dispersion and thus
cut down on destructive room reflections.
This unit is the closest thing I know of to
a point source. It seems to be a silver col-
ored version of the Audax Tw74.

About my project, the "Demonstrator,’’
SB, 2/87 it isn't ""a tiny double woofer'’ but
a full-range system. This concept was cre-
ated to help those trying to create woofers
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0ld Colony's Boards arc made of top quali-
ty epoxy glass. 2 oz. copper. reflowed solder
coated matertal for ease of constructing pro-
jects which have appcared in Audio Ama-
teur and Speaker Builder magazines. The
builder needs the original article (indicated
by the date in brackets. i.e. 3:79 for articles
in Audio Amateur and SB 4:80 for those in
Speaker Builder) to construct the projects.
C-4: ELECTRONIC CROSSOVER (DG-13R)
New 2 x 3'4” board takes 8 pin DiPs, Ten eyelets
for variable components. [2:72] Each 4.50
F-6: JUNG 30Hz FILTER/CROSSOVER (WJ-3)
3x3" |4:75] High pass or universal filter or

CroSSOVer. Each $5.50
H-2: JUNG SPEAKER SAVER. (WJ-4)
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J-6: SCHROEDER CAPACITOR CHECKER.
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Each $6.00
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Four $13.00
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L-2: WHITE LED OVERLOAD & PEAK
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L-6: MASTEL TONE BURST GENERATOR.
3/ x 6% [2:80]. Each $8.50
L-9: MASTEL PHASE METER 6%, x 2%," |4/80]
Each $8.00
SB-Al: LINKWITZ CROSSOVER BOARD
5/x8/” [4:80]| Each $14.00
SB-C2: BALLARD CROSSOVER BOARD
5/x 10" [3:82 & 4:82] Each $14.00
SB-D2: WITTENBREDER AUDIO PULSE
GENERATOR 3/x5” [SB 2:83] Each $7.50
SB-E2: NEWCOMB NEW PEAK POWER IN-
DICATOR 1x2” [SB 2:84] Each $2.50
SB-E4: MUELLER PINK NOISE GENERATOR.
41/gx 2%,4" {4:84] Each $8.50

0O1d 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 20% for
postage. All overseas remittances must be
in U.S. funds. Please use clear block
capitals.
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and subwoofers, so I really have no quar-

| rel with the way it was presented.

To get back to Mr. Weems' tapered
pipes, the taper he uses is the reverse of
the type generally used in TLs. It is actual-
ly more nearly a horn than a TL, whose
function is to guide and lose the speakers’
back radiation. I am reminded of the late
Stewart Hegeman's split, conical slot load-
ed horns, made for Eico, Lowther, and for
his own company. Of course they were
different, but there may be a kinship. I

| have wondered how they might have

sounded stuffed.

Just out of curiosity I would like Mr.
Weems to place his line in a horizontal
position to see whether he notices an im-

| provement in the smoothness and solidity

of the sound.

I don't understand his statement con-
cerning the use of thinner material for un-
damped pipes (or maybe I just don't want
to). I also believe his equation for optimum
speaker placement is invalidated by stuff-
ing only one side of his pipe. The stuffed

| side will appear longer. This is not a criti-

cism, only a suggestion. Perhaps with a lit-
tle more work he just might get out of the
doghouse and produce a speaker system
that is dog-gone good. And who knows,
if he can find a long-haired cat he could
even have dynamic damping! But leave
the rabbits to Bruce Edgar.

John Cockroft
Mountain View, CA 94041

Mr. Weems replies:

Dynamic damping? Such a shameless sugges-
tion must give "paws”' lest the SPCA become
involved. But I must admire such an onginal
concept. It would surely catapult speaker de-
sign to a higher category of science. As to
long-haired breeds, try Persian, it should
work as well as rug padding.

In regard to your suggestion of putting
tapered pipes in a horizontal position, 27"
high, that would, of course, lower the driver
and elevate the port. Unfortunately, having
spent my time and energy in speaker ex-
periments instead of more lucrative goals, my
old house lacks enough wall space to do that
without moving large pieces of furniture. And
that would alter the acoustic environment.
Room position always seems to be a major
influence.

I agree with you on the two Radio Shack
drivers, 40-1022 and 40-1376. They are bet-
ter than most of the larger and more expen-
sive models.

I think the tapered pipe owes something to
Voigt's early designs. I'm not familiar with
the internal anatomy of Hegeman'’s horns, but
I remember the speakers.

Both sides of the pipe should be stuffed. The
stuffing in the throat was not shown in the
drawings, but it is specified in the article.

As to undamped pipes, I don't understand
anything at all about them. Or maybe I just
don't believe them. They were popular in Eng-
land a generation ago and authors were ada-

mant about using thin materials

1 still have my pipes for the 62" Peerless
woofer but, sad to say, I did not follow my
own advice about screening the ports to keep
critters out. The small pipe, for the 42"
woofer, became a mouse house. Even worse,
a morgue. The mouse mother perjshed, per-
haps by a heart attack induced by the high
SPL. The death of the entire family followed
but I didn’t find the source of the odor until
the pipe was saturated with it. The enclosure
had to be burned. A Viking's funeral for the
little fellows.

WARRANTY WOE

In Gary Galo's ""Transmission Line Loud-
speakers, Part II: Application’ (SB, 2/82)
he states, ‘'Solder leads (never use slip-on
speaker connectors!|"

In Audio Concepts instructions for its
Quartz kit (which uses the excellent
Dynaudio drivers) the builder is warned
to use the slip-on connectors provided
with the kit and not solder the speaker
connections. Further, they state the war-
ranty is void if the leads are soldered.

What gives? These are the only two in-
stances I can recall addressing the ques-
tion and they definitely are not in
agreement.

1 always soldered the connections until
being warned against the practice in the
Audio Concepts instructions. Help!

Dave Schneider
Marion, IA 52302

Audio Concepts is talking about warranty.
Galo is talking about sound. Mr. Galo’s ad-
vise is consonant with Walt Jung's advice on
this matter. Audio Concepts, rightly, is be-
ing conservative in advising against a prac-
tice that, also rightly, voids a warranty. Of
course, careless or inept soldering could
damage a driver's leads where they attach to
the cone. Galo's advice assumes prudence
and care, as well as a desire for good sound
that is more important than warranty
cards.—Ld.
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FIGURE 10: If a driver is limited in low-frequency
response, the imperfect pulse response might look
something like this.
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FIGURE 11: Frequency response of the imperfect
pulse in Fig. 10.
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FIGURE 15: The FFT-derived frequency response of
the Strathearn with the wallboard and fiberglass
dampers removed.

12kHz range and has a greater mag-
nitude and a higher Q than the lower-
frequency plateau.

The next task is finding out what is
causing these undesirable deviations.
First, eliminate as many variables af-
fecting the performance as possible.
With this driver, that entails removing
all the material (wallboard and fiber-
glass dampers) obscuring the dia-
phragm and retesting the unit. See
Figs. 14 and 15 for the results of the
new tests.

Because this driver is a dipole, the
slightly late contribution of the rear-
wave output enhances the lower
ranges. This produces the 500Hz to
2kHz plateau. By separating the front
and rear outputs, you can eliminate
this plateau. The 10 to 12kHz peak is
caused by the metal ribbon’s resonat-
ing on the diaphragm material. The
drop in the response above this fre-
quency is a result of the driver's iner-
tial mass exceeding the driver's motor
force. The very sharp dip at 1kHz is
caused by the resonance of the
speaker diaphragm itself. The metal
foil in the center of this stretched
diaphragm causes the two halves of
the diaphragm to resonate at slightly
different frequencies. Even with the
wallboard inserts that normally cover
most of the diaphragm, the leftover
output from these resonances causes
the suck-out between the two peaks
in the frequency response previously
measured.

Now what can be done about these
deviations from the ideal? Because the
plateau from 500Hz to 2kHz is caused
by leakage from the rear radiation of
the driver, placing the driver in a baf-
fle reduces this problem by about 3dB
(see details below). Thin sheets of
foam beneath the cut-out pieces of
wallboard can better absorb the
resonance energy in the diaphragm
because the foam's mechanical im-
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FIGURE 12: Magnitude versus time (or pulse
response) of the Strathearn in free air.

T T T T 177777 T T T T T TIT

200Hz 2kHz 20kHz

FIGURE 13: The FFT-derived frequency response of
the Strathearn in free air.
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FIGURE 14: Magnitude versus time (or pulse
response) of the Strathearn with the wallboard and
fiberglass dampers removed.

pedance is closer to that of the
diaphragm than is the wallboard's.
This also produces an approximately
3dB decrease in the magnitude of the
suck-out. To reduce the peak caused
by the metal foil resonating, you can
insert two resonant networks in the
line between the speaker and the
transformer. This removes enough of
the input to the speaker at the frequen-
cies of interest to balance the increased
output from the driver at 10 to 12kHz.

These three modifications result in
a +2dB magnitude deviation of the
output from 350Hz to 20kHz. They
also improve the transient behavior of
the Strathearn. The output decays to
zero sooner, and the first negative-
going overshoot is reduced (Figs. 16
and 17). Figure 18 shows the drive
voltage after the prefilter (Fig. 19),
representing the degree of correction
applied to this driver. Figure 20 shows
the impedance of the driver and the
prefilter, which varies from a high of
14Q to a low of 7.1Q.

The prefilter at the input of the
transformer is made of two resonant
networks cascaded together. One is a
series network and the other a parallel
resonant network. The resistors should
be at least 5W, and the capacitors
should be high-quality, low-ESR, solid-
state types. If a composite capacitor is
needed to achieve the specified values,
always parallel the capacitors, never
wire them in series. The parts’ toler-
ance should be 2 percent or less. The
transformers supplied with the drivers,
when hooked up according to the po-
larity markings on the transformers,
are inverting.

MODIFYING THE UNIT. To begin
the physical modification of the driver,
remove all the damping panels. To re-
move the wallboard pieces and rear
damping panels, take out the eight
bolts along the outside edge of the
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FIGURE 16: Magnitude versus time (or pulse
response) of the fully modified Strathearn (see text).
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FIGURE 17: The FFT-derived frequency response of
the fully modified Strathearn (see text).
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FIGURE 20: Impedance of the driver and the
prefilter.

driver. Lift off the rear damping
panels, then pry up the wallboard with
a small screwdriver. Always pry up
the pieces at the outside edges of the
driver. The wallboard is not glued in,
but glue from the diaphragm occa-
sionally leaks behind the wallboard.
Lift the wallboard as straight up and
away from the frame as possible. Do
not try to '‘rock out'’ the pieces, as the
magnets are quite fragile, and it is easy
to knock them loose. Photo 1 shows
the front of the drive and the front
wallboards, while Photo 2 shows the
back of the drive and the back
wallboards and damping panels.

The foam inserts are made of %-inch-
thick, open-cell polyurethane foam,
often used as a light packing material
or as a filter for window air condi-
tioners. Precut the foam to fit the area
of the exposed diaphragm between the
inside of the driver frame and the first
magnet bar. The cut need not be that
precise, but at least 90 percent of this
area should be covered. After inserting
the foam, return the wallboard cutouts
to their proper positions.

Do not bolt the wallboard in place.
Instead, lightly press the pieces
together, front to back, until the top
outside edges of the wallboard are
even with the top of the magnet
assemblies. Apply as even a tension as
possible. The wallboard should be flat
or parallel in relation to the front of the
driver. Make sure that the diaphragm
is centered evenly between the front
and back magnets. Once the pieces are
aligned, run a bead of hot melt glue
along the edges of the magnet struc-
tures and the wallboard and along the
magnet support structures at the top
and bottom of the wallboard. Hold the
wallboard until the hot melt glue
hardens, usually about two minutes.

ENCLOSURE CONSIDERATIONS.
As we mentioned before, testing in-
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FIGURE 18: The drive voltage after the prefilter in
Fig. 19 was inserted in the speaker.
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FIGURE 19: This prefilter, inserted at the input of

the transformer, is made of two resonance net-
works cascaded together.

transformer

dicated that an enclosure or baffle is
necessary for flat response. We chose
an open-back enclosure to avoid the
inherent boxiness of a closed-box
design. The dimensions are not critical.
Even a flat baffle will be suitable, as
long as a sound path of about 2 feet
is maintained between the front and
back of the driver.

Figure 21 shows the dimensions of
our suggested enclosure. The back is
open, and a 2-foot path exists between
the front and back of the driver. To
avoid the problems of a dipole {men-
tioned above), you can attenuate the
rearwave by inserting three layers of
Sonex, separated slightly, behind the

Strathearn driver. There is room in the
bottom of the cabinet for the correc-
tive prefilter network (Fig. 19/ and the
toroidal transformer.

The Strathearn driver is mounted on
two blocks of wood on the inside, top
and bottom. These blocks are inset
enough so that the driver is flush with
the front of the enclosure. Mortite is
used to seal the edge of the driver to
the enclosure. If a grille cloth is re-
quired, you can cut it to the front di-
mension and hold it in place by press-
ing against the Mortite.

We used Yz-inch particle board for
the enclosure and lined it with ¥2-inch
bituminous felt. The felt is the same
material used in expansion joints be-
tween concrete sections and is avail-
able from a building supplier. We then
used Liquid Nail to cement the felt to
the particle board.

LISTENING TESTS. The final test is
listening to your system. Experience
has shown that speakers are some-
times impressive at first listen, but
tend to become bothersome with time.
A speaker system’s ability to satisfy
the extended-listening test is a good in-
dication of its quality. The modified
Strathearns passed this test with flying
colors.

Massed violins are very difficult to
reproduce with fidelity. The sound
should be silky, with only a slight
edge, especially in the instruments’
low and middle frequency range. This
requires that the speaker system have
flat frequency and controlled phase
response. Many systems reproduce
massed violins as metallic and shrill,
but the modified Strathearns repro-
duce massed strings that are very close
to the live concert experience.

The Strathearns also reproduce tran-
sients faithfully. Cymbals and triangles
sound real, and there is no apparent
dulling of transients or ringing trig-
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PHOTO 1: Front of the drive and front wallboard pieces.

24 172

TWO SIDES

PHOTO 2: Back of the drive and rear wallhoards and damping panels.

gered by them. Cymbal hits have
detail, as the initial hit is followed by
a natural decay of the sound. There is
no splash, as is often the case with
faulty systems. Rim shots are quick to
peak and decay, and they have great
impact.

The speakers image with pinpoint
accuracy and reproduce considerable
depth. They do not exhibit the large,
blurred image associated with many
panel speakers. These drivers should

28 Speaker Builder / 3/85

satisfy even the most ardent lover of
loud rock music, as they exhibit abun-
dant detail even in very loud passages.

We performed comparison listening
tests at two points in the study. First
we compared the sound of two
stacked Strathearns to that of one
driver per side. The stacked drivers
had dull transients and lacked high-
frequency information. This was con-
firmed by our FFT tests (see the side-
bar on p. 30). The sound with the

TOP 8 BOTTOM

12 172

101°
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AGURE 21: The authors recommend these dimensions
for their proposed enclosure (see text).

FRONT

stacked drivers did have more height,
however, but this would be an advan-
tage only if you plan to stand up while
you listen.

Our second set of comparison tests
were between the Strathearns driven
directly from the amplifier (no trans-
former) and through a corrective pre-
filter network with a transformer (Fig.
19). The most important difference we
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—FILTERS & SPEAKER SAVER —

KF-6: 30Hz RUMBLE FILTER. [4:75] 2 channel universal filter card, 1% metal film re-
sistors and 5% capacitors for operation as 18dBloctave; 30Hz, 0dB gain only. Each $19.75
KH-2A: SPEAKER SAVER. [3:77] Turn on/off protection & fast opto-coupler circuitry to
prevent damage to your system. 4PDT relay & socket for 2 channels. Each $35.00
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-2B. Each $40.00
KL-5 WILLIAMSON BANDPASS FILTER. [2:80] 2 channel, plug-in board and all parts
for 24dBloctave 20Hz-15k Hz with precision caplresistor pairs. TLO75IC's.  Each $31.00

CROSSOVERS

KC-4A: ELECTRONIC CROSSOVER, KIT A. [2:72] Single channel, 2-way. All parts in-
cluding C4 board and LF351 IC’s. Choose frequency of 60, 120, 240, 480, 1k, 2k, 5k or
10k. Each $8.00
KC-4B: ELECTRONIC CROSSOVER, KIT B. |2:72] Single channel, 3-way. All parts in-
cluding C4 board & LF351 IC's. Choose frequency of 60, 120, 240, 480, 1k, 2k, 5k or 10k.
Each $11.00

® KF-7: CROSSOVER FOR WEBB TLS. [1:75] Passive 4-way x-over, in pairs, assem-
bled. Components are included for both STC and Celestion tweeters. Made by Falcon of
England. CLOSEOUT Pair $50.00
KK-6L: WALDRON TUBE CROSSOVER LOW PASS: Single channel, 18dBloctave,
Butterworth, [3:79] includes Bourns 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/octave,
Butterworth, (3:79] includes Bourns 3-gang pot. Please specify 1 of the frequencies in KK-
6L. No other can be supplied. Each $45.00
KK-65: SWITCH OPTION. 6-pole, 5-pos. rotary switch, shorting, for up to 5 frequency
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 biamped circuit. Each $88.00
SBK-Al: LINKWITZ CROSSOVER/FILTER. [SB 4:80] 3-way x-over/filter/delay.
24dBloctave at 100Hz and 1.5kHz and 12dBloctave 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 Wwj-3
board & 4136 IC adapted as 1 channel x-over. Can be 6, 12 or 18dBloctave. Choose frequen-
cy 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 3:82] Contains 2 each
SBK-C1A. Choose 1 frequency. Each $49.70
SBK-C2: BALLARD ACTIVE CROSSOVER. [SB 3:82 & 4:82] 3-way x-over with variable
phase correction for precise alignment. Kit includes PC board (5%, x 9'/,"), precision
resistors, polystyrene & polypropylene caps. Requires + 15V DC power supply—not in-
cluded. Can use KL-4A with KL-4B or C. Two channel $134.00

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

— 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 in-
cluded. Each $50.00
KL-3C: INVERSE RIAA NETWORK COMPLETE. [1:80] 1 KL-3R and 1 KL-3H with
1% polystyrene capacitors. Alternate 600 ohm or 900 ohm R,'/C;’ components for 2 chan-
nels. Each $35.00
KL-3R: INVERSE RIAA. [1:80] Resistor/capacitor package complete. Contains stereo
R,'IC," alternates. Each 25.00
KL-3H: INVERSE RIAA HARDWARE. [1:80] Box, terminals, gold jacks, and all hard-
ware in KL-3C. No resistors or caps. Each $13.50
KF-4: SINE-SQUARE AUDIO GENERATOR. [4:75] Morrey's MOD kit for Heath 1G-18
(1G5218). 2 boards and parts to modify the unit to distortion levels of parts per million
range. Each $35.00
® KG-2: WHITE NOISE/PINK FILTER. [3:76] All parts, circuit board, IC sockets, 1%
resistors, +5% capacitors. No batteries, power supply or filter switch.

CLOSEOUT Each $11.50
KJ-6: CAPACITOR CHECKER. [4.78] All switches, IC’s, resistors, 4%" D'Arsonval
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 wio anechoic chamber.  Each $56.00
KL-6: MASTEL TIMERLESS TONE BURST GENERATOR. [2:80] Al 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: MUELLER PINK NOISE GENERATOR. [SB 4:84] All parts, board, 1% MF re-
sistors, capacitors, IC"s, and toggle switches included. No battery or enclosure.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 $14.00
KJ-3: TV SOUND TAKEOFF. (2:78]. Circuit board, vol. control, coils, IC, co-ax cable (1
ft.) and all parts including power x-fmr. Each $21.50
® KJ-4: AUDIO ACTIVATED POWER SWITCH. [3:78] Turn your power amps on and
off with the sound feed from your preamp. Includes all parts except box and input/output
jacks. CLOSEOUT Each $35.00
® KK-14A: MacARTHUR LED POWER METER. [4:79] 2-channel, 2-sided board and
all parts except switches, knobs, and mounting clips for LEDs. LEDs are included. No
chassis or panel. CLOSEOUT Each $60.00
® KK-14B: MacARTHUR LED POWER METER. [4.79] As above but complete with all
parts except chassis or panel. CLOSEOUT Each $70.00

SBK-D1: NEWCOMB PEAK POWER INDICATOR. [SB 1:83] All parts & board. No
power supply required. Two for $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 sup-
ply needed. Twofor $15.00 Each $9.00
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, in-
cluding board, with 12 indicators for preamp or x-over output indicators. Requires +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,
mate clear overlay), one pint of developer plus pads, and instructions. Requires a simple
frame and a light source: ultraviolet, photofloods or the sun, plus your own press-on letter-
ing materials. Postpaid. Each $34.50

What's Include

LRS! ? Kits include ail the parts needed to make a functioning circuit, such as circuit boards, semiconductors, resistors and capacitors. 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 with the basic parts—some of which are often difficult to find—and let you have the satisfaction and pride of finishing your unit in your own way.




Perilous Pitfalls

To help you avoid some of the pitfalls
in modifying the Strathearn SLC2
speakers, we have tested a number of
changes proposed by other speaker
builders. Figure S-1 is the frequency
response of a stock Strathearn SLC2 in
free air. Figures S-2 through S-5 repre-
sent the response of the Strathearn
midrange ribbon after some modifica-
tions that we think are incomplete.
These mcdifications consist of remov-
ing the perforated metal and fiberglass
damper (Fig. S-2) and installing the rib-
bon in a baffle with or without the rear
fiberglass damper (Figs. S5-3 and S-4).
Figure S-5 shows the results of stack-
ing a pair of Strathearn SLC2s.

All these techniques produce meas-
urable—although not always desir-
able—changes in driver response.
Removing the rear fiberglass damper
(Fig. S-2) produces an increase in the
lower midrange response due to in-
creased rear radiation. This balanced
high-to-low frequency response is
bought at the expense of unloading the
diaphragm and allowing its resonances
to become more pronounced, with a
sharp peak at 2.5kHz and a greater
magnitude dip at 3.3kHz.

Installing the Strathearn in a baffle
with the rear fiberglass damper intact
produces a decrease in output below
2kHz (Fig. S-3), making the driver
sound and measure much too bright.
Placing the Strathearn in a baffle
without the rear fiberglass damper
{Fig. S-4) produces the flattest response
up to 3kHz, but above 3kHz, the un-
damped diaphragm resonances ap-
pear. This configuration produces the
greatest low-to-high imbalance, which
unmasks the treble resonance.

Stacking two Strathearn SLC2 rib-
bons produces the frequency response
shown in Fig. S-5. For this test, we ar-
ranged the drivers so that the bottom
of the lower driver was 12 feet off the
floor, the same as that of a commer-
cially available system. We placed the
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FIGURE S-1: Frequency response of a stock
Strathearn SLC2 in free air.
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FIGURE S-3: Frequency response of the
Strathearn in a batfle with the rear fiberglass
damper intact.
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FIGURE S-2: Frequency response of the
Strathearn in free air with the rear fiberglass
damper removed.
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FIGURE S-4: Frequency response of the
Strathearn in a batfle with the rear fiberglass
damper removed.

microphone 15 feet from the drivers
and 4 feet off the floor, the distance
from the floor to the ear of a seated
male of average height. The response
exhibits three related negative
phenomena—a sharp dip centered at
about 3.5kHz, a general roll-off above
7kHz and another sharp dip at 17kHz.

This occurs because the Strathearns
are not a true line source. Above some
key frequency, the individual drivers
shift gradually from a line source to a
point source. This point source will
always be located at the center of the
diaphragm. When separate drivers are
stacked, the highest frequencies are
produced by two point sources sep-
arated by a finite distance. The fre-
quency of point-source operation and
the distance between the point sources

Jo
-6
1-12
- 18
Y24

]

200Hz 2kHz 20kHz

FIGURE S-5: Frequency response of two stock
Strathearns stacked vertically.

will combine to cause an interference
pattern at some critical ratio. In the
case of the Strathearn SLC2 ribbon,
that frequency is as low as 3kHz. &

noted was with massed violins. The
sound with the corrective network
was far smoother and more like a con-
cert experience.

Because the output drops swiftly
below 350Hz, a simple crossover will
suffice and will add almost no colora-
tion to the sound. We suggest adding
a 350Hz, 6dB/octave filter at the input
to the top-end amplifier in a biamped
system. You can do this by inserting
a high-quality capacitor between the
preamp and amp. The value (in micro-
farads) is determined by dividing 454.6
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by the input resistance of the ampli-
fier. Thus, a 20kQ input resistance
would require a 0.023uF capacitor.
Most amplifiers already have a capac-
itor in the input circuit, and you can
use the same formula to calculate a
substitute capacitor. Be careful to use
the resistance that the capacitor will be
loaded. In some units (especially FET
front ends), this is different from the
amplifier input resistance, as a load
resistor precedes the input capacitor.

When all is said and done, we are
very pleased with the outcome of our

modifications. In our opinion, the
modified Strathearns are a superior
top-end speaker.

Author’s Note: Recent samples of the
Strathearn driver indicate that there is a
quality-control problem in production. In
general, these problem drivers measure less
than the specified 0.5Q. Earlier samples that
we tested indicated rather tight quality con-
trol with consistent frequency response from
unit to unit. This mod is useful only for the
original units. Because the problem drivers are
not consistent, this mod will not produce the
desired results with them.



AN ACOUSTICAL AMBIENCE
EXTRACTION SYSTEM

Stereo recordings generally contain
ambient information that could be
better extracted and reproduced in the
home than it is with today's two-speak-
er stereo systems. This article describes
a system that will extract this informa-
tion quite well and give you a much
better "'you are there” feeling.

A BIT OF BACKGROUND. In a con-
cert hall or other recording location,
direct sound reaches the listener first.
The sound source radiates its signal in
all directions, though, not just directly
at the listener. The sound bounces off
the walls, ceiling and other surfaces
before reaching the listener. Because of
the size of most recording and perform-
ing locations, much of the sound arriv-
ing at the listener's ears has bounced
off many surfaces. Each surface ab-
sorbs some of the sound energy, so the
reflected sound is not as loud as the
direct sound. In addition, the sound
arrives over the course of a second
or more.

Reflected sound is called a reverber-
ant field and is responsible for the char-
acteristic sound, or ambience, of a con-
cert hall. The reverberant field of
Carnegie Hall, for example, is the main
characteristic that makes it sound dif-
ferent from, say, Boston's Symphony
Hall.}

This reverberant field is largely in-
coherent—that is, at random phase—
50 a stereo two-microphone recording
system is an ideal setup to capture it.
Unfortunately, the invention of the
multimicrophone recording system led
to less reverberant field pickup. In this
method, each instrument or section has
a separate microphone aimed at it.
Each microphone is often isolated by
baffles, preventing it from picking up
any other instrument's or section’s
direct sound. Each microphone is
recorded on a separate channel and

BY DAN T. McGILLICUDDY
Diagrams by Yefim Moshinsky

eventually sent to a mixer to be com-
bined into a two-channel recording.

The mixing operation is done with
"pan-pot’’ controls, which feed each of
the respective monophonic signals to
both of the ''stereo’ channels for
recording, with only a difference in
level between the two channels. These
multimike recordings are not true
stereo, and they sound deadly dull be-
cause the ambient information is not
present. In fact, because all phase dif-
ferences are lost, even localization of
individual instruments is more difficult
and confusing than in true two-micro-
phone stereo.

Multimike recordings are often pro-
cessed by artificial reverberation
machines such as tape loops, steel
plates, springs or the more modern
electronic devices I will discuss later.
As a much better alternative, some re-
cording companies add extra micro-
phones, set in the audience, to pick up
the reverberant field. If the company
uses two microphones, and if each is
fed exclusively to only one channel of
the stereo recording, the lost ambient
information can be restored to the
mix-down.

As long as the ambient information is
recorded separately, why not play it
back separately in a four-channel, or
quadraphonic, system? Four-channel
reel-to-reel tapes can be quite suc-
cessful in recreating the ambient field
for the listener. Unfortunately, when
four-channel technologies turned to
phonograph records, they came up
with many incompatible systems.
CD-4, a pseudo-discrete system cham-
pioned in the US by RCA, works by
modulating a 30kHz carrier with the
two extra channels. Of course, this sys-
tem is incompatible with the current
system of FM broadcasting, as well as
with the other quadraphonic systems.

The SQ system, championed here by

CBS, is a matrix system—that is, it
sends the four channels through phase-
shifting networks and adds them to-
gether to come up with two channels,
In its simplest form, the decoder of the
SQ signals leaves little separation be-
tween some of the reconstructed four
channels, but improved versions are
better in this respect.

Although consumer resistance to this
incompatibility has been strong
enough to kill off most of the systems,
there is some chance of resurrecting
the SQ system (for which limited quan-
tities of records are still being produced
by Angel and CBS) because it has been
approved by the FCC (Federal Com-
munications Commission) for use in
FM broadcasting.2 In addition, Au-
dionics’ Space and Image Composer
and the Scheiber decoder are available
to decode SQ. Both are extremely good
at reconstructing the original fields
when used with the system described
in this article.

Recently, a group of devices that take
two-channel recordings and create ar-
tificial reverberation by electronic
means has become popular for home
use.® These devices send the signal
through a delay line, then feed a por-
tion of the delayed signal back into the
input to be delayed again. One or more
of these echo loops are placed between
and among the channels in various
ways to simulate the multiple reflec-
tions of the sound wave in the concert
hall. In most such devices, you can ad-
just the initial delay, as well as the
degree of recirculation, to try to imitate
different-sized spaces.

Some of these devices use analog de-
lay lines. These are usually charge-
coupled devices from manufacturers
such as Sound Concepts, Bose and
Southwest Technical Products. Other
devices from Audio Pulse, Advent,
Koss and ADS convert the analog sig-
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nal to a digital form, then send that
signal through shift registers or a ran-
dom access memory. The device then
reconverts the signal to its analog form,
which is mixed back into the input.
These devices are similar to, though
simpler than, the artificial-reverbera-
tion devices used by many recording
companies to add the missing am-
bience to multimike recordings.*

The problem with using these de-
vices in the home is that they lay a re-
verberant field over the ambient field
already present on most recordings.
Sometimes, particularly when a
recording is relatively dry, the result
can be quite pleasing, but at other
times the fields clash badly, leading toa
muddy sound. In any case, these de-
vices do little to bring out the distinc-
tive sound of the recording location.
Rather, they create an artificial location
that makes all halls sound the same.

One group of devices, which I will
call image processors, come from
manufacturers such as Carver, Omni-
sonic and Sound Concepts. These de-
vices intend to recreate the original
sound field of the recording location
with the use of just the two main
speakers. Most of these are derived
from the work of Benjamin B. Bauer,
who tried to remove the "inside the
head"" feeling one experiences when
listening to stereo recordings through
headphones.s He did this by insertinga
crossfeed circuit between the channels.
He also found that speakers could be
made to sound more like headphones if
you apply the inverse circuit, which ef-
fectively removes the crossfeed be-
tween channels that occurs acoustical-
ly with loudspeakers.

Manfred R. Schroeder expanded this
idea by attempting to remove the ef-
fects of the listening room. He called
his system ‘‘Super-Stereo.”’¢ Unfor-
tunately, you must compute an exact
mathematical model of the listening
room, and the system’s effect is very
limited. Moving even a few feet away
from the optimum listening position
can completely shatter the "you are
there’ illusion.

AMBIENCE AND ACOUSTICS. Fi-
nally, we come to systems designed to
extract the ambient information from
recordings, using speakers and the
listening room itself. One such system,
commercially successful as a stereo-
pair speaker system, uses nine
series/parallel-connected drivers in
each speaker. One driver faces front for
the direct sound; the remaining eight
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FIGURE 1: In the standard stereo speaker connec-
tion, two speakers are connected to two separate
ampliifiers. The independent impedance Is 2.

FIGURE 2: With the common wires connected, the
standard stereo system has a mono impedance, dif-
ference impedance and effective impedance of 2.
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FIGURE 3: Three-speaker configuration in which the
independent impedance Is 1.52, the mono is 32,
the difference is Z, and the effective is 1.73Z.

FIGURE 4: Four-speaker configuration in which the
independent impedance is 1.67Z, the mono is 52,
the difference is Z, and the effective is 2.242.

face backward to reflect off the listen-
ing room wall. These reflecting
speakers are supposed to form a rever-
berant field around the listener.

This commercial system uses an ac-
tive equalizer to extend the bass re-
sponse of the full-range drivers, leading
to low efficiency and, therefore, higher
distortion and the use of larger amplifi-
ers. Moreover, the reflected image is
delayed only six milliseconds (the time
the sound takes to travel 3 feet to the
wall and back), leading to a smearing
or blurring of the sound. Although this
short delay is within the time period in
which the precedence, or Haas, effect
operates, that effect is used for direc-
tion finding and is not effective for
sound sources in the same direction. In
this case, the echo makes speech more
difficult to understand and leads to
muddy musical textures.?

A better system would use a short
time delay between the main speakers
in front and a separate set of rear
speakers for the ambient sound.® Ex-
traction of the ambient information on
the recordings can be optimized by us-
ing something other than a simple
series/parallel connection pattern be-
tween the individual speakers. Figures
3-8 demonstrate how this is done with
the use of three through eight speakers.

First, however, refer to Fig. 1, which
shows the standard stereo speaker con-
nection. Two speakers are connected to
two separate amplifiers, each of which
can be considered to have one wire
with a signal and one wire as a com-
mon ground. This arrangement is re-
drawn in Fig. 2 with the common wires
connected. Figure 1 shows that all of
the left signal appears exclusively in
the left speaker and all of the right
signal in the right speaker. Figure 2
shows the left and right signals rede-
fined. I used a monophonic signal, M,
common to both channels, and a dif-
ference signal, D, which is the dif-
ference between the two channels.

M = LtR

2

and
p - L=R

2

Therefore,

L = M+D

and
R=M-D



These sum and difference signals are
used in FM broadcasting so that stereo
FM is compatible with mono FM. On
phonograph records, the M signal ap-
pears as lateral modulation of the
groove and the D signal as vertical
modulation. The ambient information
is largely contained in the D signal.

Figure 3 shows three speakers con-
nected in the manner David Hafler
used in his design of an ambient extrac-
tor for Dynaco. (The speaker con-
nected to the common ground is usual-
ly replaced by a resistor because it has
only an M signal. You can also do this
with the speakers in any of the given
configurations if the speakers have no
Dsignal. Doing so results in little loss of
ambience extraction.) As you can see in
Fig. 3, the ambience contained in the D
signal is even further separated from
the M signal. Using the configurations
in Figs. 3-8 produces different results.
(Figures 5, 7 and 8 even include two
alternate topologies for five, seven and
eight speakers, respectively.) The num-
ber inside each speaker is the relative
level of sound produced by that
speaker in that configuration.

You can use these arrangements with
any amplifier whose outputs can be
connected. Because most headphones
have this connection method, you can
also use the majority of available am-
plifiers this way.

I chose the configurations in Figs. 3-8
to maximize the extraction of ambient
information, while keeping the imped-
ances seen by the amplifier channels at
or above the levels seen in the standard
stereo connection. The impedance of
each speaker in Fig. 1 isdefined as Z, so
each amplifier sees an independent im-
pedance of Z.

Figure 2 is more difficult, however,
since it has two signals to consider. The
easiest way to figure the mono imped-
ance seen by each amplifier is to men-
tally short point L to point R and com-
pute the impedance between that point
and point C. Doubling this value pro-
duces the mono impedance (MI). To
find the impedance seen by the dif-
ference signal, mentally open-circuit
(disconnect) point C and compute the
impedance from point L to point R.
Half of this value is the difference im-
pedance (DI). The overall effective im-
pedance, then, is given by the follow-
ing formula:

Effective Impedance = viMI) x (DI)

All of these impedances are Z in the

NI

FIGURE 5a: Standard five-speaker topology, with the independent impedance equal to 2.672, the mono
equal to 42, the difference equal to 2Z and the effective equal to 2.832.

FIGURE 5b: Aiternate five-speaker topology. Here, the independent impedance is 1.6Z, the mono is 22,

the difference is 1.33Z and the effective is 1.63Z.
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FIGURE 6: This six-speaker arrangement has an independent impedance of 22, a mono of 4Z, a difference

of 1.33Z and an effective of 2.312.
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Oled Cotony Found Lab’s

BOOK SERVICE

PENGUINS

P-1 THE COMPLETE PENGUIN STEREO RECORD &
CASSETTE GUIDE (3rD ED.) by Edward Greenfield, Robert
Layton, and Ivan March. Drawing on profound technical
knowledge and on vast musical and historical learning, this
newly revised and updated guide to recorded classical music
deals with more than 4,000 disks, cassettes, and compact discs,
giving details of title, performers, record number, label and
price range. 1387pp., softbound. Please add $1.00 for shipping.

Each $12.95

P-2 A NEW DICTIONARY OF ELECTRONICS by E. C.
Young. This remarkably compact reference covers electronics
from A-Battery to Z-parameters with succinct, concise defini-
tions and illustrations. A quick reference completely revised
and updated with lots of added charts and reference data.
618pp., softbound. Each $5.95

P-3 A NEW DICTIONARY OF MUSIC (THIrRD ED., 1973;
FIRST PUB. 1958) by Arthur Jacobs. Alphabetically arranged en-
tries covering composers, individual musical works, orches-
tras, performers, conductors, musical instruments, and techni-
cal terms. 458pp., softbound. Each $5.95

P-8 INTRODUCING MUSIC by Otto Karolyi. Even if you've
listened to music for years, you may be surprised at how little
you know about its fundamentals. A beautifully basic and
spare introduction to the grammar and vocabulary of music—
enough to understand the language without speaking it. 1t will
deepen almost any non-musician music lover’s pleasure in lis-
tening. 174pp., softbound. Each $4.95

McGRAW-HILL

MH-1 HANDBOOK FOR ELECTRONICS ENGINEERING
TECHNICIANS (2ND ED.) by M. Kaufman and A.H. Seidman. A
comprehensive compendium of electronic facts. Component
selection, circuit analysis, power supplies, IC uses and
characteristics, op amps, transistors, batteries and tubes. A
one-volume encyclopedia on how components work and how
to choose the best of them for your application. Includes seven
new chapters on such topics as logic analysis, fiber optics, ac-
tive filters, digital test gear and microprocessors. 752pp., hard-
bound. Each $39.50

MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS by
Joel Goldberg. All the topics on making your own circuit boards
are covered both in theory and in practical advice: design and
layout, artwork preparation, photo layout, silk screening and
etching. Each $6.95

HOWARD W. SAMS

S-11 HOW TO BUILD SPEAKER ENCLOSURES by Alexis
Badmaieff and Don Davis. The "whys'’ and ""hows''of speaker
enclosures. Drawings and instructions cover infinite baffle,
bass reflex and horn types plus combinations. 144pp., soft-
bound. Each $6.95

S-19 SOUND SYSTEM ENGINEERING by Don and Carolyn
Davis. A thorough introduction to sound systems for halls,
studios, outdoor locations and much else. 245pp., softbound,
8lax11. Each $21.95

DOVER BOOKS

D-1 REPRODUCTION OF SOUND by Edgar Villchur. An
elegantly simple 92-page paperbound primer on the subject by
the man who invented the bookshelf speaker. Loan or give it to
friends who want to build a system as good as yours.

Each $2.50

D-3 MUSIC, PHYSICS AND ENGINEERING by Harry F.
Olson. A thorough introduction to the physical characteristics
of sound and the relationship of sound to musical instruments
by the former head of staff at RCA's lab for acoustical and elec-
tromechanical research at Princeton, NJ. A classic by one of the
giants in the audio field. Good, easy to read chapters on acous-
tics, mikes and recording, recording and playback systems, as
well as an electronic music chapter. 2nd. Ed. (1967) 460pp.,
softbound. Each $6.95

TAB BOOKS

T-4 DESIGNING, BUILDING AND TESTING YOUR
OWN SPEAKER SYSTEM (2nND ED.) by David Weems. A
cookbook approach to speaker design with 10 tests for perfor-
mance. Individual drivers are specified for actual building pro-
jects. Weems likes closed box and reflex enclosures, but is
skeptical of transmission lines. Includes a BASIC program for
Thiele/Small parameters. 190pp., softbound. Each $9.95

WILEY BOOKS

W-1 HIGH PERFORMANCE LOUDSPEAKERS (3RD ED.}
by Martin Colloms. A thorough revision of the 2ND ED. {1980) up-
dates and expands this authoritative volume. The author
surveys new developments in the four-year interim and adds
some highly original proposals for low frequency alignments,
listening tests and much else. For the speaker builder, Colloms’
book is one of three indispensable volumes. Hardbound.

Each $29.95

Oted Colony s
BOOK

To order from Old Colony Sound Lab, please write each book's number below with quanti-
ty of each and price. Total the amounts and remit by check, money order. MasterCard. or
Visa. For charge card orders under $10 add $1 service charge. Please add 50¢ for postage on
the first book: 25¢ per additional book. Canadians please add 10% for postage. All remit-
tances must be in U.S. funds. Please use clear block capitals. NOTE: Prices are subject to
change without notice.

s E R V I C E Number of Books Price
........... Book No... ... ... .. ... S,
........... BoOkNO......... ... .. .. ... S
A - - O BookNo......... ... ...... ... S
Street & No. S s BOOKNO.. . oo S
City o S _ o Postage $...........
State __ _ A | TOTAL S...........




' THE High Performance Kit Company

P-522-NR Kit $79.00
| TAPE NOISE REDUCTION
| (2:1 Compandor)

LA R S RIS AT T R R

' P-250-DL Kit $179.00
AMBIANCE-SURROUND SYSTEM
(L-R matrix plus time delay)

L N R CEEEE Ak R R AT (S RN B

l P-94-SR Kit $129.00
| FIGURE 7a: The standard seven-speaker system has an independent impedance of 1.07Z, a mono of PARAMETRIC EQUAUZER.
1.5Z, a difference of 0.83Z and an effective of 1.12Z. (Stereo 2-hand, fully parametric)

‘ z doo...os‘
Lk 13- -
24

: gl: * * K h Kk k& K * K * * K« *
: b, 2 D - | (404) 934.9626 @R
—— - - " | \PHOENIX SYSTEMS, INC.
v v v ‘ P.0O.Box 338-B }
Stone Mountain, GA 30086 |
L 1 t R | FAST REPLY #HH28

- — — == =

& KD v ’ . ZRL 6000.6
' | phase correct

W=
i

] 1 ?
—J L =2 | AEoJoRYoYoJoYol
.87 .87
M LR 8 LR ‘
3 6 3 6 |
FIGURE 7b: With this alternate seven-speaker plan, the independent impedance is 1.84Z, the mono is | ele Ctl’O ni C

3Z, the difference is 1.33Z, and the effective is 2Z. crossover
[ The new 6000-6 is designed
to improve your system by
| eliminating crossover errors
and passing perfect square

Fg. 2 configuration, of course, but the 9 is the cutting plan for cabinets
values for Figs. 3-8 are somewhat dif- adapted from their design. Figure 10
ferent. The independent impedance is  shows the materials you will need for ‘ waves. A plug-in module
most easily found in Figs. 3-8 by short-  construction. Note that for the front allows convenient frequency
ing point R to point C and computing  panel, you can use two Y%-inch pieces | change (from 40-16,000 Hz).
the impedance from that point to of plywood rather than one Y:-inch | Level controls on rear, 1%
point L. piece. This allows you to avoid routing | components used. Model

out the driver-mounting areas. Both 6000-6 $175 PPD. Other
AMBIENCE EXTRACTION. Topro-  the front brace and gluing block for the models from $16.25. Free

vide a reverberant field that is spread  corner between the back and bottom | folder/reviews. ACE AUDIO
out, David L. Clark and Bernhard F.  should be length L. Use ordinary white | CO., 532-5th St., East
Muller® suggest using speaker cabinets  glue, as well as screws, on all edges. To Northport, NY 11731-2399.
that sit on the floor and aiming the ensure a tight seal, you should also ap- | (516) 757-8990

drivers 30 degrees up toward the walls  ply silicone or some other sealant to the '

and ceiling of the listening room. Figure  inside corners and edges. FAST REPLY #HH53
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N.E.S.T.

FACTORY AUTHORIZED

SPEAKER SALES
& SERVICE

AUTHORIZED WARRANTY
STATION FOR:

ALTEC—LANSING, CELESTION, GAUSS,
J.B.L., ELECTRO-VOICE, P.AS., ADVENT
JENSEN, TAD

FACTORY AUTHORIZED
PARTS AND/OR SERVICE
TANNOY, GOLLEHON, ADS,
POLYTONE SPEAKERS, PIONEER,
YAMAHA SPEAKERS, AR, KLH,
RENKUS-HEINZ, WALDOM

NEW ENGLAND
SPEAKER TECHNICIANS

NEST Always Stocks Diaphragms
318 MAIN STREET
STONEHAM, MA 02160
617-438-1786

FAST REPLY ¥HNT02

ANKAI

High Quality Crossover Networks

Custom built for professional, home,
and automotive speaker systems.

Available in:
2 way, 3 way, 4 way, and separate networks
for Subwoofer, Midrange, and Tweeter.
Impedance: 4, 8, 16 ohms

Features:
Printed circuit board design
Impedance equalizing circuits
Attenuating circuits
Simplified L-”ad connection
Colecr coded connecting leads
12 dbloct slope

Networks may be obtained with the desired
crossover points. For more information,
write to:

ANKAI ELECTRONICS
6085 Venice Blvd., Unit #84
Los Angeles, Ca. 90034
Tel. (213) 937-6854

FAST REPLY NHHST
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FIGURE 8a: Standard eight-speaker system, where the independent impedance is 0.952, the mono is
1.5, the difference is 0.7 and the effective is 1.022.
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FIGURE 8b: One variation of Fig. 8a produces an independent impedance of 1.41Z, a mono of 4Z, a
difference of 0.86Z and an effective of 1.852.
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1x2"

Brace
|
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[ 1 required A 1 required 1 required
| & plywood " plywood " plywood
$ Y -
'

|‘ il FIGURE 9: Cutting guide for cabinet pieces. Use with Tables 2 and 3.

Figure 11 shows the cabinet partially
assembled, with the 1-by-2-inch brace
and gluing block installed, but without |
the sides. You can paint this sub-
assembly flat black (or white, to match
the speaker cone color if you use dif-
ferent drivers) and apply grille cloth
after the drivers are installed. Glue
and/or screw the two sides into place,
with the screws countersunk, and
paint them. (See Fig. 12.) Perhaps you
will want to stain the sides instead if
they are made from 1-inch board stock.

Table 1 lists a number of driver alter-
natives. Two of these are full-range
drivers for the simplest systems. I have
provided tweeter recommendations

. - for the others. Tweeter A is the CTS

RE 10: Materials needed fi nstruction. Notice that instead of one Y2-inch piece of plywood f .
rlll(emtr:ntopanzl, :hesau::or ha‘::& :woc'/:inch plices. ’ ¢l pece 07 pywoodfor 2T2-NFR, tweeter B is the Speakerlab
DT50, tweeter C is the KEF T27

FIGURE 11: In the finished subassembly, note the placement of the brace FIGURE 12: The completed speaker. The author finds it easier to glue and
and gluing block. This box is the vented alignment for the Polydax caulk a wire through the bottom than to install a barrier strip or other con-
HD13B25J2C12 and the KEF T27 SP1032. It also appears in Figs. 10, 12, nector for the speaker wire. You can then solder longer wires to these shorter
and 13a. ones. This prevents problems such as disconnected wires and poor contacts.
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SP1032, tweeter D is the Polydax
HD13D34E, and tweeter E is the Poly-
dax HD13D34H. Table 2 lists the cut-
ting dimensions for Fig. 9, using each
driver from Table ! and an acoustic
suspension design with a 0.7 system
Q.10 Table 3 is a list of vented-box
alignments for most of the drivers from
Table 1, giving the cutting dimensions
for Fig. 9 and the sizes of the required
vents.!! In some cases, the vents are too
long to fit inside the cabinets. For these,
cut the vents at an angle between 60
and 45 degrees at one or more points
along their lengths, then glue them
back together to form bends of be-
tween 120 and 90 degrees.

Please note that although the vented
alignments provide deeper bass re-
sponse and are larger, they should be
used only in the simpler topologies to
prevent a loss of amplifier damping.
Also note that the smaller acoustic sus-
pension designs do not have sufficient
front panel space to mount the brace.

Figure 13 shows the simple series
constant-voltage crossover, including
the component values,!?- 13 to be used
with tweeter A. C1 is made up of a
154 F non-polarized (NP) electrolytic
capacitor in parallel with a 1uF Mylar
or other film capacitor. For best results,
connect optional resistors to attenuate
the tweeter, as shown in Fig. 14. When
used with woofer CTS 6W10R, Rl
should be 2.2Q, 2W, while R2 should
be 22Q, 1W. When used with woofer
CTS 6W10C, R1 should be 3.3Q, 3W
and R2 15Q, 1W. The crossover fre-
quency is 2.5kHz.

Construct L1 according to Fig. 16 out
of a ¥2-inch length of Yz-inch-diameter
wooden doweling, glued between two
wooden end pieces, and a 33-foot,
6%-inch length of AWG #18 wire.
Wind that exact length onto the form,
measuring out extra wire for the leads.
This produces approximately 89 turns,
with a weight of about 3.4 ounces. The
value of L1 is 0.2548mH. If you follow
these dimensions exactly, the induc-
tance will have the correct value.!*

The crossovers in Figs. 14 and 15 con-
tain components (C2, C3, R3, L2 and
the 8Q resistor) that cancel out the im-
pedance anomalies of the drivers to
which they are connected!s so that the
crossover networks see the nominal 8Q
at all frequencies. The more expensive
drivers do not have greater anomalies,
but at that level, it is worthwhile to
eliminate them. In all cases, you should
make the inductors exactly as 1 have
described because their resistance
forms all or part of R3.
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TABLE 1

DRIVER ALTERNATIVES

Crossover
fs Qrs Vas Eff. Sens. Fig.

»

Speaker

CTS 4v2SR10B FR 82 0.43 3.3 0.278 85.2 —
CTS 6W10R TW-A 40 .28 35 0.685 89.2 14
CTS 6W10C TW-A 55 0.38 28 0.926 87.2 14
Dalesford D30/110 TW-D 32 0.35 1486 0.128 84 16
Dalesford D153 TW-D 32 0.36 3428 0.304 87 16
Great America 6D20J1 TW-B 42 0.31 19.8 0.409 — 15
KEF B110 SP1003 TW-C 38 0.31 23.6 0.434 83.1 16
KEF B110 SP1057 TW-C 38 0.33 23.6 0.348 — 16
Polydax HD10P25FSM FR 61 0.43 6.57 0.309 87 —

Polydax HD13B25H2C12 TW-D 35 0.29 23.29 0353 84.2 16
Polydax HD13B25H4C12 TW-D 30 0.18 23.29 0323 844 16
Polydax HD13B25J2C12 TW-C 35 0.33 23.29 0512 82 16
Polydax HD13B25J4C9 TW-D 32 0.21 2329 0324 84.2 16
Polydax HD17B25H TW-E 38 0.345 26.16 0.653 91 16
Polydax HD17B25H2C12 TW-D  29.5 0.34 39.6 0.261 84 16
Polydax HD17B25H4C12 TW-C  27.5 0.19 39.6 0.402 834 16
Polydax HD17B25J TW-E 38 0.449 26.16 0.282 89 16
Polydax HD17B25J2C12 TW-C  29.5 0.41 39.6 0.216 83.6 16
Polydax HD17B37 TW-E 35 0233 27.76 0.242 89 16
Polydax HD17B37R2C12 TW-D 30 0.21 38.76 0.464 85.6 16
Polydax HIF13H2C12 TW-D 42 0.29 14.82 0.325 87 16
Polydax HIF113J TW-E 42 0.319 19.54 0.390 —_ 16
Polydax HIF13J2C12 TW-D 42 0.35 14.82 0.261 86 16
Peerless KOSOWG TW-B 50 0.317 10.8 0.349 885 15
Speakerlab M608R TW-B 428 0.383 155 0.258 89.3 16

* FR = Full Range; TW = tweeter recommended in text
fs in hertz; Vs in liters; Efficiency (Eff.) in percent; Sensitivity (Sens.) in dB @ 1W @ 1 meter

Fig. 14 shows the crossover {at 4kHz)  or film cap. L1 is wound on a half-inch-
for the Speakerlab DT50 tweeter. See  diameter wooden dowel, as shown in
Table 4 for appropriate woofer values.  Fig. 16, with a wire length of 27 feet,
Cl is made up of a 6.8uF NP elec- 9% inches. Use AWG #16 magnet wire,
trolytic cap in paraltel with a 3uF Mylar  with about 70 turns and a weight of

TABLE 2

CUTTING DIMENSIONS (Fig. 9)

Cutting Dimensions

Speaker Vo f3 L w B H D S A
Polydax HD13B25H4C12 125 118 74 8% 5% 6% 9% 10 Sy

CTS 42SR10B 145 135 8% 8% 5% 6% 9% 10 5

Polydax HD13B25J4C9 168 108 95 8% 5% 6% 9% 10 (i
Peerless KOSOWG 195 112 72 10% ©6%e 776 11% 12 6v2"
Polydax HIF13H2C12 214 102 8% 10% 6% 7% 114 12 6va" <
Polydax HD17B25H4C12 221 102 8% 105% 6% 7%he 11 12 6"
Polydax HD17B37 252 104 9% 105 6%e 77%e 11%4 12 6"

Polydax HD17B37R2C12 263 101 10 10% 6% 7% 11% 12 6"
Polydax HD10P25FSM 267 100 10% 10% 6% 7% 11% 12 6%"
Polydax HD13B25H2C12 323 85 10% 112 6% 7'%e 12 13 7
Great America 6D20J1 323 96 103% 112 6% 7'%e 12 13 6%

Polydax HIF13J2C12 329 85 102 112 6% 7'%e 12 13 7

Datesford D30/110 331 65 105 112 6% 7'%e 12 13 7%
Polydax HIF13J 340 93 10% 112 6%e 7'%e 12 13 7

KEF B110 SP1003 379 87 12% 112 6% 7'%he 12 13 Vs
Speakerlab M608R 432 79 13% 11%2 6% 7'%e 12 13 6%
Polydax HD13B25J2C12 434 75 137% 11%2 6% 7'%he 12 13 7

KEF B110 SP1057 439 81 14 112 6% 7'%e 12 13 7V
CTS 6W10R 472 98 15% 112 6% 7'%he 12 13 6%
Polydax HD17B25H 541 78 17% 11%2 6% 7'%e 12 13 6%
CTS 6W10C 740 102 15% 14 8% 9%e 14% 16 9%
Polydax HD17B25H2C12 774 61 157% 14% 8%s 9% 14% 16 92
Dalesford D153 779 63 16 14 B8%e 9% 14% 16 9%
Polydax HD17B25J 1131 60 23% 14 B8%e 9% 145 16 912

Polydax HD17B25J2C12 1279 51 26% 14% 8% 9% 14% 16 912

Vp in inches3; f3 in hertz; all others in inches
* Woofer must be mounted off-center to allow room for tweeter.




TABLE 3

VENTED-BOX ALIGNMENTS*

Vent Cutting Olmensions
Speaker V, f3 Dia. Lgth. L W B H 0 S A
CTS 4v2SR10B 293 72 2 9% 9% 112 6% 7'%¢ 12 13 7
Polydax HD13B25J4C9 304 75 2 20% 9% 112 6% 7'5%he 12 13 6%
Peerless KOSOWG 351 71 2 13% 11%a 11%2 6%e 7'%¢ 12 13 7
Polydax HIF113H2C12 372 68 2 15 117 11% 6%s 7'%¢ 12 13 6%
Polydax HD17B25H4C12 425 78 2 16 13% 11%2 6%e 7'%e 12 13 6%
Polydax HD17B37 438 71 2 127 14 112 6%e 7'%s 12 13 6%
Polydax HD17B37R2C12 445 69 2 13% 14% 11%2 6%¢ 7'%s 12 13 6%
Polydax HD10P25FSM 521 53 2 8Ya 16% 11%2 6%e 7'%e 12 13 7%
Polydax HD13B25H2C12 532 56 2 13% 17 112 6%e 7'%e 12 13 7
Great America 6D20J1 546 62 2 10% 17% 11V2 6% 7'%s 12 13 6%
Polydax HIF13J 565 59 2 9% 18% 112 6% 7'% 12 13 7
Polydax HIF13J2C12 574 52 2 12 18% 11%2 6% 7'%¢ 12 13 7
Dalesford D30/110 602 40 2 215 19% 112 6% 7'S4s 12 13 7Va
KEF B110 SP1003 617 656 2 103% 19% 11V2 6% 7'%¢ 12 13 7%
KEF B110 SP1057 724 51 2 9% 147 144 8lYs 9%e 145% 16 10V
Polydax HD13B25J2C12 726 47 2 11% 147 14 8%s 9%e 145% 16 10
CTS 6W10R 781 64 22 10%a 16 14, 8%e 9%e 1454 16 9%
Speakerlab M608R 806 43 2 9 16v2 14% 8l%e 9%s 145 16 9%
Polydax HD17B25H 9290 48 2 8 1914 144 8% 9%e 14% 16 9%
CTS sW10C 13156 60 22 3% 18% 163% 9%s 101546 17% 19 12%
Polydax HD17B25H2C12 1349 38 2% 14% 19% 16% 9% 10346 17% 19 12%
Dalesford D153 1379 38 2% 131 195% 16% 9% 10'%4¢ 17V 19 123
Polydax HD17B25J 2436 32 22 62 23% 20% 11%612'%6 2054 23 16
Polydax HD17B25J2C12 2539 29 22 12 24Ys 204 11%6 121546 20% 23 162
Vp in inches?; f3 in hertz; all others in inches
* See Table 1 and Fig. 9.
TABLE 4
DRIVER OPTIONS FOR FIG. 14*
Woofer R1 R2 c2
Great America 6D20J1 3.3Q, 3W 270,1W 10uF
Peeriess KOSOWG 3.30, 3w 27Q,1W 15uF
Speakerlab M608R 2.20, 2w — 10uF
* Crossover for the Speakerlab DT50 tweeter.
TABLE 5
WOOFER OPTIONS FOR FIG.15
KEF 727 SP1032 Tweeter
Woofer C2
KEF B110 SP1003 6.8uF
KEF B110 SP1057 6.8uF
Polydax HD13B25J2C12 6.8uF
Polydax HD17B25H4C12 15uF
Polydax HD17B25J2C12 8.2uF
Polydax HD13D34E Tweeter
Woofer R1 c2
Dalesford D30/110 2.20, 3W 25uF
Dalesford D153 short 25uF
Polydax HD13B25H2C12 2.00, 3W 3.3uF
Polydax HD13B25H4C12 1.8Q, 2W 15uF
Polydax HD13B25J4C9 2.0Q, 3W 15uF
Polydax HD17B25H2C12 2.20, 3W 3.3uF
Polydax HD17B37C12 1.0Q, 2W 8uF
Polydax HIF13H2C12 short 3.3uF
Polydax HIF13J2C12 0.569, 1W 6.8uF
Polydax HD13D34H Tweeter
Woofer R1 R2 c2
Polydax HD17B25H 1.0Q, 2W — 4.7uF
Polydax HD17B25J 2.20, 3W 399, 2W 6uF
Polydax HD17B37 2.20, 3W 399, 1.W 6.8uF
Polydax HIF13J 1.5Q, 3W — 6.8uF

about 3.4 ounces. The value of L1 is
0.15925mH.

Several options are available for the
crossover in Fig. 15. lf you use the KEF
T27 SP1032 tweeter, crossing over at
3.5kHz, Clis a 4.7uF NP electrolytic in
parallel with a 6.84F film cap. C3 is
made up of parallel NP capacitors with
values of 10uF and 3.3uF. L1 is wound
on a half-inch-diameter wooden dowel
(Fig. 16), with a wire length of 30 feet,
12 inches. Use AWG #16 magnet wire,
with about 75 turns and a wire weight
of 3.4 ounces. L1 equals 0.182mH. L2
is wound on a %,¢-inch dowel, with a
wire length of 43 feet, 1 inch. Use
AWG #34 wire, with about 363 turns
and a weight of 0.1 ounce. The value of
[.2 is 1.33mH. Replace R1 with a short,
and do not use R2. R3 is part of L2. Add
scries resistance if the resistance of the
wire in L2 is less than 8.75Q.

If you use the Polydax HD13D34E
tweeter, crossing over at 3.5kHz, the
values change. C1 is a 4.7uF NP cap in
parallel with a 6.8uF film cap, while C2
is made up of two parallel 4.7uF NP
caps. L1 is wound in the same way as
with the KEF tweeter, and it has the
same value. L2 is wound on a 7,,-inch
wooden dowel, with a wire length of
79 feet, 11 inches. Use AWG #30
magnet wire with about 441 turns and
a weight of 0.28 ounce. L2, including
R3, equals 2.74mH. Add series resis-
tance if the resistance of the wire in L2
measures less than 9.079.

A third option is to use the Polydax
HD13D34H tweeter, crossing over at
3.5kHz. C1 is made up of a 4.7uF NP
cap in parallel with a 6.8uF film cap,
while C3 is a 22uF NP cap. Wind L1 as
above, producing the same value. Use
a 3g-inch dowel to wind L2 with a
length of AWG #32 magnet wire
measuring 48 feet, 9 inches. This pro-
duces about 340 turns, a weight of
about 0.17 ounce and a value of
1.40mH. R3 is part of L2, but you will
probably have to add series resistance
to bring the value up to 7.95Q. If you
cannot make an accurate measure-
ment, add a 1Q, 1W resistor in series
with L2.

See Table 5 for the various woofer op-
tions and component values that com-
plement these tweeters.

Connect the finished speakers to two
amplifier channels, as shown in Figs.
3-8. In any configuration, you may
replace any speaker that reproduces
only the M signal with an 8 to 109,
10W resistor with little loss of am-
bience extraction. Place the speakers
on the floor, close to and aiming up at
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FIGURE 13: Simple series constant-voltage
crossover to be used with tweeter A (the CTS
2T2-NFR).

8 Ohm_ézw - b+
(¢

FIGURE 14: Crossover for tweeter B (the Speakerlab
DT50). Use with Table 4.

FIGURE 15: Crossovers for tweeters C {the KEF 727
SP1032), D {the Polydax HD13D34E) and E {the
Polydax HD13D34H). Use with Table 5.

the walls.? Speakers with positive D
signals should face the wall to the left
of the listening area; those with nega-
tive D signals should face the wall to
the right. Those speakers with only M
signals may face the back wall.

Feed the signals to the amplifier
channels from either a delay device or
an SQ decoder. The ideal delay device
would have an adjustable delay of be-
tween 10 and 60 milliseconds,'¢ with
the same delay applied to both chan-
nels. This device should not provide
any crossfeed between the channels or
any '‘reverberation’’ of its own. You
can set some of the artificial reverbera-
tion devices to meet these criteria. Lex-
icon, Eventide Clockworks, Klark-Tek-
nik, Phoenix Systems, Sound Concepts
and Advent, among others, make delay
devices that fit the bill. In addition,
TAA offered a digital delay line in 1/83
(p- 7) and 2/83 (p. 24). With the proper
delay setting, you will be transported
to the concert hall. You will not hear
the individual ambient speakers, but
only their effect in opening up your
sound environment.

Incidentally, you can also use the
speakers as extension speakers if you
place them on their backs, facing out
from the walls at the listener. If you at-
tach a handle, they make good portable
speakers for use in automobiles, and
you can carry them with you to avoid
theft.

ABOUT THE AUTHOR

Dan McGillicuddy is a consultant in architectural
acoustics, psychoacoustics and audio equipment
design. He has designed voltage and power amplifiers,
power supplies, active filtersand other signal pro-
cessors, and sound-reinforcement systems for audi-
toriums. He has also studied noise reduction, the con-
trol of reverberation, and the perception of many dif-
ferent distortion mechanisms on pure tones, speech
and music. He is currently working on a design for an
audio image processor.

FIGURE 16a: Cutting guide for the inductor form.

D D/?2

FIGURE 16b: The complete inductor on which you
wind the AWG wire.
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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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WHY YET ANOTHER
COMPUTER MAGAZINE?

Dear Publisher:

I think the Audio Amateur is the best hobby
magazine published. You should be very proud of your
accomplishments over the past decade. 1 thank you for
your effort!

I wish a similar magazine existed for computers.
Microsystems and Doctor Dobbs Journal are very good for
software, but there is no magazine devoted to computer
hardware. This is very unfortunate. Currently IBM and
Intel seem to have a strangle hold on the hobbyist
marketplace. It is not very difficult to build a computer
which makes the IBM PC look like a 4-function
calculator.

We are in a stagnant holding pattern using hardware
concepts which are history. The 8088 and 8086 are not
much more than stretched 8-bit processors. (Compare
the register names and instructions to the 8085 if you

and the Nauonal NS16032. Very soon production quan-
tities of 32-bit processors (Motorola’s M68020, Zilog’s
Z80000 and National’s NS32032) will be available.
These, along with new VLSI coprocessors and pertpheral
chips, will make it very easy and reasonably inexpensive
to build very advanced and useful computers.

If you ever decide, against the odds of all those ‘‘me
too’’ microcomputer magazines, to publish the Analy-
tical Engine Works Amateur, please let me know. | want
a lifetime subscription. One 64-page issue a year of a
computer magazine at the level of the Awudio Amateur
would be a 100% improvement over what is currently
available.

I look forward to many years of reading your useful,
interesting and very enjoyable magazine. Please keep up
the outstanding work!

full if you are not satisfied.

Make checks and moncy orders payable o COMPUTER
SMYTH. Rates above arc for USA only. Outside USA add
$4.50 per year for postage. Non U.S. checks must be drawn 1n
U.S. currency only

Computer Smyth Magazine
PO Box 176 Peterborough, NH 03458
Charge card orders: (603) 924-9464 M-F, 9-4 EST

doubt this statement.) There are several very interesting Sincerely,
16-bit alternatives which have not recetved the attention Ed Scott
they deserve—the Motorola M68000, the Zilog Z8000 Glendale, CA
r ———————————————————— ORDER FORM === ———————————— o e e i
I |
. YOUR CHARTER SUBSCRIPTION !
|

|
| IS ONLY $15 PER YEAR |
: h cs2s5 =
|
I U Enter my charter sub for $15 7 — =
= (4 1ssues). ame |
I O Enter my charter sub for two “Sweet &No. :
: years (8 issues) for $25. ’ |
| [enclose $ by T ST S =

own

= [ Check OJ Money Order e P |
| Chargeto [J MasterCard/Visa[] MC‘/VISA G . :
= Guarantee: your money back in Expire Signature |
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Tools, Tips & Techniques

Two Tips For Builders

I have two tips for fellow speaker
builders. First, when building with parti-
cle board {or plywood), use ringed panel-
ing nails. They are tempered so they do
not bend the way that finishing nails do.
They hold much better in end grain, and
they are thinner for their length.

Second, use construction adhesive
{panel adhesive will do) in place of glue
and caulking. Although it is not as strong
as glue, it is strong enough for many ap-
plications. It is also fast and easy to use, if
you clean your fingers with mineral
spirits.

Robert White
Orlando, FL 32806

Economical Electret

During the course of my experimenting
with and building speaker systems, I de-
cided 1 needed a more accurate micro-
phone. I discovered a new Panasonic om-
nidirectional electret condenser micro-
phone capsule (Fig. 1) that offers a flat
20Hz to 16kHz, +0.5dB response and is
off no more than + 1dB at 20kHz. One of
the more attractive features is the price—
$1.95. (It is available from Digi-Key Corp.,
Highway 32 South, PO Box 677, Thief
River Falls, MN 56701, part #P9932.)

I then built a stereo microphone set (Fig.
2) using two of these capsules. When sol-
dering the electret, you must use care and
very low heat. (Most electrets are in a wax
base that melts easily.—Ed.) After connect-
ing two small wires, attach the microphone
cable. I used RG-175 coaxial cable. Then
attach small connectors to the other end

Si

SPST

RI R2
Ji c2 J3
+
Lin > i e ( j‘-—) Lout
= c4 E.R3 = LOW 2Z
! TO PREAMP
) 1 RECORD IN, ETC.
J2 c3 $R4 - Ja
R n ol o N_ SR
IN )—l d 1€ I > Rour
= cs L
PARTS LIST
ELECTRET CONNECTIONS R1, R2 2.2k, 5%
R3, R4 47K, 5%
c1-C3 6.84F TANTALUM, 15V
CASE C4,C5 0.047,F, MYLAR (NOT CRITICAL)
&——TO0 INPUT J1, J2 MINIATURE PHONO
= J3, J4 %-INCH PHONO
B1 1 OR 2 AA CARBON OR ALKALINE;
TR IED 9V CARBON OR ALKALINE;

6V LITHIUM DURACELL, PX28LB

METAL ENCLOSURE

FIGURE 2: Schematic diagram of the author’s stereo setup.

of the wires. For mounting, I used a hol-
low Plexiglas tube with silicone on the
cartridge and the cable (Fig. 3). The less
silicone rubber used to hold the cartridge,
the better the mechanical isolation will
be. You may also use a small, donut-shaped
piece of foam to seal the area around and
to the rear of the capsule. This eliminates

resonance effects. You need not use a
wind screen for indoor speaker calibra-
tion, but I recommend using a piece of
open-cell foam or felt to isolate wind
pressure in outdoor use. You may use any
tube, but a small front diameter produces
the least reflection and refraction.

The power supply is housed in a mini-

FGURE 1: Front view of the Panasonic electret cap-
sule, in comparison to a penny.
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FIGURE 3: Front and rear views of the electret capsule (left) and the electret mounted in the microphone
tube with silicone (center), in comparison to a penny.



FIGURE 4: Mr. Szekeres’s finished stereo pair.

box with jacks to connect all the cables.
For my stereo set (Fig. 4), 1 used a small
(6V) lithium battery, which should be
good for a number of years of intermittent
use. You may incorporate any number of
microphones. Compare two or more
mikes by checking for any response
variances. To do so, just tape them
together and run a frequency sweep test.
There should be no variance, except

FAST REPLY #HH29

perhaps around 3dB above 15kHz, due to
the positioning. The only other considera-
tion is coupling capacitors C2 and C3. The
microphone is sensitive to air-pressure
changes down to the hertz level, so you
may change C2 and C3 for other roll-off
frequencies.

Greg Szekeres
Pittsburgh, PA 15236

Cone material
Voice coil diameter
Surround

Former

Voice coil height
Voice coil layers
Cone diameter
Gap volume
Magnet energy
Gap height
Weight

Magnet diameter
Flux density

Actual size—Actual weight: 3 Ibs.

[World Radio Histo

Power handling: DC = 10W
" 4 KHz cut 6 dB/oct.

4 KHz cut 12 dB/oct. = 75W

4 KHz cut 18 dB/oct. = 100W

A Bar Graph
Voltmeter

“"Why should I have to pay $50 to $100
for a digital multimeter?"’ I asked myself
one day. All I needed was a device to in-
dicate when my function generator was
putting out 100mV while using the con-
stant-voltage method for measuring
Thiele/Small parameters for drivers.

I already had a digital multimeter, but
the constant switching of leads to meas-
ure milliamps and millivolts was not on-
ly putting wear and tear on the equip-
ment, but it was also time-consuming and
a nuisance. After looking for a cheaper
alternative in several magazines, I came
across a circuit in Popular Electronics (For-
rest Mims III, September 1978, pp. 92-97)
that looked promising (Fig. 1). It is based
on the LM339, a quad comparator on a
single IC chip, and it uses LEDs for
voltage indicators. I changed R1 from a
100k to a 5M pot, as recommended in the
article, to allow the circuit to measure
down into the millivolt range. Using a
volt-ohmmeter, I hand-matched R2-R5
and R6-R9. This might not have been
necessary, but I figured it wouldn't hurt.
I also added another pot, R10, because I
could not get the range I wanted between
the LEDs. After some juggling between
R1 and R10, I was able to adjust the cir-

KXA].< America, Inc.

1531 Lookout Drive
Agoura,
(818) 707-1629

CA 91301 USA.
Presents:

Fiberglass T 120 FC
=20.4 mm
L'a,F:fm * Inverted Dome
= Aluminum Cobalt Magnet
0.4 mm
=2.8 mm
=2
=30 mm
=84 mm3
=0.140 Ws
=2mm Z=8Q
=725 g ZMiN=6.80
=96 mm Rcc=6Q
=205T fs =580 Hz
W/im =95 dB
=25W Mmd=0.25 g
BL=3.64 NA!

Fa=14560 ms 2A !
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CIRCUIT
BOARDS

oid Colony’s Boards are made of top quality
epoxy glass, 2 oz. copper, reflowed solder
coated material for ease of constructing pro-
jects which have appeared in Audio Amateur

and Speaker Builder magazines. The builder |

needs the original article (indicated by the
date in brackets, i.e. 3:79 for articles in Audio
Amateur and SB 4:80 for those in Speaker
Buiiden to construct the projects.

C-4: ELECTRONIC CROSSOVER (DG-13R) New 2 x 3%" board
takes 8 pin DIPs, Ten eyelets for variable components.
12:72) Each 4.50
D-1: HERMEYER ELECTROSTATIC AMPLIFIER i. [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) 3 x 3 {4:75] High
pass or universal filter or crossover. Each $5.50
G-2: PETZOLD WHITE NOISE GENERATOR & PINK FILTER. {JP-1)
2% x 3%" [3.76) Each $5.00
H-2: JUNG SPEAKER SAVER. (WJ-4) 3% x 5%" [3:77}
Each $7.00
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% x 6" Each $7.25
K-3: CRAWFORD WARBLER 3% x 3% [1:79] Each $6.00

K-6: TUBE CROSSOVER. 2x 4%:" (3:79] Two needed per
2.way channel. Each $4.25 Four $13.00
K-7: TUBE X-OVER POWER SUPPLY. 5 x 5% 13:79]

Each $7.00

K-12: MAcARTHUR LED POWER METER. 5% x 8%" 14:79]

Two sided, two channel. Each $16.00
1-2: WHITE LED OVERLOAD & PEAK METER. 3 x 6" [1:801 One
channel. Each $10.50
1-6: MASTEL TONE BURST GENERATOR. 372 x 6%," (2:80].
Each $8.50
1-9: MASTEL PHASE METER 6% x 2%, 14/80]  Each $8.00

SB-A1: LINKWITZ CROSSOVER BOARD 5% x 872" (4:80)

Each $18.00
SB-C2: BALLARD CROSSOVER BOARD 5% x10” (3:82 &
4:82) Each $14.00
$B-D1: NEWCOMB PEAK POWER INDICATOR % x 2" [SB 1:83)

Each $2.50
$B-D2: WITTENBREDER AUDIO PULSE GENERATOR 3% x 5”(SB
2:83) Each $7.50
SB-E2: NEWCOMB NEW PEAK POWER INDICATOR 1x 2" ISB
2:84) Each $2.50
SB-E4: MULLER PINK NOISE GENERATOR. 4%/, x 2%/,," (4:84)

Each $8.50

Old Colony Sound Lab
PO BOx 243, Dept. SB, Peterborough NH 03458

To order, please write each board's number 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 charge card
orders under $10 please add $1 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.

Nme

Street&No. e
Town _ . S

Gtate. P

No. Bds. Price

BoardNo........  S........

...Board No.... .. .. S

....Board NO.. . .. ... S

Total§........
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FIGURE 1: The bar graph voltmeter is a cheaper
and more practical alternative to buying a digital
multimeter.

cuit so that each LED represented 25mV.
LED 1 equaled 125mV; LED 2, 100mV;
LED 3, 75mV; and LED 4, 50mV.

You can adjust the circuit so that a
100mV input (or whatever standard you
want) will turn off LED 1 and leave the
remaining three on. Thus LED 2 will
equal 100mV. The reason for doing this
is that the transition from turning the
LED on to off is quicker and more ac-
curate visually than turning it off to on.
When the circuit is calibrated and in use,
set your signal source so that all the LEDs
are illuminated, then back off the input
until only the LEDs you want on are left
on.

Frequency response of the circuit is flat
from 5Hz to 100kHz. Total cost is about
$10, not counting the power supply,
which you can ''steal’’ from another piece
of equipment as I did.

David Long
Dalton, GA 30720

Crossover Check

After designing and building a passive,
two-way, parallel crossover network, I

like to check its operation with the drivers
connected. I apply voltage to the network
at selected frequencies, then measure the
input voltage and the voltage across the
woofer and tweeter. I convert this data to
decibel values and plot them on semilog
paper. This is not only a tedious business,
but it shows only how the individual low-
pass and high-pass filters are acting. It
does not show how these will combine,
considering the phase angle.

A quicker way to evaluate the system,
so as to simulate its acoustic behavior
with perfect speakers, is to measure across
the hot woofer and tweeter network out-
put terminals, with the speakers con-
nected (Fig. 1). This measurement cor-
responds to the acoustic sum with the
tweeter {or woofer} phase inverted. This
connection must be used with second-
order networks because the in-phase con-
nection will produce a null (outputs are
180 degrees out of phase) at the crossover
frequency. First and third-order networks
produce output voltages that are 90 de-
grees apart {quadrature), so at least insofar
as magnitude is concerned, relative driv-
ing phasing is not important.

O

/g} TWEETER
@‘:

| [(Jwoore

FIGURE 1: One way to evaluate a crossover system
is to measure across the hot woofer and tweeter
output.
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FIGURE 2: You may also fuse a 1:1 audio trans-
former to measure crossover network performance
with the drivers connected in phase.
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If for some reason you want to check
operation with the drivers connected in
phase, reverse the polarity of the low-pass
or high-pass section with a 1:1 audio
transformer and measure from one trans-
former's secondary to the hot terminal of
the other (Fig. 2). Try a Radio Shack CAT
273-1375 or a Universal Sound PAT.

David J. Meraner
Scotia, NY 12302




CORRECTION:
BULLOCK FORMULAS

Two errors in Part Il of my passive
crossover series (SB 2/85, p. 26) have come
to my attention. First, formula 16 (p. 30}
is incorrect as it stands. The correct ver-
sion is as follows:

A= (R+ 1)
R

The computer program listing uses the cor-
rect formula.

Second, the equation b=6.667 in exam-
ple 1 (p. 37) should read H=6.667. 1
apologize for any inconvenience this might
have caused.

Robert M. Bullock III
Contributing Editor

CORRECTION:
SHADOW LETTER

A small error crept into my letter in SB 2/85
(p- 46). A line of text apparently was
dropped in the fourth paragraph, beginning
"Contrary to the article....” The first
sentence of that paragraph should read as
follows: ""Contrary to the article, power
supply decoupling is via polystyrene
capacitors; polypropylene caps are used for
the filtering functions."

Thanks for the opportunity to clarify this
point.

Neil Shattles
Shadow Engineering
Lilburn, GA 30247

T/S PARAMETER
INFO WANTED

Can anyone provide me with measured (or
calculated) Thiele/Small parameters for the
Hartley 218HS low-frequency 18-inch driv-

SN
SB Mailbox

er? The Hartley Corporation claims that
because of the unusual configuration of the
magnetic suspension voice coil, they are
unable to provide credible Thiele/Small
parameters. Thanks in advance for any
help.

D. Lee
3863 S.E. Madsen Ct.
Hillsboro, OR 97123

INFINITY INQUIRY

I need help. I own a pair of Infinity Col-
umn II speakers, which I would like to
upgrade for greater efficiency, wider
dispersion and controlled/tighter bass
response. Does anyone have such a
modification? If so, please write to me at
the address below.

Robert Owak
6049 Kimberly Drive
Tinley Park, IL 60477

ADVANCING
PASSIVE CROSSOVERS

Until recently, most investigation into
three-way crossovers has been aimed at ac-
tive crossovers. All that has changed, how-
ever, with Contributing Editor Bob Bul-
lock’s work!-3 on passive-crossover design.

Although I knew the "on-paper’ advan-
tages of first-order crossovers, my in-
dividual driver tests usually showed the
slow roll-off rate to be unacceptable. I had
empirically developed charts for second-
order crossovers, so I used them in my
speaker design. The math indicated that I
should invert the midrange driver, but my
ears told me that this was unacceptable on
voice and music with major transient con-
tent. I was forced, therefore, to "'play” with
the crossover points to smooth overall
performance.

Mr. Bullock’s third-order all-pass with
positive-polarity bandpass caught my eye
because the midrange did not have to be

inverted. Last winter, with Mr. Bullock's
help, I programmed my computer to design
and plot responses for this crossover. The
first system I built this spring fit the
crossover's requirements (I believe that a
ratio of crossover frequencies greater than
4:1 is desirable, i.e., a two-octave spread).
Using the computed component values
with no tinkering, I have found the perfor-
mance to be excellent. I am sold on this
crossover configuration. For my 800Hz and
5kHz crossover frequencies, the computer
predicts only 1.5dB anomolies in the power
response of this all-pass crossover. I used
the transposed midrange topology! for im-
pedance reasons.

Anyone using passive three-way cross-
overs should consider the third-order all-
pass with positive-polarity bandpass and
thank Bob Bullock for bringing passive
crossovers into the 1980s.

G.R. Koonce
Liverpool, NY 13088

REFERENCES

1. "The Analysis and Synthesis of Passive
Constant Power and All-Pass Three-Way
Crossovers,”" AES Preprint No. 1995 (F-1).

2. "Passive Three-way All-Pass Crossover Net-
works,” JAES {Volume 32, Number 9),
September 1984, pp. 626-639.

3. "Passive Crossover Networks: Part II," SB
2/85, pp. 26-39.

RADIATION
RAMIFICATIONS

I enjoyed Bob Bullock's article on passive
crossover networks (SB 1/85, p. 13). Before
reading the article, I was aware that the
radiation patterns of loudspeakers have
lobes, but I did not realize the extent to
which the crossover network affects the
pattern. In the process of casting light on
the subject, however, Mr. Bullock's article
left a few shadows.

I am intrigued by the D'Appolito satellite
system (SB 4/84, p. 7). Figure 5 in Mr. D'Ap-
polito’s article shows the difference in
radiation patterns between Linkwitz-Riley
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(L-R) and odd-order Butterworth filters. But
it was not until I read Mr. Bullock's arti-
cle that things began to make sense.
Looking at Mr. Bullock's Fig. 12, 1
noticed that the listening axis (L) was not
centered in the primary lobe. Is this
because of the constant 90-degree phase
shift inherent in odd-order filters? I took a
thin sheet of paper and traced Fig. 12. Then
I flipped over the paper and placed my
tracing over Fig. 12 with the axes coin-
ciding. This produced the hemispherical
pattern shown in Fig. 17. But Mr. Bullock
says that using a L-R crossover with this
configuration will not produce the hemi-
spherical pattern. What pattern will it pro-
duce? I am tempted to say the pattern of
Fig. 13, but surely the presence of the sec-
ond woofer would have some influence.
My sketch (Fig. 1) shows the arrange-
ment of a hypothetical three-way system
using two 8-inch woofers wired in parallel
and two 4-inch midranges with a 1l-inch
tweeter in the D'Appolito configuration.
The woofers have the same sensitivity as
the midranges. The desired woofer/mid-
range crossover frequency (fc) is in the 300
to 500Hz range. Even though the physical
location of the woofers/midranges does not
follow a true D'Appolito configuration,
there are similarities. Using the tracing
paper again on Mr. Bullock's Fig. 14 and
superimposing its mirror image over the
original, it seems I can get a hemispherical
radiation pattern at the lower fc. Is that
true? If so, is it due in part to the drivers'
physical location or entirely to the fact that
the lobes will be wider at a lower frequen-

WOOFER 7
6"
MID LI ]
3|/2.i
TWEETER =51 :
372"
MID —F %
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FIGURE 1: Mr. Miller’s hypothetical three-way system in the D’Appolito configuration would produce
the desired radiation pattern of the woofer/midrange at an f, of around 300 to 500Hz.

cy? If the physical layout has some effect,
will it make any difference whether L-R or
odd-order Butterworth filters are used?

I have several related questions. First,
what kind of radiation pattern results when
asymmetric filters are used? For example,
what happens if you use a midrange roll-
ing off at a rate of — 12dB/octave while the
tweeter is rolling (up?) at 18dB/octave? Sec-
ond, several authors have mentioned grow-
ing evidence that even-order filters have
“problems’ not encountered with odd-
order types. Judging by the radiation pat-
terns in Mr. Bullock's Figs. 12 and 13, the
even-order filter has the advantage of sym-
metrical radiation. What are these authors
talking about?

Finally, I have a question about driver
time alignment. As I understand it, the
drivers are considered time aligned if their
acoustic outputs are in phase and the
leading edges of the propagated waves lie
in the same plane. In other words, the in-
formation from each driver reaches the
listener’s ear at the same time. Are time

aligned and phase coherent the same thing?
If my understanding of time alignment is
correct or close, then it should not be possi-
ble to time align drivers arranged in the
D'Appolito configuration and retain the
uniform hemispherical radiation pattern.
Am I correct?

Answers to these questions will help me
sleep at night.

Kenneth P. Miller
Mexico, MO 65265

Mr. Bullock replies:

Your guess about the polar pattern of an L-R
crossover in the D'Appolito configuration is
essentially correct. The only difference is that
the lobes are somewhat narrower.

In general, lobing from two sources occurs
when the separation between them is com-
parable to the wavelength being radiated. In
the D'Appolito configuration with an odd-
order crossover, the tweeter fills in a pattern
that would otherwise have lobes. At very low

The X-1 employs computer de-
signed purely passive filtering
and phase correction, combined
with the latest bi-fet op-amps. It
features excellent sonics and a

| perfect square wave with outputs

bass, all gold jacks, passive hi-
end. All outputs have level con-
trols, all 1% parts throughout, ful-
ly regulated supply, all DC cou-
pled. A Brian Clark design.

summed. Options include summed

X-1 2-way Kit $185 Assembled $250.
X-1 3-way Kit $250 Assembled $300.

GSI Introduces the X-1 Phase Correct Electronic Crossover

GSI 578 Nepperhan Avenue, Yonkers, N.Y. 10701 (914) 969-2777 |

|
|
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crossover frequencies, this action is not nec- |
essary because the two-source radiation will
already be spherical. Your three-way D'Ap- |
polito configuration will have spherical pat-
terns at both crossover frequencies, either
because the crossover frequency is low or
because fill-in takes place. There is a possibility
of lobing between the two crossover frequen-
cies if the separation between the two mid-
range sources is comparable to the wave-
lengths being radiated. This is because the
other drivers may not fill in enough in this
band.

I have not studied radiation patterns from
“asymmetric” crossovers. I imagine the pat-
tern would also be asymmetric. It is true that
“even-order filters have ‘problems’ not en- |
countered with odd-order types,” but the con- |
verse is also true. The choice of a crossover |
involves unavoidable trade-offs in performance
characteristics. Right now, I prefer even-order
crossovers. '

Finally, the term "phase coherent” is wide-
ly used, but I have never been able to figure
out what it means. "Time aligned” appears
to mean that two sources are in phase at their
common crossover frequency.

HIGH-ORDER
CROSSOVERS |

Bob Bullock's article in SB 1/85 (p. 13} is |

probably the most useful crossover design i

article I have seen. Since he solicited reader
response, here is mine.

Recently I have noticed that two of the
best-sounding new commercial speakers I
have heard share a unique design concept.
The speakers are the Goldmund Dialogue
and the JSE Model 2. They image very well |
and play cleanly at very loud volumes. In-
deed, I think the Goldmund is the best
speaker I have heard, next to the Infinity '
IRS. The unusual design concept involves
the use of extremely high-order crossovers; |
I believe one is 36dB/octave, while the
other is 60dB/octave. I have not seen useful
design information for this type of cross-
over, but it makes sense that if you want
to play extremely loud music, you must be
able to suppress the out-of-band portions
by quite a few decibels. Does anyone know
of a reference to such designs? If not, I '
would appreciate a discussion of these
crossovers. '

Vytenis Babrauskas
Bethesda, MD 20814

Mr. Bullock replies: I

I have used a 36dBloctave three-way active
crossover network for about three years and
have been very pleased with it. I plan to
describe how to build it in Part IV of my SB |
series on crossover networks. As far as I know,
that will become the first published informa-
tion on the subject. |

IALPS]

The world’s highest quality, close
tolerance dual potentiometers.

VR100KD is a stereo balance con-
trol. The sections are tapered 'D'' and
reverse ''D'' [rear section). A single de-
tent is provided at the center of the
300° + 3° rotation. Tracking error is less
than 2dB, from O to —70dB. The case is
25%x25.3x27mm HDW. The %" long
shaft accepts standard knobs. Mounting
hardware is included.Ppd. Each $27.00

VR100KB is a stereo volume control. It
has logarithmic taper, 100k, with 41
detents. Tracking error is less than 2dB
from 0 to -70dB. Case size is
25x%25.3x27mm HDW. Shaft length is
¥2” beyond mounting bushing. Full shaft
rotation is 300° + 3°. This control accepts
standard %” knobs. Mounting hardware
is included. Ppd. Each $27.00

Oid Colony Sound Lab
PO Box 243
Peterborough, NH 03458usa

VISA/MC Telephone Orders
(603) 924-6371

“LANDES ~AUDIO

Route 24, Chester Mall
Chester, N.J. 07930
(201) 879-6889

‘“Speaker Coat’’ A long chain co-polymer
used by speaker manufacturers to “'plas-
ticize’’ paper speaker cones. Adds bass
and midrange definition to otherwise ‘'nas-
ty’’ paper drivers. 60cc of fluid,
cost—$15.00, enough to do 2 stereo
systems or 3 cars!

““Metallized Polypropylene Caps’’
50,16,10mfd at $1.00 per mid. Ideal for
crossover networks. 50°s in use in updated
Moscode amps.

“‘Modified Morel Tweeter MDT-28"'
Transmission lined tweeter adaptable to
most enclosures. $159.00 a pair. 1000
watts at 5K, over 200 watts at 2K.

Felt wool padding for lining speaker
enclosures. The best yet in reducing cab-
inet resonance. $5.00 a yard.

All orders must be accompanied by
cashier’s check. All orders will be shipped
U.PS.

FAST REPLY #HH1013

M ADISOUND
SPEAKER COMPONENTS
8982 TABLE BLUFF ROAD

BOX 4283
MADISON, WISCONSIN 53711
PHONE: [608] 767-2673

MADISOUND is pleased to offer custom
autosound accessories at an affordable
price. Hard to find items that you will find
invaluable for multiamp installations. Pro-
fessionals often keep these in stock as in-
surance against hardware mismatch.

042
DUAL AMP
BALANCER

MADISOUND PRICE $39.00

MGT 042 Dual Amp Balancer controls 2
Power amplifiers for front and rear or
bass/treble speakers.

224
HEAD AMP

MEAD AMPLIF IER

MADISOUND PRICE $39.00

MGT 224 stereo head amp adusts input
levels from 50 mv to deliver up to 750 mv
at 10k ohm impedance for low level car
stereo sources. Built in Pioneer and RCA
jacks allow universal input and RCA plug
output will fit most pre-amps.

238
ELECTRONIC
CROSSOVER

MADISOUND PRICE $45.00

MGT 238 stereo electronic crossover
features crossover frequencies of 18 dB
per octave at 115 Hz and is connected
between the head unit and power amps.
RCA connectors. Gain control.

FAST REPLY #HH20
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There are problems with very high-order net-
works, not the least of which is cost. My ac-
tive crossover network came to about $300,
including power supply and enclosure. A
passive version of the same network would re-
quire 15 inductors and 15 capacitors, which
I suspect would run more than $100, even if
I raised the low crossover point an octave or
50 to reduce inductor sizes. I believe sensitivi-
ty problems might also arise with long ladders
or many cascaded active sections.

I certainly will look into the idea and see
whether I can come up with something useful.

PASSIVE CROSSOVER
QUESTIONS

Reading Bob Bullock's article on passive
crossover networks in SB 1/85 (p. 13)
helped clarify a question I have, but I am
still confused about the relationship be-
tween transient and phase response in two-
way passive crossovers. If fourth-order
slopes are used, I understand that the
woofer and tweeter will be in phase with
each other at all frequencies (ideally), but
out of phase with the input at frequencies
near Crossover.

My first question is, does their common
phase shift in the crossover region involve
differing transient responses so that the
woofer and tweeter do not respond simul-
taneously to a transient input? Second,
what are the woofer’'s and tweeter's re-
sponses to the first few cycles of [transient)
sine waves at various frequencies? And
third, does the “'speed’ or rise time of the
woofer affect its response and integration
with the tweeter when crossed over well
below the woofer's natural high-frequency
roll-off point {and the associated inductive
effects)?

Mr. Bullock also discusses all-pass
crossovers (APCs) and constant-power
crossovers (CPCs). I assume that a flat
magnitude response—as provided by an
APC—corresponds to a flat sound pressure
level (SPL) versus frequency response (and
hence a flat on-axis acoustical power
response). When would it be desirable to
sacrifice this flatness to obtain a more near-
ly flat power {consumption?) response, as
described in the section "'Even-Order Com-
promise’’ (p. 19)?

Finally, does using two woofers as in
Joseph D'Appolito’s configuration (SB 4/84,
p. 7) double your efficiency as well as rais-
ing sensitivity 6dB?

Ralph Gonzalez
Philadelphia, PA 19143
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Mr. Bullock replies:

I believe Mr. Gonzalez's first two questions
amount to asking whether a standard passive
two-way crossover network affects the tran-
sient response of a loudspeaker system. The
answer is yes for all orders except the first,
which is a linear-phase crossover and hence
is transient perfect. Lipshitz and Vanderkooy
have studied extensively the problem of design-
ing high-order linear-phase crossover networks
[JAES (Volume 31), January/February 1983,
p- 2]. The conclusion I have drawn from their
work is that such networks require abundant
circuitry and sophisticated design techniques.
Even then, the results are not always satisfac-
tory according to other desirable criteria.

I believe that rise time is a relatively unim-
portant parameter for a woofer, as long as the
woofer can trace frequencies somewhat higher
than the crossover frequency. I associate a
short rise time with a signal’s high-frequency
components, so it should be a significant
parameter for the tweeter.

In response to Mr. Gonzalez's fourth ques-
tion, if we suppose that Vi and Vu are the
output voltages of a two-way crossover net-
work, the APC network satisfies

|VL + VH| = |Vin|
and the constant-power network satisfies
VL2 + [Vu[? = [Via|?

Condition (1) corresponds to a flat-summed
sound-pressure response on-axis, and condi-
tion (2) to a flat-summed acoustic-power
response on-axis. Conditions (1) and (2] are
mathematically equivalent only if V. and Vu
are 90 degrees out of phase or if Vi or Vy
is identically zero. Since this latter condition
never holds in a two-way system, the only net-
works that are both APC and CPC are those
of odd order—i.e., those with a 90-degree
phase difference between their outputs.

I designed the compromise crossover net-
work to allow a trade-off of magnitude flatness
for power flatness, or vice-versa, in even-order
networks. An even-order APC has a 3dB dip
in its power response, and a CPC a 3dB peak
in its magnitude response. You could design
a compromise crossover to have a PdB dip in
its power response for any value of 0< P< 3.
Its corresponding magnitude response would
then have a peak of (3- PJdB.

According to the experts, magnitude
response is related to the direct-sound field and
power response to the reverberant field. Thus,
if you heard only direct sound at your listen-
ing position, you would want to use an APC,
while if you heard only reverberant sound, you
would want a CPC. In reality, the sound field
is probably a mixture of both types, so a com-
promise network is reasonable.

The woofer efficiency in a D’Appolito con-
figuration is twice the efficiency of one of the
drivers. The sensitivity of the woofer drivers
must be 6dB less than that of the tweeter for
correct sensitivity matching if they are con-
nected in parallel. Their sensitivity should
equal that of the tweeter if they are in series.

b

DEVALUATION
DOWN UNDER

In the land down under, the falling value
of the dollar has really hit hard. Times must
be tough when a pair of KEF B139B drivers
retails for around $469 (Australian). If you
think that is outrageous, then imagine pay-
ing $800 (Australian) for a single JBL 2245H
18-inch driver. And that’s the discount
price; $940 is the full price! Consider
yourselves (in the US) fortunate to have
such a diverse range of drivers (brands and
types) available at such reasonable rates.

Meanwhile, on a lighter vane, and one
echoing the appeals of my countryman
John Kasowicz (SB 2/84, p. 42}, is there any
corporation or even individual willing to
assist fellow enthusiasts in importing
specific drivers to Australia (e.g., Janzsen
electrostatic tweeter elements)? The range
available here is quite restricted. Any help
in this regard would be more than well
rewarded. Please contact me directly or
through SB.

Nigel Goodwin

33 Grasmere Crescent
Wheeler Heights
NSW 2098 Australia

TEA & SYMPHONY

While finishing up the last days of my re-
cent holiday in England, I saw an ad for
E.J. Jordan, Ltd., in a hi-fi magazine. Noting
that the address indicated a mere 30-
minute drive, my wife and I managed an
unannounced visit with Ted Jordan, his
wife and a friendly neighbor. The Jordans
were very gracious with tea and biscuits,
and we were lucky to audition some of Mr.
Jordan's newest aluminum-cone woofers.
Some information may be of interest to
other SB enthusiasts.

Mr. Jordan's current system consists of
four 2-inch modules and two 8-inch
woofers per channel. The crossover is a
passive first-order at 150Hz to separate the
woofer and mid/tweeter enclosures.
Dynamic range with a Jordan 70WPC
amplifier was very good with plenty of
transient response and low-end power. A
compact disk of the 1812 cannon shots
moved the woofer cones approximately 1
inch peak-to-peak with no bottoming or ap-
parent distortion.

The new Jordan woofers were in proto-
type form in simple enclosures. Although
they had stamped frames, the production
units will be castings. The cones are driven
via microtubes (similar to the smaller
modules) with a quoted moving mass of 7
grams. Free-air resonance is about 28Hz
with a Qr of 0.62. Mr. Jordan's enclosures
were tuned for unity-Q and had an f, near
30Hz.




The new woofers and the Jordan
modules will now be distributed in the US
by Mr. and Mrs. Brisacher, 301 N. Har-
rison Street, Princeton, NJ 08540. Accord-
ing to Mr. Jordan, the new distributers are
competent and knowledgeable, and pricing
should be better than in the past. Mr. Jor-
dan also noted that his modules should be
used (or purchased) unmodified—i.e., no
ferrofluid. In his opinion, the modifications
affect damping characteristics and ruin the
system's musicality. The "‘unmodified”
units sounded as good as anything I have
heard, with excellent imaging and breadth
of sound stage. You can sit anywhere in
the room and get full appreciation of the
sound.

Matthew Honnert
Carol Stream, IL 60188

DRIVER RESONANT
FREQUENCY

In reference to Robert Bullock's article
on sixth-order alignments (SB 1/82,
p- 20), Mr. Bullock describes fgg as the
driver resonant frequency in the enclo-
sure (p. 21). How do I find this frequen-
cy? Is it different from f (free-air reso-
nance), fp (box frequency) or f; and fy
(impedance peaks of the driver in a reflex
enclosure)? If it is none of the above,
does anyone have a simple but accurate
method for finding this frequency?

James Rosa
S. Fallsburg, NY 12779

Mr. Bullock replies:

Refer to my article in SB 2/81 (p. 22, second
column) for a definition of the in-box reso-
nant frequency, where it is defined in terms
of the frequencies f;, fy, fm of impedance
maxima and minimum, respectively. It is
usually quite close to fs, but somewhat
lower. The relevant formula is as follows:
fon _fifu

fu

I hope this explanation is satisfactory.

TL SUBWOOFER
MODIFICATIONS

Craig Cushing's article in SB 1/85 ("'A Com-
pact Transmission-Line Subwoofer," p. 6}
is of great interest to me. I am considering
building it, but I could use some clarifica-
tion on several points.

Mr. Cushing lists only nine alternative
8-inch woofers as candidates for this proj-

MADISOUND SPEAKER COMPONENTS
8982 TABLE BLUFF ROAD

BOX 4283

MADISON, WISCONSIN 53711
PHONE [608] 767-2673

We are pleasea to announce that we now have in stock METALLIZED POLYPRO-
PYLENE CAPACITORS of exceptional quality and excellent price. This type of dielec-
tric has been characterized by Walter Jung and Richard Marsh as *‘outstanding’” when
compared with all other dielectrics in the areas of:
DISSIPATION FACTOR PERCENTAGE
DIELECTRIC ABSORPTION PERCENTAGE
STABILITY

FEATURES
Low dissipation factor
Low dielectric absorption factor
Highinsulation resistance
High frequency and temperature stability
Good self healing characteristics of
polypropylene dielectric
High Current Capacity
Excellent Overvoltage and Pulse handling
capability
Low selfinductance
Low equivalent series resistance
Excellent stability

TECHNICAL SPECIFICATIONS
Dissipation factor @ 20 degrees C: Less
than.01%.

Dielectric absorption factor @ 20 degrees
C:Lessthan .01%.

Insulation resistance @ 20 degrees C:
More than 100 K megohms/mfd
Temperature range: — 25 degrees C to
+85degrees C.

Dielectric: Polypropylene Film.
Working Voltage: 250 VDC or higher.
Test Voltage: 2.15 times rated voltage.
Encapsulation: Aluminum Can, Epoxy
Closing. Above 25 mfd: plastic wrap.

Superior high frequency characteristics
High lonization ievel

Leads: Tinned pure copper multistrand in-
sulated sleeves, radial, 4 inches.
Capacitance tolerance: + 10%: (grading

to 1% available)

Size examples: 2mfd: .83 D,1.9"L;4

mfd: .98” D, 1.9” L; 8mfd:.98" D,2.6" L;
15mfd:1.4"” D, 2.6" L; 25 mfd: 1.6"D,2.6" L.

NEW!

Larger Values

AUDIOPHILE Net prices:

1.0 mfd $1.85 each 10.0 mfd $4.20 each 45.0 mfd $12.20 each

2.0 2.05 12.0 4.30 50.0 13.25

3.0 2.15 15.0 5.30 60.0 15.45

4.0 2.50 20.0 6.80 70.0 17.60

5.0 2.75 25.0 7.55 80.0 19.75

6.0 3.05 30.0 8.90 Matched pairs or grading to 1% tolerance:
7.0 3.25 35.0 10.00 add 10%. Ten pieces or more of the same
8.0 3.50 40.0 11.10 value: deduct 10%.

@dewinder Audio Inductorq

MADISOUND is pleased to announce that we are now stocking SIDEWINDER Audio Inductors.
These are audiophile grade inductors using 16 gauge wire with the following specifications:
* Hard drawn copper for maximum conductivity.
* Nylon-Polypropylene coating for maximum scuff and abrasion protection.
* Coating designed to permit easy tinning.
" Better than 101.3% of National Electrical and Manufacturing Association (NEMA) stan-
dard sample.
* Meets standards of American Society for Testing Materials (ASTM).
* Inductance value within 1% of value listed.
* Power Handling capacity: more than 500 watts before saturation.
* Wire Diameter: .0525 inches; 1.5mm.
* Resistance through skin effect: Better than 248 ft per ohm.
AIR CORE INDUCTORS

AIR CORE INDUCTORS IRON CORE INDUCTORS

.15Mh $2.25each 1.00Mh $5.10each 4.00Mh $8.40 each
.20 2.45 1.50 6.30 5.00 9.90
.25 2.65 2.00 6.90 6.00 10.40
.30 3.00 250 7.30 7.00 10.80
.50 3.50 3.00 7.60 8.00 11.20
.70 4.10 9.00 11.70
.80 4.40 10.00 12.30

Values between sizes listed are also available. Add 20% to cost of value larger than your requirement.
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ect. I was surprised to see the Dynaudio
21W54 missing from the list. Most of what
I have heard and read suggests that this is
one of the finest 8-inch woofers available.
Would this driver be a good choice for this
application? And if not, why not?

Mr. Cushing’s only disclaimer for the
project was a potential power-handling
limitation. Since my preferred listening
level is higher than most, [ was consider-
ing using a 10-inch driver. Would this sub-
woofer design accept a 10-inch driver, or
would it have to be scaled up? Stated more
technically, are the dimensions of a trans-
mission line related to the wavelength of
the desired low-end response limit or to the
dimensions of the driver?

Bob Davis
Belle Mead, NJ 08502

Mr. Cushing replies:

I am really pleased that Mr. Davis plans to
build a version of my subwoofer design. I had
no specifications on the Dynaudio 21 W54 at
the time I wrote the article, so I did not in-
clude it in the list of prospective driver can-
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didates. I have since listened to a 21W54 in
a replica of the LFT MK-IV, and if I were
choosing one 8-inch driver now, I would prob-
ably choose the Dynaudio, based on perfor-
mance and regardless of price. Sound and
power handling are excellent, and I think Mr.
Davis would be happy with it, even with the
high listening levels he likes.

As for power-handling limitations, the can-
non shots on the Telarc 1812 Overture on
compact disk do not readily bottom the
Speakerlab W848P, even at hefty volumes.
When I play the analog version on my turn-
table, I raise the cartridge tracking force from

CENTER DIVIDER (1)

FIGURE 1: To use a KEF B139 or to implement my
most recent design, remove a 3-by-8-inch piece
from center divider I.

T-NUTS

-

-
o
o

DOTTED LINE INDICATES
WOOFER PANEL; SHADED LINES
ARE WEATHER STRIPPING.

FRONT BAFFLE PANEL (D)

FIGURE 2: Mr. Cushing’s redesign calls for a
90-degree clockwise rotation of the entire divider
complex, including all cleats and angle baffles.

for mounting.

A&S

SPEAKERS

has selected the F 300 DB FOTAL System,
a ‘‘classic” today in Europe, offering a unique
sum of innovative thinking.

The twin coil drive unit is driven through a
special crossover rolling off each coil at 2 dif-
ferent frequencies: 300Hz and 3500Hz.
The tweeter, a fiberglass inverted dome propelled
by a 20500 Gauss magnetic field, is able to ra-
diate an exceptional acoustical energy.

The cabinet, made for A&S, offers double brac-
ing, genuine walnut finish and cut out ready

A&S supplies Neopren sponge

gaskets, fasteners and damping material.

Vb=1.6 cu. ft/F3=40Hz
Efficiency
Min. Imp.=4.1Q at 200Hz
Power handling: 70W RMS

= 91dB/iw/1m

FAST REPLY #HH29



1 to 1% grams; the "bottoming” problem goes
away unless I increase the volume to amp-
clipping levels.

You need not enlarge the box for a 10-inch
woofer. The line cross-sectional area is suffi-
ciently large to allow use of a 10-inch driver,
with modifications that I will outline later. The
length of the line determines the f3 cutoff,
regardless of woofer size, as long as the
woofer’s fs is as low as, or lower than, the
desired cutoff point.

A friend of mine has slightly modified his
LFT to use a KEF B139 woofer. He simply
removed a piece 3 inches high by 8 inches wide
from center divider I to the right of the notch
(Fig. 1). Then he located the shelf (N} and line
terminus 3 inches lower in the front baffle (D).
He partly compensated for the loss of line
length by reducing the vertical dimension of
the line terminus from 6 to 4 inches. The
enlarged woofer chamber nicely accommo-
dates the KEF when it is mounted with the
long dimension vertical. Of course, you would
have to recalculate stuffing amounts.

This combination, to my ears at least,
sounds smooth and powerful, with very solid
bass in the bottom octave. If you want to take
advantage of the 23Hz resonance of the B139,
you can stretch the vertical dimensions of the
cabinet and dividers 5 or 6 inches, but you will
need more particle board than the one sheet
noted in the article, and you will not be able
to experiment with higher-resonance woofers.
I am an inveterate tinkerer, so switching
drivers easily is a plus for me, and I have
recently redesigned the subwoofer to facilitate
this.

Basically, the redesign (Fig. 2) calls for a
90-degree clockwise rotation of the entire in-
terior divider complex, including all cleats and
angle baffles. Cut center divider I as per Fig.
1, then make an 11-inch-square opening in the
upper left of the front baffle panel (D), allow-
ing a l-inch border. Make a 4-by-7-inch ter-
minus cutout below it, then glue %;-inch-square
weather stripping around the outside face of
the woofer opening. For woofer baffles, I sim-
ply use 13-inch-square pieces of particle board
with woofer mounting holes sized as needed.
T-nuts at the corners of the box opening and
the baffle allow mounting and compression
sealing against the weather stripping. I have
also installed a 5-by-13-inch angle baffle ver-
tically at the left rear of the woofer chamber
{when viewed from the front).

With this mounting system, I have been able
to experiment with a 10-inch Audax
HD24B45 woofer, the aforementioned KEF
and my present setup, which consists of four
5-inch Audax HDI13B25H4C12s wired in
series/parallel. The 10-inch Audax provides
nicely detailed deep bass, as does the KEF, but
the small ganged Audaxes seem to give the best
combination of bass extension, sonic detail and
power handling.

When you get ready to install stuffing in the
line, you might try rolling the stuffing in nylon
netting, which is available in fabric stores for
less than 75 cents a yard {about one-fifth the
cost of net curtain material). It is stiffer than
the curtain material and slides readily into
place.

Classified Advertising

TRADE

CUSTOM MADE POLYACOUSTIC foam
speaker grilles. Any size to 48" x 120",
thicknesses Ya”, 2", 34", 1" 112", 2" Colors
black, brown, blue, red, burnt orange, silver,
gold, or ?. Any design or quantity. SPECIAL '85
SPEAKER BUILDER PRICES: price per grille
(quantities to four)—multiply size in square feet
times thickness times: 3.0 for plain grilles with
90° edges (minimum charge $8), 3.5 for 45°
beveled edges (minimum $9), 4.0 for striped or
checkerboard designs (minimum $12). Price in-
cludes Veicro tape and shipping UPS. Call or
write for quantity discounts over four. Check,
money order or bank card accepted. Dealer,
manufacturer and rep inquiries invited. CUSTOM
SPEAKER ENCLOSURES AND PARTS—call or
write for quotations. Send 50¢ (refundable) for
literature and foam sample. CUSTOM SOUND,
8460 Marsh Rd., Algonac, MI 48001, (313)
794-5746, Monday-Friday to 7 p.m.  T3/85

FALCON ACOUSTICS is one of the largest in-
dependent manufacturers of crossover networks
and speaker system accessories in the UK, sup-
plying manufacturers, retailers and export. We
have outlets in both the USA and Canada. Your
guarantee is the trust our manufacturing
customers put in the quality and reliability of our
networks. Inductors: Ferrite (up to 200W), air-
cored and transformer; Capacitors: Reversible
electrolytic 50V/100V, polyester, polycarbonate
and polypropylene; Networks: choice of over
70 for different unit combinations; Components
& Accessorles: most except for the wood! If
you have supply problems, please send for
details, $2 air, $1 surface, to our mait order retail
outlet. FALCON ELECTRONICS, Tabor
House, Norwich Rd., Mulbarton, Norfolk,
England NR14 8JT. TTF

GOLD LION “INDIA” TELEFUNKEN tubes.
Cramolin, Fidelity Research, Furman Sound,
Hartley, Kimber Kable, PS Audio, Precision
Fidelity, Sheffield, Sonex, Superphon, V.P.I. Visa,
MasterCard, American Express. VECTOR
ELECTRONICS, 1653 SE Marion, Portland, OR
97202, (503) 233-2603. T4/85

LONG HAIR WOOL carded, cleaned for stuff-
ing speakers. $13.50/Ib. including shipping. J.
EBBERT, 431 Old Eagle School Rd., Strafford,
PA 19087, (215) 687-3609. TTF

“IN PHASE” 24dBJ/octave electronic crossover
minimizes irregularity in radiation pattern through
crossover region. 0.0008% distortion, 5 year
warranty. Single frequency with power supply
(specify) $523. DB SYSTEMS, Main St.,
Rindge, NH 03461. TTF

“YOUR CATALOG IS the best I've read,”
writes R. Bullock, contributing editor, Speaker
Builder. More than 30 proven designs for home,
car, subwoofer and professional applications.
JBL, Audax, EV, SEAS, Hafler, polypropylene
drivers and crossovers. Thousands of parts in
stock! Send $2 to GOLD SOUND, Box 141SB,
Englewood, CO 80151. T4/85

“] RECENTLY HAD the opportunity to use a
pair of Celestion SL600s, and the Vanguards
proved to be superior in every respect for less
than a third the cost. They handle incredible
power without strain and play incredibly loud for
any small system, let alone a two-way. They are
an excellent value that would sell for much more
at a retail audio dealer.” Steve M., Pennsylvania.
Steve is one of many satisfied owners of an
AUDIO CONCEPTS loudspeaker kit. The
Vanguards at under $400/pair including
cabinets, are just one of the twelve outstanding
kits that we sell. Of course we also stock a full
line of drivers, cabinets, crossovers and ac-
cessories. 40 page catalog, $2. 1631 Caledonia
St., LaCrosse, W1 54602, (608) 781-2110.T3/85

Madisound
Speaker
Components

8982 Table Bluff Road

Box 4283

Madison. Wisconsin 53711
(608) 767-2673

Audax, Dynaudio, KEF,
Philips Loudspeakers

GOLD PLATED phoro jacks, $1.20; plugs 90¢
each, $1.00 bhandling. Also custom 1%
capacitors, 0.5% resistors. Details, SASE.
REFERENCE AUDIO, Box 368M, Rindge, NH
03461. T2/85

of either the buyer or the seller.

PRIVATE CLASSIFIED ADVERTISING SPACE up to 50 words in
length is open to Speaker Builder's subscribers without charge for per-
sonal, non-commercial sales and for seeking information or assistance.
The publisher reserves the right to omit any ad. Any words beyond 50
are 20 cents per word. Please type or neatly print ad copy on a separate
sheet or card with your full name and address. Please spell out all words.

TRADE CLASSIFIED ADVERTISING RATES: 45 cents per word
including name, address and zip code—prepaid only. 10% discount for
four insertions. Speaker Builder cannot accept responsibility for the claims

Speaker Builder / 3/85 51



i
!

e —

BOXRESPONSE
Robert Bullock & Bob White

Model-based performance data for
either closed box or vented box
loudspeakers with or without a first
or second order electrical high pass
filter as an active equalizer.

The program disk also contains seven additional
programs as follows

Air Core: This program was written as a
quick way of evaluating the resistance effects
of different gauge wire on a given value induc-
tor. The basis for the program is an article in
Speaker Builder (1/83. pp 13-14) by Max Knit-
tel The program asks for the inductor value
in millhennes (mH) and the gauge wire to be
used (NOTE only gauges 16-38.)

Series Notch: Developed to study the effecls
of notch filters in the schematics of some
manutfacturers Enter the components of the
network in whole numbers (1e . 10 for 10uF
and 1 5for 1 5mH) and indicate whether you
want one or two octaves on erther side of
resonance Output s frequency phase angle
and dB loss

Stabilizer 1: Calculates the resislor-capacitor
values needed to compensate for a known
voice coll inductance and driver DC
resistance

Optimum Box: A quick program based on
Thiele/Small to predict the proper vented box
size, tuning and - 3dB down point. It 1s only
based on small signal parameters. therefore.
it15 only an estimate of the response at low
power {1.e . imited excursion)

Response Function: Calculates the sma
signal response curve of a given box/drver
combination after inputting the free-air reso-
nance of the dnver (I ) the overall “Q" of the
dnver (Q;g) the equivalent volume of arr
equal 1o the suspension (V 5 ). the box tun-
ing frequency (fz ). and the box volume (Vg ).
Output 1s the frequency and relative output at
that frequency.

L-Pad Program by Glenn Phillips: Ap-
peared in Speaker Builder (2/83, pp. 20-22)
It 15 useful for padding down a tweeter or
midrange while still retaining the same load as
the dniver rtself

Vent Computation by Glenn Phillips:
Calculates the needed vent length for 1. 2 or
4 ports of the same diameter. Input box
volume in cubic feet and required tuning fre-
quency (fg). output is vent length and vent
area for each case

Medium: 5% SSIDD Disk. Price: $25.00
postpaid USA (Canada add $4 00; overseas
add $6.00). Air to other points on request.

Speciy
Apple SBK-E3A
Commodore 64-Disk SBK-E3CD
Commodore 64-Cass SBK-E3CC

OLD COLONY SOUND LAB
PO Box 243
Peterborough, NH 03458
(603) 924-6371 8-4 Mon.-Fri.

OLD COLONY SOF TWAF?Evq

|
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Classified Advertising

by Edgar-Rowe, smooth response 400Hz to
4kHz, 50W, 100dB SPL. Very clean and open
sound. Great imaging, with cone driver, $100
plus shipping. California residents add 6V2 per-
cent sales tax. BRUCE EDGAR. Box 1515,
Redondo Beach, CA 90278. T3/85

O

| Meniscus

HIGH FIDELITY SPEAKER COMPONENTS

| DYNAUDIO MOREL FOCAL €CLIPSE
3275 Gladiola SW. ¢ Wyoming, Michigan * 49509

‘ FIBERGLASS MIDRANGE TRACTRIX horn

(616) 776-1262

EXCESS STOCK. Audio manufacturer liquidat-
ing unused wire, connectors, transformers,
resistors, capacitors, semiconductors, heat-
shrink tubing, multicables and mixing consoles
at wholesale prices! Call for a complete list.
CREST AUDIO, 150 Florence Ave., Hawthorne,
NJ 07506, (201) 423-1300. T3/85

SPEAKER ENCLOSURES, stock sizes or
custom made, wood veneers, plastic laminates,
grille cloth, Peerless and SEAS drivers. Call, write
or vist: SOUND CABINETS, 3 Tasker St., Tren-
ton, NJ 08638, (609) 882-3069. T1/86

CLUBS

Space in this section Is avallable to audio
clubs and societles everywhere free of
charge to ald the work of the organization.
Copy must be provided by a designated
officer of the club or society who will be
responsible for keeping It current. Send
notices to Audlo Clubs in care of the
magazine.

CENTRAL FLORIDA AUDIO SOCIETY meets
monthly in Orlando. Come and meet others who
share your interest in music reproduction as we
audition equipment and recordings or discuss
audio related topics. Contact Ron Deak, 2404
S. Conway Rd., #162, Orlando, FL 32806, (305)
894-6784.

l SAN FRANCISCO BAY AREA AUDIO-
PHILES. Audio constructors society for the ac-
tive, serious music lover. We are dedicated, in-
ventive and competent. Join us in sharing
energy, interest, expertise and resources. Send
self-addressed, stamped envelope to S. Maro-
vich, 300 E. O'Keefe St., Palo Alto, CA 94303
for newsletter.

THE AUDIO SOCIETY OF HONOLULU cor-
dially invites you to attend one of our monthly
meetings and meet others like yourself who are
interested in the how's and why's of audio. Each
meeting consists of a lively discussion topic and
equipment demonstrations. For information on
meeting dates and location, contact Craig Tyau,
2293A Liliha St., Honolulu, HI 96817.

PACIFIC NORTHWEST AUDIO SOCIETY
(PAS) consists of 50 audio enthusiasts meeting
monthly, second Wednesdays, 7:30 to 9:30 p.m.
at 4545 Island Crest Way, Mercer Island, WA.
Be our guest, write Box 435, Mercer Island, WA
98040 or call Bob McDonald (206) 232-8130.

THE BOSTON AUDIO SOCIETY INVITES
you to join and receive the monthly B.A.S.
SPEAKER with reviews, debates, scientific
analyses, summaries of lectures by major
engineers. The BAS was the first to publish info
on TIM, effects of capacitors, tonearm damping,
tuner IM distortion, Holman's and Carver's
designs, etc. Sample issue $1, subscription
$16/yr. PO Box 7, Boston, MA 02215.

THE CONNECTICUT AUDIO SOCIETY is an
active and growing club with activities covering
many facets of audio—including construction,
subjective testing and tours of local manufac-
turers. New members are always welcome. For
a copy of our current newsletter and an invita-
tion to our next meeting, write to PO Box 346,
Manchester, CT 06040 or call Mike at (203)
647-8743.

LONG ISLAND AUDIOPHILES: The Audio
Syndrome is a Nassau/Suffolk county club
dedicated to the pursuit of sonic excellence.
Monthly meetings. Fred Masters, (516) 589-4260
or (516) 271-4408.

A CLUB FOR FM AND TV DXers, offering
antenna, equipment and technique discussions,
plus updates from FCC on new station data.
Monthly publication “VHF—UHF Digest.”” An-
nual convention in August. For more info:
Worldwide TV-FM DX Association, PO Box 97,
Calumet City, IL 60409.

THE VANCOUVER AUDIO SOCIETY
publishes a monthly newsletter with technical ar-
ticles, humor and news of interest to those who
share our disease. We have 50 members and
meet twice every month. Dues are $15/year,
which includes 12 newsletters ($15 US outside
Canada). Write to the VAS c/o the Secretary-
Treasurer, Box 4265, Vancouver, BC, Canada
V6B 3Z7. We would like to be put on your mail-
ing list.

THE COLORADO AUDIO SOCIETY is a
group of audio enthusiasts dedicated to the pur-
suit of music and audiophile arts in the Rocky
Mountain region. We offer a comprehensive an-
nual journal, five bimonthly newsletters, plus par-
ticipation in meetings and lectures. Membership
fee is $10 per year. For more information, send
SASE to: CAS, 4506 Osceola St., Denver, CO
80212.

AUDIOPHILES in the Riverside-San Bernadino
areas to form an audio club. Contact Frank
Manrique, 1219 Fulbright Ave., Redlands, CA
92373, (714) 793-9209.

AUDIOPHILES interested in starting Yugosla-
vian audio society contact JAS, Likob Matjaz,
Stefanovaga, 61000 Ljubliana, Yugoslavia.

SERIOUS AUDIOPHILES interested in a cen-
tral Colorado group (Denver, Boulder, Ft. Col-
lins, Greeley area) contact James S. Upton, 2631
17th Ave., Greeley, CO 80631.

AUDIOPHILES in the New Jersey and Staten
Island areas interested in forming a club please
contact Joe at PO Box 1688, Staten Island, NY
10314, (212) 698-2280.




SAINT LOUIS AUDIO SOCIETY meets month-
ly for discussion and equipment audition. For in-
formation sheet send a stamped, self-addressed
envelope to SLAS, 7435 Cornell, Saint Louis, MO
63130.

SOUTHEASTERN MICHIGAN WOOFER
AND TWEETER MARCHING SOCIETY
(SMWTMS). Detroit area audio construction club.
Meetings every two months featuring serious lec-
tures, recording studio visits, design analyses,
digital audio, AB listening tests, equipment
clinics, annual picnic and audio fun. The club
journal is LC, The SMWTMS Network. Cor-
responding members' subscriptions $6 per year.
Call (313) 477-6502 (days) or write SMWTMS,
PO Box 1464, Berkley, M| 48072-0464.

ORGAN MUSIC ENTHUSIASTS: If live
recordings of fine Theatre Organ Music are your
thing, SFORZANDO has room for a few new
members. We lend you the music on reels or
cassettes. All operation is via the mail. SFOR-
ZANDO, c/o E.A. Rawlings, 5411 Bocage St.,
Montreal, Canada H4J 1A2.

FREE 1985 CATALOG

1001 Bargains—Speakers—Parts—Tubes—High
Fidelity Components—Recorder Changers—Tape
Recorders—Kits—Everything in Electronics.

write: MCGEE RADIO COMPANY

PE, 1901 McGee Street, Kansas City, Missouri 64108

AUDIOPHILES IN CENTRAL PENNSYL-
VANIA (also eastern Pennsyivania and
Delaware): Interested in forming a serious audio
organization? Contact Steve Gray, 625F Willow
St.. Highspire, PA 17034 or phone (717)
939-4815.

THE ESOTERIC AUDIO RATING SOCIETY
(usually known as EARS) is San Antonio's
premier audio club. Its members consist of
audiophiles and music lovers who share a
mutual interest in enhancing their enjoyment of
recorded music. EARS meets bimonthly and has
been fortunate to offer interesting presentations
on audio, recordings and music. The club also
has an on-going project of recording local con-
cert activities for radio broadcasts or other pur-
poses. Additionally, EARS is currently trying to
launch a club newsletter. Anyone interested in
finding out more about EARS should write to the
following address to obtain information on the
next meeting date and location. EARS, PO Box
27621, San Antonio, TX 78227.

THE NEW YORK AUDIO SOCIETY meets
monthly with prominent guest speakers, discus-
sions and demonstrations of the latest equip-
ment. Its $20 annual membership dues includes
a subscription to S/N, the society’s quarterly
publication. For a free invitation to our next
meeting, call (212) 544-1222, (212) 289-2788 or
(201) 647-2788 or write us at PO Box 125,
Whitestone, NY 11357.

SARASOTA AUDIOPHILES interested in form-
ing a club—write to Mark Woodruff, 5700 N.
Tamiami, Box 539, Sarasota, FL 33580.

AUDIOPHILES INTERESTED IN FORMING
an audio club in the Washington, D.C. area
please contact: Joseph Kmetz, PO Box 914,
Lanham, MD 20706 or call days (301) 794-7296,
eves. (301) 585-3186.

MINNESOTA AUDIO SOCIETY. Monthly pro-
grams, newsletter, special events, yearly equip-
ment sale. Write Audio Society of Minnesota, PO
Box 3341, Traffic Station, Minneapolis, MN
55402.

NEW JERSEY AUDIO SOCIETY meets
monthly with the emphasis on construction and
modification of electronics and speakers. In-
dividuals at any level of electronics expertise are
invited to join. Contact Bill Donnally, (201)
334-9412 or Bob Young, (201) 381-6269, 116
Cleveland Ave., Colonia, NJ 07067.

TORONTO AREA AUDIO SOCIETY formed.
Serious audiophiles contact Neelam Makhija
(416) 842-2606 or John Sloan (416) 532-4387.

THE ATLANTA AUDIO SOCIETY started in
October 1983 and has regular meetings on the
third Sunday of each month as well as special
programs with leaders in the industry, such as
Mr. William Conrad of Conrad-Johnson and Mr.
William Johnson of Audio Research. We are cur-
rently looking for additional members in the
Southeast. All members receive the minutes of
each meeting and program, as well as other rele-
vant announcements and correspondence. For
full information and membership packet, write
Atlanta Audio Society, PO Box 92130, Atlanta,
GA 30314, or call Howard Royal in Newnan, GA
at (404) 253-6419.

WASHINGTON AREA AUDIO SQOCIETY and
CONSTRUCTORS CLUB (DC, MD, N. VA) in
the process of formation. If interested, please
contact Horace J. Vignale, 1540 Northgate Sq.,
#31B, Reston, VA 22090.

HI-FI CLUB OF CAPE TOWN, South Africa,
issues newsletter monthly for its members and
subscribers. Since our audio problems are the
same as yours, we'd like to hear from you. Send
21.R.C.s for next newsletter ($16/year) to PO Box
6685, Roggebaai 8012 South Africa.

WOULD LIKE TO CONTACT experienced
home builders of audio equipment in the
southern Ontario area. | have built the Marsh
preamp and head amp...they sound great. T. B.
Palmer-Benson, RR 1, Ariss, Ontario NOB 1BO,
(519) 837-3964.

FOR SALE

Fuijitech A502 preamp kit and two A501 power
amp kits. $600. Joe, (503) 629-5948 or (503)
649-9482.

Vintage JBL speaker components: C34
mahogany bass corner horn, $200; 150-4C 15"
woofer, $140; 175 DLH mid-horn, $130; D208
8" mid/woofer, $36; D280 8” mid/woofer, $36;
N600 crossover, $60; N7000 crossover, $27;
Altec 601-A duplex, $100. Ron Bauman, (202)
965-5320.

Nikko Alpha Ili power amp, $225; NAD 2155
power amp, $165; Dyna ST-70 with mods, $90;
BIGG model S-400 EL-84 power amp, $25;
EICO HF12 preamp, $20; PMC switching power
supply, 5V, 20A, $35; Dynaudio 30W54 127
woofer, low hours, $50; SWTPC .01 amp, chas-
sis, power supply and circuit board, $25; Dynaco
Mk Hl, $10; Sonus Blue cartridge, $5. Floyd An-
drews, (415) 552-7807 days.

SME series 2 improved tonearm with removable
headshell. Reference arm of High Fidelity
magazine. Like new in original box, $50. Mat-
thew, (312) 260-1628.

Dynaco ST-150 power amp, bench checked
90W RMS/channel, with manual, $150; STACO
260W panelmount Variac, new in box, $22; box-
er fans 3” or 5", $8 each; Dynaco Quadaptor,
funky cosmetics but works, $12; power supply
fiter caps for Dynaco FM-3, $8 each. Ben
Poehland, 14 Carol Lane, Malvern, PA 19355,
(215) 644-3677.

AUDIOPHILE ACCESSORIES

DBP-2J (5) SWITCH BOX..59.95, AU (5) gold jacks. . ...$71.95
Selects between up to 5 phono inputs. Used with DBP-6 or 6MC, allows for
sefectable loading of cartridges.

DBP-6 PHONO EQUALIZATION KIT. ................ $36.95
Allows adjusting the input capacitance of the phono input ol every preamp
and recerver with low loss Polystyrene Capacitors.

DBP-6MC RESISTIVE LOADING KIT............. .. $36.95
Allows adjusting load resistance from 10 to 200 Ohms for moving coil car-
tndges. Gold plated phono piugs in both kits.

DBP-9AU BANANA PLUGS Eight goid plated, soldertess. .$16.50
DBP-9H BANANA HANDLES Four red, four black $5.50
DBP-9P GOLD PLATED DUAL BANANA PLUGS 2 pk...$17.95
DBP-9) GOLD PLATED DUAL BANANA JACKS 2 pk. . $17.95
DBP-10 PHONO ALIGNMENT PROTRACTOR. ...... ... 24.95
Allows adjusting the lateral tracking error of a mounted cartndge to within
Ya of one degree. Nontechnical instructions & case included

DBP-12 AUDIO CABLE 10 meter (33 ft).............. $70.00
Low capacitance (400pF) stereo interconnect cable, terminated with rugged
gold plated phono connectors. Custom lengths avalable

DBP-12X AUDIO CABLE 10 meter (33 #t) ............ $95.00
Low capacitance (400pF) stereo interconnect cable, terminated with premum
DBP-13PX phono connectors. Custom lengths avallable

DBP-13J GOLD PLATED PHONOQ JACKS (%"} 8 pk $14.95
DBP-13JR GOLD PLATED PHONO JACKS (¥,") 8 pk...$21.95
DBP-13P GOLD PLATED PHONO PLUGS 8 pk. . ...$9.95
DBP-13PM GOLD PLATED PHONO PLUGS, 4red, 4blk.$21.95

DBP-13PX GOLD PLATED PHONO PLUGS 2 pk $14.95
DBP-14 GOLD PLATED SPADE LUGS 8 pk . $5.95
DBP-15 GOLD PLATED "Y' ADAPTORS 2 pk ... $12.95
DBP-CK CRAMOLIN AUDIO KIT contact treatment $16.50

DBP-SC SOUTHER RECORD CLAMP............... $10.00
ELECTRONIC CROSSOVERS. . .6, 12, 18, 24dB . .. ..Inquire
At your dealer or direct. Or(;%s l\l/jlnsdAe’ $45, add $2.50 Handiing

DB SYSTEMS
Main St., Rindge, NH 03461 (603) 899-5121

Series 20-M25, $375; Hapi 2-597, $200; Met-7,
$195; 9 ft. trans. subwoofers with KEF 139, $150
each, $275 pair; Soundcraftsman SP 4001
preamp/equalizer, $295; dbx 400, $195; dbx
228, $295; Decoursey Q-8, $100; custom poly
electronic crossover, $195; Pioneer TV tuner,
$95; 50m roll Mogami speaker wire, $220;
PAS-3, $50; Hafler 220, $295. WANTED:
Strathearn ribbons. Joe, (206) 588-1417, (206)
474-9068.

Thorens TD126 Mk 3/SME 3009 S3, both in ex-
cellent condition, $375/$100. Gary, PO Box
5883, Roswell, NM 88201, (505) 625-1830.

Fisher X-100-B master control ampilifier ready for
POOGIing by a tube freak, includes wood
cabinet, operating manual, delivery, but no
schematic, $55. R. Jensen, 8 Heather Lane,
Reading, PA 19601.

Creek 4040 integrated amp, $175; mint Sanyo
Plus C55 preamp, $140; biamp-stereo rack-
mount electronic crossover, two-way adjust,
100Hz to 10kHz, phase control, $200; TAA's
Rod Cooper tangential tonearm kit, $90; Kmal
arms, $60. Will trade for good three-way elec-
tronic crossover, 400Hz and 4500Hz or close,
Dyna SE-10 equalizer. David Landrie, 1714 E.
56th, Tacoma, WA 98404, (206) 472-9930.
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Classified Advertising

Recently purchased Superphon preamp, $290;
Audax HD12.9D25 tweeters, $12 pair.
WANTED: Hafler DH-200 or DH-220 in good
condition. Rick Kuroda, 112 S. School St., #410,
Honolulu, HI 96813.

ACTIVE
ELECTRONIC
CROSSOVERS

NEW DESIGN! MODEL 120
NOW AVAILABLE

Plug-in Butterworth (maximally tlat) tilters
6 db.. 12 db.. or 18 db. per octave slopes.
any specified frequency. Filters flat beyond
100 Khz. New instrument style case with all
terminations and regulated power supply

Made in monaural or stereo bi-amp, tri-amp,
or quad-amp with optional level controls,
subsonic filters supplied with or without
bass boost, and summers for “single
woofter” systems

Also available. 500 Series filters, plug-in
filters. regulated power supplies
Free catalog and price sheet

pe@awwcq Eng. Lab.

11828 Jefferson BI. Culver City, CA 90230
PHONE (213) 397-9668

Harman Kardon Citation 2, new tubes, no cage,
excellent, $350; Magnavox FD1000, $200;
Dynaco 410, Rollins mod, $350; Sherwood
6040CP, 100W/channel, dual mono, MOSFET,
$250; Dynaco 70, stock with WonderCaps,
$120; Fisher 500C receiver, $125; Hitachi
HCA8500 Mk 2 preamp, a sleeper, $250;
Pioneer SF850 electronic crossover, $175;
Dynaco FM3, $50. Roger Artman, Box 2463,
Grass Valley, CA 95945, (916) 272-8118.

Used Mallory CGS263UQ75X5R 26,000uF
75V-95V surge caps, $10 each, 12 for $100;
two Technics EAS-10th400A leaf tweeters, $50
per pair; four Morel MDM-75 3” dome mids,
new, $32 each. Jim Katchis, 3016 NE Oregon
St., Portland, OR 97232.

Gold Sound 8" black polypropylene woofers,
dual voice coil, $50 pair; Morel MDT-27 tweeters,
$25 pair. All barely used. Dan Greene, 216
Auburn Ave., Santa Cruz, CA 95060.

Pristine Yamaha NS1000M loudspeakers, $750
pair; pair Southwest Technical Products Tiger-
saurus 250W mono amps, great for subwoofers,
$325; Advent 100A dual process Dolby unit with
a walnut case, $150; dB Systems pre-preamp
and power supply, $115. Michael Marks, 81
Grove St., West Roxbury, MA 02132, (617)
327-6784.

Famous British Dalesford D50/200 midbass Bex-
trene 8" driver, better made than KEF B200, 3
Ib. magnetic construction, never mounted, $29
each; Dynavector DV23RS (MR), unused, $149.
S. Sun, Box 6312, Long Island City, NY 11106,
(718) 784-2939 evenings and weekends.
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Pair of EV Patrician 800s, $4500. FOB Louisville,
KY, (502) 895- 3501.

ADS model 10-01 digital time delay system, rack-
mount, original carton, $300; Sansui AU-717
amp (for use with mode! 10-01), $150; Walker
CJ55 turntable, Linn LVX arm, Basik cartridge,
dust cover, $350; MclIntosh MC-225 amp, re-
tubed, $250; Marantz 120 FM tuner, integral
oscilloscope tuning, $150. Patrick, (316)
885-3163.

Mclintosh MC-75 amp, MC-60, trade either for
other model or sell. Welzer ACE (with electronics)
dual-triode 350W tube amp, excellent; GSI ST-70
input boards (latest); pair Altec/Ampex 6516 60W
theater amps; pair Dukane super-fi 50W tube
amps; IR2200 dynamics restorer, new. Dennis
Fraker, (406) 222-7404 evenings or early
mornings.

ARC SP-6B, mint, $595; Counterpoint SA-2,
mint, silver, $545; classic ARC D75, $475; Cita-
tion I, 60/60W, very clean, $175; Oracle Alex-
andria, as new, $545; Citation 12 MOSFET,
$125; EICO HF30 amp, excellent, $40. John,
(916) 791-2153.

Audio Research SP-5 preamp, excellent condi-
tion, asking $450; Watson model 10 speakers
designed by Mike Wright, asking $900; Mitch
Cotter Mk Il moving-coil transformer, $200;
Fulton gold speaker cables, 14/, $40; 57", $18.
Al Halstead, (607) 565-8438.

Pair Rauna Tyr loudspeakers. Concrete satellites
using SEAS 6.5 and 1 drivers (see Stereophile,
Volume 7, Number 4). Excellent condition. Paid
$450in 1984, sell $375. | will ship. Pair Dynaco
A-30s and EV 635A microphone, make offer.
Harlan, Box 61171, Jacksonville, FL
32236-1171, (904) 388-4483 evenings or
weekends.

Heathkit SM-4100 frequency counter, $65;
Heathkit 1M-2202 digital multimeter, $115. Call
Sam, (206) 367-6548 after 6 p.m.

Phase Linear DRS 400 amp, P3600 preamp,
T5200 tuner, 400W/channel peak, 6 months old,
with boxes and balance three-year warranty, list
$1595, sell $650. Phase Linear 8000A turntable,
less than 100 hours, list $650, sell $325. Phase
Linear model 1000 NR unit, $150; Stax SR-44
electret headphones, $80. Call John, (904)
641-5830 evenings.

Bogen CHS-100A, 100W PA amplifier, $100;
Citation Twelve power amplifier, working, $150;
Soundcraftsmen 20-12 equalizer, $150; four KEF
B139 woofers, matched FAR, mint, $150/pair;
four Sanders transmission line enclosures,
braced and damped, no cutouts, $200 pair.
Canadian prices. Nick Mastrobuono, 50 Cop-
perfield, Sarnia, Ontario, Canada N7S 5K8, (519)
336-9160.

WANTED

Acoustics book by L.L. Beranek (McGraw-Hil,
New York, 1954). Please contact Frank L. Pyle,
Pyle Industries, 501 Center St., Huntington, IN
46750.

Heathkit IM-5258 harmonic distortion analyzer.
R. Orford, 23 19th St., Hermosa Beach, CA
90254, (213) 376-6827.

" Speaker
\ Clinic

One S.E. 47th.
Portland , Oregon 97215

Specialty Loudspeaker Services
Computerized Lab Providing
Acoustical, Parameter/Systems Analysis
Preaision Air Coils, 1% tol.

Catalog $1.00

| own a pair of original Advent speakers and
would like to know what a good replacement
would be for the low-range drivers and/or does
anyone repair the original drivers? David Lucas,
924 Hulton Rd., Oakmont, PA 15139.

Horn plans for the following: Carver 960, 980,
1330; JBL 4550Bka, 4560 Bka, 4520, 4530; EV,
SH1502; GLI Model 3, DB-50; Altec 828C, 815A,
817, 816A, 210; Klipsch, Belle, La Scala; Sunn
9115, 9215, 9118, 9218; Cerwin Vega D-32,
B-36A, V35B, V30X, V31X. Will pay $5 per plan.
Al, (212) 569-8858 after 6 p.m.

Can anyone provide information or experimen-
tal data on the Thiele/Small parameters for the
Hartley Model 218HS low-frequency driver? D.H.
Lee, 3863 SE Madsen Court, Hillsboro, OR
97123.

Schematics or technical manual for my H.H.
Scott 477 receiver. Will copy and return or pay
for same. Please write or call. Jimmy Poole, 8
Wedgewood Dr., Russellville, AR 72801, (501)
968-3981.

Marantz and Mclntosh tube amps/preamps; JBL
Hartsfield, Paragon; EV Patrician; Row speaker
components. Call with anything of interest.
Charles Dripps, 4331 Maxson Rd., El Monte, CA
91732, (818) 444-7079.
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McGEE RADIO
HOUSE
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SPEAKERS

THE LARGEST MAIL ORDER SUPPLIER OF WHOLESALE
RAW SPEAKERS IN THE COUNTRY

MC GEE RADIO

BMINENCE SUB~WOOFERS NEWLY DESIGNED FOR 1982 . Panasof\k
POLYFOAM EDGE WOOFERS WITH DUAL VOICE COILS GIVES YOU ¥
BASS O FEEL AS WELL AS HEAR! THESE ERS ARE
E THE LOWEST F
THINK YOUR EXISTING SPEAKER SYSTEM HAS BASS TRY THE!
w MIN; DISTORTION

IMAL - INTERMODULANT
ING ELIMINATES THE NEED FOR HARD TO
FDD MPFICIEM’ HLTIREXU& CIRCUITS,

SAVE ALMOST «mmlgu‘ e MIDRANGES B TGN | CATALOG, CLIP OUT COUPON
SEEA BELOW AND RETURN TO US.

—WZB
12 INCH WOOFER 4002 MAG. 8 OWM IMP. FREE AIR
RES. 1SMZ 2w V\:‘IE'S PRICE....... 34,95

cuom § 33 FOR OUR ALL NEW FREE

10 INCH WER 4002 MAG. B OHM
RES, 224Z 2'vC H:‘IE S PRICE.

m
BECAUSE  OF NIS 8'  WOOFERS TIGHT
SUSPENSION AND FOMM ROLLED EDGE YOU
D A GODD CLEAN BASS
T e for Harante by fobter T S S G S St = G S — —— — — — — —— — — — — — — —
2002 nnqm 1.5"vc freq res I
$51070 McGee's
Price—5%12.95

McGEE RADIO & ELECTRONIC CORP.
ATTN: SPEAKER DEPT.

1901 McGEE

KANSAS CITY, MO. 64108-1891
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1 1bs tweeter that will responded with

— - great efficiency and handle rormal

12 \bs.
rlos sES= & Dower with minimun heat build ‘

Veerless Audio o oo Pl RS s

REE. Alzxﬁﬂ "V;' - T

l 53

VO D Passive Radiators

TP oenE. |0|\|CCI‘

POMER HANDLING m ..ms | Mode DC-03W Model DC-04G

6 INCH
McGEE RADIO rom otters the

comlete ire of PEERLESS
polypropy lene core wootfers
MODEL. 5§
MCGEE 'S PRICE—316.95 ea

FREE CATALOG COUPON

MCGEE NE OF RADIATORS
M THE ULTIMATE IN MIDRANGE e R Y e Name

DRIVERS FROM POLYDAX. 6.5 MODEL MCGEE 'S PRICE
INCH MAGNESIUM FRAME ALLOWS s . mlvz RADIATOR £3.95

FOR STRENGHT AND MINIMM NG 8' PASSIVE RADIATOR 35.95

HOUSING RESONANCE .,117(» black (m(kle finish & Add
<G 10" PASSIVE RADIATOR 1.

73 ¥ith black crackle tinish ress
FREE AIR RES. 2 WG 12 PRSSIVE RADIATOR 5.9
\mgﬂl(oy 1.5 with burj crackle finish
POKER HANDLING S0 watts Modal DC 036 020

MOEL  MHDIAR3 Clty/State/le

o o O ©
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ent in a loudspeaker's most
exacting analysis—the sub-
jective listening test.
Sensitivity

load dependent

Max. Distortion

3%

Power Handling

20 amps maximum/side
Load

GOLD 2O STELLITES

The Gold 3.0 ribbon satellite
represents the most subtle
refinement of a reference
quality  audiophile loud-
speaker. It is a phase coher-
ent line source capable of
handling the most complex
musical transients effort-
lessly and without colora-
tion. Why use 99.9999% +/— .1 ohms 2 or 4 ohms
gold? Experiments with Polar Response
aluminum, titanium, platinum > 30 degrees

(to name a few), as voice coil Freq. Response

materials did not yield the 200 —30 khz

very natural, transparent Nextel Suede Coatings
quality of gold. Though good Grey b21; Black c10; White
test specifications could be

al0.

obtained with many different
metals, pure gold was unan-
imously chosen after count-
less hours of listening tests.
Scientific specifications only OI_D |be”
approximate the effective-

ness of any high end audio CONCEPTS
component. The consum- 211 East 11th Street

mate qualities of the GOLD lowa City, Coralville, 1A, 52244, USA
3.0 satellite become appar- (319) 3519144/4-800-844-GOLD

/ = 7 DS=1 $=0 .‘Ow ’_ ‘—.-— T F A - }
£ = = = lo GOLD 3 0 10.0mm x 145, 1men
Time Delay ‘ {
Spectrum Analysis :
i Total
| Front—809.6mm
Back—769 Omm
“ Required Batfie Hole—
769.0mm x 114.3mm
Minimum Baffie Volume—
140 cd or 2.3 Wer
Wel Demped
' il ]
Thickness Width
30.2mm - . - = Front—139.7mm
Mounting depth Back—t14.3mm
' _ %dwm A
GOLD 3.0 Phase Response FAST REPLY #HN915

— Graphic Plot Delay






