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KEF
KITS

Now you can “build the best
A” in confidence,” as two of

-== KEF’s best-selling speaker
systems —the Model 104aB and
Cantata—are now available in kit
form, enabling you to easily
assemble a high quality speaker
system at a considerable savings.

And, because they are kit
versions of two of our best-selling
speaker systems, you can actu-
ally audition the units at your
KEF dealer before buying and
assembling.

KEF speaker systems are
designed and built using a Total
System Design Concept, where-
by each part is developed to com-
pliment all others in the system
so as to achieve the targeted
performance.

The KEF Cantata kit consists of
abass unit, midrange unit, tweeter
and an Acoustic Butterworth filter,
and builds into an acoustic sus-
pension loudspeaker system with
a power handling capability of 100
watts.

The KEF Model 104aB kit con-
sists of a bass-midrange unit,
tweeter, Acoustic Butterworth fil-
ter section, plus an acoustic bass
radiator to increase the bass re-
sponse from such a modest-sized
enclosure. The kit makes up into a
bass reflex system with a power
handling capability of 150 watts.

Both the kits include fuse units
to protect the drive units, and con-
tour controls to adjust the final
acoustic output to suit the listening
room.

Loudspeaker kit building has
now been raised to a new level of
ease and reproduction quality.

For more details and the name
of your nearest KEF dealer where
you can hear just how good our
KEFKITS are before your pur-
chase, write to us at the address
below. Individual drive units
and crossover networks are also
available for your special custom
requirements.

KEF Electronics, Ltd., c/o Intratec
Department E, P.O. Box 17414,
Dulles International Airport,
Washington, DC 20041.
In Canada: Smyth
Sound Equipment
Ltd., Quebec.

Electro-Voice has begun again
marketing the 1952 designed Patrician 800
in the United States on a very limited basis.
Two years ago EV reinstituted production
of the Patrician with all output earmarked
for Japan, where the Patrician has a large
cult following. Suggested retail for the four-
way units is $10,000 per pair. The 800
stands close to 4Vz-feet tall, is finished in
walnut veneers with woven cane grilles,
and has a 30-inch woofer, the largest low-
frequency driver currently in production.
The frequency response is 15-23,000Hz, ac-
cording to EV. If you want a dealer’'s name
write Electro-Voice, Inc., Dept. P-3, P.O.
Box 186, Buchanan, Michigan 49107.

Design Acoustics, a new operation of
the Audio-Technica company, has a new,
three-piece  DA-30 Loudspeaker System
($595) featuring a pair of low diffraction
miniature loudspeakers and a bass extender
with a 12 in dual voice coil, long-throw
woofer. The bass unit is 16"x16720”, and is
said to reproduce lows to 40Hz. Recom-
mended amplifier power for the DA-30 is 35
to 250 watts per channel. A brochure is
available: Audio Technica, US., Inc., 1221
Commerce Drive, Dept. SB., Stow, OH
44224,

Good News

One-to-one duplicated reel-to-reel tapes are
a new offering from Centaur Records,
Inc., (PO Box 23764, Baton Rouge, LA
70893) whose interests are both classical
and jazz. Their record catalog is free for the
asking. A technical brochure on their tape
offerings is 50¢.

Teledyne's Acoustic Research has a
new 3-way floor standing or bookshelf
speaker, the ARS8s. It features: a 12~
woofer, 12" liquid-cooled dome midrange,
%" liquid-cooled dome tweeter. Specifica-
tions include: Voltage sensitivity: 2.83 volts
produces 90dB SPL at one meter on axis. Ef-
ficiency: 1 watt produces 87dB SPL at one
meter on axis. Power requirement: 15 watts
per channel minimum. Power handling
ability: May be used with amplifiers rated
up to 200 watts per channel with amplifier
being driven into clipping no more than
10% of the time. System frequency re-
sponse: —3dB (half power) points at 37Hz
and at 25000Hz. System low frequency per-
formance: —3dB at 37Hz with an effective
Q at resonance of 0.6. Crossover fre-
quencies: 700Hz, 7500Hz. Suggested retail
price is $325.00. For more information
write 10 American Drive, Dept. SB, Nor-
wood, MA 02062.
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Amateur and professional recordists may
be interested in Crown International’s
PZM Challenge, a contest to award ex-
cellence in recordings made with Crown’s
PZMicrophones. Entries must be excerpts
from original stereo recordings made using
two or more PZMicrophones as the princi-
pal pick-ups. Judging is to be based on how
the recording reflects the attributes of the
PZMicrophones, overall sound quality,
and, for multiple microphone recordings,
the quality of the mix.

The PZM Challenge is actually two con-
tests, differing in contestant eligibility: one
open to persons not affiliated with Crown,
called the PZM Open Challenge; and a se-
cond open to Crown PZM dealers, their
employees and immediate families, called
the PZM Dealer Challenge. Winners will be
named in each of three categories: classical,
pop and environmental sounds. Prizes are
to be an array of Crown products. For more
details and rules write Crown International,
PZM Challenge, Dept. SB, 1718 W. Misha-
waka Road, Elkhart, IN 46517.

Pyle Industries has introduced three
new hi-fidelity/musical instrument woofers
in 10”, 12", and 15~ versions, suitable for
woofers in sealed or bass reflex enclosures,
or for musical instrument applications.

All three sizes feature a 2Y2” "“Power-
Proof” voice coil which Pyle claims is one
of the most reliable in the industry. The
voice coils incorporate the latest in design
and technology, featuring high-temperature
Kapton forms for continuous play at high
power levels, The units have 70 oz.
magnets, and 12 lb. motor assemblies and
range in price from $100 to $120. Further in-
formation is available from Pyle Industries,
Inc., PO Box 620, Dept. SB, Huntington,
IN 46750, or phone (219) 356-1200.
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Henry Kloss has a new version of his
projection TV System, (Model 2) that uses
any white wall for a screen. The projector
folds when not in use and is smaller than
many 19” TV sets. The new Novabeam®

costs about $3,000. and uses the tuner in a
video cassette recorder. The picture is 5 ft.
wide and is twice as bright as any competi-
tive projector system currently available.
Info from 145 Sidney St., Cambridge, MA
02139.

Acoustical Physics Labs (151 é6th St.,
NW, Atlanta, GA 30313) has a kit version
of its Acoustic Image® loudspeaker system
which saves well over half the cost of the
finished version. The time aligned satellites
are based on Bill Morrison’s work at
Georgia Tech a few years back. The kits in-
clude everything but the cabinets, with full
plans provided the woodworker/builder.
The manufacturer has a detailed fact sheet
on the kit.

THE ULTIMATE EQUALIZER

Compensation Re!: 10048 SPL

FLAT
\esel t dB
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LOUDNESS

ARTSTARR LC-40

- .l

IS YOUR SOUND SYSTEM EQUALIZED
FOR ONLY ONE SOUND LEVEL?

It is it you have no compensation for the
"LOUDNESS" effect: that psychoacoustic
phenomenon by which our perception of low
frequencies is diminished when reproduction is
below the original or intended replay level.

Previous compensation attempts have been so
inadequate as to prejudice serious listeners.
The ARTSTARR LC-40 corrects response to
the latest accepted criteria over a dramatic
40dB control range. Operation is so free of
coloration, you won't believe it's there...except
for the full rich sound of all levels.

The LC-40is a black fourinch cube with amatte
legend on anodized aluminum and costs only
$159.00 shipped in the US (plus 4% in Vire
ginia). A designer module is $79.00 (less
power supply and chassis). FREE details and
specifications explain how serious audiophiles
expand stereo system usefulness.

ARTSTARR Associates
P. O. Box 1247
Yorktown, VA 23692-1247
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TRANSDUCER
TECHNOLOGY
& DESIGN

a

offers continuous h-power handling speakers

127 2Y2" VC 80 oz. magnet 200 watts
12”37 vC 106 oz. magnet 200 watts
157 3" VC 95 oz magnet 300 waltts
18 3" VC 120 0z. magnet 350 watts
187 3" VC 120 0z magnet 500 watts

$ 75.00
$125.00
$150.00
$175.00
$225.00

Above models available with foam rubber, cloth and
conventional annulus, ribbed and smooth cones.
Specify requirements.

18" models have die cast aluminum magnets.

Send for information

TRANSDUCER TECHNOLOGY & DESIGN
Box 2336 GPO Dept. TTD Brooklyn, NY 11202

Do you own a tape deck?

Then write for our free brochure and current special offers

DIRECT-TO-TAPE RECORDINGS

*Natural Sound

eTalented Performers

*No compression, equalization or limiting

*Available on reels, (2/4 track, optional dolby or dbx 11},
and casscttes (dolby B, C, or dbx 1)

*Duplicated at playing speed

BLANK RECORDING TAPES

*Top quality cassettes at super prices

*ASF and DIRECT I cassettes in special longer lengths
(C-66/C-68 & C-96)

*AGFA and AMPEX open reel tapes—the best open recl
tapes

CUSTOM DUPLICATING

Direct-To-Tape Recording Co.

Dept. SB, 14 Station Ave., Haddon Heights, NJ 08035
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About this issue

Gary Galo leads off this time
with the first of two articles
on transmission line speakers.
Next time, full plans for three
TL devices.

Reggie Williamson, long-

time contributing editor of
Audio Amateur, took along
his camera to Huntingdon,
near Cambridge, England and
collected material for his
report on Peter Walker's new
electrostatic speaker (p. 10).
Robert Bullock returns with
the fifth part of his series on
Thiele/Small (p. 20). This
marks the end of the heavily
theoretical portion of the
series, says Editor Bullock,
and from here on the series
will detail hands-on construc-
tion of examples of closed and
vented boxes.

Bruce Edgar gives us a
primary course in handling
the table saw (p. 25) with
guidance on setting it up
properly and constructing
those handy accessories which
every craftsman needs to do a
proper job of speaker
building.

The Tools, Tips & Techni-
ques section is full of helpful
items {(p. 30) from readers
John B. Arrango, Vern L.
Mastel, R. J. Welsh, and two
from our prolific Contributing
Editor G. R. Koonce.

Jack Philpot likes Jon Dahl-
quist’s justly famous DQ-10
speakers, but has some cus-
tomizing suggestions for those
who want to modify their
units. All the details begin on
page 36.

Welcome to the 1982 series
which could become our best
year to date. Our files are
brimming with good material
but our pages are fewer than
we'd like. Your responses to
our advertiser’s offerings is
the way to more pages. Do
let the vendor know you saw
his ad in SB. It could mean
fatter issues in '82.

Bandages

Two heavy, expensively printed manufacturer’s brochures ar-
rived at my desk within days of each other recently. In other
times when the audio business was strong, exploratory and grow-
ing at a satisfying rate, I would have settled down to read the
releases with unalloyed interest and admiration. The serious search
for good sound in the US is in its fourth decade if we date the
beginning of the hunt as Goldmark’s announcement of the
development of the long playing disk.

I read both announcements with great interest and not a little
admiration. One of them concerns Acoustic Research’s new com-
puterized Adaptive Digital Signal Processor (ADSP). In brief it
analyzes the signal, decides how it is deformed or what excesses it
contains, including the vital problem of room reflections, and cor-
rects them. I would probably not have thought much about the
new machine but that Nakamichi also announced a new gadget
which is also, in its own way, an adaptive device.

For $7,000 you may have a turntable which has a special mov-
able platter with the spindle in it which is micropositioned by two
tiny motors in response to a special sensing arm which determines
where the true center of the recorded disk is located. It is all done
with a microprocessor, of course.

Now I want it clearly understood that I have the greatest ad-
miration for the work of Messrs. Acoustic Research and
Nakamichi. Their accomplishments are impressive. Unfortunately,
I think these devices are part of a seriously misdirected trend and
that they are working at the wrong end of the problem.

What both these devices do, most of the time, is correct flaws in
the reproducing chain and in the “software” of sound reproduc-
tion. Are your amplifiers distorting? Not to worry, just buy this
complex digital processor and get rid of the problem. Are the holes
in your disks off center? No problem, for only $3.50 each for
those 2,000 disks you own, you can make sure each one plays
with absolute concentricity. No matter how badly the records you
buy are made, you have a cure for the shortcoming.

It is certainly fair to add, however, that AR’s machine is design-
ed to deal with a problem which thus far no other device, or com-
bination of them, has solved satisfactorily. Rooms distort and un-
balance recorded sound. Without hearing one of the new ADSP
units in action I cannot know whether it does the corrective adap-
tation without causing other problems and whether I like what the
computer thinks the “ideal” form of the sound ought to be. If the
ADSP does deal effectively and unobtrusively with room imbalan-
cing it is a genuine advance for those who love good sound. As a
palliative for distortion in recordings or in the reproducing chain,
it ought to be unnecessary.

Anyone who came into our little world of high quality sound
reproduction from elsewhere and looked at what we are up to
would ask the “"dumb” question, “Why not get rid of the pollution
at the source?” Why not, indeed?

It is profoundly saddening to see the record companies rushing
pell mell into the “digital era” without having solved the basic
mechanical problems of their technology. And while $7,000 band
aids are impressive—they are still band aids. O
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Transmission Line Loudspeakers

NEARLY ALL LOUDSPEAKER enclosures
used for low frequency reproduc-
tion attempt to solve three problems:
(1) isolating the loudspeaker’s front
radiation from the rear radiation to
prevent the low bass from being wiped
out; (2) controlling the woofer’s rise in
response and impedance at the reso-
nant frequency; and (3) either losing
the rear radiation completely, prefer-
ably in a way that will not be detrimen-
tal to the sound, or somehow using it
to reinforce or dampen the woofer’s
bass response at specific frequencies.
The acoustic suspension (or infinite
baffle) and bass reflex enclosures are
popular examples of solutions to these
problems.

My dissatisfaction with these “con-
ventional” enclosures and search for a
superior alternative began several
years ago. Bass reflex enclosures are,
by definition, “resonant” enclosures;
even the best designs are incapable of
delivering flat, natural bass, free of
peaks and other colorations around the
region where bass reinforcement from
the port takes place. The best acoustic
suspension designs do not suffer from
the resonant peaks present in bass re-
flex designs; however, I have yet to
hear an acoustic suspension design
completely free of “boxy” colorations
caused by internal reflections. Large
infinite-baffle enclosures provide no
means of controlling cone motion at
resonance, so one must use woofers
with relatively stiff suspensions, and
consequently higher than desirable
resonant frequencies.

My interest in transmission line
loudspeaker design began many years
ago when I heard the “tower” version
of the E.S.S. AMT-1 loudspeaker. This
was E.S.S.'s only transmission line
loudspeaker, and was the first loud-
speaker I had heard that achieved ac-
ceptable low bass performance without
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Part |: Theory

by Gary A. GaLo

boxy coloration or boomy bass. Unfor-
tunately, E.S.S. ceased producting
transmission line woofer systems when
they discontinued this model shifting
their emphasis to acoustic suspension
and, more recently, passive radiator
designs.

Even today, only a few commercial
manufacturers are marketing transmis-
sion line loudspeakers, the most not-
able being Fried Products and 1.M.F.
(Both were founded by the same Irving
M. Fried, although Mr. Fried is no
longer connected with the latter com-
pany.) The transmission line loud-
speaker simply hasn't enjoyed the kind
of commercial success it deserves.
Among the reasons are: (1) its relative-
ly complex internal construction com-
pared with "box” enclosures, which
adds substantially to manufacturing
costs; and (2) the relatively large
enclosure needed for a given woofer
diameter, when compared with “box”
speakers using the same similar
woofers.

Fortunately, these difficulties matter
little to the home constructor who has
moderate electronic and woodworking
skills. The difficulty has normally been
the lack of available sources on theory
and practical models to work from. In
the course of my research I found that
many of the articles previously written
on transmission line loudspeaker
design were incomplete, inaccurate, or
both. Among the more misleading
comments in published articles are:
“T.L. systems are designed basically by
trial and error”;* and, “If your T.L.
design doesn’t work, use the enclosure
as a dog house and build a box
speaker’’?

Even worse, many of these articles
contain no workable construction
plans of proven designs. This leaves
the constructor with little to work
from, especially compared with the

vast number of theory articles and con-
struction plans available for box-type
loudspeakers.

This paper’s purpose is two-fold. In
Part 1 I shall outline the theory of
transmission line loudspeaker design,
providing sufficient data for ambitious
constructors to base their own designs
on, while in Part 2 I'll provide plans for
constructing three full range systems
using T.L. woofers. These designs are
not theoretical models: they are work-
ing models built and improved by me
and successfully duplicated by many of
my friends and colleagues.

THE THEORY

The transmission line loudspeaker is a
refined descendant of the acoustic
labyrinth invented in the 1930's by
Stromberg-Carlson (see Fig.1). The
labyrinth consisted of a pipe into
which the wooter’s rear radiation was
loaded, where length was one-quarter

FIG. 1
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I:E WOOFER

kig. 1. Typical Acoustic Labyrinth Enclosure.

wavelength (\) of the woofer’s free-air
resonance. If the woofer’s free-air
resonance was 50Hz, the line would be
5.65 feet long (1130 =+ 50 = 22.6 + 4
= 5.65). The pipe was normally folded



as in Fig. 1, to conserve space, and its
maze-like appearance led to the name
“labyrinth.”

The Y4 \ size was chosen for two
reasons: (1) to dampen excessive
woofer output at resonance; and (2) to
reinforce the octave above resonance.
A look at Fig. 2 will clarify this. It
shows a woofer loaded into a pipe that
is a full X long at its resonant frequency
(whatever it happens to be). The
woofer is reproducing a sine wave
(which I have drawn in) at this fre-
quency. As the illustration shows, the
front and rear radiation are 180° out of
phase. (In this case, the woofer has
moved backward, producing a rarefac-
tion in front and a compression in the
rear.)

fiberglass to dampen internal reflec-
tions.

Although a step in the right direc-
tion, the acoustic labyrinth has several
inherent weaknesses. First, it provides
no adequate means of controlling the
woofer’s excessive cone motion at reso-
nance. The pipe's output does cause
partial acoustic cancellation in the
listening area, but the woofer excur-
sions can still be excessive, causing the
driver to operate in its non-linear
region at higher playback levels. The
result of this non-linear operation is, of
course, excessive distortion at all fre-
quencies in the woofer’s operating
range. We can control this by using
woofers with relatively stiff suspen-
sions, but the result is poor deep-bass

FIG 2
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RADIATION

At IN—180°out—No Good

At YaN—in phase—No Good
At 4N—90° out—Correct Length

Phase Relationship of Rear Radiation to Front Radiation at Resonance:

At %\—90° out—O.K. but the line is too long to be practical

Fig. 2. Phase relationship of front radiation to rear radiation for labyrinths of various lengths

The phase relationship between the
front radiation and the output of the
pipe will determine whether cancella-
tion or reinforcement takes place. Con-
sidering the first requirement, damping
of the excessive output at resonance,
turn again to Fig. 2. If the pipe is one A
of the resonant frequency, the pipe’s
output is 180° out of phase with the
woofer’s front radiation, causing total
cancellation at this frequency. Obvi-
ously this is undesirable. At % \, the
output is 90° out of phase with front
radiation. This is what we are looking
for since the pipe’s output will cause
partial (not complete) cancellation of
the output at resonance. Unfortunate-
ly, a pipe ¥ \ long would be unman-
ageably large; so we must find another
length.

At V2 \, the pipe’s output is in phase;
again, not good. At Y4 A, the pipe’s
output is again 90° out of phase (270°
actually, but the effect is the same),
and again we have partial cancellation
of the output from the front of the
woofer. This, therefore, is the length
the labyrinth should be. At one octave
above resonance, our labyrinth is now
1% X long. The pipe’s output is in phase
with the front radiation at this frequen-
cy, causing a reinforcement in this
region. The pipe is usually lined with

response due to high resonant frequen-
cies for these types of woofer.

Secondly, the reinforcement at the
octave above resonance is usually ex-
cessive, resulting in boom-box charac-
teristics at this frequency. (This is
similar to bass reflex action.) The result
of all this is that a labyrinth will have
either excessively high distortion at
high levels due to poor woofer control,
or poor deep-bass response. The exces-
sive output at the octave above reso-
nance may please some “West Coast”
speaker fans, but it is not accurate.
Old-fashioned labyrinths are not non-
resonant designs.

The modern transmission line loud-
speaker is theoretically non-resonant,
and in the real world we can for all
practical purposes achieve this theore-
tical ideal. The transmission line bears
a superficial resemblance to the
acoustic labyrinth, but they are quite
different in operation. The purpose of
a transmission line design is to com-
pletely lose the woofer’s rear radiation
in the pipe (henceforth referred to as
the "line”). An ideal transmission line
has no acoustic output from the end of
the line (“line exit”). Such a line would
be infinite length; since this is an ob-
vious impossibility, the designer must
select an appropriate finite length,

which will normally be % A on the
driver’s resonance.

Since total absorption of the rear
wave is the design goal, the line must
be filled, not lined, with a suitable
damping material. Long-fiber wool has
proven to be best for this purpose?*

The line is loosely filled with the
wool, at the rate of half a pound per
cubic foot of line volume. The wool’s
purpose is two-fold. Of course it must
absorb the rear radiation of the loud-
speaker so no sound will emerge from
the line exit, but it also has another in-
teresting characteristic: it acts as an
acoustic low-pass filter. This is ex-
tremely important, for controlling
woofer cone motion (and impedance)
at resonance. At higher frequencies,
above two or three times resonance,
the wool absorbs all rear radiation. At
these frequencies, the movement of air
inside the line is confined to a small
area behind the woofer, i.e., the
woofer “sees” a very short line. As the
woofer operates at lower frequencies,
movement of air in the line occupies a
much larger portion of the line length.
At the woofer’s resonant frequency,
the woofer "sees” the entire length of
the line. This increased amount of air
adds mass to the woofer cone, restrict-
ing excessive motion at resonance.

Note that at very low frequencies
there will be a small amount of output
from the line exit; but its amplitude at
this point is so low that, unlike reflex
action, it has virtually no effect on the
woofer’s front radiation. For all practi-
cal purposes, the rear radiation has
been lost in the wool-filled line. Several
builders have asked me what would re-
sult if the line exit were closed off. If
one did this, the line would act more
like an acoustic suspension system at
very low frequencies. One of the
reasons for a T.L. system’s non-
resonant characteristics is the complete
freedom from internal pressure at low
frequencies, eliminating the “bass in a
box” character found in acoustic sus-
pension systems.

As a serious audio constructor, you
may wish to design your own T.L. sys-
tem to suit your particular needs.
Observe the following guidelines:

1. The line length should be Y4 A
(wavelength) of the woofer’s free-air
resonance. If this frequency makes the
line impractically long, you can use V4
\ of a pre-determined (higher) cut-off
frequency. If the line is a full ¥4 \ of the
woofer’s resonance, you may expect
flat bass down to the woofer’s free-air
resonant frequency; it will usually be
around 3dB down at this point. Since
woofer resonance is not raised in a full
4 X line, a good 10” woofer will pro-
vide flat low bass which acoustic sus-
pension systems normally can’t equal
with 12” or 15” drivers.

2. The line's cross-sectional area
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should be greater than the woofer
cone’s rear area. You may taper the
line to conserve space, but I recom-
mend that the line’s cross-sectional
area remain at least equal to the woofer
cone area at all points.

3. Line the parallel surfaces immedi-
ately behind the woofer with carpet felt
or fiberglass (1” thick or so) to prevent
reflections back to the woofer cone.

4. Woofers should have butyl rubber
or P.V.C. surrounds. Give preference
to Bextrene or other non-paper cone
materials. Drivers by Audax, KEF, and
Dalesford are excellent. Philips paper
cone woofers are very good, but their
performance does not equal that of the
Audax Bextrenes. Foam surrounds are
not as good.

5. Make the enclosure of %4 ” particle
board, Titebond glue, and screws. Ex-
tensive internal bracing is unneces-
sary, due to the absence of internal
pressure.

6. Install 45° angle pieces at corners
near the woofer; they are unnecessary
in the last half of the line.

7. Long-fiber wool is the preferred
damping material (one half pound per
cubic foot). Dacron-polyester is
cheaper, but its performance unfor-
tunately matches its cost. Fiberglass is
out of the question, since it is highly
reactive, rather than moderately
resistive, at low frequencies: it acts
more like a “no-pass filter” than a low-
pass filter.

Following these guidelines will pro-
duce a woofer system free of resonant
or boxy characteristics, with true low
bass fundamentals unmasked by upper
bass boom. If upon first hearing you
find that a well-designed T.L. system is
bass deficient, maybe you need a trip
back to the concert hall. Many listeners
are used to overly fat upper bass in
reproduced sound; some even prefer it.
Live music doesn’t sound like this,
however. A transmission line system
will reproduce what has been recorded
f)n the disc or tape, no more and no
ess.

In Part 2, to be published in the next
issue of Speaker Builder, I'll discuss the
construction details of my three full-
range systems. Transmission line
designs also make superb sub-woofer
systems to extend the bass of an ex-
isting speaker. A transmission line
woofer system is ideal for use with full-
range electrostatic systems: since an
electrostatic loudspeaker is free of
enclosure-related resonances, a T.L.
woofer will provide a seamless blend at
the selected crossover frequency.
Roger Sanders’ system? is an excellent
example of this application. O

REFERENCES

1. Pat Snyder, Notes on Transmission Line
Speaker Theory, Speakerlab, Inc., n.d.
2. David B. Weems, How to Design, Build

and Test Complete Speaker Systems, Tab
Books, 1978.

3. A.R. Bailey, “A Non-Resonant Loud-
speaker Enclosure Design,” Wireless
World, Oct. 1965; and “The Transmission
Line Loudspeaker Enclosure, a Re-Examina-
tion...,” Wireless World, May 1972.

4. L.]J.S. Bradbury, “The Use of Fibrous
Materials in Loudspeaker Enclosures,”
Journal of the Audio Engineering Society,
April, 1976. (Reprinted in the AES
Loudspeaker Anthology, 1980).

5. Roger R. Sanders, “An Electrostatic
Speaker System,” Speaker Builder, Issues,
2, 3, and 4, 1980 series.

ABOUT THE AUTHOR

Gary Galo is an electronics techni-
cian/recording engineer at the Crane
School of Music, State University College
of Arts and Sciences, Potsdam, N.Y.,
where he teaches a course in Fundamentals
of Audio. He is also an instructor of music
at the State University Agricultural and
Technical College, Canton, N.Y. He was
previously a marine electronics technician
for Seatronics, Inc. of Greenport, L.L.,
N.Y., and taught music in the Rockville
Center, L.I., N.Y. public schools. He holds
a B.A. in Music Education and an M.A. in
Music History and Literature from the State
University College at Potsdam, N.Y. Heisa
member of the Audio Engineering Society.

DYNAMIC ACOUSTICS OFFERS

Resulting from the successful development and introduc-
tion of our unconventional and exciting loudspeaker line,
we can offer the hobbyist as well as the professional a

plethora of high quality components at reasonable prices.

PARTS N’ KITS TOO

Close tolerance Mylar and non-polar electrolytic capacitors, ferrite bobbin core chokes (inductors), advanced circuit designs,
level controls, L.E.D.'s, kits, unusual drivers including polypropylene, and more lead the list. A $2.00 investment secures a
catalog and complete speaker literature as well as future updates.

Don’t delay. Write to us now for
complete details and catalogs.
You'll be glad you did.

Model 3000 Helmholtz
Dual Port Resonator

yNaMiaM.'
4COousTiU

OUR CONCERN IS A SOUND COMPANY
P.O. Box 646 * San Ramon, CA 94583  (415) 820-5765

9 1/82 | Speaker Builder

As to our loudspeakers, our model 3000 Helmholtz dual port resonator is an industry first and the
only commercially available unit of its type (see Speaker Builder 3/80). It functions with an advanced-
designed 8" bass speaker and newly developed 1” soft dome tweeter. Output is measured 89dB at
27Hz not varying more than + 2 dB from 30-20,000 Hz!

CBS laboratories impressively reviewed this unit in the July, 1980, High Fidelity. They stated “'its
output in both—tests indicate an excellent dynamic range—tests confirm Dynamic's claim of ex-
tended low frequency output—bound to please a great many listeners—a harbinger of other in-
teresting products from this young company.”

For a limited time only you can purchase the incredible 3000 or other models directly from us at a
special price and receive, free of charge, a year's subscription (or renewal) to Speaker Builder!

NAME

Enclosed is $2.00 Please send complete info to:

ADDRESS _

CITY

STATE

ZIP




The Quad 63

by Rec WiLLiAMSON

AREGULAR FEATURE of our major hifi
show in the UK, is the panel "of
experts,” who are persuaded to come
together and answer questions from an
audience of exhibition visitors. Mostly,
the panel is drawn from contributors to
the hifi press rather than those who do
the work (!); but occasionally, it will
include someone such as my iconoclas-
tic self and one can only assume, for
the reason that I can be relied upon to
say something reactionary and add
spice to the proceedings. However, one
question came up at the last show
which gave me little difficulty and my
answer was accepted with general ac-
cord by my colleagues on the team.

We were asked to suggest which
were the three major audio develop-
ments over the past 50 years. For my
part, | interpreted the question to mean
genuine innovations that had advanced
the science of audio to a significant
degree; and my answer was swift and
unequivocal. First, the invention of the
transistor. Second, the invention of the
analogue to digital concept (and this
one just made it, since Reeves’ patents
were filed in the mid-1930’s). Finally,
and here my answer provoked a mutter
from the knowledgeable afficionados
in the audience, the successful develop-
ment of the world’s first commercial,
full range electrostatic loudspeaker 25
years ago.

It was back in the mid-fifties, before
commercial hifi as we now know it had
got off the ground, that most serious
development work was in the hands of
a enthusiastic few. They were often
professional engineers in other, unre-
lated disciplines whose interest in high
quality audio was primarily a part-
time activity. These were halcyon
years which saw the development of
many basic concepts, such as the well-
known Baxandall tone control that for
a very long while was one of the basic
"bricks” of preamplifier circuitry. At
about the same time, a series of articles
appeared in the august (and then,
much respected) periodical Wireless

World under the names of Peter
Walker' and my distinguished name-
sake, D.T.N. Williamson. They ex-
amined in great detail, many of the
possible design approaches for a new
loudspeaker using the electrostatic
principle. For anyone interested in the
subject, it is mandatory reading.

HISTORY

ES speakers, of course, were not new;
the principle was known prior to the
work of Rice and Kellogg on the mov-
ing coil speaker. Various practical ex-
amples had appeared before, usually as
simple tweeter units with their function
confined to handling the frequency
spectrum above, say, 1 or 2kHz. To go
much below that presented, so it was
thought, too many theoretical and
practical design problems. Those avail-
able commercial examples suffered
from many shortcomings, such as poor
efficiency, non-linear distortion and
unreliability.

Yet, to design engineers of Walker's
and Williamson’s calibre, these un-
solved problems presented a fascina-
ting challenge, with ultimate solutions
to them promising an exciting prospect
since the electrostatic concept had one
particular attraction over conventional
speakers using moving coil driver
units. It held out the tempting possibili-
ty of being predictable to a far greater
degree than hitherto considered feasi-
ble, and offered designers a reliable
preview of how a high quality loud-
speaker would perform at the design
stage long before prototype construc-
tion. This is in contrast to the “try it
and see” approach that even today is
often the dominant technique for de-
signers of moving coil or dynamic
speaker systems.

Since Peter Walker is, as then, the
major driving force behind other high-
ly successful audio products under the
Quad trade name, it was inevitable
that any results of this research would
find a practical outlet and indeed, they

Fig. 1. Quad’s new ESL-63 full range electrostatic
speaker.

did. In 1956, his Acoustical Manufac-
turing Company announced the pro-
duction of the world’s first full range
electrostatic loudspeaker. 1 well
remember the enormous stir it created
at the time, with long lines of enthusi-
asts at the audio show to hear the
wonder speaker. My chance didn't
come until some months later at a pri-
vate hearing in my home town. My
memories of that event are as vivid
now as they were then. Even the first
recording I heard remains with
me—NRita Streich singing “The Last
Rose of Summer” from Flotow’s opera
Martha. Not a very distinguished piece
of music, but I had never before heard
anything remotely equalling the sound
quality.

Interestingly enough, a Voigt horn
system [ once heard in a BBC studio
came very close. It is not without
significance that Walker regarded
Voigt’s “open window” concept as one
of the basic tenets of his design philo-
sophy. Voigt believed the reproduced
sound should be close to that which
one would hear when listening to the
real thing through an open window.
That idea was well to the fore in my
first impression of the first Quad ESL.
It seemed as if Rita Streich’s lovely
soprano with her accompanying music
were coming from somewhere behind
or through the loudspeaker, with a
freedom from coloration and distor-
tion that raised new standards.

LONGEVITY

At the time, I had begun to be in-
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terested in, and responsible for the
record playing gear of my local
gramophone (or recorded music) soci-
ety. It was obvious we were going to
have to have this new speaker, where it
also established the standard for us for
many years to come. We acquired our
first Quad ESL in 1957 and some four
or five years later, when stereo reared
its two heads we bought the second.
Right up to mid-1981, these two
speakers have served us well with only
infrequent servicing needs. Our stan-
dards of record reproduction at weekly
meetings throughout the year have al-
ways been high and have attracted
favorable comment from visiting
guests. Peter Walker was himself a
very welcome guest contributor in our
early days, providing one of the most
entertaining programs in the Society’s
history. He is, like all first class audio
engineers, a lover of good music and
an enthusiastic, active performer on
the flute.

The basic Quad ESL design has re-
mained fundamentally unchanged in
25 years and this alone must be some
sort of record. For how many mass
produced loudspeakers can claim unin-
terrupted production for the same
period and to have enjoyed commer-
cial success right up to the time that its
replacement is contemplated? Not
many, | wager. All designs involve ac-
ceptance of some compromise and the
Quad ESL was no exception. Its short-
comings were never concealed by the
company and any potential user had to
be ready to accept them. One was its
power handling capacity, which proud
owners of half kilowatt amplifiers soon
discovered was limited in comparison
to conventional moving coil systems. If
this was coupled with a predeliction for
hard rock or pipe organ recordings at
high level, the first casualties were the
speakers. On the other hand, those
users who sensibly matched it with
Quad’s own excellent power amplifier
or alternatively, read and observed the
details in the comprehensive specifica-
tion that came with it, at least in terms
of power handling capability, en-
countered no problems. Quad owners
also accepted that their ESLs would not
comfortably handle the 32 foot open
wood of a pipe organ. Yet despite these
limitations, it could give sustained
pleasure for many years—and did, for
many thousands of owners.

Quad ESLs had another important
failing. They were not ideal for stereo
due to certain radiation pattern defi-
ciencies. Thus Peter Walker continued
his work on a possible Mk 2 version in
the early sixties; in 1963 to be exact
since his first notes on the basic con-
cepts appear in the laboratory note
book of that year. To appreciate what
he set out to do, it is essential to remind
ourselves about the very nature of
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sound and how it is generated and pro-
pagated.

THEORY

Imagine what happens when you cast a
stone into a pool of water. Concentric
ripples, perfectly circular, radiate out
from the point of impact. This is what
happens when a source of sound radi-
ates into the surrounding conduction
medium—in our case, air. We live, in
fact, in a pool of air. If we could make
these sound waves visible, we would
also see them radiating out from the
source; again, perfectly circular. If the
frequency of the sound is of a periodic-
ity high in the spectrum, then these
concentric rings are tightly compressed
together; low frequency sounds have
their maximum and minimum layers of
compression and rarefaction spaced
much wider apart.
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Fig. 2. Cross section of a typical electro-
static drive unit with external circuit.

From this it follows that the ideal
reproducer of these radiation patterns
is a pulsating sphere—or alternatively,
a generator that would simulate the
same patterns; moreover, one that
would accomodate all the frequencies
of the spectrum with equal efficiency.
Such an ideal radiator would have
been thought impractical a couple of
decades ago. So in the world of ortho-
dox speakers, the design approach had
to be one of variations on a large

number of compromises. Multiple unit
systems to cover the spectrum ade-
quately and shaped cones to tailor the
radiation pattern; all familiar techni-
ques achieving varying degrees of suc-
cess. Peter Walker decided to tackle the
impossible and found the answers; but
it took 18 years.

Go back to that original ESL design,
which in the process created a large
number of highly difficult manufactur-
ing problems, none of which had arisen
before and yet, had to be solved before
a speaker could be made at all. The
basic design consisted of a light, thin
diaphragm of plastic which was made
weakly conductive and suspended cen-
trally between two outer electrodes.
The diaphragm was, in fact, so light it
weighed less than the air layers on
either side to which it imparted the
sound vibrations (Fig. 2). The
diaphragm is also given a constant
charge from a high voltage polarizing
source, the equivalent of the perma-
nent magnet in a moving coil unit. The
driving signal is fed across the two fix-
ed electrodes, so when one is negative
and the other is positive, the dia-
phragm will move towards one by at-
traction any by repulsion from the
other. Reverse the phase, as with an
audio signal, and the movement is the
other way; a genuine push-pull system,
and fully symmetrical.

ADVANTAGES

Now we come to some of the electro-
static speaker’s many advantages.
Since the diaphragm is driven over its
entire surface, it need not be very stiff
and thus, has little stored energy in it-
self. Also, because of an excellent im-
pedance match with the air, the system
requires no load in any form of
acoustic chamber, thus many of the
problems associated with cabinets
never arise.

The laws of physics, however, must
be considered, because if the size of the
radiating area is comparable with the
wavelength of frequencies being repro-
duced, spurious and unwanted multi-
ple lobes will also be generated over
the vibrating surface and in direct pro-
portion to frequency. These tend to in-
terfere with the desired radiation pat-
tern and in stereo, militate against a
firm and coherent image. Finally, a
perfectly flat radiator will not produce
ideally circular wave fronts.

Fortunately, most of these pheno-
mena are mathematically predictable.
In the original design some of these
problems were solved by using two
separate radiating panels. The higher
frequencies were handled by a narrow
strip in the center and the bass by two
rather wider strips on either side. In the
first production models, the crossover
point, around 1kHz, was mechanical



and relied upon the inherent inability
of the center diaphragm unit to
reproduce frequencies below the
nominal X-over point. However, since
the entire full spectrum signal was fed
to the whole speaker and the gap spac-
ing on the treble unit was smaller, it
was more prone to overload and to
subsequently fail. So post-1966 pro-
duction models incorporated a simple
high pass electrical filter in the signal
path to the center unit. Finally, to im-
prove the waveshape, the entire
speaker unit was curved gently in the
vertical plane.

So this was the ultimate production
model which in essence changed little
over the 25 years it enjoyed success
with its loyal devotees. Aesthetically,
it left much to be desired, but in many
important areas of performance it has
reigned unchallenged and set the stan-
dard by which others are often judged.

Yet, it was a 25 year old design with
many shortcomings recognized by its
creator; so a much improved successor
was, in time, inevitable. As one who
knows the company and has enjoyed
the friendship of the designer for many
years, however, it was evident that
unless the successor was a significant
advance on the first model, it would
never see the light of day commercial-
ly. Mere cosmetic catering for the
marketplace has never been the Quad
company’s style.

NEW MODEL

The new speaker’s existence became
strong rumor after the mid-sixties and
a few friends, including our editor,
were privileged under a pledge of dis-
cretion to see and hear it. In 1981, the
secret became reality with demonstra-
tions of the new speaker at the Audio
Engineering Society in London and Los
Angeles. Never before has a new audio
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Fig. 4. Input impedance of the ESL-63.

product had such a keenly anticipated
and prestigious start in life. With com-
mercial production starting in mid-
1981, already a long waiting list of
eager customers outstrips production
capability by many months.

Now, what is so startingly different
about the new speaker? Well, all of the
best characteristics of the old model
have been carried over into the new,
with improvements wherever practic-
able to take account of new materials
and techniques. It is, as before, a push-
pull design so again, compared with
the very best of moving coil systems, is
virtually free from generated harmonic
distortion. As one might expect from
an electrostatic, it has also an excep-
tional linear frequency response that
extends right up to 20kHz both on, and
to a substantial degree, off axis. Bass
end performance carries a claim of
only —6dB at 35Hz, sensitivity up by
3dB and power handling similarly im-
proved. Most important of all, the uni-
que characteristic of a bidirectional
radiating pattern has been retained.

The original design was an innova-
tion in this respect, in that being a

F16.3 direction of

region of negative
sound pressure

zero for field pressure

region of
positive sound pressure

Fig. 3. The radiation pattern of a doublet.

—’axis

dipole radiating source, it carries with
it significant benefits in terms of room
placement and stereo imagery. With a
sound dispersion pattern that re-
sembles a “figure of eight,” a dipole (or
“doublet”) (Fig. 3) radiates no energy
in the plane of its diaphragm and so,
does not excite room resonances that
lie in the plane of these axes. The front

PARTS LIST FOR FIG. 5.—

QTY REF NO. DESCRIPTION

4 Rup Rl-b 3R3n

4 Ries Rias 150k

4 Rs-Rs 360k

1 Re 1000

2 Ry Ri; 4k7

1 R.; 10M

2 Rl; Rl‘ 180k

1 Ris 1R5Q

1 Rye 2k2

1 R,y 68012

1 Ris 1200

1 Ry M

1 Ryo 10k

1 RV, Pre-set resistor 10k

2 VDR, VDR, Voltage dependent resistor
E298-22-06

10 C-Cio 22pF

2 Cu Cn 1OPF

4 ClJ-bcd ZZOPF

1 Cu 1#51:

1 Cis 47nF

8 Cu'Cz; 20nF

1 Cus 220uF

1 Cae 10nF

1 Cyr 330nF

1 ng 1000‘&1:

1 Ce 150nF

1 D, Bridge rectifier by 225-100

1 D, Zener Diode BZY 88C 15V

8 D;-Dyo Diode 1AV30

2 Dy, Dy, Diode 15920

1 D1, LED XC5053

1 D4 Bridge rectifier VM18

1 TR, Transistor 2N6489

1 TR, Transistor MPSU45

1 TR, Transistor E5270

1 T, Traic T6000B

1 T, Diac 2N4992

1 T, Triac MAC 92 3

12 Li-Ly, Coil

1 Lis Choke 22uH

2 s Audio transformer

1 Lie Mains transformer

1 FS, Fuse T100mA
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Fig. 5. Complete circuit of the ESL-63.
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and rear lobes are also 180 degrees out
of phase with one another, rather like a
ribbon microphone. In the new
speaker, the front and rear patterns are
identical so an audience both in front
as well as behind hear the same
sound—except the channels will ap-
pear reversed for those behind.

PATTERNS

With the speakers in a stereo set-up,
they will normally be placed at an
angle to the horizontal axes of the
listening room and excitation of both
horizontal axial modes is 3dB less than
one would get with omnidirectional
sound sources—whilst vertical modes
are discriminated against. The ratio of
direct to reflected sound is much
greater with a dipole source, giving
greatly improved location characteris-
tics to the stereo image.

Further improvements are extensive.
The old design presented to the
amplifier a somewhat awkward load
and wasn'’t far from looking like a pure
2uF capacitor. Understandably, some
amplifiers—especially those whose
feedback designs were not uncondi-
tionally stable—just didn't like it. In
fact, during the time I was doing
amplifier reviews, one of the manda-
tory tests was how it behaved on an
equivalent simulated load as presented
by a Quad ESL. The new one, whilst
still exhibiting some variations in load
around a nominal 8 ohms (Fig. 4) is
really now no worse than many con-
ventional systems and more important-
ly, is substantially resistive; so should
present no problems to a modern am-
plifier design.

PROTECTION

Incorporated now is a complex protec-
tion mechanism, for the designer has
apparently accepted as a fact of life
that users of the new speaker are not
going to do what might seem the sensi-
ble thing and complement it with a
Quad amplifier. The protection cir-
cuitry (Fig. 5) operates in progressive
stages via two independent circuits.
One limits the maximum voltage that
may be fed into the speaker and
another detects an imminent failure
mode, immediately short circuiting the
input signal, the so-called “crowbar”
technique. It follows, naturally, that
the amplifier itself must have reliable
overload protection circuitry and be
able to tolerate a short circuit across
the speaker outputs.

The first mechanism is the detection
of peak input voltages above a recom-
mended maximum, in this instance, set
at 40V. This brings in a “soft” limiter
whose operation is obvious to the
listener by the presence of audible non-
linear distortion and is the first warn-
ing of impending trouble, of too high
input signal to the speaker. Assuming
the situation is uncorrected, then per-
sistent peaks of excess voltage across
the fixed electrodes eventually pro-
vokes ionization of the air in the gaps.
The high frequency noise that accom-
panies the onset of ionization is sensed
by an antenna wire within the speaker
and running around the high voltage
circuitry. TR; detects this and in turn,
fires the 555 monostable for a fraction
of a second. Triac 71 fires to slap the
“crowbar” directly across the input and
if the overload persists, stays there as a

FIG. 6

L2/8 L3/9

L4110

L5111

L6n2 RS/7 R6/8

terminating resistor

R3/4

C13

Fig. 6. How the ESL-63 radiates a curved waveform.

steady short circuit. If an attempt is
made to operate the speaker without
the internal power supply on, there is
still the risk of excess signal volts
across the internal electrodes. In these
circumstances, the crowbar function is
triggered by breakover diode T, and
triac Ts.

SPHERICAL WAVES

Finally, the most remarkable innova-
tion of all: that trick of persuading a
flat diaphragm to behave as if it is a
perfect pulsating sphere, as theory
demands, and so producing the op-
timum radiating pattern for domestic
listening conditions. In those classic
series of articles to which I referred at
the beginning, Peter Walker acknow-
ledged the problem of the reactive cur-
rent that would flow in the plate-to-
plate capacitance at high working fre-
quencies and suggested this might be
solved by using several speaker
elements as the shunt C component in a
LC delay line. A patent published in
1971 subsequently described how this
matching arrangement might also be
used to deliberately tailor the radiation
pattern of a large diaphragm ES
speaker.

Then, a paper to the AES in 1979
made it apparent what was coming.
My diagram shows the ingenious
design technique that saw germination
as an idea 18 years ago. The fixed elec-
trodes are now subdivided concentri-
cally into six rings, (Fig. 6), separating
a small center area and the outer re-
maining section of the diaphragm. The
signal is fed to the center first; then via
an inductor to the first ring, and then
another five inductors, each tapped off
at each succeeding five rings. The
capacitance of each speaker element
plus the inductors simulates a tapped
delay line, with each section delaying
the sound to each concentric ring in
turn, moving outwards, by
20uSeconds. The effect will, I'm sure,
be fairly obvious.

The sound leaves the center area
first, then by the first inner ring
20uSecs later, the next ring 20uSecs
later still and so on.... So the sound
plane wave generated at the surface
assumes a domed shape (Fig. 7)
simulating a pulsating sphere that if it
actually existed, would occupy a posi-
tion some 30cms behind the speaker.
Another clever trick is to make the
coils of the delay line deliberately lossy
by means of shorted turns during
manufacture. This helps to preserve
the waveshapes as will be seen from the
plotted radiation pattern right up to
the highest part of the spectrum. One
assumes as well, that this intentional
tapering of the signal’s amplitude also
inhibits the production of secondary
lobes at high frequencies.
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So this outstanding example of
thinking about design problems as op-
posed to the traditional “cut and try it”
techniques with orthodox speaker sys-
tems has led to a solution of a seeming-
ly impossible problem. It has involved
the application of techniques from
many sciences—chemistry, physics as
well as electronics. Moreover, the
problems have, as before, been
substantially solved before the pro-
totype stage. Not, as is so often the
case, on the production line.

TESTING

Final testing of the production speaker
is a perfect illustration of this and is
confined to ensuring thal its principal
parameters match up with a reference
unit. My photos show the two main
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tests at the end of the production line,
the first being a straightforward one of
comparing the Z curves (Fig. 16). The
second is one I suspect no other
speaker manufacturer would dare at-
tempt (Fig. 17). The reference speaker
is fed with a pulsed square wave and
close by, the test speaker is fed with the
same signal but inverted in phase. A
high grade probe microphone is placed
centrally between the two and its out-
put displayed on a ‘scope. It follows
that if the signal level is identical from
both speakers, with uniformity of fre-
quency response—and the probe mike
is equidistant from both speakers
—then the signals at the mike will be
identical, but cancel one another by
virtue of being out of phase. That is
what happens and all one can see on
the ‘scope face is a straight line, with

ESL-63 Loudspeaker Specification
Manufacturer Source:

Dimensions Height 92.5cm (36.4")
Width 66cm (267)

Depth 27cm (10.6”) in-
cluding 15cm (6”) base

Weight Nett 18.7 kgs. (41.2 lbs.)
Gross 23 kgs.

A.C. Supply  240/200V 120/100V
50-60Hz S5VA

Impedance 8Q nominal

Sensitivity 1.5ubars per volt referred
to IM. (i.e.
86dB/2.83Vrms).

Max. Output  Continuous input voltage
10Vrms Programme peak
for undistorted output 40V
Permitted peak input 55V

Max. Output  2N/m? at 2m on Axis

Dir. Index 125Hz 5dB
500Hz 6.4dB
2kHz 7.2dB
8kHz 10.6dB

Axis Band Limits

(low level) —6dB at 35Hz 3rd order
—6dB>20kHz

FIG. 8

u--!i|

FERERE.

r
[
:E

i

Fig. 8. The ESL-63's fixed plates are concen-
tric ovals. The dark lines are the boundaries
of the rings.

L

some noise.

[ suggested that perhaps the final test
ought to include listening to some
music. “Whatever for? Oh, dear me,
no. No point. We leave our customers
to do that....” And as a customer, [
have now listened extensively and just
as with its forerunner of 25 years ago,
there is no doubt in my mind it is
destined to set the standard again by
which all true high fidelity speakers are
going to be judged for many years to

Text continued on page 18



ad’s people make
the ESL-63...

Fig. 9. Lilian Smith assembles a mandrel prepar-
ing to wind one of the 14 delay inductors in the
Quad-63 speaker.

e - . - RN

Fig. 12. One diaphragm sits atop the custom made jig which stretches the film evenly over the frame
before being bonded to it.

Fig. 10. A set of inductors just ready for potting.

£ -

Fig. 11. Lesley Richmond spreads a graphite slurry over the film before bonding it to its frame. The li-
quid makes the diaphragm slightly magnetic.

Speaker Builder / 1/82 16




Fig. 14. Joan Lawson uses a heat giin to remove

wrinkles from the dust cover of the speaker's

diaphragm. Fig. 17. Richard Ramsey does the "“cloning” test where the production line model is tested against a
measured standard speaker using a square wave, inverted in one, and both equidistant from a probe
mike. A good speaker “cancels” the standard one.

T e

Fig. 15. Judy Taylor does a final check on the
electronics.

Fig. 16. Testing the ESL-63 for impedance.
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OLD CGOLONY PARTS

P.O. Box 243, Peterborough, NH 03458

CAPACITORS

Metallized polypropylene capacitors non-
inductive, epoxy packages, copper leads and
high quality attachments. Low diefectric ab-
sorption. All are rated as +20% tolerance but
most are within & 10%. Values listed. A-Axial
leads; R-Radial leads. Total order oid €elony
Parts discounts apply.

VALUES AVAILABLE

630 Volt 400 Volt 250 Volt 160 Volt
uF .001 022 A
00| 0015 033 15
.0022 .0033 047 22
.0047 0047 .068 33
0l 0068 A 1.0
N 0l 2.2
022 4.7

033
047
068
A
47

GOLD PLATED CONNECTORS

Our connectors and associated hardware are
23.9K gold plated (0.000020" gold). This is a
plate of the highest quality, and has been cho-
sen for its suitability in electronic contact appli-
cations.

PHONO PLUG

A shielded (gold plated brass handle) plug that
mates well with our gold plated phono jack as
well as the gold plated phono jacks commonly
and now on high quality equipment.

PHONO JACK A

A jack that mounts from the rear of the panel
(up to '3%." thick) in a hole of %" diameter.
The design allows the hex brass body to be
firmly held, while the external nut is completely
tightened. This results in an installation that is
free from the loosening problems commonly
encountered in panel mount phono jacks. All
hardware is supplied in gold plate to insure op-
timum grounding continuity.

PHONO JACK B

Conventional front-of-panel mount with wash-
er, lug, and nut mounting on rear of panel. Re-
quires 4" hole. All hardware gold plated.

NYLON INSULATORS
Sold in sets of ten, each insulator consists of a
nylon step washer and flat washer.

%" SIZE: Large insulator for our phono jack
described above, and other 34" con-
nectors. Requires '4,"" mounting hole.

', SIZE: Can be used on phono jacks from
H.H. Smith, Keystone and Switch-
craft (3501FP). This insulator fits our
older gold plated phono jack. Also
useful for the insulation of metal ba-
nana jacks (H.H. Smith # 101, # 109;
Pomona #3267, E.F. Johnson
#108-0740-001.)

PRECISION METAL FILM RESISTORS:

Meet Specs for: MIL RI10509 RN55, Ml 55182
RNR55

Tolerance: < 1%
Max. Power: 0.35 W @ 70°C, derated linearly
to0OW @ 165°C.
Max. Voltage: 250 V
Temperature Coeffecient: 50 ppm/C*
Current Noise: < .05 uV/v to 10k
< .l uViv to 100k
< 25uWivto IM
DIMENSIONS:
po—6lmm ..1_*
— ~(E)—F— %
ot F 2 sbmm
M 73—l

VALUES:

For those of you unfamiliar in working with 1%
metal film resistors, we might note that the val-
ues given are on the MIL-BELL scale. These are
usually within | % to 12% of the corresponding
IEC E24 values commonly used in domestic
equpment. This gives a consistently much
tighter tolerance to the specified value that a
5% or even 2% carbon film resistor. At the
same time metal films provide less than half the
noise, and much greater temperature, time
and load stability, and better linearity than car-
bon film or composition types.

VALUES AVAILABLE

10 100 I k 10 k 100k
20 1o Ik 4k 110k
27.4 12} .21k 12,1k 121k
30.1 130 1.3k 13 k 130k
39.2 150 1.5k 15 k 150k
47.5 162 1.62k 16.2k 162k
68.1 182 1.82k 18.2k 178k
75 200 2 k 20 k 200k
825 221 221k 22.1k 221k
90.9 249 2,43k 243k 243k
274 2.74k  27.4k 274k
301 3.0lk 30.1k 301k
332 332k 33.2k 332k
365 3.65k 36.5k 365k
392 392k 39.2k 392k
432 432k 43.2k 432k
475 475k 47.5k 475k
St S5.01k  Sh.lk SlIlk
562 5.62k 56.2k 562k
619 6.19 61.9 61%
681 6.8lk 68.1k 681k
750 75k 75 k 750k
825 8.25k 82.5k 825k
909 9.09% 90.9k 90%
| MEG

Send a stamped #10 self-addressed
envelope to Old €eleny Parts, Box
243, Peterborough, NH 03458 for full
details and price list.

Fee == S LS e Tt
THE QUAD 63

Continued from page 15

come. I use the term “high fidelity” ad-
visedly and with its exact dictionary
meaning very much in mind: faithful
ness. In complete contrast with what
seems to be a popular trend in hifi
speaker design, the new Quad ESL has
no personality of its own to impose
upon the reproduced sound and one
can only recognize its unique charac-
teristics by the sheer lack of them. One
of the most difficult sounds to
reproduce with perfect fidelity is the
human voice and is one of the first tests
[ always perform. The new speaker
does it with unnerving accuracy and
with one’s back to it, one can easily be
fooled into confusing reproduced
sound with the real thing.

REVELATIONS

Peter Walker once commented about
his speaker, that if you didn't like what
was coming out of it, worry about
what was going in. And he is right. The
ESL-63 is quite ruthless in exposing less
than ideal recording balance and parti-
cularly in revealing the deficiencies in-
herent in multimike, multi-tracking
techniques now all too prevalent in the
recording industry. A multimike
balance sounds exactly like a gaudy
picture postcard, just as thin and ar-
tificial with individual instruments sit-
ting in their own individual little com-
partments in the sonic stage. One the
other hand, a simple coincident set-up,
or one using minimum miking, usually
yields a beautiful, natural sound with
depth and spaciousness. A good live
broadcast oftens gives the impression
of actually being there in an ideal seat
in the concert hall.

The ESL-63 is a totally homogeneous
sound source, phase free and very
aperiodic; and unlike that which is
quite unavoidable with multiunit
speaker systems, the frequency re-
sponse both on and off axis is com-
pletely free from major irregularities.

It is no accident that one of the early
users of the new speaker is a major
European record company. Judging by
their issues since the new speaker came
into use as a quality monitor, its in-
fluence is going to be highly beneficial.
This enthusiast is left in no doubt, the
development of the Quad ESL-63 is the
most exciting audio event for over two
decades.

At the time of writing, I am also
prepared to predict that the genius
behind it will be recognized by a
number of prestigious awards during
1982. All richly deserved too. O
REFERENCE
1. Walker, P.J., “ Wide Range Electrostatic

Loudspeakers,” Wireless World, May, June,
August, 1955,
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FUJITECH auoio s

This Integrated Tube amp is winning wide acclaims from kit-building
audiophiles all over Japan. Superior performance achieved by:

1. Handcrafted output transformer that is virtually distortionless
within its power rating, due to special winding techniques
which result in widest frequency response and minimum
phase shift.

2. Latest Japanese design with choice of UL (Ultra-Linear) or
Triode Output (for Class-A like performance).

3. Hum-free PCB layout for both preamp and power amp. = —
4. High quality components and instrument-like XKIT ONLY
construction techniques. $499.00 $ 499.00
.' SPECIFICATIONS
WIS Tube Compliment: 6CA7(4), 12AU7(2), 6AQ8(1), 12AX7(4)
Power Qutput (UL Mode) 30W x 2(49Q, 8Q), 25W x 2 (16%2). Both
channels driven
(Triode Mode) 15W x 2(49, 8Q2), 11W x 2(16Q). Both
channels driven
THD: Below 0.4% (82, 1kHz, 30W)
Intermodulation Distortion ~ Below 1% (82, 30W, 60Hz:7kHz=4:1)
Frequency Response 30~ 30,000Hz (within —1dB, 82, 1W)
input Sensitivity Phono: 2.2mV, TUNER AUX, Monitor
-1, 2;190mv
SN Ratio (1HF-A weighted) Phono: 72dB, TUNER AUX, Monitor -1,

2;92db

MODEL A501 POWER AMP $ 299-00

Pure Class A 25W + 25W

Switchable to Class AB 100W + 100W

Switchable to Bridge Class A 100W mono

Switchable to Bridge Class AB 300W mono

Frequency Response 5-200kHz (-1dB)

Signal-to-Noise Ratio 120dB

Non-magnetic Chassis

**Qut-board’’ comprehensive protection circuitry

DC circuitry with limited use of NFB

High Efficiency Fluid Convection Cooling KIT ONLY

THD under 0.007% $299.00

* % % % % % b b b % %

MODEL A502 DC STEREQO CONTROL CENTER
Direct DC coupling from Input to Output
DC servo circuitry
Cascade FET Input in all stages
Separate Moving Coil RIAA amplifier
Distortion below 0.005% (3V)
Max Output 15V
Frequency Response 20Hz-20kHz + 0.2dB
Maximum Phono Input

MC = 16mv RMS (1kHz)

MM = 270mv RMS (1kHz)
$ 349-00 Built-in Headphone amplifier KIT ONLY

Relay Output Muting $349.00

FUJITECH ALL KITS MADE IN JAPAN

Send $5.00 for each assembly manual, refundable with order
MONARCHY ENGINEERING, INC., P.0. Box 5517, 380 Swift Avenue, Unit 21, South San Francisco, CA 94080
VISA or MASTERCARD ACCEPTABLE

* % % % % % % %

* %

disc0/Fujitech/ 2s&3



Thiele, Small & Vented Loudspeaker Design
Part V: Sixth Order Alignments

ALOUDSPEAKER SYSTEM'S response
curve is often modified by the use
of electronics, such as rumble filters or
graphic equalizers. If the modification
component is a high pass filter especial-
ly tailored to the loudspeaker charac-
teristics, then the loudspeaker/filter
combination is called a higher order
speaker system. The order of the sys-
tem is that of the speaker (closed box
= 2, vented box = 4) plus that of the
filter. In his famous paper on vented
boxes, Thiele! introduced the notion of
a higher order system and tabulated
several fifth and sixth order alignments
for vented boxes. In reference 2 he gave
a convincing argument for their superi-
ority over the usual fourth order align-
ments.

This led me to generate an extensive
set of sixth order alignments using
Small’s® vented box model so that box
losses (Q.) could also be incorporated
into the design. With these tables it is
quite practical for you to design and
construct your own sixth order vented
system. Why should you want to use a
more complicated system? My experi-
ence has been just as Thiele predicted:
the result gives an obvious improve-
ment in sound quality. Surely you
would like to verify this yourself.

THIELE'S ARGUMENT

Why does a higher order vented system
perform better? According to Thiele?,
it is because the filter will reject sub-
sonic frequencies. Most of the informa-
tion in this band is not part of the pro-
gram material but noise from a variety
of sources. Vented loudspeakers are
very sensitive to this noise, which
causes large random cone excursions
apparently unrelated to the program.
Even though the noise is inaudible, it
causes distortion at audible frequencies
and reduces the potential power handl-
ing ability of the system.

by Rosert M. BurrLock III

Those of you who use vented boxes
are probably well aware of this defi-
ciency and have found that the use of a
rumble filter will eliminate the cone
flapping and clarify low frequency re-
production; A higher order vented sys-
tem includes its own rumble filter, de-
signed specifically to complement the
box response.

Thiele indicates that the low fre-
quency noise problem can be adequate-
ly solved in vented systems by using ei-
ther a fifth or sixth order alignment, so
that there is no need to consider higher
orders. It would appear then that the
fifth order system is the natural choice,
since it uses the simplest filter. Why did
I choose to concentrate on sixth order
alignments? They do offer additional
noise reduction over the fifth, but that
was not the deciding factor. Fifth order
responses are much like fourth in that
each possible response corresponds to
only one possible alignment. But, be-
cause of the mathematical nature of
sixth order responses, each can be real-
ized by any one of three different align-
ments. This increased richness in align-
ment possibilities sold me.

POSSIBLE RESPONSES

In deciding what responses are desir-
able, it is natural to consider the sixth
order versions of the fourth order re-
sponses I have described in earlier ar-
ticles, i.e., quasi-Butterworth, Cheby-
shev, Boom-Box, etc. Qualitatively,
the sixth order responses resemble their
fourth order counterparts quite close-
ly. As Fig. 1 illustrates, the main differ-
ence is that sixth order responses will
typically remain more nearly flat in the
pass band but will eventually roll off
taster.

Since each sixth order response
yields three alignments, I felt there was
no need for alternatives and considered
only the sixth order quasi-Butterworth

(QBs)-sixth order Chebyshev (C,) re-
sponse series. So you may think of
these alignment tables as the sixth or-
der analogues of the tables in my first
article.

THE ALIGNMENTS

To distinguish between the three
alignments obtained from a given sixth
order response I will follow Thiele! and
refer to them as class I, II and III.
Tables 1 through 6 list class I align-
ments, Tables 7 through 12, class II
and 13 through 18, class III. As in the
past, tables are given for the box loss
values (Q;) of 3, 5, 7, 10, 15, 20.

From the tables themselves, it is not
clear which alignments come from the
same response. To give you some idea
of this relationship, consider the Q, =
7 tables and let’s take the sixth order
Butterworth response. Remember, this
response marks the transition from
QBs to C,. The class I (Table 3) align-
ment closest to this response is Qr
.31, while the class Il (Table 9) is Qr
.43 and the class II (Table 15) is Qr
.55. Thus, it is possible to get the same
Butterworth response from drivers
with any one of these Q; values, as
long as they all have the same resonant
frequency fss. In other words, the same
response can be realized from three dis-
tinct vented boxes. Of course the filter
requirements will also be different in
each case.

THE BOX

The first four columns in the tables are
used exactly as those in the earlier
fourth order tables. With this informa-
tion you should now have no trouble
designing, building and adjusting the
loudspeaker. All the necessary infor-
mation is contained in the first three
parts of this series. I should point out
that the f; value determined from the
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table will be the cut-off frequency of
the system including the filter and not
that of the box operating alone.

THE FILTER

The columns headed f./fs and A give
the necessary information for realizing
the filter. For those of you familiar
with filter theory, build an active, sec-
ond order high pass filter with Q =
1/A and characteristic frequency f, =
(f./fs)+fss where fsg is the driver reso-
nant frequency in the enclosure.

For those of you like myself without
the electronic expertise to scratch build
your own filter, I have included a filter
design supplement. It contains step by
step instructions for building the filter
using an Old Colony kit [KF-6]. This
method is very easy to use and gives
dependable results.

The completed filter is placed be-
tween the preamplifier and amplifier in
a monoamplified system. If you multi-
amplify place it after the active cross-
over if A < +/2 and before it if A >
2. The reason for this is that if A>
/2 then the filter attenuates all fre-
quencies to some extent and so will de-
crease the demands on the crossover. If
A < +/2 then the filter provides lift
over a certain frequency band. Placing
it before the crossover in this case
would increase crossover demands un-
necessarily.

THE RESPONSE TYPE

The information in the ripple column
serves two purposes. First, if the col-
umn is empty the response will be QBs,
while an entry denotes a C,. Second,
all C, responses exhibit some amount
of ripple in the pass band. An asterisk
in this column means the ripple is less
than .01dB, while a number is the ac-
tual ripple value. The ripple values
reach tﬂelr highest levels in the class I
alignments, Even here, I doubt the
response variation would be audible.

The driver constraints for sixth order
alignments are much the same as in the
fourth order case. Any driver with
Q(=Qys adjusted for series resistance
and amplifier damping) between .2 and
.75 can be used, with two alignments
possible for the Qr range between .3
and .5.

Those of you hoping that a sixth
order alignment will necessarily allow
significant decrease in box volume will
be disappointed, since it depends on
the alignment. All class III and high Q-
class I alignments use smaller boxes,
but the rest do not.

COMPARISONS
A class I alignment offers a lower cut-

off frequency than a fourth order
system of the same Qr because of bass
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FIG. |

RELATIVE OUTPUT IN db

FREQUENCY

Fig. 1. Comparison of hypothetical sixth (top) and fourth (bottom) order responses.

TABLE 1

QB; AND C, ALIGNMENTS—CLASS {

Q =3

h a ffs s

A

rﬂ)ple

42: 491 2.0001 1.9995
.36
31
26:
22
18

14
1

.09
0877

0 1.
1
1
1
1
i
15
1
1
1
1.0466
1.0285
1.0135
1
9919 1.6073
9798 1.4679
.9657 1.3397 .
.9500 1.2227 .
9332 1.1167 .
9155 1.0213 .
.8973 .9360
.8599
7923
.7323

6326 .
6103 .

7329 4605

TABLE 2

28 6.
43
18 5.0843 1.7988 1.7979 .
47 4.5722 1.7098 1.7087 .
23 4.1230 1.6271 1.6258 .
42 3.7268 1.5498 1.5482 .
99 3.3757 1.4770 1.475% .
193 3.0633 1.4080 1.4057 .
9 2.7841 1.3420 1.3392 .
25338 1.2781 1.2748 .
2.3087 1.2155 1.2116 .
2.1059 1.1527 1.1484 .
1.9228 1.0876 1.0836 .
0017 1.7575 1.(9)162 1.0147 .
.8843 .
8334 .
7891 .
7501 .
7156 .
.6848 .
6573 .

5902 .
5719 .
5554 .
5403 .
.5265 .
5139 .
5023 .

6.3 6162
5.6715 1.8951 1.8944 .
20

QB, AND C, ALIGNMENTS—CLASS |

QL=5

h a s fMs

1.3625 6.6952 1.9201 1.9195
1.3081 5.9843 1.8179 1.8170
1.2595 5.3684 1.7237 1.7227
1.2161 4.8314 1.6365 1.6352
1.1772 4.3605 1.5551 1.5536
1.1425 3.9453 1.4786 1.4767
1.1117 3.5776 1.4061 1.4038
1.0843 3.2506 1.3367 1.3339

1.0604 2.9587 1.2694 1.2660 .
1.0397 2.6974 1.2029 1.1990 .
1.0223 2.4631 1.1356 1.1313 .
1.0083 2.2527 1.0640 1.0605 .
.9980 2.0640 .9814 .9830 .
9123 .
.85633 .
.8030 .
7594 |
J213 .
.6877 .
65681 .
6317 .
.6082 .
5872 .
5684 .
5615 .
5362 .
5224 .
5099 .
4985 .
4881 .
4786 .

.9872 1.8906
9741 1.7304
9591 1.5838
9427 1.4507
9253 1.3310
9074 1.2239
.8892 1.1288
8712 1.0445
.8536 .9700
9043

9051
.8426
7900
.7451
.7061
6720
6421
6155
.5920
5710
5622
.5354
.5202
.5065
.4940
4827
4724
4630

A

6159
6153
6144
6133
6118
6097
.6069
.6029

rlpple

.27 1.0713 3.3304 1.3065 1.3034 .
.28 1.0488 3.0336 1.2380 1.2344 .
.29 1.0297 2.7682 1.1696 1.1655 .
.30 1.0140 2.5305 1.0987 1.0945 .
31 1.0021 2.3178 1.0196 1.0181 .

A

6158
6151
6141
6129
6111
6088

.1598

ripple

TABLE 3
QB, AND C, ALIGNMENTS—CLASS |
. =7

Q, h a 8 fis
.20 1.3391 6.8392 1.8878 1.8871
.21 1.2864 6.1148 1.7865 1.7856
.22 1.2394 5.4872 1.6931 1.6920
.23 1.1974 4.9401 1.6065 1.6051
24 1.1600 4.4604 1.5254 1.5238
25 1.1267 4.0376 1.4491 1.4471
26 1.0972 3.6632 1.3764 1.3739 .

32 9922 21256 .9341 .9304 .
33 9799 1.9474 8645 8741 .
34 9656 1.7838 .8068 .8192 .
35 .9496 1.6350 .7581 .7720 .
36 932515008 7162 .7312 .
37 9148 13807 6798 .6955 .
38 8967 1.2740 6480 .6640 .
39 .8787 1.1795 6201 .6363 .
40 8610 1.0962 .5954 6117 .
41 8430 1.0228 .5735 .5898 .
42 8275 9582 5541 5703 .
43 8119 9013 5367 .5529 .
44 7971 8511 5211 5372 .
45 7832 8066 .5071 .5231 .
46 7701 .7671 .4945 5104 .
A7 7577 .7320 .4830 .4989 .
48 7461 .7005 4726 .4884 .
49 7352 6723 4632 .4789 .
50 7250 .6468 4545 .4702
TABLE 4
@B, AND C, ALIGNMENTS—CLASS |
Q =10
@ h a G L

720 1.3225 6.9456 1.8642 1.8634
.21 1.2709 6.2113 1.7635 1.7626
.22 1.2250 5.5753 1.6707 1.6695

.32 .9874 2.1715 .9016 .9091
33 9741 1.9902 .8363 .8473
.34 9590 1.8244 .7818 .7951
35 .9424 16743 .7356 .7502
.36 .9249 1.5396 .6959 .7113
37 .9069 1.4196 .6614 .6773
.38 .8889 1.3134 .6312 .6474
39 8711 1.2197 .6047 .6210
.40 .8539 1.1373 .6814 .5977
41 8373 1.0648 .5607 .5770
42 8215 1.0012 .5423 .5586
.43 8066 .9451 .5259 .5421
44 7925 .8957 .5113 .5274
.45 7793 .8520 .4981 .5141
46 7670 .8132 .4862 .5022
A7 7554 .7786 .4755 .4914
48 .7446 .7477 .4658 .4816
49 7345 .7199 4569 .4727
50 .7251 .6949 .4468 .4645

A_—

6157
6149

6139
.23 1.1842 5.0208 1.5844 1.5830 .
.24 1.1478 4.5347 1.5036 1.5018 .
.25 1.1156 4.1063 1.4272 1.4250 .
.26 1.0871 3.7272 1.3543 1.3516 .
.27 1.0623 3.3903 1.2837 1.2805 .
.28 1.0409 3.0900 1.2142 1.2104 .
.29 1.0230 2.8217 1.1439 1.1396 .
.30 1.0087 2.5819 1.0691 1.0655 .
31 .9982 2.3678 .9821 .9837 .

4107
3746

.3439
3176
.2947
.2748
.2574
.2420
.2284
.2163
.2054
1957
1870
1790
1718
.1652
1692
.1536

ripple



lift supplied by the filter. The peak
amount of lift is given by

peak lift (dB) = 10 log(4/(4A2—A%))
and it occurs at a frequency f, given by
t, = V2/(2—A) (£,/€s)ss

The formulas are valid if A< /2.
Otherwise the filter attenuates all fre-
quencies. The peak lift of class I filters
ranges from 4.6 to 16.7dB and occurs
at a frequency near f;. This means that
the low frequency demands on the
amplifier will be greater than they
would be in a fourth order system.
Consequently, it may not be possible
to achieve acceptable sound levels at
higher frequencies. The filter lift may
also increase cone excursion require-
ments in the pass band, even though
_they are greatly reduced at subsonic
frequencies. For this reason class I ex-
cursion requirements could exceed
those found in the pass band of a
fourth order system for the same
driver.

These problems can occur only when
the program spectrum actually con-
tains frequencies around f,. So, if the
peak lift is at a low enough frequency
they should appear only when playing
unusually wide spectrum material. As
a practical matter, I have never been
able to identify any amplifier clipping
in my system, which uses a class I sub-
woofer. However, I have heard driver
bottoming on occasion. Even when it
doesn’t bottom it can rattle quite loud-
ly. My cure is to decrease the volume
and be satisfied with lower output
levels. Another cure is to use a driver
with larger excursion and/or cone
area.

For drivers with Q; between .3 and
.5, the alternative class II alignment
can be used to eliminate the above
problems. In many of these alignments
A>+/2 so the filter attenuates, but
even when it lifts the amount is never
more than 3.5dB.

You may object to the fact that class
II cutoff frequencies are higher, but so
also are its potential sound pressure
levels. The maximum SPL capability of
my present class I subwoofer system
could be increased by about 8dB if I
converted it to class II. This figure is
based on large signal behavior as
analyzed by Thiele* and Small?

Finally, a comment about class III
alignments. When compared to fourth
order alignments of the same Q,, Qr,
they seem to offer less since the system
cutoff is higher. But, because of this
and the fact that A is always greater
than /2, class IIl systems should pro-
duce much higher sound levels. Also,
1the box volume averages about 20%
ess.

A CONVERTIBLE SYSTEM

As | mentioned in my SB (2/81) article

some fourth order alignments can be
changed to sixth order if the box is
oversized. | offer a refinement of this
idea in which three different align-
ments can be realized from the same
driver and box size.

For this option, choose a driver
whose Q; is between .3 and .4. Deter-
mine the box sizes needed for the
standard fourth order, class I sixth or-
der and a class Il sixth order align-
ments. Then build a box whose size is
midway between the largest and small-
est of these. Now, the actual a will be
in error in all three alignments, but
never by more than 7%, even includ-
ing the space taken up by the vents.
This amount of error in « will cause at
most a negligible .5dB response varia-

, =

TABLE 5
QB, AND C, ALIGNMESNTS—CLASS |

Q, h a t.its M A ripple

.20 1.3100 7.0275 1.8461 1.8454 6156

.21 1.2594 6.2857 1.7460 1.7450 .6148

.22 1.2143 5.6432 1.6535 1.6523 .6137

.23 1.1743 5.0831 1.5674 1.5660 .6122

.24 1.1387 4.5922 1.4867 1.4849 .6102

.25 1.1073 4.1597 1.4103 1.4080 .6073

.26 1.0797 3.7769 1.3371 1.3343 .6032

.27 1.0556 3.4369 1.2660 1.2626 .5971

.28 1.0351 3.1340 1.1955 1.1914 5876

.29 1.0182 2.8637 1.1232 1.1189 .5718

.30 1.0050 2.6255 1.0445 1.0417 .5425

31 .9951 2.4066 .9541 .9579 .4879 *

.32 9834 2.2072 .8778 .8867 .4379 *

33 9695 2.0236 .8155 .8275 .3967 *

.34 9537 1.8564 .7634 .7772 .3621 *

35 .9368 1.7056 .7190 .7341 .3325 *

.36 9190 1.5707 .6809 .6966 .3071 01

37 .9010 1.4510 .6477 .6638 .2851 01

.38 .8831 1.3453 .6188 .6351 .2660 .02

.39 .8655 1.2523 .5934 .6098 .2491 04

.40 .8486 1.1706 .5710 .5874 .2343 .06

.41 8325 1.0990 .5513 .5676 .2212 .09

.42 8172 1.0361 .5337 .5500 .2095 12

43 .8029 .9808 .5181 .5343 .1991 16

.44 7894 9320 .5041 .5202 .1897 .20

45 7768 .8889 .4915 5076 .1812 .25

46 7651 .8506 .4083 .4962 .1736 .30

47 7541 .8164 .4701 .4860 .1666 .36

.48 7439 .7859 .4608 .4767 .1602 .42

49 7344 .7586 .4524 .4682 .1544 49

50 .7255 .7339 .4448 .4605 .1490 56
TABLE 6

QB, AND C, ALIGNMENTS—CLASS |

Q =20

Q, h a Gits  tit, A ripple

.20 1.3039 7.0682 1.8372 1.8365 .6155

21 1.2537 6.3227 1.7373 1.7364 6147

.22 1.2091 5.6770 1.6450 1.6438 .6136

23 1.1695 5.1142 1.5590 1.5576 .6120

.24 1.1343 4.6209 1.4784 1.4765 .6099

.25 1.1033 4.1863 1.4019 1.3996 .6069

.26 1.0760 3.8017 1.3285 1.3257 .6026

.27 1.0524 3.4602 1.2571 1.2536 .5962

.28 1.0324 3.1561 1.1860 1.1819 .5860

.29 1.0159 2.8848 1.1126 1.1083 .5688

.30 1.0033 2.6430 1.0315 1.0292 .5360

319935 2.4259 .9406 .9455 4792  *

32 9814 2.2250 .8663 .8758 .4303 *

33 .9671 2.0404 .8054 .8178 .3899 *

34 9511 1.8725 .7544 .7686 .3560 *

35 .9339 1.7214 7110 .7262 .3270 *

.36 .9161 1.5866 .6736 .6894 .3021 .01

37 .8981 1.4670 6411 .6573 .2805 .01

.38 .8802 1.3616 .6128 .6291 .2616 .03

.39 .8628 1.2690 .5879 .6043 .2451 04

40 8461 1.1878 .5661 .5824 .2306 .07

41 .8302 1.1166 .5467 .5631 .2177 10

42 8152 1.0541 .5296 .5458 .2062 13

43  .8011 9991 .5143 .5305 .1960 17

.44 7880 .9507 .5006 .5168 .1868 .22

45 7757 9078 .4884 .5045 .1785 .27

46 .7642 .8698 .4774 .4934 1709 .32

47 7536 .8359 .4675 .4834 .1641 39

48 7437 .8056 .4585 .4743 .1578 .45

49 7345 .7784 .4503 .4661 .1521 52

50 .7259 .7539 .4428 .4586 .1468 .59

tion. In other words, for all practical
purposes, the box volume will be cor-
rect for all three alignments. Then,
with the necessary vent and/or filter,
the system will be standard fourth
order, sixth order class I or sixth order
class 1I.

I am in the process of completing a
subwoofer system designed in this
way. | expect to use the class Il mode to
produce high sound levels and the class
I to reach very low frequencies. For ex-
ample, on organ music, | would
operate class I but would convert to

TABLE 7
QB, AND C, ALI(Q;NMENTS—CLASS il

Q. h a s s A ripple

.30 2.0450 2.1652 2.2706 2.2633 1.6152
31 1.9684 1.9734 2.1790 2.1707 1.6146
.32 1.8960 1.7992 2.0921 2.0825 1.6139
.33 1.8272 1.6406 2.0093 1.9984 1.6131
.34 1.7616 1.4957 1.9301 1.9178 1.6121
.35 1.6989 1.3631 1.8543 1.8401 1.6109
.36 1.6387 1.2412 1.7812 1.7651 1.6094
.37 1.5806 1.1290 1.7106 1.6922 1.6075
.38 1.5244 1.0253 1.6420 1.6210 1.6052
.39 1.4696 .9293 1.5749 1.5510 1.6021
.40 1.4159 .8399 1.5090 1.4817 1.5982
41 1.3627 .7565 1.4437 1.4124 1.5928
.42 1.3094 .6780 1.3781 1.3425 1.5854
.43 1.2551 .6037 1.3113 1.2712 1.5745
.44 1.1985 .5320 1.2419 1.1977 1.5677
.45 1.1380 .4611 1.1679 1.1228 1.5301
.46 1.0736 .3882 1.0896 1.0535 1.4850
.47 1.0133 .3134 1.0163 1.0072 1.4279
48 9623 .2435 .9549 9804 1.3753 *
49 9112 .1846 .8970 .9517 1.3224 *
.50 .8610 .1355 .8431 .9213 1.2697 *

TABLE 8
QB, AND C, ALlQGNMENTS—CLASS 1}
L =

Q; h a fJts  tUs A ripple

.30 1.8132 2.6146 2.0653 2.0566 1.6142
31 1.7465 2.3840 1.9801 1.9700 1.6134
.32 1.6832 2.1746 1.8989 1.8873 1.6124
.33 1.6230 1.9837 1.8213 1.8079 1.6112
.34 1.5655 1.8092 1.7467 1.7313 1.6096
35 1.5102 1.6492 1.6748 1.6570 1.6077
.36 1.4568 1.5019 1.6049 1.5844 1.6051
.37 1.4049 1.3658 1.5368 1.5130 1.6018
.38 1.3540 1.2396 1.4696 1.4422 1.5974
.39 1.3036 1.1219 1.4028 1.3711 1.5912
40 1.2529 1.0112 1.3354 1.2988 1.5822

41 1.2007 .9060 1.2659 1.2244 1.5682
42 1.1453 .8038 1.1922 1.1473 1.5450
.43 1.0849 .7010 1.1123 1.0713 1.5040
44 1.0249 .5963 1.0320 1.0144 1.4424
45 9728 .4980 .9644 .9859 1.3819 *
46 9218 .4139 .9016 .9572 13212 *
47 8708 .3436 .8427 .9256 1.2698 *
48 .8215 .2858 .7887 .8927 1.1991 *
49 7751 .2384 .7399 .8595 1.1408 *
50 .7322 1995 .6965 .82721.0857 *

TABLE 9
QB, AND C, ALIGNMENTS—CLASS I

, =

Q; h a f.)is Ll A

.30 1.7333 2.7672 1.9902 1.9808 1.6138
31 1.6699 2.5234 1.8070 1.8961 1.6128
32 1.6097 2.3018 1.8276 1.8149 16116
.33 1.5523 2.0998 1.7515 1.7368 1.6101
.34 1.4974 1.9150 1.6782 1.6612 1.6082
.35 1.4445 1.7453 1.6071 1.5875 1.6058
.36 1.3932 1.5890 1.5379 1.5150 1.6026
.37 1.3430 1.4442 1.4698 1.4432 1.5982
.38 1.2934 1.3094 1.4022 1.3712 1.5921
.39 1.2436 1.1830 1.3339 1.2979 1.5831
40 1.1923 1.0630 1.2635 1.2224 1.5690

ripple

41 1.1379 .9464 1.1886 1.1438 1.5452

42 1.0783 .8294 1.1070 1.0665 1.5021

43 1.0184 .7109 1.0253 1.0108 1.4370

.44 9677 .6014 .9566 .98311.3738 *
45 9165 .5080 .8921 .9537 1.3094 *
.46 8653 .4301 .8319 .9212 1.2440 *
47 8159 .3663 .7768 .8872 1.1795 *
.48 7696 .3145 .7273 .85311.1176 *
49 7270 .2725 .6836 .8200 1.0592 *
.50 .6887 .2384 .6452 .7888 1.0053 .01
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class II when playing material such as
Telarc’s 1812 Overture. Some low fre-
quency information in the cannon
shots would surely be lost, but I expect
to be able to reach more realistic sound
levels. I hope to report later on how
well my expectations were met.

FILTER DESIGN SUPPLEMENT

The Old Colony 30Hz Rumble Filter
Kit (KF-6, $19.75) can be easily
adapted for use as a filter in a sixth
order system. The circuit on which the

TABLE 10
QB, AND C, ALAGNMEONTS—CLASS [}
L =

0 h a fJfs  £Ufs A

T30 1.6791 2.8705 1.9377 1.9277 1.6133
31 1.6179 2.6177 1.8557 1.8441 1.6123
.32 1.5598 2.3879 1.7774 1.7639 1.6109
.33 1.5043 2.1782 1.7022 1.6865 1.6092
.34 1.4510 1.9863 1.6296 1.6113 1.6070
.35 1.3996 1.8099 1.5590 1.5377 1.6041
.36 1.3496 1.6471 1.4899 1.4650 1.6001
.37 1.3004 1.4960 1.4214 1.3923 1.5947
.38 1.2513 1.3549 1.3527 1.3187 1.5867
.39 1.2012 1.2215 1.2824 1.2430 1.5744
.40 1.1484 1.0932 1.2082 1.1642 1.5537
41 1,0908 .9656 1.1273 1.0842 1.5159
.8358 1.0426 1.0197 1.4527
7133 9698 .9888 1.3860
.6078 .9030 .9598 1.3192
.8404 .9273 1.2509
7829 .8927 1.1829
7313 .8578 1.1173
.6857 .8237 1.0555
.6459 .7916 .9984
6114 .7618 .9462

TABLE 11
QB, AND C, ALIGNMENTS—CLASS Il

, = 15

Q; h a fJfs _.I A
61
61

ripple

[= X = S
==

6130
18

.30 1.6398 2.9453 1.8987 1.8883
31 1.5802 2.6859 1.8177 1. 0 5
.32 1.5236 2.4500 1.7401 1.7259 1.6103

.33 1.4694 2.2348 1.6655 1.6489 1.6084

.34 1.4174 2.0376 1.5933 1.5739 1.6059

.35 1.3670 1.8562 1.5228 1.5001 1.6025

.36 1.3178 1.6885 1.4535 1.4268 1.5979

.37 1.2691 1.5326 1.3844 1.3532 1.5913

.38 1.2200 1.3862 1.3145 1.2779 1.5813

.39 1.1691 1.2469 1.2417 1.1998 1.5650

40 1.1144 1.1108 1.1634 1.1186 1.5361

41 10544 9728 1.0777 1.0428 1.4825

42 9984 .8369 .9977 .9992 1.4121

A3 9480 .7167 .9283 .9719 1.3445 *

44 8962 .6151 .8626 .9403 1.2742 *

45 .8450 5313 .8019 .9058 1.2034 *

46 7961 .4634 .7470 .8702 1.1342 *

A7 7510 .4092 .6985 .8350 1.0685 *

.48 7103 .3660 .6561 .8016 1.0075 .01
49 6741 3315 6194 .7705 .9519 .01
.50 .6422 3037 .5878 .7422 .9015 .02

1.
1.
1.
1

TABLE 12
QB, AND C, AL&GNMEONTS-CLASS ]
. =

Q, h a fJfs  fUfs A

.30 1.6211 2.9810 1.8798 1.8691 1.6128
31 1.5623 2.7185 1.7992 1.7867 1.6118
.32 1.5063 2.4797 1.7220 1.7074 1.6100
.33 1.4528 2.2617 1.6476 1.6305 1.6079
.34 1.4013 2.0620 1.5755 1.5555 1.6053
35 1.3513 1.8781 1.5050 1.4816 1.6016
.36 1.3024 1.7080 1.4356 1.4080 1.5966
37 1.2539 1.5496 1.3661 1.3337 1.5893
.38 1.2047 1.4006 1.2953 1.2574 1.5780
.39 1.1533 1.2580 1.2210 1.1780 1.5580
40 1.0973 1.1173 1.1401 1.0961 1.5245
.41 1.0368 .9741 1.0532 1.0259 1.4627
42 9839 .8375 9769 .9918 1.3924 *
.43 9329 .7191 .9079 .9630 1.3228 *
.44 8809 .6197 .8429 .9301 1.2509 *

rlpple B

.45 .8301 .5383 .7833 .8948 1.1791
46 7822 .4728 .7299 .8588 1.1096
.47 7383 .4208 .6829 .8238 1.0441 *
.48 .6990 .3795 .6422 .7908 .9838 .01
49 6643 .3467 .6071 .7604 .9290 .02
.50 .6338 .3202 .5769 .7329 .8796 .03

23 1/82 | Speaker Builder

kit is based was designed and
thoroughly explained by Jung in Audio
Amateur 4/75. 1 strongly recommend
that you read the article to familiarize
yourself with the circuit and its ver-

Text continued on page 24

TABLE 13
QB, AND C, ALIGNMEsNTS—CLASS 1]
, =
Qr h a fJfs M A ripple
53 1.0026 .3653 1.0113 .6326 2.2013
.54 1.0144 .3356 1.0210 .6923 2.1150
.55 1.0205 .3181 1.0294 .7822 2.0300
.56 1.0235 .3018 1.0334 .8419 1.9916
57 1.0240 .2859 1.0339 .8851 1.9703
58 1.0224 .2701 1.0316 .9179 1.9570
59 1.0192 .2544 1.0272 .9436 1.9481
60 1.0149 .2388 1.0211 .9640 1.9418
61 1.0096 .2232 1.0136 .9804 1.9371
62 1.0036 .2078 1.0051 .9937 1.9335
9971 .1926 .9970 1.0047 1.9373 *
64 9907 .1783 .9881 1.0152 1.9345 *
65 .9844 .1651 .9795 1.0255 1.9316 *
66 .9783 .1529 .9714 1.0357 1.9288 *
67 .9724 .1415 .9636 1.0458 1.9259 *
68 .9666 .1310 .9562 1.0556 1.9231 *
69 .9609 .1211 .9491 1.0654 1.9202 *
70 © .9554 .1120 .9423 1.0749 19173 *
71 9501 .1034 .9359 1.0844 1.9143 *
72 9448 .0954 .9296 1.0937 1.9114 *
73 .9397 .0880 .9237 1.1028 1.9085 *
.74 9347 .0809 .9179 1.1118 1.9055 *
.75 9298 .0744 9124 1.1207 1.8026 *

TABLE 14
QB, AND C, ALIGNMENTS—CLASS lll

. =

Q; h a fJs £ A ripple
.50 1.0091 .5674 1.0150 6352 2.1915

.51 1.0162 .5425 1.0261 .7601 2.0466

.52 1.0197 .5190 1.0313 .8340 1.9951

.53 1.0201 .4958 1.0319 .8846 1.9697

.54 1.0183 .4725 1.0291 .9217 1.9550
.55 1.0148 .4492 1.0237 .9499 1.9456
.56 1.0102 .4259 1.0163 .9719 1.9392

.57 1.0046 .4027 1.0074 .9894 1.9345

58 .9984 .3798 .9985 1.0034 1.9377 *
59 .9921 .3582 .9886 1.0165 1.9344 *
.60 .9861 .3383 .9792 1.0294 1.9310 *
.61 9803 .3198 .9704 1.0421 1.9277 *
.62 9747 .3026 .9621 1.0547 1.9242 *
63 9693 .2867 .9542 1.0672 1.9208 *
.64 9641 .2718 .9467 1.0795 19173 *
.65 9590 .2580 .9396 1.0917 19138 *
.66 .9542 .2451 .9329 1.1038 1.9103 *
67 .9495 2330 .9265 1.1157 1.9068 *
68 .9449 2218 .9204 1.1274 19032 *
69 .9405 .2112 .9146 1.1391 1.8996 *
.70 9362 .2013 .9090 1.1506 1.8960 *
719321 .1920 .9038 1.1619 1.8923 *
.72 9281 .1832 .8987 1.1732 1.8887 *
.73 9242 1750 .8939 1.1843 1.8850 *
.74 9204 .1672 .8892 1.1952 1.8814 *
.75 9168 .1599 .8848 1.2061 1.8777 *

TABLE 1
QB, AND C, ALIGNMENTS CLASS Il

L =

Q; h a fJts £ A  ripple
50 1.0171 .6354 1.0286 .7983 2.0172
51 1.0189 .6086 1.0315 .8625 1.9798
52 1.0180 .5817 1.0300 .9073 1.9602

3 1.0151 .5546 1.0253 .9405 1.9485
54 1.0108 .5275 1.0182 .9659 1.9408
55 1.0054 .5005 1.0092 .9858 1.9354
56 .9994 .4738 1.0000 1.0015 1.9382 *
57 .9932 .4483 .9896 1.0157 1.9346  *
58 .9872 .4248 .9798 1.0297 1.9311 *
59 .9815 .4031 .9706 1.0437 1.9275 *
60 .9759 .3829 .9620 1.0574 1.9238 *
61 .9706 .3642 .9538 1.0711 1.9201 *
62 .9655 .3468 .9461 1.0846 1.9164 *
63 .9606 .3306 .9388 1.0979 1.1926  *
64 9559 3155 ,9319 1.1111 1.9088 *
65 .9513 .3014 9254 1.1242 1.9049 *
66 .9470 .2882 .9192 1.1372 1.9011 *
67 .9427 .2768 9133 1.1500 1.8972 *
68 .9387 .2642 9077 1.1626 1.8932 *
69 .9348 .2533 .9024 1.1752 1.8893 *
70 9310 .2431 .8973 1.1876 1.8853 *
71 9273 .2335 .8925 1.1999 1.8813 *
72 9238 .2244 .8879 1.2120 1.8773 *
73 9204 .2158 .8835 1.2241 1.8732 *
74 9171 2078 .8793 1.2360 1.8692 *
75 9139 .2001 .8753 1.2477 1.8651 *

TABLE 16
QB; AND C, ALIQGNMENTS—CLASS 1]

., = 10
Q; h o fJfs s A ripple
50 1.0181 .6886 1.0311 .8670 1.9774
51 1.0169 .6567 1.0291 .9122 1.9582
52 1.0137 .6266 1.0238 .9454 1.9468
53 1.0092 .5964 1.0160 .9707 1.9394
54 1.0036 .5664 1.0064 .9904 1.9342
55 .9974 .5369 .9966 1.0062 1.9370 *
56 .9913 .5093 .9861 1.0212 1.9333 *
57 .9855 .4838 .9762 1.0361 1.9295 *
58 .9799 .4602 .9669 1.0509 1.9257 *
59 9745 .4383 .9583 1.0655 1.9218 *
60 .9694 4180 .9501 1.0799 19179 *
61 .9644 3991 9424 1.0943 1.9139 *
62 .9597 .3815 .9351 1.1085 1.9099 *
63 9551 .3650 .9283 1.1225 1.9059 *
64 .9508 .3497 .9218 1.1365 1.9018 *
65 .9466 .3354 .9157 1.1503 1.8977 *
66 .9426 .3219 .9099 1.1639 1.8935 *
67 .9387 .3093 .9044 1.1775 1.8893 *
68 .9350 .2975 .8991 1.1909 1.8851 *
69 .9314 .2864 .8942 1.2041 1.8809 *
70 .9280 .2759 .8894 1.2173 1.8766 *
71 .9247 .2660 .8849 1.2303 1.8723 *
72 9215 .2567 .8806 1.2432 1.8680 *
73 .9184 .2479 .8765 1.2559 1.8636 *
.74 9154 2396 .8726 1.2686 1.8592 *
.75 .9126 .2317 .8689 1.2811 1.8548 *
TABLE 17
QB; AND C, ALIGNMENTS—CLASS Il
QL =15
Q; h a s LS A ripple
50 1.0166 .7253 1.0293 .9059 1.9605
.51 1.0137 .6927 1.0243 .9417 1.9479
.52 1.0092 .6601 1.0165 .9687 1.9399
.53 1.0038 .6275 1.0068 .9895 1.9344
.54 9976 .5955 .9968 1.0061 1.9370 *
.55 .9915 .5655 .9860 1.0218 1.9332 *
.56 .9857 .5378 .9759 1.0374 1.9293 *
.57 .9801 .5123 .9664 1.0528 1.9253 *
.58 .9748 .4885 .9576 1.0681 1.9213 *
59 9697 .4665 .9492 1.0883 1.9172 *
.60 .9648 .4461 .9414 1.0983 1.9130 *
.61 9602 .4270 .9341 1.1132 1.9089 *
.62 .9557 .4093 .9272 1.1280 1.9046 *
.63 .9514 3927 .9206 1.1427 1.9003 *
.64 9474 3772 .9145 1.1572 1.8960 *
.65 .9434 .3627 .9086 1.1715 1.8917 *
.66 .9397 .3491 .9031 1.1858 1.8873 *
.67 .9361 .3363 .8979 1.1999 1.8828 *
.68 .9326 .3242 .8929 1.2139 1.8784 *
.69 .9293 .3129 .8882 1.2278 1.8739 *
.70 9261 .3022 .8837 1.2415 1.8694 *
71 9231 .2922 .8795 1.2551 1.8648 *
.72 9201 .2827 .8754 1.2686 1.8602 *
.73 9173 .2736 .8715 1.2819 1.8556 *
.74 9146 .2651 .8678 1.2951 1.8510 *
.75 9120 .2571 .8643 1.3082 1.8463 *
TABLE 18
QB, AND C, ALIGNMENTS—CLASS |l
Q, =20
Q, h a s LS A ripple

"50 1.0153 .7742 1.0275 .9222 1.9544

51 1.0177 .7102 1.0211 .9543 1.9440

.52 1.0067 .6763 1.0123 .9788 1.9372

.53 1.0009 .6426 1.0016 .9977 1.9324

.54 9947 6101 .9914 1.0139 1.9352 *
.55 .9887 .5802 .9808 1.0299 1.9312 *
.56 .9831 .5525 .9710 1.0457 1.9272 *
.57 9776 .5268 .9617 1.0615 1.9231 *
.58 .9724 5030 9531 1.0770 1.9190 *
59 9675 .4810 .9449 1.0925 1.9148 *
.60 .9628 .4605 .9373 1.1078 1.91056 *
.61 9582 .4413 .9301 1.1230 1.9062 *
.62 9539 4235 .9234 1.1381 1.9019 *
.63 .9498 .4068 .9170 1.1530 1.8976 *
.64 9458 .3912 .9110 1.1679 1.8930 *
.66 .9420 .3766 .9053 1.1825 1.8885 *
.66 .9384 .3629 .8999 1.1971 1.8840 *
.67 9349 .3500 .8948 1.2115 1.8795 *
.68 .9316 .3379 .8900 1.2258 1.8749 *
69 .9284 3265 .8854 1.2399 1.8702 *
70 .9254 3157 .8810 1.2540 1.8656 *
71 9224 3055 .8769 1.2679 1.8609 *
72 9196 .2959 .8729 1.2817 1.8562 *
73 9169 .2668 .8692 1.2953 1.8514 *
74 9143 2782 .8656 1.3088 1.8466 *
75 .9118 .2700 .8621 1.3222 1.8418 *

Acknowledgement: The tables in this article were
prepared using the computer facilities of Miami
University, Oxford, Ohio.



satility. In particular, you may find the
gain options useful. [Article reprints
are available with the KF-6 kit or by
sending a stamped, addressed #10
envelope to Old Colony, Dept.
RB.—Eb.]

One kit will yield a stereo pair of
filters, each of which can be individual-
ly adjusted so the channels can be in-
dependently aligned. The kit supplied
parts are described in Parts List I. The
first step is to discard the kits parts R,,
R:, Rs, Re, Rs and C;. Next, install the
remaining parts on the circuit board
using the parts placement guide, Fig. 2.

Now refer to Parts List II for the re-
maining components. After installing
jumpers in the indicated positions,
calculate the values of R, and R; from

RA = 795800A/(f¢/fs)fsa

Rb = Rg = 3183000/A(f¢/fs)fsg,
where fg; is the driver resonant fre-
quency in the enclosure and A, f./fs are
listed in the alignment tables. I usually
use the closest 1% values for R, R,
and Rz. Now install Re. At this stage all
parts are in place except R4 and R,
which determine the response shape of
the filter.

Connect one end of R, between C,
and C; at the vacant point A,. Connect
the other end to the filter output at
point A; which is available because R,
is not used. Connect one end of R at
point B,; also vacant because R; is not

B2
ouT —RE— —R6 o
a— ¥

A1 Ts
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Fig. 2. Parts placement guide for filter
board.

used. Finally, attach the other end to
signal ground at point B; which is open
because R; is not used.

Mount the completed card in cabinet
and install interconnecting wiring and
jacks. The filter operates from a *15
volt power source which you must sup-
ply. Remember to join power and
signal grounds at some point.
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PARTS LIST I (kit supplied)

R, 39k +2%, 0.4W met. film
R, 15k 2%, 0.4W met. film
Rs 270k £2%, 0.4W met. film

R, 100k

R: 1k

Re 270k

R, 1009

Rs 2.2k £2% 0.4W metal film
Ry 4700

R 4700

Rn 4.7k £2% 0.4W metal film
Resistors are 4W, £5% carbon film unless
specified otherwise.

Cl,Cz,CJ,Cso.lﬂF iS%, 100V
polycarbonate Siemens

MKM

C. 1000pF £5%, 160V
polystyrene

C..C; 22uF 35V, tantalum
Siemens

D,, D, 6.8V 0.5W Zener 5%

IC Quad op amp RC4136P

(or RC4136D) Raytheon
Circuit board
Molex pins

PARTS LIST 1II (user supplied)

R3,R; leave out

R.  see text for sizing
Rg, R, see text for sizing
R, leave out

Rr  jumper

Cs  jumper

T.A’’s cylindrical “Un-box” design
provides maximum rigidity while
minimizing internal standing waves

The Jordan 50mm Module:

The lowmass, wideband midrange/
tweeter from England that is fast
becoming a legend among speaker
hobbyists.

“Un-boxes also available for TA’s

polystyrene subwoofers! Send $2.00

for 44 catalog. $2.00 for the 26
n Manual on loudspeaker

JVC’s “Dyna-flat” ribbon tweeter
provides unparalled high frequency
accuracy even at five times the
price!

These “minimum diffraction”
cylinders allow full exploitation of
Jordan’s incredible imaging
capability.

Transcendental Audio

10101 WEST 72nd AVENUE, ARVADA, CO 80005 303-420-7356
“Innovative Components, and Designs in High-end Audio”
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Table Saw Basics

EIGHTY PERCENT OF all woodworking
operations, according to Rockwell’s
Power Tools Division! can be accom-
plished with a table saw. For building
speaker enclosures that percentage
may be even higher, so the aspiring
loudspeaker designer-constructor had
better pay close attention to the careful
alignment of his table saw.

To begin with, obtain some plastic
drafting triangles (45°- 45° and
30°-60°) and a large metal carpenter’s
square. Drafting triangles are probably
the most reliable angle gauge available
to the individual constructor. Stand
the long end of the 30°-60° triangle up
on the saw table. Then take the carpen-
ter’s square and stand it also on the saw
table. If the carpenter’s square is true,
the vertical edges of the triangle and
the square should meet evenly when
brought together on the saw table. If a
gap appears, buy a new square; they
do go out of alignment if you drop
them enough times on concrete floors.

Now go out and buy a multi-tooth
tungsten carbide saw blade. 1 recom-
mend any blade in the 20-40 tooth
range: one with more teeth will tend to
slow the motor down too much, and
you will not obtain as smooth a cut
with coarser blades. Tungsten-carbide
blades do not warp as readily as
cheaper setsaw blades do?

THE TABLE SAW

Let's assume you have a typical small
9”-10" table saw as sold by Sears,
Wards, Rockwell, etc., and have
aligned it according to the instructions.
If you don't have such a saw, Fig. 1
shows a table saw schematic with the
thr]ee features to be discussed in this ar-
ticle.

The saw blade is mounted on a rota-
ting shaft called the arbor. On cheaper
saws the motor shaft directly drives the
arbor, but on more expensive models
the motor couples to the arbor by
means of pulleys and a belt. The miter
gauge helps perform crosscuts; its rod
rides in a slot in the saw table and
allows the operator to push a piece of
wood across the blade. It has a protrac-
tor setting to allow crosscuts at angles
up to 45°, but usually it is set at 90° to
give square crosscuts. The rip fence is a
long bar which can be clamped to the
table top to give a guide parallel to the
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FIG. |

SAW BLADE

RIP FENCE

MITER GAUGE
SLOT |

ARBOR TILT
~— ADJUSTMENT

Fig. 1. A typical table saw, showing the miter gauge, rip fence, and arbor axis.

saw blade; it is most useful for produc-
ing parallel cuts.

If you follow your manual’s proce-
dures for aligning the arbor, miter
gauge, and rip fence, you will obtain a
reasonable alignment. But after con-
structing several projects, you may
find annoying little errors creeping in.
The next sections will outline several
techniques for correcting those errors.

TRUEING THE MITER GAUGE

The usual procedure for trueing the
saw blade with the miter gauge is to lay
a square on the table against the miter
gauge and saw blade and adjust the
gauge until you see no gaps. With
planar blades this procedure works
well, but with a 40-tooth or more tung-
sten carbide blade, the teeth interfere
with the square to prevent a good
alignment. The following procedure,

which I ran across in Fine Woodwork-
ing® Magazine, solves this problem.
First you take a several foot length of
1” x 6” stock without warps and make
what you think is a good square cut, as
shown in Fig. 2A. Fit the two cut pieces
together as shown in Fig. 2B. Then flip
one piece and place the two pieces to-
gether again as demonstrated in Fig.
2C. The gap between the boards is
twice the angular deviation from 90°.
Now make a slight correction to the
miter gauge and make another cut. If
the gap is larger, you have made a cor-
rection in the wrong direction. If the
gap appears at the other end, you have
overshot the 90° position. When you
can cut the 1” x 6” board and see no
gaps when one board is flipped over
and over, your miter gauge is set exact-
ly at 90°. You may use up a good 1” x
6" board this way, but you will wind
up with an accurately set miter gauge.



Since my Sears miter gauge has no
stop for 90°, I usually go through this
alignment procedure before I do any
square cross cuts. The Rockwell miter
gauge has adjustable set screws which
allow one to do the trueing operation
once and return accurately to 90° after
other angular cuts.

This is a good time to check the
alignment of the arbor with the saw
table. You were supposed to do this
when you first set up the saw out of the
box. If laying a square against the
miter gauge and the slot in the saw
table yields a gap, the arbor is not
aligned accurately. However, unless
the gap is more than a degree, trying
to readjust the arbor may be more
trouble than it is worth. There are bet-
ter ways of compensating for arbor
misalignment, as [ will show in the next
section.

FENCE ALIGNMENT

The usual rip fence alignment calls for
checking to see whether it is parallel to
the miter gauge slots in the table. How-
ever, this method assumes that the ar-
bor is correctly aligned. The previous
method of trueing the miter gauge
compensates for any arbor misalign-
ment. A better procedure is to ignore
the slight arbor misalignment and con-
struct an auxiliary fence with shims to
help the alignment. You can now ob-
tain an idea of the miter gauge/fence
system'’s relative squareness by placing
the large carpenter’s square against the
miter gauge and the fence as shown in
Fig. 3A.

At this point it is useful to talk about
auxiliary fences. In Fig. 3A the fence is
shown as 6” x 20" piece of %" birch
veneer plywood. The hard birch gives
a slick surface for wood to slide
against. The auxiliary fence extends
out several inches beyond the table so

Fig. 2(a) To true the miter gauge, first cut a 1" x 6" board. Note: the saw blade guard is shown in the
“up” position only for the sake of illustration. The guard should be down for safety reasons.

one can align a long piece against it
before the piece meets the saw blade.

The auxiliary fence also allows you
to make rabbet cuts (see your manual
for a description of a rabbet joint). For
accurate rabbet cuts, the fence must be
square to the table; you may find it is
not when you check this angle as
shown in Fig. 3B. The offset can be cor-
rected by adding appropriate shims as
shown in Fig. 3C. In my case, two
thicknesses of cardboard from a sand-
paper wrapper were sufficient. Figure
3C also shows a 2” x 3" length of wood
attached to the metal fence, which
gives some latitude for attaching the
auxiliary fence.

If the miter gauge/rip fence square-
ness test of Fig. 3A indicates the arbor
is slightly misaligned, you can add a
shim to the appropriate end of the aux-

iliary fence as shown in Fig. 3C. Mine
needed a piece of %" masonite (I
always keep a collection of cardboard
pieces, metal cuttings, circuit board
pieces, etc., for shim material). The
auxiliary fence is attached with two
flathead screws to the 2” x 3”. At the
place where you determine the large
shim should be located, the mounting
screw should also be; otherwise the
auxiliary fence can become warped.
There is always a good chance that
the auxiliary fence shim was too large
or in the wrong position. First check to
see if a 2" x 4" will slide easily between
the blade and fence with the saw motor
turned off. If you observe no binding
or gaps, the auxiliary fence is probably
very near the correct position. Then rip
an edge off the 2” x 4”; if burn marks
appear on the cut, the blade is binding.

—

s s IR ———

Fig. 2(b) After cutting the board, join the two sections together to test the
straightness of the board and table top. There should be no gaps.

Fig. 2(c) Flip one section over and join the two sections together again. If
there is a gap as shown, the miter gauge is not true with the saw blade. It is

not true unless you can flip one section over and over and not see any gaps

between the boards.
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If the fence tends to push the material
into the blade, you must move the
shim and the mounting screw to a
point where binding does not occur.

The acid test for the fence is to
square off one end of a piece of 1" x 67,
using the trued miter gauge, and place
that end against the fence. Push the
piece through the saw, and perform the
“flip” test of Fig. 2 to check squareness.
At this point small adjustments should
suffice to bring the fence into excellent
alignment.

AUXILIARY TABLES

It is a nuisance to keep trueing up the
miter gauge, so | recommend con-
structing a small sliding table as shown
in Fig. 4A from a scrap piece of
plywood. The secret to this item is to
make sure you cut the piece that slides
the miter slot to fit almost snug but
without binding in the slot. To build
the table (see Fig. 4B), crank the saw
blade all the way down; place the slide
piece in the slot and the plywood scrap
on the table slightly overlapping the
blade. Nail the plywood piece to the
slide and take it off the table, raise the
saw blade, and replace the sliding table
on the saw table so you can push it
through the saw blade, cutting off the
excess.

Nail a piece of 1" square stock at one

g

=V S y o
Fig. 3(a) Checking to see if the rip fence is square
with the miter gauge.

end to provide a stop. Square the
sliding table using the Fig. 2 procedure
for trueing the miter gauge; only this
time you use the nailed end of the 1" x
17 stop as a pivot point and temporari-
ly nail the other end. After cutting the
1” x 6” stock, you can fix the stop with
several nails along its length to achieve
the true square position.

For cutting large or long stock, build
a shuttle or “shute” table as shown in
Fig. 5A from two 2’ x 3’ plywood
pieces and some reasonably true 27 x
4" stock. Rip the slides out of hard-
wood stock such as oak or birch, tak-
ing care to make sure they exhibit no
play in the slots, and assemble the
shuttle table on the saw, this time with
the blade up.

As you will see from Fig. 5B, the gap

Fig. 3(b) Checking the vertical squareness of the
auxiliary fence with the table top.

between the plywood pieces should be
wide enough to accommodate a set of
dado blades. Once the gap is even and
parallel, clamp the plywood boards to
the slides and nail together. Then screw

Fig. 3(c) Shims for the auxiliary fence.
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FIG. 40

1" x 1" FENCE

/4" PLYWOOD
BASE

Fig 4ta) Schematic of the shiding table

3/4" x 3/8"
OAK RUNNER

a2” x 4" piece to the end of the shuttle
table furthest from normal operating
position. For the stop closest to you,
screw a 2” x 4” to one end to act as a
pivot point. Clamp the other end of the
2” x 4” and perform the Fig. 2 trueing
operation all over again. (You use up
many 1” x 6” boards this way.) Once
you reach a square cut condition screw

or nail the 2” x 4” into permanent posi-
tion. Some of my woodworking
friends actually have several sizes of
shuttle tables, some large enough to
handle 4’ x 8’ sheets of plywood or
particle board.

Instead of a table large enough for
cutting such sheets, | sometimes use the
setup in Fig. 6. I am partially handicap-

FIG. 5a

2" x 4" FENCE

374" PLYW
BASE

Fig. 5(a) Schematic of the shuttle table.

3/4" x 3/8"
OAK RUNNERS

Fig. 4(b) Sliding table in operation. A plastic
sheet stapled to the bottom reduces sliding fric-
tion.

ped and do not have the strength to
manhandle a 4’ x 8" sheet, so I usually
have the lumber yard cut my 4’ x 8'
sheets into 4 x 4'. With a longer aux-
iliary fence temporarily clamped to the
smaller fence of Fig. 3 and with the
help of the following feed roller, I can
easily rip the 4’ x 4’ pieces into the
desired sizes.

FEED ROLLER

A very useful item for a table saw is the
feed roller shown in Fig. 7. When you
use a shuttle table or rip a long plank,
you need support behind the saw so the
table, plank, etc., does not tip over as
you finish the cut. This model is based
on an idea from Fine Woodworking?
and uses an ordinary kitchen rolling
pinin a 2” x 4” base.

I selected my rolling pin size to fit in
between the miter gauge slots in the
saw table and thus support the shuttle

Fig. 6. Table saw setup for cutting large pieces of
plywood or particle board.
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table between the hardwood slides. Put
the triangular base together with cor-
rugated fasteners. Cut “vee” notches
into one end of two 5” lengths of 1” x
37 stock; clamp them to the support 2”
x 4” and adjust them, with the rolling
pin in place, till the top of the roller is
level with the saw table. Then screw
the 17 x 3”'s in place. You can assemble
this item from scrap pieces in less than
an hour.

VACUUM ATTACHMENT

My table saw has to share our garage
with washer, dryer, bicycles, electronic
gear, etc. To keep sawdust from these
items, I devised the vacuum attach-
ment of Fig. 8. Screwed to the bottom
of the saw is a shallow pan, to which I
epoxied a small collector from the
shopvac accessories after cutting out a
suitable hole with an Xacto® knife. I
found I needed a large Sears Shopvac
for effective dust collection; Sears now
market a dust collector for their larger
table saws.

OTHER TIPS FOR PRECISION CUTS

Several authors®s recommend using
sharp pointed instruments such as a
hard lead pencil, an Xacto® knife, or a
sharp point scribe to make lines or
marks on materials. So throw away all

Fig. 7. Feed roller.

your soft lead #2 pencils, or at least
remove them from the vicinity of your
work area.

As helpful as many of these tips are,
they are only as good as the operator.
When you set up a cut or make a mark,
take another look at the plans and re-
measure. I don't know how many

pieces | have goofed up because I did
not follow this rule. Another rule is,
stop when you become fatigued. It is
only a hobby. You make fewer mis-
takes when you are fresh, and are less
likely to have an accident. When I ask
a carpenter with a missing finger or
joint how it happened, he usually says
it was at the end of a long day when he
was tired and not watching.

READING MATERIAL

I recommend the Rockwell saw
manual® as a general reference. Most of
the woodworking joints you will ever
want to use are very well explained.
The other references®** contain many
tips I was not able to include in this ar-
ticle. In general the bi-monthly Fine

Continued on page 40

Fig. 8. Vacuum attachment for the table saw

ROWLAND RESEARCH SV-3 ELECTRONIC CROSSOVER

Rowland Research
offers a complete line of
products for the '"value conscious’
audiophile including; Power Source
Modules for the Win Labs and Panasonic
strain _gau?e cartridges, subsonic filter/line
amp circul

**Audio-Grade'' capacitors and metal film resistors used

throughout in conjunction with a low feedback, wide, open
loop bandwidth approach to circuit design, Send $2.00 for
Catalog.
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boards, power supplies and phono sections

State variable,

9-5 M-F

third order
crossover with your choice of x-over frequency. Available
in semi-kit or fully assembled form with black anodized
rack mount
filter can be inserted into lowpass output, Battery and AC
models available.

(18 db/octave), electronic

chassis, Optional 18 db/octave Subsonic

Transcendental Audio
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DRIVER SUSPENSIONS

You cAN NOTICEABLY improve the per-
formance of most speaker systems by
remounting the woofer and mid-range
drivers in a compliant suspension made
with rubber grommets and butyl caulk.
Steps:

1. Remove the drivers. Check that
the T-nuts (or other hardware) that
held the mounting screws are still se-
curely in place.

2. Since the grommets will generally
raise the top of the drivers’ baskets
above the mounting board, causing un-
desirable defraction, cut the area on
which the baskets rest down ¥%,”-%",
using a router. If this can’t be done,
take a chisel and cut down the area
within %~ of each mounting screw.

3. Cut grommets from an old inner
tube with tin-snips. They should be
roughly ¥2” in diameter; if they are
larger, they tend to be dragged into the
cabinet when the drivers are inserted.
Cut holes for the mounting screws by
folding the grommets in half and cut-
ting a wedge at the fold with nippers.
Two layers of inner tube are sufficient
for all but the largest drivers.

4. Run a bead of butyl caulk com-
pletely around the driver opening. Be
sure the area around each mounting
screw is covered. The bead should be
roughly twice the thickness of the rub-
ber grommets. Proceed with care:
butyl is extremely messy. Clean up
with mineral spirits or turpentine.

5. Press the grommets into the caulk.
Gradually lay the speaker over the
grommets and into the caulk. Use a
nail to check that the basket screw-
holes and the grommets are exactly
above the mounting holes in the cabin-
et. Insert screws and gently find the
thread on the T-nut in the cabinet;
pushing hard will make the T-nut drop
into the cabinet.

6. Tighten the screws until the driver
basket presses on the grommets. Then
tighten slightly more.

Compliant suspension should result
in (1) better side-to-side imaging, and
(2) cleaner mid-range (no bass “under-
tones” around voices and instruments).
Bass fundamentals should be unaf-
fected, although eliminating upper bass

Tools, Tips
& Techniques

FIG. |
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Fig. 1. Schematic for simple series R-C crossover.
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panel vibration may initially give you
the impression of “less bass.”

Joun B. AranGo

Algodones, NM 87001

A SERIES PADDED
SIMPLE CROSSOVER

WHEN TESTING TWO WAY speaker enclo-
sures after initial construction I like to
investigate the effects of series padding
of the tweeter to “push” the high end
response limit. The simple crossover
test box shown schematically in Fig. 1
allows this. It is only a series resistor-

capacitor circuit, but it covers the val-
ue range I have found needed and in a
way that is convenient. The resistor
portion is composed of sixteen 2Q 11W
resistors (Ohmite Stock No. 4737) and
an old two layer 18 position (can only
use 17 actually) rotary switch (S,). 1
had all these parts on hand but any
substitutes would be O.K. The switch
can be shorting or non-shorting and
the resistors can be a lower wattage
with no problems. With the wiring
shown in Fig. 1, the resistance can be
varied from 0 to 10Q in 1 steps, 10 to
16%2 in 2Q steps and 16 to 28Q in 40
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steps. This has proved to be sufficient
range and resolution for anything I
have done to date.

I implemented the capacitive section
somewhat differently. A rotary switch
would have required many switch
poles or lots of precious crossover ca-
pacitors and not really have been func-

Fig. 2. Simple crossover unit. Capacitor
switches are at top, multi-selector resistor
switch is below.

tionally what I wanted. While attenua-
tion should be changeable in tiny steps,
functionally you sometimes want to
jump the crossover frequency in rea-
sonably large steps. Thus I wanted to
be able to make large capacity changes
from any dialed capacity value, so the
unit was implemented with five SPDT,
center-off miniature toggle switches
(S:-Se) wired as shown in Fig. 1. This
allows any 0.5xF increments from 3 to
31pF. One more switch and two capa-
citors would halve this increment, but I
have not found it needed. The
capacitor value is the sum of the values
of the “on” switch positions.

The unit is constructedina 7 x 5x 3"
chassis as shown in Fig. 2. A five termi-
nal barrier strip allows me to bring the
junction of the resistive and capacitive
sections out for individual use. The re-

This publication
is available in microform.
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maining two terminals are tied together
to provide a “common” for input and
output wiring. The various resistors
and capacitors are mounted on “knife-
cut” P.C. boards (see SB 1/82, p. 34)
and wired to the switches., Marking
was done with black transfers right on
the chassis.

G. R. Koonce

Liverpool, NY 13088

ADAPTING HEATH'S RCL
TO MEASURE Z

MEASURING SPEAKER IMPEDANCE usually
requires specialized equipment or the
use of several pieces of equipment
('scope, AC VTVM, sine generator) at
one time. When | recently acquired a
Heath 1B-5281 RCL bridge, I found
some simple modifications enable it to
make this type of measurement.

1. The internal oscillator operates on
only three frequencies: 1, 10, 100kHz. I
added an extra jack and switch to select
between this internal source and an
outboard signal generator covering
10Hz-100kHz see Fig. 1 for circuit
modification. Photo #1 shows the
jack’s location on the front panel. Note
that the photo was taken before I
added the switch, which I did when 1
realized the unit’s portability suffered if

BOKS is an active center-bass system for the
home constructor and is only one of the ad-
vanced designs in our 1982 range.

Once again we are first in the field, for all but
our smallest systems are available with a de-
lightfully simple active option and yet can be
assembled with guaranteed results by the
complete novice.

All electrical or electronic assemblies come
fully built and tested and although you may
do so if you prefer, there is no need even to
solder.

Systems can cost as little as one third to one
half that of comparable commercially made
systems. We supply only direct and cut out
the dealer.

$3 brings our full catalogue airmail.

BADGER SOUND SERVICES LTD.
FIRST FLOOR &\

46 WOOD STREET
LYTHAM ST. ANNES, LANCS FY8 1QG
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[ couldn't also use the internal oscilla-
tor.

2. The bridge amplifier’s input coup-
ling capacitor is only .001xF which will
not pass low frequencies when the ex-
ternal oscillator input is being used.
Change this capacitor to at least 1uF.
Larger values create a problem because
they will not fit the space on the circuit
board. Photo #2 shows the new capaci-
tor installed in the unit.

To measure impedance, connect a
109 resistor to the Z, terminals. Set the
range switch to the Z, position. In this
mode the ratio of the known to un-

Photo 1. Arrow shows input jack added to front panel.

B ]

Cclo
IS 001 DISC- ]
CHANGE TO
|uF
25v

R30 Y — |

=

00k | 1 L

YWA— )= TO BRIDGE AMPLIFIER
L_d

| FIG. |
EXTERNAL
F)_S_Cl_L_LéTQR INPUT
[ ! ? |*=—ADD SPDT SWITCH 8 JACK
]
| |
L |
\( . I R24
T0 L 1K 1)
INTERNAL T
! OSCILLATOR | ‘lelg !
= 1
= sw2
RANGE
| r———— SWITCH

! | = CIRCUIT ADDED OR

L_—___1 COMPONENT VALUE
CHANGED

—> TO Zy TERMINAL

Fig. 1. All component notations are from Heathkit schematic. [

Photo 2. Arrow shows location of new C,o capacitor.

known impedance is read out on the
dial over a range of 1-100Q2. You can
make a complete plot by checking the
impedance over the usual working
range of 10Hz-2kHz (or higher if you
wish).

VERN L. MasTEL

Mandan, ND 58554

PASSIVE CROSSOVER
NETWORKING

THE HYBRID BUTTERWORTH crossover de-
sign for multi-driver systems is an in-
teresting one for those who refuse to
invest in multiple amplifier systems. Its
series/parallel arrangement utilizes an

initial center split of 18dB/octave and
6dB/octave series high and/or low sec-
tions.

Figures A and B respectively illust-
rate three- and four-way networks
which derive their component require-
ments from the values in Tables 1 and 2
or 3. The quasi-second order values in
Table 3 allow the designer considerable
latitude in choosing high values of eith-
er L,,s or C,,s with very little effect on
the final product.

Phasing through the networks is
complex but coherent. Try to place the
secondary (series) crossover points in
the prime section’s middle bandwidth.
Note that connection to a series ar-
rangement section should be as shown
in Fig. C.

Reversing the component order in
the series section on the initial split’s
high and low pass legs allows some
correction of electrical phasing through

the network. This compensates for the
Continued on page 34

TABLE I
MH uF
fdz) L, L, Ly C C C5 GCp

100 19 6 9.5 270 130 400 2xF
125 15 5 7.6 210 105 316 2uF
160 12 4 6 170 84 250 2uF
200 9.6 3.2 475133 66 200 2uF
250 7.5 2.5 3.8 105 53 160 2uF
315 6 2 3 84 42 126 24F
400 5 1.5 2.5 67 33 100 2uF
500 3.8 1.3 2 53 26 80 2uF
650 3 1 1.5 42 21 63 1uF
800 2.5 .8 1.2 33 17 50 1uF
1000 2 .65 1 27 13 40 1uF
1260 1.5 .5 .75 21 11 32 IuF
1600 1.2 4 .65 17 8 25 1uF
2000 1 .3 .50 13 7 20 1uF
2500 .75 .25 .40 11 5 16 .47
3150 .60 .20 .30 8 4 13 .47
4000 .50 .15 .25 7 3 10 .47
5000 .40 125 .20 5 2.5 8 .47
6300 .30 .10 .15 4 2 6 .1
8000 .25 .075.125 3 1.5 5 .1
10,000 .20 .05 .10 2.5 1.2 4 .1
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OLD COLONY’S
Book Service

WILEY BOOKS

W-1 HIGH PERFORMANCE
LOUDSPEAKERS (2ND ED.}, by
Martin Colloms. Highly praised
sourcebook on loudspeaker theory
and construction by a top-notch
English authority. 245pp. Hard-
bound. Each $29.95

DOVER BOOKS

D-1 REPRODUCTION OF
SOUND by Edgar Villchur. An ele-
gantly simple 92.page paperbound
primer on the subject by the man
who invented the bookshelf speak-
er. 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. Ol
son. 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 acou-
stical and electromechanical re-
search at Princeton, NJ. A classic
by one of the giants in the audio
field. Good, easy to read chapters
on acoustics, mikes and recording,
recording and playback systems, as
well as an electronic music chap-
ter. 2nd. Ed. (1967} 460pp., soft-

bound. Each $6.00
NEWNES
CONSTRUCTOR'S
GUIDES

H-1 ELECTRONIC DIAGRAMS
by Morris A Colwell. A beginner's
introduction to electronic diagrams
of all sorts: schematics, block, lay-
out, and circuit board. Symbols, in-
terconnections, circuit elements,
representational conventions are
all explained. Basic symbolic lan-
guage for the electronics enthusi-
ast. 112pp., softbound.

Each $7.50

H-4 SIMPLE CIRCUIT BUILD-
ING by P. C. Graham. A beginner's
approach for simple circuits to
step-by-step guidance from the
very elementary circuit through in-
creasingly complex circuitry. Cir-
cuit board layouts, logic modules,
ICs, power supplies, AC amps, and
more. A good way to cut your teeth
on building if you have no previous
experience in electronics. 128pp.,
softbound. Each $6.95

TAB BOOKS

T-4 HOW TO DESIGN, BUILD
AND TEST SPEAKER SYSTEMS
by David Weems. A cookbook ap-
proach to speaker design with
some 21 tests for performance. In-
dividual drivers are specified for
actual building projects. Weems
likes closed box and reflex enclo-
sures but is skeptical of transmis-
sion lines. 336pp. Softbound

Each $7.95

HAYDEN BOOKS

H-8 BUILD YOUR OWN
HIGH-QUALITY, LOW-COST
TEST EQUIPMENT by M.J. Salva-
ti. Especially written for the do-it-
yourself craftsman who wants to
build his own one-of-a-kind test
gear especially tailored for highest
performance. A wealth of circuitry
including a $40 harmonic distor-
tion analyzer, a DC voltmeter, a
breadboard electronic load, and
much more. 140pp., softbound.
Each $7.25

H-10 HI-F1 LOUDSPEAKERS
AND ENCLOSURES by Abraham
Cohen. [2nd Edition]. Speaker
theory covers how and why of dri-
vers, enclosures and rooms. Brief
discussions of measuring and
building are included along with
advice on placement of stereo
speakers. 438pp. Softbound.

Each $11.60

HOWARD W. SAMS

S-5 AUDIO CYCLOPEDIA, [2nd
Ed.] by Dr. Howard M. Tremaine.
Twenty-five sections covering
everything from basic theory to
solid state. A complete audio refer-
ence library in itself, the most com-
prehensive and authoritative work
on audio available. Covers every
aspect of the audio art—from the
basic principles of sound to the lat-
est in solid-state equipment. 3,650
entries, 1,760pp., hardbound.
FEach $44.95

S-11 HOW TO BUILD SPEAK-
ER ENCLOSURES. by Alexis Bad-
maieff and Don Davis. The ''whys'’
and "hows"of speaker enclosures.
Drawings and instructions cover
infinite baffle, bass reflex, and
horn types plus combinations.
144pp., softbound. Each $5.95
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P-2 A NEW DICTIONARY OF
ELECTRONICS by R.V. Young
This remarkably compact refer-
ence covers electronics from A-Bat-
tery to Z-parameters with succinct,
concise definitions and illustra-
tions. A quick reference complete-
ly revised and updated with lots of
added charts and reference data.
618pp., softbound. Each $4.95

P-3 A NEW DICTIONARY OF
MUSIC (THirD Ep., 1973; FIRST
PUB. 1958} by Arthur Jacobs Alpha-
betically arranged entries covering
composers, individual musical
works, orchestras, performers,
conductors, musical instruments,
and technical terms. 458pp., soft-
bound. Each $3.95

P-8 INTRODUCING MUSIC by
Otto Karolyi. Even if you've list-
ened to music for years, you may
be surprised at how little you know
about its fundamentals. A beauti-
fully basic and spare introduction
to the grammar and vocabulary of
music—enough to understand the
language without speaking it. It
will deepen almost any non-musi-
cian music lover's pleasure in lis-
tening. 174pp., softbound.

Each $2.95

SCELBI

SC-1 SCELBI'S SECRET GUIDE
TO COMPUTERS by Russell Walt-
er. An absolutely first rate begin-
ner's book about computers. Ex-
planations about computers that
anyone with an IQ over 95 can un-
derstand. Written with wit, humor
and a secret phone number to call
if all else fails. 100 pp. 8'2x11, pap-
erbound. Each $5.95

SC-2 UNDERSTANDING MI-
CROCOMPUTERS AND SMALL
COMPUTER SYSTEMS by Nat
Wadsworth. A clear, comprehen-
sive introduction to microcomput-
ers with excellent images for visu-
alizing what a computer does and
how it does it. Includes a compre-
hensive glossary and a good chap-
ter on how to choose a system. 306
pp., 5¥2x8Yz, paperbound.

Each $9.95

McGRAW-HILL

MH-1 HANDBOOK FOR ELEC-
TRONICS ENGINEERING TECH-
NICIANS by M. Kaufman and A.H.
Seidman. A comprehensive com-
pendium of electronic facts. Com-
ponent selection, circuit analysis,
power supplies, IC uses and char-
acteristics, 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 intelli-
gently. 740pp., softbound.

Each $26.00
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speaker polarity reversal which would
be necessary without the series sec-
tions.

[ have approximated the value of C,,
a bypass capacitor to improve transi-
ent response, for 8Q drivers. The last
column in Table 1 shows this value for
the crossover points given in the table.

1st Order Q 2 Order
TABLE 2 TABLE 3
f(Hz) L C L C
100 9 280 6 400
125 7 225 S 316
160 S%5 180 4 250
200 4.5 140 3 200
250 3.5 110 2.5 160
315 3 9 2 125
400 2.25 70 1.6 100
500 2 60 1.3 80
650 1.5 45 1 65
800 1.2 35 .8 50
1000 .9 30 .65 40
1260 .75 22 ) 32
1600 6 18 4 25
2000 5 14 3 20
2500 .36 11 .25 16
3200 .25 9 2 13
4000 .20 7 .16 10
5000 .18 6 13 8
6300 .15 5 1 6
8000 12 4 .08 5
10,000 10 3 .06 4
FIG. C

|

| fe l +

‘ Viow |

| +

| VHiGH

| -

l Fig. C. Series connection. |

I used these suggestions and net-
works to design a 116 liter bass reflex
system using the KEF B139, Realistic
5v”, Yamaha 80mm. beryllium
domes, and Decca London ribbon
horns. I limited all the drivers to piston
operation, and set the crossover fre-
quencies at F. = 650Hz, f, = 160Hz,
and f, = 3000Hz. The sound is remark-
ably coherent, avoiding both the dull
lower midrange so common in current
loudspeaker designs and the vicious
impedances found in true third order
bandpass sections.

R. J. WEeLsH
Bogota, NJ 07603

FIG. A
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Fig. A. Three-way network.

|
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| Fig. B. Four-way network.

CIRCUIT BOARDS FOR CROSS-
OVERS AND DUMMY LOADS

WHEN YOU MENTION circuit boards,
most people think long delays and high
costs. This is likely to be true with
boards for complicated electronic cir-
cuitry, but boards for simple circuits
such as crossovers and dummy loads
can be made with a sharp knife in
about 10 minutes. Figure 1 shows some
examples of what can be built.

Top left shows a crossover PC board
packaging three air core coils and two
caps. The board makes a convenient
way to mount the parts (brass hard-
ware for the coils please) and intercon-
nect them. Top right in Fig. 1 is a sim-
ple board mounting eight of the Ohm-
ite 2@, 11W resistors. This quick board
mounted to a surplus piece of chip-
board is a convenient dual channel 8,
44W dummy load. The PC board
shown bottom left, component side up,
gives an idea of the capacitor density.
This approach will mount and inter-
connect easily. This particular board is
part of a switchable passive crossover
unit [ use in testing,

LS fHH

YCS fHL

T

The board in the bottom center has
to be nearly the simplest board possi-
ble, two copper runs separated by a
straight gap! It can be made with a
knife, a hacksaw or a file. I use them to
make large plastic film capacitors from
a group of small ones. For example, 1
purchased a bunch of 1xF, 50W poly-
propylene stand-up capacitors for 7¢
each (doesn’t matter where, I bought
all they had!). I can put ten of these to-
gether on one of these simple PC
boards for a compact and robust 10uF
polypropylene capacitor for 70¢,

Continued on page 41

Fig. 1. A group of knife-cut circuit boards.
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Professional, Inexpensive tests for your audio
system's performance without instruments...
CBS Laboratories’ STR Professional Test Recordings

For over ten years, the original series of these high-precision test
records set a standard for the audio industry. Now the new series
sets an even higher standard. It's been revised, recut and expand-
ed.

The new series consists of eight records for professionals and one
for non-professional audiophiles.

Each record contains a complete series of easy-to-use tests to help
you rapidly and accurately evaluate components and systems.
Even one of these records can eliminate the need for costly, addi-
tional equipment. Each will find productive use and save you hours
in the laboratory, on the production line and in field testing.

Take a look what this essential testing series contains:

SEVEN STEPS