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CELESTION has a new speaker featuring
a passive radiator woofer and their laser-
optimized tweeter. The passive radiator
design, which was introduced by Celes-
tion in 1966, improves low bass re-
sponse and is relatively efficient. In this
application, the woofer is 6" to facilitate
low distortion midrange response, and
the passive radiator is 8", extending bass
down to 45Hz. The tweeter handles
power well without distortion. Visit
your dealer for an audition or write to
them at Box 521, Holliston, MA 01746.

T R

From AUDIO CONCEPTS, 1919 So. 19th
St., LaCrosse, WI 54601 comes a nice
price list written from the point of view
of people who have built many speakers
themselves. Descriptions, comments,
and suggestions for use make the price
list useful and friendly. They carry
Audax, Dalesford, Jordan, Decca, and
SEAS, along with recommended cross-
overs and parts. Cabinets are also
available.
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The Loft active crossover is available
from PHOENIX AUDIO LABORATORY, 91
Elm St., Manchester, CT 06040. This
unit's special attraction is its flat
response in the crossover region,
achieved using summed amplifiers.
Though intended for professional use
with 600 ohms balanced lines, it will ac-
cept high Z unbalanced inputs as well.
Three configurations are available: a
stereo 2 way, a mono 2 way, and a mono
3 way. Controls are nicely thought out
so that accidental mis-settings are dif-
ficult.
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JUST SPEAKER CO., 233 Whitney St., San
Francisco, CA 94131 sells a variety of
raw frame drivers including Audax,
Becker, Foster, JVC, Philips, Jordan and
SEAS. They also have crossovers as kits,
assembled, or parts. Items of special in-
terest include the ribbon tweeters from
JVC and Foster, the SEAS treated-paper
cone midrange, and the Audax alumi-
num cone supertweeter.

‘ IME Drivers .
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An English company, BADGER SOUND
SERVICES, LTD. has recently become
retail distributor for IMF drivers.
Recognizing the needs of home builders,
they will provide the necessary
Thiele/Small parameters for these and
other drivers. They have developed a
series of recommended designs, includ-
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ing a transmission line system based on
the Webb design which appeared in
TAA 1/75. Several systems can include
the amplifiers inside the speaker cabi-
nets if desired. Write to them at First
Floor, 46 Wood St., Lytham St. Annes,
Lancs. FY8 1QG England.

Woodworking tools for connoisseurs are
featured in the new catalog from the
PRINCETON COMPANY. Specialized and
unusual tools for all kinds of tasks
abound, including dovetailers, mitre
boxes, routers, and elegant sets of carv-
ing tools. The planes on p. 26, made of
beechwood and pearwood, with chrome
-vanadium steel blades, are beautiful
just to look at, and surely must be a joy
to use. Exotic Japanese samurai saws
which permit fine control are included,
along with a Japanese sawstrap. Excel-
lent English, German, and Scandinavian
tools appear also. If you get tired of
woodworking, try their gardening tools,
or even their cheese knife. The address
is PO Box 276, Princeton, MA 01541.

[ i e

Dispersion has been a problem for elec-
trostatic speaker designers. Few of them
have not dreamed of a spherical electro-
static device, no doubt. One who has
dreamed and then acted is John Civi-
tello. His new firm GEOSTATIC, INC,, is
announcing the Geostatic Mark I system
which features a spherical shaped elec-
trostatic transducer which is fed by an
amp crossed over at 450Hz. The bass is
handled by two 12" drivers in a trans-
mission line on casters. Power re-
quirements for the electrostatic: 100W
minimum into 2 and for the woofers
100W into 4. The system does not in-
clude power amps or crossover. Almost
five feet high, the system weighs 150
lbs. The electrostatics are available
separately and priced under $2500 pr.



The complete system with added
woofers is just under $5000 pr. A cross-
over is available from Geostatic as well.
Civitello is a long time reader of TAA
and a dedicated audiophile. Those of
you who enjoy electrostatics will want
to keep up with what is developing here
and get a chance to hear one of these
new transducers if at all possible. Infor-
mation is available from GEOSTATIC,
INC., 226 Vreeland Ave., Dept. TAA,
Paterson, NJ 07504.
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King Snake II Ultra speaker cable has
been announced by ESOTERIC AUDIO,
USA. Using "new improved fine gauge
stranding and pure copper,” the snake is
said to improve transient response and
bass. A variety of gold plated connectors
is available to terminate the wire, or it
may be purchased in ready-made
lengths. See your dealer or write to 408
South Main St., Woodstock, GA 30188.

TRANSDUCER
TECHNOLOGY
& DESIGN

/

offers continuous hixpower handling speakers

$ 75.00
$125.00
$150.00
$175.00
$225.00

12" 22" VC 80 0z. magnet 200 watts
1237 VC 106 0z. magnet 200 watts
153" VC 95 oz. magnet 300 watts
183" vC 120 07 magnet 350 watts
18 3" VC 120 0z magnet 500 watts

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

404/455-0572

POLYDAX - SEAS - PHILIPS
PEERLESS - AUDAX
AMPEREX - EV - MOTOROLA

e COMPLETE LINES IN STOCK

e DOME & RIBBON TWEETERS,
DOME MIDRANGES, AND BEX-
TRENE & POLYPROPYLENE
DRIVERS

e KITS AVAILABLE
e EXTENSIVE LIBRARY OF PLANS

e FREE TECHNICAL AND DESIGN
ASSISTANCE

e NEW 1982 CATALOG DUE IN
MARCH

Speaker Supply Co.

Post Office Box 48362
Atlanta, Georgia 30362
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KEF
KITS

Now you can “build the best

% 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 upintoa
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.

The Magazine for the Perceptive Listener

High
Performance
Review

Balanced objective and subjective reviews
of equipment: B&W, Threshold, Dyna-
vector, Sony Esprit, KEF, Luxman, SAE,
Denon, Hafler, Technics R&B, Oracle,
Micro-Seiki,  Studer-Revox, Fidelity

Research, Adcom, Tandberg, Teac, STD,
' Sumiko (Grace], Ariston, Apt, Ortofon,
JVC, QED, ADC, Thorens, Acoustat, Stax,
Acoustic Research and more. The latest
andbest units.

Technical Advisory Board: J. Robert
Ashley, Sperry Gyroscope-Clearwater and
| University of South Florida; Elliot Mazer,
record producer/engineer; James A.
Moorer, Lucasfilm, Ltd. and Stanford
University; Vincent Salmon, acoustical
consultant.
Comprehensive equipment tests
using state-of-the-art precision instru-
mentation from Tektronix, Bruel & Kjaer
andHewlett-Packard.
Precise listening evaluations under
controlled conditions.
Authoritative reviews of over 80
recordings per issue: Popular, jazz and
classical-find high quality sound plus
outstanding musical performances
among currentreleases.
Expert opinion on important devel-
opments in audio technology. Discussion
of current problems and possible improve-
ments.

| High/Performance Review has the best
features available. Our magazine tells you
what you want to know about high
quality audio components and records.
Knowledgeable critics have called our first
three issues ™. . . Impressive, unbiased . . .
precise listening evaluations . . . well-
balanced content . . . outstanding record
reviews . . . finest now available.” Qur
issues average about 140 pages each.
Issues 1, 2 & 3 are ready now. The special
charter subscription rate is $24.00, one
year, four issues. Each issue has a colorful
cover and is printed on fine quality paper.
Don't miss out! Send your order today.
Money-back guarantee (send for details).

| High/Performance Review
| Box 2989; Stanford, CA 94305 U.S A.
[ Yes, enter my charter subscription. All
subscriptions begin with Issue 1.
Ol e(rj\close $24.00 by check or money
’ order.

Overseas and Canadian subscribers: Please note that
payment must be in U.S. Funds Net payable on U.S.
Bank or Agency. Add $4.00 tor non-U.S.A. surface mail.
Name
Street
‘ City
State Zip _—
For Questions: Telephone: (408) 446-3131,
M-F 10-4 (Pacific Time)
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About This Issue

Back in the fifties High Fidelity
published the first article ever on
the brand new acoustic suspension
speaker format. Edgar Villchur's
bookshelf sized speaker used a
new driver with a super compliant
cone. Walter D'Ascenzo leads off
this issue with a rebuild of what
has become a classic, Acoustic
Research’s AR-1. D'Ascenzo takes
his inspiration for the changes
from Walt Jung, Chuck Hollander
and Dick Marsh's ""Pooge’’ articles
in Audio Amateur's 1981 series.

Nelson Pass explores the many
factors involved in the whole ques-
tion of how crossover networks af-
fect phase starting on page 12. In
issues 3 and 4 we will follow up
with some practical applications.

Wilfred Harms offers sugges-
tions on improving passive cross-
overs on page 18. For those
readers who have yet to build their
first speaker, David Baldwin of-
fers guidance, encouragement and
practical tips on page 25.

Gary Galo concludes his two-
part series on transmission lines on
page 24, with three sizes of con-
struction projects.

We welcome two new people to
the staff this time. Steve Birchall
brings an array of talents and ex-
perience in music, recording and
audio merchandising to his duties
as assistant editor. Nancy Estle is
responsible for the beautiful
redesign of our pages and the
cover art which is adapted from
Walt D'Ascenzo’s original draw-
ings.
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Editorial

Is enough enough?

The saw's biting cut into a sheet of fresh plywood produces a smell I
always associate with spring and loudspeakers. With the project well
defined, the cutting drawings doped out thoroughly, a few gross of
screws readily at hand, sharp blades on the jigsaw, the table saw, and the
router, [ am off on what is, for me, one of the world's most satisfying pur-
suits.

A new set of untried drivers, a revised crossover design, and some
fresh ideas about damping resonances, avoiding diffraction, connecting
the wiring through the panels, subsequent access to the unit's interior,
and new finishes makes the prospect all the more inviting.

To the outsider all this doubtless looks like a trivial quest. For us it is
sonic high adventure. The new speaker system always has a character of
its own—a unique re-shuffling of the details in the familiar recorded
favorites we know so intimately. How do we relate these variations to
what is different in the new device we have just constructed?

In such a manner we assemble listening and speaker performance data
in our heads. The sense of discovery is intense and one of the primary
pleasures of our human capacity as makers. It is for us far more than a
smug pride of accomplishing something most other people do not. It is
adventure into an unknown region and doing it yields both the pleasures
of the making and of new knowledge and understanding.

But this love of the quest is also a point of ridicule. Those of us who
love good sound are used to the charge that we get more pleasure out of
playing with the equipment or the tools than we do from the music. For
such critics, music is apparently a self-justifying value. Craft or the ex-
ploration of mechanical/aesthetic interfaces apparently does not com-
mand an equal respect, or valuing.

The condescension in the critic’s view that we hi fi nuts are a little
crazy to spend the time and effort we do on what is apparently an
endless search for “perfection” is, I believe, based on the pragmatic
American belief that in all things there is some point where enough is
enough. Objective support for or proof of the value of this viewpoint is
not plentiful. In my view the spread of this “virtue” within American
culture today is a cancerous, devastating phenomenon that blights a ma-
jority of the things we make. A standard of mere "good enough” degrades
everything from prefabs, coffee cups, plastic shoes, and disposable
lighters to TV sitcoms and soaps. A “good enough” auto industry is up
against competition from cultures which view work and achievement as
noble and will apparently go to any lengths to make a product that is bet-
ter than anyone has made before—and for less money. “Oh, that's good
enough for anybody” is a disease among us Americans that is the root of
our troubles in many areas.

A large percentage of U.S. engineering talent is engaged in the very
American enterprise of taking good, quality products and finding ways
to make them cheaper—but, of course, “just as good.” Those of us who
pay for the ‘just as good” know what it is: cheap, shoddy, and disgusting.
More profitable for the maker and not much else.

Part of my joy in my workshop turning out yet another speaker system
with quality components is the chasm separating me from the unreliable,
flimsy, fast world of throw-away “just as good.” For me, enough will
never be enough. And something tells me my humanity is a little
stronger, a little more secure, for it



THE AR—I

REJUVENATED

Many speaker systems leave much
to be desired and at least to this
observer, woofer systems generate the
most complaints. You have only to read
through equipment reviews in the vari-
ous magazines to taste the full flavor of
the problem. Comments such as:
“...lacks deep bass range...", "...Speaker
has a tendency toward boominess...",
“...woofer does not blend well with up-
per range drivers..." abound. A review of
even one speaker system that managed
to escape criticism of its woofer would
be hard to find. Acceptable performance
in the deep bass range, bass detail, tran-
sition to the midrange and compatibility
with low mass, “fast” drivers (eg electro-
static panels) are difficult to obtain at
reasonable cost.

Acceptable performance can be defin-
ed as the following:

1. Deep bass range (25 to 40Hz). Out-
put equal in level to the midrange output
of the system.

a. The woofer should be able to repro-
duce with impact and authority such in-
struments as the concert bass drum and
the pipe organ (which has pedal funda-
mentals reaching down to 32Hz).

b. A secondary effect at this level of
performance is a sense of weight, but
without constriction, low frequency am-
bience, if you will.

2. Bass detail. Fast transient response
brings clarity and definition to the
sound. Simple frequency response in the
deep bass region is not sufficient. You
want to be able to hear all the notes as
they are being played. You will know it
is good when you can hear crisp, well-
defined attacks on plucked string sounds
or a solid "whack” at the beginning of a
bass drum stroke.

3. Midrange characteristics. Output
should be flat to at least 2,000Hz, with
minimal midrange “ringing.” The woofer
does not always behave as a piston in the
middle frequencies but often breaks up
into smaller vibrational modes which
create coloration.' Several ways of con-
trolling this problem exist, and will be
used later.

BY WALTER D’ASCENZO

4. Compatibility with low mass
drivers. Often a speaker with mixed
driver types lacks cohesiveness. Large
cone woofers do not have the same
sound as high performance tweeters
(such as electrostatics), so the designer
must minimize those differences. The
system should sound like one full-range
driver.

A PRACTICAL SOLUTION. Experi-
ence is the best teacher (or so the
POOGE says). After working on seven
generations of acoustic suspension
woofers in my system and a couple more
for others, I have evolved a way to select
and modify drivers and tune the enclo-
sure to these modified drivers which is
easily repeatable for any hobbyist who

PHOTO 1: Modified janszen Z4I2hp now has deep
bass response matching the detail and low coloration
of the electrostatic elements.

knows some basic construction skills
(see acknowledgements). More impor-
tantly, you will enjoy the "acceptable
performance” that is so hard to obtain
from commercially available speakers.

The instructions to follow will deal
only with Edgar Villchur's brainchild,’
the acoustic suspension woofer, its
modification, and retuning of the enclo-
sure. If, after reading through the
material, you should ask, “Why don't the
speaker manufacturers do this?" the
answer is simple economics. The work
is labor intensive and can increase the
cost of a system beyond reason. More-
over, many speaker manufacturers be-
lieve that consumers prefer boomy,
poorly defined bass, and have the sales
figures to prove it.

STEP-BY-STEP 1. Select the drivers.
a. A 12-inch woofer provides the best
trade-off between the size and mass.
(The industry measures the diameter at
the frame rather than the cone, so a
12-inch woofer has an eight-inch dia-
meter cone.) You diehards out there can
play around with larger diameter
drivers. You will, I believe, sacrifice
midrange performance and transient re-
sponse if you do.

b. Free air resonance should be no
higher than 20Hz and no lower than
common sense dictates. Actually I have
not seen any production drivers with a
free air resonance below 15Hz, although
Edgar Villchur has designed a system
around a driver with a free air resonance
of 10Hz.!

c. Cone material should be either the
thick vacuum formed paper type® or the
new polypropylene type. A more rigid
cone has better transient response and
resists break-up into smaller vibrational
modes, Polypropylene has high rigidity
and lower mass than paper.

d. The surround should be the half-
round type of either rubber, closed cell
foam or treated canvas. Usually drivers
with a pleated surround are not com-
pliant enough, resulting in a high free air
resonance.
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e. Magnet weight should be no lower
than 30 oz. and no higher than 54 oz.
Keep in mind that magnet assembly
weight does not count for anything other
than marketing hype. You are looking
for magnet weight only.

f. Impedance is not critical, however
eight ohms will make life easier should
you continue your project beyond the
scope of this article and build a full
range system.

g. Basket construction should be rigid
and sturdy. You will get one “Atta-boy” if
you locate a driver with a cast aluminum
basket.

The 12-inch driver manufactured by
Teledyne Acoustic Research, part no. W
12”7 200003 would be preferred. This
unit worked well in my own electro-
static system and the POOGE sW-1 sub-
woofer. (See photos)

2. Select or build the enclosures.?

a. The optimum internal volume is
between 1.7 and 2.0 cubic feet. Increas-
ing the volume will not improve perfor-
mance, but will degrade it. Naturally,
the use of larger drivers would dictate a
larger enclosure. Guidance toward that
end can be obtained from Victor
Brociner's article in the March, 1971
issue of Audio Magazine.*

b. Above all, a square box is out.
Square boxes, because the distances be-
tween interior surfaces are equal,
behave like Helmholtz resonators.® A
rectangular box with proportions such
as 25 inches long by 15 inches wide by
11 inches deep is acceptable.

c. The material used should be either
reinforced particle board or plywood.
The reinforcement should be by means
of interior bracing to make the back and
sides of the box as rigid as possible.

Cabinet flexing causes mushy bass.

d. Construction should follow general-
ly acceptable woodworking practice.
Remember, the enclosure must be air-
tight,

e. Seal all joints and cabinet penetra-
tions from air leaks.

3. Modify the driver. (*steps b, cand h
not required for polypropylene drivers)

The cone has to be treated to damp
spurious resonances and aid the mid-
range performance. Also, the empty
chamber that is formed between the
dust cap and the magnet pole piece has
to be taken care of to eliminate
resonances.

a. Very carefully cut away the dust
cap with a razor knife, being ever on the
alert not to puncture the cone.

*b. Temporarily stuff some tissue paper
into the empty chamber around the
driver's voice coil form to keep foreign
matter away from the gap while per-
forming the next steps.

*c. Using a commercially available lig-
uid plastic such as Valspar®, soak the
speaker cone through to a radius of two
inches by carefully applying the plastic
with a brush (see Fig. 1). Continue
brushing until the cone material stops
absorbing the plastic. You will know
when because the plastic has soaked all
the way through to the back side of the
cone and the top surface is glazed and re-
mains so. Allow to dry overnight or
about 12 hours.

The rigid plastic portion of the driver
cone now functions as a pseudo-mid-
range, making it easier for the woofer to
propagate frequencies above 200Hz. The
late Lincoln Walsh developed a full
range driver in 1969 using this very prin-
ciple.

NEW OUST CAP ®
R /—HV SILICON BEAD

\ T
\ SRR PLASTIC
> Z || SATURATEO
> = o ZrZ
FOAM RUBBER PLUC = AREA

WOOFER CROSS-SECTION

FIGURE 2: Resonances are controlled with new dust cap and foam plug in voice coil chamber.
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d. Select a replacement for the dust
cap. (When using a polypropylene
driver, try to salvage the dust cap if it is
made of the same material.} The replace-
ment dust cap should be acoustically in-
ert, light in weight, roughly convex in
shape and made of a firm vinyl material.
A trimmed vinyl drain stopper has
served the purpose and so has a trimmed
vinyl umbrella from a Christmas orna-
ment. A little imagination while shop-
ping in a hardware or gift store can go a
long way. The diameter of the new dust
cap should be only ¥2” greater than the
driver's voice coil form. Painting the
new dust cap for better cosmetics is all
right.

e. Remove the tissue from the empty
chamber and bond to the magnet pole
piece (using automotive weatherstrip
adhesive®), a soft foam rubber plug cut

2-tmch
LELITH
fram snice coil form

PLASTIC
SATVRATED

YOICE CotL AREA

WOGFER WITHONI DUST CaP

FIGURE I: Modification begins with removal of dust
cap and coating portion of the cone with plastic to
gain rigidity.

to a diameter of %" less than the inside
diameter of the voice coil form and as
long as possible, allowing clearance be-
tween it and the new dust cap with the
cone bottomed out. (See Fig. 2} Foam
that is used for making pillows and
cushions found in fabric shops is suit-
able. The foam plug "stuffs’ the chamber
like a miniature enclosure eliminating a
major source of ringing.

f. Set the new dust cap in a bead {% " in
cross-section) of GE RTV* silicon rub-
ber.® Let cure overnight or 12 hours. The
silicone rubber dampens resonances at
the apex of the speaker cone (see Fig. 2).

g- Bond four sponge rubber strips such
as Frost King® %" by %/,s” weatherstrip
tape® to each quarter of the cone, out-
side the area impregnated with plastic,
using the weatherstrip adhesive.* These
strips will extend from the edge of the
first two inches of radius (or the part im-
pregnated with plastic) to the edge of the
surround at a 45° angle to the radius.
(See Fig. 3)

The angle is important because it
enables the rubber strips to dampen the
outer portion of the cone in two direc-
tions, helping to eliminate undesirable
coloration.?

*h. With common household rubber



PHOTO 2: Two of these POOGE-sWi subwoofers
upgrade the single muddy 18" subwoofer of the Infini-
ty Servo-Static | to reproduce deep bass with the
clarity and purity of timbre needed to complement
the electrostatic panels.

cement,” coat the remaining cone area
not impregnated with plastic.

Besides getting high on the fumes, you
are sealing the remainder of the cone.
Most paper cones are porous and thus
behave the same as an air leak.

4. Stuffing the enclosure.

Stuffing the enclosure has a direct effect
on the in-cabinet-resonance of a driver
and on coloration. Too little will yield an
output peak in the bass, too much over-
damps the system and attenuates bass
response.’ Not the right kind will have a
direct impact on the coloration of a

SPONGE RUBBER

FINISHED WOOFER

FIGURE 3: Cone resonances are dampened with four
sponge rubber strips.

PHOTO 3: Close-up of the author’s finished woofer.
Note the plastic saturated area and the way the new
dust cap is seated in the bead of silicon.

system. You have all heard stories of the
benefits of using English wool in an
enclosure.®

The key to this procedure is to tune for
the lowest cabinet resonance.® In this
case, 36Hz (approximately D) is a
reasonable goal. In my experience a
combination of two-inch foam {remem-
ber the type used in furniture?), Polyda-

cron® fiberfill¢ (also used in furniture)
and fiberglass® is the best way to remove
coloration {damping and resonances) in
the upper bass range and midrange fre-
quencies. (See Fig. 4)

a. Place the speaker on its back, and.
starting with the bottom of the enclo-
sure, lay in a 2-inch-thick layer of the
foam, being sure to cut clearance in the
foam for the reinforcing struts in the
enclosure.

b. Follow with the Polydacron® fiber-
fill just about up to the bottom of the
woofer. Take fluffy balls of the Poly-
dacron® and fill the box with these until
you have it packed in such a way that
you can slip your hand through the fill-
ing. The filling should resist your hand
but at the same time let it pass. Would
fluffy-firm help? A safe bet would be ap-
proximately 20 oz. by weight.

c. Finish off with a three-inch layer of
fiberglass batting just below the driver.
To keep stuffing material out of the mov-
ing parts of the woofer, place a piece of
cheesecloth or similar material around
the basket.

d. Mount the driver, sealing it with
either a rubber gasket if the routed
driver mount flange is smooth and with-
out major imperfections) or Mortite®
rope caulk*’.

5. Tuning the enclosure.

a. Check cabinet resonance with an
audio signal generator, amplifier, volt-
meter and 100 ohm resistor (see Fig. 5
for wiring details and instructions).

Cabinet resonance between 30 and
40Hz is good. If it is higher, your work is
cut out for you. Either you have over-
stuffed or understuffed. Chances are my
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ENCLOSURE CROSS-SECTION

FIGURE 4: Three different materials control cabinet resonances. Cross braces strengthen cabinet.
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“fluffy-firm” description was not good
enough. Dis-mount the driver, pull out a
double handful of the Polydacron,® re-
mount the driver and check the cabinet
resonance. If the resonance is coming
down, remove stuffing a handful at a
time until the resonance rises again.
Then backstep one double handful. A
handful is that amount of Polydacron®
you can close your fist around and
which, upon relase, springs back to the
size of a grapefruit.

Tuning is a frustrating task. A lot of
material has been written on the subject
with plenty of mathematics to make
matters complex. Using plain English, 1
just attempted to describe the mechanics
involved in tuning the enclosure for op-
timum “Q" (the ratio of reactance to
resistance)*®. Real-time analyzers {such
as the Ivie unit) save time because you
can observe easily a response peak (or
bass roll-off) which indicates the need
for more (or less) stuffing.

Give the new woofers an ear test. If
the cabinet resonance is as low as possi-
ble and you feel the bass power could be
better, your cabinet may be too air tight.
To -answer the question why so much
care was taken to seal the system in the
first place, you can now control the
amount of air leakage to fine tune the
enclosure. Try drilling a '/, " hole in the
enclosure about two inches from the
driver. A second /;s” hole may help
even more if you did a good job sealing
the system. Keep in mind that the holes
can be easily resealed and redrilled at
will for test purposes, hidden air leaks
cannot.

If you are going on to a full range
system, the highest practical crossover
point will be 800Hz. Should these sys-
tems be used as sub-woofers for a pair of
Magnepans® or electrostatic screens, a
crossover of 100Hz will work well.
Again, a real-time analyzer can be a
tremendous help. Setting levels is impor-
tant for a cohesive sound.

CONCLUSION. Day to day use of
these speakers has revealed the ex-
istence of musical information on
records and tapes that many audiophiles
dream about hearing, without realizing
it was always there. As most readers of
Speaker Builder will probably attest,
experimenting with and building
speaker systems can be a very reward-
ing hobby, with a high ratio of improve-
ment vs. dollars spent on their sound
systems.

Proper speaker placement can put the
finishing touch on that system on which
you have worked so hard. Room bound-
aries have a direct effect on the perfor-
mance of any woofer system because
the intersection of two planes acts as a
reinforcer of bass frequencies. The in-
tersection of three planes (such as a
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corner floor placement) has an even
greater effect and should be avoided. A
simple change of a couple of inches or a
few degrees of angle can sometimes
make a striking difference. As a general
rule I start by putting speakers 18 inche

from the floor and at least two feet from
any wall. Naturally, we all have dif-
ferent rooms, so ear testing different
speaker placements is the best baro-
meter for finding that final resting place.
Happy listening!
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REFERENCE PARTS

a. 3M No. 51135-08001 Super Weatherstrip
Adhesive

b. GE No. GEC 421 Silicon Auto Seal {or
equal)

c. Thermwell Products No. R538 “Frost-King"
sponge rubber weatherstrip tape (or equal by
3M)

d. Valspar 20 clear high gloss Polyurethane®
liquid plastic {or equal by Varathane®}

e. Mortell Mortite® weatherstrip and caulk-
ing cord

f. Ross No. 44 rubber cement for paper work
{or equal)

g. Jo-Ann Fabrics® Hollofil No. A-90333
Dacron batting

h. Owens-Corning Fiberglass® insulation

j. 12-inch woofer such as Teledyne Acoustic
Research part No. W 12" 200003

AUDIO SIGNAL
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FIGURE 5: Speaker Resonance Test Set-Up

I. Connect an audio frequency signal generator to an auxiliary input of your amplifier.

2. Connect the amplifier speaker output through a 10002, 10W sandstone resistor to your speaker system.

3. The voltmeter is simply connected to the speaker terminals.

4. Set the signal generator to 100Hz, turn the generator and amplifier on and set the sound level to a point

where you hear the 100Hz signal reasonably well.

5. Turn on the voltmeter and set it to a scale where the voltage reading is in the left half of the scale, as shown.
6. Slowly scan the frequencies between 100Hz and 20Hz to find the frequency that gives the highest reading on

the voltmeter. That frequency is the cabinet resonance.

You can also use this test set-up to check the free air resonance of the driver while it is out of the enclosure.
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PHASE COHERENT
CROSSOVER NETWORKS

The importance of phase re-
sponse in the audio chain has been
brought to greater focus recently by
equipmert claims of phase coherency,
(the output signal has the same phase
relationships as the input signal). It is
not particularly obvious that two dif-
ferent frequency components of a signal
can go into a device at precisely the
same time and emerge at different times,
but it is extremely common. All audio
components distort the phase of the
signal to some degree—even air alters
the time alignment of a signal, but the
biggest offenders are loudspeakers and
their crossover networks. Phase shifts in
the audio signal destroy the waveshape
of the important attack characteristics of
many instruments and hamper our abili-
ty to perceive the localization of the im-
age, smearing the apparent source. They
can change the steady state waveforms
of vocal sounds so that the singer seems
to be ten feet wide.

Historically, the phase integrity of the
audio signal has been considered much
less important than amplitude and har-
monic/intermodulation distortions, but
as more of those problems are solved
and the quality of reproduction im-
proves, phase distortion stands out in
greater relief. The question of the
audibility of these distortions has
become the object of heated discussions
regarding the perceivability of absolute
phase, frequency dependent phase
shifts, and the rate of phase shift. None-
theless we know that the ear is sensitive
to phase and uses phase cues to help de-
termine directionality. In the belief that
proper attention to phase does produce
better sound, I will discuss the design of
crossover networks which have
minimum phase distortion.

WHY USE CROSSOVERS? A neces-
sary evil, the crossover network exists
solely to ameliorate the inability of most
loudspeaker drivers to cover the full
audio range. Treated as a mass controll-
ed piston working into an acoustic load,
the typical cone loudspeaker derives the
flatness of its response from the cancel-
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DRAWINGS BY KIRK RADER

lation of two opposing effects — its excur-
sion (which decreases as the square of
the frequency), multiplied by the
resistance of the acoustic load (which in-
creases as the square of the frequency).
Figure 1 shows this relationship on nor-
malized logarithmic scales. The two
functions cancel each other to create a
flat acoustic output between the rolloff
points. At some high frequency (where
the acoustic wavelength is less than the
circumference of the cone) the acoustic
resistance levels off to a constant value.
Since the cone's excursion decreases by
the square of the frequency, the
resulting frequency response curve (ex-
cursion times acoustic resistance) rolls
off at 12dB/octave. At the low frequency
resonance of the driver, where the ex-
cursion is dominated by the compliance
of the suspension instead of the mass of
the cone, another rolloff appears, also at
12dB/octave.

Generally cone drivers don't work
well over more than about a 10 to 1 fre-
quency range, and to cover the audio
spectrum from 20Hz to 20kHz you
might need three different drivers, each
designed for a specific range—20 to
200Hz for the woofer, 200 to 2000Hz for
a midrange, and 2 to 20kHz for the
tweeter. You could send a full range
signal to all the drivers in parallel, but
would discover quickly that they fail to
reproduce outside their range. As they

struggle to do so, severe distortion and
possible damage may occur. The cross-
over network divides the sound among
the drivers. Ideally when the drivers
reproduce the signals sent to them, their
outputs blend together to form an
acoustic copy of the original signal as if
the division had never taken place.

SQUARE WAVES SHOW PHASE
CHANGES. One of the reasons the
square wave is a useful test signal is that
its shape is extremely sensitive to any
variation in either amplitude or phase. It
consists of a rich array of harmonics,
and any alteration of their amplitude
and phase deforms that squareness. I
suppose the perfect high fidelity system
would have to pass a square wave test,
where a square wave would be encoded
onto the appropriate medium and the re-
sulting playback would create an acous-
tic square wave in the vicinity of the
listener's ear. Most parts of the audio
chain pass square waves quite well
when designed carefully. Loudspeakers
have the greatest problem, and although
some present good square waves at par-
ticular frequencies and angles, to date 1
have not seen a loudspeaker which
passes a general square wave test.
When we send a square wave into a
loudspeaker system and observe the
resulting image on an oscilloscope
screen, we see little resemblance to a
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FIGURE |: When the cone’s falling frequency response interacts with its rising acoustic resistance, the result is a

flat response in the middle.
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FIGURE 8: A peak develops when using this technique with [2 and [8dB/octave filters.
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square wave except the original perio-
dicity. The loudspeaker drivers, the
room, and the microphone have all
degraded the waveform. If we could
eliminate all of these sources of distor-
tion, we still might find our square wave
grossly modified, the phase seriously
distorted by the crossover network.

CROSSOVERS ALTER PHASE. All
filters, active or passive, alter the phase.
However, with some types of filters,
when the low pass and high pass outputs
are mixed back together, the original
phase and amplitude relations are re-
created precisely. Such crossover filters
are phase coherent and their high and
low pass outputs are phase complement-
ary.

To evaluate the coherence of a given
pair of filters, we measure the electrical
sum of their outputs, then mathemati-
cally add them; examining the result for
amplitude and phase distortion. On
some filters we find that inverting the
output of the high or low pass filter
results in more accurate total amplitude
or phase response, and we will examine
those possibilities also.

Figure 2 shows the results of such a
test with some reasonably common
crossover network types. These particu-
lar circuits are designed for biamplified
systems, with low source impedance

FIGURE (2: Buffering the filter output reduces its im-
pedance almost to zero, which is a better way to
eliminate the shelving effect than increasing the dif-
ference amp’s impedance.

and high load impedance. Note the use
of phase inverting buffers to invert the
in some cases. {Of course this could be
achieved more easily in a real system by
inverting the polarity of the loudspeaker
terminals.) The topologies in Fig. 3 are
for power, rather than preamp levels,
using coils. As the textbooks are fond of
saying, calculation of the values is left as
an exercise to the reader. The 6dB/oc-
tave and the inverted 12 and 18dB/oc-
tave examples yield sums which are
quite flat, and remarkably, we see that
the 12 and 18dB/octave cases both yield
identical amplitude and phase results.
Of all these filters only one, the lowly
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6dB/octave crossover has both accurate
amplitude and phase response when the
outputs are reassembled.

SIMPLE BUT EFFECTIVE. In ap-
plications where the drivers have wide
bandwidth and can tolerate the low
rolloff - rate, the 6dB/octave crossover
can give excellent results, particularly
with planar drivers, such as electrostatic
systems and Magnepans. The circuit of
Fig. 4 has given me excellent results with
the Tympani 1D's and MG 2A‘'s and
serves as a good example of how well
simple inexpensive approaches work. I
have not had the opportunity to try it
with their newer SMG's, but I expect
similar improvements over the stock
systems. Using both capacitors and
coils, it presents a flat input impedance
of 10kQ or higher.

Those who wish to dispense with coils
and whose preamp can drive a 5kQ load
might try the equivalent circuit of Fig. 5,
which gives the same results with a few
decibels loss of gain. The circuit of Fig. 6
(which uses active impedance buffers to
give the circuit a very high input im-
pedance and a very low output im-
pedance) does not have this loss. Various
types of buffers are possible. IC buffers
(such as the LM 302 or LM 310) op amps
(whose output is connected to the inver-
ting input), and simple one-device
emitter/source/cathode voltage
followers without negative feedback are
suitable. The circuits of Figs. 4-6 all pass
our square wave test and all have
6dB/octave slopes.

SUMMING FOR FLAT RESPONSE.
Even more interesting is the technique
illustrated in Fig. 7. An active circuit
assembles a phase complementary out-
put from the difference between the in-
put and the output of a single filter. This
ensures that the sum of the two outputs
will be perfectly flat in amplitude and
phase. To be effective, the filter should
exhibit unity gain in its passband, or the
rolloff characteristic will have a shelf
(like a conventional tone control), but
otherwise it can be any type of filter.

This approach allows the use of higher
order filter slopes in a phase coherent
crossover as shown in Fig. 8, where we
note some interesting phenomena. The
precise complement of a maximally flat
12 or 18dB/octave filter has a peak
which increases with the slope and Q of
the filter, and it always exhibits a
6dB/octave slope. One of these minor
drawbacks, the peak, can be reduced by
lowering the Q of the filter as in the ex-
amples of Fig. 9 where the less than max-
imally flat characteristics are those of
Fig. 2.

Figure 10 shows us that the effect is
similar but reversed if you use a low
pass filter in this configuration instead of
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a high pass. Unfortunately, I don't know
of a way the complementary output can
be made to roll off at a slope greater than
6dB/octave, and you must choose
whether it will be the low pass or the
high pass based on information about
the drivers. Most of the time you should
assign the higher slope to the tweeter,
since it generally needs more protection
from out of band signals.

In such filters, the resistances in the
differencing amplifier must be very
much greater than the output imped-
ance of the filter. Figure 11 shows what
happens when they are only 5 times
greater: the rolloff curve shelves at
about —20dB. This is not a very
desirable characteristic, but often it is
not very practical to place multi-

megohm resistances in the differencing
circuit because of the noise and the in-
put bias currents of the op amp. Figure
12 shows an easy solution to this poten-
tial problem. Buffering the output of the
filter gives it a near-zero output im-
pedance, and completely eliminates thi
effect.

TOTAL SYSTEM RESPONSE. So far
we have considered only the phase and
amplitude performance of the crossover
network and how easily you can achieve
phase coherency in such a device. How-
ever Mother Nature is not going to let us
off so lightly. These networks drive
loudspeaker elements and while we can
make filters perfect, the acoustic sum in-

Continued on page 43
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readers of The Audio Amateur and Speaker Builder magazines.
It attempts to provide circuit boards and the basic, or hard to
find, parts for construction projects which have appeared in
the magazine. Oid Colony assumes that the constructor
will use the Audio Amatewr or Speaker Builder magazine ar-
ticle as the guide for building his unit. Kits, with noted
exceptions, are not priced to include article reprints or con-
struction instructions, Old Colony kits, with stated excep-
tions, do not provide metal work, cabinets, line cords and the
like. We suggest that before purchase amateurs secure and
evaluate the articles, which give details on each unit. Kits
vary widely in complexity and required construction skills. A
very few can be assembled by the beginner. If you are just
starting in audio, get some experience building Heath or
Dyna kits before tackling an Old Colony kit, or locate an ex-
perienced friend to help in case of difficulties.
CROSSOVERS
ELECTRONIC
For both electronic crossovers: crossover points and R,
Rz, C,, C, MUST be taken from Fig. 3, p. 11, Issue 2,
1972, TAA. No other values can be supplied
KC-4A: ELECTRONIC CROSSOVER, KIT A.
[2:72] Single channel, two-way. Values of Ry, Re, C,,
C, must be specified with order. All parts and C4
circuit board. Includes new LF351 ICs. Each $8.00
KC-4B: ELECTRONIC CROSSOVER, KIT B.
[2:72] Single channel, three-way. Values of R;, Re,
C,, C;, must be specified with order. All parts and
C+4 circuit board. Includes new LF351 ICs.
Each $11.00
KK-6L: WALDRON TUBE CROSSOVER: Low
pass. Single channel, 18dB/octave, Butterworth,
(3:79] includes Bourns 3-gang plastic pot, level con-
trol, Mullard tubes, board, and three frequency
range determining capacitors. Specify ONE frequency
range per kit please. (Hz): 19-210; 43-465; 88-960;
190-2100; 430-4650; 880-9600; 1900-21,000.
Single channel. Each $43.00
KK-6-H: WALDRON TUBE CROSSOVER:
High pass. Single channel, 18dB/octave, Butter-
worth, [3:79] includes Bourns 3-gang plastic pot,
level control, Mullard tubes and 3 frequency deter-
mining capacitors. Please specify one of the frequen-
cies above. No other can be supplied. Each $45.00
KK-6-S SWITCH OPTION. 6-pole, 5-pos. rotary
switch, shorting, for up to five frequency choices per
single channel. Each $8.00
When ordered with two kits above, Each $7.00
KK-7: WALDRON TUBE CROSSOVER
POWER SUPPLY. [3:79] All parts, including
board, transformer, fuse, semiconductors, line cord,
capacitors. Will power four tube x-over boards (8
tubes), one stereo bi-amped circuit.  Each $88.00
SBK-Al: LINKWITZ CROSSOVER/FILTER.
Speaker Builder's [4:80] first kit, including all parts
and board for one channel of the three-way crossov-
erffilter/delay. 24dB/octave at 100Hz and 1.5kHz and
12dB/octave below 30Hz, with delayed woofer turn-
on. Board is 5% x 8%. Requires 15V supply, not
supplied. Use the Sulzer supply KIL4A with KI4B
or KLA4C. Per channel $64.00
Two channels $120.00
SBK Board only Each $14.00

PASSIVE
KF-7: CROSSOVER FOR WEBB TIS. [1:75]
Passive four-way crossover, in pairs, assembled.
Components are included for both STC and Celes-
tion tweeters. Made by Falcon of England.
Pair $87.50

FILTERS & SPEAKER SAVER
KF-6: 30Hz RUMBLE FILTER. [4:75] Two chan-
nel universal filter card supplied with WJ-3 (F-6) cir-
cuit board and all basic parts, 1% metal film resistors
and 5% MKM capacitors for operation as an
18dB/octave 30Hz rumble filter. 30Hz, OdB gain on-
ly. Kit may be adapted as two- or three-way single
channel crossover with added capacitors and
resistors. Each $19.75
KH-2A: SPEAKER SAVER. [3:77] This basic two-
channel kit includes board and all board-mounted
components for control circuitry and power supply.
It features tum-on and off protection and fast opto-
coupler circuitry that prevents transients from
damaging your system. 4PDT relay and socket in-
cluded. Each $35.00
KH-2B: OUTPUT FAULT OPTION. Additional
board mounted components for speaker protection
in case of amplifier failure. Each $6.75
KH-2C: COMPLETE SPEAKER SAVER WITH
OUTPUT FAULT OPTION. Each $40.00
KK-8: COMPEX C. Two channel board with all
parts to compress signal, including 1% polycar-
bonate capacitors and large tantalums. [3:79]

Each $45.00
KK-9: COMPEX E. Two channel expansion board
with all parts including precision Rs & Cs, [3:79)

Each $35.00
KL-5 WILLIAMSON BANDPASS FILTER.
[2:80] Two channel, plugin board and all parts for a
24dB/octave 20Hz-15kHz with precision cap/resistor
pairs. TLO75 IC's. Each $31.00

SYSTEM ACCESSORIES

KH-8: MORREY SUPER BUFFER. [4:77] All
parts & board for two channel output buffer to isb-
late tape outputs in your preamp from distortion
originating in a turned-off tape recorder. Many uses
for this versatile matchmaker. Each $14.00
KH-9: TONE ARM MOUNT BOARD. For the
Thorens TD-124 tumntable. Exact fit, unpainted fine
grade hardwood. Three countersunk holes drilled to
fit frame. Each $3.25
KF-1: BILATERAL CLIPPING INDICATOR.
[3:75] Single channel, all parts and board for any
power amp up to 250W per channel. (Does not
work well with Leach Amp). Powered by amp's
single or dual polarity power supply.  Each $5.50
Two kits, as above $8.25
KJ-3: TV SOUND TAKEOFF. For extracting the
TV set's sound to feed your audio system [2:78] Cir-
cuit board, vol. control, coils, IC, co-ax cable (1 ft.)

and all parts including power transformer.
Each $21.50
KJ-4: AUDIO ACTIVATED POWER SWITCH.
Turmn your power amps on and off with the sound
feed from your preamp.[3/78] Includes all parts ex-
cept box and input/output jacks. Each $50.00
KK-14A: MacARTHUR LED POWER METER.
[4:79] Two channel, two sided board and all parts ex-
cept switches, knobs, and Mtg, clips for LEDs. LEDs
are included. No chassis or panel. ~ Each $110.00
KK-14B: MacARTHUR LED POWER METER.
[4:79] As above but complete with all parts except
chassis or panel. Each $137.50
KL-2: WHITE DYNAMIC RANGE & CLIP-
PING INDICATOR. [1:80] One channel, including
board, with 12 indicators for preamp or crossover
output indicators. Requires + 15V power supply @
63 mils. Single channel. Each $49.00
Two channels. $95.00
Four channels. $180.00

BENCH AIDS

& TEST EQUIPMENT
KH-7: GLOECKLER PRECISION 101dB AT-
TENUATOR. [4:77] As basic to measuring as a
good meter, and more accurate than most. All parts
except chassis and input/output jacks to build au-
thor's prototype including all switches and loads. Re-
sistors are MF 1% and 2% types. Each $50.00
KB-8: INVERSE RIAA KIT. Six precision compo-
nents to shape your audio signal generator’s output
to the response curve of a recorded disc. Checks
phono preamp inputs. Each $5.75

KL-3C: INVERSE RIAA NETWORK. [1:80] Two
channels, 1% polystyrene capacitors and metal film
resistors, gold jacks, cast aluminum box, solder lugs
and alternate 600 ohm or 900 ohm r,/C,’' compo-
nents, Each $35.00

KL-3R: INVERSE RIAA. [1:80] Resistor/capacitor
package complete. Stereo R;'/C; ‘alternates.

Each 25.00
KL-3H: INVERSE RIAA. [1:80] Box, terminals,
gold jacks, and all hardware, (No resistors or caps) in
KL-3C. Each $13.50

KF-4: MORREY'S MOD KIT FOR HEATH
1G-18 (IG 5818) SINE-SQUARE AUDIO GEN-
ERATOR. [4:75] Includes two boards and all added
parts needed to modify the Heath unit to distortion
levels of parts per million range. Replacement sine-
wave attenuator resistors not included.Each $35.00

KG-2: WHITE NOISE/PINK FILTER [3:76] All
parts, circuit board, IC sockets, 1% resistors, +5%
capacitors. No batteries, power supply or filter
switch. Each $22.00
KJ-7: VTVM BATTERY REPLACEMENT KIT.
[4:78] All parts to replace your VTVM's battery with
a regulated supply. Each $7.50
KJ-6: CAPACITOR CHECKER. [4:78] All parts to
build an accurate meter for measuring capacitance,
leakage, and insulation. Check phono & speaker lead
capacitance effects. Includes all parts with 4%2"”
D' Arsonval meter. Each $68.00
KK-3: THE WARBLER OSCILLATOR. (1:79] For
checking room response and speaker performance
without anechoic chamber. All parts and board.
Each $56.00

KL-6 MASTEL TIMERLESS TONE BURST
GENERATOR. [2:80] All parts with circuit board.
No power supply. Each $19.00
KM-1: CARLSTROM-MULLER SORCERER'S
APPRENTICE [2:81] All parts except knobs, chas-
sis. Includes four circuit boards. For construction of
the first half of A Swept Function Generator, with
power supply. Each $145.00
KM-2: CARLSTROM-MULLER PAUL BUN-
YAN. [3:81] All parts except knobs, chassis, output
connectors and wire. Includes two circuit boards
and power supply. Each $85.00

KM-3: CARLSTROM-MULLER SORCERER'S
APPRENTICE/PAUL BUNYAN [2:81, 3:81] All
parts in KM-1 and KM-2. Each $225.00

ORDERING INFORMATION
Prices, except as noted, are prepaid in the USA and insured.
We prefer to ship via UPS, which requires a street address. If
you cannot receive UPS delivery, please include an extra $2
for insured service via Parcel Post. We cannot accept respon-
sibility for safety or delivery of uninsured Parcel Post
shipments. PLEASE ADD $1 service charge for all orders
under $10.  PRICES SUBJECT TO CHANGE WITHOUT NOTICE.
CHARGE CARD
TELEPHONE ORDER SERVICE
MON. THROUGH FRI, 9AM—4PM
{603) 924-6526
MasterCard/Visa Cards Welcome



Loudspeaker
Networks

This article examines aspects of
networks often recommended for
use with multi-unit loudspeaker sys-
tems. Over the years books and articles
have recommended standard dividing
networks, usually referred to as "cross-
overs," the component values for which
are determined from simple formula to
achieve attenuations of 6, 12, or
18dB/octave, as shown in Fig. 1. Often
extensive tables and graphs are drawn to
assist this end, and most are based upon
what are called "constant impedance”
networks. Taking as an example a low-
pass filter with a 12dB/octave attenua-
tion, this takes form as in Fig. 2, in
which a —3dB point at frequency f is ob-
tained provided:

1

L= -\P—RandC= ———
2/27fR

2xf

where R is the resistive termination.
We have known for a very long time
that this type of filter is applicable to a

BY WILFRED F. HARMS

resistive termination and it has been
known for an equally long time that a
loudspeaker unit is far from being pure-
ly resistive—and yet the suggestions for
the use of these formula persist.

MYSTERIES. Many misleading state-
ments are made concerning networks
causing misunderstandings which are
then often repeated. For instance, a
description of a satisfactory network
mentioned that "A theoretical crossover
is worse than no crossover at all” and in-
cluded a test diagram to prove it. The
meaning was of course, that the constant
impedance formula was not satisfactory
but since no explanation was given as to
why it should fail to be effective, the
statement could be misconstrued. After
all, the fault lies not in the theory but in
the incorrect application of a theory and
little guidance has been given as to the
limitations of this type of network when
the termination of it is changed to an ac-
tual loudspeaker (LS) unit.

The electrical properties of a LS unit
are very complex and are the result of
interaction between the electrical and
mechanical systems. Equivalent circuits
for speakers consisting of inductors,
capacitors and resistors are sometimes
shown but these can be complex and dif-

TABLE |
EQUIVALENTS

Frequency R(22) L{mH)
Ik 89 071
1.5k 10.8 0.67
2.0k 123 0.6l
3.0k 123 0.49
4k 126 0.42
5k 13.6 0.38
Tk 16 0.4
10k 18.2 0.35

TABLE I: Using the voltage/current phase angle, you
can determine the “‘apparent impedance” and “ap-
parent inductance” of the driver. The wide range of
values will alter the sound considerably:

[}
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FIGURE |: The usual attenuation curves for dividing
networks do not work with real drivers.
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FIGURE 2: This 12dB/octave low pass filter circuit is
often suggested, but since actual speakers do not have
purely resistive loads, will not produce the intended
results.
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FIGURE 3: A typical 8" driver has wide fluctuations of impedance at different frequencies.



ficult to understand. Generally the im-
pedance, of an 8” bass/midrange unit
may vary with frequency as in Fig. 3,
and ignoring the peculiarities at the
lower frequencies, from 500Hz and
above (the region where the divider fre-
quency may be), it has some semblance
to the impedance of a resistor/inductor
combination. However, from the volt-
age/current phase angle ¢ also shown, it
is possible to determine the “apparent
resistance” (= impedance x cos ¢) and
the “apparent inductance” (= impedance
X sin ¢/2xf) at different frequencies.
Table 1 illustrates that these vary con-
siderably.

CIRCUMSTANCES MATTER. The
constant-impedance formula has no pro-
vision for these variations and it is for
this reason that it should not be used for
the dividing network for a loudspeaker
without regard to the circumstances. To
illustrate the point in detail, a constant
impedance network for an 8 ohm resis-
tive termination at 300Hz (12dB/octave)
would be as Fig. 4 and the characteristic
is as a in Fig. 5.

The formula for the dB drop at fre-
quency f for the combined resistive/in-
ductive termination of Fig. 6 is:

2 2
(D-’E) + [A+c-ﬂ9-
20logio B B
D*+C?

where A, B and C are the impedances and
D the apparent resistance at the specific
frequency. If the values for the capacitor
and inductor of Fig. 4 are combined with
the apparent resistance and inductance
in Fig. 7, a characteristic can be obtained
such as b in Fig. 5. You will see that the
characteristic rises at the point where it
should be dropping as in curve a, and is
altogether far from target and quite un-
satisfactory.

Another writer, in trying to offer a
helpful suggestion to meet this problem
recommended “that the impedance of
the LS unit be determined at the desired
dividing frequency and that this impe-
dance be used instead of the nominal im-
pedance for inclusion in the standard
formula.” It is pertinent to compare the
results that ensue. The impedance of the
unit under consideration at 3kHz is 15.2
ohms and the values of L and C for a
constant impedance network to suit this
value if it were a pure resistance would
be 1.13mH and 2.5uF. Substituting these

(4.
4.7% gHMS
—
6) — l .

0.6mH
N

l (7.)
AS
47 T TABLE

113mH )
l (8.)
AS
TABLE

25
T 1

FIGURES 4, 6, 7, 8: These typical variations on a 12dB/octave constant impedance filter generate the response

curves of Fig. 5, all of which are unsatisfactory.
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FIGURE 5: Frequency response curves (a, b, and c} for an 8Q driver, when used with constant impedance filters,

are all poor.

values in Fig. 8, the result is curve ¢ in
Fig. 4. Although this differs materially
from b in that the "hump" is eliminated,
it can hardly be considered to be a very
effective cut-off at 3kHz, and I think it is
not a very good alternative.

BETTER ANSWERS. Having shown
what is not satisfactory, how do we find
something more effective? This "variable
resistance and inductance” does not per-
mit a simple formula to satisfy all condi-
tions. If we consider attenuation at fre-
quencies between 200 and 500Hz where
the phase angle is relatively low, the er-
ror incurred by using the simple formula
is not great.

Bearing in mind the difference be-
tween curves b and ¢ in Fig. 5 in relation
to the components used, it seems that in-
creasing L reduces the “hump” whilst
reducing C raises the cut-off frequency.
Consider a network with L equal to
1.2mH (twice that in Fig. 4) and a C with
the original value of 4.7yF, as in Fig. 9.
The characteristic determined for this
network is curve d of Fig. 5 which can be
considered a rough compromise solu-
tion. In the circumstances we might say
that if the phase angle exceeds 10° at the
dividing frequency, the value of the
capacitor as obtained from the simple
formula based on the nominal im-
pedance of the unit should be used, but
the value of the inductor obtained
therefrom should be multiplied by a fac-
tor (up to 2 or more) depending on the
actual frequency.

Ideally, if measures are taken to eli-
minate the effect of the unit's variable
properties, the use of the simple formula
becomes valid and this will be con-
sidered in a later article.

a7 J— TABLE
’[ 1
FIGURE 9: This circuit generates curve d in Fig. 5,

which has the best compromise between flat response
and rolloff point.

Note that the above considerations are
in respect to the attenuation defined in
Fig. 1 and have no relation to steps
which might be necessary to compen-
sate for the response characteristic of a
unit. However, the depression at fre-
quencies lower than the cut-off frequen-
cy as shown in d of Fig. 5 may assist this
need. O

Mr. Harms is a civil engineer with a special
interest in loudspeaker design. He lives in
Bexhill, East Sussex, England.
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A Beginner Builds
His First Speaker

am now finishing construction of

my first set of speakers. A year ago I
would have never thought it possible for
someone who knew as little as 1 did
about woodworking and electronics to
design and build a pair of speakers. I
knew nothing about either. Now I know
a little about each. If you are also a
beginner, you may be intimidated by all
that you must learn. However, you don't
need a computer to design decent
speakers. Your mind paired with a
calculator can do a great deal.

About a year and a half ago, 1 con-
tracted what my wife calls Stereo
Madness. [A too rare malady well docu-
mented in medical circles. — Ed.] It came
on as I shopped for our first stereo. 1
read the standard consumer magazines
such as Stereo Review and High Fidelity
and learned all I could. As I learned,
they seemed more and more repetitive,
so when I spied an ad in Audio for
Speaker Builder, 1 sent in a subscription
order. It was money well spent. I learn-
ed all that I could understand from SB
and read an electronics text also.

DESIGN TAKES FORM. When
Robert Bullock's article on bass reflex
cabinet design appeared 1 became ex-
cited. It was the clearest discussion of
the subject that I had seen up to that
time. I had some catalogs, so I did some
calculations on some drivers that 1 saw
in Transcendental Audio’s catalog.
When I got a little extra money I took
the plunge and bought Polydax's HD17-
B25]2C12 woofer and their HD100-
D25A/HR tweeter, plus a crossover
advertised as being designed for those
drivers.

Words cannot describe my excitement
when the drivers arrived just nine days
later. Stereo Madness had completely
destroyed my mind's balance by this

20  Speaker Builder / 2/82

BY DAVID BALDWIN

time. I could hardly sleep that night. As I
studied Bullock's article further and kept
redesiging the enclosures, my planned
pair of minispeakers grew larger and
larger. Finally I thought I had it right. I
showed my little drawing to a wood-
working friend. He started to ask ques-
tions about types of joints, bracing, glue
vs. screws, etc., etc. I couldn't answer
any of his questions satisfactorily, so I
crept back to the drawing board.

I did a scale drawing and that made a
world of difference. I became aware of
many things I had not thought of or ac-
counted for, such as the amount of

space taken up by the bracing. 1 had
estimated it, but when 1 did exact
calculations it became clear how far off I
had been. Who knows what my
speakers would have sounded like if I

PARTS LIST

Particle board: |.9cm thick

Glue blocks: 1.9 x 1.9cm (length as indicated)
Bracing: 3.8 x 3.8cm (length as indicated)

Woofer: Polydax HDI78252C12

Tweeter: Polydax HDI00D25A/HR

Crossover: Recommended by Transcendental Audio
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FIGURE I: A scale drawing helps to clarify the concept, often solving problems before they occur in construc-

tion. The letters refer to dimensions in the lists.



had not recalculated, not to mention the
wasted wood. Therefore friends, do a
scale drawing. You don't need to know
much about drafting; I didn't. I avoided
the issue of perspective entirely by do-
ing a front view and a side view with ex-
act dimensions showing each and every
cut. With care you can do the same
thing.

Before I started cutting, 1 was lucky
enough to buy David Weems' How to
Design, Build, and Test Complete Speaker
Systems, {Tab $7.95). After reading his
book, I realized that the specifications in
the Transcendental catalog contradicted
each other. They could not all be cor-
rect. What a dilemma! I have seen those
same faulty spec sheets in other
catalogs, so I suspect that they were sup-
plied by Polydax. I gritted my teeth and
invited a friend over who brought his
test equipment. We spent an evening
testing the woofers. Weems' procedures
are very clear and easy to follow. Even a
novice can do it if he/she can follow
directions. Test your woofers if at all
possible. My enclosures would not have
yielded the bass they do if I had not gone
to the trouble, and I would not have
known why. If you are going to design
your own crossover, test your tweeters
also. You will be able to design a better
one.

Side Dimensions
Outside letters are panels
Inside letters are glue blocks Front Dimensions Specifications
A =227 A= 12 Polydax HD17B25)2C12
B = 662 cm B = 662cm . = 45Hz
C=292wm C =448 R, = 6.5
D =5%2wmm D =205 Q, = 48
E=65wm E=13cm Vo, = 32.094 liters
F=12m F=15cm
G =I5l cm G=75wm Fs = 37.2Hz
H = 626 cm H=5cm Vs = 594 liters
| = 216 m | = 4l cm F, = 33.2Hz
] = 526m ] = 10.1 ¢m L, = 3.48cm
K= 65w K= 205cm d, =5m
L=10lcm L=53cm
M = 626 cm M=7wmm

N = 54m

O =205wm

I did yet another scale drawing using
the new specs, and after much time in
the wood shop figuring out which end
was up, got one speaker together. While
in the shop, measure perfectly, account
meticulously for the width of the saw
blade, and dry clamp the enclosure be-
fore gluing to make sure it fits. I came up
with some weird joints because I made
them airtight with a lot of silicon-rubber

sealant, but cosmetically they leave
much to be desired. Take things slowly,
don't hurry.

FIRST SOUNDS. When I got the first
speaker hooked up I put on a record and
sat down to listen. The first sounds were
awful! What could be wrong? I dis-
covered that the tweeter was producing
nothing, so I put in the other one. Much

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

A

TELEPHONE: 0253 729247 ENGLAND

Closed on Mondays
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Not because we say so, but because they say so. . .

““The ‘New Yorker’
of audio magazines’...........

Audio Amateur is a magazine that continues a great American
tradition—a tradition that loves tinkering and experimentation
and embraces rather than eschews technology. Readers of this
magazine, I suspect, don't simply discuss the latest heavily ad-
vertised “quantum leap” forward. TAA subscribers are im-
pressed more by an interesting project they can build from
scratch. They love to extract, by modification, the greatest possi-
ble perfection from classic and recently introduced audio prod-
ucts.

Like the New Yorker, the Audio Amateur publishes articles
that are measured and thoughtful, articles that are beyond su-
perlatives by the bushel basket found in most of the mass circu-
lated audio magazines. The reasoned tone results in part from
the considerable contributions made by English writers, includ-
ing the late B.J. Webb. Edward T. Dell, Jr., the editor, almost
always includes a thoughtful editorial that, alone, is worth the
cost of admission. Unlike some of the little audiophile maga-
zines, TAA is generally beyond clannish allegiance to a few
manufacturers. Articles on projects to construct and modify ap-
peal to the fondness of its readers for a wide range of projects.

Audio Amateur has served up a smorgasbord of projects over
its ten year existence. How to properly adapt a Grace arm to an
AR turntable, build a record cabinet, modify a Formula-4 tone-
arm to improve low frequency reproduction, or build a 10 dol-
lar three-element Yagi antenna have all been offered as appeti-
zers, projects that require some familiarity with tools and a few
nights of your time. The main course offerings demand various
degrees of more sophisticated electronic skill. If you've only
assembled a one tube radio (twenty years ago), many of the
electronic projects are going to more than you can chew. Num-
erous past articles have shown how to improve classic Dynaco
products. Recently, Nelson Pass of the Threshold Corp. dis-
cussed how to build a 40 watt per channel class A amplifier.
Electronic articles typically assume an ability to find the parts
necessary to build the projects. Chances are you'll spend some

time searching through parts catalogs and local surplus houses
before you can begin to wade into the actual construction.

Sophisticated articles that examine specific audio problems
but do not involve building projects also abound. Walt jung,
contributing editor, has discussed slewing induced distortion in
amplifiers in a series of articles. How we actually perceive
sound and how many speakers may be necessary to recreate
the closest possible approximation of the live event has also
been discussed.

If speaker building is your forte, past articles have dealt with
horn loaded and transmission line designs. Instructions on how
to build electrostatic transducers from scratch, and box fabrica-
tion for sub-woofers with an accompanying active crossover
have also been features. It's a measure of TAA contributor in-
genuity that a complex driver like the Heil air-motion transform-
er has been built by an amateur—complete instructions on how
to build a home version of the large Heil appeared in the
magazine in 1977.

An excellent analysis of recently introduced audio kits is a
regular feature. Kit reviews are technically very thorough and
are often more objective than you find elsewhere. A regular fea-
ture, “Audio Aids," offers all kinds of informative hints from
readers. A letter section from readers comments on past articles
and present concerns and lends a thoughtful and inquiring tone
to the magazine. Advertisements, themselves, are often helpful
to the reader since many of the ads list parts that are vital for
project construction. Most of the better kit manufacturers also
advertise in Audio Amateur.

If you are already an audio craftsman, or would like to be-
come one, Audio Amateur is an excellent touchstone. For less
than the price of a good meal and a movie ticket, you can re-
ceive five issues a year.

—George Hortin, Staff Writer
INPUT, published by ESS, Inc.
9613 Oates Avenue, Sacramento CA 95827

Subscription order form:
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better, although the balance was not
right. Investigation revealed that I had
misassembled the crossover, putting the
wrong values of resistance into the
L-pad. I put it back together again,
wrong again. It was only after several
tries that I got it right.

There is always a reason for a failure.
It is probably a wrong calculation or a
bad connection. Be patient and double
check everything. If your temper gets
the best of you, take a walk.

As for the broken tweeter, I figured it
was no good to me as it was, and that I
couldn't make it any worse [not always a
safe assumption— Ed.], so I took it apart.
Sure enough, it had a bad connettion. I
resoldered it and had two tweeters
again. Speaker of soldering, it is easy. |
was afraid of it because I had never done
it. A beginning electronics text can give
you directions, or you can get a friend to
show you how.

After what seems like forever, I got
the second speaker working and was
able to listen in stereo. The speakers had
cxcellent bass, which was clean, detail-
ed, and extended. The treble was good,
but the midrange was honky. This was
most noticeable on string quartets.

I reduced the honkiness partly by buy-
ing an alignment protractor and aligning
my cartridge properly. Not all your

VOLUME
Int. Height = 66.2 cm
Int. Width = 410 cm
Int. Depth = 254 cm
68940.1 cm?
(tweeter notch) —3198.0 cm?
65742.1 cm’
(woofer vol.) — —318.0 cm?
65424.1 cm’
(glue block vol) —1967.0 cm’
63457.1 cm?
(bracing vol.) —3468.0 cm?
59989.1 cm?
(ventvol)  —82.6 cm?
59906.5 cm3

FIGURE 2: The calculation of the internal volume
must account for all the parts which occupy space.

problems need be in your speaker. I also
redesigned the crossover using the pro-
cedures outlined in Weems' book. I
found the woofer was crossing over at
2500Hz and the tweeter at 3600Hz. 1
replaced the cap across the woofer, rais-
ing the crossover to 3600Hz, and more
complete, natural sound resulted, just as
predicted by theory. When you are ex-
perimenting, mount the crossover out-

side the box. I got very tired of removing
the woofer every time I made a change.

Putting a felt ring around the tweeter
to reduce the effects of diffraction also
reduced the peak. When I do these ex-
periments, I modify one speaker at a
time and compare it with the unmodi-
fied speaker. This way I can be sure that
I am not imagining the difference.

Now the speakers have the same good
bass, a smooth {but not perfect) mid-
range, and clear highs. The power hand-
ling and sensitivity are both low so the
dynamic range is fairly constricted, but I
find that it is adequate for most music in
small rooms. The speakers are satisfying
to listen to and do not cause listening
fatigue unless the program material is
bad.

When your friends learn what you are
trying to do, they will tell you that you
can't possibly know enough to build
good speakers, and that speaker design
is an art that only large companies have
mastered. Your friends are right in one
respect, you must know what you are
doing to design a good set of speakers.
What they don't realize is that the
technology is available and learnable. If
you are willing to do some studying, you
can build good speakers on your first
try, so don't let your friends intimidate
you. Go ahead and do it. O
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Transmission Line
Loudspeakers

To avoid confusion, I've assigned
the “model numbers” TL-10, TL-8,
and TL-5 to the three transmission line
loudspeakers I'm about to describe. The
numbers indicate in inches the size of
each system's woofer. The TL-10 is the
largest: six feet tall, with a 10” woofer.
The TL-8 is four feet tall with an 8”
woofer; and the TL-5 is a "bookshelf” size
system, 19%2” tall, with a 5”7 woofer. All
three systems have 8@ drivers
throughout.

TL-10 AND TL-8. My first system
was designed to provide bass response to
25 or 30Hz. The original employed a
Philips 10100W woofer with a free-air
resonance of 25Hz; line length was
therefore 11.3 feet. I have since changed
the woofer to an Audax HD24B45 Bex-
trene driver. This woofers free-air
resonance is also 25Hz, so I didn't need
to change the line length.

The TL-10's mid-range and tweeter
drivers are four each of Philips'
0211/5Q8 and 0163/T8 textile domes,
wired in series/parallel (see Fig. 1) and
mounted in a “line-source” arrangement.
The woofer, midrange, and tweeter
drivers' voice coils are closely aligned to
improve phase response (Fig. 2).

I based the TL-8 design on the TL-10,
but reduced its size to accommodate an
8” woofer with a 40Hz free-air
resonance. I have replaced the original
Philips 8066/W with an Audax Bextrene
driver (HD20B25H4C12). The driver has
an actual free-air resonance of 25Hz, but
the line is still a % \, 40Hz design; the
system's low frequency cut-off therefore
remains at 40Hz. The TL-8 employs the
same Philips midrange and tweeter
drivers as the TL-10, but only one of
each per system.

I designed the TL-8 because several of
my friends wanted bass performance
like the TL-10 in a smaller enclosure (ap-
parently not everyone wants six-foot
loudspeakers in the living-room!). The
40Hz cut-off produces a seven-foot line
length, reducing the enclosure to a more
manageable size.
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PART 1I: APPLICATION
BY GARY GALO

CROSSOVERS. You can choose be-
tween two crossover networks for the
TL-10 and TL-8 systems. If cost is impor-
tant, the stock Philips 600/5000/8Q
crossover at about $14.00, from Madi-
sound, provides very satisfactory re-
sults. It is a 6dB/octave constant
resistance Butterworth device, except
that the high pass (tweeter) section is
12dB/octave, and has been the most pop-
ular crossover for the 11 TL-8 systems so
far built. If you pick this crossover,
change the electrolytic capacitors to
mylars of the same value for best perfor-
mance. Figure 3 shows the wiring
diagram.

+ O

e (=1 (

FIGURE |: This series/parallel wiring scheme for the
line source array of four tweeters is also used for the
midrange.

Since the midrange and tweeter
drivers are far more efficient than the
transmission line woofer systems, we'll
attenuate their output with a 6dB fixed
attenuator (the 4Q and 82 resistors) and
L-pad, as shown in Fig. 5. I can highly
recommend Madisound's 100-watt L-
pad, {terminal diagram in Fig. 4). Correct
setting for the L-pads will be around 9 or
10 o'clock; use your ears as the final
judge to determine the settings for the
most natural tonal balance.

I designed a better, more expensive
crossover for the TL-10 systems (Fig. 5)
which will also provide superior results
in the TL-8. It is a 12dB/octave Butter-
worth design at 700 and 5000Hz, using
Hull's constant resistance parameters.® I
have no intention of embroiling myself

in the crossover rolloff debate at this
time. Do experiment with other rolloff
rates; I'll be interested in hearing about
your results.

PHASE PROBLEMS. The 12dB/oc-
tave design is attractive since it allows
excellent phase response at the cross-
over frequencies. In this design, the
woofer output at 700Hz and the tweeter
output at 5000Hz are both 180° out of
phase with the input. The midrange out-
put is in phase with the input at these
frequencies, and 180° out of phase with
the woofer and tweeter. By reversing the
midrange connections, we can bring the
midrange output acoustically in phase
with the woofer and tweeter at the two
crossover frequencies. This provides a
more coherent transition among the
drivers.

In a 6dB/octave design, the various
outputs are actually 90° out of phase
with each other. While reversing the
midrange terminals can help improve
phase response, it cannot completely
correct the situation. I therefore recom-
mend that you use the 12dB/octave
crossover if you can afford to: current
prices, parts for a pair will run $75 to
$100 from Transcendental Audio or
Madisound. Use mylar capacitors, not
electrolytics, throughout. The crossover
components can be mounted on a %"
piece of masonite and hard-wired
together.

The 12dB/octave crossover will also
require a 6dB attenuator (R, and R,) and
an L-pad. The L-pad's correct setting will
be somewhere between 10 and 12
oclock; again, your ear must be the final
judge.

SOUND QUALITY. The TL-8 and
TL-10 systems are both moderately effi-
cient—approximately 92dB at one meter
with one watt of pink noise. A minimum
of 50 to 60 watts per channel is
necessary for good transient response
and dynamic range. The Hafler DH-200,
at 100 watts per channel, is superb with
either system. These speakers reveal the



characteristics of all associated equip-
ment. They will not mask distortions
caused by mediocre tone arms, turn-
tables and cartridges. Hard, sizzly elec-
tronics will sound hard and sizzly, and
bad recordings will sound bad. On the
other hand, with clean, accurate associ-
ated gear, the speakers will sound con-
vincingly like live music. A few ‘re-
ceiver’ owners who have built the TL-8's
soon realized how inadequate their
mass-market electronics were, and
upgraded to at least Hafler-level gear.

To realize fully the bass definition and
transient capabilities of these speakers,
clean solid-state amplifiers with high
damping factors are essential. Any amp-
lifier using an output transformer (tube-
type, solid-state Mclntosh, etc.) will
sound slow and poorly defined in the
bass region on transmission line
loudspeakers.

You undoubtedly will want to know
what the audible differences are be-
tween the TL-8 and the TL-10. The two
systems have similar overall character-
istics, as you would expect. However,
the TL-10's have better definition and
transient response,greater power-hand-
ling capability and smoother frequency
response throughout the midrange and
treble regions, greater front-to-back
depth, and deeper bass fundamentals.
The TL-10 sound overall is more “three-
dimensional.” One positive characteris-
tic of both systems is that they do not in-
crease the apparent size of solo instru-
ments. The TL-10 can reproduce the size
of a full orchestra very convincingly, but
small solo instruments such as guitar or
flute have proper proportion.

ACTIVE CROSSOVERS. Personally,
I believe even the best passive cross-
overs are turkeys. I recommend bi-or
even tri-amplification, if you can afford
the expense and time. The results are
well worth the effort. If you bi-amplify
either system, the electronic crossover
should handle the woofer to midrange
crossover; retain the passive crossover
to handle the midrange to tweeter
crossovers for the remaining drivers.
Tri-amplification, of course, requires
no passive crossover at all. My TL-10
system is now tri-amplified, using a
modified Old Colony ¢rossover powered
by a PAT-5/WJ1A supply. Southwest
Technical Products’ Tiger .01's (with
power supplies rebuilt by me| drive the
woofers. The midrange amplifier is a
Hafler DH-200 with its idle current in-
creased to 375mA; the tweeters are fed
by a Pass A-40 Class-A amplifier built
with parts from Old Colony Sound Lab.
A Jung-White PAT-5/WJ1A preamp,
Netronics 350F turntable with "Platter-
Matter” mat, Mayware Formula 4 tone
arm (modified), and Shure V-15 IV car-
tridge complete my basic phono system.

FIGURE 2: The completed TL 10 rests on a 2” thick marble block to suppress feedback, and at ' nearly dwarfs

its maker. Mounting the midrange drivers on % ” masonite improves phase response.
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THE TL-5 SYSTEM. | wanted to
determine just how good a high-compli-
ance 5” woofer could sound if un-
restricted by “trapped-air-in-a-box” col-
orations found in acoustic suspension
systems using similar drivers. After
some experiments with crossover fre
quencies and woofers (the original was a
paper cone, PVC-surround Audax), I
achieved a two-way system of quite
remarkable capabilities for its size.

The present TL-5 uses an Audax HD
13B25H2C12 Bextrene woofer and a
Philips 0163/T8 textile dome tweeter
with a crossover frequency of 1800Hz.
Although the Audax woofer has a free-
air resonance of 35Hz, the line is % \ at
60Hz, this system's low frequency cut-
off. The crossover frequency may seem
low, but it is the best compromise for
this combination of drivers. In the pro-
totype I used a 3000Hz crossover fre-
quency. Due to this driver's sharply ris-
ing impedance at higher frequencies (it
is already 15Q at 3000Hz), designing a
crossover with smooth response in this
region is difficult. The prototype's re-
sponse was very rough around the cross-
over frequency; lowering the frequency
to 1800Hz (woofer impedance is 10Q
here) provided a much smoother blend
at the crossover point.

TL-5 CROSSOVERS. Again you have
two options when selecting a crossover
network for the TL-5. The Philips 2000/8
crossover works very well in this sys-

tem; its slightly higher crossover fre-
quency (2000Hz instead of the “ideal”
1800Hz) is not really of much conse-
quence. It has a 6dB/octave rolloff on the
woofer and 12dB/octave on the tweeter.
Figure 6 shows a wiring diagram for the
Philips unit You'll meed a 100-watt
L-pad and 6dB fixed attenuator (the 4
and 8Q, 10-watt resistors) to reduce the
tweeter's high output. Change the elec-
trolytic capacitor to a mylar.

Figure 7 shows my 12dB/octave con-
stant resistance network. It is more ex-
pensive than the Philips—about $40 per
pair. Use mylar capacitors for C,. You'll
need the 100-watt L-pad and 6dB fixed
attenuator (R, and R,) for the tweeter.

The correct L-pad setting with either
crossover network is around 10 o'clock.
Most builders have used the stock
Philips 2000/8 crossover with this
system; it is a very satisfactory alter-
native to my more costly design, and I
recommend it for the average builder.

TL-5 SOUND. This system will de-
liver smooth, natural bass, with fun-
damentals not possible using such a
small driver in a "box” loudspeaker. This
small system is accurate enough to re-
veal differences between power amps,
pre-amps, etc. "Rockers” and disco freaks
may not like it, however, since it was
not designed to rattle floors and break
leases. It will deliver musically convinc-
ing reproduction at moderate levels, and
the amount of bass information will sur-
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FIGURE 3: With the stock Philips crossover, better sound results when mylar caps replace the electrolytics. The
L-pads reduce the outputs of the tweeters and midranges to match woofer.
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REAR VIEW OF MADISOUND
100 WATT L-PAD
| = COMMON
2= OUTPUT (TO SPEAKER)
3= INPUT (FROM CROSSOVER)

FIGURE 4: Madisound's L-pad permits the user to
compensate for room acoustics by adjusting the
balance of the three frequency ranges.

prise most listeners. Telarc bass drums
sound more realistic on the TL-5, again
at moderate levels, than on many acous-
tic suspension or bass reflex systems
with much larger woofers. They will not
play the Telarc 1812 Overture cannons.

Due to the relatively short transmis-
sion line required for a 60Hz cut-off,
woofer control is less than optimum at
infrasonic frequencies. An infrasonic
filter in your pre-amp will be helpful.
The curve in the stock Hafler DH-101 is
ideal for the TL-5's, although it begins
too high for the TL-8's and TL-10's: so is
the low filter in the Jung-White PAT-
5/W]1A.

The TL-5's are not very efficient. I am
using them as extension speakers,
powered by a 25 watts per channel
SWTP 215. This is probably the mini-
mum satisfactory power level; they are
even better when powered by my
PASS/A-40 or Hafler DH-200.

This system should also function well
as satellites with a common sub-woofer.
I have not tried such a scheme; if you
do, please report the results. A satellite
arrangement crossed over at 100Hz
would greatly increase the system’s
power-handling capability.

CONSTRUCTION PROCEDURE

I. TL-8 and TL-10 Systems. Since
these loudspeakers are identical in con-
struction details, apart from the dimen-
sions and layout of the midrange/
tweeter baffle board, I will discuss them
together.

Look at the parts lists for both sys-
tems. Use */,” particle board, two-inch
#8 flat-head screws, and Titebond glue
throughout. Space the screws about six
to eight inches apart. I do not recom-
mend screwing the pieces together by
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COMPONENT SIDE
L, = 3.2mH C, = 16mFd R, = 402 10W
L, = .49mH C, = 15mFd R, = 8Q 10W
Ly = 2.9mH C, = 2.5mFd (or 2-4Q in series)
L, = .45mH C, = 2.25mFd

FIGURE 6: This crossover has 6dB/octave response for
the woofer and 12dBloctave for the tweeter. An L-pad
adjusts the tweeter level and mylar caps improve the
sound.

L-pad = 82, 100W (Madisound Spkr. Components)

FIGURE §: Galo’s crossover moves the woofer rolloff point up to 700Hz and uses 12dBloctave slopes.

hand. Use a variable speed electric drill
with a flat blade screwdriver bit and

STEP BY STEP. 1. Begin with what 4. Attach the right angle piece (H).

drill pilot holes with a Stanley "Screw
Mate," which drills, counterbores, and
countersinks in one operation. You'll
save a lot of time if you use two electric
drills, one for the “Screw Mate" and the
other for the screwdriver bit. Figure 8
shows the layout and dimensions.

will be the right side piece. Attach the
back {A), the top (B}, and the bottom (C)
to the side piece.

2. Cut the woofer hole in its baffle
board (D) and attach it to the side piece.

3. Fasten the step (E) to the line divi-
der {F). Now fasten this assembly to the
side piece and the woofer baffle.

This can be a piece of 2” x 6” {for the
TL-10) or 2” x 4” (TL-8) with the edges
beveled 45 degrees.

5. Mount the terminals {five-way bind-
ing posts, or any other terminals you
choose) on the back panel, behind the
woofer. You can do this most easily by
attaching the binding posts to a 6” x 6”

DYNAMIC ACOUSTICS OFFERS
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.

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.

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 Jjaboratories 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!

Enclosed is $2.00 Please send complete info to:

Don't delay. Write to us now for

2 complete details and catalogs. | NAME
Mode! 3000 Heimholtz You'll be glad you did.
Dual Port Resonator
ADDRESS
T.M.
\jNa"GiC s CITY
4 OUR CONCERN IS A SOUND COMPANY STATE ZIP

P.O. Box 646 ¢ San Ramon, CA 94583  (415) 820-5765
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+
L, = 1.25mH
C, = 6.25mH
R, = 40 10W
R, = 82 10W

2
(or 2-4Q in series)

L-pad = 8Q, 100W (Madisound Spkr. Com-
ponents)

FIGURE 7: An alternative crossover offers |12dB/oc-
tave on both drivers and moves the rolloff point down
to 1800Hz, but is more expensive.

piece of %" masonite. Then cut a round
3%2” hole in the back piece [A). Now
mount the masonite terminal assembly
from the inside with glue and short
screws. If you are planning to bi-amp or
tri-amp at some future time, install the
extra terminals and wiring now.

6. Do the preliminary wiring at this
time, using heavy wire throughout—#16

minimum, preferably #14, #12, or Mon-
ster Cable. Solder a pair of wires to the
back of the binding posts; drill a hole
through the step (E) and pass wires
through it. You'll be mounting the cross-
over and level controls behind the mid-
range/tweeter baffle (G), not yet install-
ed, so make the wires long enough to
reach. Another pair of wires must also
pass through the step (E) to connect the
crossover to the woofer. Seal around the
wire holes with GE silicon rubber glue
to prevent leaks. Sealing around the
binding posts is also a good idea.

7. With a staple gun, fasten a one inch
layer of fiberglass in the area behind the
woofer shaded in Fig. 8. You need cover
only one of each parallel surface—ie, put
one piece on the side and another cover-
ing the bottom (C), the right angle (H),
and the back. Extend this fiberglass no
higher than the step (E). Its purpose is to
prevent reflections in the area immedi-
ately behind the woofer. Some European
designs use carpet felt or short fiber
wool for this purpose, but fiberglass
works fine; besides, carpet felt is hard to
find (rubber underlayments are more
popular) and short fiber wool seems to
be nonexistent in the United States.

8. Fill the area behind the woofer and

the rear portion of the line, between (A)
and (F) with long fiber wool. A TL-10
will need three pounds, a TL-8 one and a
quarter pounds. Save an appropriate
amount for filling the area between (F)
and (G) later Distribute the wool even-
ly, using staples to support it. Most long
fiber wool clings to particle board, so
staples are usually enough to prevent
settling.

9. Fasten the remaining side piece to
the existing assembly.

10. We're going to attach the mid-
range/tweeter baffle boards so they can
be removed easily. A 1”x 1” strip of pine
(Fig. 9) supports the baffle, with a 1"
layer of foam or felt weather-stripping to
ensure no air leaks around the board.

Attach the 1”7 x 1” inside the
enclosure’s side panels and top as shown
in Fig. 9, using 1%” x #8 screws and
glue. Recess the 1” x 1” far enough from
the front edge of the side panels to allow
for the thickness of the baffle board plus
weather-stripping (remembering the
weather-stripping will be compressed
when the baffle board is screwed in
place).

11. Figure 10 shows midrange/tweeter
baffle board dimensions and details. Cut
the baffle board to the indicated outside
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dimensions, and if necessary trim it to fit
easily in the enclosure, remembering to
allow for paint build-up later on. To
align the midrange and tweeter voice
coils, the midrange drivers are mounted
on a half-inch thick piece of particle
board. See Figs. 9 and 10 for the board's
outside dimensions, and bevel its edges
in about 30 degrees.

Cut holes for the midranges and
tweeters in the baffle board and half-
inch piece and attach the half-inch piece
with 1% ” x #8 screws and glue, drilling
holes where indicated to accommodate
the L-pads. Madisound's 100-watt L-pads
have threaded sleeves well over %"
long, so they will mount easily in %"
material. (Do not mount them yet,
however.)

12. Fill all holes, rough edges, etc. in
the main enclosure and baffle board
with Savogran, Red Devil, or a similar
water-mixed wood filler. Sand and finish
the enclosure with black paint, veneer,
or whatever you prefer.

13. Solder leads (never use slip-on
speaker connectors!) to midrange and
tweeter drivers now to facilitate wiring
after they are mounted. Observe
speaker polarity. With a single edge
razor blade, remove the rear foam gasket
attached to the Philips 0211 midrange
drivers. Mount the midrange and
tweeter drivers on the baffle boards, us-

CLASSIC
CIRCUITRY

ONLY 50 LEFT

PARTS LIST

ITEM

Audax HD24B45 10" Bextrene woofer, 8(2
Audax HD20B25H4C12 8" Bextrene woofer, 8
Audax HDI3B25H4CI2 5” Bextrene woofer, 8{2
Philips AD-0163/T8 dome tweeter, 8Q

Philips AD-0211/5Q8 dome midranges, 8%
Crossover networks (see text)

100 watt L-pads

4Q, 10 watt power resistors

Five-way binding posts (speaker terminals)

%" particle board (4" x 8" sheets)

2" particle board (2’ x 4' sheet)

2" particle board 2” x 2’ sheet)

2" #8 flat head wood screws

I4” #8 flat head wood screws

2" #8 pan head screws with flat washers

8" pieces of clear pine |7 x 1” (actually %" x %)
Bottle of "Titebond” glue or “Elmer's” carpenter’s glue

Caulking tube of GE clear silicon rubber glue
%" x %" foam or felt weather stripping
Long fiber wool

Radio Shack speaker fiberglass # 42-1082
Wire (see text for preferred type)

Quantities needed per system
TL-10 TL8 TLS

2 -

- 2 -

- - 2

8 2 2

8 2 -

2 2 2

4 4 2

12 12 6

4 4 4

4 2 |

| - -

. | -
200 100 60
50 30 -

20 14

4 2 g
Ilarge | large |

| large | large | small
Bft IS

6 Ibs.  2%lbs. |%lbs.
2 pkg. | pkg. | pkg.
Indef.  Indef.  Indef.

ing GE silicon rubber glue. Lay the
boards horizontally between two chairs
or boxes. Run a generous quarter-inch
bead of silicon glue around the back
edge of each driver and press it into
place on the baffle board. You needn't

use screws. The silicon glue requires 24
hours curing time before the baffle
boards can be moved. Once cured, it
provides a superior seal. The drivers will
not fall out!

14. With the main enclosures lying flat

BUILT
LIKE A
BATTLESHIP

We bought the factory’s entire stock of one of the greatest amplifiers of all time

FAMOUS olyvaco MARK VI KIT

The rugged reliability and superior sound of America’s
tinest mono tube amplifier by the company whose name
is synonymous with excellence in transformer design,
and world renowned for perfectionist value.

Still in original cartons, with factory warranty. Original
1978 price was $549.00 kit. $749.00 assembled.

120 watts continuous into 4, 8 or 16 ohms at less than 1%
IM distortion. Distortion drops sharply at lower power lev-
els. Hum and noise 95 dB down. Frequency response + 0,
—1dB, 10 Hz to 40 kHz @ 1 watt. Full output from 1.6

volts into 50K ohms XLR or phono input, with alternative
tow filter. Front panel speaker fuse and large meter which

AS A KIT

N OW O N LY $395 SHIPPED COLLECT

Jeff Goldman

SYN—FIN

Dept. SB

is switched for bias adjustment or 3 ranges of output lev-
el. 19” rack mount x 10%2” x 9” high. 55 Ibs.

CALL FOR QUANTITY PRICES.
215-641-2333

1400 Welsh Road, North Wales, PA 19454




on their backs, solder the wires
previously installed for the woofer to the
woofer's terminals, again observing
polarity. Run a bead of silicon glue
around the back of the woofer and press
it into its hole. Allow 24 hours curing
time.

15. Mount the L-pads and crossovers
next to each other on the backs of the
baffle boards. Connect the crossover in-
puts to the wiring previously installed,
and the woofer outputs to their waiting
leads. Using the diagrams in Figs. 3or 5

(depending on which crossover you
use), connect the L-pads, attenuator
resistors, and drivers as shown, first
connecting the TL-10's midrange and
tweeter drivers in the series/parallel ar-
rangement shown in Fig. 1. The at-
tenuator resistors can be contact-
cemented to the back of the midrange
and tweeter units.

16. Attach the weather-stripping to the
17 x 1” pieces.

17. Fill the remainder of the line with
the remaining long fiber wool.

OO

174"

B O O

37" 37"
Gl
o |9
10* 10"
15
o A
L L
. L-PADS L-PADS
0 . . 10*
B 5'—J 234" — —{23/4" — 5"
+—6 5/8"—= e— 6 5/8"—
14" 14"
LEFT RIGHT

MIDRANGE HOLE (M) = 4 7/16"°

TWEETER HOLE (T)= 2 7/8°

FIGURE 9: The TL-10 uses mirror-imaged tweeters and midranges, the latter raised by a 4" mounting for

phase-alignment.
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18. Drill pilot holes and fasten the
front baffle boards in place with 2” x #8
pan head screws and flat washers.

If you wish to use grille cloth to cover
the woofer and midrange/tweeter baffle
boards, you can make frames of 1" x 1”7
pine with grille cloth stretched over and
stapled to the backs. In my opinion, no
grille cloth is completely non-reflective.
With the best associated equipment, any
high-accuracy loudspeaker will sound
better without grille cloth. You'll have to
decide whether decor is more important
than better sound.

)
U

()
N

—6 5/8" —=

N

L4

m L]
R

k_

L-PADS

10°

FIGURE 10: For simplicity on the TL-8 the mirror-
imaged baffle boards are not used.

II. THE TL-5 SYSTEM. This is the
easiest to construct. Figure 11 gives the
front and side views and internal details.
The back and front panels are both 13Y2”
x 192", All the other pieces are six in-
ches wide and fit between the front and
back panels. See the TL-8 and TL-10 sec-
tion above for comments on tools, drills,
etc. Space 2” x #8 screws about six in-
ches apart.

STEP BY STEP. 1. Begin with the
back piece. Attach the top, sides, and
bottom pieces. Then attach the inside
pieces and the three-inch, 45 degree
angle piece. Note that the left and right
loudspeakers are mirror images of each
other, as shown in Fig. 11.

2. Mount binding posts or other suit-
able terminals on the back panel near
the tops of the enclosures, as in step 5 in
the TL-8/TL-10 procedure above.



9 w2*

[

le—6 1/2"—ple—3"—»

PARTS SUPPLIERS:

Philips and Audax drivers, crossovers,
crossover components, L-pads: Madisound
Speaker Components, Box 4283, 537 Holly
Ave., Madison, WI 53711. Telephone: (608}
256-7337.

Crossover components, Audax drivers, many
other components: Transcendental Audio,
6795 Arbutus St., Arvada, CO 80004.
Telephone: {303} 420-7356.

Long fiber wool: ]J. Ebbert, 431 Old Eagle
School Rd., Strafford, PA 19087. Telephone:
(215} 687-3609.

Speaker terminals, numerous electronic com-
ponents: Mouser Electronics, 11433 Wood-
side Ave., Lakeside, CA 92040. Telephone:
(714} 449-2222.

3" —se—6 1/2"—)

3 5/8° / '\ . . [‘\ 3 5/8°
2 778 2 78
} w T s W }
4 7/16" 4 7/16"
s L-PAD L-PAD
19 /2"

6" o
3/4°—» 2 1/4° 2 1/4" l—3/4"
13 12" ——— 13 i/2"°
LEFT RIGHT

FIGURE 11: Left, right and side views show TL-5 external dimensions with mirror-imaged tweeters.
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/4"
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18°
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_t

lo— 3" —o le- 3" le 3" lo- 3" —o

[j——¢6" F—s'—-
F—I.’: 172" 131/72°
LEFT RIGHT

FIGURE 12: Internal details and dimensions of the TL-5 are shown with front baffle removed.

3. Mount the crossovers next to the
speaker terminals and connect the
terminals to the crossover inputs. Ob-
serve polarity. Attach leads to the
crossover's woofer and tweeter ter-
minals, using at least #16 wire —see step
6 in the TL-8/TL-10 section.

4. With a staple gun, attach a one-inch
layer of fiberglass to the areas shaded in
Fig. 19. One piece should cover the back
area immediately behind the woofer and
another piece should cover the side, top,
and 45 degree angle piece.

5. Fill the enclosures with evenly
distributed long fiber wool. One and a
quarter pounds are enough for both
speakers.

6. Cut holes for the woofer, tweeter
and line exit in the front pieces. The
woofer and tweeter are six and a half
inches apart, center to center. Check the
exact spacing of the line dividers in your
speakers. You may have to adjust the
line exit size slightly for a neat fit. Note
again that the left and right speakers are
mirrored pairs.

7. Drill a hole for the L-pad shaft be-
tween the woofer, tweeter, and line
divider.

8. Fasten the left and right front pieces
to their enclosures. Fill all holes, rough
edges, etc. as in step 12 of the TL-
8/TL-10 construction. Sand and paint or
finish the enclosures to your liking.

9. Solder the tweeter crossover output
wires to the L-pad and connect the L-pad
to the attenuator resistors and tweeter.
Observe polarity! (See Fig. 6 or 7,
depending on which crossover you are
using.) The attenuator resistors can be
contact-cemented to the back of the
tweeter. Mount the L-pad in its hole.
Run a bead of GE silicon rubber glue
around the back edge of the tweeter and
press it into its hole.

10. Connect the woofer leads to the
woofer, again observing polarity. Run a
bead of silicon glue around the back
edge of the woofer and press it into
place. Allow 24 hours for the silicon glue
to cure, leaving the speakers flat on their
backs during this time. Cover them with
grille cloth if you must—see my com-
ments on grille cloth above.

I shall welcome comments, questions,
etc. on these designs. Please include
with any queries a list of the associated
equipment used, such as pre-amp,
amplifier, turntable, and cartridge. Send
questions and comments c/o Speaker
Builder and please include a stamped,
self-addressed envelope; or you may call
me after 7:00 p.m. Eastern time at (315}
265-4268. O
I would like to thank Paul Steinberg of
Potsdam, N.Y., for his help in preparing
the photographs.

Turn page for bibliography
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e PREVIOUS POSSIBILITIES °

“*Price, Time and Value'' surveys nine years of the fortunes of used equipment. An all silicon, complemen-
1 9 70 tary output, 20W per channel amplifier, fail-safe overload protected by Reg. Williamson. A high efficiency
bookshelf speaker by Peter J. Baxandall. How to update and improve your Dynaco PAT-4 preamp. A visit to the Heath Co.

A superb, simple, high quality preamplifier by Reg Williamson; A 4+4 microphone mixer,
1 9 7 1 using four ICs in a compact chassis, with eight inputs and two-channel output. A four channel decoder for
adding a new dimension to listening: cost to build: $12.50. Two four-channel encoders, one with microphone preamps, to
put four signals on two tape tracks. Three voltage/current regulated power supplies for better power amp performance.

A nine octave graphic equalizer with slide pots by Reg Williamson. A 10%' reel tape
1 9 7 2 transport, a full-range electrostatic loudspeaker and a 900 watt tube amplifier for driving the electrostatic
panels directly. A high quality op amp preamp, Heath AR15/AR1500 modifications. A new type A +B, low cost 35W power
amp, electronic crossovers for bi- and tri-amplifier operation. All about microphones, and tuning bass speakers for lowest

distortion.

Construction: Five transmission line speakers: 8'' to 24'' drivers, peak reading level meter,
1 9 7 3 dynamic hiss filter, tone arm, disc washer, electrostatic amplifier I1, and customized Dyna Mark I} and Ad-
vent 101 Dolby. How to photograph sound, power doubling, microphones, Jung on IC op amps, Williamson on matching and
phono equalization, and much more.

A perfectionist's modification of the Dynaco PAS tube preamp, a mid/high range horn
1 9 7 4 speaker, a wall-mounted speaker system, an IC preamp/console mixer by Dick Kunc, a family of regulated
current limited power supplies, a switch & jack panel for home audio, grounding fundamentals, low-level phono/tape
preamp with adjustable response, an IC checker, a lab type + 15V regulated supply. A series on op amps by Walt Jung and
kit reports on an electret microphone and a Class A headphone amplifier.

The superb Webb transmission line speaker construction article, how to test loudspeakers, a test
1 9 7 5 bench set of filters, a variable frequency equalizer, building and testing Ampzilla, a power amp clipping in-
dicator, a compact tower omni speaker, controls for two systems in three rooms. A visit to Audio Research Corp., an ultra
low distortion oscillator, all about filters by Walt Jung, a universal filter for either audio garbage or crossover applications. An
electrostatic speaker and complete schematics for Audio Research Corp.’s SP-3A-1 preamp, Heath's X0-1 and the Marantz
electronic crossovers.

Three mixers by Ed Gately, a vacuum system for cleaning discs, a 60W per channel amp for electrostatic
1 9 7 6 speakers, a silent phono base, a perfectionist’s tonearm, re-mods for Dyna’s PAS preamp, Jung on active
filters, a white noise generator/pink filter, A-Z tape recorder set-up procedures by Craig Stark, modifying the Rabco SL-8E,
a high efficiency speaker system for Altec’s 604-8G, uses for the Signetics Compandor IC, modifying Heath's IM (tube)
analyzer, simple mods for Dyna’s Stereo 70 amp, a tall mike stand. Kit reports: the Ace preamp, Heath's 200W per channel
amp, Aries synthesizer, Heath’s 10-4550 oscilloscope.

Walt Jung's landmark series on slewing induced distortion, a wood/paper/epoxy horn, Reg
1 9 7 7 Williamson's Super Quadpod, experiments with passive radiator speakers, a high efficiency electrostatic
speaker with matching low-power direct-drive amplifier, modifying the AR turntable for other arms, do-it-yourself Heil air
motion loudspeakers, a $10 Yagi FM antenna, Ed Gately's 16-in/two out micromixer, the speaker saver: complete stereo
system protection. Audio Research modifies the Dyna Stereo 70; the super output buffer, a 101d8B precision attenuator.

Modular equipment packaging, A PAT-5 preamp modification, a radio system for Hospitals, supply regulation
1 9 7 8 for Dyna’s Mark Il amp, B.J. Webb on phono interfacing and record cleaning, a 24'* common bass woofer, a
TV sound extractor, modifying the Formula 4 tonearm, a phono disc storage cabinet, Jung on IC audio performance and
noise control, a visit to Peter Walker’s Quad factory, a small horn enclosure, an audio activated power switch, the Nelson
Pass 40W class A amplifier, a thermal primer, a capacitor tester, recording with crossed cardioids. Kit reports: Heath iC
1272 audio generator, Heath’s IM5258 harmonic distortion analyzer, Hafler preamp, Dynaco’s octave equalizer, West Side
Electronics pink noise generator.

A space-age IC preamp by Lamptom-Zukauckas; a scientific evaluation of listening tests. A room testing
1 9 7 9 oscillator, a do-it-yourself version of the Advent mike preamp, three preamp construction projects compared,
basic issues or record manufacture, a primer on soldering, a variable frequency tube-type electronic crossover, a re-
modification of Dynaco’s PAT-5 preamp. A noise reduction system for amateurs, Williamson's 40W power amp, a LED power
meter, and an interview with Peter Baxandall. Kit reports included: The Integrex Dolby, Heath's audio load, 1G1275 sweep
generator and their Technician's training course. Classic circuitry included a 1936 GE console, the Marantz 88, Dynaco
PAS-3 and Audio Research SP-6.

A family of regulated power amp power supplies, dynamic range and clipping indicator, Precise, Inverse
1 980 RIAA Network, Interview Peter Baxandall Pt. |1, Golden ears? Power supply regulator for Op Amp preamps,
Timerless tone burst generator, Filters outside the audio band, Intensity Stereo primer, Upgrading FM tuners, Choosing &
Installing an FM antenna, Passively equalized phono preamp, Soidering practice, Modifying the Hafler DH-101 preamp,
Analog phase meter, Audio equipment rack, AD7110 Digital attenuator, Capacitor Dielectric absorption, Tube RIAA equaliza-
tion, Review: Hafler DH-200, SWPTC Tigersaurus 210A, Heath AP-1615 Preamp, Logical Systems 318 Silencer, Heath
AA-1600 power amp, Heath AD-1701 Qutput indicator.

Modifying the Audio Research SP6 series; Revising preamp power regulators; Home built heatsinks; Modify-
1 98 1 ing the Marantz 7C; Nelson Pass does a MOSFET rebuild of HK's Citation 12; Williamson on Record Care:
destaticizing and deep cleaning; An audio measuring system: Part 1—A Swept Function Generator, Part 2—A Logarithmic
Amplifier; Modifying Dynaco’s ST-150 amp and regulating its supplies; Adding a tower for FM; Microphoning, a heretic’s
view; Super uses for Cramolin, De-ringing transformers; Jung and Marsh upgrade the Hafler DH-200 with ciues for all
amps, Greening the ReVox A-77, Evaluating Dolby-C. Plus reviews, classic circuits and many audio aids.

To: The Audio Amateur, P.0. Box 576, Peterborough NH 03458-0576 USA v-22
| enclose $ Ocash DOcheck [OM.0. signature ] o
Credit card #. S S S _Expiration date.

Enter my order for back issues of Audio Amateur as follows:

[ The four 1981 issues @ $14 O The four 1975 issues @ $8
O The four 1980 issues @ $14 [ The four 1974 issues @ $8
O The four 1979 issues @ $12 O The four 1973 issues @ $8
[ The four 1978 issues @ $12 O The four 1972 issues @ $8
[J The four 1977 issues @ $10 O The four 1971 issues @ $6
[ The four 1976 issues @ $10 O The four 1970 issues @ $6

O Send back issues UPS @ $1.50 extra

Name _
Street & No.
City

B ___State
Telephone: (603) 924-6526 (M-F, 9-4 EST)

Please allow up to six weeks for delivery of first copies of your magazine. Rates above are for USA only. Outside USA add $3.00 per year for
postage. Non U.S. checks must be drawn in U.S. currency only.

3

_ZIP.
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Tools, Tips & Techniques

WOOLLY BASS

After having built the 10 foot transmis-
sion line bass enclosure, I would like to
suggest the following method for install-
ing the wool.

First make a frame, just a little larger
than the enclosure’s inside measure-
ments, and drive in finishing nails about
6” apart, near the inside edge of the
frame. (Photo 1)

Cut the fishnet into the number and
size of pieces needed. I used five per
side, 10 in all, and cut one full-sized
piece into three parts for the small
spaces around the driver. Divide the
wool into appropriate amounts. Soak the
fishnet in contact cement, squeeze out
the excess, and string it on the finishing
nails. While the glue is still wet, apply

‘the wool first on one side, then the other

(Photo 2). Press it between the front and

back sections of the unassembled
cabinet while it dries.

When dry, comb out the wool on both
sides to fluff it up as much as possible.
Remove from the frame and hang it so
the wool won't compress before installa-
tion (Photo 3). Staple it securely to the in-
side of the enclosure.

Emil Stan
San Francisco, CA 94131

PHOTO 1: Installing wool in a transmission line
speaker is easy if you apply it to this frame and
fishnet first.

PHOTO 2: Glue the wool to both sides of the fishnet.

PHOTO 3: After drying, hang the wool, comb and
fluff it before installation.

N

] TWEETER OR

MIDRANGE
(FLUSH MOUNTED)

PASSIVE
RADIATOR

./‘OPTIONAL TOP GLUED DOWN

TO MINIMIZE DIFFRACTION
FROM THE EDGE

WINE BARREL

SPEAKER LEGS (3 OR 4)
MADE OF HARDWOOD

FIGURE I: A barrel's shape has many advantages as a speaker enclosure. If it doesn’t sound right, you can

always put new drivers in old barrels.

BARREL BASS

Building speakers is a serious business
but it can also be a lot of fun. There have
been many designs to minimize cabinet
diffraction, to time-align and to reduce
the secondary radiation from the panel
vibration.

Using an old wine barrel might solve
those problems and barrels can be an in-
teresting aspect of interior decoration,
and it is fun or shall I say “it's a barrel of
fun?

Obviously a barrel is a near ideal

shape for a speaker enclosure as we
learned from Dr. Olson's study (SB 1/80,
p- 29). It is fairly easy to time-align the
drivers from this shape. What is not so
obvious is that if this enclosure vibrates
it may not be as harmful as a rectangular
box because an ideal sound source is a
sphere. Since this is only my specula-
tion, I hope someone will come up with
a definite study on secondary vibration
effect on this kind of enclosure shape.

I have not given any dimensions in my
drawing so that the individual builder
can suit them to his available barrel. The
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Tools, Tips & Techniques

system can be an acoustic suspension,
closed system with bottom firing passive
radiator as in Fig. 1, or a ported
enclosure (as in port wine).

It can be a 2-way or 3-way and single
or multi-amped. The Technics
10TH1000 leaf tweeter has a barrel
shaped body and is designed to be plac-
ed on top of an enclosure. It might
match very well as a complement to the
barrel.

The optional top indicated in the
drawing can be just placed there if you
do not want to spoil the appearance of
the barrel.

The distance from the floor is very im-
portant, and must be determined by ex-
periment because the type of flooring or
the floor covering can severely affect the
bass response.

You may encounter one serious prob-
lem during hole cutting for the large
woofer. The barrel may simply fall apart
so that you must make sure to glue the
affected sections of the barrel before-
hand. You may also have to caulk the in-
side since a dry barrel may not be air
tight. Usually they become water tight
when a liquid is poured in and wood ex-
pands. [Perhaps readers will experiment
with pouring wood sealers, “liquid glass” or
tar produ