


Four new products have been released by 
BOSTON ACOUSTICS. The T830 and T1000 
tower speakers feature tall, slender enclo¬ 
sures that require minimum floor space. 
The T830 is a three-way floor standing 

system featuring an 8" woofer, 3%" mid¬ 
range, and 1" CFT dome tweeter. Fre¬ 
quency response is 45Hz-25kHz +3dB. 
Power handling is 75W. 

At the top of the new speaker Une is the 
T1000, a three-way, four-driver system 
incorporating dual 8" woofers, a FyW 
midrange, and al" CFT dome tweeter. 
Frequency response is 38Hz-25kHz 
+ 3dB. Power handling is 150W. Both 
speakers have an efficiency of 90dB/ 
IW/lm (2.83V). 
Suggested retail price: $450/pair (T830); 

$1200/pair (T1000). 

Good News 

Joining the extensive line of automotive 
speakers is the 797 three-way 6x9 system. 
It was designed for those who want home 
loudspeaker sound quality in their car or 
van, but who want the convenience of an 
all-in-one system that fits existing speaker 
cutouts. 
The 797 features a 6x9-inch long throw 

woofer, based on the same design used 

in the top-of-the-line 793 component 
series. It also includes a 2" midrange and 
a %" wide dispersion tweeter. Frequen¬ 
cy response extends from 36Hz-20kHz 
+ 4dB. Power handling is 40W normal, 
80W peak. 

Suggested retail price: $199.95/pair. 
Boston Acoustics has also released an 

improved version of the C3700, their first 
car speaker system. The C3700 Series II 
is a two-way plate style system that com¬ 
bines a S’A" long throw woofer and new 
CFT4 1" dome tweeter. 

Both drivers and full crossover network 
are mounted in a stronger thinline hous¬ 
ing which has a refined black finish and 
perforated steel grille. The CFT4 tweeter 
is based on the same design used in BA's 
most expensive home loudspeaker sys¬ 
tems. The new generation tweeter pro¬ 
vides smoother treble response than the 
original. 
Frequency response is 58Hz-20kHz 

+ 3dB. This 4Q system has a power hand¬ 
ling capability of 40W nominal, 80W 
peak. It requires a mounting depth of on¬ 
ly 1%*, and can be mounted in a single 
cutout between 310 and 5" in diameter. 

Suggested retail price: $179/pair. 
For complete details on these products, 

contact Boston Acoustics, 247 Lynnfield 
St., Peabody, MA 01960, (617) 532-2111. 
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Software for the speaker builder has been 
introduced by SB author Max Knittel 
through MAXIMUM EFFORT SOFTWARE 
LoudSpeaker is an interactive audio 

loudspeaker design computer program 
for the IBM PC. Program features 
include: 

• Closed, vented, and passive-radiator 
box designs. 
• Instantaneous calculation of box 

volume, frequency response, vented and 
passive-radiator tuning frequencies, max¬ 
imum input power, maximum sound 

pressure level, vent dimensions, and 
crossover inductor design. 

• Storage of up to ten different designs. 
• Production of printed designs. 
• Production of graphs of up to six fre¬ 

quency response curves on the same 
display screen. 

• Library of up to 100 drivers on disk. 
• Automatic units conversion of centi¬ 

meters, meters, liters, inches, and feet. 
• Pull down menus, windows, and dia¬ 

logue boxes. 
• Context-sensitive help. Call at any 

time if you are unsure about what to do 
next. 

• Installable for black and white or col¬ 
or graphics displays. 

• 20-page indexed user guide. 
Hardware requirements include: IBM 

PC, PC-XT, PC-AT, or compatible run¬ 
ning DOS 2.0 or higher; IBM-compatible 
graphics adapter; 256K of RAM; single 
disk drive. 

Suggested retail price: $29.95. 
To order, or for more information, 

write Maximum Effort Software, 2701 
Cedarwood Ave., Bellingham, WA 98225. 

Fast Haply HHK7S5 

Two new products are being introduced 
this summer by SIGNET: the SL-100 
Definitive Image® three-way floor stand¬ 
ing loudspeaker system, and Music-
Line® , a new OFC speaker cable. 

Utilizing the patented Ferralipse® high-
frequency lens, the SL-100 system was 
designed to achieve an unusually wide 
(120°) dispersion pattern, which provides 
balanced, phase-coherent, and frequency-
invarient sound over its entire range. 

The Ferrallipse is an acoustic lens con¬ 
sisting of a double-ellipsoid reflector, each 
cavity of which has a high-frequency 
driver positioned at one of its focal points, 
and firing into it. The reflected sound 
energy from the two elliptical surfaces 
converges in phase, and is reradiated in 
a single, broad, symmetrical pattern. This 
technology, the makers claim, eliminates 
the high-frequency beaming and comb¬ 
ing effects typical of most speaker 
designs. 
Bass and midrange sections of the 

SL-100 consist of a 10", long throw, low-
frequency driver with a vented alum¬ 
inum voice coil form and a polymer-im¬ 
pregnated cone, plus a 3" soft-dome 
midrange driver with a 3" voice coil. 
Complementing the SL-100 is the 

Music-Line speaker cable and three 
associated cable terminators. The new 
oxygen-free copper cable utilizes a some¬ 
what tighter wind than other cables, and 
therefore has more surface area per unit 
length to handle a greater dynamic range. 

Signet also offers three types of gold-
plated cable terminators which permit 
easy installation and maximum transfer 
between virtually any amplifier and 
loudspeaker. 

For more information, contact Signet, 
4701 Hudson Dr., Stow, OH 44224. 

Fast Reply RHK23 
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AUDIO CONTROL INDUSTRIAL'S SA-3050 is a 
measurement-grade, one-third octave, 
real-time analyzer designed for audio 
signal analysis. It combines a state-of-the-
art microprocessor-based design with 
modern electronic manufacturing 
techniques. 

Features include: 30 one-third octave 
bandwidth filters; fourth-order filters 
which conform to ANSI SI. 11-1971 Class 
II, type E standards; internal pink noise 
source; 9 by 30 large-format LED display 
with ldB resolution; six internal 
memories with battery backup; SPL scale; 

92dB display range; signal input from 
balanced microphone input, balanced 
phonejack, or unbalanced BNC connec¬ 
tor; optional battery operation; optional 
printer and expansion ports. 
To learn more, contact Audio Control 

Industrial, 6520 212th SW, Lynnwood, 
WA 98036, (206) 775-8461. 

Fast Reply »HK123 

Ask 

American manufacturers such as Dynaudio 
Fried, Audax, Falcon-Acoustics and the 
Jack Caldwell , Avery Dark, Jay Adamson 
and Bill Reed Signature kits. 

Our raw driver selection includes 
the Jordan 50mm Module, 
Dalesford/Cambndge, SEAS, Siare 
Peerless, Becker and others. 

about our expanded selection 
of high-end separates for 

mobile applications 

A&S Free price list. 

Denver, CO 80207 

JrtAKtKb (3031 399-8609 

A&S 
has the widest of high-end 
speaker kits 
mobile speaker systems. We specialize 
in kits from the finest European and 
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INFINITY SYSTEMS, INC. has introduced the 
RS5000, the top-of-the-line addition to the 
company's recently-introduced RS Series 
of compact, high performance home 
speakers. 
A 10", three-way model, the RS5000 

was designed to deliver accurate, full¬ 
range sound reproduction with extended 
deep bass response. The system features 
a specially developed smaller aperture 
EMIT® tweeter, and an auto-reset pro¬ 
tection circuit which virtually eliminates 
the possibility of tweeter overload. In ad¬ 
dition, the system's minimum diffraction 
design technology provides optimum re¬ 
creation of the natural spatial relation¬ 
ships between voices and instruments. 

Suggested retail price: $279. 
Infinity has also released the VRS-2, 

VRS-3, and VRS-4, a new line of two-way 
stereo television loudspeakers. The Video 
Reference Standard Series loudspeakers 
were created to supply superior sound 
reproduction from stereo television, Beta 
and VHS Hi-Fi, and laser disc systems. 
The top model VRS-2 is self-powered and 
utilizes a long throw 8" polypropylene 
woofer, and al" Polycell® polypropy¬ 
lene dome tweeter. The VRS-2 features 
a 25W per-channel amplifier, equalized 
for extremely linear and extended low 
frequency response. 
Suggested retail price: $499/pair 

(VRS-2); $299/pair (VRS-3); $199/pair 
(VRS-4). 
For more information, contact Nina 

Stern, Infinity Systems, Inc., 9409 
Owensmouth Ave., Chatsworth, CA 
91311. 

Fast Reply KHK354 
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AUDIO CONCEPTS 
1986—Our Cast Of Players Includes: 

DRIVERS 
• The Gold 30 Ribbon • The Strathearn Ribbon 
• Dynaudio • Focal 
• SEAS . AC 

COMPONENTS 
• CHATTEROUX polypropylene • 1AR WonderCaps® 
• IAR solder • AC coils 
• AC acoustic foam • AC accessories 
• SHADOW Electronic Crossovers 

KITS 
• Including the all new Titan, Pulse, Model S 
• Eleven of the finest speakers, with kit savings 

“They are truly champagne speakers for those of us on beer 
budgets. Thank you A C for making such musical speakers for I 
such an affordable price! " 

a QUARTZ J owner 
Just one of many satisfied audiophiles 

All new 1986 Catalog, $2, refundable 

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

FAST REPLY HHK45 

Speaker Systems Design 
With Apple Computers 

LOW FREQUENCY DRIVER/ENCLOSURE for 
PORTED OR CLOSED BOX ALIGNMENTS 

Graphic response curves and data tables instantly for any given driver in any given 
enclosure design. Port dimensions design for enclosure tuning to any frequency. 
Custom designs or totally computer generated models or any combo. All design 
changes and results immediately displayed using frequency response graphs, tables 
and charts. (All to screen or printer.) Complete with simplified driver parameter testing 
procedures for computer input of unknown driver parameters. Compatible with many 
books available to the hobbyist and the professional designer/builder. 

FOR APPLE II SERIES WITH 64K AND 80 COLUMN 

COMPLETE DESIGN PROGRAMS PACKAGE—$29.95 
FOR SPEAKER BUILDER SUBSCRIBERS ONLY—$14.95 

DCL Company, 6340 SW 145th St., Miami, FL 33158 
(305) 232-2199 

About This Issue 
John Cockcroft offers another 
dual driver system (p. 6) he has 
dubbed the "Mini-Dancer" since 
the low-end drivers function as 
partners, with the remarkable 
advantage of excellent response in 
a surprisingly small box. How 
much power do your passive 
crossover components dissipate? 
Contributing Editor G.R. Koonce 
has researched the question fully 
and Part One of his helpful find¬ 
ings begins on page 14. 
The egg shape as a cabinet 

enclosure is attracting more in¬ 
terest. Clay Allison shows us 
how to construct one (p. 19) in a 
different manner from Rion 
Dudley's earlier technique (SB 
2/84). Complementing Allison's 
work is Dave Davenport's 
review of Focal's Egg enclosure 
and systems (p. 30). 
If you own one of Speakerlab's 

S-6 systems, you may be sur¬ 
prised, as Ben Poehland was, 
that it can be dramatically im¬ 
proved by modifying its crossover 
network. Ben gives us full in¬ 
structions starting on p. 22. Greg 
Szekeres, Matt Honnert, and 
Pete Crosby share very helpful 
facts about stuffing materials, 
flush mount techniques and trans¬ 
mission line lengths, all beginning 
on page 26. Elegance is the 
keynote in Mike Shea's system 
incorporating Gold Ribbon and 
Dynaudio drivers. The Letters sec¬ 
tion this time, beginning on page 
38, is a treasure trove of opinion, 
response, and field reports. 
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Editorial 

Growth Pattern 

Can we talk? 
This is just between us, OK? 
Publisher to reader and, I hope, reader to pub¬ 

lisher. This magazine is a winner. Nice news, that 
is, and I enjoy it because I don't think I had much 
to do with the success. Not with the important rea¬ 
sons for Speaker Builder being a winner, that is. 

As I see it, two important things have happened: 
First, our talented, technically educated and very 
hard working editors began, about three years ago, 
to invest a lot of time in speaker building theory 
and construction. 

Second, readers like yourself have been equally 
busy building, experimenting, questioning, writing 
letters and beating down the doors of our adver¬ 
tisers. 

The publisher, during that time, has just been get¬ 
ting up every morning and coming to work, trying 
to help our staff to manage and produce the publi¬ 
cation. 
We have a winner: not merely a magazine that 

is a winner, but an engrossing, challenging and re¬ 
warding avocation that is a winner. And I think it 
is time for that avocation to grow in a strong and 
significant way. I want it to grow because it is a 
valuable human endeavor and because I get a kick 
out of running something successful. 

When I say this hobby (and this journal) need to 
grow, I think you should have some idea of what 
scale I’m talking about. I am not talking Time, Inc., 
here. Not even CBS styles of Stereo Review or Audio. 
I’m talking about larger. At present, Speaker Builder 
is not small, it is tiny. Worldwide, we are reaching 
fewer than 6,000 homes each 90 days. Our com¬ 
patriots at Absolute Sound and Stereophile (God bless 
'em) are edging up to 30,000 every other month or 
so for those whose only upgrading tool seems to be 
the pocketbook or credit card. 

I think we can do better than 6,000 quarterly. And 
I think you think we can do better than that. Am 
I right? Something that is this much fun should be 
much more widely talked about, shared, and spread 
to those poor souls out there in the outer darkness 
of mere ready-made, pre-packaged commercialism. 

So, I have laid major plans for a major expansion 
campaign. Direct mail, ads of all sorts and lots of 
money spent. 

I will be asking every tenth one of you for some 
idea of what you like or don't like about SB, about 
your preferences in speakers, audio gear, and possi¬ 
bly about how you like to live. 

But at the same time we are doing all that, I have 
an alternative I wish you'd consider. Before we 
spend a lot of dollars on mailing list fees, printing 
costs and ad space charges, I thought you'd like the 
chance to do something for the hobby of speaker 
building and earn some of that promotional money 
yourself. 
It will cost us about $4—$5 to find each new 

speaker builder prospect and convince him or her 
to sign up. I'd like to add 10,000 new ones to SB's 
subscriber roster. Rather than spend $40,000 or so 
with our postmaster, printers, and media sales¬ 
people, I'd rather give you the money. 

So, we are making you an offer in a new Share¬ 
fare Program. Sign up three new Speaker Builder 
subscribers and your next year's subscription is free. 
Sign up two and we'll credit you with two-thirds 
of next year's subscription. Sign up one and you've 
earned one-third off. We have a field all set up in 
your computer record for your credits. 

Rules. There are, of course, rules. Subscribers 
must be newcomers to SB, must mention your name 
and Magic Number to credit your account. Rates 
are full price. Sharefare is experimental, so we are 
setting a December 31, 1986 termination date on 
this first offer. 

If you like it—and if we like it—Sharefare may 
become a regular offering. I welcome your com¬ 
ments, opinions, and your participation. 
One further way you can help. Would you like 

to see Speaker Builder, or our other two magazines 
Audio Amateur or Computer Smyth on your favorite 
newsstand or in your audio dealer's store? If you 
would, and they would, send us names, addresses 
and telephone numbers. We will do the rest. 

-E.T.D. 
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THE MINI-DANCER: 
A PUSH/PULL CONSTANT PRESSURE SPEAKER SYSTEM 

BY JOHN COCKROFT 

Briefly stated, the constant pressure 
principle* involves placing two 

speakers in tandem in a single box, 
connected acoustically and electrical¬ 
ly, to function as a single speaker, with 
the same characteristics as a single one 
of the speakers, with the single excep¬ 
tion that the stiffness of the suspension 
is approximately doubled. This means 
that the combined pair of speakers 
sees a larger box than a single speaker, 
for any given enclosure size, thus ex¬ 
hibiting a lower Fc and Q/c . 

In my first article [SB (3/85), I dis¬ 
cussed the merits of constant pressure 
loading as a means of achieving a 
small box speaker system with 
smooth, extended bass and excellent 
transient response. Using this princi¬ 
ple, I constructed two speakers which 
I subsequently stacked into one sys¬ 
tem of singular sonic beauty. 

Having proven to myself the princi¬ 
ple was indeed a sound one (no pun 
intended), I was curious about how 
much design freedom I would have in 
order to create a superior system. My 
main concern was developing a very 
small system—I live in a small apart¬ 
ment and have little space to place 
speakers, much less to build them. 

I read a paper by Karl Erik Stahl of 
Audio Pro1, and became interested in 
his statements regarding lowered har¬ 
monic distortion through the use of a 
push/pull configuration in his Ampli-
fier-Controlled-Euphonic (ACE) bass 
systems. I considered that, since con¬ 
stant pressure loading required two 
woofers, they could operate in push/ 
pull. I was also thinking of methods of 
stiffening and damping enclosures to 
eliminate spurious resonances and to 
allow cleaner sound. I decided to put 
all of my eggs in one enclosure (so to 
•Ivor Tiefenbrun of Linn Products, Scotland has 
filed for world patents on the design. He also 
owns the trademark 'Tsobarik", which denotes 
the constant pressure principle. For this reason, 
constant pressure systems may be constructed 
for personal use only. None may be made com¬ 
mercially without license from Linn Prod¬ 
ucts.—Author 

FIGURE 1: Two constant pressure systems, the classic form (a) and the push/pull form (b). 

speak), to see what I could do with 
these thoughts. 

SMALL SPEAKER SOUND. Small¬ 
ness was the first problem I dealt with. 
I had designed and constructed many 
small speakers which performed well 
in all areas but the bass. Many small 
speakers on the market, some cheap 
and some extremely expensive, suffer 
from the same problem. All of the 
bass, it seems, is in the hyped-up ad¬ 
vertising and not in the speakers. I 
didn't want to build another one of 
those. 
My Project One, described in the 

previous SB article was a relatively 
small speaker (about 450 cubic inches 
net volume). It was based on a cut¬ 
away photograph of the Linn S.A.R.A. 
speaker system. It performed quite 
well. I decided to try a 4" version, 
which turned out to be less than half 
the net volume of my first project. 

Next, I considered the push/pull ar¬ 
rangement. I felt the constant pressure 
loading presented an excellent oppor¬ 
tunity to use push/pull. It actually sim¬ 
plified the enclosure construction by 
elminating the loading tunnel I Fig. la), 
required to couple the speakers in a 
normal constant pressure system. 

To utilize push/pull, I placed the two 
speakers face-to-face on opposite sides 
of the baffle opening ¡Fig. lb). I used 
the same machine screws to seal and 
bolt the two units together. The only 
critical requirements are making the 
hole in the baffle large enough to clear 
the suspension surrounds of the speak¬ 
ers, and making sure the sealant ma¬ 
terial doesn’t interfere in the same 
area. 

Next, I connected the speakers elec¬ 
trically in a series, with the external 
unit in reverse phase (the positive post 
of the internal speaker connected to 
the positive input, and the positive ter¬ 
minal of the external speaker con¬ 
nected to the negative input). Then I 
connected the two speakers' negative 
posts. 

DANCERS IN MOTION. The name 
I have coined for this push/pull con¬ 
stant pressure configuration is "Dan¬ 
cer." It is as though two dancers, one 
taking the lead and the other follow¬ 
ing, are going through the motions as 
the speaker performs its functions. 
When one dancer steps forward, the 
other steps backward. (That's because 
one speaker is turned around. Both 
speakers move in the same linear 
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FIGURE 2: Four types of push/pull configurations. 

direction. Don't let my analogy con¬ 
fuse you on this point.) I call this little 
speaker the "Mini-Dancer." 

I decided to use a saturated mixture 
of sand and white glue (Elmer's, Wil-
hold, and so on) as a stiffening and 
damping compound. The results have 
been excellent. My enclosure seems as 
inert as any I have thumped. 

I found a pair of speakers at Radio 
Shack, #40-1022 (don't substitute), 
which cost $9.95 each. Their stated 
specs were: FM 55Hz, Qts .35, Vas -23 
cubic feet. Since I no longer have 
equipment for measuring speakers 
easily, I took Radio Shack's word for it. 

Of course, if possible, measure the 
speakers individually. The gods were 
kind to me, because my fudging had 
no apparent bad effects. 

THEY CAN HANDLE IT. These 
speakers are rated at 10W each, which 
seems conservative to me, considering 
their rather hefty-looking construction. 
A re-reading of the Radio Shack cata¬ 
log ad revealed the speakers were also 
suited for auto use. Since most auto 
speakers are used unbaffled, or are 
poorly baffled, they handle less power. 
Baffled correctly, they can undoubted¬ 
ly handle more. At any rate, I've had 
no trouble with my 35W amplifiers. 

I planned to have a Qtc of about .7 
for my system, but it came out to 
about .645. This was based on a single 
speaker in the box. I didn't understand 
the relationship between single and 

compound speakers when I designed 
the box. It was only after receiving 
feedback from SB readers, in response 
to my first article, that I began to see 
what was going on. The actual Qls is 
probably a little below .6, which 
would account for the fine transient 
response. 

Because of the small size of the 4" 
woofer and its fairly hard cone, the 

high-end of the woofer holds up quite 
well, even though the speaker is 
mounted inverted and the sound 
comes from the rear of the cone. The 
sound is very open because it radiates 
in a full circle. In some locations, such 
as a very live room, you might wish 
to attenuate the sound to the rear. Do 
this by using felt, fiberglass, tufflex, 
BAF, or similar material (Fig. 3). Even 
a small pillow behind the speaker 
might do the job. At one point in my 
experiments, I just used a couple of 
blackboard erasers. At another point 
(and currently), I sandwiched a 2" 
thick piece of dense foam between the 
speaker and the rear wall. This omni¬ 
directional configuration sounds fine 
coming from a single speaker, but the 
imaging might be a bit on the diffuse 
side in a stereo situation. 

SOUND OPTIONS. If you like that 
type of sound, all is well and good. If 
you don't, you will need to cut off the 
rear and possibly some of the side radi¬ 
ations. The OHM F2 speaker uses this 
method with great success. I believe 
they use tufflex padding. If you prefer 
a more sharply-focused image, per¬ 
haps your box should be redesigned 
along the lines of Fig. 2d, with the 
speaker radiating forward in a normal 
manner. If you go this route, be sure 
to add the extra volume of the loading 
tunnel between the two speakers to 
the main enclosure. 

c. 

FIGURE 3: Author Cockroft suggests four methods of obtaining rear wave attenuation. 
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PARTS UST 

FIGURE 4: Construction details for the Mini-Dancer. 

Vz" plywood or particle board: 
2 7 %" X 7%" (top and bottom) 
2 7%" X 6%" (front and rear) 
2 6%" X 6%" (sides) 
1 7%" X 2Vz" (base front) 
2 6%" X 2Vz" (base sides) 
1 7%" X 21/z X ’A" masonite or plywood 

(terminal and pot board) 

The Vz" X 1/z" cleats may be cut from the above. 
About 9 feet will be required. Cut to fit during 
assembly to assure a good fit. 

4 each 8 32 x 1 " pan head or round 
head machine screws 

11/z oz. polyester fiberfill pillow stuffing 
1 tube RTV silicone rubber adhesive 

(bathtub sealant) 
2 input line terminals (I used banana 

jacks) 
4 feedthrough terminals (simplest would 

be brass machine screws or threaded 
rod and nuts with solder lugs) 

2 banana plugs (for line hook-up) 
1 4Í2, 10W resistor 
1 500 pot 
1 6/<F capacitor (see article) 
2 Radio Shack #40-1022 4" woofers 
1 Peerless K010DT 1" dome tweeter 
1 diffraction ring 

The net internal volume is 160 cubic 
inches. I assumed the speaker to be 
about 15 cubic inches. In this case, you 
might have to raise the treble cross¬ 
over point because Radio Shack claims 
a 5kHz top end for these particular 
woofers. Try 4 or 41/z^F for starters. 
Please keep in mind that this is an ex¬ 
perimental speaker. I have just one 
unit, so other than theoretically, I can't 
be sure about the stereo imaging. 
I used a Peerless K010DT8 dome 

tweeter, with a diffraction ring 
mounted on its face. The crossover is 
simplicity in itself. The woofers run 
free at the top, and the tweeter has a 
6/xF capacitor (six 1/xF mylar units in 
parallel). 

Tweeter attenuation consists of a 40 
10W resistor in series with the 
tweeter, and a 500 pot in parallel with 
the tweeter. The tweeter should be ad¬ 
justed so that it is just barely heard 
above the woofer. Most people have 
the tweeter turned up too high. While 
this can be thrilling, it sacrifices a great 
deal of realism. 

LEND AN EAR. I usually set my 
tweeter by using the interstation hiss 
of an FM station. With my ear halfway 
between the tweeter and the woofer 
(on this little system, that's quite a 
feat), and with the tweeter turned all 
the way off, I gradually turn up the 
tweeter until I can just notice it as a 
slight edge on the woofer noise. I then 

turn the volume up (on the amp, non, 
the tweeter) and listen. It should sound 
full, rich, and even. If it sounds some¬ 
what hollow, I raise the tweeter slight-/ 
ly. If it sounds too hissy on the high 
end, I lower the tweeter a bit. Your 
final sound should be solid, even, and 
sort of monolithic. 
Try reversing the tweeter leads to 

see which arrangement gives the 
smoothest response. Then, play the 
best quality music signal you can find 
and listen for a while. If you aren't 
satisfied, make a mark on the tweeter 
knob so you know where you began, 
and make a minute adjustment. This 
should be done, preferably, over a 
period of days, with much listening 
and a minimum of tweaking. 
Make your decisions based on the 

best music material. Use your tone 
controls to handle the others, other¬ 
wise you'll never finish adjusting. 
When you find your spot, make sure 
you mark it. 

MAKING THE BOX. I constructed 
the box with Vz" plywood, because 
that was what was available. I would 
have preferred particle board. After it 
was assembled (if you aren't familiar 
with construction techniques, refer to 
my first article), I glued in Yz" by Vz" 
cleats around the corners, vertically 
near the centers (but not on the 
centers) of the back and sides, and one 
on the bottom about 2" from the front 

Mise. 
White glue 
Sand 

Optional 

4 additional feedthrough terminals (if you 
decide to run the upper woofer wires 
inside the box) 

4 sheet metal or wood screws (#6 x %") 
for mounting tweeter. 

panel and parallel to it. Forward of this 
cleat, I mounted the terminals for the 
internal woofer and tweeter. 

If you plan to run the wires from the 
external woofer through the box to the 
crossover, mount these terminals here 
as well. In addition, mount a set on the 
top plate of the speaker. The terminals 
can be any air-tight method of electri¬ 
cal connection. I find that lengths of 
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10-32 brass threaded rod and brass 
nuts make excellent terminations, for 
lugs and for direct soldering. On my 
box, I just ran the wires from the ex¬ 
ternal tweeter down the back on the 
outside to the crossover, but it really 
is neater to run them inside and then 
cut the bottom. 

The crossover network (such as it is) 
is merely fastened to the bottom of the 
box, or to the base which consists of 
three boards (front and sides) glued to 
the bottom to create a space for an ac¬ 
cessible crossover and attenuation net¬ 
work. But, I'm getting ahead of myself. 
Next, glue cleats (the same size) 

around the tweeter hole, about a %" 
away from the opening. There is no 
need to follow the contour of the hole. 
A simple square, diamond, or what-
have-you shape will do. The cleats 
form dams for casting the damping 
compound. 

At this point, it might be a good idea 
to randomly drive some carpet tacks 
or small staples about halfway into the 
areas to be cast. These will serve as ad¬ 
ditional anchors for the cast material. 
I didn't do this (I just thought of it), but 
it wouldn't hurt. 

A THICK COMPOUND. The damp¬ 
ing compound is white glue (Elmer's, 
Wilhold, and so on), combined with 
beach or bag sand. The compound 
works better when you pour the sand 
into the glue rather than the other way 
around. The mixture should be stirred 
thoroughly and have the consistency 
of concrete. I mixed up small quan¬ 
tities in a plastic coffee cup. 
Just before pouring (that's a mis¬ 

nomer, as it is too stiff to pour) the 
material, paint the areas to be covered 
with white glue. Add the material on 
top of the wet glue. Then, move and 
press the compound around with a 
spatula, spoon, or wooden coffee stick 
to make sure all areas are filled and 
tamped. 

For best results, pour the compound 
about %" deep and wait a day or so 
before pouring in the remainder. This 
gives the center a better chance to dry. 
Make sure your poured panel lays flat 
for several days, or else the compound 
will gradually flow and bulge toward 
the bottom of the panel. Wait at least 
a week before sealing up the box. 

It might be possible for you to add 
the damping material to the panels in¬ 
dividually before assembly. This will 
save a great deal of time. The way I 
did it, however, practically guarantees 
the enclosure will be totally tight. The 
cleats cover all joints (except the top, 

of course), and the damping material 
seals the other side of the cleats. The 
box becomes almost monolithic. 

I don't think fumes are as trouble¬ 
some as with the asphalt/felt type of 
damping, but it wouldn't hurt to wait 
a few days for the material to com¬ 
pletely dry before you seal up the box. 

BUILDING THE BASE. The base of 
the enclosure consists of three pieces 
of 14 " plywood (front and sides) glued 
to the bottom of the box, and a strip 
of %" masonite (to hold jacks and pot) 
screwed or glued to the rear edges of 
the sides. As a refinement, you could 
make a removable bottom panel. 

Before mounting the speakers, paint 
a layer of white glue around the edges 
of the holes and let dry, so that the 
sealant will adhere to the surface. Now 
is a good time to paint the speaker 
panels (usually black), because it will 
be harder to do later on. 

After you wire the tweeter and seal 
it with RTV silicon rubber, screws, 
duxseal, or what-have-you, mount it to 
the box. Make sure the sealant doesn't 
get on the speaker surrounds. Next, 
mount both Radio Shack speakers on 
the same screws. I used 8-32 pan head 
1" machine screws with double nuts 
(placed on the outside). 

Use a flashlight battery to test the 
speakers, making sure they move as 
a single unit and move in the proper 
direction. If the phase is wrong on one 
of the speakers, they will push to¬ 
gether, bowing their cones out slight¬ 
ly. They will then try to pull apart, 
sucking the sides of the cones slightly 
inward. This could damage the speak¬ 
ers if continued. 

FINAL PREPARATIONS. Don’t 
forget to solder the woofer connections 
inside the box, and put in about IV2 
ounces of polyester fiberfill. Then, 
after waiting for the damping material 
to harden, secure the top to the box. 
Make sure the wires and stuffing are 
well away from the top edge. Run a 
14" bead of RTV silicone rubber 
adhesive around the top edges of the 
box and cleats. Press the cover in 
place, forcing the rubber to squish out, 
and make sure the lid lines up with the 
sides. The best way to handle the ex¬ 
cess rubber goop (so I'm told) is to let 
it harden, and then trim it off with a 
wet razor blade the next day. I general¬ 
ly don't do it that way. Instead, I wipe 
it off so I can make sure the edges and 
corners really line up. A good engin¬ 
eering practice, maybe, but cosmetical¬ 
ly it is very poor. Most paint won't 

stick to the smeared residue, but then 
I remind myself that it's only an 
experiment. 

After drying for five to six hours, the 
speaker can be listened to at low to 
moderate levels. For full performance, 
wait 12-24 hours. 

Recalling the success I had using a 
bass boost filter with my first project, 
I decided to listen to the Mini-Dancer 
with the filter plugged in. In this case, 
I changed the capacitors marked "C" 
(there are two) to .33/xF (.22/zF + .lgF 
+ .OlgF)). In this mode, the speaker 
sound reminded me of a transmisson 
line speaker, and with only a tiny frac¬ 
tion of the size. It plays loud enough 
for a bedroom or small apartment, but 
if you like loud, I didn't design this 
speaker with you in mind. 

NO COMPARISON. There are very 
few commercial speakers I would pre¬ 
fer to listen to. I haven't heard another 
small system come close to the Mini¬ 
Dancer (even without a filter) in terms 
of tone depth and realistic balance, 
especially when you consider the $40 
construction cost. I assume you could 
construct a bass boost filter, if you 
don't make it fancy, for under $25. To 
put it mildly, the price is a rather small 
sacrifice for a speaker that is very close 
to the best available. 

I hope this article has proven in¬ 
teresting, and has created a desire 
within you to construct one of these 
fascinating constant pressure systems. 
Note: Since this article was written, I 
have constructed a system similar to 
the Mini-Dancer with a net internal 
volume of only 80 cubic inches [Micro 
Mini Dancer?]. Though it features a 
leaf tweeter instead of a dome tweeter, 
the sound is virtually the same.) b 

REFERENCES 
1. "Synthesis of Loudspeaker Mechanical 

Parameters by Electrical Means: a New Method 
for Controlling Low-Frequency Loudspeaker 
Behavior," Karl Erik Stahl, Journal Audio 
Engineering Society; Vol. 29, No. 9, September 
1981. 
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WOOFERS 
PEERLESS K050WGX.$14.00 
51/4" paper cone woofer with rubber surround, 
50-4,000Hz frequency range, 1 " voice coil, 4 
and 89, SPL = 88dB, Fs = 50Hz, Qts=.34, 
Vas= 12 liters. 

PRECISION TP165R.$22.00 
6V2" polypropylene woofer with rubber sur¬ 
round, 35-4,000Hz frequency range, 1 1/4" 
voice coil, 89, SPL = 88dB, Fs = 33Hz, 
QTS = .32, Vas = 40 liters. 

SEAS P17RCY.$25.00 
6V2" polypropylene woofer with rubber sur¬ 
round, 40-4,000Hz frequency range, 1 " voice 
coil, 89, SPL = 91 dB, Fs = 37Hz, Qts = .23, 
Vas = 36 liters. 

SIARE 18VR.$30.00 
7" fiberglass woofer with rubber surround, 
35-5,000Hz frequency range, 1 " voice coil, 
89, SPL = 91 dB, Fs = 37Hz, Qts = .18, Vas = 30 
liters. 

FOCAL 8N401DBE.$35.00 
8" neoflex woofer with neoprene surround, 
33-3,000Hz frequency range, 1" voice coil, 
89, SPL = 91 dB, Fs = 31 Hz, Qts = .33, Vas = 84 
liters. 

PRECISION TD205R.$27.00 
8" polypropylene woofer with rubber sur¬ 
round, 32-3,000Hz frequency range, IV2" 
voice coil, 89, SPL = 90dB, Fs = 32Hz, 
Qts =.33, Vas = 60 liters. 

SEAS P21REX.$30.00 
8" polypropylene woofer with rubber sur¬ 
round, 35-3,000Hz frequency range, IV2" 
voice coil, 89, SPL = 91dB, Fs = 33Hz, 
Qts = .37, Vas = 69 liters. 

POLYDAX TX2025RSN (revised).$35.00 
8" TPX cone woofer with rubber surround, 
50-5,000Hz frequency range, 1 " voice coil, 
89, SPL = 90dB, Fs = 49Hz, Qts = .61 , Vas = 47 
liters. 

SIARE 22FC.$50.00 
8" carbon fiber woofer with rubber surround, 
38-5,000Hz frequency range, VA" voice coil, y /£ 6 
89, SPL = 91dB, Fs = 37Hz, QTS = .4O, 
Vas = 30 liters. 

FOCAL 10N501.$52.00 
10" neoflex woofer with neoprene surround, 
25-5,000Hz frequency range, 1 1/2" voice coil, /. ' 
89, SPL = 92dB, Fs = 22Hz, Qts=.23, 
Vas = 212 liters. 

PRECISION LOUDSPEAKER DATA BOOK.$ 2.00 
POLYDAX LOUDSPEAKER DATA BOOK.$ 2.00 
SIARE LOUDSPEAKER DATA BOOK.$ 3.00 
FOCAL LOUDSPEAKER DATA BOOK.$ 3.00 
PEERLESS LOUDSPEAKER DATA SHEETS.$ 3.00 
SEAS LOUDSPEAKER DATA BINDERS.$10.00 

Audio Lab 
5269 Buford Highway Atlanta, Georgia 30340 

404/455-0572 
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PARTI 

CROSSOVER COMPONENT 
CAPABILITIES AND REQUIREMENTS 

CURRENT LIMIT TESTING AND POWER DIVISION 
BY G.R. KOONCE 
Contributing Editor 

When we use passive crossovers 
(COs), we must establish the 

stress requirements and capabilities of 
the CO components. Capacitor voltage 
ratings and resistor power ratings can 
usually be established, but the follow¬ 
ing information is more difficult to 
obtain: 

1. The current capability of the coils 
(inductors). 
2. The average and peak power re¬ 

quirement for each CO section. 
3. The maximum voltage and cur¬ 

rent stress for each CO component at 
a given power. 

This first of two articles will address 
the first two items. I will show you a 
method of measuring the peak coil 
current, along with results for typical 
available units. We will then look at 
how the power to a speaker system 
splits up among the various drivers, 
both peak and average. 

In Part II, we will examine the third 
matter, the voltage and current re¬ 
quirements for components in com¬ 
mon parallel first-order through third-
order COs for two-way and three-way 
systems. To allow direct comparison 
and application, we will use the same 
component numbering appearing in R. 
M. Bullock's articles (SB 1, 2/85). 

CURRENT LIMITS OF TYPICAL 
COILS. If you use air core coils, you 
have no problem with linearity. For 
small size and minimum resistance, 
cored coils are the answer. Photo 1 
shows four of the popular typec of 
cored coils found in COs. Starting top 
left and moving clockwise, we have an 
iron core coil, slug ferrite core coil, 
solenoid wound ferrite core coil and a 
ferrite bobbin core coil. Table I shows 
the peak current capabilities of the 
four coils, ranging from 2.8A to over 

PHOTO 1: Various types of cored crossover coils. 

TABLE 1 
CHARACTERISTICS OF COILS SHOWN IN PHOTOGRAPHS 

-Core- — Winding — 
Picture Core L Rdc Ipk Area Length Length OAD 
Ident. Type mHy ohms Amps sq . in. in. in. in. 

PHOTO 1: 

Top Lit Iron 0.50 0.08 >16 0.33 * 0.9 1.1 
Top Rht Slug 3.0 0.8 6 0.44 0.9 0.8 1.75 
Bot Rht Solen. 1.5 0.29 2.8 0.11 1.95 1.7 0.7 
Bot Lit Bobbin 0.7 0.13 13 0.51 0.96 0.7 1.25 

PHOTO 2: 

Top Lit Solen. 2.5 0.38 2.4 0.11 1.95 1.8 0.8 
Top Rht Solen. 2.0 0.56 2.4 0.10 1.35 1.0 0.7 
Bot Rht Solen. 0.92 0.28 7.6 0.20 1.0 1.0 1.0 
Bot Lit Same coil as PHOTO 1: bottom right 

PHOTO 3: 

Top Lit Bobbin 2.5 0.25 7.2 0.63 1.18 0.85 1.4 
Top Rht Same coil as PHOTO 1: bottom left 
Bot Rht Bobbin 0.86 0.21 ID 0.33 0.96 0.65 0.9 
Bot Lit Bobbin 0.5 0.25 6.5 0.15 0.55 0.3 0.75 
* Iron core has 0.06 in. air gap. Total path length = 3.B in. 
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16A. Neglecting CO effects, these coils 
could deliver to an 8Í2 woofer peak 
powers ranging from 63W to 2048W 
without saturating. While 2048W peak 
would keep most of us happy, the 
63W peak probably would not. 
Photo 2 shows four solenoid-type 

coils. Table I again shows peak current 
limit, ranging from 2.4-7.6A. I have 
seen the 2.5mHy coil used in several 
systems with nominal 80 woofers. 
Distortion was quite noticeable at sys¬ 
tem input powers in the 20-25W aver¬ 
age range. These long solenoid coils 
wound on small diameter cores are 
power-limited, and should be either 
avoided or tested carefully before use. 
In general, you are safer when the core 
diameter is larger and the inductance 
is lower. 
Photo 3 shows four ferrite/bobbin 

core coils; Table I indicates the current 
limits range from 6.5-13A. That little 
coil in the lower left corner, which I 
have always restricted to tweeter ap¬ 
plication, can take 6.5A or 338W peak 
at 8ÍL These bobbin core coils are the 
best choice for building. They are 
small, have low resistance, good Q and 
a wide frequency band. I have had no 
trouble with these coils in any CO 
application. 

MEASURING COIL PEAK CUR¬ 
RENT LIMIT. Given a large ampli¬ 
fier, you could load your coil with 8Í1 
and apply more and more power un¬ 
til the resistor showed non-sinusoidal 
voltage. Aside from problems of what 
test frequency to use, the test is unfair 
(and probably inaccurate) since the coil 
and load are being overheated by mak¬ 
ing an average measurement. I de¬ 
cided to look for a better way. 
Figure 1 shows a technique for 

measuring coil current while maintain¬ 
ing a low average coil dissipation. For 
15A peak, average coil current has al¬ 
ways been under two amperes. Iron 
core coils have a slow rounding into 
saturation, but the knee produced by 
ferrite cores is fairly sharp, making 
measurement quite easy. This tech¬ 
nique also allows coil inductance meas¬ 
urement via the equations in Fig. 1. 

Is the peak current limit of a ramp 
a valid indication of the performance 
everywhere in the audio band? If the 
core permeability stays constant over 
the audio band, then the measurement 
is valid. With ferrite cores, this should 
not be a problem, however, with iron 
cores you must carefully consider the 
results. Unless you have excellent iron 
you do not want to use it on anything 
but the woofer. 

PHOTO 2: Various solenoid wound ferrite core coils. 

PHOTO 3: Various ferrite bobbin core coils. 

Figure 2 shows the actual schematic 
and parts ratings for the coil current 
limit test circuit I use. It is important 
to keep on time a very small portion 
of the total period to allow the coil cur¬ 
rent to decay to zero. If the scope trace 
does not start at zero current, increase 
the ratio of total period to "on" time. 
I have a pulse generator which pro¬ 
duces the required drive waveform; 
Fig. 3 shows a drive circuit for those 
who do not. It runs at about 24Hz and 
produces "on" times at the coil of 40uS 
to lOmS in three overlapping ranges. 
For testing small coils (less than 
0.3mHy), you may wish to increase 
operating frequency for a better scope 
display. For coils larger than 5mHy, 
the "on" time may become a large part 
of the period and you may want to 

lower the operating frequency. The 
values shown are the best compromise 
for the typical range of CO coils. 
The two TO-3 power transistors in 

Fig. 2 have wide performance toler¬ 
ances at the levels of current being 
used. You may have to lower R2 to 
produce enough base drive at QI for 
approaching 15A. Do not increase this 
drive, unless it is necessary, since it 
provides a safety limit in case you ac¬ 
cidentally short circuit the output. 
Note that by 15A, a voltage drop is 
developing across Ql, R3 and the coil 
resistance to the point where the ramp 
is degenerating into an exponential 
rise. This is not a problem with the 
coil, just a limit in the test set. Coil 
saturation is an up-break in the curve, 
not a downward rounding. Always 
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AN IRRESISTIBLE 
CLEARANCE 
OFFER FROM 

AUDIO AMATEUR 
OHM’S LAW on a T SHIRT 

AUDIO AMATEUR’S Top 
Loading T Shirt with State of 
the Art Specifications. 

• Audiophile Grade Construc¬ 
tion: High quality Hanes shirt, yel¬ 
low with blue printing, portraits 
from the Bettman Archive. 
• Distortion: 50% blend of cotton 
and polyester reduces distortion to 
negligible levels. 
• Headroom: Sufficient. 
• Hum: When happy, often in¬ 
duced by use. 
• Noise: Inaudible during typical 
use. 
• Clipping: 4 inches above waist 
in warm weather (NB: this modifica¬ 
tion recommended for touch foot¬ 
ball and Frisbee applications only). 
• Damping Factor: Proportional 
to Input Loading of wearer. 
• Transient Response: Excellent. 
Permanent residents like it too. 
• Recyclable: When finished, 
place in your reprocessing unit and 
wear again (compatible with most 
solar dryers). 

AVOID TIME DELAY! 
ORDER YOURS NOW 

SALE PRICE JUST $5 EACH 

To: The Audio Amateur 
PO Box 576, Peterborough, NH 03458-0576 USA 

Na me : _ 

Street: _ 

City. _ State: _ Zip: _ 

s M L XL 

Total Number Ordered_ Total Price $_ 

□ Check □ M.O. □ Visa □ MC 

Card*_ 

Expiration date:_ 

Telephone Orders: (Visa or MC only) 

(603)924-6526 EDT 

SCOPE TRIGGER 

SWITCH ON 

t0N VARIED WITH 

SIZE OF COIL 

PULSE 
GENERATOR 

WANT t >10 X t 0N

/XL = maximum linear current 

Knee very sharp with ferrite core, quite soft with iron core. 

With + V = 15V set-up good to ^15A peak. 

Slope of lienar portion of the curve gives value of inductance. 

For + V = 15V, to get to 15A then Ton in mS = L in mH. 

t —► 

FIGURE 1: Method of measuring coil linearity limit. 

NOTES: 1. C1 should be at least 60,000/xF at (15V. I use 143,000/xF. 
2. Q1, D1 & Q2 should be heatsinked. 
3. To„ should be less than 10% of total period. Ton should be +10- + 15V. 

Off time can be 0- -15V. 
4. Heavy line wiring handles 15A. 

FIGURE 2: Schematics and parts ratings for coil current test circuit. 
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start testing at the low end of the "on" 
time and increase it gradually while 
watching the current on the scope. 

POWER DIVISION AMONG 
DRIVERS. I have examined the 
average power division with second-
order Butterworth COs many times. In 
general, I find the high-pass (HP) and 
low-pass (LP) average power outputs 
for a two-way system are equal for a 
CO frequency in the 800-1000Hz 
range. In a three-way system, if you 
add a tweeter in the 5kHz range, it will 
see only about 10% of the total average 
input power. 
Fortunately, additional data are 

available for third-order Butterworth 
(BW) COs in a work by Penkov1. 
Penkov took a sample composed of 
seven types of program material (six 
of music, one of speech), and ex¬ 
amined peak (actually 50/xS average) 
and average (IOS ave.) output from 
various CO sections. The reader 
should consult the reference for 
specific details. I prepared Figures 4 
through 6 using this data. Figure 4 
shows average power through the HP, 
and LP relative total input power ver¬ 
sus CO frequency. The curves are 
wide because of the probabilities in¬ 
volved in such measurements. The top 
of each curve is near certainty; the 
percentage of power should almost 
never exceed these values. Equal HP 
and LP power occurs at a CO frequen¬ 
cy around 700Hz, not far from my ex¬ 
perience with second-order BW COs. 

Figure 5 shows the same data for 
peak power. The probability range 
shown is 0.5 to 0.997. According to 
Penkov, a probability of 0.5 indicates 
this percent power will be exceeded on 
the average once every four minutes, 
for 0.997 once every 11 hours. Thus 
0.5 is probably an acceptable design 
value, with equal LP and HP power 
occuring at a CO frequency around 
800Hz. Note that the HP section has 
a much greater range of percent power 
between the two given probabilities. 

Figure 6 shows the ratio between 
peak power and average power 
through various COs. The HP sections 
show a wider range between the two 
probabilities, an expected result with 
transients basically composed of high 
frequency content. For design pur¬ 
poses, we note for third-order BW sec¬ 
tions peak power is about 10 times 
average power. If you want to be real¬ 
ly conservative for LP sections, use 30 
times average power, and for HP sec¬ 
tions, use 50 times average power. 

Continued on page 18 

NOTE 5 

3. Raise this capacitor to lower operating frequency and vice versa. 
4. On voltage >14 into test circuit, off voltage = 0. 
5. Current drain > 22nA maximum. 

Approximate Ton at Coil 
Switch Position Minimum gS Maximum 
A 44 160 
B 108 1600 
C 580 10,600 

FIGURE 3: Schematic and parts ratings for driver circuit. 

100 

P =0 997 

P = 0.997 

10K 20K 

THROUGH 
HIGH-PASS 

THROUGH 
LOW-PASS 

NOTES: Data from Reference #1 
All filters third-order Butterworth 
Peak = 50^S average 
P = probability maximum peak powers 
will not exceed data numbers 

CO FREQUENCY - H z-» 

FIGURE 5: Percent of peak power getting through CO versus CO frequency. 
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Continued from page 16 
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FIGURE 6: Peak to average power ratio in music. 

500Hz 

HP 

5000Hz 

HP 

1600Hz 

HP 

PEAK POWER 
PROBABILITY = 0 997 

PEAK POWER 
PROBABILITY = 0.5 

NOTES: Data from Reference #1 
Average power = 10S 
average with probability = 0.997 
Peak power is really a 50/xS average 
All filters are third-order Butterworth 

FULL 500Hz 

BANDWIDTH LP 

POWER RATIO - MAXIMUM PEAK P0WER 
MAXIMUM AVERA6E POWER 

CONCLUSION. The peak linear cur¬ 
rent for a variety of coil types has been 
presented, along with a test technique 
to evaluate other coil samples. How 
power in the music spectrum divides 
for BW COs has been shown, along 
with an indication of the peak power 
excess above average power. In Part 
II, we will examine the stresses plac¬ 
ed on components for a variety of 
common COs as a function of input 
voltage and current delivered to each 
driver. fe 

ABOUT THE AUTHOR 
G.R. Koonce is an electrical engineer with twenty¬ 
seven years experience in design of audio frequency 
circuitry for military applications; the last eighteen 
years, he has been involved primarily with PCM en¬ 
coded digital formats. Since the mid-1950s, he has 
constructed his own home audio gear and test equip¬ 
ment from kits or scratch. After many years in rac¬ 
ing, he now devotes spare time to the design and 
construction of speaker systems and speaker-oriented 
computer programming. He is a member of the 
Audio Engineering Society. 
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THE UNBOX ENCLOSURE 
BY CLAY ALLISON 

After reading Rion Dudley's "The 
Egg and I" (SB 2/84), I decided to 

share the methods I used to build a 
similar egg enclosure in 1983. 

While reading his article, I noticed 
that, in some ways, our designs were 
similar. For example, our drivers were 
nearly identical. Mr. Dudley used a 

polypropylene Madisound 
woofer and Audax tweeter, while I 
chose a 5%" Audax bextrene woofer 
(HD13B25H2C12) and a 1" Audax 
cloth dome tweeter (HD100D25). In 
addition, we both cut out rough shapes 
from layers of particle board and 
plywood, and then sanded them. 

But our designs also had differences, 
the most important being the way we 
layered the wood to form the egg 
shape. While Rion's eggs were layered 

similar to orange sections, I layered 
my eggs as shown in Figs, la and lb. 

Mr. Dudley's egg design may be less 
time-consuming, but I believe my con¬ 
struction methods offer several impor¬ 
tant advantages. These include: a 
large, flat baffle for increased driver 
placement flexibility, an accurate 
method for determining design stage 
internal volume, thick walls for high 
density, a low resonance enclosure, 
and an edgeless baffle which results in 
low diffraction. In addition, my design 
has no problems with internal stand¬ 
ing waves, and you don't need a band¬ 
saw for the construction. 

DESCRIPTION. 1 built my eggs by 
stacking and gluing together oval¬ 
shaped wooden rings of progressive 

FIGURE 1: The egg's top cross-section (A), side view (B), and ellipse (C). Guide for drawing the ellipse (0). 

PHOTO 1: Due to little output at his egg’s bottom 
end, the author added a subwoofer. 

PHOTO 2: The author’s egg enclosures rest in 
macramé plant hangers, four feet from the floor. 
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sizes. Because the enclosure will be 
side-stepped, you will need a power 
sander to smooth the outer surface. 

FIGURE 2: Draw and label layers (A), and use a 
wooden jig to get a uniform-shaped curve while 
sanding (B). 

Other than a jigsaw to cut the oval 
rings, however, you won't need to use 
any other power tool. 

Figure la shows a top cross-section 
view of a 15-layer egg, its sides already 
smoothed. From this view, it is cir¬ 
cular, with a radius equal to one-half 
the maximum width. Figure lb shows 
a side view. The radius is the same, 
and the distance (C) is the difference 
between the height and width. Figure 
7c is an ellipse, and it shows how the 
egg would look from the front. 
When I designed my eggs, I was 

able to accurately calculate the volume 
(using a method discussed later). I 
simply changed dimensions and recal¬ 
culated until I achieved the proper 
volume. So that you can skip this plug-
and-chug stage, I decided to derive a 
few simple formulas. To do so, I had 
to first set the dimension ratios to ap¬ 
proximately equal that of my eggs: 1.5 
to 1 to .86 (height/width/depth). 

When you stick with the given 
design procedures, the formulas will 
be within 5% accurate for 3-15 liter 
enclosures. Enclosures much larger 
than this are impractical because of 
many layers and wasted wood. If your 
egg is,smaller, the Wz" wall thickness 
is unnecessary. If your baffle becomes 
too small, you will need to change 
your ratios, and the formulas in Table 
1 will not apply (you must calculate 
volume using the method I will 
describe later). 

DESIGNING. Your first step in 
designing an egg enclosure is to choose 
a volume. For this demonstration, I 
chose 6V2 liters. The first formula in 
Table 1 solves for Wmax, or external 
width max. Your answer will be in 
inches. The 3 in this formula is for my 
egg's IV2" wall thickness. You can 
reduce the thickness for small eggs, 
but beware that the oval rings will 
become fragile, especially if you use 
particle board. If, however, you decide 
to increase your egg's wall thickness, 
simply change the 3 in the formula to 
twice your wall's thickness. 
The formula gives me: Wmax = 10", 

Hmax = 15", D = 8.6", and r = 5". An 
egg that is 8.5" deep will require 10 
layers of 3A" material, plus two layers 
of Va" material. It will be helpful if you 
make a drawing similar to Fig. 2a, and 
number the layers as shown. Note that 
the middle of the egg lies between 
layers 5 and 6. Because these will be 
the largest layers, their dimensions will 
be Hmax by Wmax- If the center of your 
enclosure lies near the middle of a 
layer, you will have one middle layer. 
With the exception of two back 

layers, you will have two of each size 
layer per enclosure. To find the layer 
sizes, draw the enclosure out to scale 
and measure, or use the formulas in 
Table 2. Solving for layers 4 and 7, Y 
= .5 and R = 5 (see Fig. lb}. The 
answer shows the eggs can also be cut 
5" by 10". Since the four center layers 
are the same size, I will need only six 
different sized layers. After calculating 
for all the layers, it is best to make a 
list of the layers and their dimensions, 
as illustrated in Table 3. 

VOLUME CALCULATION. After 
you determine the dimensions for all 
layers, you can now find the volume 
by calculating the volume inside each 
layer and adding the results. The for¬ 
mula to find the volume of a single 
layer is V = TttAB [see Fig. 7c). T 
represents the material thickness, A is 
the long radius, and B is the short 

radius. Table 3 shows that the actual 
volume is very close to the desired 
volume. If you wish to increase the 
volume by some small amount, you 
could cut one of the mid-area layers' 
diameter a bit larger inside. The same 
procedure, reversed, applies if you 
want a small volume decrease. 

DRAWING THE PATTERNS. Begin 
by taping thin cardboard or heavy 
paper to a drawing board. Refer to Fig. 
3 and draw a rectangle with the same 
dimensions as your layer pattern. 
Divide the rectangle into four equal 
parts. Set a compass for a radius of 
H/2. Pivot at point C and cross line D 
at two places as shown (or use the for¬ 
mula for the distance X). Place thumb 
tacks into your drawing board at 
points A and B. Get some heavy 
thread that won’t stretch while draw¬ 
ing, and cut and knot as shown in Fig. 
Id. Loop the string over the thumb 
tacks and into the pencil notch. Adjust 
the knot, if necessary. Draw the el¬ 
lipse, keeping the thread tight, the pen¬ 
cil vertical, and the string in the notch. 
Now, draw another ellipse inside the 
one you've just drawn with dimen¬ 
sions of H-3 by W-3 for HA" wall 
thickness. 

TABLE 1 

V = Volume in liters 
Wmax = (0.96 ^IV) + 3 
Hmax = 1.5Wm„ 
D = 0.86Wmax 

TABLE 2 

Y = Distance of layer from center 
R = Wmax/2 
C = Hmax — Wmax 
W = 2, R2 _ Y2
H = W + C 

TABLE 3 

Layer External Internal Volume 
# W H W H inches’ 
1 8% 13% - -
10 8% 13% 5% 10% 32.85 
2 9'4 14’/a 6’4 11’/« 41.42 
9 9V« 14’A 6’4 11 Vi 41.42 
3 9"/is 14’%6 6’%s 11% 46.04 
8 9”/i6 14’%6 6’%s 11"/i6 46.04 
4 10 15 7 12 49.48 
7 10 15 7 12 49.48 
5 10 15 7 12 32.99 
6 10 15 7 12 32.99 
11 7% 12% 4% 9% 22.17 
12 5’/4 1O’/4 — — 

Total Volume 394.88 
.229 ft’ 6.47 Itr 
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CONSTRUCTION. Once you have 
cut the patterns, trace them onto your 
wood. To align the ovals during assem¬ 
bly, put two or four alignment marks 
on each layer. Simply draw a mark 
directly below the center lines you 
drew previously on your patterns. 
Before you cut the wood, notice how 
the two back layers are cut inside at 
an angle /Figs. lc and Id). This is done 
to eliminate thin spots. It will have 
very little effect on the volume, but if 
you want to make sure, you can easi¬ 
ly recalculate. You can also reduce the 
amount of sanding by cutting the outer 
edge of some front and rear layers at 
inward angles. 

ASSEMBLY. Assembly is simple and 
requires no nails or screws. All you 
need is your favorite wood glue, and 
clamps or heavy weights to hold it in 
place during drying time. Once the 
glue dries, you can cut the holes in the 
baffle. Use the method shown in Fig. 
2b to hold the enclosure during sand¬ 
ing. To obtain a uniformly-curved 
shape while sanding, use a wooden jig 
with a radius of R. After sanding, fill 
the cracks with wood putty and paint 
the enclosure. Your baffle can be 
veneered or covered with a variety of 
materials. Since low diffraction is of 
concern, flush-mounted drivers are 
ideal. 
My crossover {Fig. 4) is a slightly-

modified Audax design (FK 2-30), 
featuring increased tweeter attenua¬ 
tion and small bypass capacitors across 
the high-pass caps. With a calculated 
F3 between 85-90Hz, the eggs alone 
have very little output at the bottom 
end, so I found that a subwoofer was 
absolutely necessary ¡Photo 1). 
My eggs hang from the ceiling, 

about 4' from the floor, in macramé 
plant hangers /Photo 2). They are 
passively crossed over at 120Hz to a 
pair of Dynaudio 30W 54s. The overall 

patterns. 

sound is smooth and pleasing, with no 
noticeable colorations. The image is 
open, with lots of depth, completely 
filling the 10' wall in my listening 
room. 

ABOUT THE AUTHOR 
A resident of Indiana for twenty-two years, Clay 
Allison has a degree in electronics. In addition to 
building speakers, he also enjoys woodworking, 
furniture refinishing and carpentry. 

FIGURE 4: The slightly-modified Audax FK 2-30 crossover design. 

CIRCUIT 
BOARDS 

Old Colony's Boards are made of top quality 

epoxy glass. 2 oz. copper, reflowed solder coated 

material for ease of constructing projects which 

have appeared in Audio Amateur and Speak¬ 
er Builder magazines. The builder needs the 
original article (indicated by the date in brack¬ 

ets. i.e. 3:79 for articles in Áudio Amateur and 
SB 4:80 for those in Speaker Builder] to con¬ 
struct the projects. 

C -4: ELECTRONIC CROSSOVER (DG-13R) New 
2 X 3W* board takes 8 pin DIPs. Ten eyelets for variable 
components. [2:72] Each 4.50 

D-l: HERMEYER ELECTROSTATIC AMPLIFIER II. 
[3:73] Two sided with shields and gold plated fingers. 
Closeout. Each $5.00 Pair $9.00 

F-6: JUNG 30Hz FILTER/CROSSOVER (WJ-3) 3x3" 
(4:75) High pass or universal filter or crossover. 

Each $5.50 

G-2: PETZOLD WHITE NOISE GENERATOR & PINK 
FILTER. (JP- 1 ) 2/x3/" |3:76] Each $5.00 

H-2: JUNG SPEAKER SAVER. (WJ-4) 3*4 x 5W" (3:77] 
Each $7.00 

H-3: HERMEYER ELECTROSTATIC AMP BOARDS. 
(ESA-3) Set of three boards with plug-in edges for one 
channel. (3:77] Set $19.00 

J*6: SCHROEDER CAPACITOR CHECKER. (CT-10) 
|4:78]3*4x6" Each $7.25 

K-3: CRAWFORD WARBLER 3*4 x 3% 11:79] 
Each $6.00 

K-6: TUBE CROSSOVER. 2x4/" (3:79) Two needed per 
2-way channel. Each $4.25 Four $13.00 

K-7: TUBE X-OVER POWER SUPPLY. 5x5%" [3:79] 
Each $7.00 

K-12: MacARTHUR LED POWER METER. 5/x8*4" 
(4:79) Two sided, two channel. Each $16.00 

L-2: WHITE LED OVERLOAD & PEAK METER. 3x6" 
[ 1:80] One channel. Each $10.50 

L-6: MASTEL TONE BURST GENERATOR. 3/x6%" 
[2:80]. Each $8.50 

L-9: MASTEL PHASE METER 6%x2%" |4/80| 
Each $8.00 

SB-A1 : LINKWITZ CROSSOVER BOARD 5/ x 8/" |4:80] 
Each $14.00 

SB-C2: BALLARD CROSSOVER BOARD 5/ x 10" [3:82 
& 4:82] Each $14.00 

SB D1 : NEWCOMB PEAK POWER INDICATOR x 2" 
[SB 1:83] Each $2.50 

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

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

SB-E4: MUELLER PINK NOISE GENERATOR. 
4>/8x23/,e" [4:84] Each $8.50 

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

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

MAME 

STREET & NO. 

CITY STATE ZIP 

No. Bds. Price 

Board No. $ 

Board No. $ 

Board No.. $ 

Total $ 
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UPGRADING SPEAKERLAB'S 
S-6 CROSSOVER 

BY BENJAMIN L. POEHLAND 

Seven years ago, I purchased my 
first and only loudspeaker kit, a 

pair of Speakerlab "Super-Six'' S- 6s. 
The Super-Six name refers to their 
extra heavy-duty horn tweeters and 
midrange horn oversized compression 
drivers. These were used on the Super¬ 
Sevens also. The tweeter is a dead 
ringer for the Electro-Voice T-350. The 
midrange resembles the Atlas PD-4V 
coupled to an Electro-Voice 8HD dif¬ 
fraction horn, also used in the Speaker¬ 
lab K. My modifications {Photo 1} 
should be applicable to any version of 

the S-6, and probably to the S-7 ver¬ 
sions as well since they have similar 
components and specifications. The 
S-6 crossover schematic appears in Fig. 
1. 
My Sixes replace a pair of JBL Cen¬ 

tury 100s. I grew tired of the JBLs and 
was itching to try some "horn sound." 
I assembled the Sixes without difficul¬ 
ty by strictly adhering to Speakerlab's 
instructions. The high end on my JBLs 
was always a disappointment to me, 
and for the first year or two I reveled 
in the Sixes' ultrasensitive high end. As 

more years went by, I am not sure 
whether my listening matured or my 
taste changed, but the day came when 
I tired of the Sixes and was ready to 
replace them with something else. 
The Sixes' faults had become ap¬ 

parent: a total lack of stereo image and 
soundstage depth, a "hot" high end, 
an overly honky midrange (L-pad ad¬ 
justments and equalizers notwith¬ 
standing), a harsh indistinct quality in 
the upper bass/lower midrange, and a 
low bass that lacked punch. However, 
something in my soul makes it almost 

PHOTO 1: The Super-Sixes after modification with grille covers removed. I reversed the baffle board in the unit on the right. 
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impossible for me to cast aside some¬ 
thing made with my own hands unless 
I’m absolutely certain that its useful¬ 
ness has ended. Stifling mental images 
of what the Sixes would look like sur¬ 
rounded by refuse in the municipal 
dump, I cast a cold analytical eye at 
them and wondered whether they 
could be salvaged. They could, and I 
did. 

CROSSOVER MODS. After design¬ 
ing a set of bookshelf extension loud¬ 
speakers for a friend, I came to the 
conclusion that just about any woofer 
could be combined with just about any 
midrange/tweeter with the right cross¬ 
over. In other words, I regard the 
crossover as the heart and brains of a 
speaker system. After poring over the 
S-6's driver specifications I felt satisfied 
that the drivers were high quality and, 
in terms of frequency response, should 
be suitable in a system such as this 
one. However, a crossover analysis 
revealed several problem areas. 
The midrange and tweeter are ex¬ 

tremely efficient drivers, which have 
been combined with a terribly ineffi¬ 
cient woofer design. The stock cross¬ 
over does not contain sufficient atten¬ 
uation components to lower the effi¬ 
ciencies of the horns to that of the 
woofer. The presence of RI raises the 
midrange input impedance to 16Q, an 
undesirable situation leading to un¬ 
even frequency response and image 
instability. Finally, the midrange cross¬ 
over slopes are too shallow for a horn. 
Speakerlab's literature recommends 

12dB slopes for horns (P. Snyder, 
Guide to Crossover Design, Speakerlab 
1972, p. 8), and in commercially avail¬ 
able horn systems the steeper cutoff 
slopes are most often used. I had a 
hunch the crossover frequencies were 
too high, and I was curious whether 
lowering them would improve any¬ 
thing. After a great deal of listening, 
patience, and nasty mathematical cal¬ 
culations, I designed a new crossover 
for the S-6. Its schematic is shown in 
Fig. 2. 

Although I consulted several publi¬ 
cations on crossover design, I mostly 
used the procedures and formulas 
given in the Philips handbook (M.D. 
Hull, Building Hi-Fi Speaker Systems, 
N.V. Philips Gloeilampenfabrieken 
Eindhoven, The Netherlands, 1978, 
pp. 78-99. Unfortunately out of print). 
Lowering the bass/midrange crossover 
point by 300Hz removed the indis¬ 
tinctness in the lower midrange and 
added punch to the low bass. The ad-

1 45mH 

ROLLOFF, 6dB/OCT. 

C2 

100VNP 
ROLLON: 12dB/OCT. 

C4 
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ROLLOFF: 12dB/OCT 
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5W 

R3 
7.5ft 
10W 

100V 
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8ft 
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WOOFER 
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100V 
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FIGURE 1: The Speakerlab S-6 stock L-pad crossover schematic diagram. Nominal crossover frequen¬ 
cies: 1kHz, 6kHz. 
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FIGURE 2: An improved crossover for the Speakerlab “Super-Six.” Nominal crossover frequencies: 700Hz, 
5kHz. 
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dition of compensation network Rl-
C1 visually stabilized the woofers dur¬ 
ing reproduction of first-octave pro¬ 
gram material, and curiously con¬ 
tributed a sense of improved depth to 
the upper bass that seemed to extend 
well into the midrange. 
I cured the midrange honk by doing 

two things. I added R2, which simul¬ 
taneously attenuates all the midrange 
passband frequencies and restores the 
midrange impedance to about 8Í2, and 
I changed the response slopes to 12dB/ 
octave to give cleaner midrange sep¬ 
aration from the higher and lower 
passbands. I increased C4's value 
slightly above the nominal 12dB in an 
attempt to smooth out a slight peak in 
the eighth octave, which I discovered 
during many listening tests. 
I also made a few changes in the 

high end. Increasing C5's value to 3gF 
lowered the roll-on point (the top-end 
of the passband slope) by about 1kHz, 
and adding a second attenuation cir¬ 
cuit R9-R10 shaved an additional 6dB 
off the high-pass response and per¬ 
mitted precise adjustment of the asso¬ 
ciated L-pad. Photo 2 shows the rebuilt 
crossover board. The Sixes' response 
is now much smoother than the stock 
version, and they also begin to exhibit 
something that resembles a real stereo 
image. 

To make all these changes, you must 
relocate the crossover boards outside 
the speaker boxes. I covered the cross¬ 
over hole with a piece of %-inch 
plywood fitted with banana jacks to 
connect the crossover outputs to the 
individual drivers inside the box. Of 
course, this meant opening up the 
speaker enclosures by removing the 
woofers. As long as I was ripping 
things apart, I decided to make some 
other improvements. 

MORE UPGRADES. I removed the 
midrange horns and coated their ex¬ 
terior surfaces with a Vz-inch layer of 
RTV-type silicone rubber compound. 
This completely damped all the metal 
diffraction horn's resonant vibrations. 
When I reconnected the compression 
driver to the horn, I wrapped the 
threads with teflon pipethread tape for 
a snug fit. 

I ripped out all the original internal 
wiring and replaced the relatively thin 
Speakerlab wire with some nice 14-
gauge stranded zipcord. I am not a 
wire freak, but it probably would not 
hurt to use Monster Cable for these in¬ 
ternal connections. I soldered all the 
internal connection between the 
drivers and the banana jacks, on the 

PHOTO 2: My modified crossover for the Speakerlab S-6. Some components are composite values. R5 
and D1-D2 are mounted on the terminal board inside the enclosure. I mounted components with RTV 
silicone. 

theory that soldered connections con¬ 
duct better than any mere mechanical 
connection. 
Finally, I made what was probably 

the most significant physical modifica¬ 
tion by reversing one of the baffle 
boards 180 degrees and remounting 
the drivers. In a stock S-6 stereo pair, 
both loudspeakers are configured so 
that the midrange transducer is on the 
right-hand side of the box with the 
tweeter situated in the upper left. I 
suspected this non-symmetrical ar¬ 
rangement might contribute to poor 
stereo image acoustical focus. By re¬ 
versing the baffle board in one system, 
the two speakers were transformed 

into a symmetrical mirror image pair 
capable of rendering accurate acous¬ 
tical focus. 
I should mention that these mod¬ 

ifications required more physical labor 
than I like to exert. Removing and re¬ 
installing the baffle board, removing 
and replacing the drivers and cross¬ 
over boards, and rewiring and refin¬ 
ishing everything, involved a quanti¬ 
ty of raw effort quadrupling the 
original kit assembly. 

RESULTS. In the end, it was worth 
it. The midrange honk, the upper-bass 
funk and high-end sizzle are gone. The 
sound of the modified Sixes now com-

24 Speaker Builder / 3/86 



pares to high-end systems priced in the 
$1000-$2000 range. They produce a 
very palatable stereo image (Peter on 
the left, Paul on the right and Mary in 
the middle) with a smooth response 
and sense of depth and space. My 
classical orchestral works now reveal 
nuances I never heard before, and I 
am in the process of relearning all the 
music in my 600-odd analog disk 
collection. 

I set up the rebuilt Sixes about eight 
feet apart in my listening area, and 
angled slightly inward. I experimented 
with horn configuration and found I 
preferred the midrange horns on the 
inside. Since theory predicts that a 
sharp symmetrical cutoff slope, as I 
used to separate the midrange from 
the treble, could result in 180 degree 
phase reversal, I tried reversing the 
phase of both the midrange and 
tweeter separately. In each case, the 
resulting stereo image was not as satis¬ 
fying as the in-phase connection, so I 
left everything in phase. 

Even with additional attenuation in 
the revised crossover, I still found the 
adjustments within the bottom one-
third of their ranges. Also note that R2 
and R3 dissipation ratings are absolute 
minimums, and higher ratings are 

preferable. In several hours of or¬ 
dinary listening these resistors become 
noticeably warm, but a single playing 
of Richard Strauss's Festival Prelude 
Op. 61 (Deutsche Grammophon 2535-
208), at elevated volume, is enough to 
heat them beyond touching. 
After this experience, I am con¬ 

vinced more than ever that a crossover 
can make or break an otherwise de¬ 
cent speaker system. The S-6 compo¬ 
nents are high quality, but my experi¬ 
ence indicates that the stock cross¬ 
overs were less than successful match¬ 
ing the drivers to make a balanced sys¬ 
tem. I now wonder how many thou¬ 
sands of dollars audiophiles waste 
trading in their loudspeakers every 
year or two in a fruitless search for 
audio perfection, when their money 
may be more wisely invested in a few 
crossover design books and a goodly 
collection of coils and capacitors, t 

ABOUT THE AUTHOR 
Ben Poehland has a B.S. in chemistry and works 
on antibiotic drug research in the pharmaceutical 
industry. He has published several scientific papers 
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Tools, Tips & Techniques 

STUFFING STATS 
I performed tests to better understand the 
various acoustic damping materials most 
commonly used by speaker builders. 
Some data has been listed in SB before, 
however, I was determined to get a 
broader look to fulfill my needs and 
curiosity. I invite other readers to com¬ 
ment and supplement my findings. 
I made the measurements in Table 1 

with a 6*/2" driver in a 1280 cubic inch 
closed box. The driver's free-air 

resonance is 46Hz, and its empty box 
resonance is 67Hz. The table shows that 
the various polyesters have similar 
acoustic properties. QualloFil® has the 
highest loft, and HolloFil II® the second 
highest. 
All of the tested materials have more 

effect on Fo when placed closer to the 
driver in the transmission line than when 
placed at the far end. I discovered that as 
I introduced lower Fos, the impedance 
curve flattens, and impedance at Fo is 
also lower. Even past the point where Fo 
stops decreasing, impedance continues to 

TABLE 1 
RESONANCE vs. STUFFING MATERIALS 

Polyesters 

Stuffing Wool Cotton Fiberglass Foam 
oz. ID (2) (3) (4) (5) (6) (7) 

4 65 64 64 65 64 64 65 
8 62 63 62 62 61 62 60 
12 62 62 62 62 57 58 56 
16 — — — — 57 53 49 

(Frequency in hertz) 
(1) Common brand, low loft 
(2) Dupont, Dacron HolloFil II® 
(3) Dupont, Dacron QualloFil® 
(4) Long hair wool 
(5) Cotton balls and furniture batting 
(6) Radio Shack type fiberglass 
(7) Open-cell foam bricks (medium grade) 

TABLE 2 
ATTENUATION vs. FREQUENCY 

Polyesters 
Wool Cotton Fiberglass Foam 

Freq- * (D (2) (3) (4) (5) (6) (7) 

50Hz 0.54 2.5 2.73 0.82 0.63 1.83 3.35 
250Hz 5.19 6.02 6.02 3.88 5.68 7.33 8.18 
800Hz 9.63 10.17 10.17 6.38 12.77 13.98 12.77 

(Attenuation in decibels) 
*Use number key in Table 1 
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decrease. Acoustic output, however, also 
decreases. 

I obtained the values in Table 2 using 
eight-ounces of stuffing in an 8 x 8 x 20l/2" 
transmission line. The table shows ab¬ 
sorption characteristics at different fre¬ 
quencies with a correction factor used for 
response errors. The low 50Hz attenua¬ 
tion of low grade polyester (1), and of cot¬ 
ton (5), may be due to their low lofting 
qualities. 

Table 3, measured under the same con¬ 
ditions as Table 2, shows the delay char¬ 
acteristics of three materials measured 
with an oscilloscope and a signal genera¬ 
tor. The foam seems best for lengthening 
a line, but it also introduces maximum 
signal attenuation. 

TABLE 3 
DELAY LINE INCREASE vs. STUFFINGS 

Delay Distance % length 
(mSec) (inches) (increase) 

Empty box 1.5 20.5 — 
Wool 1.54 21.06 2.7 
Hollofil 1.6 21.88 6.7 
Foam 1.76 24.07 17.4 

The eight-ounces of stuffing I used is 
perhaps three to five times the amount 
normally used in a transmission line of 
equal length. The percentage of increase 
shown should equate to a 6-7' line (for 
a 616" driver) stuffed with eight ounces 
of material. 

I find that improperly placed materials 
sometimes have a greater effect on damp¬ 
ing than the difference between materi¬ 
als. A little experimentation is in order. 

Greg Szekeres 
Pittsburgh, PA 15236 

A TRIO OF 
HELPFUL HINTS 

Here are a few "tricks" which may be of 
interest to fellow speaker builders: 

1. A simple non-porous center dome 
can be made from styrofoam balls, the 
kind often used for making Christmas or¬ 
naments. I cut them in half with a band 
saw and use paneling adhesive (such as 
Liquid Nail) to glue them onto either 
paper or plastic cones. 

2. Bonding lead sheathing to the inside 
walls is an efficient method for damping 
resonant plywood cabinets. Use lead 
flashing, available from industrial roofing 
suppliers, and glue with a heavy-based 
adhesive such as bathroom tile cement. 
Trowel on plenty of cement, and either 
clamp the flashing in place, or add a few 

Continued on page 28 

MADISOUND’S 
BULLETIN BOARD 

Here is a list of Madisound’s Uploads on 
the Audio Projects BBS 300, 1200 and 2400 
baud 24 hours. (608) 767-2585 

Now running ROS-PC BBS software written 
by Steve Fox with a very user friendly inter¬ 
face. It features on-line typing of squeezed files 
and IK YMODEM protocol as well as normal 
XMODEM protocol. 

We are glad to see some nice new uploads 

including LOTUSBOX. WKS which is a Thiele/ 
Small program for box response which can 
be run within LOTUS12}. PAPERS.BAS is a 
BASIC listing for doing crossover network op¬ 
timization which still needs some input rou¬ 
tines but looks very interesting. We are col¬ 
lecting as much audio related software as we 
can layout hands (or modems)on but it’s most 
fun to find out our BBS users are writing it! 

ALUSQ11.COM 7/14/86 
ARCA109.ARC 7/14/86 
AUDNET10.QQQ 7/15/86 
AUDNET9.QQQ 7/09/86 
AUTO301.ARC 7/14/86 
BOXES 7/17/86 
CCALC.EXE 7/17/86 
CED10D.ARC 7/14/86 
CONTENTS 7/17/86 
DISMOD.ARC 7/14/86 
DPATH.ARC 7/14/86 
DRIVERS.MAD 7/17/86 
DRIVERS.MOD 7/17/86 
EBL204.ARC 7/14/86 
FINDET. ARC 7/14/86 
HIFIBUZZ BAS 7/17/86 
JBL. ARC 7/14/86 
LIST593.ARC 7/12/86 
LOTUSBOX. WKS 7/17/86 
LUE220.LBR 7/14/86 
NCLOSURE 7/14/86 
NEWBOX.BAS 7/14/86 
PAPERS. ARC 7/14/86 
PAPERS.BAS 7/11/86 
PIANO.COM 7/09/86 
PKXARC31.COM 7/14/86 
POLYBOX. ARC 7/14/86 
PROCOM23.ARC 7/14/86 
Q 7/17/86 

Q&A 7/17/86 
ROSUSR.DOC 7/06/86 
YIG.COM 7/14/86 

All purpose unsqueezer, fast 
Vernon Buerg's FAST archiver creator 
News.Net .Audio latest discussions Squeezed 
Audio net discussions part 9/can be typed on-line 
Nice menu system for MS/DOS easy to set up/DOS 
List of JBL drivers and box recommendations 
AUDIO-RPN calculator for MS/DOS 
Great DOS command editor with history & synonyms 
A description of the files inside JBL.ARC AUDIO 
Full screen editor for executables Hex & ASCII 
Allows pathing to data as well as com files 
Listing of Madisound drivers unsqueezed 
A listing of Madisound drivers with specs & prices 
Extended batch language added power for .BAT file 
Search your hard disk for files with wildcards 
AUDIO-generates random hifi buzzword combinations 
Compressed file containing all files in CONTENTS 
V. Buerg's great text file viewer 
BOXRESPONSE IN LOTUS with graphing functions 
LBR extractor unsqueezes as it extracts 
How to build subwoofer boxes 
Graphic program from JBL people for box response 
Peter Schuck's network optimizer with 8087 exe 
Schuck's network opt. program needs input return 
Turn your PC into a piano (I haven’t tested) 
ARC file unpacker Run the com to extract DOC 
Polydax/Audax basic program to choose drivers 
Full featured MS/DOS modem program—Very nice 
AUDIO—listing of specs on JBL drivers 
Questions and answers on box building 
Latest DOC file for this BBS 
Color graphics demo-relaxing-MS/DOS 

madisound Speaker components 
8608 UNIVERSITY GREEN 

BOX 4283 
MADISON, WISCONSIN 53711 

PHONE (608) 831-3433 
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Continued from page 27 

screws until the cement sets (usually 
overnight). 
3. Midrange sub-enclosures can be 

made easily by cutting a length of heavy 
cardboard tubing (available as junk from 
carpet warehouses) and installing it be¬ 
tween the front and back enclosure 
panels. The length must be equal to the 
inside depth. Simply use paneling 
adhesive (or the more expensive silicone 
caulks) to hold it in place. Of course, this 
trick works best if your enclosure has 
non-removable panels, but even a remov¬ 
able back can be accomodated with foam 
weather stripping. Don't forget to fill the 
tube with fibrous material (glass or 
polyester) before mounting the midrange 
driver. [Also be sure the cabinet's volume 
remains adequate after the tube is in¬ 
stalled.—Ed.] 

Matthew Honnert 
Carol Stream, IL 60188 

FLUSH MOUNT 
DRIVERS IN AN HOUR 
Here is a simple way to recess circular and 
irregular-shaped drivers in a speaker 
board: 

1. Screw your drivers face down on a 
piece of 14" plywood which is at least 5" 
larger (overall) than the drivers, and which 
will overlap the speaker board (for posi¬ 
tioning). 

2. Using a router, fit a %" straight router 
bit and cut a %" deep groove by moving 
the router once around the drivers. 

3. Remove the drivers and insert one or 
more 14" wide, Ho" thick strips of Plexiglas 
in the groove. If necessary, heat the Plexi¬ 
glas so you can round the corners. Join the 
ends at the straightest section of the 
groove. 
4. If the drivers' mounting holes are 

already drilled in the enclosure, attach a 
plywood jig, screwing through into these 
holes. 

5. For future jig positioning, hot-glue 
strips of wood under the jig against the 
enclosure sides or other cut-outs. 
6. Remove the jig from the enclosure 

and, using a 14" straight router bit, cut out 
the center of the jig base plate inside the 
Plexiglas ring. 

7. Put the jig back on the enclosure. If 
steps 4 and 5 did not apply, now is the 
time to "eye" the jig position and attach 
your wood strips. 

8. Fit the %" straight router bit and set 
it to the required depth plus 14" (for 
plywood). Rout the groove with the base 
plate inside the ring of Plexiglas. 
9. You can safely and slowly remove 

the remaining material inside this groove 
with the V bit, or more quickly but less 
safely with the 14" bit. 

PHOTO 1: When completed, the woofer jig sits on the speaker. Note the small gap between driver and 
jig created by the 14" router bit. 

PHOTO 2: Woofer jig (r) shows groove with embedded Plexiglas, while tweeter jig (I) shows locating strips. 

If you accurately center the router base 
plate on the bit, it will produce a very ac¬ 
curate fit—maybe too tight! If the base 
plate is off-center (mine is by fe"), mark 
the "near" and "far" points on the base 
plate and use this to your advantage by 
enlarging the recess. If, however, your 
base is off-center and you move the router 
around the drivers more than once, you 
will get a "sloppy" groove. 

Plexiglas, with a nominal thickness, 
varies considerably. Mine was .112" thick, 
and fit well in a .125" groove. I cut the 
strips on a table saw with a carbide-tipped 
blade. 
With this mounting method, you can no 

longer embed your drivers in silicone 
sealant if you wish to remove them in the 
future. Mortite, flattened with a rolling pin 
and cut into strips, works well. 
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With the proper materials and a little 
practice, you will be able to make a jig, 
and recess two drivers in less than an 
hour. The end result will be much neater 
than mounting by "eye." 

Nicholas Clifton 
Ipswich, MA 01938 

A COMPUTER 
_ TL TIP_ 
I am working on a computer designed 
transmission line system, and your back 
issues and new book of TAA reprints are 
the best sources of information. 

You might be interested in printing the 
following table for SB readers [Fig. 1). It 
shows the transmission line length for dif¬ 
ferent frequencies in 1Hz steps. Most 
papers just state six to eight feet, but it 
is interesting to see a frequency range that 
covers 35 to 47Hz. The program listed in 
Fig. 2 is for a Commodore 128, but is easi¬ 
ly adaptable to other microcomputers. 
One can cover higher frequencies by in¬ 
creasing the value of S in line 20. 

Peter T. Crosby 
Claremont, NH. 03743 

QUARTER WAVELENGTHS (QW=1127/F/4) 
20 HZ = 169.05", 14’ 1.05" 40 HZ = 84.53". 7’ 0.53" 
21 HZ = 161.00". 13’ 5.00" 41 HZ = 32.46". 6’ 10.46" 
22 HZ = 153.68". 12’ 9.68" 42 HZ = 80.50", 6’ 8.50" 
23 HZ = 147.00". 12’ 3.00" 43 HZ = 73.63", 6’ 6.63" 
24 HZ = 140.88", 11’ 8.87" 44 HZ = 76.84". 6’ 4.84" 
25 HZ = 135.24", 11’ 3.24" 45 HZ = 75.13", 6’ 3.13" 
26 HZ = 130.04", 10’ 10.04" 46 HZ = 73.50". 6’ 1.50" 
27 HZ = 125.22". 10’ 5.22" 47 HZ = 71.94". 5’ 11.94" 
28 HZ = 120.75", 10’ 0.75" 48 HZ = 70.44", 5’ 10.44" 
29 HZ = 116.59". 9’ 8.59" 49 HZ = 69.00". 5’ 9.00" 
30 HZ = 112.70", 9’ 4.70" 50 HZ = 67.62". 5’ 7.62" 
31 HZ = 109.06". 9’ 1.06" 51 HZ = 66.2o". 5’ 6.29" 
32 HZ = 105.66", 8’ 9.66" 52 HZ = 65.02", 5’ 5.02" 
33 HZ = 102.45", 3’ 6.45" 53 HZ = 63.79", 5’ 3.79" 
34 HZ = 99.44", 8’ 3.44" 54 HZ = 62.61", 5’ 2.61" 
35 HZ = 96.60", 3’ 0.60" 55 HZ = 61.47". 5’ 1.47" 
36 HZ = 93.92", 7’ 9.92" 56 HZ = 60.38", 5’ 0.38" 
37 HZ = 91.38", 7’ 7.38" 57 HZ = 59.32". 4’ 11.32" 
38 HZ = 88.97”, 7’ 4.97" 58 HZ = 58.29". 4’ 10.29" 
39 HZ = 86.69", 7’ 2.69" 59 HZ = 57.31", 4’ 9.31" 
40 HZ = 84.53", 7’ 0.53" 60 HZ = 56.35", 4’ 8.35" 
FIGURE 1: Output of the Commodore program in Fig. 2. 

READY. 
5 OPEN 4.4:CMD4 
10 PRINT:PRINT "QUARTER WAVELENGTHS (QW=1127/F/4)":PRINT 
20 8=20:FOR M=20 TO 20+S:FOR N=O TO 1:F=M+N*S 
30 W=1127/F/4*12:T=WZ12:0=INT(T): 1=CT-O)♦12 
40 PRINTUSING ”###";F;: PRINT " HZ = "; 
50 PRINTUSING " ###.##";W;: PRINT CHR$(34);","; 
60 PRINTUSING " ##“;0;: PRINT 
70 PRINTUSING " ##.##";I;:PRINT CHR«(34); 
80 PRINT " ";:NEXT N:PRINT:NEXT M 

FIGURE 2: This short program produces the table of transmission line lengths for frequencies between 
20 and 60Hz. 
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Kit Report 
Focal Model 280 
Loudspeaker 

It jumped out of the ad and caught my 
eye. An egg?? You've got to be kidding. 
My first thought was the interesting 

looking loudspeaker was probably only 
a gimmick. Some reflection, however, 
caused me to reconsider and concede that 
an egg shape may indeed have some sonic 
merit. I remembered from reading R. C. 
Kral’s article in SB 1/80 that the sphere 
is the ideal shape for minimizing acoustic 
wave edge diffraction. In this respect, the 
egg shape would be similar to the sphere. 
Also, the Egg has no parallel walls to 
cause internal standing waves. My in¬ 
terest whetted, I accepted the opportunity 
to review this novel speaker. 
The Egg is manufactured in France by 

France Filiers under the brand name 
Focal, which offers the same egg en¬ 
closure in several different configura¬ 
tions. As a high-midrange unit used with 
their "Mini Onken" bass unit, the com¬ 
bination is the 600 kit. The Egg is also of¬ 
fered as a full-range system: the 280. As 
an option, the Egg can be built as either 
a sealed enclosure, (designated the 
280-DBO), or as a vented enclosure, (the 
280-FA). I built and will discuss both the 
280-DBO and the 280-FA. 

Kit Contents._ 
The .46-cubic foot Egg is a 16" high, and 
12 " wide casting of fiberglass reinforced 
plaster. (See Photo 2.) The face of the Egg 
is molded to accept Focal's tweeters and 
seven" drivers. 5-mm. metric nuts are 
molded into the enclosure to mount the 
drivers. The necessary 5-mm. metric 
screws are included in the kit. At first, I 
was concerned that plaster (an ideal 
material for constructing a practically-
inert enclosure) may be fragile. After 
working with it, however, I think it 
should withstand anything short of abuse. 

If you plan to build the vented version 
of the Egg, you will have to provide 
several inches of 2" plastic pipe, and a 
pair of right angles. The duct is con¬ 
structed in a manner similar to those in 
the Weems article (SB 4/85). 
Both the sealed and vented versions of 

the 280 use the Focal T120 tweeter. In a 
conventional dome tweeter, the convex 
dome is the same size as the voice coil, 
and tends to be a ring or annular radiator. 
The voice coil of the T120 is smaller than 
its concave dome, which is suspended by 
a foam surround. According to Focal, the 
radiating area of the T120 decreases as 
the frequency increases, and tends to be 
a point source radiator. Claims made for 

PHOTO 1: Front view of the Egg. 

the concave dome include its ability to 
disperse a greater amount of acoustical 
energy, and a superior off-axis response. 
The 280-FA uses the Focal 7N402-DBE 

bass/midrange driver, while the 280-DBO 
can use either the Focal 7N401-DBE or 
the 7N402-DBE bass/midrange driver. 
The 7N401-DBE was originally designed 
to be used in a sealed enclosure. It was 
recently redesigned to be better-suited for 
a vented enclosure, but is still usable in 
a sealed enclosure. The 7N401-DBE and 
7N402-DBE drivers are both 7" units 
employing dual voice coils. Focal uses the 
two coils as if they were separate drivers 
sharing a common cone, which allows 
crossing over to two different frequencies 
on the same unit. The two coils work 
together in the lower range, while only 
one is effective in the midrange. An in¬ 
creased efficiency and a simplified cross¬ 

over is claimed for the dual voice coils, 
compared to a design employing two 
separate drive units. 

According to Focal, the large magnet re¬ 
quired to obtain good sensitivity will 
often lower the Qt to an unusable value. 
The result will be an excellent midrange 
with a poor bass response. Using both 
voice coils in parallel halves the resis¬ 
tance, increasing Q es and consequently 
Qts- As a result, it relieves the need to 
choose between an excellent midrange 
and decent bass response. In addition, 
adding a small resistance in series with 
one coil allows the value of Q ts to be ad¬ 
justed to almost any desired value. This 
feature is employed in the Focal cross¬ 
overs by taking advantage of the small 
resistance inherent in the series inductor. 

Most of the popular woofers today have 
cones made of Bextrene or polypropy-
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FIGURE 1: The F280-DB0 crossover schematic. 

lene. Both the 7N401-DBE and 7N402-
DBE bass/midrange driver's cones are 
made of neoflex, which Focal believes to 
be superior to Bextrene or polypropylene. 
Neoflex belongs to a family of materials 
known for their stiffness and ultra light 
weight, recently developed for the air¬ 
craft industry. 
The crossovers that Focal suggests be 

used with the Egg are not overly complex, 
but neither are they cookbook designs. 
Figure 1 shows the F280-DBO Focal rec¬ 
ommends for use with the sealed version. 
One coil of the dual-coil woofer is con¬ 

nected directly to the output of the am¬ 
plifier, while the second coil augments 
the bass through a second-order, low-pass 
filter. At first glance, the high-pass sec¬ 
tion appears to be a third order filter. Ac¬ 
tually, it is a second order filter followed 
by a first order filter. Focal has found 
that, because of the natural high frequen¬ 
cy rolloff of the woofer, inverting the 
phase of the tweeter results in better com¬ 
pensation for the phase shift. 

Figure 2 shows the F280-FA to be used 
with the vented version of the Egg. Both 
coils of the dual-coil woofer are fed 

PHOTO 2: The Focal Egg kit prior to assembly. 

through different first order filters, each 
designed to augment the other. Again, the 
hi-pass section is a second-order filter 
followed by a first-order filter, and the 
phase of the tweeter is inverted. A 
parallel LC network provides shelving for 
the tweeter level. 
The F280-DBO I received with the kit 

was an etched circuit board with ferrite 
core inductors, and Mylar and electrolytic 
capacitors. For comparison, I also built a 
F280-DBO with air-core inductors and 
metallized polypropylene capacitors. 
Focal distributors carry the F280-DBO 
but, as far as I know, not the F280-FA, 
which I built from scratch using air-core 
inductors and metallized polypropylene 
capacitors. 

Constructing the Egg 
First, check the enclosure to determine 
whether all the nuts required to mount 
the drivers are present. An earlier version 
of the Egg has four 5-mm. metric nuts 
embedded in the plaster to mount the 
woofer, but none for the tweeter. If you 
have a pair of these Eggs, to mount the 
tweeter you will have to drill holes for 
#10 screws. The Eggs currently being 
manufactured have the required eight 
nuts to mount the drivers imbedded in 
the plaster, so you won’t have to drill the 
holes for the tweeter. 
Check the holes around the nuts and, 

if necessary, clear the holes of any plas¬ 
ter. Make absolutely sure the nuts are 
perfectly aligned with the holes in the 
drivers. Focal assures me that current 
Eggs are correct. Both of the earlier Eggs 
I built, however, had slightly misaligned 
nuts. There is no play in the screws, so 
if they are not perfectly aligned, they will 
bind and, if forced, break the nut loose 
from the plaster. If one does break loose, 
don’t panic. It can be glued in place with 
epoxy. (The voice of experience speak¬ 
ing-1 
If you have a misaligned nut, clear a 

small cone of plaster from around the 
hole and, if necessary, slightly enlarge the 
hole in the driver. Be careful to keep fil¬ 
ings out of the driver magnet. 

If you have decided to build the vented 
version, cut the hole for the duct, glue the 
duct in place, and fill in any gaps with 
spackling. Don't be afraid to drill holes 
in the enclosure. The plaster is surpris¬ 
ingly easy to cut, and mistakes are easy 
to repair. Fill any small pits in the Egg’s 
surface with spackling, and lightly sand 
any rough spots. Check the area where 
the speakers will be mounted to be sure 
it is smooth, and then slightly enlarge the 
depressions for the tweeter wires. 
You must decide for yourself what to 

do about terminals or connectors, be¬ 
cause Focal does not specify anything. I 
like neither the location nor spacing of 
Focal's two small holes for the speaker 
wires in the back of the enclosure. I 
recommend that you fill them with 
spackling, and drill alternate ones. 
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FIGURE 2: The F280-FA crossover schematic. 

The Egg should be tilted back so the 
driver faces are 15° back from the ver¬ 
tical. You can accomplish this either by 
making a stand to hold the Egg at any 
angle, or by sanding the Egg's base so it 
sits on a flat surface at the correct angle. 

Finishing the enclosures is pretty much 
your choice: from a simple paint job to 
an elaborate work of art inspired by 
Faberge. Start by sealing the plaster with 
a coat of latex wall paint, and follow with 
several coats of spray lacquer. 

Pre-wire the crossover and mount it in 
the enclosure, then cover the rear and 
sides of the interior with al" thick layer 
of Dacron batting. You don't need any 
more than this because of the geometry 
of the enclosure. Solder the wires to the 
drivers and mount them in place, using 
the provided neoprene gaskets. Seal the 
heads of the screws with a little adhesive 
to ensure there are no leaks. 

Listening to the Vented Egg_ 
It seems to me the true measure of the 
quality of a product is how well the man¬ 
ufacturer has achieved its objective. I 
would rather the manufacturer not at¬ 
tempt something than to offer me a 
failure. 

Focal's objective for the 280 was to of¬ 
fer the best possible sound from a medi¬ 
um-priced, physically-small, full-range 
loudspeaker system. In my opinion, Focal 
has achieved its goal with flying colors in 
the vented version of the Egg. What I like 
most about it is there is nothing of any 
consequence wrong: I can pick a few 
nits—but nothing important. 
The 280-FA cannot be classified in 

terms such as "East-coast," "West-coast," 
or "British.” It is neutral, having no 
noticeable peaks or valleys in its frequen¬ 
cy response to cause coloration. It can be 
described, in a nutshell, as exceptionally 
detailed and transparent as well as analy¬ 
tical and revealing, with a slightly dry 
characteristic. 

Locating the Eggs in my listening room 
did not seem to be as critical as with other 
systems. Placement of the speakers rela¬ 
tive to the listener, however, is critical for 
best results. The optimum position for the 
speakers is about six feet apart, each one 
pointed directly at the listener, and 
elevated so that the top of the woofer is 
at ear height. 
I was amazed at the results of my ex¬ 

perimentation with enclosure tilt. When 
the angle was correct, the "plane of 
sound" dissolved and a three-dimensional 
sound stage emerged. I set the Eggs in 
shallow bowls so I could tilt the speakers 
back without having them topple over. 
After much listening and measuring with 
a protractor, I determined the correct 
angle to be 15° backward from the ver¬ 
tical. I have never before heard a speaker 
from which I could notice a difference by 
adjusting the tilt as little as 5°. 
Although the "sweet spot” for listen¬ 

ing was limited, the image outside this 
area was good, and had no tendency to 
beam. The presence was neutral, general¬ 
ly in the plane of the speakers. The high 
frequencies were well-extended, pro¬ 
viding a good quality to the treble. 

I routinely attach a felt diffraction ring 
around any tweeter that hasn't one al¬ 
ready. I have never found a case where 
it doesn't help, even if only a bit. Even 
though the egg shape reduces the edge 
diffraction effects, the drivers are 
mounted on a flat surface molded into the 
face of the enclosure. The tweeter's high 
frequency wavelengths are short enough 
to be affected by the edge. Sure enough, 
the felt ring did have a slight but 
noticeable effect of smoothing the high 
frequencies, eliminating a barely discern¬ 
able time-smear. 
The 280-FA is the kind of speaker that 

can give the impression of bass deficien¬ 
cy. Wrong. The bass is there, and in just 
the right amount. What is missing, how¬ 
ever, are those aberrations manufacturers 

rely upon to provide the appearance of 
bass: the one-note boom, and mid-bass 
hump. In character, the bass was a little 
"soft" or "round," which I attribute to 
the lack of very low bass. I was, however, 
impressed by its depth, particularly con¬ 
sidering the enclosure volume is less than 
one-half cubic foot. In fact, while listen¬ 
ing to Pink Floyd's "The Dark Side of the 
Moon," I checked to make sure my sub¬ 
woofers were disconnected, not believing 
these little speakers could produce the 
bass I was hearing. 
The vented Egg performed admirably 

on all types of music, but particularly 
well on solo voices or instruments, and 
small groups. At the other end of the spec¬ 
trum, large orchestras were well-bal¬ 
anced, massed strings were smooth, and 
the sound stage was realistic. While 
evaluating this speaker, I noticed one in¬ 
teresting effect I had not experienced 
before: although the music sounded good 
at any volume, I became acutely aware 
of the "correct" level for a particular 
piece. I really can't explain it except that 
perhaps the incorrect volume detracted 
from an otherwise realistic presentation. 

Listening to the Sealed Egg_ 
The performance of the sealed version of 
the Egg is a disappointing contrast to the 
excellent sound of the vented Egg. The 
differences between the 280-FA and the 
280-DBO: the crossover and the 
enclosure, each contribute to the pro¬ 
blems with the 280-DBO. Let me discuss 
the crossover first. 

Using the crossover supplied with the 
kit, music sounds stressed as opposed to 
relaxed, electrical as opposed to musical. 
The sound has an annoying, astringent 
characteristic. Also, something was pres¬ 
ent that shouldn't have been—I had heard 
it before but couldn't identify it. Was it 
a smear? No. Was it ringing? Maybe. 
Then I remembered—it was the sound of 
a crossover I once had, before I replaced 
its Mylar and electrolytic capacitors with 
polycarbonate capacitors. 

Does the type of capacitor and inductor 
used in a crossover matter? You bet! I 
built another F280-DBO crossover using 
polypropylene capacitors and air-core in¬ 
ductors. The sound of the 280-DBO us¬ 
ing this crossover improved dramatical¬ 
ly. Though the aforementioned problems 
were gone, the overall sound was still not 
right. Music now sounded hard or glassy, 
which I diagnosed as a problem with the 
treble's amplitude response. Rather than 
redesigning the crossover, I decided to try 
the crossover that performed so well in 
the 280-FA. As expected, when using the 
F280-FA crossover, the sealed Egg 
sounded much like the vented Egg. After 
all, the only difference now was the 
enclosure. 
Differences in the sound of the sealed 

and vented Egg (both using the F280-FA 
crossover) can be noticed in the bass and 

Continued on page ¡4 
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Dear Reader, 

^LANDES ¿ylUDIO 

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

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

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

1. TANGENT ACOUSTICS LOUDSPEAKERS 

Models available: 

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

2. HELIUS TONEARM MODEL SCORPIO II: A finely 
machined double gimbal bearing in a brass block. Tapered 
straight arm with locking swivel collar at the headshell. 
Brass anti-skate. Fine viscous damped cueing. S25O 

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

1. “SPEAKER COAT. ” A compound called a long chain copolymer 

which when applied to the surface of a paper speaker cone, 
transforms it into a plasticized surface. This improves the 

quickness of the driver, improves its clarity and makes the lower 

frequencies more distinguishable. S15 

2. RIFA METALLIZED POLYPROPYLENE CAPACITORS: 
a. lOgF, 10%, 250V @ 50Hz, -40/ + 85C, metal case $8 

b. 12mF, 10%, 250V @ 50Hz, - 40/ + 85C, plastic case $9 

c. 50MF, 10%, 160V @ 50Hz, -40/ + 85C, metal case $19 

d. 3gF, 10%, 400V @ 50Hz, -40/ + 85C, plastic case $5 

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

$12 per pound 

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

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

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

6 . BERYLLIUM-COPPER BANANA PLUGS: $2.75 each 

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

8 . OAKTRON SPEAKER COMPONENTS: Call for quotes. 

4. * * *NEW: Bituminous felt combined with 36 " sound 
absorption sponge material. Easy to apply, better sound 
absorption. Just $9 per square foot. 

OUR RETAIL OUTLET MANUFACTURES 
TWO REMARKABLE PRODUCTS: 

1 . THE QT-1: A 40 "h x 8"w x 10"d transmission line loaded 
two-speaker system with a three-way crossover. Uniquely box¬ 

less and live sound. $1200 

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

1,000Hz. $1100 each 

WE ALSO OFFER THESE FINE BRANDS: 

COUNTERPOINT 
PRECISION FIDELITY 
TANDBERG 
CAMBRIDGE 
LUXMAN 
AKG 
MOD Z GRADO 

QED 
MOSCODE 
FUTTERMAN 
MARIAH ACOUSTICS 
MOREL 
ELAC 
DYNAVECTOR 

JPW SPEAKERS 
GOLD RIBBON 
BEVERIDGE 
MITSUBISHI VIDEO 
KENWOOD SATELLITE 
PIONEER VIDEO 



the warmth of the music. With a sealed 
enclosure, male voices lack warmth, and 
sound slightly confined, with a "boxy" 
quality. The bass is about what can be ex¬ 
pected from a half-cubic foot sealed en¬ 
closure. The bass quality is not bad, but 
music seems thin, lacking foundation 
when compared to the sound of the 
vented Egg. 

Even though the low-pass section of the 
F280-FA crossover was designed specific¬ 
ally for a vented enclosure, in a sealed 
enclosure, it performs as well as, if not 
better than, the F280-DBO. Perhaps Focal 
can be persuaded to design a F280-FA 
crossover specifically for the sealed Egg. 

Conclusion 
Focal prefers to give the kit builder a great 
deal of latitude in component selection 
and construction. They recommend cer-

Why Your Magazine 
Doesn’t Arrive 

If you move and do not send us your 
new address in advance, Speaker 
Builder is sent to your old address. 
Speaker Builder is a quarterly and may 
arrive after the Postal Service's six¬ 
month time limit on forwarding in¬ 
structions has expired. If this happens, 
the Postal Service sends us a notice 
saying, in effect, they have forgotten 
where you now live, along with a bill 
for 25<t to pay for this information. 
Meanwhile, they have trashed your 
Speaker Builder. 

Since we have already paid for your 
destroyed copy, paid postage to at¬ 
tempt to deliver it to you and put a 
holding code in your computer record 
saying that we have no idea where you 
are, and further since we routinely act 
on the assumption that Murphy is 
overactive within most offices of the 
Postal Service, we send a first-class let¬ 
ter to your old address to determine 
whether you have, in fact, moved. We 
do this because from time to time 
some clerk mistakenly supposes a 
subscriber has moved and he or she 
has not. Then we write a nasty letter 
to the Postmaster suggesting the clerk 
is a vandal of sorts and how about pay¬ 
ing for the magazine? So far, not one 
has sent any postage or even a repen¬ 
tant letter. Replies usually range from 
form to frowning to foaming. 
So please inform us early when you 

move. Peel off your label, put it on a 
postcard, write in your new address 
and send it to us. We cannot afford to 
send you a duplicate, infortunately. If 
your copy becomes a Postal Service 
casualty, the replacement copy will 
cost $4. 

tain designs, but encourage the builder to 
experiment with alterations. Focal is pri¬ 
marily a speaker driver manufacturer, 
and offers crossovers or enclosures only 
as an aid to the amateur builder. Thus, 
the 280 kit is better characterized as grist 
for the experienced builder's mill rather 
than a cut-and-dried construction project. 

In my opinion, the payoff for the extra 
effort of sculpting plaster and building 
your own crossovers is great: the vented 
Egg is the best-sounding small full-range 
speaker system I have heard. Not having 
listened to all contenders, I can't say it's 
the finest small speaker available at any 
price, but I wouldn't be surprised if it is. 
The vented Egg is simply that good. 
Although the potential is there, the 

sealed Egg is not in the same league with 
the vented Egg. The only place where the 
sealed Egg (with the F280-FA crossover) 
might be preferred is as a satellite for a 
subwoofer, where the weaker bass could 
be an advantage, producing less interfer¬ 
ence with the subwoofer. 
I strongly recommend building your 

own crossovers using the highest quality 
components. This is not an area to be pen¬ 
ny wise and pound foolish. The differ¬ 
ence is audible. I do not recommend the 
F280-DBO crossover for any configura¬ 
tion; rather, you should use the F280-FA 
crossover. 

Prices for the Egg enclosure are slight¬ 
ly less than $100 each. Depending on 
what version of the Egg you decide to 
build, and what version of the crossover 
you select, total parts cost for a pair of 
systems (including enclosures) should run 
$335—$380. The manufacturer's repre¬ 
sentative in the U.S., Focal-America, 
(1531 Lookout Dr. Agoura, CA 91301) is 
available to answer questions or address 
problems relating to their products. They 
do not, however, sell directly to the 
public. Their products are available from 
the following distributors: 

A & S Speakers 
2371 Dahlia Street, 
Denver CO 80207 

Just Speakers, Inc. 
233 Whitney Street, 
San Francisco CA 94131 

Madisound Speaker Components 
8608 University Green 
Box 4283 
Madison WI 53711 

Audio Concepts 
1631 Caledonia St., Box 212 
La Crosse, WI 54602 

Audio Lab of Georgia 
5269 Buford Highway 
Atlanta, GA 30340 

Solen, Inc. 
5940 Bergevin 
Brossard, Quebec Canada J4Z 1Z2 

We often overlook the fact that products 
are developed by people, not companies. 
Kimon Bellas, president of Focal Ameri¬ 
ca, was intimately involved in the devel¬ 
opment of the vented version of the Egg. 
He is the type of individual who always 
has a project on the fire, and in light of 
his success with the Egg, I expect to keep 
Speaker Builder readers informed of his 
future accomplishments. 
While discussing the 280s with him, I 

mentioned I thought they would be an 
ideal match for a subwoofer. Kimon told 
me he had recently designed a shared 
channel subwoofer which uses a pair of 
Eggs as satellites. The subwoofer is 
passive, containing crossovers to the 
Eggs. I told him I thought it was a good 
idea, but he should provide for a way to 
vary the output level of the subwoofer so 
it could be used with a variety of small 
speakers, and not just the Egg. Kimon 
agreed, and has incorporated the capabili¬ 
ty to alter the output level in his sub¬ 
woofer. 

I think this subwoofer will make an in¬ 
teresting project, and I have asked Kimon 
to send me the parts. I will review the 
subwoofer in a follow-on article to this 
one. 

David W. Davenport 
Raleigh, NC 27615 

Focal America replies: 

Now being manufactured under the name 
Focal SA las ofJ anuary 1986), the Egg can 
also be used in the Active 50 kit with the 
15N700 bass system. When constructing the 
vented version, we suggest using ABS pipe 
schedule 40 /black plastic). Regarding in¬ 
creased efficiency and simplified crossover 
for dual voice cones, Focal believes it is 
easier to “shape" the response curve of a 
dual voice coil driver than with a simple coil 
unit. We also find it easier to "blend" bass 
and midrange on a single driver rather than 
between a bass and mid-driver. 
Focal America will soon manufacture the 

Eggs in California. The problem with the 
mounting holes will be solved in the 
American-made Eggs. All models will offer 
the option of vented or closed enclosures. 
Currently, we are preparing an Egg for the 
Focal 5N402 DB, a 5‘A " driver which we 
hope to have on the market by the end of 
the year. When the smaller Egg is available, 
we will announce it in Speaker Builder. 
Focal America wishes to thank Speaker 

Builder for the tremendous job accom¬ 
plished since its first publication. Americans, 
and other English-speaking amateurs, can 
consider themselves lucky. As a dedicated 
manufacturer in search of improvements, we 
especially appreciate SB's construction-
oriented approach. 

Kimon Bellas 
President, Focal America 
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Craftsmans Comer 
STYLISH HOME SYSTEM 

I built my first pair of speakers more than 
ten years ago while a freshman in college. 
The pair featured an 8" woofer and a sim¬ 
ple capacitor crossing over to a 3" tweeter. 
Though I was pleased with the sound, I 
wanted to build something bigger and 
better. 

I began to learn more by reading various 
publications, and I eventually built a 
tower speaker approximately 1' square 
and 4' tall, with 30 pounds of cat litter in 
the bottom chamber to stabilize it. I 
separated the Audax dome tweeter and 
midrange from a Seymour Sound Systems-
8" woofer, and bi-amped the speaker. I 
purchased the crossover (between tweeter 
and midrange) from A&S Speakers, and 
the active crossover from Dahlquist. 
At this point, I thought I had ac¬ 

complished what many home builders 
strive for: an excellent speaker that was 
enjoyable to listen to, built at a very 
reasonable cost, and self-designed. Know¬ 
ing that I have little technical knowledge 
made it even more satisfying. I will say, 
however, many of the parts suppliers glad¬ 
ly helped. This is important to know be¬ 
cause lack of technical expertise shouldn't 
deter anyone from trying similar projects. 
Then, something wonderful happened— 

I got married. Fellow speaker builders 
know this can cause problems, for sudden¬ 
ly, my raw particle board wonders (with 
no grille) did not match the living room 
furniture. Furthermore, I could not place 
them in our new home to my satisfaction. 

I had smaller cabinets built at a cabinet 
shop and transferred the drivers, but I was 
still not satisfied. Then one day, I received 
an advertisement from Gold Concepts, the 
manufacturer of a new ribbon driver. The 
ribbon gave me an idea: maybe I could 
build a furniture-quality speaker, with 
placement and decorating flexibility, that 
would satisfy my audio requirements. I 
am pleased to say the answer is "yes." 

I spoke many times to Alan at Gold Con¬ 
cepts, sent him my plans, and let him do 
most of the design fine-tuning and en¬ 
gineering. I cannot say enough about the 
help and support I received from Alan. 
Thanks to a woodworking course at a 

local community college, I was able to 
construct a speaker 63" high, 15" wide, 
and only 45/s" deep (Fig. 1). My drivers 
were Gold 3.0 ribbon tweeters with four 
Dynaudio 17W75/80 (Fig. 2). Gold Con-

FIGURE1: Front and side dimensions for one side of author Shea’s decorative home system. The match¬ 
ing system front layout should be a mirror image of this one. 
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PHOTO 1: Two matching panels, covered with an oriental print. 

cepts was also my source for the crossover 
and wiring. I added matching panels on 
each side of the cabinet (Photo 1) and 
covered the three pieces with an oriental 
print my wife and I thought would look 
nice in our home (Photo 2). The narrow 
side panels allowed me to use solid oak 
(Photo 3), with particle board (as the ma¬ 
jor material) and baffle board in the rear. 

The sound is all Alan claimed it would 
be, and the speaker does not intrude as did 
so many of my previous projects. The total 
cost was nearly $2000, so it was expen¬ 
sive as well as time-consuming. Even 
though you may be a beginner, technical¬ 
ly, I'm confident you can build this true 
audiophile system, which is a pleasure 
both audibly and visually. Because of the 
size of the final speaker, I think it would 
be best to build this design in a workshop. 

If you cannot get past the mathematics, 
engineering, and special terminology, take 
heart, I have found many product sup¬ 
pliers will not only sell you the needed 
materials, they'll also provide much of the 

information to help you build something 
you'll be proud to have in your home. 

Michael Shea 
Pineville, NC 28134 

PHOTO 2: The finished system. 

PHOTO 3: Harrow side paneis are made of soM oak. 

FIGURE 2: Cross-section of the system. The author set the baffle Into the frame, leaving %" clearance 
for the grille. The back Is flush with the frame. 

Speaker Builder / 3/86 37 



SB Mailbox 

CORRECTION: 
INTERIOR ANGLES 

In response to Daniel Patrick Coyle's ar¬ 
ticle on pentagonal enclosures {SB 1/86), 
the interior angles of a pentagon should 
be 108°, not 144° as mentioned. There¬ 
fore, the miter cuts should be 54°. 

Larry Cartwright 
Pittsburgh, PA 15213 

RHYMES 
AND REASONS 

I reply 
before July 
to your letter posted shy 
in an airmail envelope 
offering more speaker dope. 

Had to tell, 
Mr. Dell, 
"Mr. Postman, please mach schnell!" 
after years I never looked at 
Speaker Builder, now I’m hooked at. 

Midrange horn, 
boxes born 
with responses uniform 
lo' my dearest speaker hinters 
such content arouses int'rest 

I am back 
(with a cheque) 
on the rolling speaker track. 
So here comes my contribution 
to your speaker institution. 

Flip through the glossy pages of any 
German electronics magazine and you will 
inevitably find at least one article dealing 
with loudspeakers. The craze is on here, 
but I wonder where all those paper and 
plasticone mechanisms go when there are 
only 60 million potential buyers, including 

babies and those with impaired hearing. 
One cheaply (and in my opinion, poorly) 
made magazine with a bunch of ready-to-
build recipes sold 60,000 copies of its first 
issue. This number is what a glossy 
magazine would aim for at the end of its 
first year on the market! 
But praise must go to our two most 

established electronics magazines, Elektor 
and Elrad. Both have dedicated many 
pages and a host of special issues to 
speaker building. Very seldom, however, 
is there an innovative thought on the sub¬ 
ject from our homeland. Most of the 
material published here is either an edited 
translation of foreign material, or the 
mindless ejaculation of a speaker moron. 

Not that there are no skilled builders 
around. A friend and brainstorming friend 
of mine, Heinz Schmitt of Essen, West 
Germany, has proven there is a good way 
to achieve bass reproduction from a small 
loudspeaker in a vented box larger than 
the suggested alignment design of R.H. 
Small. Schmitt's work helped me draw 
conclusions concerning vented boxes 

dYnaudio 
TECHNOLOGY UNLIMITED 

The unique 
construction 
renders impressive 
performance. Not 
only the phase 
linearity but also 
the wide dynamic range 
allows an unusual precise 
bass reproduction. The 
frequency curve runs flat 
and drops smooth at both 
ends, the off axis curves 
show the excellent dispersion. 
The crips and well dissolved 
midrange grants splendid 2 way 
designs. 
FAST UPtT AHK20 
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24-W-100 
FEATURES 

Unusual large 4 ” (100 mm) 
vented center magnet motor 
hexacoil technique 
PHA cone material 
high power handling 
wide dynamic range 
smooth phase response 
low magnet flux leakage 
no dynamic compression 
stable acoustic center 

An extra advantage of a big 
voice coil is that the 
forcing power is transfered to 
the cone at about the middle 
of the radius. Small voice 
coils have an unbalanced 
force transfer provoking 
breakups and distortions. 
The costs of manufacturing a 
big high precision DYNAUDIO 
hexacoil are conciderably 
higher than for an entire 
ordinary drive unit. 



which were confirmed by my own Turbo¬ 
Pascal program calculations. (This pro¬ 
gram ran on my Apple, but it can also run 
on other models and is based partly on 
Bob White's original Applesoft program.) 
My work indicates there is indeed an 

optimum volume for any given driver. Op¬ 
timum means that, if you use just this 
volume, you will get the most from a 
vented design. The term "optimum 
volume" was first introduced by J.F. 
Novak. In my opinion, Novak should be 
called the real genius of compact box 
design and, though I may be lynched for 
the next opinion, I think Thiele and Small 
took this theory a bit too far. Here's why: 
The dynamic loudspeaker, outside its 

use as the moving parameter in a horn, is 
a lossy device. More than 90 percent of 
the electrical energy applied to the driv¬ 
ing coil is used to produce action other 
than sound. Why, then, does everybody 
try to get maximum efficiency from a 
vented box? Small is correct to show that 
system efficiency is mainly a function of 
box parameters alone. From an ecological 
point of view, one should indeed try to get 
max output from that lossy driver in a 
maximum efficiency housing. 

Alas, as J.W. Schaefer stated in the let¬ 
ters page of SB 1/81, efficiency does not 
contribute to what one listens to. Any 
single driver in a box has to work under 

a gross impedance mismatch because of 
its limited piston action. Impedance mis¬ 
match is what accounts for all kinds of 
nonlinearities. You can reduce these 
nonlinearities by applying mechanical 
damping, i.e. stuffing the enclosure with 
baffle. Such damping introduces losses. 
Losses are what Thiele/Small theory 

warn us about. Theoretically, no losses 
mean extended response and efficiency. 
Practically, losses smooth the response 
and allow better control on transients, 
since a low compliance driver with bad 
mechanical damping will inevitably show 
ringing in transient deacceleration. That's 
where damping comes in. 

Small, meanwhile, assumes drivers have 
perfect braking. There is no such thing. In 
order to work properly, all existing drivers 
today need their padded cell. 
Those who have read Novak's original 

JAES article, after being confronted with 
T/S theory, may have noticed a discrepan¬ 
cy. Novak states vented designs are of the 
third order (18dB slope) instead of the 
fourth (24dB). Could it be that those 6dB 
came from losses? Could it be that Novak 
worked with real loudspeakers and their 
inherent malfunctions, while T/S dipped 
their noses too deeply into formulas? Let's 
compare both approaches. 
Novak gave a recipe like this: take 

driver, measure Fs, put driver in box of 

known volume Vtb, measure Fc, take ruler 
and calculate box volume Vb, build box, 
and enjoy. No determination of exact 
response, and no micrometer fiddling 
either. 
T/S theory says: take plenty of meas¬ 

urements, take alignment table, take scien¬ 
tific calculator or preferably mainframe 
computer to predict all parameters short 
of maybe Lsb (lifespan of speaker in a box, 
standard earth years...). They also say you 
must measure the exact response and refit 
the system into the appropriate alignment, 
with woodwork done in the angstrom 
range. (Why is it I must allow for correc¬ 
tions when I apply a perfect theory?) 

Then again, look at the Small alignment 
tables. When using a driver with high 
damping (low Q^), we get very small 
boxes, hand-in-hand with high fjs. A high 
F3 in a vented design is tantamount to no 
bass, resulting from the high slope of the 
circuit, be it 18 or 24dB, or whatever. A 
driver with good electrical damping is 
more costly than a skimped magnetic 
version. 
What T/S offers is less bass for a greater 

expenditure. T/S is only good when your 
driver has Qjs around 0.35 and then, as a 
rule of thumb, H must be around 1, and 
alpha (a) around 1.4142. 

Please don't misunderstand me. I don't 
want to rave against applied T/S theory, 

Compliance: 

suspension 

acoustic 

equivalent volume 

Cone: 

eff. cone area 

moving mass 

lin vol. displacement 

mech. resistance 

lin. excursion P-P 

max. excursion P-P 

* Frequency response: 

Harmonic distortion: 

Intermodulation distortion: 

Magnetsystem 

total gap flux 

flux density 

gap energy 

force factor 

airgap volume 

airgap height 

airgap width 

Net weight: 

Cms 0,93 10 3 m/N 

Cas 0,45 10 6m 5/N 

Vas 62 I 

SD 220 cm2

Mms 30 g 

Vd 176 cm3

Rms 3.5 kg/s 

Xmax 8 mm 

26 mm 

35-3000 Hz 

1 % 

0.7 % 

1300 p Wb 

0.51 Tesla 

445 mWs 

BxL 6.26 Tm 

Vg 4.27 cm3

8 mm 

1.68 mm 

1.85 kg 

Overall dimensions: 

Power handling: 

• nominal 

* music 

transient 

Q-factor: 

mechanical 

electrical 

total 

Resonance frequency free air: 

Sensitivity: 

Voice coil: 

diameter 

length 

layers 

inductance (1 kHz) 

nom. impedance 

min. impedance 

DC resistance 

O 240 x85 mm 

DIN 350 W 

DIN 450 W 

10 ms 1000 W 

Qms 1.6 

Qes 0.45 

Qts 0,35 

fs 32 Hz 

W/1 m 90 dB 

d 100 mm 

h 16 mm 

n 2 

Le 0,73 mH 

Zvc 8 Q 

Zmin 6.4 Q 

Re 5.2 Q 

020486 MT 

* Thiele/Small parameters are measured not statically but dynamically. 

Dynaudio loudspeakers are 

featured in fine home and studio 

systems throughout North 

America. 

Dealers Include: 
A & S Speakers 

Box 7462B 
Denver, CO 80207 

(303) 399-8609 
Audio Concepts 

1613 Caledonia St. 
LaCrosse, Wl 54602 

(608) 281-2110 

Meniscus Speaker Components 
3275 Gladiola SW 

Frequency response straight up to 3 kHz allowing excellent 2-
way combinations, i.e. with D 28 (AF). From 3 kHz the frequency 
drops with 20 dB, ideal for 6 dB filter. 

Wyoming, Ml 49509 
(616) 776-1262 

Solen, Inc. 
5940 Bergevin 

Brossard, Quebec, Canada J4Z 1Z2 
(514) 656-2759 

madisound Speaker Components 
8608 UNIVERSITY GREEN 

BOX 4283 
MADISON, WISCONSIN 53711 

PHONE (608) 831-3433 
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SB Mailbox 
but we should bring their work to a more 
practical application. I will follow Novak's 
approach and show you some interesting 
relationships from simple analysis. 
Novak stated there is an optimum 

volume for anyj!) given driver after 

», Vtb r,Ftb|2 

Vo = L44 x l(^) 115 - q m 

where V((> is the net volume of a text box, 
F((> is the closed box resonance of the 
driver in that same box, and Fs is the free 
air resonance. This relationship holds 
when H = 1, i.e. Fb = Fs. 
When I first saw his article, I was 

pleased to find such a simple way of 
calculating a vented box. Later, I used this 
formula in conjunction with the original 
T/S approach to conduct experiments. A 
definite application for this method leads 
to satisfying results, even with drivers out¬ 
side the normally useful range of Qts in 
vented boxes. 
One question came to my mind: might 

there be a "Novak family" of alignments 
with constant values of alpha and H for 
values of Q rs? 

There could be, at least mathematical¬ 
ly. Take formula (1) and put it into the 
more convenient form used by Cobb in 
JAES 1970: 

Vo = [ 0.798 ( y ) 2 - 0.695 ] V,t (2) 

Assume then that, just by chance, the 
testbox of Vrb already happens to have 
"optimum volume", that is, Vo = V(b-
Then: 

0.798 ( y )2 - 0.695 = 1 (3) 

and 

0.798 ( y y = 1.695 (4) 

and 

= 1.695/0.798 = 2.124 (5) 

This is a constant property with all 
drivers! Now, from Small's closed box 
design, we know: 

This is an approximation, but works 
reasonably well for our purpose. Let's stop 
here for a second and review our findings. 
We deduced that, for any given driver in¬ 
variable of total Q, the optimum value of 
box volume is such that this volume, if 
used as closed box, would raise the reso¬ 

nant frequency by a factor of the square 
root of 2.2124, that is 1.457. Only for this 
volume, if we follow Novak, is there max¬ 
imum bass reinforcement from the box 
alone, if again the box is tuned to the free 
air resonance of the driver. 
Ftb in Novak's formula (1) is nothing 

more than Fc in (6) related to Vb, which 
is of the value of Vtb, 

— + 1 = 2.124 
Vb 

therefore 

— = 2.124 - 1 = 1.124 (7) 
Vb 

That means, for any given driver to 
work properly in a vented box, the com¬ 
pliance ratio (alpha in Small's paper) must 
be 1.124, if your aim is maximum ex¬ 
tended bass response. As I mentioned, for¬ 
mula 6 is an approximation, and the whole 
overlooks box losses to some extent. 

If you apply damping to the box, there 
will be some gain and, consequently, a 
reduction of gross volume. Since condi¬ 
tions inside a vented box can’t fully 
change to isothermal, the gain is not real¬ 
ly as high as could be expected from stuff¬ 
ing a closed box. Empirically, alpha should 
have a value of about 1.25 without apply¬ 
ing moderate damping. 
No smoke without fire, no fire without 

smoke: alpha, in the order of 1.25, means 
a large box, especially when you're using 
drivers larger than 8" in diameter. With 
badly damped drivers (high Q«), you 
might be better off using Small's align¬ 
ments, giving LF response below driver 
free air response. If you want to use a 
driver with values of Q (s below 0.3, try 
Novak's approach instead. 

My preferred approach begins with that 
optimum volume, and then I try to change 
the tuning slightly, to one side or the other. 
This corrects response irregularities, but 
you need a computer (or something simi¬ 
lar) to fiddle around with the T/S response 
function. I recommend using Bob White's 
Applesoft program, which transfers easi¬ 
ly to other dialects and computers. 
With Novak's approach, you have an 

easy way to evaluate all necessary param¬ 
eters for building a working vented design. 
You might find your beloved 5" Bextrene 
bass needs more than one cubic foot of 
airload, but you will certainly get top per¬ 
formance with a minimal effort, even if 
your measuring equipment is not accurate 
enough. 
What impressed me most when I started 

to play with Novak's formula was that an 
old design can still be of great interest and, 
in some respects, be superior to the latest 
techniques. So, my next work will be 
based on an idea by Mr. G.A. Briggs, us¬ 
ing styrofoam for special damping 
applications. 

One last question. Why is it that each 
and every American magazine comes to 
Germany three months late? There is a 

definite time lapse between here and 
there, which may be explained by the fact 
the American magazines are often marked 
with the month they go off the market, 
while in our country they show the month 
they first appear. Is this irritation caused 
by some mysterious authority? Perhaps 
someone out there knows an answer to 
this. 

Jurgen Heinzerling 
Ratingen, West Germany 

Alas, SB and its sister publication must go 
to Europe together, so SB waits for Audio 
Amateur. When both are large enough to 
meet our transport vendors with minima, 
both should arrive in two weeks of US publi¬ 
cation.—Ed. 

MAKE IT SHORT 
AND SNAPPY 

I'd like to thank Mr. Zaustinsky for con¬ 
tributing still another aspect of the in-line, 
double woofer configuration (SB 2/86). 
Perhaps all we need now is a short, snap¬ 
py name for this alignment. Toward this 
end, and borrowing from Mr. Noussaine, 
I submit "The NFL Alignment" (No Free 
Lunch). 
I also found Mr. Zaustinsky's AES paper 

to be most informative, and I recommend 
it to all speaker builders. Available from 
AES as document No. 2032(f-5), it is called 
"Is Sophisticated Loudspeaker Crossover 
Design Possible Without Sophisticated 
Measurements?" 

David Meraner 
Scotia, NY 12302 

Mr. Zaustinsky replies: 

I like Mr. Meraner's new concept, the "NFL" 
alignment, very much. It should be widely 
useful in other connections, such as cross¬ 
overs. I greatly appreciate Mr. Meraner's 
kind words about my paper. 

ELECTRICAL POWER 
FOR ISOBARIKS 

After reading John Cockroft's interesting 
experiment ("An Isobarik System," SB 
3/85) and subsequent Mailbox comments 
(particularly the "No Free Lunch" discus¬ 
sion), I am seriously considering this 
design for my bass/midrange systems. An 
ideal amplifier/driver relationship would 
represent the theoretically correct method 
of drive, since all the excursions are elec¬ 
trically induced, but I would like to 
understand this before proceeding. 

I use reflex designs with drivers wherein 
the Qr/Fs ratio is natural for SQB3 or B4 
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alignments without serious pass-band loss. 
I set up a computer program using D.B. 
Keele's scientific calculator method 
(Weems) as an algorithm. With it, I can 
generate a family of alignments for any 
suitable driver of known specs. If the 
tunability of the driver is satisfactory, 
relative to pass-band loss and box size, and 
assuming the cutoff neighborhood is ac¬ 
ceptable, I select a power amplifier with 
an RMS rating as close as possible to, but 
less than, the manufacturer's stated elec¬ 
trical capability for coil dissipation (pref¬ 
erably as specified relative to EIA or 
similar "in-house" testing procedures). I 
then define the low-tuning box enlarge¬ 
ment limit by the alignment at which the 
mechanically-limited electrical power 
(linear excursion) is as close as possible to, 
but greater than, the chosen amplifier 
rating. 

This is done by processing the data (cut¬ 
off frequency) for each alignment through 
Small's power constant formula (for phase 
inverting boxes). In reference to Small's 
formula, it is only valid (as he points out) 
when the correct infrasonic filter is used: 

4ir2t3 Vas 
n,, = -

c3 Qes 

Par = 3 F,4 Vd2

Per = — 
n<> 

With all constants adjusted for Vd (in3) and 
Vas (ft3), and by algebraic arrangement, 

.O3F34 Vd2 Qes Per = -
Fs3 Vas 

Par = 8.06 x lO’ 1̂ 4 VD2

2.7 x 10“8Fs3 Vas 
no = -

Qes 

Thus, for the maximum acceptable linear 
excursion, the electrical power required 
(permitted) falls as the cut-off frequency 
is lowered, plus there is a loss of acoustical 
power output. To get maximum safe use 
of the driver, I found Per, which cor¬ 
responds to the thermal limit and there¬ 
fore to the amplifier power delivery. Of 
course, the amplifier should never be 
allowed to clip. 
I found this to be a valid procedure 

when designing my woofers. I used a 
Gauss 18" in a box tuned to a very deep 
SQB3 alignment, and driven from a Hafler 
220 operated in balanced-bridge mono. 
The Hafler is conservatively rated at 350W 
RMS into 8Q |5A fuses). The driver is ther¬ 
mally rated at 400W, with the alignment 
permitting 375W, maximum linear 
mechanical for the full half-inch excursion 
available from it. The damage limit for ex¬ 
cursion is %". This is a professional driver 
with dual spiders and accordion surround. 
Operation of these systems (there are two) 
tends to confirm that the box/driver/amp 
combination is an ideal match. 

On the high end is a Heil air motion 
transformer. I can fill the 90Hz-2kHz 
midrange with an extended range bass/ 
mid, but I encounter two problems. The 
first is a need for a small enclosure, and 
the second is the need for high output. 
I am currently using polypropylene 10" 

woofers for this, which have the right 
upper-end sound for crossover to the 
Heils. Their output is barely acceptable, 
certainly not what I had in mind. I have 
them in very small boxes, having made 
the mistake of believing the 90Hz cross¬ 
over would intercept the passband at an 
adequate point. These being severely 
underdamped, I installed passive radiators 
with substantial added mass, and filled the 

boxes with fiber. This helped consider¬ 
ably, but it is not the final solution. I think 
it is also a mistake to underestimate the 
acoustical power the lower bass/midrange 
requires for a really effective natural im¬ 
pact. Even with conservative box design, 
this area of the spectrum would seem a 
little thin with those big Gausses 
underneath. 
Now, in light of the "No Free Lunch" 

correspondence, the equations show that 
nothing changes in the Isobarik format ex¬ 
cept that the Vas is halved. While we can 
then get the same frequency response 
characteristic out of half the box size, the 
efficiency is also halved, and our 
acoustical power is halved as well. 

Continued on page 42 
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ZIP STATE CITY 

10% discount 
15% discount 
20% discount 

$48-$149 
$150-$299 
$300 — up 

Mr. D'Appolito says that high SPL for 
a given distortion level can be attained, but 
that the cost of the lunch is 3dB, plus the 
cost of the added driver. It would appear 
if we double the available power, we'll 
break even on acoustical power, and we 
can double the power by connecting the 
second driver to share the load. If we 
assume driver/amp matching, as I have 
done, we're back to the same speaker 
system in which we traded half the box 
size for twice the watts. 

Since the F3 and Vo have not changed, 
we can get the same Par from the Isobarik 
as we got from the single driver system. 
The cost of the lunch is, therefore, the sec¬ 
ond driver and the second (or bigger) amp. 
Under these drive conditions, can the 
distortion improvement be realized, and 
if so, why? 

To take this a step further, we should 
be able to add another Isobarik pair in the 
same box, doubling the box size, the 
minimum vent area, and also the amplifier 
(again). In this case, we're back to our 
original one driver box size, with twice the 
acoustical output, the same frequency 
response, and four drivers sharing an amp 
four times larger. The added benefit of 
thinking along these lines is that the im¬ 
pedance problem is obviated (the driver 
I want to use is only available in 80). 
Perhaps I should try a series-parallel ar¬ 
rangement with balanced-bridge feed. 

A ramification of reflex systems is that 
the halved box at the target Fb means you 
must re-evaluate the vent. While the 
minimum vent area and the Mach number 
are the same, the inertance constant of the 
vent air mass is halved. This results in 
vent lengths that can be really outrageous. 
In cases where the problem cannot be 
overcome, doing creative things with 
passive radiators may be the solution. 

Finally, Francis Lejeune raises a rele¬ 
vant point in Mailbox concerning the 
possibility of adverse midrange coloration 
in the higher frequencies. Against this, I 
have only two defenses: the Heils are 
crossing over lower than those frequencies 
at issue because the Heils go lower than 
most tweeters in popular use; also, the 10" 
units are selected for an exceptionally 
well-extended upper end, if this could be 
construed as mitigating. Since I intend to 
exploit the latter feature, Mr. Lejeune's 
comments, derived from actual experi¬ 
mental results, are well taken. I would like 
more details about his previous work so 
I can assess this problem. 

I do not know yet whether I can tolerate 
the cost, complexity, and size of the four-
driver type unit. Certainly, the concept has 
appeal. At the very least, it would be an 
interesting experiment. But on the more 

of the subscriber.) 
DISCOUNTS: 
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An Introductory Sale 
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stage entirely, utilizing a Compact Disk player and other high-level output devices as signal 
sources Does NOT include either the selector switch, or the volume or balance P°ts

Each two channel kit $212 
THE POWER SUPPLY (Assembly Two) is an excellent design and made of extremely high 
quality parts and could serve in any device needing clean regulated power of ±24V DC sup¬ 
plies for each channel. Regulators, rectifier bridges and filters on two 4 x 5" etched circuit boards^ 

Each two channel kit $88 
THE TAPE BUFFER (Assembly 1) makes a fine buffer for any project where isolation is needed 
Two channels on two boards, all parts. Each stereo kit $48 
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Item 
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practical side, I am investigating the op¬ 
tion of a super-efficiency wide-band type 
unit which can be loaded in a suitably 
small box, such as a 10" instrument driver. 

Paul W. Graham 
Independence, MO 64050 

Mr. Cockroft replies: 

I think perhaps the problem you experience 
between the sound of your woofer and 
midrange units is that your woofer is set up 
to play too loudly in relation to your 
midrange. Roger Sanders addresses this 
situation quite well in Part II of his article 
on electrostatic speakers and transmission 
line woofers ¿SB 4/80, pp. 28-29). This seems 
to be a common dilemma. After the effort 
and expense of investing in large speakers 
and huge boxes, you desire to hear the 
results. Unfortunately, this occurs at the ex¬ 
pense of the rest of the spectrum. In normal 
music, we seldom hear the subwoofer. If it 
is set so you are frequently hearing it, you 
have set it too high. 
Regarding Mr. Lejeune's experiences, I 

can only tell you that my speaker systems 
don't exhibit this behavior, at least not 
audibly. Judging from the reviews of the Linn 
SARA speaker, it also seems to be free of 
the problem. I don't know the design details 
of the speakers built by Mr. Lejeune, but 

perhaps his used the configuration used by 
Focal and others, wherin the inner speaker 
is mounted on a vertical baffle that divides 
the enclosure into two equal parts. This 
places a considerable distance between the 
two speakers. In the case of a large box, this 
could be a foot or more, In the SARA and 
my Projects One and Two, the speakers are 
located much closer to each other. My 
speakers are about 3Vz" apart, and from the 
cutaway photograph of the SARA that I 
have, it looks like the magnet in the front 
speaker extends a little into the open space 
in the front of the rear speaker, making them 
about 3" apart. Since all of the above-men¬ 
tioned speakers cross over at about 3kHz-
3.5kHz, you should experience no trouble 
with your crossover of 1kHz. 

I will leave the rest of your letter for others 
to comment on. Good luck with your system. 

Contributing Editor Joe D'Appolito replies: 

Your letter is quite long, so I will respond 
only to selected portions of it: 
• The loss in efficiency is obtained with the 
second driver connected. If the inside driver 
is not connected, you'll incur a 6dB loss as 
pointed out in an earlier letter of mine to SB. 

With the voice coils connected in parallel, 
you'll obtain twice the input power, yielding 
the same SPL as that of a single driver. Both 
drivers must be driven to obtain the distor¬ 
tion reduction advertised for the compound 

push-pull pair. The distortion reduction 
comes from the push-pull operation of the 
pair (the drivers must be mounted in oppos¬ 
ing fashion with voice coil polarities 
reversed) which cancels common even-order 
nonlinearities in suspension and magnetic 
circuits. The distortion reduction comes on¬ 
ly at low frequencies where excursions are 
large and significant driver nonlinearity is 
produced. 
• Of course you can double up on the 
drivers again, but I don't see the need for 
a bass-reflex design in this frequency region, 
and I can actually see many disadvantages 
to it. I would use a closed box design. The 
transient response is better, and frequency 
response is more reliably controlled. 
• Even with very shallow 10" drivers, it 
will be difficult to get the diaphragms of the 
push-pull compound pair closer than 8-10". 
This spacing corresponds to a half wave¬ 
length at 700-800HZ, where you will ex¬ 
perience a large response dip due to destruc¬ 
tive interference between the two drivers. 
This is well within the band of your proposed 
midrange unit. 
As a general comment, if you want to 

match the power handling ability of your 
Gauss woofers, you should drop the Isobarik 
design and use a vertical line source of four 
high quality 8" units (Dynaudio, SEAS, or 
Scan-Speak). Place your Heil tweeter in the 
middle of the line source (two above and two 
below) for a stable vertical radiation pattern 

SPEAKER CABINETS & KITS 
AIR CORE INDUCTORS 
CROSSOVER NETWORKS 

SUB WOOFERS 

CABINETS FOR 
DYNAUDIO, PHILLIPS, 
SEAS, FRIED, PEERLESS, 

KEF, SPEAKER KITS. 

Send $3.00 for literature 
to 

Speakers for the Demanding Listener 

601 W. Baxter Ave. 
Knoxville, TN 37921 
(615) 637-6694 

FAST HEPLT MK10S1 
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SB Mailbox 
with a largely cylindrical pattern in the 
horizontal plane. 

ONE LITER 
DEFINITION 

Regarding the "Cabinet Computations” 
letter {SB 1/86, p.38), the writer apparently 
isn't aware of the obvious. One liter is, by 
definition, 1000ml, which equals 1000cm3, 
which equals ,001m3. 
To convert from titers to cubic feet, 

divide by 28.3168 (approximately). Con¬ 
versely, to convert from cubic feet to liters, 
multiply by the same number. 

Lou Garner 
Torrance, CA 90503 

DESIGN DILEMMA 
I have a number of questions I hope can 
help me with speaker design. I've read the 
last three years' editions of SB several 
times, but there are some points I'm still 
not clear on. 

The first question relates to woofer tran¬ 
sient response: which driver/box parame¬ 
ters are affected by it, and can it be math¬ 
ematically predicted? 
From course work, I know how to com¬ 

pute the transient response of an active 
filter. It appears that a vented box with a 
second-order equalizer offers the best 
overall low-end performance.Should ¿use 
two 6‘//'or 8" drivers to getbetter tran¬ 
sient response, or just stick with one 10 or 
12" driver? 
I was originally looking for data on 

building a transmisión tine-type enclosure, 
but the chances of meeting my design goals 
are better with a "simple" vented box. 
Does this sound right? 

I don't want to get in too deep, because 
I only have an audio oscillator (Heath 
IG-5218), oscilloscope, frequency counter, 
and several meters for test equipment. This 
sounds like a lot, but I don't have an 
anechoic chamber in the basement, or any 
FFT equipment. 
I am leaning toward a three-way, bi-am-

plified system (woofer, then active cross¬ 
over to midrange/tweeter). This seems to 
be a decent compromise in terms of avoid¬ 
ing the cost of three amplifiers, but I don't 
know how much better the performance 
could be if I went to a tri-amptified system. 
Any suggestions? 
The Jordan module looks too good to be 

true. If it covers the entire range from 

150Hz to 22kHz with low distortion, has 
very fast transient response and recovery, 
and eliminates the need for a midrange/ 
tweeter crossover, then why doesn't 
everyone use it and just play around with 
the low frequency driver(s)? 

It would appear as though I have missed 
something. Perhaps not everyone agrees 
with Mr. Jordan about the overall perfor¬ 
mance of the unit. 
There seems to be disagreement on the 

subject of driver mounting. On one hand, 
to avoid driver vibration, many advocate 
isolating midrange drivers from the enclo¬ 
sure by using grommets. On the other 
hand, I recall one person who wrote he got 
a clearer sound by firmly attaching the 
driver to the enclosure. Preventing the 
driver from moving instead of the cone 
seems better to me. Is the mass of the 
magnet, basket, and other parts great 
enough so it's OK to shock mount a 
midrange without fear of vibration? 

Robert Grieb 
Berwyn, PA 19312 

Contributing Editor Bullock replies: 

Two major advantages of building your 
systems are the opportunity to use high quali¬ 
ty components, and the possibility of adjusting 
the system until it sounds best to you. 
If you are dissatisfied with "transient 

response, " you can try a different loading or 
different drivers. In my opinion, if you start 
with high quality low Q drivers, jt shouldn't 
'matter whether you use a single large diameter 
driver or a pair of smaller ones. I use a 15" 
woofer, and I couldn't be more satisfied with 
it. There are arguments in favor of "compound 
woofers." The point is you are free to 
experiment. 

I think vented boxes offer the best trade-off 
of complexity for performance, but many prefer 
a transmission line or a closed box on the basis 
of subjective comparison. If you are up to the 
cabinetmaking rigors of a transmission line, 
you can always change to a vented box. 

I am a believer in active crossovers, mainly 
on the basis of subjective comparison. I find 
they produce a lower background noise level 
while increasing clarity and impact. Also, they 
are more convenient for the tinkerer because 
there is no need to worry about the driver be¬ 
ing a resistive load. This means you don't have 
to change the crossover design just because you 
change drivers. The biggest problem with go¬ 
ing active is the cost of additional 
amplification. 

The Jordan module does sound like a good 
unit, but as I recall, it is expensive to use 
because more than one per side is needed to 
achieve desirable output levels. Using two per 
side in D'Appolito's configuration may work 
out nicely, but I see dispersion problems with 
any more than two per side. 

Regarding the matter of driver mounting, I 
think compliant mounting is used to reduce 
baffle resonances induced by driver vibration. 
I try to avoid this problem by putting woofers 
in their own boxes, and by using high slope 
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crossovers and a low crossover frequency. 
By these means, I hope to suppress input 

frequencies in the baffle resonance range. I 
have considered compliant mounting for mid¬ 
range drivers, but have never done it because 
I am not confident my mounting schemes 
would produce an airtight seal. I try to keep 
the baffle as small as possible so panel reso¬ 
nances will be at high frequencies, where I 
understand they are less obtrusive. 

100Hz, and the shapes of the curves are 
quite dissimilar. 

Apparently, there are assumptions in the 
program that do not match the way the 
Dynaudio driver works. If I had not had 
the Dynaudio driver data, I would have re¬ 
jected it as a possibility based on the pro¬ 
gram's predictions. I have no idea whether 

or not this case is unusual. This driver is 
the first one that I could compare the 
manufacturer's data on a known box with 
BOXRESPONSE'S output. 

I've spent many hours gathering data on 
drivers of all sizes as well as driver 
manufacturers, and making trial designs 
using BOXRESPONSE. I assumed the er-

BOXRESPONSE 
ANOMALY 

I've encountered an anomaly with BOX¬ 
RESPONSE by Bullock and White. I've 
modified the print-out portions so that I get 
a graph instead of a table, but I have kept 
the calculations unchanged except for ad¬ 
ding the displacement-limited curve sug¬ 
gested by Mr. White. 
The anomaly occurred when I used 

BOXRESPONSE to calculate the closed-box 
response of a Dynaudio 17 M-75 driver. 
Dynaudio provides outstanding data sheets. 
In this case, the sheet included a frequen¬ 
cy response graph which specifies the 
cabinet. When I compared the output of 
BOXRESPONSE to the Dynaudio for the 
same box, I discovered they weren't even 
close! There is almost 9dB difference at FIGURE 1: Mr. Svendsen’s closed- boi response calculation of a Dynaudio 17 M-75 driver. 

ALL BELOW MANUFACTURERS COST 

CALL OR WRITE FOR CURRENT COMPUTER LIST 

FAST UKY HHK10S2 

LIQUIDATING OVER $500,000 WORTH OF INVENTORY 

N.P. Capacitors 
Chokes 

Trim Rings 
Speaker Cones 

Gaskets 
Passive Radiators 

Voice Coils 

Woofers 6" to 15" 
Ltd. Qty. of 4Ÿ2 SR1OB by CTS 
Midrange 
Tweeters 
Complete Crossovers 
Front Grilles 
Terminals 

INTERNATIONAL SURPLUS ELECTRONICS 
355 Cowan Terrace West, Brownsville, TX 78521 Telephone: (512) 831-9341 or (512) 546-4820 
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rors would be minor and that I could use 
these trial designs to select the drivers for 
a final design. That assumption now ap¬ 
pears to have been naive. I suspect other 
readers of SB have been doing the same 
kind of thing. They might be interested in 
seeing these two curves (Fig. 7). It would 
give them a calibration on the reliability of 
the program. 

Edgar Svendsen 
Littleton, CO 80127 

Contributing Editor Bullock replies: 

In order to compare response curves from two 
different sources, you must assume that the 
conditions under which both curves were gen¬ 
erated were similar. It is not at all clear 
whether this is the case in your example. 
BOXRESPONSE assumes that the driver is 

mounted in an infinite baffle, but you don't 
know the radiation load under which 
Dynaudio made their measurements. You are 
not really sure whether their enclosure 
measurements are internal or external, so there 
may be an error in your volume value. 

Further, the closed-box model used in BOX¬ 
RESPONSE does not include a box loss pa¬ 
rameter (the only way to take box stuffing in¬ 
to account is to measure the in-box parameters 
with the stuffing in the box, and then model 
the system as an IB]. 

Finally, you don't know whether a variovent 
is being used in the Dynaudio setup. This last 
condition alone could conceivably account for 
the discrepancy I see between your two 
response curves. 

As to the magnitude of the discrepancy, if 
you take the low point of 86dB on the 
measured curve as corresponding to the OdB 
level on the model curve (your frequency 
response), I make out about a 4dB difference 
at 100Hz, rather than the 9dB you claim. 
Most of that seems to be due to the lack of 
agreement on the placement of the response 
peak, and its height. This disagreement leads 
me to believe that you do not know enough 
about Dynaudio's test system to make a mean¬ 
ingful, quantitative comparison with BOX-
RESPONSE's prediction. Even so, a qualita¬ 
tive comparison indicates that the response 
shape (presence of a peak) and the low fre¬ 
quency roll-off rate are successfully predicted 
by BOXRESPONSE. 

Do not make the mistake of comparing the 
measured curve with your "displacement 
limited output" curve. The latter is not a 
system response curve! It is generated by 
calculating the output at each frequency us¬ 
ing the highest drive level that does not exceed 
the driver's thermal or displacement limits at 
that frequency. In other words, the drive level 
varies from frequency to frequency. Response 
curves are generated assuming a drive level 
that is constant from frequency to frequency. 

You should compare Dynaudio's curve with 
your "frequency response" curve. 

I hope this sheds some light on your anoma¬ 
ly. In general, you can expect BOXRE¬ 
SPONSE to be in close agreement with 
measured results only when you can closely 
match all the relevant system parameters by 
corresponding model parameters. 

Mr. White replies: 

When I first looked at your problem, I thought 
there may have been a gremlin which crept 
into the program code. It did appear that 
something was seriously amiss, with the dis¬ 
crepancy between the actual measurement of 
the driver and the computer model. The data 
provided by the manufacturer, however, re¬ 
veals the underlying discrepancy. 

On the data sheet /Fig. 2/ are three response 
curves for the Dynaudio 17M-75. We are on¬ 
ly concerned with the top two. The first shows 
what appears to be the frequency response of 
the driver in a 10 liter box. This is not the case. 
The graph, as presented, is for the driver alone 
on a DIN (rather large flat) baffle. The 
manufacturer never states this is a response 
for the driver in the box they propose, although 
they show the impedance curve for it on the 
same graph. 

I thought this was a strange circumstance, 
so I looked at the other data sheets from 
Dynaudio. They, too, are measured the same 
way! Well, now, how about the second case? 
The manufacturer now claims the driver is in 
the 10 liter box and has a 6dB filter attached. 
This is the case, as stated, but requires a 
clarification. The 6dB filter is a bandpass type 
with the components chosen to optimize the 
smoothness and bandwidth of the driver (read 
marketing). 

The give-away in their data is the change 
in roll- off rate from one configuration to the 
other. The 6dB filter response plus the second 
order response of the closed box yield a third 
order. 

ISOBARIK INVENTOR 
I would like to comment on John 
Cockroft's "Isobarik" article (SB 3/85). I 

have been a speaker enthusiast since 1969, 
and have read every issue of Speaker 
Builder with great pleasure. My special in¬ 
terest is in horn design and unconven¬ 
tional speaker systems. In the mid-1970s, 
I started collecting private literature and 
patent research, and ordered and copied 
what I could get in German university 
libraries and patent offices. 
While doing so, I discovered many in¬ 

teresting inventions, some of which I 
rebuilt and tried to analyze by modern 
methods. I found H.F. Olson's books, such 
as Acoustical Engineering, to be true sources 
of speaker knowledge and principles. In 
that work, I read about his invention, the 
"Compound Direct Loudspeaker" (pp. 
157-158). If you look at this system, you 
will also recognize the Isobarik principle. 
Mr. Olson invented it in the late 1940s, 
and presented the patent in 1951. This is 
confirmed by J. Hiraga, a French audio 
authority and author of many books. In 
his Les Haut-Parleurs (Editions frequences, 
1980, p. 224), you will find the Com-
pound/Isobarik principle. 
In the 1950s through 1970s, many com¬ 

panies built systems using Mr. Olson's 
compound principle: the Linn Company, 
Focal, Dynaudio, Goodmans, and others. 
I was fascinated by the Compound system 
because Mr. Olson states in his book that 
it can produce a lower bass than a speaker 
in a closed box of the same dimensions. 
In his patent, he outlined the basic theory, 
and this led me to establish a mathe¬ 
matical model for modern filter theory on 
the compound box (such as what Mr. 
Small did for closed, reflex, and passive 
radiator systems). 
I took Mr. Olson's analog network and 

derived the system response function, 
which was, of course, a little complicated 
because nothing had been published on 
two-speaker systems. After that, I made 
Butterworth and elliptical approximation 
to get a set of equations for the context of 
cabinet and speaker parameters. With the 
aid of a computer, plus a lot of time and 
sweat, I derived parameters (by Butter¬ 
worth and elliptical alignments) for the 
speakers' two cases of series and parallel 
connections. 

Continued on page 48 
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P-1 THE COMPLETE PENGUIN STEREO RECORD & CAS¬ 
SETTE GUIDE (3rd ED i by Edward Greenfield, Robert Layton, 
and Ivan March. Drawing on profound technical knowledge 
and on vast musical and historical learning, this newly revised 
and updated guide to recorded classical music deals with more 
than 4,000 disks, cassettes, and compact discs, giving details of 
title, performers, record number, label and price range. 
1387pp., softbound. Please add $ 1.00 for shipping. 

Each $12.95 
P-2 A NEW DICTIONARY OF ELECTRONICS by E. C. 
Young. This remarkably compact reference covers electronics 
from A-Battery to Z-parameters with succinct, concise defini¬ 
tions and illustrations. A quick reference completely revised 
and updated with lots of added charts and reference data. 
618pp., softbound. Each $5.95 
P-3 A NEW DICTIONARY OF MUSIC (3rded 1973; firstpub 
1958) by Arthur [acobs. Alphabetically arranged entries cover¬ 
ing composers, individual musical works, orchestras, perform¬ 
ers, conductors, musical instruments, and technical terms. 
458pp., softbound. Each $5.95 
P-8 INTRODUCING MUSIC by Otto Karolyi. Even if you’ve 
listened to music for years, you may be surprised at how little 
you know about its fundamentals. A beautifully basic and spare 
introduction to the grammar and vocabulary of music-
enough to understand the language without speaking it. It will 
deepen almost any non-musician music lover's pleasure in lis¬ 
tening. 174pp., softbound. Each $4.95 

McGRAW-HILL 
MH-l HANDBOOK FOR ELECTRONICS ENGINEERING 
TECHNICIANS (2nded.) byM. Kaufman and A. H. Seidman. A 
comprehensive compendium of electronic facts. Component 
selection, circuit analysis, power supplies, IC uses and 
characteristics, op amps, transistors, batteries and tubes. A 
one-volume encyclopedia on how components work and how 
to choose the best of them for your application. Includes seven 
new chapters on such topics as logic analysis, fiber optics, ac¬ 
tive filters, digital test gear and microprocessors. 752pp., 
hardbound. Each $39.50 
MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS by Joel 
Goldberg. All the topics on making your own circuit boards are 
covered both in theory and in practical advice: design and lay¬ 
out, artwork preparation, photo layout, silk screening and 
etching. Each $7.95 

WILEY BOOKS 
W-l HIGH PERFORMANCE LOUDSPEAKERS (3rd ed ) by 
Martin Colloms. A thorough revision of the 2nd ed ( 1980| up¬ 
dates and expands this authoritative volume. The author 
surveys new developments in the four-year interim and adds 
some highly original proposals for low frequency alignments, 
listening tests and much else. For the speaker builder, Col¬ 
loms' book is one of three indispensable volumes. Hardbound 

Each $29.95 

HOWARD W SAMS 
S-10 IC OP-AMP COOKBOOK (3rd ed ) by Walter G. Jung. 
Jung's popular classic in a revised and expanded 1986 edition. 
One hundred pages are added to cover new devices, applica¬ 
tions and manufacturer's data sheets. With over two hundred 
practical circuits with component values, this cookbook is one 
of Old Colony’s best selling technical volumes. It belongs on 
every electronics bookshelf. 580pp., softbound. 

Each $21.95 
S-ll HOW TO BUILD SPEAKER ENCLOSURES by Alexis 
BadmaieffandDon Davis. The “whys” and "hows’’of speaker 
enclosures. Drawings and instructions cover infinite baffle, 
bass reflex and horn types plus combinations. 144pp., soft-
bound. Each $6.95 
S- 19 SOUND SYSTEM ENGINEERING by Don and Carolyn 
Davis. A thorough introduction to sound systems for halls, 
studios, outdoor locations and much else. 245pp., hardbound, 
Slóxll. Each $24.95 

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

Each $6.00 
D-3 MUSIC, PHYSICS AND ENGINEERING by Harry F. Ol¬ 
son. A thorough introduction to the physical characteristics of 
sound and the relationship of sound to musical instruments by 
the former head of staff at RCA's lab for acoustical and electro¬ 
mechanical research at Princeton, NJ. A classic by one of the 
giants in the audio field. Good, easy to read chapters on acous¬ 
tics, mikes and recording, recording and playback systems, as 
well as an electronic music chapter. 2nd ed (1967) 460pp., 
softbound. Each $14.25 
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NEGLEX 2477 

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

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

Only $2.00 per foot! 

Qty. Price 

_Ft. Neglex Speaker Cable 
$2.00/ft. . 

_ Termination Kits 
$1.00 each. . 

_ Pair Gold Plated. Five-way 
Red/Black Binding Post 
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Card " _ 
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SB Mailbox 
Continued from page 47 

This work revealed alignments from 
which you can get very deep bass with a 
small cabinet volume. If you choose a But¬ 
terworth alignment, transient response is 
the same. I recalculated some of Focal's 
designs and put in the speakers' system 
parameters (such as Q«, B/, Vas , and fs) 
and the two chamber volumes in my 
equations, and found good agreement with 
given response data. 

For example, consider the Focal Kit 350. 
This system has the Compound/Isobarik 
principle in the bass section, with two 
Focal 8N401 drivers in parallel. 1 calcu¬ 
lated the theoretical response [Fig. l)and 
found that Focal almost realizes Butter¬ 
worth alignment. By following Mr. 
Cockroft’s system, I need all of the above 
mentioned parameters, plus Sa and the 
series or parallel connection. 
I believe my approach is the only one 

which can reveal the true possibilities of-
the Compound/Isobarik system, and is 
better than trial and error (see Small's 
papers). 

Ernst Beck 
Emmendingen, West Germany 

Mr. Cockroft replies: 

At first, I was quite surprised that Dr. Olson 
discovered the principle, but then it seemed 
the most natural thing in the world. Why 
should he have missed this one when he got 
all the rest? It is interesting that he makes 
reference to the front speaker and volume 
behind it, rather than considering the two 

speakers as an integral unit. I would like to 
see your findings in more detail, either 
through an article, or a letter. 
As I mentioned in my article, I did not 

measure the individual speaker units in my 
Project One, due to circumstances beyond my 
control at the time. The advertised figures for 
these speakers /Peerless T0125 5"): FM 55Hz, 
Qs .45 Vas -39 cubic feet, Sd 7.5xlO-M2, BL 
product 4.78 Tm . 

The box volume /rear volume) is 450 cubic 
inches net. The rear volume was filled with 
2.5 ounces of polyester fiberfill pillow stuff¬ 
ing at the rate of .6 pounds/cubic foot. In view 
of the information brought forth in recent 
issues of SB, I estimate Qc to be in the neigh¬ 
borhood of .6 /based on the published figures, 
which are probably not exact for my individu¬ 
al units). 
As I stated in the article, I originally wired 

the speakers in parallel, but then I changed 
to series in an effort to make an easier load 
for my amplifier. I would be interested in 
what you come up with when you apply your 
equations to the above figure. 

SOMETHING DOESN’T 
MEASURE UP 

Congratulations on the article on midrange 
horns in SB 1/86. It seems just what I need 
to upgrade my home-built Klipschorns. 

To get started, I have ordered a pair of 
Focal 7N303s. While trying to lay out full-
size patterns for the horns, however, I 
discovered the dimensions did not work 
out. 
Just in case Mr. Edgar hasn't noticed, or 

I have missed something, the triangle for 
the horn jig with 10" and 31/2 * sides does 
not agree with the llW hypotenuse. 
I decided to charge ahead and 

discovered a 10" horn length with a 9" by 

CB = BACK CHAMBER 

FOCAL 8N401 C Z = ’NTER CHAMBER 

FIGURE 1: (1) Response of Focal Kit 350, and (2) theoretical Butterworth response of Focal Kit 350 
with the same Cz as in catalogue. 

48 Speaker Builder / 3/86 



18" mouth would have a 10.59" hypoten¬ 
use and about a 2.1 " throat—not far from 
his dimensions. When I truncated it to a 
6" length horn (the "short horn" for the 
Focal), I found it would have a 4.8" by 3" 
throat, not far from the article's 4" by 2.5". 
But the photograph on the magazine cover 
appears to have a flush opening to the 
throat on one side, and only a slight 
shoulder on the other. So, I have stopped 
and am writing for help. 

In the same issue, Mr. Edgar offers help 
on bass horns. I would appreciate his com¬ 
ments and suggestions on my upgrading 
plans. The second of my Klipschorns was 
built with the aid of Speakerlab's draw¬ 
ings (circa 1974), while the first was built 
from plans in Electro Voice for their Patri¬ 
cian (four speakers including an 18" 
woofer). I simply reduced the throat size, 
left all other dimensions alone, and used 
15" speakers. This was early 1950. Now, 
both horns have 15" 4Í1 "off brand" 
speakers from McGee (said in 1983 to be 
the same as used by Klipsch). 
With Mr. Edgar's midrange horns in¬ 

stalled, I hope to cross over at 350-400Hz 
and eliminate the 12" horn-loaded speaker 
in the Patrician, which covers the 
350-800Hz range. The improved symme¬ 
try has to help. 

Incidentally, I am still running the four 
speakers in the Patrician and three in the 
newer Klipschorn because the Patrician 
sounds better. It tests better on the low 
end, but rougher above 500Hz or so. 

Any suggestions for additional improve¬ 
ments on the bass end? Over the years, my 
tests show a roll-off at frequencies above 
250-300HZ, with a valley in a frequency 
in between the adjustments on the 
equalizer (i.e. 250 and 500Hz). 

The lower cutoff on the midrange (if it 
is flat to sufficiently low frequency) should 
help, but the components in the crossover 
become rather large. 

Ed O'Donnell 
Monroe, LA 71201 

Contributing Editor Bruce Edgar replies: 

Thank you for catching the error. The on-axis 
length of the horn should be 11" instead of 
10". I committed the cardinal sin of relying 
on my memory instead of going back and 
checking my original model. For the mid and 
short horn models, however, the mistake 
results in only a small error. The full-size horn 
is where the mistake will make the most im¬ 
pact when lining up the dimensions. I sug¬ 
gest potential horn builders lay out all of the 
dimensions on graph paper and cardboard to 
check the design. 

Your choice of a Focal driver for the horn 
will give lOOdB sensitivity. A typical bass 
hom will give 105dB or more. You may have 
to attenuate ¡or bi-ampl the bass hom to 
equalize the system. 

The driver on the cover /SB 1/86) is actually 
offset, although the angle gives the illusion of 
being flush-mounted. Also note that Polydax 

“EFFORTLESS...” 
The most frequently used word to describe New York Acoustics 
loudspeakers at the recent Consumer Electronics Show. 

• Natural tonal balance 

• Realistic image focus and soundstage 

• High resolution and transparency without harshness 

• Meticulously fine-tuned sophisticated crossover networks 

Send $1 for catalog of kits, parts, electronics and more. 

NEW YORK ACOUSTICS 
167 Saw Mill River Road 
Yonkers, New York 10701 

(914) 476-4900 

FAST uni KHK14 
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MasterCard 

STONEHAM, MA 02180 

1. RECONE SPEAKERS WITH FACTORY PARTS 
2. WARRANTY STATION FOR ALTEC-LANSING, BOSE, 
CELESTION, ARTEC-GAUSS, ELECTRO-VOICE, JBL, 
CERWIN-VEGA, P.A.S., TOA, AND YAMAHA. 

3. PARTS AND SERVICE FOR ANY BRAND OF SPEAKER 
YOU CAN THINK OF. 

4. REPLACEMENT DIAPHRAGMS AND CABINET 
HARDWARE AT AFFORDABLE PRICES. 

5. WE SELL NEW AND REBUILT SPEAKERS AND 
CABINETS. 

6. WE SHIP ANYWHERE. 
7. WE OFFER GOOD SERVICE, FAST TURN AROUND 
TIME, AND LOW LOW PRICES ON PARTS AND 
SPEAKERS. 

PROFESSIONAL SPEAKER SALES AND SERVICE 
FREE SPEAKER TESTING 

PRO-AUDIO • HOME • COMMERCIAL 

• NEW ENGLAND SPEAKER 
> INC. (NEST) 

FAST UPLT KHK702 
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SB Mailbox 

absorbed Siare last year, and they'll soon be 
producing the Siare 16VT drivers. 

Regarding your bass horns, it is difficult to 
judge their characteristics by correspondence, 
but you should be able to cross over at 400Hz 
with good results. The best bass response re¬ 
sults when the horn throat area is equal to 
the driver optimum throat size, given in 
square inches by Sr = 0.8fsQEsVAs, where 
Vas is in cubic feet. If there is a significant 
mismatch, an irregular response can result, 
as shown by the Speakerlab horn fiasco. 
Many times, it is hard to find a modem 

driver that will match some of the bass horn 
designs. I've had this experience, and even¬ 
tually had to junk the old horns. In my own 
case, I've taken a good bass driver, an 
EVM-12L, and designed a horn about the 
driver. Only in this way are you assured of 
obtaining the optimum bass response. 

SON C AND 
AESTHETC PROMISE 
I join the increasing number who are most 
impressed by the work of Mr. D'Appolito 
[SB 4/84), and have noted with interest the 
voluminous correspondence regarding the 
"D'Appolito configuration." Just as Mr. 
Bosch [SB 4/85) has requested information 
on alternate drivers, I would like Mr. 
D'Appolito's information on the crossover, 
and other considerations for using the 
Dynaudio 6‘A" 17W54ER drivers with the 
D-28 mentioned in his original article. 
The substitution of these larger and 

more efficient low/midrange drivers 
should offer me higher sound pressure 
levels and a smaller amplifier require¬ 
ment. In addition, the bass output to 
somewhat lower frequencies will permit 
the satellites to be used a la LS3 as a fine 
Phase I system until I can afford to expand 
my system {Table I). 

TABLE 1 

Phase Amp. 
I NAD-2200 

Xover Sa tel. 
1.7k-2k (2)17W54ER 
passive (1) D-28 

II Same as I, with added 100Hz 
passive 30W54 

subwoofer 

active 
NAD-2150 >1.7k 
NAD-2200 100-1.7k 
NAD-2150 <100 

D-28 
(2) 17W54ER 

30W54 

One of the compelling reasons why I 
chose the "D'Appolito configuration" is 

the potential for superb imaging. I am con¬ 
cerned, however, about handfing the col¬ 
oration caused by diffraction losses at the 
edges of the satellite enclosures (D'Ap¬ 
polito's suggestion of mounting the front 
panel flush with the listening room wall 
is frequently impractical in domestic liv¬ 
ing rooms). 
I have a design called a Trispheric en¬ 

closure, which I believe offers sonic and 
aesthetic promise. The three fiberglass-
reinforced plastic spheres are light, rigid, 
have smoothly-receding surfaces from the 
driver rims, absorb the rear emission of 
the 616 " drivers, have an enclosed volume 
of approximately 13.9 liters, and provide 
approximate geometric voice coil plane 
alignment. 
When the Trispheres are used alone, 

they can be ceiling-suspended (after Link-
witz, SB 2, 3, 4/80). When the Phase II sub¬ 
woofers are built, they will make ap¬ 
propriate supports for the Trispheres. 
My present system consists of four-way 

towers (home designed and constructed: 
12" Becker polypropylene., 150cps cross¬ 
over; 8" Becker polypropylene, lOOOcps 
crossover; 2" Peerless dome, 5000cps 
crossover; 1" Peerless dome), driven by a 
NAD 1155/2200 fed by AR/Rega 300b/ 
Talisman B. Knowledgeable friends ad¬ 
mire its sound—powerful, quick, smooth, 
with good sound-stage. Although its im¬ 
aging is good, I am not satisfied with the 
stability of the image locations for all in¬ 
struments, as they move about in frequen¬ 
cy. I believe the Phase III system (des¬ 
cribed in the table) should be a substan¬ 
tial improvement. 

Al Millikan 
Victor, NY 14564 

Contributing Editor Joe D'Appolito replies: 

I am certain the Dynaudio 17W75s can be 
made to work very well in my ¡3,2) geometry. 
They are fine drivers. I started experimenting 
with them over a year ago, but when I deter¬ 
mined they would generate only about 2dB 
more maximum SPL than either the KEFs or 
Focáis, I lost interest in them. 
Your Trispheric enclosure will not 

eliminate diffraction loss, although it may 
produce a somewhat smoother response fall¬ 
off relative to box shape. I believe you are 
confusing "diffraction loss" with "edge dif¬ 
fraction, " which is a different manifestation 
of the general diffraction problem. Diffrac¬ 
tion loss is a function of baffle area, and can¬ 
not be eliminated by contouring. 
The 17W75s can be made to go about a 

half-octave lower than the KEF Bl 10s in a 
sealed enclosure. The volume of your 
Trispheric enclosure, however, is too small 
for the 17W75s. This volume will produce a 
system resonance of 95Hz or so, with a Q of 
1.8 or more, which is too high. You need a 
sealed volume of 25 to 30 liters for the 
17W75s, which will yield a system resonance 
of 60Hz or so, a Q of around 1, and an fa 
of 50-55Hz. 

I believe SB readers would be interested in 
learning how to build fiberglass reinforced 
enclosures. If you could increase the volume 
of your Trispheric enclosure, or perhaps con¬ 
sider a cylindrical enclosure which would also 
minimize edge diffraction, you should have 
an interesting project. 

DUAL DRIVER 
CLARIF CATION 

While trying to understand the various ex¬ 
planations offered by Mr. D'Appolito (SB 
4/84) concerning the relative power sen¬ 
sitivities of dual drivers in parallel and 
series configurations, I found a great deal 
of clarification by not expressing voltage 
and power ratios in decibels. 
In the hope this approach may help 

other readers, I have tabulated my calcula¬ 
tions in Table 1. 

TABLE 1 

Driver(s) Volt. Cur./A Input/W SPL SPL/Inp. 

1 2.83 0.35375 1 1 1 
2* 2.83 0.7075 2 2 1 
2* 2.00 0.5 1 1.413 1.413 
2* 1.415 0.35375 0.5 1 2 
2f 2.83 .17688 0.5 1 2 

’ Parallel; t Series 

The last column represents "power sen¬ 
sitivity". It clearly shows that, "for any 
given SPL, the amplifier always works 
harder with a single driver than with a 
pair of drivers." 

While this has clarified the ' 'power sen¬ 
sitivity" issue for me, it has raised another 
problem: since acoustic output power 
ought to be proportional to electrical in¬ 
put power, the double drivers, while pro¬ 
ducing the same SPL, produce only one-
half the acoustic power that a single driver 
would produce at the same SPL. Would 
Mr. D'Appolito be kind enough to com¬ 
ment on this? 

David Meraner 
Scotia, NY 12302 

Contributing Editor Joe D'Appolito replies: 

If different driver configurations produce the 
same SPL (and have the same polar re¬ 
sponse), then they will put out the same 
acoustic power. For a given driver configura¬ 
tion, acoustic output power is proportional 
to electrical input power, as Mr. Meraner 
states. Double driver combinations, however, 
have twice the efficiency of a single driver, 
and therefore put out the same acoustic 
power with only one-half the electrical input 
power. This is a major benefit of multiple 
drivers. 

Another point that may be confusing is that 
acoustic output power is proportional to the 
square of acoustic pressure, just as electrical 
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power is proportional to voltage squared. In 
the parallel driver cases in Mr. Meraner's let¬ 
ter, input power goes from 0.5 to 2W /a fac¬ 
tor of 4 increase), while acoustic pressure only 
doubles. Acoustic power, however, which is 
proportional to pressure squared, has gone 
up by a factor of four, as it should. 

BEWARE OF 
“USELESS SILICONE” 
Since everyone seems intent on using 
silicone to fasten and seal drivers into their 
cabinets, you should know that most sili¬ 
cone available today is useless. The most 
common, such as GE Home Line, are ap¬ 
parently latex or water-based, slow-curing 
with poor tensile strength, and don't 
adhere well to anything. 
Try RTV type silicone, the stuff TV 

techs use. It stinks to high heaven (label 
says, "caution—releases acetic acid when 
curing"), but it cures quickly, is very 
strong, and has excellent adhesion. It’s 
harder to find, but works much better 
than other types of silicone. 

Although I use RTV to seal my cabinets, 
I prefer to mount the drivers with T-nuts 
mounted to the inside of the cabinet . I use 
auto body ribbon putty to seal the drivers : 
it’s less messy, removable, and reusable. 
Any auto parts store should have it. 
When wood-gluing small pieces to¬ 

gether, I find that a small bead of hot glue 
will usually hold the surfaces together un¬ 
til the wood glue dries. The pieces can be 
handled and probably won't need clamp¬ 
ing. 3M® #76 Spray Adhesive comes in 
very handy, too. 

C.J. Poulos 
Hartford, CT 06106 

A VETERAN 
OFFERS POINTERS 

As a cabinetmaker and persistent pursuer 
of excellence in loudspeaker construction, 
I wish to share a few pointers that have 
worked well for me. 
• If you plan to assemble your own loud¬ 
speaker cabinets, look in your area for a 
rent-all machinery company that can pro¬ 
vide a compressor, pneumatic epoxy¬ 
tipped staple firing gun, and hose and 
couplers. 
• Adhesives, especially for particle board¬ 
type compound material, provide speedy 
cabinet assembly and a reliable grip. These 
cabinet materials do not readily lend them¬ 
selves to nails, screw fasteners, or surface 
adhesion because of their inherent small 
particle make-up and their thin composi¬ 
tion layer. I use a 3/i6" crown staple with 
rosin or epoxy tipping, in conjunction with 

FREE SHIPPING FROM MADISOUND! 
.Madisound Speaker Components has always had a special relationship with Speaker 
Builder readers. You are a discriminating breed of hobbyists who know a good deal 
when you see one. Our recent Audax Tweeter Sale was a great success: we introduced 
hundreds of new customers to our services. All of them received our latest catalog 
and discovered that Madisound is a source of high quality imported and American-
made drivers, coils and capacitors at reasonable prices. 

We take pride in providing sound advice on speaker and crossover design with 
one of the fastest shipping records in the business. 

AND NOW YOU WON’T HAVE TO PAY THE SHIPPING! 

For the next three months (through November 30, 1986) 
we will not charge for shipping on retail orders of S30 or 
more if you mention this Speaker Builder ad. 

madisound Speaker Components 
8608 UNIVERSITY GREEN 

BOX 4283 
MADISON, WISCONSIN 53711 

PHONE (608) 831-3433 

6000.6 
phase correct 

electronic 
crossover 
The new 6000-6 is designed 
to improve your system by 
eliminating crossover errors 
and passing perfect square 
waves. A plug-in module 
allows convenient frequency 
change (from 40-16,000 Hz). 
Level controls on rear, 1% 
components used. Model 
6000-6 $175 PPD. Other 
models from $16.25. Free 
folder/reviews. ACE AUDIO 
CO., 532-5th St., East 
Northport, NY 11731-2399. 
(516) 757-8990. 

FAST REPLY »HKS3 

(T HIGH QUALITY^ 
SPEAKER COMPONENTS 

AND KITS 

WOOFERS 
MIDRANGES 
TWEETERS 
CROSSOVERS 
CABINETS 

ELECTRONIC PARTS 

RMS| 
systems] 

SPEAKER 
KITS 

COMPUTER AIDED 
DESIGN ASSISTANCE 

CALL OR WRITE 
FOR DETAILS 

MOREAU 
AUDIO 

40A BARRETTS HILL RD 
HUDSON, NH 03051 
(603) 889-2568 

FAST REPLY SHK54 
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SB Mailbox 
laminated high-density particle board/lead-
type sheeting and other internal composi¬ 
tion high-density materials. These meet or 
exceed the specifications touted by many 
of today's "advanced" loudspeaker cabin¬ 
et products. I am currently working with 
Corian, developed by DuPont. It has many 
wonderful acoustic and aesthetic proper¬ 
ties when used in conjunction with other 
materials. It costs about $ll/square foot, 
but it's very easy to machine to size and 
shape. 
• I have also had tremendous results with 
the epoxy products made by Gougeon 
Brothers, Inc. (Bay City, MI). I have found 
that using their line of epoxy/filler with a 
thin foam-backed, high-density material 
(particle board, plywood, Corian, and so 
on), makes for a very dead cabinet 
enclosure. 
Comments? Call me at (609) 890-0520. 

Kirk Neal 
Mercerville, NJ 08619 

EQUATION DEBATE 
In the article "Custom Wound Inductors" 
(SB 3/82), I believe there is an error in one 
of the equations. On page 21, author Daniel 
Patrick Coyle gives the equation: 

A = %(To)(Z)/(5590)(R) 

where "A" is a crucial dimension of the 
winding. The equation as given is correct 
only for first order crossovers. 

I believe the correct equation should be: 

A = s(L)/(5990)(R) 

where "L” is the inductance in micro¬ 
henries. This equation should be correct for 
inductors of any order crossover. 

Kenneth Miller 
Mexico, MO 65265 

Mr. Coyle replies: 

The equation is not in error. I may misunder¬ 
stand what you intend, but by substituting "L" 
for ITo)(Z), you have created an equation 
which now describes only the first order 
parallel Butterworth crossover. 

Figure 2 of my article shows only the first 
order network has an "L" that equals ITo)/Z). 
The values of "L" for other orders have an ad¬ 
ditional fudge factor, such as the second order, 
which has an "L" value increased by 2. 

By computing the value of "L" as a func¬ 
tion of crossover type, speaker impedance, and 
voice coil inductance (as described in the ar¬ 
ticle), the generality of my equation is retained. 

Dec. 19, 1961 C. I. MALME 

TRANSDUCER 

3,014,098 

MALME’S ESL 
My 4/85 issue of SB finally came today. It 
seems to be taking longer and longer for 
it to reach here from Holland. No doubt, 
the final 1985 issue of TAA will arrive 
shortly. 

In Mailbox (SB 4/85, p. 58), Mr. Rice asks 
about ESLs. Here is a detailed overleaf 
which indicates one Charles Malme 
obtained a US patent for a round ESL con¬ 
struction. The patent contains a detailed 
analysis of the construction, so I hope Mr. 
Rice can locate the complete papers. 

Tony Fitchett 
Wellington, New Zealand 

TWEETER TESTING 
I read, with considerable interest, Alan 
Smith's letter (SB 1/86) concerning his ex¬ 
perience with piezo tweeters. It Jed me to 
do a couple of experiments with my 
2"x5" and 2"x6" tweeters, and I'd like 
to share the results. 

My setup is shown in Fig. 1. For a signal 
source, I used the CBS Lab 140 record, oc¬ 
tave sweeps, right channel. Results from 
the experiments can be found in Fig. 2. 
Subsequent to my tests, I came across 

the published response of the 2 "x 6" piezo 
and I plotted it as well. Notice that the data 

Continued on page 54 
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OLD COLONY SOUND LAB 

Old Colony Sound Lab Loudspeaker System Design Software 

The following programs are available on 51A " disc for the Apple 
(SBK-E3A, $25 each), and the Commodore 64 (SBKE3CD, $25 
each). Also available is a cassette for the Commodore 64 (SBK-
E3CC, $25 each). 

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

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

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

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

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

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

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

The following programs are available on 5 Vs" disc for the Apple 
(SBK-F1 A, $25 each) and the Commodore 64 (SBK-F1C, $25 each). 
A printed listing of both the two-way and three-way CAD programs 
in generic Basic is available (SBK-F1B, $2 each). 

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

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

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

RADIATION PATTERNS: The radiation vertical pattern from a 
multi-driver system may be explored with this program based on 
Bullock1 s Article [SB 1:851. The program asks the user questions 
about the phase relation and physical separation of the drivers. 
The output is relative SPL over 180 degrees, in 5 degree steps, 
in the vertical plane perpendicular to the baffle. With this pro¬ 
gram a designer can experiment with various layouts for the 
drivers in the enclosure. 

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

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

Old Colony Sound Lab 
P.O. Box 243, Peterborough, NH 03458 usa 

□ SBK-E3A SBK-F1A □ 

□ SBK-E3CC SBK-F1C □ 

□ SBK-E3CD SBK-F1B □ 

Payment by: □ Check Money Order □ □ MasterCard Visa □ 

_ _/_ 
CARD NO. EXPIRES 

NAME 

STREET & NO. 

Ppd. USA. Canada add $2 for postage Foreign add 
$4 for postage and $2 00 for each additional item STATE ZIP 



SB Mailbox 
Continued from page 52 

FIGURE 2: Results from the tweeter test. 

shows a prominent peak between 5 and 
10kHz. I tried, without success, to trap out 
this peak. Perhaps I'll try again because, 
with its extended low end, the piezo might 
make a good midtweeter. 
The way it sounds now, I'm not happy, 

though I agree it sounds better than the 
2" X 5". 

Dave Meraner 
Scotia, NY 12302 

Mr. Smith replies: 

I have been rather surprised by the number 
of people who have contacted me directly as 
a result of my letter. 

I'd like to offer some comments on your test 
procedure, testing in general, speaker charac¬ 
teristics, and the nature of perceived frequen¬ 
cy response. These interrelated topics should 
be considered in both the design and use of 
speaker systems. 

Speakers can be divided into two classes: 
mass controlled /cone or dome) and resistance 
controlled /horn loaded). Below a frequency 
fo, defined as having a half- wavelength equal 
to the effective diameter of the radiator, both 
the on-axis frequency response and the power 
response (my term for total acoustic radiated 
energy) tend to track one another. Above fo, 
the on-axis response of a mass controlled 
radiator tends to remain constant, and the 
power response rolls off /at about 6dB/oc-
tave). The resistance controlled radiator tends 
to maintain a constant power response and 
a rising on-axis response. In both classes, 
these characteristics result from the narrow¬ 
ing of the dispersion pattern. Fig. la depicts 
this information for a speaker with a fo of 
7kHz. 

We know both the axial frequency response 
and power response can be measured, but 

FIGURE 1a: Constant power response and rising on-
axis response for a speaker with t of 7kHz. 

FIGURE 2a: In this listening arrangement, you are 
closer to the speakers than to % of the reflecting 
surfaces. 

which measure correlates with the perceived 
frequency response? Consumer Reports, 
High Fidelity, Julian Hirsch, and Roy 
Allison, among others, place more weight on 
the power response characteristics. Richard 
Heyser, Siegfried Linkwitz, at times KEF, and 
quite a few others give more weight to the ax¬ 
ial frequency response. AR, in its most recent 
designs, attempts to narrow the dispersion of 
mass controlled drivers and to delay the re¬ 
mainder of the power response, which, in ef¬ 
fect, reduces the power response contribution 
to perceived response. Amar Bose attempts 
to reduce the axial response contribution to 

the perceived response (see note on 
groupings). 

Which school of thought is correct? All are, 
depending on the circumstances. Picture the 
listening arrangement in Fig. 2a. You are 
closer to the speakers than to two-thirds of 
the reflecting surfaces. This attenuates the 
level of sound from off-axis sources. In addi¬ 
tion, a longer air path delay occurs, moving 
much of the power response information out 
of the human "integration window." On the 
other hand, consider the more modest listen-

Continued on page 56 
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With much of the quality of your audio project depending on its con¬ 

trols, can you afford less than the best? The tactile interface between elec¬ 

tronics and listener should feel smooth yet solid. This aesthetic blend of 

quality sound and quality feel is engineered into a quality line of stereo 

potentiometers. Because of manufacturing and distribution volume re¬ 

quirements controls such as these have been difficult for the individual 

to obtain. Old Colony Sound Lab, through a special purchase, is able to 
offer the builder of quality audio equipment the finest in rotary 

controls—Alps. 

The VR-20KB is a stereo volume control without steps 
or detent. Its full resistance is 20kß per section, dual 

section. The taper is logarithmic (audio). Tracking er¬ 
ror is less than 1 5dB from 0 to -6OdB. The case is 

34 X 33-5 X 40mm The shaft is 14 " long, flatted and 

accepts standard ( 14 ") knobs. Full rotation is 315° ± 3° 
Mounting hardware is included with the control. 

Ppd. Each $27.00 

NEW 

The VR-25OKB is a dual 250k volume 
control with 41 detents. It is ideal for 
use in tube-type preamplifiers and 
especially for all Dynaco PAS pre¬ 
amps. Its two sections are matched 
within ± 2dB from 0 to 70dB assur¬ 
ing excellent tracking. (The taper is 
identical to the one shown for the 
VR-20KB.) Size: body 25 x 25-3 x 
27mm (HxWxD) (lugs project 5mm 
above Ht. measure). Shaft length is 
13mm beyond mtg. bushing. 300° 
shaft rotation ± 3 0, accepts standard 
'A knobs. Mounting hardware in¬ 
cluded. Ppd. Each S27.OO 

The VR100KB is a stereo volume control. It has 

logarithmic taper, lOOkiî, with 41 detents. Tracking 

error is less than 2dB from 0 to - 70dB. Case size is 

25 x 25 3 x 27mm HDW. Shaft length is 'A " beyond 
mounting bushing. Full shaft rotation is 300° ± 3° This 
control accepts standard 'A " knobs. Mounting hard¬ 
ware is included. (Same taper as VR20KB) 

Ppd Each $27.00 

NOTE A«»<si*nc« cn*/*ctt"»i< o' ci*«e N ■» ptoneo 
«»in r«w«ci io iwm^i'J' 

The VR100KD is a stereo balance control. The sec¬ 

tions are M and N tapered. A single detent is provided 
at the center of the 300° ± 3° rotation. Tracking error 
is less than 2dB, from 0 to - 70dB. The case is 

25 x 25.3 x 27mm HDW The 'A " long shaft accepts 
standard knobs. Mounting hardware is included 

Ppd Each $27.00 

Old Colony Sound Lab PO Box 243A, Peterborough, New Hampshire 03458 
SI VISA/MC Telephone Orders: (603) 924-6371 * 
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Continued from page 54 

ing room in Fig. 3. Three-fourths of the re¬ 
flecting area is closer to you than to the 
speakers, so in level alone, the axial contribu¬ 
tion to the perceived response is greatly at¬ 
tenuated. In addition, a number of the air 
path delays are only marginally longer than 
the axial air path, and, therefore, fall within 
the human “integration window." 
I suspect that reviewers and designers 

whose perceived response correlates with their 
axial measurements have listening situations 
similar to Fig. 2a, while those whose per¬ 
ceived response correlates with their power 
measurements have listening situations 
similar to Fig. 3. 

By using a 3" distance, you have measured 
the on-axis output of the 2" x 6" and 2" x 5" 
piezo horns, while I have measured the power 
response of both speakers by using a 14' 
distance between the speaker and the sound 
level meters (SEM) This also places the SLM 
about 3' from the wall opposite the speakers. 
I implied, but did not state, in my original 
letter to SB that I am in the power response 
camp. Six of the seven listening rooms I have 
had in the past 19 years have been closely 
modeled after Fig. 3. 

FIGURE 3: Three-fourths of the reflecting area in 
this arrangement is closer to you than to the 
speaker. 

I am quite familiar with the original Radio 
Shack SLM. I have two of them. In Stereo 
Review (8/82), Julian Hirsch tested the 
original Radio Shack SLMs and published a 
response curve based on a comparison with 
his calibrated microphones. In Fig. 4, 1 have 
applied a correction, based on the Hirsch test, 
to your piezo tweeter test results. (I had to 
redraw your results because my graph paper 
had a different horizontal scale.) In Fig. 5, 
I have drawn theoretical on-axis curves for: 
a horn using a 2" driver and a low frequen¬ 
cy cutoff of 2kHz (i.e., the 2" x 6" horn); a 
horn using a 3A " driver with a 5kHz low fre¬ 
quency cutoff (i.e., the 2" x5" horn). When 

FIGURE 4: Mr. Smith's corrected test results based 
on the Hirsch test. 

I believe this data supports my conclusion 
that the 2" x 6" Motorola piezo horn is a 
viable tweeter for high fidelity use when you 
are in the reverberant listening area fFig. 3/ 
It also supports my view that the 2" x 5" and 
3W horn piezo tweeters (vising the small 
piezo driver) are not suitable for hi-fi 
applications. 

What if you wish to use the 2" x 6" tweeter 
and your listening room resembles Fig. 2a? 
I offer the following suggestions: 
• Make the room resemble Fig. 3. 
• Use the pre-amp tone controls to provide 
a gentle high frequency roll-off. 
• Design a frequency dependent acoustic 
lens that will steadily increase dispersion as 
the frequency rises, to compensate for the 
natural narrowing of dispersion above fo. This 
is my favorite approach, and likely the most 
elegant solution. 
• Suggestions 1-3 will improve the sound of 
the 2" x 6" piezo, but I don't think electrical 
notch filters will help. NOTE: Some of the 
people mentioned in paragraph four may take 
issue with my groupings, but they are based 
on my perceptions as formed over the past 
20 years. 

you overlay Fig. 5 on Fig. 4, you can see that 
the 2" x 6" tweeter has a broad (low QI peak 
of about 1.5dB centered at 6kHz, and a 
somewhat narrower (high Q) notch of about 
2.5dB centered at 9kHz. This is very good 
performance for real world speakers (a lot of 
highly touted speakers don't come close to this 
performance level). Doing the same analysis 
on the 2" x5" tweeter, we find a relatively 
high Q peak and notch situation, with a peak 
to trough level variation of a least 4.5dB. 

FIGURE 5: Theoretical on-axis curves. 

REFERENCES 
1. Augspurger, G.L., "Electrical vs. 

Acoustical Parameters in the Design of Loud¬ 
speaker Crossover Networks," Journal Audio 
Engineering Society, June 1971. 
2. Hirsch, J., "Equipment Test Reports", 

Stereo Review, August 1972. 
Continued on page 58 

Muses and Music 
Since the music moves you, the 
muse is almost surely able to do 
so as well—the writer's muse, 
that is. Put pen to paper or bet¬ 
ter yet, typewriter ribbon to pa¬ 
per with a clear, orderly account 
of your adventure in audio con¬ 
struction, or any related field of 
endeavor leading to good listen¬ 
ing. Send it along with a stamped 
return envelope. We pay mod¬ 
estly for articles, so write us 
about it and well answer 
promptly with suggestions and 
tell you whether or not we are 
interested. Some of our best ar¬ 
ticles come from people who 
have never before written for 
periodicals. And if your muse is 
as silent as a tomb, don't let that 
stop you. Write anyway and 
let's see what develops. We have 
a nice sheet of suggestions for 
authors which we will send to 
nearly anybody who asks for it. 
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KITS 
"“OLD COLONY 

Post Office Box 243 • Peterborough, NH 03458-0243 
ORDERING INFORMATION Prices, except as noted, are prepaid in the USA and 
insured. We prefer to ship via UPS, which requires a street address. If you cannot re¬ 
ceive UPS delivery, please include an extra $2 for insured service via Parcel Post. 
We cannot accept responsibility for safety or delivery of uninsured Parcel Post 
shipments. Orders under $10 please add $2 service charge. 

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

CROSSOVERS -
KC-4A: ELECTRONIC CROSSOVER, KIT A. [2:72] Single channel, 2-way. All 
parts including C-4 board and LF351 IC's. Choose frequency of 60,120, 240,480, 
Ik, 2k, 5k or 10k. Each $9.75 
KC-4B: ELECTRONIC CROSSOVER, KIT B. [2:72] Single channel, 3-way. All parts 
including C-4 board & LF351 IC's. Choose frequency of 60,120,240,480, Ik, 2k, 
5k or 10k. Each $12.75 
KK-6L: WALDRON TUBE CROSSOVER LOW PASS: Single channel, 18dB/oc-
tave, Butterworth, [3:79] includes 3-gang pot. Choose 1: 19-210; 43-465; 88-960; 
190-2100; 430-4650; 880-9600; 1900-21,000 Hz. Each $43.00 
KK-6H: WALDRON TUBE CROSSOVER HIGH PASS: Single channel, 18dB/oc-
tave, Butterworth, [3:79] includes 3-gang pot. Please specify 1 of the frequencies in 
KK- 6L. No other can be supplied. Each $45.00 
KK-6S: SWITCH OPTION. 6-pole, 5-pos. rotary switch, shorting, for up to 5 fre¬ 
quency choices per single channel. Each $8.00 

ordered with 2 kits above, Each $7.00 
KK-7: WALDRON TUBE CROSSOVER POWER SUPPLY. [3:79] Includes board, 
x-fmr, fuse, semiconductors, line cord, capacitors to power 4 tube x-over boards |8 
tubes), 1 stereo biamped circuit. Each $88.00 
SBK-A1 : L1NKWITZ CROSSOVER/FILTER. [SB 4:80] 3-way x-over/filter/delay. 
24dB/octave at 100Hz and 1.5kHz and 12dB/octave below 30Hz, with delayed 
woofer turn- on. Use the Sulzer supply KL-4 A wi th KL-4B or KL-4C. 

Per channel $64.00 Two channels $120.00 SBK Board only $14.00 
SBK-CIA: JUNG ELECTRONIC 2-WAY CROSSOVER. |SB 3:82] 30Hz filter with 
WJ-3 board & 4136 IC adapted as 1 channel x-over. Can be 6,12 or 18dB/octave. 
Choose frequency of 60,120,250,500, Ik, 2k, 5kor 10k. Each $24.75 

SBK-C1B: THREE WAY, SINGLE CHANNEL CROSSOVER. [SB 3:82] Contains 2 
each SBK-CIA. Choose high & low frequency. Each $49.70 

SBK-C1C: TWO CHANNEL, COMMON BASS CROSSOVER. [SB 3:82) Contains 
2each SBK-CIA. Choose 1 frequency. Each $49.70 

SBK-C2: BALLARD ACTIVE CROSSOVER. [SB 3,4:82] 3-way x-over with variable 
phase correction for precise alignment. Kit includes PC board (53/g x 9*/2"), preci¬ 
sion resistors, polystyrene & polypropylene caps. Requires ± 15V DC power 
supply—not included. Can use KL-4A with KL-4B or C. Two channel $134.00 

— FILTERS & SPEAKER SAVER — 
KF-6:30Hz RUMBLE FILTER. [4:75] 2 channel universal filter card, 1% metal film 
resistors and 5% capacitors for operation as 18dB/octave¡ 30Hz, OdB gain only. 

Each $19.75 
KH-2A: SPEAKER SAVER. [3:77] Turn on/off protection & fast opto-coupler cir¬ 
cuitry to prevent damage to your system. 4PDT relay & socket for 2 channels. 

Each $40.00 
KH-2B: OUTPUT FAULT OPTION. Additional board mounted components for 
speaker protection in case of amplifier failure. Each $6.75 
KH-2C: COMPLETE SPEAKER SAVER KIT. Includes KH-2A & KH-2B. 

Each $40.00 

KL-5 WILLIAMSON BANDPASS FILTER. [2:80] 2 channel, plug-in board and all 
parts for 24dB/octave 20Hz-15kHz with precision cap/resistor pairs. TL075 IC’s. 

Each $31.00 

- AIDS & TEST EQUIPMENT -
KH-7: GLOECKLER PRECISION 101 dB ATTENUATOR. |4:77] All switches, 1% 
metal film and 5% carbon film resistors to build prototype. Chassis, input/output 
jacks are not included. Each $55.00 
KL-3C: INVERSE RIAA NETWORK COMPLETE. [1:80] 1 KL-3R and 1 KL-3H 
with 1% polystyrene capacitors. Alternate 600 ohm or 900 ohm R2' /C2' com¬ 
ponents for 2 channels. Each $35.00 
KL-3R: INVERSE RIAA. [1:80] Resistor/capacitor package complete. Contains 
stereo R2'/C2'alternates. Each 25.00 
KL-3H: INVERSE RIAA HARDWARE. [1:80] Box, terminals, gold jacks, and all 
hardware in KL-3C. No resistors or caps. Each $13.50 
KJ-6: CAPACITOR CHECKER. [4:78] All switches, IC's, resistors, 414” D’Arson-
val meter, x-fmr and PC board to measure capacitance, leakage and insulation. 

Each $78.00 
KK-3: THE WARBLER OSCILLATOR. 11:79| Switches, IC’s, x-fmr and PC board 
for checking room response and speaker performance w/o anechoic chamber. 

Each $56.00 
KL-6: MASTEL TIMERLESS TONE BURST GENERATOR. [2:80] All parts with 
circuit board. No power supply. Each $19.00 

KM-1: CARLSTROM-MULLER SORCERER’S APPRENTICE [2:81 ] 4 boards and all 
parts for construction of the first half of a swept function generator with power 
supply. No knobs or chassis. Each $145.00 
KM-2: CARLSTROM-MULLER PAUL BUNYAN. [3:81] All parts except knobs, 
chassis, output connectors and wire. Includes 2 circuit boards and power supply. 

Each $85.00 
KM-3: CARLSTROM-MULLER SORCERER’S APPRENTICE/PAUL BUNYAN 
[2:81,3:81] All parts in KM-1 and KM-2. Each $225.00 
SBK-D2 WITTENBREDER AUDIO PULSE GENERATOR. [SB 2:83] All parts, 
board, pots, power cord, switches and power supply included. Each $70.00 

SBK-E4: MULLER PINK NOISE GENERATOR. [SB 4:84] AU parts, board, 1% MF 
resistors, capacitors, IC’s, and toggle switches included. No battery or enclosure. 

Each $27.50 

-SYSTEM ACCESSORIES-
KH-8: MORREY SUPER BUFFER. [4:77] AU parts, 1% metal film resistors, NE531 
IC's, and PC board for 2 channel output buffer. Each $16.00 
KJ-3: TV SOUND TAKEOFF. [2:78], Circuit board, vol. control, coUs, IC, co-ax 
cable (1 ft.) and all parts including power x-fmr. Each $21.50 
SBK-D1: NEWCOMB PEAK POWER INDICATOR. [SB 1:83] AU parts & board. No 
power supply required. Twofor$10.00 Each $6.00 
SBK-E2: NEWCOMB NEW PEAK POWER INDICATOR. [SB 2:84] AU parts & 
board, new multicolor bar graph display; red, green & yellow LED's for 1 channel. 
No power supply needed. Two for $17.00 Each $11.50 
KC-5: GLOECKLER 23 POSITION LEVEL CONTROL. [2:72| AU metal film 
resistors, shorting rotary switch & 2 boards for a 2 channel, 2dB per step attenuator. 
Choose 10k or 250k ohms. Each $36.75 
KR-1: GLOECKLER STEPUP MOVING COIL TRANSFORMER. |2:83| X-fmrs., 
Bud Box, gold connectors, & interconnect cable for stereo. Each $335.00 
KL-2: WHITE DYNAMIC RANGE & CLIPPING INDICATOR. [ 1:80] 1 channel, 
including board, with 12 indicators for preamp or x-over output indicators. Re¬ 
quires ± 15V power supply @ 63 mils. Single channel. Each $49.00 

Two channels. $95.00 Four channels. $180.00 
• KS-7: SCOTCHCAL® PANEL KIT. [2:84] One 10 x 12" sheet each of 4 types of 
pressure sensitive panel material (blk on aluminum, blk on transparent poly, blk 
on white poly, matte clear overlay), one pint of developer plus pads, and instruc¬ 
tions. Requires a simple frame and a light source: ultraviolet, photofloods or the 
sun, plus your own press-on lettering materials. Postpaid. Each $34.50 

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

What'S Included? Kits include all the parts needed to make a functioning circuit, such as circuit boards, semiconductors, resistors and ca¬ 
pacitors. Power supplies are not included in most cases. Unlike kits by Heath, Dyna and others, the enclosure, face plate, knobs, hookup wire, 
line cord, patch cords and similar parts are not included. Step by step instructions usually are not included, but the articles in Audio Amateur 
and Speaker Builder are helpful guides. Article reprints are included with the kits. Our aim is to get you started with the basic parts—some of 
which are often difficult to find—and let you have the satisfaction and pride of finishing vour unit in your own way. 



NEW FROM OLD COLONY 
KV-3 AUTO MUTE for Joe Curcio’s Daniel tube preamp (KT-1) [TAA 2/85] is now 
ready. A small circuit board, parts, and a tiny relay work to delay the sound out¬ 
put from the Curcio preamp for 45 seconds. All the turn-on transients have time 
to come and go in this period and the unit has stabilized. (See TAA 1/86 p. 36 for 
design details.) 
The unit is good insurance for protecting power amps, speaker drivers and your 

nerves. Unlike solid state preamps which may be left on continuously without ill 
effects, tube preamps should be turned off when not in use due to the finite tube 
life. Powered by the preamp’s supply, this unit may also be used to delay any low 
level stereo signal from any preamp where 15-20V DC is available. 

Board only (IMi X 2" |V-3]. each ®500
Kit and Board (KV-3).each $15.00 
• ••••••••••••••• 

OLD COLONY SOUND LAB 
P.O. Box 243 

Peterborough NH 03458-0243 
Phone Orders MC/Visa only: (603) 924-6371 

Send_ KV-3 Kits @ $15 each.. 
Send_V-3 Circuit Boards @ $5 each.. 

Total.. 
I enclose □ Check / Money Order □ for $-
Charge to my Q MC / Visa Q card 

CARD NUMBER EXPIRE 

ÑAMÉ 

STREET S NO. 

CITY STATE ZIP 

CRAMOLIN 
How many times have you “fixed” equipment by rocking a printed circuit 
card in its edge connector? Have you ever taken an eraser to gold plating? 
These methods don't get at the heart of the oxide contamination problem. 
CRAMOLIN does. CRAMOLIN is a product carefully formulated to insure 
good and lasting electrical contact in electronic equipment of all types. 
CRAMOLIN pays for itself in reduced down time. It takes very little 
CRAMOLIN to protect every wiping contact even in a large system. If you’ve 
ever spent hours tracking down an open ground in a connector CRAMOLIN 
belongs in your toolbox. The kit comes with instructions for use, two two-
dram containers (red for old contacts and blue for new contacts), applicator 
brush and lint free cloth. Each $18-00 
Postpaid USA. Canada add $1.50 postage and $.50 for each additional item. Foreign add 
$3.00 and $1.00 for each additional item. Please remit in US funds. 

Discount: $25-$75 =10% 
$75 and up =15% 

Cramolin Kits. Payment by:MC □ □ VISA Check □ n M.O. Please send me 

Name 

Street & No. 

City 

Card # 

Expires 

J. 
J_ 

OLD COLONY SOUND LAB 
P.O. Box 243, Peterborough, NH 03458-0243 

Visa/MC Telephone Orders: 
(603) 924-6371 

J_ I. 

State Zip 

SB Mailbox 
Continued from page 56 

EXPERIMENTING 
WITH AUDAX 

I have done some experimenting with the 
Audax AM 78 GSM (nearly identical to the 
Audax HIF 78 BiSM) 3" full-range driver 
that I mentioned in “Tools Tips, and 
Techniques" (SB 2/86). When mounted in 
a narrow cabinet, this driver sounds as 
though it has a drop in its response below 
1000Hz. This is possibly due to "diffraction 
loss” (see Joe D'Appolito's discussion in SB 
4/84). 

I have come up with a simple and flexi¬ 
ble passive correction network (Fig. 1). To 

• Try 5300ft. for larger speakers. 

•• Replace with lOkft audio taper potentiometer 

for added flexibility. 

avoid loading problems, the network is 
designed for use in a tape loop, or between 
pre and power amps. It should also prove 
useful with other "forward"-sounding 
speakers. (Martin Colloms used a similar 
network in his July 1985 Hi-Fi News & 
Record Review construction project.) 

Ralph Gonzalez 
Philadelphia, PA 19143 

YOUR MAGIC NUMBER 
HELPS US ANSWER FASTER 

Do you want quick service 
on orders and subscrip¬ 
tion requests? If so, make 
sure you use your “mag¬ 
ic number” when corre¬ 
sponding with us. This 
number, which appears in 
the upper left corner of 
your mailing label, is your 
key to a speedy reply. 
Use it to help us serve you 
better. 
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SPEAKER 
BUILDER 
BINDERS 
& BOXES 

Rich blue, heavy vinyl binders im¬ 
printed in white with Speaker 

Builder's logo. Spaces for twelve issues 
on loose wires will store your valuable 
Speaker Builder data in a readily ac¬ 

cessible format. 
Each $7.00 

Two binders, ea. 6.50 
Three or more, ea. 6.00 

Postpaid in USA. Outside USA please add $2. 
per binder for shipping. Canada must add $4. 

for one and $2. for each additional binder. 

Boxes: Library quality boxes. 41/4x91/4x12" 
high, bright orange printed, folding cor¬ 
rugated boxes with handle/label holder to 
identify contents. Holds three years of 
Speaker Builder or other valuable magazines 
in your technical library. Each order supplied 
with preprinted labels for Speaker Builder 
and Audio Amateur. 
Two for $7.00 
Four for $10.50. 
Postpaid in USA. Outside USA please add 25% for ship¬ 
ping. Canada must add $5. for each set of two boxes 
and $1. for each additional set of two. 

ORDER BLANK 
Speaker Builder 
PO BOX 494, Peterborough NH 05458-0494 

Send_binder(s) @$_ ea. 
Send_boxes for $_ea. 
Total $_ncheck; nM.o.; nivicard; avisa 

Charge card no._ 
Charge card expiration date_ 
Signature_ 
Name_ 
Street & No._ 
T own_st_Zip_ 



Classified Advertising 

TRADE 
FALCON ACOUSTICS is one of the largest in¬ 
dependent manufacturers of crossover networks 
and speaker system accessories in the UK, sup¬ 
plying manufacturers, retailers and export. We 
have outlets in both the USA and Canada. Your 
guarantee is the trust our manufacturing 
customers put in the quality and reliability of our 
networks. Inductors: Ferrite (upto200W), air¬ 
cored and transformer; Capacitors: Reversible 
electrolytic 50V/100V, polyester, polycarbonate 
and polypropylene; Networks: choice of over 
70 for different unit combinations: Components 
& Accessories: most except for the wood! If 
you have supply problems, please send for 
details, $2 air, $1 surface, to our mail order retail 
outlet FALCON ELECTRONICS Tabor 
House, Norwich Rd., Mulbarton, Norfolk? 
England NR14 8JT. TTF 

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

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

SIDEREALKAP. Not just another generic 
capacitor with a wonderful name, the Sidereal-
kap was designed from its inception to be the 
finest sounding capacitor available for audio to¬ 
day. Find out what the music lover’s capacitor 
doesn’t sound like. Free literature and price in¬ 
formation upon request. Dealer inquiries invited. 
SIDEREAL AKUSTIC 1969 Outrigger Way, 
Oceanside, CA 92054, (619) 722-7707. T3/86 

ALPHA ELECTRONICS active crossovers: 
24dB/octave, amplitude, phase correct. Two 
through six way, perfect for subwoofers. Boards, 
$39.95; kits, $97.50; complete systems, $199. 
ALPHA ELECTRONICS Box 15026, Detroit, 
Ml 48215. T4/86 

Madisound 
Speaker 
Components 

8982 Table Bluff Road 
Box 4283 
Madison. Wisconsin 53711 
(608) 767 2673 

Audax, Dynaudio, KEF, 
Philips Loudspeakers 

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

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

< claims of either the buyer or the seller. 

(616) 776-1262 

CLUBS 

THE INLAND AUDIO SOCIETY IN THE SAN 
BERNADINO-RIVERSIDE AREAS, recently 
formed, is now inviting audiophiles in the San 
Diego, Los Angeles and Orange Counties to join 
us. Our goal is to share common interests, ideas, 
construction points, modifications and system 
changes, and other members' equipment at 
every meeting. Plans for the future are to invite 
audio luminaries to lecture, and to incorporate 
and include "live” music occassionally. We are 
presently meeting every 5-6 weeks (subject to 
change). Audiophiles interested contact Frank 
Manrique, President, IAS, 1219 Fulbright Ave., 
Redlands, CA 92373, (714) 793-9209. 

Space in this section is available to audio 
clubs and societies everywhere free of 
charge to aid the work of the organization. 
Copy must be provided by a designated 
officer of the club or society who will be 
responsible for keeping It current. Send 
notices to Audio Clubs In care of the 
magazine. 

MEMPHIS AREA AUDIOPHILE SOCIETY 
being formed. Serious audiophiles contact J.J. 
McBride, 8182 Wind Valley Cove, Memphis, TN 
38115, (901) 756-6831. 

ULTRA HIGH-END speaker systems using the 
best drivers from Europe: Dynaudio, VIFA, Siare, 
Audax, M.B....L0W prices on kits or fully 
assembled systems for home—car—truck. Save 
$$. For free info-pak write DNL SOUND CO., 
10 Bellam Blvd., San Rafael, CA 94901. 

T3/86 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

DYNAUDIO MOREL FOCAL ECLIPSE 
3275 Gladiola S.W • Wyoming, Michigan • 49509 
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AUDIOPHILES IN CENTRAL PENNSYL¬ 
VANIA (also eastern Pennsylvania and 
Delaware): Interested in forming a serious audio 
organization? Contact Steve Gray, 625F Willow 
St., Highspire, PA 17034 or phone (717) 
939-4815. 

SOUTHEASTERN MICHIGAN WOOFER 
AND TWEETER MARCHING SOCIETY 
(SMWTMS). Detroit area audio construction club. 
Meetings every two months featuring serious lec¬ 
tures, design analyses, digital audio, AB listen¬ 
ing tests, equipment clinics, recording studio 
visits, annual picnic and audio fun. The club jour¬ 
nal is LC, The SMWTMS Network. Correspond¬ 
ing member's subscription available. Call (313) 
477-6502 (days) or write David Carlstrom, 
SMWTMS, PO Box 1464, Berkley, Ml 
48072-0464. 

Contact: Bill Boswell (305) 678-3724 
P.O. Box 491, Orlando, FL 32802 

CENTRAL FLORIDA AUDIO SOCIETY 
meets monthly in Orlan¬ 

do. Come and meet 
others who share 

¡ your interest in 
music reproduction 

as we audition equip¬ 
ment and recordings or 

discuss audio related topics. 

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

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

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

ORGAN MUSIC ENTHUSIASTS: If live re¬ 
cordings of fine theatre pipe organs or electronic 
organs are your thing, I have over two thousand 
of them. I lend you the music on reels or casset¬ 
tes. All operation is via the mail. A refundable 
dollar will get you more information. E.A. Rawl¬ 
ings, 5411 Bocage St., Montreal, Canada H4J 
1A2. 

THE COLORADO AUDIO SOCIETY is a 
group of audio enthusiasts dedicated to the pur¬ 
suit of music and audiophile arts in the Rocky 
Mountain region. We offer a comprehensive an¬ 
nual journal, five bimonthly newsletters, plus par¬ 
ticipation in meetings and lectures. For more in¬ 
formation, send SASE to: CAS, 4506 Osceola 
St., Denver, CO 80212, or call Art Tedeschi, 
(303) 477-5223. 

THE VANCOUVER AUDIO SOCIETY pub 
lishes a bimonthly newsletter with technical in¬ 
formation, humor and items of interest to those 
who share our disease. We have 40 members 
and meet monthly. Six newsletters per year. Call 
(604) 299-4623 or write Dan Fraser, VAS, Box 
4265, Vancouver, BC, Canada V6B 3Z7. We 
would like to be on your mailing list. 

WASHINGTON AREA AUDIO SOCIETY (N 
VA, DC and MD) is looking for sincere 
audiophiles who are eager to devote their time 
and get involved with the direction of the socie¬ 
ty and the publication of a monthly newsletter. 
Please write: Horace J. Vignale, 5434 Taney 
Ave., Alexandria, VA 22304-2002. 

MINNESOTA AUDIO SOCIETY. Monthly pro 
grams, newsletter, special events include tours 
and annual equipment sales. Write Audio Soci¬ 
ety of Minnesota, PC Box 32293, Fridley, MN 
55432. 

FOR SALE 
Superphon, gray faceplate, upgraded with fac¬ 
tory mods, great sound, $190; Hafler DH-101, 
unmodified, mint condition, low hours, perfect 
for Musical Concepts mod, $80; Hafler DH-101 
with Musical Concepts Supermod IHN and LIPS, 
$170. Plus shipping. Rick Kuroda, 112 S. School 
St., #410, Honolulu, HI 96813. 

Acoustat Model 3 with latest Medallion upgrades, 
excellent, $1200; Ruby moving-coil cartridge, 
mint, unmounted, $100; Acoustat RP2a preamp, 
excellent, $350; SME Series 3 tonearm, $100; 
Denon DP2000 turntable, mounted in Denon 
heavy-duty base, excellent, $300. George 
Sawdy, 9 Long Boot Rd., Bourne, MA 02532. 

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

DBP-6 PHONO EQUALIZATION KIT.$36.95 
Allows adjusting the input capacitance of the phono input of every preamp 

and receiver with low loss Polystyrene Capacitors. 

DBP-6MC RESISTIVE LOADING KIT.$36.95 
Allows adjusting load resistance from 10 to 200 Ohms for moving coil car¬ 

tridges. Gold plated phono plugs in both kits. 

DBP-9AU BANANA PLUGS Eight gold plated, solderless. $16.50 

DBP-9H BANANA HANDLES Four red, four black. $5.50 

DBP-9P GOLD PLATED DUAL BANANA PLUGS 2 pk.. $17.95 

DBP-9J GOLD PLATED DUAL BANANA JACKS 2 pk.. $17.95 

DBP-10 PHONO ALIGNMENT PROTRACTOR.24.95 
Allows adjusting the lateral tracking error of a mounted cartndge to within 

14 of one degree. Non-technical instructions & case included. 

DBP-12 AUDIO CABLE 10 meter (33 ft.).$70.00 
Low capacitance (400pF) stereo interconnect cable, terminated with rugged 

gold plated phono connectors. Custom lengths available. 

DBP-12X AUDIO CABLE 10 meter (33 ft.).$95.00 
As above, but terminated with premium DBP-13PX plugs. 

DBP-13J GOLD PLATED PHONO JACKS (V.-) 8 pk.$14.95 

DBP-13JR GOLD PLATED PHONO JACKS (Vf) 8 pk $21.95 

DBP-13P GOLD PLATED PHONO PLUGS 8 pk.$9.95 

DBP-13PM GOLD PLATED PHONO PLUGS, 4 red, 4 blk. $21.95 

DBP-13PX GOLD PLATED PHONO PLUGS 2 pk.$14.95 

DBP-14 GOLD PLATED SPADE LUGS 8 pk.$5.95 
DBP-15 GOLD PLATED “Y” ADAPTORS 2 pk.$12.95 

DBP-16 12dB INPUT ATTENUATORS.$12.95 

DBP-CK CRAMOLIN AUDIO KIT contact treatment. $17.50 

DBP-SC SOUTHER RECORD CLAMP.$10.00 

ELECTRONIC CROSSOVERS.. .6,12.18, 24dB.Inquire 

At your dealer or direct. Orders under $45, add $2.50 Handling. 
MC/VISA 

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

About Your Personal 

Classifieds . . . 
An increasing number of readers are 

telephoning for information about their 
personal classified ads. Ads are filed 
as received, set in type late in the mag¬ 
azine production cycle, and put on 
page approximately one month before 
the magazine is mailed. Delivery of the 
mailed magazine can take from four 
days to three weeks. 

Personal classified ad copy that is 
included in one issue is discarded 
when it goes on the page, and a new 
file for the next issue is begun. Ads ar¬ 
riving after the issue closes will be run 
in the next issue. 

We strongly suggest that you keep a 
carbon or photo copy of your ad. We 
ask your cooperation in following 
these rules so that we can give you the 
best possible service. 
1. All “For Sale” ads must be 
personal sales and not for profit. 
Ads for resale at a profit must be 
submitted as “Trade" ads at 
55c per word, prepaid. 
2. Ads are limited to one per is¬ 
sue, 50 words or less. A word is 
any collection of letters or num¬ 
bers with a space on both sides 
of it. Words over 50 must be 
prepaid at 20c per word. Longer 
ads not prepaid will be discarded 
and not published. 
3. Ads cannot be returned. We 
will make every effort to substi¬ 
tute a revised ad for an earlier 
submission if both are clearly la¬ 
beled with the same name and 
address at the top of the sheets. 
4. Copy for ads or corrections 
to ads will not be taken by tele¬ 
phone. We cannot answer tele¬ 
phone queries about whether or 
not an ad is in a particular issue. 
5. Ad copy should be clearly 
printed in block capitals or 
typed. Illegible ads will be dis¬ 
carded. 
6. If you include only your name 
and a telephone number in your 
ad, your full name, street ad¬ 
dress, city, state and zip must 
accompany the copy. 
7. Personal ads are a free ser¬ 
vice to current subscribers. It 
will help us a lot if you include 
your subscriber number (upper 
left corner of your mailing label) 
with your ad 
8 If you want an acknowledg¬ 
ment of your ad, including in 
which issue it will appear, please 
include a stamped, self-ad-
dressed postcard with your ad 

I copy-_ 
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Classified Advertising 
Warbler oscillator for checking speaker perfor¬ 
mance (Audio Amateur 1/79, p. 22), Old Colony 
KK-3 kit with reprint (unassembled), $30. Free 
shipping in USA. Robert Agee, 241 E. Fiesta 
Green, Port Hueneme, CA 93041, (805) 
984-6859 after 5 p.m. 

RTR 25" subwoofer drivers, 6" voice coil, 11 Hz 
free-air resonance, two matched units available 
for $1600 or $875 each. Technical help free for 
cabinet design. Mike Klasco, 39 Menlo Place, 
Berkeley, CA 94707, (415) 528-1277. 

One pair Richard Allen HP10B Bextrene 10" 
woofers. Measured specs include Fs = 21Hz, 
Qt = .41, Vas = 9.8', mm = 21gr; manufacturer 
specs include a BL of 20.27, unused, $75 in¬ 
cluding shipping. Bill Stockler, 2201 King St., 
Bellingham, WA 98225, (206) 671-3039 
evenings. 

JBL stage speakers; 15" E-145s in A7 type 
enclosures, 12" E-120s in Ramsdell Audio 
midrange horns; 2370 horns with 2425H drivers. 
Complete with EV Tapco cp-x stereo crossover. 
Speakers used only twice. $1500 plus shipping. 
Gary Bowling, (713) 795-2085. 

Electrostatic custom full-range speakers, $400 
(pickup); three pairs Strathearn speakers, $500 
(pickup); American Scientific model 910 real-time 
audio analyzer, $150; Heath model AD-1702 
crossover, $135; Stax CPY/ECP-1 cartridge 
system, $125; Denon 103D (low hours), $50. Bill 
Meked, (707) 422-2537. 

Pair Pyle 15" woofers, #W-15C 700F, $50 both; 
MXR Compander Noise Reduction System, $50, 
(expands dynamic range of tape to 90dB). All 
items in perfect working order. Includes UPS 
shipping cost. For information or order, Bob Fon¬ 
taine, PO Box 158, Marco Island, FL 33937. 

Marantz, McIntosh tube amps, Garrand 301, old 
speaker systems, raw units from Jensen, Tan¬ 
noy, Altec, JBL, Trusonic, Western Electric. 
David Yo, PO Box 832, Monterey Park, CA 
91754, (818) 576-2642. 

JBL LE-5 midranges, $45/pair or best offer. JBL 
077 horn tweeter, domestic version of 2405 pro¬ 
fessional tweeter used in two JBL monitors, 4345 
and 4355. Huge, shielded alnico magnet, 
6-22.5kHz, leaf country, $75 pair. G. Helman, 
(718) 858-1587. 

NAD 3150, $250; 2150, $165; dbx 2BX, $95. 
Dan Antle, Box 2092, Vernon, TX 76384, (817) 
552-2021. 

Four Strathearn ribbons, modified to SB 3/85, 
$300 without transformers. John Vercelli, (415) 
558-0254. 

Two Panasonic EAS 400 Leaf tweeters, $40 pair; 
Pair Audax 13PR7 61/z" midrange, $40 pair; 
Audax Professional Bullet tweeters, new/unused, 
lists for over $100 each—$60 pair. Don Prock, 
PO Box 3698, Rubidoux, CA 92509, (714) 
683-1677. 

Heathkit IG-5218 sine/square wave audio 
generator with manual, excellent condition, $50. 
Matthew, (312) 260-1628 or 543-6444. 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

NEW DESIGN! MODEL 120 
NOW AVAILABLE 

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

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

Also available. 500 Series filters, plug-in 
filters, regulated power supplies. 

Free catalog and price sheet 

Eng. Lab. 
11828 Jefferson Bl. Culver City, CA 90230 
k PHONE (213) 397 9668 À 

3D Acoustics three-piece satellite/subwoofer 
system, excellent shape, walnut veneer finish, 
original cartons, $220 plus freight. Rafael Lopez, 
3340 NW 4th St., Miami, FL 33125, (305) 633-
4237 days. 

Grace 747 tonearm with extra headshell and 
new damping reservoir, $100; Hafler DH-101 
preamp, $100; Klipsch Heresys black, seldom 
used, $500. Mark Williams, (717) 888-3220 
evenings. 

SWTPC 2AS-A ambience synthesizer, stereo 
bucket brigade delay, good working condition, 
$55; Hewlett-Packard dual trace 50MHz 
oscilloscope, works fine except trigger circuits 
need alignment, $155. Both items complete with 
manuals and schematics. Joe Blackburn, 4000 
Kensington Ave., Richmond, VA 23221, (804) 
358-2490. 

Marantz 7T stereo console preamp, classic 
model in near mint condition with both walnut 
case and accessory handles, $170; Onkyo 
DX-300 compact disk player, $250. Tom 
Krehbiel, Box 109, Buffalo, NY 14215, (716) 
838-5348. 

Heil air-motion transformers. Private collection, 
great Heils, disco horns, power rings, perfor¬ 
mance, classics, tempests, more. Some in 
original factory sealed boxes. Spare diagrams 
available, $25-$175 each. ReVox A77MIV four-
track, 33/4-7’/z ips, 150 hours, NABs, manual, 
original box, stainless faceplate, new condition, 
$600/trade. Richard Paul Paino, 9536 Bullion 
Way, Orangevale, CA 95662, (916) 988-0673. 

Linn Ittok, $295; Tek 547 scope, $285 (pickup); 
University 312 12" two-way speaker, $40; RH 
1200Hz horns (no drivers), $50/pair; Proton car 
amp and separate electronic crossover, $200. 
Steve Hluchan, (203) 397-4965 (6-10 EST). 

SME Series 2 improved arm, non-detachable, 
$49; Audio Amateur back issues, $6/year; Audax 
HD13D37, Dynaudio D52AF, D21AF, Peerless 
KJ20DMR, Becker 12" poly woofer, 40 oz. 
magnet, Electro-Voice 5P12, SP12B. All best of¬ 
fer. Stephen Fritz, 950 W Chestnut, Apt. D, Lom¬ 
poc, CA 93436. 

WANTED 
JBL 8" speakers perfer LE-8 series; Mac 22S 
tube cartridges. Steve Hluchon, (203) 397-4965 
(6-10 EST). 

One pair Strathearn ribbon loudspeakers in new 
condition. Andy Catanzaro, 3516 Menomonee 
River Pkwy., Wauwatosa, Wl 53222, (414) 
466-4863 after 8 p.m. 

Radio Systems PW-200 power amp or amplifier 
modules. Fred Masters, 1622 Goldbach Ave., 
Bohemia, NY 11716 (516) 589-4260. 

Good, used Hafler DH-220 or DH-500 amplifier. 
Assembled kits ok, if well constructed. Will con¬ 
sider DH-200 if price and condition are right. 
William D. Payne, 115 Skyline Pkwy., Athens, 
GA 30606, (404) 546-3187, 8:15-4:30, M-F EST. 

Decca ribbon tweeters. C. Zatterlow, 12711 NE 
7th PL, Vancouver, WA 98684. Call collect (206) 
254-4719 weekends only. 

SUB INFO PHONE 
9-4 M-F EDT 

ONLY 
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A Wealth of Useful Construction Information 
is Available in These Back Issues 

_1980_ 
Realism Testing • Ambience Reproduction • Upgrade 
Mods for Small, Cheap Speakers • Diffraction and 
Cabinet Shape • Speaker Cables: Measurable and 
Audible Differences • A Three Enclosure System with 
Active Crossover and Delay (in 3 parts) • Electrostatic 
Speaker Construction Project (in 3 parts) • Double 
Chamber Enclosure: Deep Bass from an 8" 
Woofer • Corner Midrange Horn • Thiele, Small and 
Vented Speaker Design: Part I • 

_ 1981 
A Testing Unit for Speaker Parameters • Variable-
Volume Enclosure • Thiele/Small Theory (in 3 
parts) • Easy to Make Enclosure Using Concrete 
Blocks • The Tractrix Horn: Good Dispersion Bass 
From an Old Design • Diffuser Port for Small 
Boxes • Mini-Speaker Made From PVC Tubes • 
Closed vs. Vented Box Efficiency • Interview with 
P.G.A.H. Voigt • Dual 8" Symmetrical Air Friction 
Enclosure • Thiele/Small Calculator Computa¬ 
tions • Thiele/Small Parameters for Passive 
Radiators • 

1984 
Build an Aligned Satellite/Woofer System • BOXRE¬ 
SPONSE: A Program to Calculate Thiele/Small 
Parameters • Casting with Resins • A Phase 
Meter • An Interview with Ted Jordan • Building the 
Jordan-5 System • Self-Powered Peak Power In¬ 
dicator • Closed Box Design Trade-offs • How to 
Build Ribbon Tweeters • Build a Dual Measurement 
Impedance Meter • A High-Power Satellite Speaker 
System • Build and Use a White/Pink Generator • 
Sound Pressure Level Nomographs • 

1982 
Transmission Line Theory • Thiele/Small Sixth Order 
Alignments • The Quad 63 • Table Saw Basics • 
AR-1 Modifications • Active Crossovers and 
Phase • Three Transmission Line Speakers • A Begin¬ 
ner's First Speaker • How Passive Networks Interact 
with Drivers • Horn Loaded Heil • Phase Correcting 
Active Crossover • Wind Your Own Induc¬ 
tors • Series and Parallel Networks • High Perfor¬ 
mance Corner Speaker • Using Zobels to Compensate 
for Driver Characteristics • 

1983 
Building the Two-Way Dynaudio • A Crossover That 
Offsets Speaker Impedance • Using a Calculator for 
Box Design • Choosing a Calculator • A Simple Peak 
Power Indicator • A Small Horn Speaker • Audio 
Pulse Generator • How to Use Speaker Pads and 
Level Controls • An Easy-to-Build Voltmeter for 
Speaker Measuring • Nomograms for Easy Design 
Calculations • Interview with KEF's Raymond 
Cooke • Build a Simple Wattmeter • A New Type of 
Speaker Driver • 

1985 
Compact Transmission Line Subwoofer • Bullock 
Crossovers, Passive and Active, three parts • Drive 
Attenuator, Computer-Designed • Curved Vertical 
Array • Sontek Powered Subwoofer • An Isobarik 
System • Modifying Strathearn's Ribbon • Ambience 
Systems • Experimental Transmission Line • Small 
Double-Chamber Reflex » Loose Walled Speak¬ 
er • Modifying the Daline • 

.BACK ISSUES ORDER FORM 
Please send: 
□ The 1985 series @ $12 
□ The 1984 series @ $10 
□ The 1983 series @ $10 
□ The 1982 series @ $10 
□ The 1981 series @ $10 
□ The 1980 series @ $10 

O Check enclosed 
Q Charge to my OMC E Visa 

Ppd. USA Outside USA add $4 for postage. UPS 
delivery add $2. Remit in US funds only. 

My Magic Number 

Name 

Street & No. 

Town State Zip 

Card #_Expires_ 
Signature___ 

Speaker BuilderMagazine PO Box 494, Peterborough, NH 03458-0494 usa 
(MC/Visa phone orders (603) 924-9464) 



McGee Radio w 
For over 50 years, McGee Radio has given the US 

people the very best buys in speaker systems. 

Over 50 years in business. 
Over 50 million speakers sold! 

BUILD YOUR OWN CABINETS AND SAVE BIG! 

New for 1986: Our REFERENCE LINE 
Instead of all the speaker verbage. we'll get right to the point. This Subwoofer 
Satellite System has been rated as outperforming systems with prices up to 
$2.300.00. For only $249.95 we will deliver to you anywhere in the continental 
United States with no extra costs (no shipping, no handling) the following system 
components: 

1 12" Dual Voice Coil, 8 OHM, 40 oz. Magnet Sub Woofer. 
2 6-1/2” Polypropylene Curve Linear Cones. Butyl Edge , 30 oz. Magnet, 

1.33" VC Mid-Bass. 
2 5-1/4" 10 oz. Deep Basket Mid-Range. 
2 1" 10 oz. Soft Dome Tweeters. 
2 12 dB (Second Order) Phase Coherent Crossovers, 150 Watts 
1 Dual Input Subwoofer Crossover. 

ALL FOR $249.95 ! 

If for any reason, you don't like the system, send it back. 

TP165R TP165F TD205R TX255F TD255F TA305FSW 

Never say die! That was the feeling of 
several employees of the old Peerless 
factory in Leominster. Mass. Through 
determination and solid business 
planning, PLI (Precision Loudspeakers 
Inc.) was born. Headed by the Vice 
President of National Sales, Howard Jacks, 
and the Wizard of Production Control, Bob 
Clark, PLI purchased all of the original 
equipment used to make those quality 
American-made models listed here. 
McGee Radio is proud to offer these 
quality woofers to you at substantial 
savings. Call for quotes in case quantities. * Power rated in RMS undistorted music program material. 

Speaker: Size VC imp Mag ts O+S VAS Power' Eft Retail McGee 
(Cu.Ft) Price: Price: 

TP165F 6-1/2" 1.25 4&8 15oz. 53 .42 .55 80 89 27.95 15.95 
TP165R 6-1/2” 1.25 8 15oz. 33 .321 1.41 80 80 38 95 21.95 
TX205F 8" 1.25 4&8 20oz. 42 40 1.73 80 90.5 34.95 19.95 
TD205R 8" 1.5 8 27oz. 32 .326 2.12 100 90 47 95 26.95 
TX255F 10" 1.25 4&8 20oz. 28 527 4.31 100 88 40.95 22.95 
TD255F 10" 1.5 8 27oz. 23 .252 5.47 150 90 48 95 27.95 
TA305F 12" 2.0 8 38oz. 25 .306 6.64 200 89.5 54.95 30.95 
TA305FSW 12" 2.0 2-4 38oz. 21 .332 8.62 200 89 75.95 42.95 

49er SPECIAL! 
This speaker system normally retails at $399/Pair. System Frequency 49 to 20 KHz. 
Great with a 60 Watt Amplifier! The 49er System includes all of the following: 

1 #AD7066W8 6-1/2" Butyl Edge European Woofer, 16 oz. Magnet, 1" VC. 
1 #AD5061/SO 5" Closed Back Mid-Range, Chamber Dampened, 10 oz. Magnet, 1" VC. 
1 AAD0163/T 1” Polymer Dome, 10 oz. ABF Magnet. 1" Low Mass Voice Coil, 

Made in Europe. 
1 Crossover. 2nd Order, Phase Coherent, 150 Watt. 

ALL FOR ONLY $49.00 !!!! 

CABINET (WITH GRILL) AVAILABLE FOR $49.00 IN ADDITION TO THE SPEAKERS. 

WE CARRY THE COMPLETE LINE OF PYLE RAW DRIVERS. 

SALE PRICES GOOD THRU APRIL 15,1986 
McGee Radio. The FIRST in speakers. Send $2.00 for your McGee catalog. Not just a price list 

All pertinent data listed. $2.00 refunded on first order of $20.00 or more. 

1901 McGee Street Kann« City, Minou ri 64108-1891 PH. 816-842-5092 

TO PLACE VISA, MC, or AE CHARGE ORDERS CALL 1-800-34MC GEE (1-800-346-2433 ) 
FAST REPLY »HK44 




