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SB Mailbox 

CORRECTION 
While looking back at my Unline article 
(SB 4/88), I noticed an error in equation 
#4 on page 29. It should read: 

The factor of 0.5 was left out. In the 
worked example however, it was in¬ 
cluded. 

John Cockroft 
Mountain View, CA 94041 

relative to the filter input so all the conventional 
unity gain non-inverting filter equations apply. 
Returning to Fig. 1, first, for a desired boost of 

B dB compute the constant K, where 

K = 10B'2° 

Q - V (K! + K Vk¡TT1|/2 

Next, for the desired boost frequency, Fs, compute 
the filter cutoff frequency, Fc, where 

Fc = Fs V 1-1/2'Q2

ply to high-pass filters of any gain. Only the values 
RI and R2 are specific to the gain-of-two high-pass 
filter. 

An example at this point should help. We are cur¬ 
rently recommending 5dB of boost at 25Hz for the 
Swan IV bass modules when using the Eclipse 10" 
drivers. The required calculations look like this: 

K = 105,2° = 10° 25 = 1.778 

Q = >1 (1.7781 + 1.778 V 1.778! ~l|/2 - 1.700 

Fc = V 1 - l/(2'1.700!) = 0.909 * 25 = 22.7Hz 

Now let C be 0.1/xF or 10 -7F. Then 

Dl = O.SIQtt/Qts)2 Then compute the required filter Q, where 

HIGH-PASS FILTER 
I am at least halfway through my latest 
endeavor, a derivation of the Swan IV, 
and find a problem with the Pedal 
Coupler I built. Specifically, I want to use 
a smaller bass enclosure with my 12" 
driver in lieu of the original twin-driver 
bass cabinets. My problem is in modify¬ 
ing the equalizer (boost) circuit. 
My present Pedal Coupler is per the SB 

plans (4/88, p. 19) with the exception of 
having 12dB Linkwitz-Riley crossovers 
(as currently employed in factory Swan 
IVs). I would like to determine the equa¬ 
tions for modifying the equalizer Q and 
FP. 
I've searched through all my data 

books, and SB back issues, and can't find 
this "non-inverting high-pass filter with 
gain." 

Matthew Honnert 
Carol Stream, IL 60188 

Joe D'Appolito replies: 

The design equations for the non-inverting high-
pass filter with a gain of two (6dB) are shown below. 
The circuit {Fig. 1) should not be used for gains 
greater than two, since it uses positive feedback 
which may lead to instability for higher gains. 
Higher gains also make the circuit very sensitive 
to small errors in component values. It is very 
reliable at a gain of two and is useful where a little 
extra gain is needed. Capacitors should be 2% tol¬ 
erance and resistors 1% tolerance for best perfor¬ 
mance. If you require larger gains, use the circuit 
of Fig. 2. Feedback in this circuit is taken from 
the op amp inverting input which has a gain of - 1 

Note that Fc is always less than Fs. Pick a conve¬ 
nient capacitor value, C, and compute the 
resistance, R, using 

R = 0.1592/(Fc • C) 

Finally the resistor values, RI and R2 are computed 
using 

RI = R(1 + -J 1 + 8*QI)/(4’Q) 

and 

R2 = RVR1 

Note that the equations for K, Q, Fc, and C ap-

R = 0.1592/(10’ 7 • 22.73) = 70.04kQ 

and 

RI = 70.04(1 + Vl + 8 * 1.700J)/(4 • 1.700) = 60.9kQ 

and 

R2 = (70.03|¡/60.9 - 80.6kfl 

CONTOUR CIRCUIT 
Can the D-28 contour circuit be added to 
an active crossover? Falsely assume that 
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1 have operational capability from two 
Jung boards, the ability to modify an AC 
Richter Control, and the intelligence to 
put together assembled kits from Mar¬ 
chand, DeCoursey, or Ace, of course 
using a Sulzer regulated power supply. 

M. Thompson 
St. Catharines, ON 
L2T 1R4 Canada 

Joe D'Appolito replies: 

By the D-28 "contour circuit," I assume you mean 
the parallel RC circuit in series with the tweeter. 
The circuit function can, of course, be synthesized 
actively, but it is rather complex. The parallel RC 
network interacts with both the resistive and induc¬ 
tive portions of the tweeter impedance to provide 
a second-order lift which almost perfectly compen¬ 
sates for the D-28's high-frequency droop. It also 
compensates for the tweeter-to-tweeter variations. 

Frankly, I see no reason to redesign the satellite 
for active crossover use. The Swan IV satellite pas¬ 
sive crossover has been computer optimized, care¬ 
fully accounting for both driver response and im¬ 
pedance variations. Without the voltage transfer 
function curves you cannot begin to develop the 
proper active crossover. Even with these curves, 
the correct active crossovers will not be standard 
circuits. A hit or miss active crossover design may 
lead to poorer rather than better performance. 

OUT OF PHASE_ 
I recently built a seven-foot transmission 
line speaker system using two Dynaudio 
21W54 8" woofers and a D28af l"dome 
tweeter arranged in an MTM D'Appolito 
configuration. The system biamped and 
crossed over at 2,000Hz. The two woofers 
are wired in parallel which causes a 7dB 
SPL mismatch between the woofers and 
the tweeter. I am using a Marchand XM6 
active crossover, an Adcom GFA 555 am¬ 
plifier for the low end, and an Adcom 
GFA 535 for the high end. The Marchand 
crossover is capable of adjusting the level 
between the low and high outputs and 
can reverse the phase of the low output. 
I have an Audio Control "Ten Plus" 

warble tone equalizer-analyzer. I adjusted 
the high and low level controls on the 
crossover by getting equal readings at 
1,000 and 4,000Hz on the analyzer. The 
microphone was positioned on the 
tweeter axis, 30" in front. I noticed the 
2,000Hz analyzer reading was 6dB down. 
When I reversed the phase of the low out¬ 
put, the analyzer read IdB down. This in¬ 
dicates the woofers and tweeter are out 
of phase at the crossover frequency. 
First I checked my speaker wires for 

reversed hookup. This was OK. I con¬ 
tacted Marchand. He said his crossover 
is a fourth-order Linkwitz-Riley and the 
outputs are in phase at the crossover fre¬ 
quency. Adcom said both amps do not 

Continued on page 58 
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Another 
D’Appolito 
LOOK-ALIKE 

OR... 

“Perhaps the greatest challenge for any loudspeaker sys¬ 
tem designer is that of designing a good 2-way full range 
system. When Kimon Bellas asked me to design such a 
system for Focal America using my symmetric 3/2 
geometry and Focal’s new K2 Kevlar® Sandwich cone 
drivers and Kevlar® concave dome tweeters, I jumped at 
the chance. The compromises inherent in the 2-way for¬ 
mat make the resulting system a deeply personal state¬ 
ment of a designer’s philosophy and priorities in high 
quality sound reproduction. The classical compromise 
turns on the tradeoff between bass extension and mid¬ 
range definition and finding the right balance between 
them. In the end I produced two systems, making what 
I believe are definitive statements at each end of the 2-
way system spectrum. The first system, based on Focal's 
7" K2 dual voice coil mid-bass driver combines good bass 
extension to 40 Hz and below with excellent midrange defini¬ 
tion and high frequency extension in an elegant tower. The 
second, smaller system, based on Focal’s outstanding 5" 
K2 mid-bass driver, gives up the bottom two-thirds octave 
of bass for an uncanny midrange clarity together with a 
broader, more uniform polar response in this same range. 
The smaller system is also an ideal candidate for bass aug¬ 
mentation with a new bandpass subwoofer system I am cur¬ 
rently designing in collaboration with Kimon Bellas. Which¬ 
ever system you choose, I hope you will gain as much pleas¬ 
ure from building and listening to them as I had in design¬ 
ing them.” 

A FREE pamphlet on these two new kits, with complete data 
and measurements, plans for cabinets and X-overs, com¬ 
ponents source list (including specially made cabinets), is 
waiting for you: simply WRITE to: 

4 America, Inc. 
1531 Lookout Drive 
Agoura, CA 91301 U.S.A. 
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About This Issue 
The horn is loudspeaker technology's 
oldest enclosure format, yet it’s the 
least used in listeners' living rooms. 
With the exception of Klipsch and 
company, no manufacturer makes 
horns for homes. Contributing Editor 
Bruce Edgar is determined to 
change that if he can. His continuing 
search for the perfect, small horn for 
home use continues. Details of his 
bass unit, dubbed The Show Horn, 
begin on page 10. 
Fred Thompson chronicles his 

adventure with a small, simple sys¬ 
tem which many new readers have 
been asking for. For details on a 
good place to begin your own 
speaker odyssey, see page 24. Carl 
E. Richard, wanting a quick way to 
do Helmholtz resonator formulas, 
turned to that popular computer 
design tool, the spreadsheet. His 
discoveries are detailed on page 26. 

If your local public radio station 
needs studio monitors and the gift 
horse is a pair of venerable Klipsch 
Heresies, what do you do? Paul 
Stander achieved surprising results 
doing some basic upgrades (p. 28). 

Feelings about proper electrostatic 
hardware run deep. Roger Sanders 
and Barry Waldron, both devotees 
of the ESL, differ on what type of 
panel is best. Wisely, they decided to 
present both methodologies so you 
may choose for yourself. The fun 
begins on page 36. 
And don't miss Bob Bullock's 

software review (p. 49), two full 
pages of Tools, Tips & Techniques and 
Dick Pierce's advice on how to use 
an old driver (p. 54) as well as his 
usual acerbic comments in Pox 
Humana (p. 86). 
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Editorial 

Unhandy Heads 
One of our advertisers, the colorful Elliot Zalayet of Zalytron 
Industries, has been serving for some time as midwife attempt¬ 
ing to bring to these pages a wonderful story of a high school 
teacher's loudspeaker building course. A number of the 
author's more pressing concerns have kept the article from be¬ 
ing written up to now, but we're still trying. 

In one of New York City's many suburbs, a teacher offers 
a semester course in building a pair of loudspeakers. It fills 
quickly, and has overflowed regularly into two sessions. 
Although highly popular with the students, such student re¬ 
sponses are a problem. As Elliot points out, "In high school 
teaching, no good deed goes unpunished." 

If a course is successful, and students like it, can it really 
be academically respectable? Such is one guise the jealousy 
takes. No cooperation is available from the woodworking de¬ 
partment, of course, since speaker cabinetry is so much more 
complicated than broom holders or tie racks. And the elec¬ 
tronics are too simple for the technical arts teacher to become 
involved. 
On reading The New York Times' recent special section on 

science education Jan. 7, 1990) my thoughts inevitably wan¬ 
dered to Elliot's teacher friend. The lead article, by K.C. Cole 
and titled "Science Under Scrutiny," quotes the National 
Science Foundation's report on science education in the schools. 
In sum, the report shows that science education has been made 
tough, elitist, and a turnoff for the average student. 

It isn't that young kids don't like science, it's just that be¬ 
tween the fifth and eighth grades, their interest is destroyed. 
US fifth graders rank 8th among the industrialized nations in 
science, ninth graders rank 15th. 
To quote just one paragraph from the report: "What's hap¬ 

pening from grade school to grade school is the suffocation of 
curiosity under an avalanche of raw fact. Mary Budd Rowe, 
professor of science education at the University of Florida, 
estimates that more new terms are introduced in a typical high 
school biology text than in the first two years of foreign 
language.” 
The current demand among educators for achievement tests, 

combined with textbook publishers afraid their books will not 
be bought unless they include "everything," and the teacher's 
breathless race to "cover everything" the kids will need to 
know for good SAT grades, are all the evident reasons why 
science teaching fares so badly that we are seriously short of 
people trained in science. 

In some reports I see, 60% of the new science jobs in the 
US are going to nationals from other countries. And consider¬ 
ing the parlous state of US science education, the situation is 
unlikely to change very rapidly. One large company operations 
manager recently scoffed at IBM's offer of maintenance pro¬ 
grams for mainframe and minicomputers because he could not 
believe that even the giant computer maker could find enough 
good people to reliably deliver such service. 

Considering these facts it is little wonder we have lost our 
leadership role as the scientific innovators of the world. And 
unfortunately, we must couple that sad situation to another 
which has been a recurring theme, perhaps boringly so, of mine 
over the years. Far too many of our industries are being run 
by people who know nothing about science and precious lit¬ 
tle about how they manufacture the products they sell. 

When Peter Sprague, the quintessential bean counter, took 
control at Advent years ago, his chief qualification for the job 
was possessing enough money to cover the financial mistakes 
and misjudgments made by that technical and manufacturing 

wizard, Henry Kloss. The company quickly failed, simply 
because Sprague did not understand what made the company 
great. It now exists as part of a larger complex but its products 
are simply one more set of low end speakers competing for 
sales at your local shopping mall. Not the truly innovative, 
cleverly manufactured products Kloss designed and built. 
The same situation occurred when Tyco bought Dynaco and 

within four years dumped it for one twenty-fifth its purchase 
price to ESS who made a tax write-off of it. Business manage¬ 
ment in the US is being done by "lawyers, accountants or other 
financial types" to quote another article from the March 4, 1990 
edition of The New York Times. Happily, the article chronicles 
the discovery by Lewis Cullman, famed leveraged buyout art¬ 
ist, that when a company head knows something about 
manufacturing methods as well as about managing money, he 
or she is apt to dramatically increase the profitability and 
growth of the company. Amazing discovery, eh? Incredibly 
novel concept. 
Quoting some of the facts from the article, "According to 

Meyer Feldberg, Dean of the Columbia Business School, fewer 
than 4 percent of all college students in the United States will 
graduate this year with degrees in engineering, while about 
25 percent will earn business degrees." And those latter degrees 
will provide nothing in the way of genuine understanding of 
how things are made, or the basis of their quality. 
Mr. Cullman was so impressed by the effects of putting G. 

Thomas Hargrove in charge of one of his companies that he 
decided to do something about finding and helping to educate 
such people. Hargove took on a business that in 1980 was gross¬ 
ing $16 million a year in sales. Today revenues are at $120 
million annually. 
Cullman looked around for a place where aspiring managers 

could get a taste of such manufacturing know-how and by¬ 
passed big schools like Yale and Harvard whose business cur¬ 
ricula are almost totally "case method" and financial manage¬ 
ment oriented. In discussing his search for possible candidates 
Cullman said, "The people I see now running businesses are 
all steeped in finance. No one seems to have any manufactur¬ 
ing qualifications or ability to understand what goes on out 
on the floor of the plant." Finally, Mr. Cullman settled on en¬ 
dowing a $1 million chair in manufacturing management at 
the Krannert School of Management at Purdue University, in 
the middle of the "rust belt.” 

I remember clearly the excitement and enthusiasm I sensed 
in Henry Kloss as he proudly showed me an old photocopier 
he had modified to transfer circuit board patterns and a pro¬ 
totype cassette master recorder one of his MIT student¬ 
technicians was building. Henry not only conceived a new 
product idea, he seemed able to visualize the means of 
manufacturing and marketing it as well. His skills were, to 
some extent, doubtless bred in the bone. But his obvious 
pleasure in making things himself, with his own hands, was 
a vital element in his spectacular success at Acoustic Research, 
KLH, Advent and today, Cambridge Soundworks. I'm not sure 
Henry would like being professor of manufacturing techniques 
at Purdue, but he surely has the qualifications for a seat in 
their newly endowed chair. 

Perhaps the day is not far off when the industrial leaders 
of this country will rediscover the values of hands-on ex¬ 
perience. Every company with the wit to listen to those who 
do the work benefits spectacularly. If the top management is 
led by people who understand the hands-on experience, our 
economy will snap out of its present economic malaise.—E.T.D. 

8 Speaker Builder / 2/90 



SiîwiK' 

iGjNßt-

— -_ H.rn L 

FOR THE 
SOUND 
CONNOISSEUR 
Mobile Fidelity Sound Lab has been committed 
to the highest quality in sound reproduction in 
pre-recorded audio software since the introduc¬ 
tion of their audiophile half-speed mastered LP 
in 1978. Contrary to the conclusions of the 
music industry, the LP is not dead! Word from 
audiophiles, collectors, and turntable owners 
has strengthened Mobile Fidelity’s belief in the 
viability of the analog format 
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playback stylus more surface area from which 
to read the sonic information. Half-speed 
mastering also eliminates the need for limiting, 
and allows for greater frequency response. 
The lacquers are plated in Japan and the 
resulting LP’s are pressed on 120 grams of 
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THE SHOW HORN 
BY BRUCE EDGAR 
Contributing Editor 

Every speaker project has a stimulus. 
In this case, Speaker Builder and 

Madisound sponsored a room at the 1988 
Stereophile Show in Los Angeles. I saw 
this as an opportunity to display audio¬ 
phile horn technology to the public and 
the audio industry. However, one prob¬ 
lem existed: Although I had midrange and 
tweeter horns ready to use, I didn't have 
a suitable bass horn. Luckily, I had a 
paper design for a one-eighth-size 50Hz 
bass horn. Since the show was two 
months away, I was forced into a fast 
paced building program. Several friends 
helped build and finance the project, and 
we were able make the show deadline 
with some cushion. Thus, the Show Hom 
[Photo I) was built. 
Reactions to my system varied. I saw 

many jaws drop as people came into the 
room. A sample comment was, "I can't 
believe you would display a horn at the 
show." But it was gratifying to talk with 
many audiophiles/speaker builders who, 
after getting over their initial surprise, be¬ 
gan to show interest in the possibility of 
horns for their own systems. Some peo¬ 
ple were enthralled by the sound and 
kept returning. After three days, I was 
exhausted, but all the feedback from lis¬ 
teners stimulated me to do further re¬ 
search and design work. So for all those 
enthusiastic builders I met at the 1988 
Stereophile Show, I now give you the 
theory of how the Show Horn was de¬ 
signed and construction details so you 
can build it. 

INTRODUCTION. For a very old de¬ 
sign, the horn loudspeaker literature does 

ABOUT THE AUTHOR 
Dr. Bruce Edgar is a project engineer/scientist at 
a Los Angeles aerospace company. His interests 
include horn design, woodworking, and the history 
of loudspeakers. 

PHOTO 1: The Show Horn. 

not give the amateur any clear step-by-
step method of how to design a bass horn. 
In contrast, there have been a good many 
expositions on designing vented- and 
closed-box loudspeakers. Keele probably 
presented the first comprehensive and 
simplified design methodolgy for bass 
horns.1 He showed most horn design 
parameters could be calculated from the 
Thiele/Small parameters for the driver. 
Leach extended Keele's work by intro¬ 
ducing losses into the model.2 However, 
Leach's math formalism makes the paper 
very hard to follow. 

The principal problem in bass horn de¬ 
sign is maximizing the bandwidth re¬ 
sponse. Most ad-hoc horn designs yield 
efficiency but not always a smooth re¬ 
sponse over several octaves. For exam¬ 
ple, I designed a tractrix comer horn [SB 
2/83) which, while sounding good, did 
not achieve the design objective of a 
good response down to the flare fre¬ 
quency, 70Hz. Instead, the response died 
below 100Hz. After some thought and 
experimentation, I have concluded that 
the prime limitation on bass response is 
what acoustical designers call throat 
reactance. 

You can think of a horn as a trans¬ 
former which transforms the low imped¬ 
ance air load into a high impedance that 
a driver likes to see at the throat. At the 
flare frequency, the throat reactance 
peaks, whereas the throat resistance is 
zero and rises to its maximum value 
above the flare frequency [Fig. I). Theo¬ 
retically, a bass horn should give re¬ 
sponse down to the flare frequency, but 
the throat reactance will choke off any 
response near the flare frequency. 

FREQ 

FIGURE 1: Normalized acoustical throat im¬ 
pedance of an exponential horn. 

Over the years, Wente and Thuras at 
Bell Labs and Klipsch3 independently 
found you could cancel out the throat re¬ 
actance by using a sealed back chamber. 
This technique, which Plach4 termed 
"reactance annulling," allows for bass 
response right down to the flare fre¬ 
quency. Leach showed that, for a num¬ 
ber of exponential horn examples, reac¬ 
tance annulling does not occur at the 
flare but at a higher frequency.2 In a 
follow-up letter,5 Leach concluded that 
reactance annulling works best with the 
hyperbolic-exponential horn as discov¬ 
ered by Salmon (US Patent #2,338,262). 6 

And it is the difference between a horn 
with reactance annulling at the flare rate 
frequency and one without that spells 
the difference between superb and mar¬ 
ginal bass response. 
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Here, I present a simple comprehen¬ 
sive method of designing a hyperbolic-
exponential bass horn, combining the 
best of the Keele and Leach approaches. 
I have successfully applied it to a num¬ 
ber of driver and horn combinations. 
This approach, using the hyperbolic-ex¬ 
ponential horn contour, supersedes my 
earlier efforts using exponential and trac¬ 
trix horn contours. The latter make good 
midrange and tweeter horns but in my 
experience suffer near the flare cutoff 
due to throat reactance problems. 

DESIGN. The Edgar design method can 
be outlined as follows: 

1. Select a suitable driver. 
2. Measure driver Fs, QK, and VAS . 
3. Calculate the throat area (ST) and 

mass cutoff frequency (F^). 
4. Calculate a (Vas^bi Vb = back 

volume). 
5. Determine M (hyperbolic-exponen¬ 

tial horn parameter) and flare rate. 
6. Decide on wall or comer placement 

and specify mouth area. 
7. Calculate area expansion of the 

horn with linear distance. 
8. Work out folding geometry. 
9. Experimentally determine the back 

volume. 
10. Integrate bass horn response and 

FREQUENCY 

FIGURE 2: Throat resistance for hyperbolic-exponential horns. 

SPL sensitivity with the rest of the loud¬ 
speaker system. 

SUITABLE DRIVERS. Actually, driver 
selection is predicated on the lowest 
desired frequency. With the hyperbolic-
exponential horn, the flare rate is usu¬ 
ally set close to the driver resonant fre¬ 
quency, Fs, so driver selection and flare 
rate are somewhat tied together. The old 
myth that you can take any bass horn 
design for a 12" speaker, stick in any 
good looking 12" driver, and expect good 
results is simply not true. I don't mean 
you shouldn't try other drivers; some¬ 
times through serendipity you find com¬ 
binations that work unexpectedly well. 
For bass horns, we require drivers 

with relatively high Fs (40-80Hz) and a 
low Qgs (0.2-0.3). The bandwidth can 

be specified as being between the flare 
rate |or Fs) and the mass rolloff fre¬ 
quency, Fhm. As derived by Keele,1 FHM 
= 2Fs/Qes. For proper mating to a mid¬ 
range horn, Fhm must be above 300Hz, 
preferably near 500Hz for best results. 
ST, the optimum throat area,1 is defined 
as: 

Sr = ZtFsQesV^/c, 

where c = velocity of sound, or 

St = OSFçQ^Vas, 

where ST is in square inches and VA5 is 
in cubic feet. 

In Table I, I have listed several 12" 
drivers with their given Thiele/Small pa¬ 

TABLE 1 

PARAMETERS OF CANDIDATE 12 DRIVERS 

DRIVER Fj V^ (cu. ft.) On EFF (dB) Sr (sq. In.) fHM

Audax HD30P 17 25.0 0.27 95 91 126 
Audax PR30ST100 40 5.0 0.69 95 110 116 
EVM12L 55 3.3 0.25 98 36 440 
FORCE 12 55 3.0 0.44 99 58 250 
JBL 2202H 50 3.0 0.17 99 20 588 
JBL 2204H 45 3.0 0.44 95 48 204 
JBL E-120 60 2.8 0.19 103 26 632 

rameters, SPL sensitivities, throat sizes, 
and mass rolloff frequencies. The first 
two Audax [Polydax in the USA—Ed.] 
drivers yield almost the same throat sizes 
and rolloff frequencies even though their 
Fs and Qes vary widely. The throat sizes 
are comparable to the area of a 12" 
driver, but the rolloffs of the Audax 
drivers are too low to mate to a typical 
midrange horn. However, you could use 
them in a subwoofer horn with 1:1 
coupling up to 100Hz. 
The EVM12L has a throat size a third 

of that for the Audax drivers, and the 
rolloff is up in the 400Hz region. The 
FORCE 12 is a cousin of the EVM12L, 
but it has a heavier cone and voice coil 
giving a higher QK and consequently a 
lower rolloff of 250Hz even though both 
drivers have comparable SPL ratings. 
The FORCE 12 is marginal for this ap¬ 
plication. 
We can do the same comparison for 

the JBL 2202H and 2204H drivers. The 
2202H has very high rolloff frequency 
but a very small throat size. The 2204 
has a low rolloff but a good throat size. 
The last driver, the JBL E-120, is similar 
to the 2202H, with a high rolloff and a 
small throat. Thus you can observe from 
these examples, as the mass rolloff fre¬ 
quency goes higher, the throat size be-
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comes smaller. The EVM12L seems to 
be the best compromise between a rea¬ 
sonable throat size and a sufficiently high 
mass rolloff freqency. 
The EV and JBLs in this comparison are 

professional musical instrument drivers, 
characterized by very heavy magnets, 
high (greater than lOOdB SPL ratings) sen¬ 
sitivities, moderate resonant frequencies 
and low Qs. They will produce very high 
sound levels when mounted in small 
boxes. However, there will be no re¬ 
sponse below 100Hz. But when mounted 
in a properly designed bass horn, you 
regain the bass response below 100Hz 
with about lOdB additional sensitivity. 
Beware of any surplus or other driver 
advertised as a "musical instrument" 
driver. While it may be suitable as a 
direct radiator, using it in a horn may 
give unsatifactory results. You must still 
go through the comparison as given in 
Table I. 

ALPHA CALCULATION. In Leach's 
formulation the a parameter (ratio of 
Y45 to the back volume) is calculated 
from the bandwidth.2 The bandwidth 
frequencies are essentially the flare cut¬ 
off at the low end and the mass rolloff 
frequency at the upper end. Leach calls 
these two frequencies FL and FH, re¬ 
spectively. Then alpha is calculated by 
the formula: 

a + 1 = FlFhIFJ 

Taking the EVM12L parameters from 
Table I, assuming a 50Hz flare frequency, 
and substituting them into the above for¬ 
mula, we come up with an alpha of 6.2. 

FIGURE 3: University Classic horn folding 
configuration. 

TABLE II 

MEASURED EVM12L DRIVER PARAMETERS 

DRIVER Fj Qfs V4Í (cu. ft.) FNM Sr (sq. in.) 

1 56.4 0.20 3.30 564 29.9 
2 53.2 0.19 3.98 560 26.7 
3 55.2 0.21 3.71 525 34.4 
4 54.6 0.20 3.76 546 32.9 
5 55.0 0.22 3.88 500 37.6 
6 52.2 0.23 4.33 453 41.6 

M CALCULATION. The hyperbolic-ex¬ 
ponential horn formula has a free param¬ 
eter M that allows reactance annulling 
at the flare frequency. Leach4 gives the 
formula for M as: 

M = 2tFovas 
(a + 1) S,« 

where Fo is the flare frequency. This 
formula makes two assumptions. First, 
the horn is an infinite hyperbolic-expo¬ 
nential horn. If you don't use this as¬ 
sumption, the mathematics become very 
messy, and besides, if you take the horn 
expansion out to the proper mouth size 
and don't try to foreshorten it, the as¬ 
sumption is fairly good. Second, the for¬ 
mula assumes that the capacitive reac¬ 
tance of the back chamber is exactly 
cancelled by the inductive throat reac¬ 
tance at the flare frequency, Fo. 
Again substituting the EVM12L pa¬ 

rameters into the above formula, we ob¬ 
tain a value for M of 0.51. In fact, if you 
place the flare rate anywhere near the 
driver resonant frequency, you will al¬ 
ways obtain an M of 0.5 with Leach's 
formulation. 
The real part of the throat impedance 

tells us how the horn should load, given 
a proper mouth size. Rr, the throat re¬ 
sistance for the infinite horn case, is 
given by: 

Rr

I F~ Mi -
1 - (1- M2) |^f 

where =Pc/ST, F = frequency, and 
p = density of air. The throat resistance 
is plotted out in Fig. 2 for several values 
of M. M = 1 corresponds to an exponen¬ 
tial horn, and M = 0 corresponds to the 
cantenoid horn. For values of M be¬ 
tween 0 and 1, you have a hyperbolic-
exponential horn. Notice that for M be¬ 
tween 0.5 and 1.0 in Fig. 2, you have 
fairly uniform throat resistance behavior. 
But for M below 0.5, the throat resist¬ 
ance peaks severely; so avoid values of 
M below 0.5. For M between 0.5 and 
0.6, you can obtain response very close 

to the flare rate and uniform loading 
above the flare frequency. 

After examining Fig. 2, 1 decided an M 
of 0.5 might have a slightly peaky bass 
character and 0.6 would sound better. 
However, such a change in M would 
violate the alpha calculation in Step 4. 
But after reviewing Leach's assumptions 
for his alpha formula, I'm not sure it ex¬ 
actly applies to a horn design. In any 
case, you may also regard alpha as an 
independent variable. I will clarify the 
matter in Step 9. 

HORN PLACEMENT. When most 
builders think about a bass horn, they 
almost immediately think of a corner 
horn, a la Klipsch. The comer horn of¬ 
fers distinct advantages over other place¬ 
ments. For example, it allows a mouth 
size one eighth of what it would be in 
free space. The smaller mouth means a 
shorter horn length and overall smaller 
size. The one disadvantage of a corner 
horn is that few people have free comers 
for horn placement, and usually those 
corners are too widely spaced. (See the 
Klipsch interview, SB 3/89, for Paul's 
solution to this problem.) 

Thus, for reasons of simplicity, I chose 
Continued on page 14 

TABLE III 

AREA EXPANSION FOR THE SOHz M = 0.6 HORN 

X (in.) A (sq. In.) 

0 40.0 
4 45.0 
8 51.0 
12 58.4 
16 67.3 
20 78.2 
24 91.2 
28 107.1 
32 126.2 
36 149.2 
40 176.8 
44 210.0 
48 250.0 
52 298.9 
56 357.0 
60 427.1 
64 511.7 
68 610.3 
72 735.9 
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Continued from page 12 
for this initial work a one-eighth-size cor¬ 
ner horn design. For a free space horn 
with a circular mouth, the proper mouth 
size is one whose circumference is equal 
to a wavelength (c/Fo) at the flare fre¬ 
quency, Fo. Thus, if r is the radius, this 
condition may be expressed as: 

2irr = c/F0. 

The area for the free space horn is: 

A = irr2, or 

The mouth area, SM, for a one-eighth-
size horn is: 

32% |F„| 

For a one-eighth-size 50Hz horn, SM is 
725 square inches, assuming a speed of 
sound (c) of 13,500 inches per second. 

DRIVER VARIATIONS. When you try 
to generate a speaker design, it pays to 
look at a number of drivers to check the 
production tolerances. Table II lists the 
measured Thiele/Small parameters and 
calculated mass rolloff frequencies and 
throat sizes of six EVM12L drivers. As 
you can see, the resonant frequencies are 
fairly close to the spec of 55Hz, but the 
Qs are much lower, which gives mass 
rolloff frequencies which are mostly 
higher than 500Hz. A large variation in 
the VAS between drivers gives a corre¬ 
sponding wide variation in the calculated 
throat sizes. I decided to use drivers 5 
and 6 and to use a common throat size 
(Sy) of 40 square inches. 

HORN EXPANSION CURVE. The hy-

FIGURE 4: Radius corner reflector. 

DIAGONAL 

FIGURE 5: Diagonal corner reflector. 

perbolic-exponential horn curve is given 
by the following equation: 

S = St ¡COSH + MSINH 
I Xol 

where: 
Xo = c/2ttFo
S = cross-sectional area 
X = linear distance along the 

horn 
COSH = hyperbolic cosine function 
SINH = hyperbolic sine function 

A simpler alternative form is: 

S = y |n + Mle^» + (i _ Mle-^2

which is easily programmed on a com¬ 
puter or a hand calculator. The horn ex¬ 
pansion is listed in Table III for the case 
of Fo = 50Hz, M = 0.6, Sr = 40 square 
inches, and SM = 725 square inches. 
These parameters give alphas of 5.5 and 
6.25 and calculated back volumes of 
1,227 and 1,197 cubic inches for drivers 
5 and 6, respectively. 

FOLDING GEOMETRY. George Augs-
purger once remarked in one of his pat¬ 
ent reviews, "Of a thousand ways of 
folding a horn, this is one of them.” He 
was implying there are a great many 
ways to fold a bass horn, and unfor¬ 
tunately, most are wrong from a wide 
bandwidth viewpoint. Most designers in 
the past were forced by economics and 
marketing to engineer the most compact 
volume for a given horn. But this design 
philosophy will give you many 180° 
turns which tend to roll off the response 
above 300Hz. If you have a driver with 
a mass rolloff of 300Hz, 180° bends in 
the horn are not a bad choice. However, 
if the mass rolloff frequency is above 

Continued on page 16 
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The Swan 305 Woofer 
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Continued from page 14 
500Hz, as in the EVM12L driver, it 
would be wise to keep the number of 
180° folds to a bare minimum. 
Is there a right way to fold a horn for 

wide bandwidth? Yes, if you use only 
90° folds. The best example of this 
design criterion is Abraham Cohen's old 
University Classic horn design intro¬ 
duced in 19567 {Fig. 3). Unfortunately, 
Cohen had to use a 15" driver with a 
mass rolloff below 300Hz, so his 
beautiful folding geometry went for 
naught. 

Another consideration is the design of 
the corner reflector in a 90° bend. In 
previous horn designs, I had approxi¬ 
mated the corner reflector position to be 
tangent to the arc of the radius {Fig. 4}. 
But subsequent wave front calculations 
showed that the corner reflector should 
be aligned along the diagonal {Fig. 5). For 
reasons I will not discuss here, a wave 
front will remain intact going through a 
90° bend if the corner reflector is align¬ 
ed along the diagonal, but it will be 
distorted if the reflector is smaller. 

50Hz HORN DESIGN. Figures 6 and 7, 
are the sectional views of the bass horn. 
As you can see, I tried to use the Univer¬ 
sity Classic folding geometry as much as 
I could in Fig. 4. But because a hyper¬ 
bolic-exponential horn is quite long, I 
had to compromise with a quasi-180° 
bend to fit all the throat manifold in the 
enclosure. Another compromise was the 
shortening of the horn from 72 to 70 
inches because the folding worked out 
better. But I'm not sure how and where 
these compromises affect the overall re-

FIGURE 7: Top view of the throat manifold. 

sponse. The parts are shown in Fig. 8 
with a gross dimensions list in Table IV. 
You can cut out one bass horn from two 
4 by 8' sheets of %" plywood. I used a 
good grade birch that was fairly void 
free. At the lumberyard where I buy my 

plywood, I paid a mill charge to have 
them make the coarse width cuts of 29 
and 24". I made the rest of the cuts on 
my table saw. Figure 9 is a cutout dia¬ 
gram. You can make the horn out of 

Continued on page 18 

PHOTO 2: Attaching the pattern to part M. 
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r 77 5° 

15 5/16" 

5 1/4" 

22 5/8“ 

E 23 1/4" 

17 1/2“ 

k2 1/8” 

5 1/4“ 
775° 2X4 

1 1/2" 

FIGURE 8: 50Hz horn parts description. 

14 1/4" 

10" 
N 

3 

—8 9/16" 

TABLE IV 

PARTS LIST AND DIMENSIONS 

SIZE PART PART SIZE 

7%," X 8% 

J FIGURE 9: Sawing guide for %" plywood. 

X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

10" 
29" 
29" 
24" 

A 
B 
C 
D 
E 
F 
G 
H 

1 
40° 

29" X 
1474" 
1672" 

K 
L 
M(3) 
N(3) 
Top, Bottom 
Back 
Sides(2) 
Throat 
reflector 

1572" 
X 8»/,«' 
X 1374 
10" 
237<" 
35’/2" 
3572" 

17%" 

7%6" 
16%# 
13" 

5" 
5" 
5" 
5" 

•I 
J 

29 
29 
29" 
29 

29" 
28" 

237« " 

15%6' 
1772" 

3%" 
5" 

77,6" 
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PHOTO 4: Aligning parts A, B and C on the top board. 

PHOTO 5: Parts A, B, C and D on the underside of the top board. 

PHOTO 6: Fitting in piece I. 

Continued from page 16 

heavier particle board, but I chose the 
lighter plywood to make it easier to bring 
to the Stereophile Show. 
As you can see from Figs. 6 and 7, 

most of the joints are butt type. I used 
hardened furniture screws and a cordless 
power screwdriver (SB 1/89) to join most 
of the pieces. Glue and nails will work 
just as well, but screws allow you to dis¬ 
assemble a part to change a partition. For 
exposed plywood edges, I glued a strip 
of solid birch to the edge and recut the 
board to the original size. 
To aid in assembly and lining up the 

parts, I plotted Figs. 6 and 7 to full scale 
on inch-scale transparent engineering 
graph paper. This procedure allows 
checking of parts dimensions and angles. 
I traced the critical angles, glued the trac¬ 
ings to poster board and cut the angles 
out with a sharp knife. These templates 
became my angle guides for setting up 
the saw. 

FIGURE 10: Attaching the back to the top and 
bottom, and attaching the sides to complete 
the box. 

For parts such as pieces M and N, I 
also made templates for pattern sawing. 
I screwed these templates to boards cut 
just larger than the exact dimensions 
(Photo 2}. I mounted a feeler gauge board 
to the saw fence and set it up so its ver¬ 
tical edge lined up exactly with the saw 
blade edge on the left side. I aligned the 
lower edge of the feeler gauge so it 
would index against the template but just 
clear the top of the board (Photo 3). To 
cut out the piece, I ran the template/ 
board through the saw on one side, 
rotated the piece to the next cut, re¬ 
peated the process, and so on. If you 
have the feeler gauge set up well, you 
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can reproduce the same part as many 
times as required. 

HORN ASSEMBLY. Using a template 
based on Fig. 7, draw off the alignment 
lines for parts A, B, C and D on the top 
piece. Then attach parts A, B, C and D 
to the underside of the top piece {Photos 
5 and 6). For this procedure, it helps to 
have a variety of clamps. Attach the top, 
bottom, back and side pieces together 
(Figs. 70). Using clamps as demonstrated 
in Photo 6, fit part I in the front. 
Avoid gaps between the top piece and 
part I. 

Now you do some cut-to-fit operations. 
As shown in Fig. 11 , the throat reflector 
and part J each require cutting a com¬ 
pound angle on one side. Because accu¬ 
racy in parts cutting and assembly vary 
from builder to builder, I did not specify 
the exact dimensions of the two corner 
reflectors. Take some scrap stock and cut 
a length with the same cross section as 
part J and the throat reflector. Then try 
some approximate cuts on short sections 
of the scrap stock and check the fit as 
shown in Photo 7. If you get the fit 
somewhat close but there are still gaps, 
use Mortite or other caulking material to 
fill in the gaps. 
Use the top template to transfer the 

throat opening position and placement 
of parts A, B, C and D onto part E. Cut 
out the throat opening with a saber saw. 
Fit part E into position and attach to 
parts A, B, C and D and to the sides and 
the back. After this step, the box should 
look like Fig. 12. 
Next comes the back chamber assem¬ 

bly. First, attach parts F and H to the 
three M pieces with glue and screws/ 
nails because the back chamber has to 

PHOTO 7: Trying a trial compound angle for the corner reflector J. Note: The throat opening, 
shown cut on a temporary top piece, is for experimentation purposes. 

PHOTO 8: Back chamber assembly on a jig. 

PHOTO 9: Auxiliary fence for table saw to aid cutting part G. 
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be sealed. Then attach the beveled 2 by 
4 to the top of the M pieces and to part 
F. It helps to build a jig [Photo 8) to keep 
all the parts properly aligned. It is espe¬ 
cially hard to cut the 40° angles on part 
G because you must keep the board ver¬ 
tical on the table saw. To solve the prob¬ 
lem, I made an auxiliary fence {Photo 9) 
clamped to the regular fence with hold¬ 
down clamps made by Pony. I clamped 
a straight 1 by 1 piece to part G, allow¬ 
ing it to ride on top of the auxiliary fence 
in a level fashion. Check to see if part 
G fits properly but don't mount it. At¬ 
tach divider piece L to F with screws. 

You are now ready to install the back 

PHOTO 10: Finished back chamber with 
speaker mounting board. 

chamber assembly. Slide in the assembly 
to check on fit as shown in Fig 13. Draw 
lines on part E where it contacts the back 
chamber. Lift up the assembly so you 
can spread glue on those contact areas. 
Slide the assembly back in and attach it 
to E with corner L brackets. Make sure 
the divider (part L) is flush against the 
back. Attach the divider to the back with 
screws. Screw parts Ml and M3 to the 
side pieces. 

Next take some scrap 1 by 1 stock and 
frame the inside of the back chamber, 
making a slight inset while mounting the 
pieces for a foam tape gasket. I recom¬ 
mend drilling a 2" diameter hole through 

the side piece and Ml for a banana con¬ 
nector cup. As an optional procedure I 
also made a board with an 11 " diameter 
cutout to mount the driver {Photo 10}. 
Also fill the extra cavity with fiberglass 
to prevent any extra resonance prob¬ 
lems. Part G is now ready for mounting 
with screws. Make sure you have a suf¬ 
ficient number of screws around the 
foam gasket. 

Turn the box over and install the K cor¬ 
ner reflector {Fig. 14}. I used the triang¬ 
ular pieces N to help the proper align¬ 
ment and stiffen the reflector. As you can 
see in Photo 1, 1 framed the mouth with 

Continued on page 22 

FIGURE 13: Installing the back chamber assembly. 
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FIGURE 15: Response of the 50Hz horn 
against a wall. 

Continued from page 20 
some 1 by 2 birch stock, leaving a gap 
at the top to slide part G in and out. 

STEP 9 . You might wonder how I deter¬ 
mined the back chamber volume. When 
I constructed the first prototype, I made 
an identical top piece from particle board 
and cut the throat opening in it (Photo 
9). I didn't cut the throat in part E until 
later. Then I mounted the EVM12L 
driver on top and fitted several trial back 
volume boxes until I found one that res¬ 
onated at 50Hz. Photo 11 shows the test 
setup. I determined the test volume to be 
2,644 cubic inches including driver vol¬ 
ume, about twice the calculated volume. 
The reason for the discrepancy is our for¬ 
mula was derived for an infinite horn and 
this model is a one-eighth size. For quar¬ 
ter-size horns that I have built, the ex¬ 
perimental back volume approaches the 
theoretical value. 

Photo 12 shows the EVM12L driver in¬ 
stalled in the back chamber. After instal¬ 
lation attach part G to the back chamber 
with screws and measure the system res¬ 
onance. It should be about 50Hz. If it is 
higher by a few Hz, put more stuffing 
in. But the stuffing will lower the reso¬ 
nance by only a few Hz. Normally I tack 
a layer of fiberglass to the back of part 
G just to damp the panel and cut down 
any back radiation. If the resonance is 
too low by a few Hz, the volume is too 
large. Reduce the volume experimentally 
by putting polyethylene bottles filled 
with water in the back chamber. When 
the system resonance is raised enough, 
approximate the volume of the bottles 
with blocks of wood attached to the sides 
of the back chamber. If the system res¬ 
onance is very low, say 35Hz, you have 
a serious air leak in the back chamber. 
Go back and recaulk any suspicious voids 
along the joints. 

STEP 10. Many builders have arrived at 
the system integration step and faltered 
because many of the normal speaker 
building rules of thumb don't apply to 
horn systems due to their high efficien¬ 
cies and bandpass characteristics. De¬ 
pending on the location of the horn in 

relation to comers and walls, you can ob¬ 
tain a 3 or more dB variation in apparent 
sensitivity. Normally, in a comer you will 
measure almost llOdB SPL sensitivity. 
Pull the horn away from the corner 

but still against a wall, and the sensitivity 
will go down 3dB. You can get good bass 
response with a wall position (Fig. 15), 
and in many situations a wall position 
may be the only solution. But the bass 
will sound deeper with a comer position. 
Try another variation: turn the horn on 
its side to see whether the response 
sounds better. A hand-held pink noise 
analyzer, such as the Audiosource RTA 
(SB 4/86), will help sort out the sensitiv¬ 
ity levels. 
Most midrange horns I build (SB 1/86) 

have sensitivities between 100 and 
105dB, so to integrate the bass horn with 
these midranges you must either atten¬ 
uate or biamp. I have had reasonable 
success with L-pads made from high 
power sand-filled fixed resistors. My 
limited attempts to biamp have resulted 
in degraded sound quality. However, 
readers are invited to experiment with 
biamping and report their results to SB. 
Because horns have steep mechanical 

rolloffs in their responses, they are band¬ 
pass loudspeakers. Horns trade off wide 
band response and lower efficiency for 
narrow band response and high effi¬ 
ciency. The steep mechanical rolloffs 
also produce many 360 0 phase rotations 
that make it almost impossible for higher 
order passive crossovers to function prop¬ 
erly. But the simple 6dB crossover at 
400Hz works nicely between a bass and 

PHOTO 11: Experimentally determining the 
back chamber volume. 

midrange horn as found by Klipsch many 
years ago (Klipsch interview, SB 4/89). 

RESULTS. As shown in Fig. 15, the re¬ 
sponse as measured against a wall is quite 
flat between 60 and 400Hz within + 3dB. 
Unfortunately I was not able to move 
our furniture away from the corners to 
make a corner measurement. But take 
my word, the response goes deeper in 
a corner. I measured the réponse with 
a Spectrum Dynamics FFT analyzer oper¬ 
ating in an averaging mode with white 
noise input to the speaker. The absence 

PHOTO 12: Back chamber with EVM12L driver installed. 
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of any major spectrum anomaly indi¬ 
cates that the horn folding design was 
done properly. 
The bass response sounds tight and 

smooth. The large bass drum on the Tel¬ 
are recordings (Holst: Suites for Winds 
CD-80038 and Prokofiev: Alexander Nev¬ 
sky CD-80143) has real impact and 
character. The Sheffield recording of the 
Firebird Suite by Stravinsky (CD-24) also 
has physical impact. However, depend¬ 
ing on how the recording was miked, on 
other recordings the bass may sound 
hollow since most of the frequency com¬ 
ponents are below the sharp lower horn 
cutoff of 50Hz. 
The bass is only half the story. Most 

of an orchestra's large brass, woodwind, 
and string instruments have fundamen¬ 

tals in the 100-400HZ region. This bass 
horn makes those instruments sound 
real, as one friend told me. All you need 
do is put on a good recording of Dvorak's 
Serenade for Winds to be convinced. 

CONCLUSIONS. As you can see, I've 
come a long way from my initial horn 
articles in SB (3/80 and 2/83). This proj¬ 
ect is a culmination of a number of ex¬ 
perimental horns where I made mistakes 
in design and found out how to correct 
them. In this article I have given the 
reader a road map that can be applied 
to any bass horn loudspeaker. The 50Hz 
horn project is complicated but well 
within reach of any competent wood¬ 
worker with a table saw. Those who at¬ 
tempt and finish the project will be 

rewarded with a unique loudspeaker 
presently unobtainable on the commer¬ 
cial market. 

ACKNOWLEDGMENTS. I thank Rich 
Roberts for untiring assistance during the 
horn building and for most of the photos, 
Manfred Buechler for Photo 1, Effrain 
Gonzales for financing the project, Vin¬ 
cent Salmon and Ed McClain for tech¬ 
nical discussions on horn design, and 
Larry Hitch of Madisound and Ed Dell 
for the opportunity to display the Show 
Horn at the Stereophile Show. 
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A SMALL TWO-WAY SYSTEM 
BY FRED THOMPSON 

I have been interested in loudspeaker design and construction for about ten 
years, during which I have built or 
modified a number of systems. My most 
recent project is a pair of relatively small 
(17" X 11" X 10") two-way acoustic sus¬ 
pension designs. My goal was compact 
speakers with good imaging. I wanted 
them to reproduce midrange and treble 
with good resolution and accuracy. The 
enclosure needed to be well damped so 
it would be free of boxy colorations. Low 
bass extension was not essential, since 
I planned to use them with a separate 
subwoofer. 

I designed the system with a low Qn 
of about 0.7, resulting in very good tran¬ 
sient response and detail in the bass and 
mid-bass region. I also wanted to keep 
the cost of these speakers fairly low 
without sacrificing too much sound 
quality. Therefore, I selected drivers that 

offered very good performance and qual¬ 
ity construction without the high price. 

DRIVERS. For the tweeter I chose the 
Vifa D19TD-05 %" soft dome unit, for 
a number of reasons. I have heard it in 
many commercial designs and like the 
way it sounds. It's fairly smooth with 
good detail and excellent dispersion. Be¬ 
cause the magnet gap is filled with fer¬ 
rofluid, resonances are well controlled. 
This allows for the use of a simple cross¬ 
over network. Another big advantage is 
its low price. 
For the woofer I decided to use the 

6*/2" SEAS P17RC, a well built unit with 
a cast magnesium basket, polypropylene 
cone and PVC surround. It suits my de¬ 
sign perfectly as it has been optimized 
for use in a small closed box with a 
of 0.33, a VAS of 36 liters and an Fs of 
37Hz. 

6dB SLOPE AT 3600 Hz 

0.60mH 

33M F 

6.8ft 
10W 

SEAS 
P17RC 

27ft 
10W 

ViFo 
D19TD05 

FIGURE 1: Crossover network. 

ABOUT THE AUTHOR 
Fred Thompson is 27, married, and has been in¬ 
terested in sound reproduction and electronics for 
many years. He has worked as an audio salesman 
as well as a car stereo installer and is currently 
employed by a large audio/video retail store. 

CROSSOVER. The crossover [Fig. I) is 
a computer optimized first-order net¬ 
work, utilizing high quality parts. All the 
capacitors are Solen Chateauroux poly¬ 
propylene types. The inductors are Solen 
perfect lay windings. The tweeter section 
has an attenuation circuit to drop its out¬ 
put level, so it matches that of the 
woofer. I used a Zobel on the woofer for 
impedance equalization. The Zobel net¬ 
work also works in conjunction with the 
inductor to smooth out the rise in fre¬ 
quency at the upper end of the woofer's 
response. I separated the high- and low-
pass sections, giving each its own input 
terminals, which allows them to be used 
in a bi wire configuration. I made all in¬ 
ternal connections with high quality, 
audiophile grade wire. 

BOX CONSTRUCTION. To ensure 
good damping, I used high density fiber¬ 
board. With great care, I made sure the 

box was completely airtight. The side 
panels have sand-filled compartments 
covering about 75% of their interior sur¬ 
faces. This technique1 works extremely 
well for deadening panel resonances. To 
reduce vibration even further, I installed 
a sturdy cross brace from side to side. 
I stiffened the front baffle by making 
part of it double thick. Lining five inte¬ 
rior surfaces with acoustic foam helped 
lessen internal standing waves. 

I loosely stuffed the inside cavity with 
Dacron. For the exterior finish, I ve¬ 
neered the cabinets in light natural oak. 

Continued on page 75 
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A HELMHOLTZ SPREADSHEET 
BY CARL E. RICHARD 

I have recently developed a spreadsheet to perform a number of useful varia¬ 
tions on the basic Helmholtz vent length 
formula given by Vance Dickason in his 
Loudspeaker Design Cookbook.11 did this 
because I wanted to look at the interac¬ 
tion between the four variables that 
make up the following basic equation: 

y 1.463 X 107 X r2 . ... 
V Vs X Fg2 - 1463r 111

where: 
r = vent radius (inches) 
Vg = box volume (cubic inches) 
Fg = vent tuning or resonant fre¬ 

quency (Hz) 
Lv = vent length (inches) 

FIND VENT LENGTH 
KNOWING: 
RESONANT FREO. (Hz) 
BOX VOLUME (CU.INS. ) 
VENT DIA. (INS) 
* st « it >: M « SC 3« 3«: * > X * St 3* SC it 3* * 3* 

INPUT: 
RES. FREQUENCY = 93 
BOX VOLUME = 622 
VENT DIAMETER = 3 
Ä * it 3« « 3* M it St St it 3« 3« St St St M it St * 3* 

OUTPUT: 
VENT LENGTH = 3.9 

FIGURE 1: Vent length calculation. 

ABOUT THE AUTHOR 
Carl Richard is a group leader in the R&D depart¬ 
ment of the Dexter Nonwovens Division of Dex¬ 
ter Corporation. He received a BS from Western 
New England College and an AS from Springfield 
Technical Community College. He is a member 
of the Connecticut Audio Society and an associate 
member of Sigma Xi. He became hooked on loud¬ 
speaker design and construction after reading 
David Weems's book on the subject. 
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I was in the process of designing a 
Margerand symmetrical bandpass sub¬ 
woofer23 and wanted to see how 
changes in some of the Helmholtz pa¬ 
rameters would affect the alignment. 
The way the formula is arranged, the 
calculations soon became very tedious 
with my hand-held calculator. Previous 
SB articles on spreadsheet calculations4 5 

have shown the advantage of being able 
to look at all the variables at one time, 
which is exactly what I wanted to do. 
My spreadsheet is divided into four 

basic calculation boxes. The first box 
{Fig. 1] does a straightforward vent 
length calculation and uses equation (1). 
The upper part of the box requires you 
to input the desired resonant frequency, 
box volume and vent diameter. Once 
you've done this, the vent length is dis¬ 
played upon completion of the calcula¬ 
tion command, which can be either 
manual or automatic. 

FIND REASONANT FREQ. 
KNOWING: 
VENT LENGTH (INS.) 
BOX VOL. (OU. INS.) 
VENT DIA. (INS.) 
M K « St M it St St St St it it St it St St it it it if. X it 

INPUT: 
VENT LENGTH = 3.9 
BOX VOLUME = 622 
VENT DIAMETER = 3 
3t.it 3« St St it it StititSt it it St 3* St it it St it it it 
OUTPUT: 
RES. FREQUENCY = 93 

FIGURE 2: Finding resonant frequency. 

The second calculation box {Fig. 2] 
determines the resonant frequency after 
you input the vent length, box volume 
and vent diameter. This box is particu¬ 

larly useful if you have the volume fixed 
and want to play with the vent size to 
see the effect on resonant frequency. It 
uses the following algebraic rearrange¬ 
ment of equation (1): 

I 1.463 X IQ7 X r2
" V Vg (Lv + 1.463r) ,2 ’ 

The third and perhaps least useful cal¬ 
culation box {Fig. 3) finds the box volume 
if you input the vent length, vent diam¬ 
eter and resonant frequency. Obviously, 
box volume calculations must be based 
on driver parameters, not vent param¬ 
eters. However, you may someday ac¬ 
quire a vented loudspeaker and want to 
ascertain the internal volume without 

FIND BOX VOLUME 
KNOWING: 
VENT LENGTH (INS.) 
RES. FREQUENCY (Hz) 
VENT DIR. (INS.) 
M 3« St St it it St 3« 3« 3r 3« St it it if St 3* 3* it H 

INPUT: 
VENT LENGTH 3.9 
RES. FREQUE 93 
VENT DIAMET 3 
M it it St St St St X St St it St St St St St St it it St 

OUTPUT: 
BOX VOLUME 624 

FIGURE 3: Finding box volume. 

taking it apart. You can start by simply 
measuring the vent length and diameter 
with a carpenter's rule. Then find the 
resonant port frequency using a function 
generator and a VOM as discussed in 
previous SB articles and explained in 
reference 1. You can then find the box 

Continued on page 76 



-EVALUATE VENT SIZE FOR A RANGE OF RESONANT FREQUENCIES-
INPUT (single and dual venks) Lv= VENT LENGTH (INCHES) 
BOX RESONANT * Lv 0 (1) Lv 0 (2) * Lv 0 (1) Lv 0 (2) * Lv 0 (1) Lv 0 (2) * RESONANT 
VOL. FREQUENCY* 2" DIA 1.5" DIA * 2.5" DIR 2" DIA * 3" DIA 2.5" dia * FREQUENCY 

MMMMXXXXHXXMXXXXXMXXMXXMMXXXXXMMXXXXXXMXMXXMXMXXMXXXXXXMXMXXMMXXXXXXMMMMMXXXXXXXMXXXXMXXMXXXM 

622 20 * 57.3 64.5 * 90.0 114.8 * 130.1 181.5 * 20 
CU. INS. 25 * 36.2 40.7 * 57.0 72.8 * 82.5 115.2 * 25 

30 * 24.7 27.8 * 39.0 49.9 * 56.6 79.2 » 30 
35 * 17.7 20.0 * 28.2 36.1 * 41.0 57.5 * 35 
40 * 13.2 15.0 * 21.1 27.2 * 30.9 43.4 * 40 
45 * 10.2 11.5 * 16.3 2.1.0 * 23.9 33.8 * 45 
50 * 7.9 9.0 * 12.9 16.6 * 19.0 26.9 * 50 
55 * 6.3 7.2 * 10.3 13.4 * 15.3 21.7 * 55 
60 X 5.1 5.8 * 8.4 10.9 * 12.5 17.9 x 60 
65 * 4.1 4.7 x 6.9 9.0 * 10.3 14.8 * 65 
70 * 3.3 3.8 * 5.7 7.5 * 8.6 12.4 * 70 
75 x 2.7 3.1 x 4.7 6.2 x 7.2 10.5 * 75 
80 x 2.2 2.6 * 3.9 5.2 * 6.1 8.9 * 80 
85 x 1.8 2. 1 x 3.3 4.4 * 5.1 7.6 x 85 
90 x 1.4 1.7 x 2.7 3.7 * 4.3 6.5 * 90 
95 x 1.1 1.4 x 2.2 3.1 * 3.7 5.6 x 95 
100 x 0.9 1.1 x 1.8 2.6 x 3.1 4.8 * 100 
105 x 0.7 0.8 x 1.5 2.2 * 2.6 4.1 * 105 
110 x 0.5 0.6 x 1.2 1.8 * 2.2 3.5 * 110 
115 x 0.3 0.4 x 1.0 1.5 * 1.8 3.0 * 115 
120 x 0.2 0.3 x 0.7 1.2 * 1.5 2.5 * 120 
125 x .0 0. 1 x 0.5 0.9 * 1.2 2.1 » 125 

FIGURE 4: Vent size evaluation over a range of frequencies. 

***** HELMHOLTZ VENT RESONATOR CALCULATION SPREADSHEET 
by CARL RICHARD 9 HILLSIDE AVE. ENFIELD, CT. 06082 (SEPT 1989) 

based on a formula from Vance Dickason’s ’LOUDSPEAKER DESIGN COOKBOOK" 3rd Ed.(pg. 19 sect. 2.70) 

FIND VENT LENGTH 
KNOWING: 
RESONANT FREQ. (Hz) 
BOX VOLUME (CU.INS.) 
VENT DIR. (INS) 
KXXXMMMXHXXMHMXMMXXXMMMMXX 

INPUT: 
RES. FREQUENCY = 93 
BOX VOLUME = 622 
VENT DIAMETER = 3 
MXXXMKMXXXXMMKMXMXMMXXMMXX 

OUTPUT: 
VENT LENGTH = 3.9 

FIND REASONANT FREQ. 
KNOWING: 
VENT LENGTH (INS.) 
BOX VOL. (CU. INS.) 
VENT DIA. (INS.) 
XXXMMXMWXXXMXXXXMXXXXX 

INPUT: 
VENT LENGTH “ 3.9 
BOX VOLUME = 622 
VENT DIAMETER - 3 
MXXMXXXXMMXMMXXXXXMMXX 

OUTPUT: 
RES. FREQUENCY = 93 

FIND BOX VOLUME 
KNOWING: 
VENT LENGTH (INS.) 
RES. FREQUENCY (Hz) 
VENT DIR. (INS.) 
MKXMXXMMKXMXXMMMMMM’ 

INPUT: 
VENT LENGTH 3.9 
RES. FREQUE 93 
VENT DIRMET 3 
MMXXXXXXXKXXXMXXXXX! 

OUTPUT: 
BOX VOLUME 624 

- EVALUATE VENT SIZE FOR A RANGE OF RESONANT FREQUENCIES-

INPUT (single and dual venks) Lv= VENT LENGTH (INCHES) 
BOX RESONANT x Lv 0 (1 ) Lv 0 (2) x Lv 0 (1) Lv 0 (2) * Lv 0 ( 1) Lv 0 (2) * RESONANT 
VOL. FREQUENCY* 2" DIA 1.5" DIR * 2.5" DIR 2" DIR * 3" DIR 2.5" dia * FREQUENCY 

XXXXXXXXMXMXXXXXMMXMXXXXÍÍXXXXXXXXXXXXXXXHMXXXXiXXXXXXXXXXHMMXHXXXXXXMHMXMMXMMMXXXXXXM-MWXXXHMMI« 

622 20 X 57.3 64.5 * 90.0 114.B * 130.1 181.5 * 20 
CU. INS. 25 * 36.2 40.7 * 57.0 72.8 * 82.5 115.2 * 25 

30 x 24.7 27.8 * 39.0 49.9 * 56.6 79.2 * 30 
35 * 17.7 20.0 * 28.2 36.1 * 41.0 57.5 x 35 
40 * 13.2 15.0 x 21.1 27.2 * 30.9 43.4 * 40 
45 * 10.2 11.5 * 16.3 21.0 * 23.9 33.8 * 45 
50 * 7.9 9.0 * 12.9 16.6 * 19.0 26.9 * 50 
55 * 6.3 7.2 x 10.3 13.4 * 15.3 21.7 * 55 
60 x 5.1 5.8 x 8.4 10.9 » 12.5 17.9 * 60 
65 * 4.1 4.7 * 6.9 9.0 * 10.3 14.8 * 65 
70 * 3.3 3.8 x 5.7 7.5 * El.6 12.4 * 70 
75 x 2.7 3.1 x 4.7 6.2 * 7.2 10.5 x 75 
80 * 2.2 2.6 * 3.9 5.2 * 6.1 8.9 * 80 
85 x 1.8 2. 1 x 3.3 4.4 * 5.1 7.6 x 85 
90 * 1.4 1.7 * 2.7 3.7 * 4.3 6.5 * 90 
95 » 1.1 1.4 * 2.2 3.1 * 3.7 5.6 * 95 
100 x 0.9 1.1 * 1.8 2.6 * 3.1 4.8 x 100 
105 * 0.7 0.8 x 1.5 2.2 » 2.6 4.1 x 105 
110 * 0.5 0.6 * 1.2 1.8 * 2.2 3.5 x 110 
115 * 0.3 0.4 * 1.0 1.5 * 1.8 3.0 x 115 
120 x 0.2 0.3 x 0.7 1.2 * 1.5 2.5 * 120 
125 * .0 0.1 * 0.5 0.9 * 1.2 2.1 x 125 

FIGURE 5: Printout of entire spreadsheet. 
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HERESY UPON A HERESY 
BY PAUL STAMLER 

Sometimes you have to play the hand 
you're dealt. The community radio 

station I work with (KDHX-FM) had bud¬ 
geted for a pair of new monitor speakers. 
We wanted to buy something snazzy— 
Spendor SP-ls, perhaps, or Rogers LS3/ 
5a’s. But the money fell short (such is life 
in community radio) and there were 
other, more pressing needs. Thanks to a 
gift from another community station, we 
got a pair of 1950s-vintage Klipsch Heresy 
systems. 
The mainstream audiophile press has 

always treated Klipsch speakers badly; 
Stereophile included the Klipschorn in its 
list of "Unrecommended Components” 
several times. And these speakers cer¬ 
tainly sounded their age—weak, flabby 
bass, harsh and peaky treble, and nonex¬ 
istent imaging. But a stubborn core of 
Klipsch adherents, have always valued 
the high efficiency, low distortion and 
liveliness of these horn-based systems. 
The drivers seemed reasonably good— 
the tweeter appeared to be a rebranded 
Electro-Voice unit, and the midrange and 
woofer were certainly solidly made. In 
short, we could have done far worse, 
and besides, they were free. 

It seemed to me these speakers might 
well profit from upgrading. Surprisingly, 
the very magnitude of their departure 
from modern design practices was a good 
sign, for these departures might explain 
their sonic deficiencies, and correcting 
the shortcomings would bring them up 
to modern standards. This proved to be 
true: the modifications described below 

ABOUT THE AUTHOR 
Paul J. Stamler is a free-lance audio engineer and 
producer. After an eight-year stint in public televi¬ 
sion, he now produces records and radio programs 
of folk music and public affairs. In his spare time, 
he plays the guitar and mandolin, and sings in a 
'oud voice. 
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PHOTO 1: The completed unit, showing placement of the diffraction controlling felt strips. 

turned the Heresies into remarkably 
respectable speakers, despite their age. 

I will describe the modifications in 
some detail, to provide a blueprint for 
Klipsch-owning readers. But my purpose 
is broader: The overall methodology can 
be applied to many older speaker sys¬ 
tems, provided the drivers' inherent qual¬ 
ity is good enough to warrant the work. 

Some of these older systems may be eligi¬ 
ble for a new lease on life. 

PLAN OF ATTACK. Heedless of our 
staff ex-rabbinical student, who thought 
"Klipsch” sounded like a Yiddish curse, 
I planned a three-pronged attack. First, 
I analyze the behavior of the three 
drivers, as well as the stock crossover. 



It's always a good idea to know your 
starting point. Second, I upgrade the 
cabinet to modern standards, within rea¬ 
son. And finally, I rebuild the crossover 
—a lot has been learned since the 1950s. 
There is a stopping point, though. I 

don't have the tools for major cabinet 
modifications. And the budgetary con¬ 
straints that kept Spendors out of our 
reach also precluded fourth-order, reso¬ 
nance-compensated, all-polypropylene-
capped crossover networks. Besides, we 
had a time limit. The station was using 
my pair of LS3/5a's until the Klipsches 
were ready, and I wanted them back. I'm 
a free-lance engineer/producer, special¬ 
izing in folk music and jazz, and most 
of my recording is done on location. 
The LS3/5a's are my remote-recording 
speakers, and I didn't relish schlepping 
the Heresies to a gig. 

First, let's attack the obvious lack of 
bass. The Heresies, with 12" woofers, 
had poorer bass than most mini-moni¬ 
tors. The explanation for this became 
clear when I opened them up and found 
the input terminals on one system wired 
in reverse phase. This error, probably at¬ 
tributable to the previous owner, was 
quickly remedied, and lo, there was 
bass. |The imaging problems of the stock 
systems were such that the midrange 
and treble sounded about the same, in 
or out of phase.) But the bass was still 
flabby, boomy and poorly defined. 

EXAMINATION. The first step of the 
modification process itself was analysis: 
I measured the frequency responses of 
the three drivers, along with their im¬ 
pedances, and the frequency response of 
the crossover network when actually 
connected to the drivers. I also examined 
the cabinet for problems and possible 
improvements. Here is what I found: 

1) The cabinet was devoid of acoustic 
treatment: no stuffing—no fiberglass, no 
foam, no long-fibered wool—in short, 
nothing to absorb standing waves or in¬ 
cabinet reflections. 
2) The cabinet sides, made of stand¬ 

ard-grade plywood, were unbraced and 
undamped. They were free to vibrate, 
and they did. 
3) The midrange and tweeter horns, 

made of metal, were also undamped and 
free to resonate. The midrange horn, in 
particular, rang like a bell. 

4) The drivers were all rear-mounted 
on the main baffle, causing cavity 
resonances. 
5) The midrange and tweeter both 

had severe resonances—the tweeter at 
7kHz, the midrange at 9kHz. The cross¬ 
over did not roll off the top end of the 

FIGURE 1 : Frequency responses of the three drivers. They are measured near-field, using sine 
waves, and hence are somewhat rough, but overall trends are clear. Note peaks at 9kHz in 
midrange driver and at 7kHz in tweeter. Curves vertically displaced for clarity. 

FIGURE 2: Frequency response of the stock crossover, as connected to the drivers. Note that 
the woofer section is barely effective. 

FIGURE 3: Impedances of the three drivers, measured by the constant current method. The 
rising impedance of the woofer explains the crossover's ineffectiveness. 

midrange electrically, relying instead on 
the driver's acoustic rolloff (Figs. 1 and 
2). The midrange's 9kHz peak meant 
that at this frequency, the midrange was 
contributing nearly as much output as 
the tweeter. 

6) The rising impedance of the woofer 
with increasing frequency, caused by the 
woofer's voice-coil inductance, de¬ 
creased the effectiveness of the cross¬ 

over's low-pass section. The woofer re¬ 
mained active well into the midrange 
and tweeter regions. 
7) The crossover was of unusual de¬ 

sign, using a tapped inductor for mid¬ 
range and treble attenuation. The cross¬ 
over did not match the schematic ob¬ 
tained from Klipsch. Figure 4 shows the 
crossover actually used, as well as I 
could reconstruct it. The capacitor types 
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were hard to determine, but they cer¬ 
tainly were not plastic film units. 

8) The drivers were all loose on their 
mounting bolts. 

9) The staggering of the drivers meant 
that the system could not be close to 
alignment-in-time (pardon the awkward 
phrase; the more felicitous expression is 
trademarked). 

I decided not to tackle 4) and 9). To 
remedy these would require a new and 
rather fancy cabinet, which was outside 
my self-imposed limits. On the other 
hand, the other problems seemed 
eminently fixable. 

Continued on page 32 

FIGURE 4: Stock crossover. The actual con¬ 
figuration of the tapped inductor is frankly 
guesswork. 

PHOTO 2: Rear view of the modified cabinet. The asphalt-impregnated felt pads and the 2 x 
2" braces are both glued to the side wall and top; the putty-coated midrange horn is also visible. 
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FIGURE 5: Improved crossover network. This is essentially the same design as the stock net¬ 
work, with added notch filters in the midrange and tweeter sections, and a Zobel network in 
the woofer section. 

Continued from page 30 
CABINET IMPROVEMENTS I began 
by tightening the woofer mounting bolts 
and nuts, using a Phillips-head screw¬ 
driver on the outside and a nut driver on 
the inside. I discovered that the cabinet 
holes themselves were threaded to match 
the bolts, so I tightened them first; I then 
held the bolts stationary with the screw¬ 
driver while I tightened the nuts. To 
avoid warping the woofer frame, I didn't 
tighten each nut all at once. Instead, I 
tightened the nuts partially, one at a 
time, going around the circle several 
times until each one was fully tight. I 
listened again: The bass was now tight 
and clean. 

PHOTO 3: The fiberglass insulation is bunched in the center of the cabinet, where it is most 
effective. 

COATING. I then unscrewed the mid¬ 
range driver from its horn and removed 
the horn from the cabinet. To damp the 
metal horn's sharp internal resonances, 
I coated its outside (not the throat) with 
a layer of Solder-Seal (Sealmaster) 
stainless putty. This marvelous, non¬ 
hardening substance, found in the plumb¬ 
ing section of well-equipped hardware 
stores, provides an excellent combination 
of mass-loading and damping. I also 
coated the outside of the tweeter horn. 
The pair of speakers used up about two 
pounds of putty. 

I then proceeded to the cabinet walls; 
it's a lot easier to work on these when 
the midrange horn is removed. I glued 
pads of "expansion joint" material, an 
asphalt impregnated felt, to the side walls, 
top, bottom and back, using Liquid 
Nails rM as the adhesive. You can cut ex¬ 
pansion joint, available in 4 x 8' sheets 
(Vz" thick) at hardware and construction 
supply stores, with a utility knife and 
elbow grease. A power saw also works, 
but it gums up the saw's teeth. 

I also used Liquid Nails to attach 2 x 
2" braces to the sides, top and back, 
lengthwise, to discourage panel flexure. 1 

1x2" braces would probably be suffi¬ 
cient, but I found some scrap 2 x 2s in 
the basement. Photo 2 shows the braces 
and pads, along with the putty coated 
horns. Incidentally, Liquid Nails is a mar¬ 
velous damping adhesive, with many 
possible uses for speaker builders. Use 
acetone to remove it from your fingers 
(open the windows and don't smoke). 
I stuffed the cabinet with about four 

square feet of R-ll (S’/z") Fiberglas IM in¬ 
sulation, wearing long rubber gloves to 
avoid "fiberglass itch." I bunched the in¬ 
sulation toward the center of the cabinet, 
where particle-velocity is highest and the 
absorbent is therefore most effective. 
Photo 3 shows insulation placement. 

Continued on page 34 
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9kHz, in the tweeter and midrange sections, respectively. Also note that the woofer section 
now works properly. 

FIGURE 7: 12dB/octave all-pass crossover. This should improve performance further; the L-
pads substituted for the tapped inductor flatten out driver impedances, as seen by the crossover, 
mitigating the effect of the midrange resonance at 400Hz and the tweeter resonance at 2.5kHz. 

FIGURE 8: System frequency response at one meter, before and after modification. Both curves 
are pretty rough (this is a limitation of the sine-wave measuring method), but the modified system 
is clearly smoother than the original. Measurements were averaged from several positions. 

Finally, I reinstalled the midrange horn 
and tightened its nuts and bolts, then 
screwed on the midrange driver. I also 
tightened the nuts and bolts of the 
tweeter. 

It was time for an audition. I had only 
modified one speaker, leaving the other 
for comparison, so I hooked them up to 
my (modified) Dynaco ST-70, AR turn¬ 
table with Grado cartridge, and home¬ 
brewed all-tube preamp, and proceeded 
to compare. Well, there was definitely a 
major improvement. Listening to Stan 
Rogers' "Fogarty's Cove," even in mono, 
there was a distinct sense of depth to the 
modified system, a sense of an "open 
window" into the recording studio. On 
the other hand, the unmodified unit con¬ 
jured up a paper-thin image, glued to the 
front of the cabinet. Even without further 
modifications, the transformed Heresy 
was beginning to sound like a modern 
system. 

CROSSOVER CHANGES Feeling en 
couraged, I tackled the crossover. After 
much meditation, and a long talk with the 
station manager, I decided to stay with 
the original crossover design, but exe¬ 
cuted more effectively. I made this deci¬ 
sion due to time and money limits and 
with the understanding that it could be 
reversed with little loss: The new com¬ 
ponents added to the stock crossover 
could be recycled into an improved 
crossover. 
Figure 5 shows the revised crossover 

network. The additional components in¬ 
clude notch filters for the midrange and 
tweeter sections, and a Zobel network for 
the woofer. In addition, the two crossover 
capacitors have been replaced with Mylar 
film caps. 

Figure 6 shows the frequency response 
of the revised crossover network, meas¬ 
ured with the drivers connected. The 
notch filters smooth out the upper¬ 
frequency peaks (although the 9kHz filter 
for the midrange is less effective than I 
would like), and the tweeter's notch filter 
reacts with the rest of the crossover to ex¬ 
tend the tweeter's high frequency cutoff 
from 12kHz to about 16kHz. The Zobel 
network performs in textbook fashion, 
allowing the woofer to roll off properly 
with increasing frequency. 

CAPACITORS. In keeping with cost 
limitations, I used paralleled non-polar-
ized electrolytic and Mylar capacitors in 
the Zobel network, while the notch filter 
caps are Mylar. The higher-Q achieved 
with Mylars in the notch filters, along 
with their smoother overall sound, makes 
the extra expense worthwhile. 
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PHOTO 4: The modified crossover; new com¬ 
ponents are held in place by wads of non¬ 
hardening putty. It’s ugly; but the parts don’t 
rattle. 

Photo 4 shows the revised crossover 
board. Klipsch hard-wired components 
together on a sheet of 14 " plywood (good 
for them) and made connections using 
spade lugs and barrier strips. Good for 
them again—the connections are gas-tight 
and oxidation-resistant, while remaining 
easy to change if necessary. I also hard¬ 
wired the crossover components, but in¬ 
stead of screwing the new capacitors to 
the board, I mounted them using wads 
of stainless putty, in case we needed to 
change them later. 

For those interested in further explora¬ 
tion, Fig. 7 shows a 12dB/octave all-pass 
crossover I designed, using Robert Bul¬ 
lock's formulas.2 This crossover exists 
only on paper—1 haven't had the time or 
cash to try it yet. As designed, all cross¬ 
over caps should be Mylar (or better) 
whenever possible; all inductors should 

be standard Madisound air-core units, 
and resistors should be 5 or 10W wire¬ 
wound ceramic, available from Digi-Key 
or Madisound. You can wind the notch¬ 
filter inductors at home, using Daniel 
Coyle's article3 as a guide. 

Figure 8 shows the system frequency 
response, before and after modification. 
Neither curve is terribly smooth (such are 
the limitations of in-room averaged meas¬ 
urements using sine waves), but the mod¬ 
ified system measures considerably bet¬ 
ter than the original. 

I compared the two speakers with and 
without the crossover mods in place (both 
cabinets upgraded), and again there was 
a noticeable improvement. The midrange 
and treble were far cleaner and smoother, 
with much less glare in the brightness 
region (7-10kHz). The image improved 
in depth and spaciousness; a greater sense 
of an "open window," with real per¬ 
formers behind it. 

FINISHING TOUCH. As a final fillip, 
I glued strips of felt around the midrange 
and tweeter openings to help control dif¬ 
fraction from cabinet edges and fre¬ 
quency modulation by the woofer cone. 
I formed the felt strips by slicing up felt 
blackboard erasers with a utility knife, 
and attached them with the ubiquitous 
Liquid Nails. It took about three erasers 
to treat the two speaker systems. This | 
further tightened up the image. 
So how do they sound? Quite good— 

remarkably good, considering what they 
sounded like before modification. The 
bass, while it doesn't go terribly deep, 
is tight and tuneful; the midrange is 
clean and clear, and the treble is non-
glary, although it lacks "air" at the very I 
top. Perhaps a solid-state power amp will I 
improve that. 
On my agenda are more crossover ex¬ 

periments, higher-quality internal ca¬ 
bling, and perhaps an external (passive) 
equalizing network before the power 
amp to extend the top and bottom a bit. 
But in the meantime, well, let me put it 
this way. I still prefer my LS3/5a's, but 
if circumstances compelled me to use the 
revised Heresies as monitors while re¬ 
cording an album, I wouldn't feel unduly 
put upon. Yes, they are good enough. 
Now. 
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Part II 

A COMPACT INTEGRATED 
ELECTROSTATIC/ 

TRANSMISSION LINE 
BY ROGER R. SANDERS 

Perforated metal tends to be expen¬ 
sive. The ideal pattern would be y16-

inch perforations on %2-inch staggered 
centers. Although a possibility, it is too 
costly for our use. Fortunately, a very 
good substitute in the form of decorative 
2 by 3-foot Alcoa aluminum sheets is 
available from any Ace hardware store 
[and other stores stocking Alcoa]. The 
pattern you want is called Lincaine con¬ 
sisting of '¿-inch holes surrounded by 
Vie-inch holes. Although available in plain 
aluminum, I urge you to buy the gold 
anodized version. The plain type has an 
oily film difficult to clean. The gold type 
is spotless and costs only a few dollars 
more. The sheets are only 20 mils thick. 
The Ace order book lists this material as 
item number 1215. 

This material is soft and thin and can 
be damaged easily in transit. Often a cor¬ 
ner has been bent, but you can straighten 
that easily. Beware and reject those with 
a crease across the sheet. You will not 
be able to remove the crease. The sheets 
will have a modest bow or warp to them 
from the perforating process. This is nor¬ 
mal and is not usually a problem. 

You can cut a sheet in half with a pair 
of scissors, yielding two stators from one 
sheet. If you want a perfect cut, have a 
local sheet metal shop cut it on a sheet 
metal brake. Because the insulators are 
narrow to conserve space in this com¬ 
pact design, cut a notch in the metal so 
it clears the diaphragm contact (Fig. 1). 
Do this after you have drilled the insu¬ 
lating strips so you know exactly where 
to locate the notch. 
The holes have rounded edges on one 

side and sharp ones on the other. Dur¬ 
ing construction, face the round edged 
holes toward the diaphragm so you min¬ 
imize corona problems. A corona is the 
tendency of a sharp, high-voltage surface 
to break down the dielectric strength of 

the air, causing arcing. Smooth, rounded 
surfaces suppress this. Glue the insula¬ 
tors on the side with the rounded holes. 

INSULATORS. The insulators are made 
from either y16-inch acrylic (one brand is 
Plexiglas) or 80-mil polycarbonate (one 
brand is Lexan). I have used both but 
prefer acrylic because it meets my spec¬ 
ification for a 68-mil diaphragm-to-stator 
spacing and therefore produces the high¬ 
est output. These materials are usually 
available from home improvement stores 
or glass shops. Glass shops can often cut 
the strips you need, but it is not difficult 
to cut them yourself and doing so will 
save quite a bit of money. 
I have tried many different ways of 

cutting this stuff, but no method is per¬ 
fect. Although it is possible to score and 
break off strips, it is very difficult to do 
so even with a jig. It is far more prac¬ 
tical to saw the plastic into strips. The 
best tool for this job is a band saw with 
a very fine blade (a fine-tooth hacksaw 
blade works beautifully). Clamp some 
sort of rip fence to the saw and go to it. 
You can use a table saw, but there are 
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FIGURE 1: Diaphragm contact detail, front 
view. 

problems. First, fine-tooth blades are not 
made for them, although you can do an 
acceptable job with a plywood blade. 
This will cause considerable chipping 
along the cut edge, however, which 
although unsightly, does not affect per¬ 
formance. You also will find the plastic 
sheet has a tendency to climb the saw 
blade. To prevent this, clamp a piece of 
wood on the side of the rip fence about 
a quarter inch above the table. Run the 
saw blade about a quarter inch up into 
the wood, which will prevent the plastic 
from climbing up the blade. 
Drill the diaphragm contact holes by 

first clamping two strips together (Fig. 2). 
Drill a %2-inch hole (the size of a 6/32 
bolt, which you will use for the dia¬ 
phragm contact bolt) through both strips. 
Be careful: Conventional drill bits tend 
to shatter the plastic just as they exit the 
hole. One way to prevent this is to stop 
just as the drill point starts to exit, turn 
the stack over, and finish the hole by 
drilling in from the other side. 
I like Barry's technique (see "The 

Waldron ESL Panel," opposite page) of 
using a solder tab for the diaphragm con¬ 
tact because it is simpler and more rug¬ 
ged than my method. It has the disad¬ 
vantage of sticking out of the edge of the 
cell, which prevents slot mounting of the 
completed cell. If you use his design, 
skip to the next paragraph. If you use my 
design, separate the two strips and in¬ 
crease one of the holes to Y2 inch, so the 
head of the screw and washer that make 
up the contact point can pass through 
one of the strips and make contact with 
the diaphragm. 

CELL CONSTRUCTION. Use a piece 
of glass slightly bigger than your com¬ 
pleted cell upon which to construct the 
cell. Draw the insulator pattern on the 
underside of the glass with a felt mark-
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ing pen [Big. 3). Alternatively, you may 
lay out the pattern with masking tape. 
All the stators must be identical so when 
you glue them together, the insulators 
match, particularly the center strip insu¬ 
lator, which is very narrow. 
The diaphragm must be supported 

about every six inches for stability: thus, 
the center insulator. In theory, you have 
the option of replacing the strip insulator 
with insulating "dots" about every six 
inches. The dots allow more of the dia¬ 
phragm to move and reduce stray capac¬ 
itance, which should enhance speaker 
efficiency. I tried this initially, but it was 
unsatisfactory. The dots gave too little sta¬ 
bility to the diaphragm to use high-polar¬ 
izing voltages. Switching from dots to a 
strip increased the output by nearly lOdB. 
This is yet another case where practical 
experience proved theory wrong. 
Obtain two types of adhesives from 

your local hobby shop. First, you will 
need a small amount of cyanoacrylate, 
or instant glue. The gap-filling type is 
preferable so your joints don't have to 
be perfect to make a good glue joint. 
Cyanoacrylates are not instant when 
used on plastic. You may want to get a 
"kicker" to make it work instantly. Sec¬ 
ond, you will need some 30-minute 
epoxy in a 9-ounce squeeze bottle. Dev-
con epoxy is preferable because it has 
the lowest viscosity, but other brands are 
acceptable. Those of us who build lots 
of cells use 5-minute epoxy exclusively, 
but you must use a syringe to apply it 
and work quickly. Thirty-minute is prob¬ 
ably a better choice. 

Drill a %2-inch hole in one corner of 
the aluminum sheet for the 6/32 brass 
nut and bolt used for electrical connec¬ 
tion to your amplifier. Carefully remove 
the burr left by the drill by manually 
twisting a much larger drill bit or a 
countersink in the hole. Bend this cor¬ 
ner at right angles to the diaphragm after 
the cell is completed and then install the 
bolt through the hole to attach your elec¬ 
trical connection. The tab needs to be 
only about a half inch. If you prefer to 
have all the connections in the same cor¬ 
ner of the speaker, remember that the 
stators will be mirror images of each 
other. 

GLASS CARE. Remove all grit from 
your plate glass, aluminum, and insula¬ 
tors with a vacuum cleaner. Protect your 
glass from glue by coating it with car 
wax or covering it with plastic wrap. 
Wax paper is porous to epoxy, avoid it. 
Lay out the insulators and tack them 
together with cyanoacrylate. When all 
eight are done, lightly sand the glued 

areas to remove any high glue spots. Lay 
one of the insulator frames on the glass 
and spread a thick film of epoxy where 
the perforated metal will fit. Omit epoxy 
in the tab contact area so you can bend 
it up later. Lay the metal on the insulator 
frame, remembering to keep the rounded 
holes toward the insulators, and cover it 
with plastic wrap. 

Place flat weights on this assembly un¬ 
til the glue cures. It is important to have 
a flat stator, so make sure the weights 
are flat. If you are using books, select 
them carefully for flatness. It is a little 
more expensive, but well worth the cost, 
to place a second piece of glass or a steel 

sheet on top and then put books on it. 
This will ensure a truly flat assembly. 
Note that when the assembly is lifted 
from the glass after the epoxy has cured, 
it will still be warped. Don't worry; it 
will be flat after it is sandwiched to the 
other sheet in the final assembly. 
Now you need some conductive paint. 

I use the stuff LocTite sells for repairing 
rear window defrosters in cars, but any 
type will do. Take the stator with the 
large hole and paint a line 14 inch wide 
and about six inches long from the hole 
to the inside edge of the insulator. Go in 
whatever direction necessary to avoid 

Continued on page 42 

Alternative Method: 

THE WALDRON ESL PANEL 
BY BARRY WALDRON 

This electrostatic panel's architec¬ 
tural design is the result of a 

similar though wider configuration 
conceived a few years ago. When 
Roger asked me to construct the pro¬ 
totype, we discussed the pros and cons 
of various stator designs. My role was 
to construct a set of panels to satisfy 
Roger's overall goals. Since the pro¬ 
totypes were to be offered for sale, it 
became important to offer a panel 
which would provide the best possi¬ 
ble results. 
Roger introduced me to the ESL in 

1976. With my first design, I subdi¬ 
vided the original Sanders panel [TAA 
4/75, p. 18), making the individual sec¬ 
tions free standing. The problem with 
this is the rods are horizontal across 
the stator, requiring them to be cut, a 
difficult and time-consuming task. 
While building and testing these 

panels, I found they were structurally 
unsound, flexing in various places. 
This caused the diaphragm to become 
attracted to a stator, and the immediate 
area then would not emit sound. To 
correct this, I fashioned and attached 
Plexiglas longerons to each side of 
each stator. 
After completing the above project 

(Showcase, TAA 4/79), I tried many 
topologies. I wanted to construct a 

ABOUT THE AUTHOR 
Barry Waldron, 47, has been tinkering with 
electronics since the mid '50s and with audio 
since the early ’60s. Another hobby is still-life 
photography. In addition, Barry holds a com¬ 
mercial pilots license and is an avid ballroom 
dancer and instructor. 

panel using uncut rods. I made a long, 
narrow panel with longerons, and 
added external ribs to support the 
rods. These give us three advantages: 
First, more of the diaphragm is usable; 
second, stray capacitance is reduced, 
and third, the structural integrity of 
the frame is enhanced. These are 
slightly more difficult to construct 
than the Sanders type. 

In the next configuration, I widened 
the panel and changed the mounts 
from top and bottom tabs to a periph¬ 
eral flange. To maintain the 100:1 dia¬ 
phragm support structure, I strategi¬ 
cally placed insulated pads in the first 
prototype, as shown in David Her-
meyer's second design (SB 2/77, p. 4). 
They also have less stray capacitance 
and more usable diaphragm area. I 
used a single electrical termination 
point in each variation. 
Roger's initial tests showed that 

while the pads worked, they failed to 
adequately support the diaphragm; the 
panels would only allow 1,800V to be 
applied, resulting in SPLs of 97dB. 
Although this is fine for many, we are 
seeking the best so we eliminated the 
spot insulator pads and returned to the 
strip insulator. While stray capaci¬ 
tance is still a valid issue the gain pos¬ 
sible by using the strip insulator out¬ 
weighs the stray capacitance. These 
panels accept 3,000V and deliver a 
whopping 106dB. 
By following Sanders' articles in 

TAA (4/75) and SB (3/80) in addition 
to the following text, you should have 
no trouble constructing a suitable set 

Continued on page 38 
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THE WALDRON PANEL 
of panels. If you like segmentation, you 
can easily add this feature by rearrang¬ 
ing the bus network. 

ESL JIGS. JI (Fig. I) is a strip of Plex¬ 
iglas 'Ac inch thick with two alignment 
holes for uniform placement of the 
panel electrical terminus holes and to 
assist in final assembly stator align¬ 
ment. Size the contact screw hole to fit 
your hardware. The prototype uses 
4-40 screws x %" screws. Its location 
depends on your hardware. To place 
the hole properly, bend one stator con¬ 
tact (Fig. 2) and temporarily place it on 
the frame. Then place the diaphragm 
contact over it, making sure it extends 
a suitable distance from the frame's 
outside edge. Place J1 over the two con¬ 
tacts and at the junction of the cap 
strips. Mark, then drill this template 
hole. Do this anytime prior to attaching 
the longerons. 

Arbitrarily place the second hole on 
the stators. Locate it in the diagonal cor¬ 
ner from the electrical terminus. Use 
it solely to align the second stator with 
the first when you attach the dia¬ 

phragm. This hole and its template 
counterpart should be just large enough 
to pass an awl or ice pick. 
J2-6 are five strips of balsa wood, 3A6 

inch thick, which elevate the rods when 
affixing the horizontal ribs. Place waxed 
paper over each strip so the epoxy will 
not stick to them. Place each under each 
rib position. Expand the panel frame 
outward slightly and allow it to droop 
over the edges during gluing and posi¬ 
tioning. A good size is 11 Vie by % inch. 
Treat J7-18 as above but make them 

% inch thick and cut to fit vertically be¬ 
tween any two ribs. 

JIG. While not an absolute necessity, 
you can obtain better panel-to-panel 
uniformity with a jig than by assem¬ 
bling freehand. 

Rest a piece of plate glass the size of 
the stator (37 by 13 inches) on an over¬ 
sized piece of plywood. Note: The quar¬ 
ter-inch glass is left with straight, sharp 
edges. Nail wood strips to the plywood 
frame base around the perimeter of the 
glass; then each part of the stator to be 
glued can be butted to it. 

ASSEMBLY. Begin by forming the 

JIG ADDENDUM 

Figure Part Dimensions Qty Total 

Jig Base 4’ x 4' x W  min. 1 1 of 2 
Border 
top and bottom Va" x 2" x 6" typical 2 4 
Side Vt" x 2" x 10" typical 3 6 

Stretcher (see text) 4' x 4' x Vs" 1 1 of 2 
Glass plate (see text) 13" x 37" x V»" 1 1 

J1 Template (see text) Vs" x 6" x y16" typical 1 1 
J2-6 Rib support Vs" x 1iy16" x 3/16" 5 5 

(Balsa wood) (avail, in 3' lengths) 2+ (as needed) 
J7-18 Center support 

(as above) Vs" x to fit x %" 12 12 

basic structure. Align and glue strips B 
and C, using Weld-On 3 solvent or its 
equivalent available at plastic dealers. 
Zap™, available at hobby shops, is also 
suitable. An insulin syringe is best, al¬ 
though dealers sell a plastic bottle with 
needle that works. Glue the butt joints 
and hold for approximately 30 seconds, 
compressing the joints by hand. This is 
all the drying time needed. 
Next, position and glue front cap 

strips, A. Run the needle along the in¬ 
side edge of the two strips while rubbing 
a finger over the top as you progress. 
You can see the glue run in between the 
layers and secure the strips. Press and 
hold the strips together, allowing the 
solvent to dry. Continue the process af¬ 
fixing D. 
Note: If a jobber cuts your material, 

it might be necessary to trim various 
strips to exact lengths. A Dremel tool 
and grinding wheel work fine for this. 
Alternately, they may be scored and 
cut, or sawed. 

ADDITIONAL GLUING. You can 
now remove the stator frame from the 
jig to inspect it. You may need a putty 
knife to break the attraction of plexi 
and glass. Should additional gluing be 
necessary, do it at this time by running 
the needle along the outside edge of any 
section. Remember, you can see the sol¬ 
vent line to determine whether it has 
flowed evenly between the strips. If 
not, touch up as required. 
That wasn’t hard, was it? Proceed in 

the same fashion with the remaining 
frames. When all have been assembled, 
position J1 on the cap strip of one frame 
and drill the two holes. This done, use 
the front frame as a template for drill¬ 
ing a matching hole in the back frame. 
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Now, scribe a number into each front 
and back frame so they will not get 
mixed up and can be used in matched 
pairs. 

Next, take at least six */2-inch-diameter 
threaded rods (Redi-bolt) cut to a point 
just after the 110th thread (11 inches). 
Place a rod top and bottom near the in¬ 
side edge of B. Place the rest between 
the rib positions. Use the assembly jig 
or any convenient flat surface. The 
threaded rods must be plumb; they posi¬ 
tion the stator rods, which come next. 

PANEL PARTS LIST 

Figure Part Dimensions Qty Total 

A Cap strip 
top and bottom V2 x 13 x ’/16 " 2 16 

B Rod support 
top and bottom % x 11 x ’/i6" 2 16 

C Gap spacer 1 x 36 x 1/i6" 2 16 
D Cap strip 

left and right 1 x 37 x 1/i6" 2 16 
E Longeron % x 36% x %6" 2 16 
F Rib % x 11% x 3/1s" 7 56 
G Center support % x 36 x y16 " 1 8 

SEGMENTATION. First, place a strip 
of conductive copper foil adhesive tape 
along B's top edge, which you designate 
as the top of the stator and just inside 
0 (Fig. 3). Now you must decide about 
segmentation. If you are going to do this, 
figure out the individual lengths of foil 
required and lay these down next to 
each other. Each strip should be long 
enough to include a pigtail to its respec¬ 
tive contact screw. Note: On panels to 
be segmented, the top rib should be used 
as a terminal strip for the several con¬ 
tact screws. Further discussion of seg¬ 
mentation is beyond the scope of this 
article. 

Use a screw-type solder lug as a ter¬ 
minal. Bend it to go over the hole in D 
and rest on the copper foil. Temporar¬ 
ily anchor it with a piece of tape. 
Now for the welding rods. Place one 

hundred ten across the threaded rods 
after cleaning and testing each for 
straightness. Use Acetone or lighter 
fluid to remove the protective oil coat¬ 
ing. Do this using protective gloves ¡pías-
tic) and in a well-ventilated area. Read the 
warning on the solvent container. Now 
roll each along a flat surface to test for 
straightness. Discard bent ones. 

Place each clean, straight rod on the 
bolts from one end to the other. When 

all 110 are in place, line them up. Use 
a frame, turning it gap side up and using 
the end without the copper foil to align 
all the rods. 

GLUE FLOW. To attach a frame to the 
stator rods you must do two gluings. Do 
the first with GE Clear Silicone Rubber. 
Run a narrow but thick line along the 
inside edge of each B strip. Again turn 
the frame upside down and position it 
over the rods resting on the threaded 
rods. It is easier to position the bottom, 
B, side first, as you can see rod align¬ 
ment. Butt the rods up against the line, 
0, and press the frame down on the rods 
and into the glue. Do not rub. The sili¬ 
cone glue molds itself under and be¬ 
tween the rods. Secure the top in a 
similar manner. Depending on the ex¬ 
act length of the welding rods, you will 
find a small gap between the rod ends 
and 0 at the top. This is all right, since 
an application of conductive silver 
paint is required and it will flow down 
into this gap to make a more positive 
bus. 
Allow the glue to set for a minimum 

of 30 minutes. Then remove the frame¬ 
work from the bolts and turn it right 
side up. 
Liberally apply the conductive paint 

to the top of the rods. Paint applied to 
the rods and silicone will also run down 
in between the rods and onto the foil. 
Allow the paint to dry thoroughly. 

Once the paint has completely dried, 
cover the whole area on top of the rods 
between 0 and the inside edge of B with 
either 5-minute epoxy, Scotch Super 
Adhesive, or other similar single-part 
glue. When using the epoxy, try dam¬ 
ming up the application along the in¬ 
side by using a piece of Plexiglas coated 
with silicone spray lubricant or a balsa 
strip covered with waxed paper. This 
will make a neater border. I find the lat¬ 
ter to work just fine. Allow the glue to 
dry. 

RIBS. After the final gluing has set up, 
attach the horizontal ribs. Carefully 
mark each stator frame near the inside 
edge of the left and right sides, C/D. 
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THE WALDRON PANEL 
From the top inside edge of each stator 
measure down 5'^16 (5.833) inches on 
one side, mark it, and continue down 
until all rib locations have been desig¬ 
nated. Do this for the other side and all 
remaining stators. Add %6-inch mark¬ 
ings to each point. 
Now mark each rib for its respective 

fl and f2 positions. Measure in 7ie inch 
from each end and mark. 

Cut small strips of waxed paper to fit 
well over each strip, J2-6. Position 
these jigs on center under the rods for 
each rib location. Allow the frames, 
C/D, to expand outward and droop over 
the edges of the five strips. 
Position the threaded rods evenly 

over the tops of the stator rods and align 
them so they maintain an even separa¬ 
tion along their lengths. 
Using Devcon 5-minute epoxy in 

tubes, measure out 9-inch-long portions 
of resin and hardener on a sheet of 
waxed paper and mix with a toothpick. 
Use flat toothpicks to apply. Each glue 
line should be no thicker than V16 inch. 
Glue each rib in turn between fl and 
f2, then position them on the rods be¬ 
tween each of the markings on each 
side of the stators. Press one rib firmly 
on the stator rods and hold for a few 
moments. With all five strips in place, 
secure each with approximately 25 
pounds of weight (concrete blocks, for 
example) and allow this to set up for a 
minimum of one hour. Place the plate 
glass between the blocks and the ribs 
to distribute the weight. 

After the epoxy has hardened, attach 
the ends of the ribs. Allow the ex¬ 
panded and drooping panel edges to 
return to normal. Force back any excess 
epoxy spilled over the fl or f2 line and 
secure the ribs to the frame at D/F with 

solvent. Press and hold each bond for 
30 seconds. 

LONGERONS. The final framing step 
is attaching the longerons, E. Proceed 
as above. Glue each to its respective 
cap strip, D, and to the end of each rib. 
Place the longerons on a line ‘A inch in 
from the outside edge of D. 
Note: With the type of solder lugs 

typically available, you may need to 
shorten the longerons on the contact 
side near the hole, allowing for the con¬ 
tacts), washer and screw. 
Check the stator gaps to make sure 

the epoxy has not built up below the 
level of the rods and overflowed into 
the gap. If any has, use a Dremel tool 
with grinding wheel to smooth. The 
waxed paper on J2-6 will keep the 
epoxy at rod level. 

The vertical diaphragm support strip, 
G, is now ready for placement. On 
center, place one waxed-paper-covered 
jig (7-12) between each of the ribs and 
the A/B glue line, top and bottom. Re¬ 
member, the waxed paper goes be¬ 
tween the rods and the balsa wood. 
With the jigs in position, place the 

stator, gap side up, on your working 
surface. Once again, on center, make 
sure the strip will fit snugly and with 
no bows. Apply a bead of epoxy to its 
length using a syringe and refit to the 
stator rods. Apply weights for an ap¬ 
propriate time, and after the epoxy 
hardens, remove the weights and jigs. 
Next, glue the edges at each end of 

the strip to each A/B strip with the sol¬ 
vent. This completes the physical stator 
assembly. 

PAINTING. Mask off the gap sides of 
C, B and G with tape. Three applica¬ 
tions of insulation are required. Spray 
the first coat straight on toward the 
rods; next spray at a downward angle 
from the left and finally from the right. 
Rotate the frame 180° and repeat. 
After much thought and experimen¬ 

tation, I recommend either GC 50-12 
Red X Corona Dope or GE 1201-A as 
insulation. Both are available in aerosol 
cans, and four should be sufficient. 
Roger advises that Varathane™ can 

be applied with a toothpick should you 
need to cover nicks in subsequent re¬ 
builds. 

Each stator front will have a finished 
and professional appearance if painted 
with a gloss enamel or lacquer finish. 
Do this in the same manner as the in¬ 
sulation; again four cans is sufficient. 
After all stators have been painted, 
remove the masking tape and any paint 
from the stator contact with a knife or 
single-edged razor blade. 

Paint a small area around the gap side 
of the terminal hole of C and down one 

side for an inch or so with conductive 
paint. Be certain it does not run into the 
hole. This patch helps make contact 
between the diaphragm and the dia¬ 
phragm contact solder lug. 

Use 4-40 by % inch nylon screws and 
nuts for the terminal support. Base this 
on your contact hole size. These are 
available from hobby shops and hard¬ 
ware stores but might have to be special 
ordered. 

DIAPHRAGM COATING. Scrape any 
dried epoxy off the plate glass with a 
sharp putty knife. Next, wash the sur¬ 
face with window cleaner. Dr. Lang, in 
his Amber article (SB 6/88, p. 18), ad¬ 
vises using a static-suppressant spray, 
although I did not. The glass must be 
clean and lint free. Any lint on top or 
underneath the ‘A-mil Mylar will cause 
a cut which, depending on the dia¬ 
phragm stretching method, might be in 
the way. Using l/2-mil material will al¬ 
leviate this. For this reason, I prefer the 
thicker material when using powdered 
graphite coating. Yes, this material son¬ 
ically rolls off sooner, but both are well 
into the ultrasonic region so it is moot. 
With the Mylar positioned over the 

clean, lint-free glass, tension it slightly 
with small pieces of masking tape 
around the perimeter. 

Use plenty of light for this, as it is vital 
to see any falling or trapped lint. 
Remove obvious lint with a lint-free 
cloth both before and during graphite 
application. Graphite is available in dif¬ 
ferent grades of coarseness. Purchase 
a tube of extra fine. 

panel. 
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MISCELLANEOUS 

Cotton balls 
Extra fine graphite 
Paper towels, Acetone, glass cleaner, static spray 
14- or Vz-mil Mylar, 20' minimum (DuPont) 
One-part adhesive or 5-min. epoxy 
5-min. epoxy in 15-oz. bottles (Devcon) 
Toothpicks (flat) 
Masking and duct tape (see text) 
Rods (Oxweld #7 or equiv.) 36" x ’/16" x 880, 35/1 lb., 26 lb. typical; available in 50 lb. 
cartons for straightness 

Pens (felt tip, permanent marker) 
Paint (GC 50-12 Red-X Corona Dope or GE 1201-A) 4 aerosol cans 
Paint (Rustoleum™ or equiv.) 4 aerosol cans in gloss black lacquer or enamel 
Plastic or waxed paper cups 
Adhesive solvent (Weld-on 3 or Zap™) (see text) 
Conductive paint (GC) silver 
Conductive tape (GC) copper 
Adhesive Silicone RTV (any brand, clear) 

Special Tools 
Threaded rods (Redi-bolt) six 
Heat gun (Mono Kote or equiv.) 900W 
Adhesive applicator syringes (Stylex or equiv. 10cc needleless) (Insulin or OEM from jobber) 

Apply the powder sparsely over sev¬ 
eral cell areas. Use a single cotton ball 
to rub it around evenly, with only mod¬ 
erate pressure. Switch to a new cotton 
ball now and whenever a buildup accum¬ 
ulates. An accumulation on the cotton 
ball looks like slate. This can also cut 
the Mylar. 
Rub in small circles over the whole 

cell area. About three complete rub¬ 
bings are necessary. Use greater pres¬ 
sure each time. Keep an eye out for lint; 
any hairline tears void that particular 
cell unless you can reposition the Mylar 
to place the cut out of the way. 
As you rub, take sample ohmmeter 

readings. A low resistance border 
should run around the perimeter under 
strips C and B. Periodic measurements 
one inch apart in the radiating area 
usually show resistances of 50-100kQ. 
The higher the readings the better. With 
practice, using graphite very sparingly, 
you can get readings on the order of a 
megohm. 

Rub excess graphite to an area outside 
the cell. After the three rubbings, lightly 
pick up excess powder with paper 
towels or cotton balls. Now, give one last 
hard rubdown. 

STRETCHING. Stretching bars are out. 
Heat shrinking is in. Stretchers have cer¬ 
tain disadvantages: 

1. They will not allow for any degree 
of controlled stretch. 
2. You cannot determine what ten¬ 

sion has been screwed in. 
3. They do not allow for deviations 

in longitudinal tautness. 
4. Not everybody has ready access to 

steel bars or equipment necessary to cut, 
drill and tap them. 

To handle these problems and for fur¬ 
ther assembly simplification I offer the 
following two techniques. 
In the first method, retension the 

Mylar over the plate glass; duct tape lets 
you apply greater tension than masking 
tape. Pull the Mylar as taut as possible 
and free it from any attraction to the 
glass. 
Secure diaphragm contact near the 

outside edge of the panel with a small 
strip of tape. 

DIAPHRAGM GLUING. Mix a sy¬ 
ringeful of Devcon 5-minute epoxy in 
a plastic cup and apply it with a lOcc 
needleless syringe in serpentine pattern 
to B and C {Fig. 2}. Stay 14 inch away 
from the inside edges, apply spots in 
each outside corner and use it sparingly 
around the diaphragm contact and hole. 
Roger questions the need for this kind 
of glue line as opposed to a simple line 
down the center using less epoxy. Either 
is acceptable, but I believe you realize 
more structural integrity with the first 

method since it covers more surface 
area. In all cases, the glue lines must be 
thin so as not to add unduly to the gap 
size. 

Because center strip G is quite nar¬ 
row, apply a thin bead of epoxy along 
its center length only. 
Hold the stator with the diaphragm 

contact away from you and at the op¬ 
posite corner from the one that first 
comes in contact with the Mylar. Lower 
that corner of the stator onto the Mylar 
by positioning the stator along the edge 
of the plate glass. Work your way 
across the short side of the stator first, 
then along the long side closest to you. 
Finally let the rest of the stator contact 
the Mylar. 
With J7-12 in place, weight down the 

assembly as before and leave for at least 
one hour. 
After securely attaching the dia¬ 

phragm, remove the weights and free 
the stator by cutting the Mylar all 
around an inch or so away from the 
edges. 

Flip over the assembly with the Mylar 
on top and, using the mixing and ap¬ 
plication instructions above, apply a sec¬ 
ond glue line in a reverse serpentine 
(180° out of phase to the first) but to the 
border area of the Mylar instead of the 
stator frame. Likewise, apply epoxy to 
the Mylar over the center strip follow¬ 
ing the procedure outlined above. Using 
an awl, poke openings in the Mylar 
through the contact and alignment hole. 

Lower this stator onto the Mylar fol¬ 
lowing the above technique but with 
two awls, one for each hole. The awls 
will help align the two stators, since the 
edges of the other stator are insufficient 
as a guide. 

After joining the two stators, remove 

the awl in the contact holes, replacing 
it temporarily with a metal screw. Add 
jigs J13-18 and weights to the assembly 
and leave it for a minimum of one hour. 
After five minutes, remove the second 
awl, and the screw when the panel is 
finished. 
You can call this assembly a panel. 

ALTERNATE METHOD. This method 
allows you to glue both stators at once, 
saving valuable time. You must enlist 
the aid of an able-bodied assistant and 
procure a piece of plywood large enough 
on which to tension the Mylar. The ‘/z-
inch thick plywood must have a win¬ 
dow cut in its middle {Fig. 4]. Size the 
window just larger than the stator and 
place finger cutouts to place and remove 
the stator and panel. 

Place a stator, gap side up, in the win¬ 
dow, along with J7-9 appropriately 
placed for added support. Place your 
clean plate glass over this. 

Following the steps above, tension the 
Mylar and apply the conductive coating. 
Loosen three sides and fold the Mylar 
back, then remove the plate glass. Mix 
a batch of epoxy and apply it to the stator 
frame and center strip. 

Carefully replace the Mylar, and using 
duct tape, apply maximum tension. 
While you are doing this, have your as¬ 
sistant mix a second batch of epoxy and 
apply it to the top of the Mylar as previ¬ 
ously described. Next, poke the two 
openings in the Mylar and attach the 
diaphragm contact to the other stator. 

With an awl for each of you and each 
holding the top stator on an end, posi¬ 
tion this unit above the Mylar and align 
it to the bottom stator with the awls as 
it is lowered to the Mylar. 
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Set the remaining jigs (13-18) in place 

between the ribs of the top stator, then 
position the glass on top of the assembly 
and weight it down. Remove the awls 
and insert metal screws as above. 

FINAL VENTURE. With weights and 
jigs removed, trim and clean the panel 
edges using an X-acto knife or single¬ 
edged razor blade. 
Remove the metal screw if you 

haven't already and prepare to replace 
it with one of nylon. Before inserting the 
electrical hardware, determine which of 
the panels will be left, right, top and bot¬ 
tom. Pair up left and right and orient 
them so the contact holes of each set will 
be one above the other. This done, in¬ 
sert the screws, washers and any addi¬ 

tional solder connectors to the front and 
rear portions of each panel and tighten 
down with a nut. 
Note: Even though the metal screw 

keeps the contact hole open and pro¬ 
vides more accurate alignment when 
mating the two stators, I found it neces¬ 
sary to clean the contact holes by run¬ 
ning a drill bit through them prior to in¬ 
serting the nylon screw. 

Hair dryers do not heat Mylar enough 
to tension the diaphragm. Heat guns are 
better for the shrinking and final ten¬ 
sioning. Industrial varieties are avail¬ 
able, but hobby shops market more 
reasonably priced machines. 

Final tension the diaphragm by plac¬ 
ing the panel on a chair, stool or other 
suitable surface and holding it upright 
with light reflecting off the Mylar. Run 
the gun from side to side directing the 

air downward or upward toward the 
Mylar. Applying the heat straight on 
does not work well. It takes only six 
seconds, or about two inches per sec¬ 
ond, to cover the span. As you do this, 
you will see wrinkles disappear. 
You also will see the diaphragm 

tighten up as you move toward the bot¬ 
tom using slightly overlapping passes. 
Dallying in any one area will burn a hole 
in the Mylar. Several quick passes are 
better than one slow pass. Once the gun 
has covered the entire surface, set this 
panel aside and do the others. Note: Two 
or three separate sessions will probably 
be required for each panel. Touch up 
any wrinkles. 
The ESLs are now ready for testing 

and mounting to the bass enclosure. 

Continued from page 37 
the joint in the insulators at the corner. 
I discovered the hard way that the joint 
usually has a void into which the con¬ 
ductive paint can run and touch the 
stator, resulting in a shorted cell. Keep 
close to the inside edge of the insulator, 
but be extremely careful not to get any 
paint on the edge of the insulator or drip 
onto the metal stator. Be particularly 
careful that the paint does not run down 
inside the hole. Put no paint near the 
outside edge of the insulator because you 
will need that area for gluing things 
together. If paint drips or runs, clean it 
off with a cotton swab soaked in acetone 
or paint thinner, or sand it off with sand¬ 
paper after it dries. 

CONTACT TESTING. When the paint 
is dry, take an ohmmeter reading be¬ 
tween the stator and the paint using the 
meter's megohms position. Any meter 
movement represents a short, which is 
easier to fix now than after you have 
assembled the cells. You can test the 
contact by connecting one side of your 
polarizing supply to the paint and the 
other to the stator. If it arcs, you will 
know exactly where the short is. 
Your stators are now finished. Most 

builders believe they need to insulate 
them, since all the books on the subject 
recommend it, but I have found this 
neither effective nor necessary. Specif¬ 
ically, I have found no spray-on insula¬ 
tion that cannot be arced when I use 
very high polarizing and drive voltages, 
particularly when there are foreign ob¬ 
jects such as insects in the speakers. I 
have found that uninsulated cells work 
beautifully and arcing does not damage 
them any more than it does insulated 

cells. Neither will be damaged by an oc¬ 
casional arc or a collapsed diaphragm, 
but both will develop a hole in the dia¬ 
phragm if arced persistently by a foreign 
object. Fortunately, a few holes do not 
affect the sound. Insulation reduces cell 
efficiency, is expensive and troublesome 
to apply, so why bother? If you want to 
insulate your cells anyway, consult 
Barry's instructions. 
For cosmetic reasons, you may wish 

to paint the outside of the stators flat 
black so they are essentially invisible 
behind a moderately sheer grille cloth. 
On the other hand, some gold showing 
through a black grille cloth is attractive. 

DIAPHRAGM FABRICATION. Only 
Mylar, made by DuPont, is acceptable 
for the diaphragm. Imported imitations 
do not hold a high diaphragm tension 
and therefore do not allow a high polariz¬ 
ing voltage, which grossly reduces out¬ 
put. Mylar comes in many forms, but 
the ultrathin films we use (either *4 mil 
or Vz mil) come only in types S and C. 

I have used type S with splendid results, 
but DuPont advises me that type C has 
the same characteristics. Type C is made 
to tight dimensional tolerances for use in 
capacitors, but this is unimportant for 
our use. Although Mylar is rather inex¬ 
pensive, in recent years it has become 
nearly impossible to obtain in small 
quantities. 

Mylar film is an insulator and there¬ 
fore must be made slightly conductive 
for our use. The diaphragm must be 
slightly conductive so we can get an elec¬ 
trostatic charge on it. In theory, charge 
migration is a problem with low-imped¬ 
ance diaphragms. This means the elec¬ 
trostatic charge on the diaphragm will 
tend to move toward the area where the 
stator is closest to the diaphragm. This 
problem is worse at bass frequencies, 
since charge has more time to migrate 
and the diaphragm is driven closer to the 
stators. 

Ideally, the conductive coating should 
be highly resistive (several thousand to 

Continued on page 44 
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FIGURE 2: Diaphragm contact detail, side view. 
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Europa 8 Coax 
For several years Madisound has been trying to develop a high quality eight inch coax. There were several 
prerequisites that an ideal drive unit would possess. It had to have a 1.5 inch voice coil for high power 
handling; it should produce good bass in small boxes and acceptable bass mounted in open air. It was 
important that this unit be efficient, but we could not achieve this by sacrificing low resonance. We had 
designed a bass drive unit that had many of these characteristics (our 81524), so we were able to work out an 
excellent bass section. 

The tweeter required special attention, because all the small dome units available had sensitivity below the 
level of the woofer. The Europa 8 Coax became a reality when Audax of France released a series of very high 
energy tweeters. These units have a low resonance of 2000 Hz. The pole piece extension is a new type made 
from unbreakable solid aluminum. When coupled with a quality film capacitor, the sound is smooth and very 
precise. 

The Europa 8 Coax is a fine high fidelity reproducer on one frame. It should give precise reproduction from 
50 to over 20K hertz. It incorporates a gentle rise in output, making it very useful for autosound reproduction. 
Moreover its high power handling should make in-the-wall stereo a reality. 

Europa 8 Coax 
Fs 38.4 
Mmd 26.6 grams 
Cms 627 m/n 
Vas 39.9 Liters 
Rscc 3.62 Q 
Zmin 4.7 Q 
Zmax 51 Q 
vcL .6 @ 1 K 
Bl 7.3 T/M 
Qms 7.46 
Qes .44 
Qts .41 
Xmax 2.5 mm pk 
VD 50 cmJ
Surround Foam 
Magnet 20 oz. 
Voice Coil 38 mm 
Power Handling 75 Watts 
Freq. Response 40-21 KHz 
Efficiency 90 db 
Uses Auto, home 

I 8 Inch Auto Sound 
) Steel Grill 

$7.50 

Europa 8 Coax Suggested Alignments 
Box Volume liter 14 21 21 28 35 
Bass 1/2 Power F3 71 70 51 44 39 
Box Vent Freq. Fb Sealed-

No Fill 

36 36 28 
Port Diameter ” 2 2 2 
Port Length * 7.4 5.15 7.29 

Ordering Information: All speaker orders will 
be shipped promptly, if possible by UPS. COD 
requires a 25% prepayment, and personal 
checks must clear before shipment. Add 10% 
for shipping charges (Residents of Alaska, 
Canada and Hawaii, and those who require 
Blue Label airservice, please add 25%). There 
is no fee for packaging or handling, and we 
will refund 1o the exact shipping charge. We 
accept Mastercharge or Visa on mail and 
phone orders. 

Madisound Sjxnkcr Components 

8608 University Green 

Box 4283 Madison WI 53711 

Phone: 608-831-3433 

Fax: 608-831-3771 
Fut 119^ »FE593 



Continued from page 42 
several million ohms depending on the 
lowest frequency of interest) to prevent 
this. Peter Walker (designer of the QUAD 
ESLs) refers to this as constant-charge 
operation. 

Although this has been accepted as gos¬ 
pel in the past, it has become somewhat 
controversial recently because aluminum 
coated diaphragms also can work very 
well, and they are very low impedance 
as demonstrated by the Beveredge ESL. 
However, I do not recommend alumi¬ 
num coated diaphragms because they are 
too massive and may burst into flames 
if they arc. This is not a problem with 
high impedance diaphragms. 
Since low impedance diaphragms work 

very nicely (another case in which prac¬ 
tical experience supersedes theory), we 
need not worry about exactly what dia¬ 
phragm resistance we get. Graphite-
coated diaphragms, as outlined below, 
typically have impedances between 10 
and lOOkfl per inch and work beauti¬ 
fully. Thus I believe you can safely ig¬ 
nore everything you may have heard 
about trying to achieve some particular 
resistance. 

GRAPHITE COATINGS. Diaphragms 
may be coated with many materials. Al¬ 
most anything works—for a while. Most 
of the spray-on antistatic coatings work 
very well initially, but the adhesive even¬ 
tually evaporates, vibration causes the 
coating to come off, and the cell dies. Ex¬ 
periment if you wish, but if you want to 
use a coating that has withstood the test 
of time, use graphite. Fine powdered 
graphite is available for a dollar or so from 
any hardware store, commonly used to 
lubricate locks. Pencil lead rubbed against 
fine sandpaper also is an excellent source 
of powdered graphite. Rather than rely¬ 
ing on some type of adhesive (very few 
of which adequately bond to Mylar), you 
can grind graphite into the Mylar surface 
so you know it will not come off. Despite 
the fact that many builders seem intimi¬ 
dated by this process and prefer to use 
some type of liquid or spray coating, 
making graphite-coated diaphragms is a 
simple task. The following directions are 
very detailed because of all the calls and 
questions I have received in the past 
about diaphragm coating. 
The main hazard to graphite rubbing 

is tearing the film on grit between the 
glass and the Mylar. Both materials must 
be very clean. If you clean the glass and 
the Mylar with acetone on a paper towel, 
you should have no problems. Acetone 
is the only acceptable cleaning agent 
because it cuts grease, will not dissolve 

Mylar, evaporates without a trace, is an 
effective epoxy solvent, and is nontoxic 
in small quantities. This is particularly 
important because you will be working 
indoors. Acetone is also inexpensive and 
available from any hardware or paint 
store. I cannot stress too strongly that 
acetone is extremely flammable. Treat it 
accordingly. 

The only other solvent I might recom¬ 
mend is distilled water. It is not as good 
as acetone because it is slow to evaporate 
and does not cut grease or epoxy. How¬ 
ever, it is nontoxic, will not burn, and 
doesn't stink. 

Keep windows closed and fans off dur¬ 
ing cleaning so you don't stir up dust. It 
is also a good idea to damp-mop the floor 
and the work area to pick up as much 
dust and grit as possible before starting. 
Vacuum cleaners are forbidden, as they 
only blow dust around. 

HANDS OFF. Cut a piece of Mylar a 
little larger than your glass. Fingerprints 
do not accept graphite very well, so keep 
your hands off the surface you will be 
making conductive. Dave Lang (SB 6/88, 
pp. 18-25) recommends cotton or thin 
latex gloves to solve this problem. You 
can always wipe fingerprints off the 
Mylar with acetone if necessary. Wipe 
the glass with a paper towel wetted with 
acetone. If you feel any lumps of epoxy 
or anything else on the glass, scrape 
them off with a single-edge razor blade 
and wipe again with acetone. 

Lay the Mylar over the glass. Unless 
the glass is much larger than the cell, 
give yourself a couple of inches of Mylar 
border. With a dry paper towel, gently 
rub the Mylar with about one pound of 
pressure from the center to the edges of 
the glass while gently pulling on the edge 
of the Mylar with your other hand. The 
object is to smooth it out, get rid of the 
major wrinkles, get it to stick to the glass, 
and find the grit. 

When the wrinkles are out, wipe with 
about five pounds of pressure. Using a 
strong light will reveal little "tents" in 
the Mylar caused by grit trapped be¬ 
tween the Mylar and the glass. Lift the 
edge of the Mylar and wipe away any 
grit that forms a tent larger than about 
% inch across. Smaller ones are okay 
unless they are very sharp or pointed. In¬ 
cidentally, you may notice creases in the 
Mylar that appear as fine lines. Ignore 
these; heat shrinking will remove them. 

Tape down the Mylar every four to six 
inches all the way around. Tape the cor¬ 
ners first, then put tape halfway between 
the corners, then tape halfway between 
that, then halfway between that until 

you have a piece of tape about every six 
inches. Now there should be no wrinkles 
in the Mylar. It is easy to pull the dia¬ 
phragm quite tight as you tape it down. 
You need not get it perfectly smooth at 
this stage because the heat shrinking will 
do this for you later. It takes me less than 
five minutes to lay out the Mylar, 
smooth it, remove the grit, and tape it 
down. 

Sprinkle a little graphite on the Mylar 
and rub it in gently with a clean, dry 
paper towel. A light-colored tablecloth or 
white paper under the glass will make 
it easier to see the graphite on the 
diaphragm. 

ELBOW GREASE. Now it is simply a 
matter of rubbing hard to grind the 
graphite into the Mylar. It is not as dif¬ 
ficult as Barry makes it sound. 1 just use 
a paper towel and the heel of one hand 
placed beneath the other and rub hard 
back and forth, making sure I cover the 
entire area. The key is to rub hard. I lean 
on my hands with virtually all my 
weight. Unlike Barry, I don't worry 
about slate buildup, and I don't care 
what resistance the diaphragm has. I 
don't even bother to measure it any¬ 
more. If the diaphragm looks gray and 
I've rubbed hard, I know it will work 
perfectly and indefinitely. 
Remove the excess graphite with a 

clean, dry paper towel. Don't be afraid 
to rub hard. You won't be able to rub 
off all the coating. If you can, you didn't 
rub it in hard enough to begin with. 
Wipe a couple more times with clean 
paper towels until no more graphite 
comes off. If you don't clean off the ex¬ 
cess, the cell will hiss when first placed 
in operation until the excess graphite 
burns off. 
Cut a piece of aluminum foil about % 

inch by two inches. This will be placed 
under the diaphragm contact screw. 

Epoxy is easiest to mix in a one-ounce 
plastic medicine cup obtained from a 
doctor's office or a hospital. Some hobby 
shops also carry them. If you can't find 
any, use a small plastic cup or the top 
of a spray-paint can. Do not mix epoxy 
in a waxed paper cup, as the wax often 
comes off and contaminates the epoxy, 
resulting in a loss of bond strength. Use 
a small Popsicle stick for mixing. Mix 
about lOcc and stir for at least one min¬ 
ute. A heat gun can reduce the epoxy 
viscosity if you wish, but this will in¬ 
crease the reaction rate and reduce the 
pot life, so work rapidly if you use heat. 

EPOXY. If possible, use a lOcc dispos-
Continued on page 46 
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BOOKS from Old Colony Sound Lab-
builder s cuides, general builder's guides, specif ic (cookbooks) 
BKAA-4 KILLER CAR STEREO ON A BUDGET.$19.95 
MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS ... $8.90 
S-25 ELECTRONIC PROTOTYPE CONSTRUCTION .. $ 17.95 
S-27 DESIGN OF OP AMP CIRCUITS.$ 12.95 
S-31 HOW TO READ AND INTERPRET 

SCHEMATIC DIAGRAMS.$12.95 
T-8 ENHANCED SOUND—22 Electronics Projects 

for the Audiophile.$10.95 
T-10 ACOUSTIC TECHNIQUES FOR HOME 

AND STUDIO .$18.95 

S-9 REGULATED POWER SUPPLIES.$21.95 
S-10 IC OP AMP COOKBOOK .$21.95 
S-13 AUDIO IC OP AMP APPLICATIONS.$17.95 
S-14 ACTIVE FILTER COOKBOOK .$15.95 
S-17 IC TIMER COOKBOOK.$17.95 
S-18 TTL COOKBOOK.$14.95 
S-26 CMOS COOKBOOK.$18.95 

TUTORIAL 

SOUND ENGINEERING, REFERENCE WORKS 
B-l LOUDSPEAKER AND HEADPHONE 

HANDBOOK.$110.00 
MH-1 HANDBOOK FOR ELECTRONICS 

ENGINEERING TECHNICIANS (2nd Ed.).$48.95 
MH-4 AUDIO ENGINEERING HANDBOOK.$85.00 
NE-1 NEW EARS: A Guide to Education and 

the Recording Sciences.$ 11.95 
PH-1 HANDBOOK OF SIMPLIFIED SOLID-STATE 

CIRCUIT DESIGN.$39.95 
RR-1 1990 ARRL HANDBOOK FOR THE 

RADIO AMATEUR.$23.00 
S-19 SOUND SYSTEM ENGINEERING.$49.95 
S-28 HANDBOOK FOR SOUND ENGINEERS: The New 

Audio Cyclopedia.$79.95 
X-l PERCEPTION OF REPRODUCED SOUND.$35.00 

GUIDEBOOKS AND DATABOOKS 
N-5 VOLTAGE REGULATOR HANDBOOK. $7.00 
N-6 LINEAR DATA BOOK 1.$16.95 
N-7 LINEAR DATA BOOK 2.$ 10.95 
N-8 LINEAR DATA BOOK 3.$10.95 
N-678 LINEAR DATA BOOKS (3-volume set).$35.00 
P-1 THE PENGUIN GUIDE TO STEREO RECORDS & 

CASSETTES.$12.95 
P-1A THE PENGUIN GUIDE TO COMPACT DISCS, 

CASSETTES AND LPs.$14.95 
S-30 TUBE SUBSTITUTION HANDBOOK. $5.95 

NOTE: BOOKS ARE NOT RETURNABLE FOR EXCHANGE OR CREDIT 
Prices are subject to change without notice. Please print in clear block capitals 
quantity needed, book number and price. Total the amounts and REMIT IN 
US $ ONLY by MC/VISA, check or money order. Charge card orders under 
$10, please include an additional $2. 
POSTAGE & HANDLING: In US please add $1.75 for first book and 50C each 
additional book. Canada please add $4.50. Overseas please include 20% of 
total order for shipping. 

BKAA-3/1 AUDIO ANTHOLOGY (Vol. 1).$16.95 
BKAA-3/2 AUDIO ANTHOLOGY (Vol. 2).$16.95 
BKAA-3/3 AUDIO ANTHOLOGY (Vol. 3).$16.95 
BKAA-3/S AUDIO ANTHOLOGY (Vols. 1-3).$42.00 
BKAA-5 LOUDSPEAKERS: The Why & How of 

Good Reproduction. $6.95 
D-l REPRODUCTION OF SOUND. $3.95 
D-3 MUSIC, PHYSICS AND ENGINEERING . $7.95 
G-l LIVING WITH HI-FI. $7.95 
P-8 INTRODUCING MUSIC. $5.95 
S-4 UNDERSTANDING IC OPERATIONAL 

AMPLIFIERS.$12.95 
S-29 PRINCIPLES OF DIGITAL AUDIO.$29.95 
T-7 BASIC ELECTRONICS COURSE.$15.95 
T-l 1 UNDERSTANDING ELECTRONICS (3rd Ed.) ... . $9.95 

LOUDSPEAKERS (see also sound engineering) 

BKAA-1 AUDIO AMATEUR LOUDSPEAKER PROJECTS . . $20.00 
BKAA-2 THE LOUDSPEAKER DESIGN COOKBOOK.$ 19.95 
S-ll HOW TO BUILD SPEAKER ENCLOSURES. $6.95 
T-6 ELECTROSTATIC LOUDSPEAKER DESIGN 

AND CONSTRUCTION .$15.95 
W-l HIGH PERFORMANCE LOUDSPEAKERS.$38.95 

DICTIONARIES 
S-22 MODERN DICTIONARY OF ELECTRONICS .... $39.95 
T-9 THE ILLUSTRATED DICTIONARY OF 

ELECTRONICS .$24.95 
P-2 DICTIONARY OF ELECTRONICS. $8.95 
P-3 A NEW DICTIONARY OF MUSIC . $8.95 
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Have information plus MC/VISA available. 



Continued front page 44 
able syringe without a needle to suck up 
the epoxy. Squirt a small bead (about % 
inch wide) down the center of each in¬ 
sulator on one of the stators that has the 
large diaphragm contact hole with con¬ 
ductive paint. When you get to the dia¬ 
phragm contact area, move the bead of 
epoxy to the outside edge so that the 
paint is free to contact the diaphragm 
rather than being coated with an insu¬ 
lating film of epoxy. Avoid the tendency 
to use a lot of epoxy because it will form 
a thick film and tend to run down the 
edges of the insulators. I mix about lOcc, 
am able to suck up about 6cc in the sy¬ 
ringe, and actually use about 5cc per 
stator. 

After you have applied the epoxy, put 
the aluminum foil over the diaphragm 
contact hole. It should cover the width 
of the insulator and it will lie on the bead 
of epoxy. Do not allow the foil to extend 
past the inside edge of the insulator, or 
it might short the cell. Carefully flip the 
stator over and set it on the diaphragm. 
Press hard on the insulators all the way 
around and up the middle. The object is 
to squeeze the epoxy into a thin film. Be 
careful that you do not slide the stator 
around and smear the epoxy. Put the 
glass or steel sheet on top, weight it, and 
let the epoxy catalyze. 
The epoxy cures much faster in the 

cup or syringe than it does in a thin film, 
so be sure it has cured well before 
removing the assembly from the glass. 
To free the Mylar from the glass so you 
can Lift the assembly, cut it along the 
perimeter of the glass with a razor blade. 
Then carefully lift one end of the assem¬ 
bly to allow air to enter; otherwise, the 
assembly will tend to stick to the glass. 
Even though the Mylar was free from 
wrinkles when you glued the stator to 
it, you will probably find that it now has 
a few small wrinkles. Don't sweat it; 
you're in good shape. 

With your thumb, gently press on the 
Mylar at the diaphragm contact hole. 
This will clearly outline the hole. The 
next step is critical. Use a sharp pencil, 
awl, or other sharp object to gently punc¬ 
ture the aluminum foil at the diaphragm 
contact. Puncture from the diaphragm 
towards the insulator so you don't tear 
the diaphragm away from the insulator. 
Remember that you did not put epoxy 
between the Mylar and the aluminum 
foil, so this area is vulnerable to disrup¬ 
tion if you are not careful. The hole you 
make should be only as large as the shank 
of your diaphragm contact screw. It must 
be centered in the hole in the stator. Be 
careful to keep it small. If you make it 

as big as the hole in the stator, you will 
have no place to contact the diaphragm 
after the cell is assembled, and you will 
have to put in a new diaphragm. 

HEAT SHRINKING. A heat gun will 
shrink the diaphragm so it is tight and 
wrinkle-free. Guns are available from a 
hobby shop or hardware store for about 
$20, or if you ask around, you can prob¬ 
ably borrow one. Do not substitute a hair 
dryer, as they simply don't get hot 
enough. Heat guns vary in power and 
heat. The common hobby type is rated 
at 900W and has little vents on the back 
that can sometimes be adjusted to con¬ 
trol the heat output. 
Test your gun by having someone 

stretch a scrap of Mylar between their 
hands while you heat it with the gun. 
The object is to determine how much 
heat you can apply without melting the 
Mylar. Effective heat shrinking requires 
that you almost, but not quite, melt the 
Mylar. I generally find that leaving the 
vents wide open while holding the gun 
one to two inches from the film is about 

right. You have it right when you can 
hold the gun stationary and the Mylar 
will not melt. By adjusting the distance 
from the film and the vent openings, you 
can easily determine the safe zone. 
Hold your stator/diaphragm assembly 

vertically while passing hot air from the 
heat gun over the diaphragm in a slow, 
uniform motion. I move the gun at about 
four inches per second and cover about 
a two-inch path with each pass down the 
cell. This is really very easy to do and 
takes less than a minute. One pass will 
do the job unless you have huge wrin¬ 
kles in it. Feel free to heat and shrink 
repeatedly until you get the diaphragm 
smooth and tight. There is a limit, as the 
Mylar will shrink only about 10% max¬ 
imum. This is plenty for all but the slop¬ 
piest construction. Forget anything you 
might have heard about exactly how 
much tension you should have on the dia¬ 
phragm. You can't get it too tight, but you 
sure can get it too loose! Get it as tight 
as you can, since more tension allows you 
to use higher bias voltages, which gives 
you more output. 

FIGURE 3: Insulator pattern and dimensions. 
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REHEATING. The diaphragm may 
relax a little after the first application of 
heat. It is a good idea to reheat it about 
a day later, after which it will stay tight. 
Some builders use mechanical stretching 
devices to tension the diaphragms. These 
work, but generally you cannot get the 
diaphragm as tight as with heat shrink¬ 
ing and the diaphragm will still tend to 
relax, although to a lesser degree. 
You can always touch up the dia¬ 

phragm in the future by heating it when 
the cells are mounted, although this is not 
normally necessary. Once the diaphragm 
is thoroughly shrunk, it will remain so. 
Problems occur if the cell is stressed dur¬ 
ing shipment or by accident, causing the 
diaphragm to go slack. It is wonderful to 
be able to retension the diaphragm rather 
than having to replace it. 

If you are using steel wire stators, sim¬ 
ply heat the diaphragm on one side as 
though there were no stator present. If 
you are using perforated aluminum 
stators, the aluminum will expand from 
the heat, which will cause the cell to bow 
and break glue bonds. The ideal way to 
handle this is to use two heat guns, one 
on each side opposite each other. It is 
possible to use one heat gun by briefly 
heating one side, then quickly switching 
to the other side, and then back again. 
Both these techniques will result in fairly 
even expansion of the aluminum and 
prevent broken glue bonds. 

When you are satisfied with the dia¬ 
phragm, put epoxy on the other stator 
in the matched pair and set it on top of 
the diaphragm. Look very carefully at the 
diaphragm contact hole. The puncture 
you made in the Mylar must be centered 
under the hole in the second stator so 
that you can put the diaphragm contact 
screw through it. Again, put the glass 
over the assembly and weight it. Before 
leaving, double-check the alignment of 
the diaphragm contact to be absolutely 
sure that the two holes are centered on 
each other. 

TRIMMING. When the epoxy has 

ESL PARTS LIST 

Qty. Description 

16 1/16 " acrylic insulators, 0.75 x 35.5'' 
16 1/i6" acrylic insulators, 13" 
8 ’/16" acrylic insulators, 0.25 x 35.5" 
4 Lincaine perforated aluminum sheets, 

24 x 36" 
1 Mylar film, 0.5 or 0.25 mil, 48" x 20' 
1 Epoxy, 5 or 30 minute, 9 oz. bottles 

12 Bolt, washer, nut, brass, 6-32 x Vi" 
1 Conductive paint, LocTite “Quick 

Grid” 

cured, gently lift the assembly. Nothing 
sticks to graphite-coated Mylar very well, 
not even epoxy. The glue joints are ade¬ 
quate, but they can be broken if abused. 
The assembly will be amazingly rigid 
and flat and will have no give, so if you 
force the assembly into a curve, the glue 
bond will fracture. Use a sharp new 
single-edge razor blade to trim the Mylar. 
The Mylar will quickly dull the blade, 
so you should throw it away after trim¬ 
ming one cell. Use a new blade for each 
cell. You can remove the last fragments 
of diaphragm from the edges by rubbing 
a medium-grit sandpaper along the edge, 
but this is not usually necessary. 

Bend up the stator contact tabs and in¬ 
sert 6/32 brass contact bolts. Using a 
small washer under the head of the dia¬ 
phragm contact bolt, carefully push it 
through the diaphragm hole. This goes 
through the large hole first so that the 
head and washer contact the aluminum 
foil. Add the nut and gently tighten. 
When connecting wires to these contact 
bolts, avoid excessive tightening or ro¬ 
tating of the bolts, which could damage 
the contacts on the diaphragm or stators. 
Your cells are now complete. 

When you first fire them up, they will 
make a faint hissing sound. I believe this 
hiss is caused by excess graphite on the 
diaphragm and it is temporary. If you test 
them with music alone, without equaliza¬ 
tion, woofers, and the baffling effects of 
the TL cabinet, you will be disappointed 
in the SPLs and frequency response. 
Hang in there; there is nothing wrong. 
This is a system, and when all the parts 
are working together, the sound will be 
splendid. 

TROUBLESHOOTING. The foregoing 
instructions have 17 years of mistakes 
behind them. I have tried to advise you 
of all the pitfalls involved in constructing 
your cells, and it is unlikely that the cells 
will not work if you follow the directions 
closely. Writing a troubleshooting section 
suggests that the speakers are going to 
be difficult to build and operate and you 
are going to have problems. Actually, the 
cells are quite reliable and easy to con¬ 
struct, but I know how frustrating it is 
to have something not work and not have 
the slightest idea of what the problem is 
or how to fix it. 

If the cell does not work, only three 
things can be wrong. First, make sure 
you have polarizing and drive voltages 
at the connections to the cell. If you do, 
there are only two possible problems 
with the cells themselves. The most com¬ 
mon is that you have a short between the 
diaphragm and one of the stators. This 

is usually a foreign object and can usu¬ 
ally be removed by vacuuming the cell 
with a soft brush or blowing out the cell 
with compressed air. Possibly conduc¬ 
tive paint ran down the edge of the stator 
insulator or into the hole. If you painted 
the stators with insulation, it is possible 
that you have some conductive object 
embedded in the paint. 
The other problem may be caused by 

something conductive on the outside. 
Keep in mind that even though you 
trimmed off the diaphragm, it is easy to 
make electrical contact with the dia¬ 
phragm anywhere along the edge. Look 
closely for something touching the edge 
of the cell that is also touching a stator. 
That something may be quite insignifi¬ 
cant and still cause problems. Usually 
the short is fairly easy to find and cor¬ 
rect, but if it isn't, you must tear down 
the cell and put in a new diaphragm. 

SHORTED DIAPHRAGM It is rather 
easy to determine which stator has the 
short. Connect only the two stator con¬ 
nections (you need not play music, but 
it doesn't hurt to do so during testing). 
With the polarizing voltage on, bring the 
diaphragm contact wire slowly up to the 
diaphragm contact. Almost, but not quite, 
touch the diaphragm contact with the 
wire. In a properly operating cell, there 
will be a slight momentary arc as the 
current charges the diaphragm. In a 
shorted cell, the arc will be much larger 
and will persist. You will usually hear 
a pronounced pop from the speaker 
when it is first connected as well. 

You can tell which stator is shorted by 
removing one of the stator connections 
and again bringing the polarizing voltage 
wire slowly to the diaphragm contact. 
Alternately connect and disconnect one 
stator at a time. The shorted stator will 
cause persistent arcing. You can usually 
tell by connecting an ohmmeter between 
the diaphragm contact and the stator 
contact. Keep in mind that the short may 
be several megohms and still render the 
cell inoperable. Ohmmeters don't always 
identify the problem, as the foreign ma¬ 
terial may not actually be making con¬ 
tact between the diaphragm and stator. 
The meter, which measures at low volt¬ 
age, will see an open circuit. But when 
a high voltage is applied, it will arc and 
prevent the use of the necessary high 
voltages. 

It is also possible that you have a stator 
in which the aluminum is not flat or a 
wire stator in which one or more wires 
are bent or detached from the support 
structure. You can prevent warping by 

Continued on page 77 
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KITS 
from OLD COLONY 

Post Office Box 243*Peterborough, NH 03458-0243 

ORDERING INFORMATION: Postpaid in US, Canada please add 10% of total 
order, overseas add 20%. Shipment is via UPS—please provide street address. If 
you cannot receive UPS delivery, please include an additional $2 for insurance 
service via Parcel Post. We cannot accept reponsibility for safety or delivery of 
uninsured Parcel Post. UPS next and second day air are available to some areas 
upon request. REMIT IN US $ ONLY by MC/VISA, check or money order. Ab¬ 
solutely no C.O.D.'s. 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

(603) 924-6371 / 924-6526 FAX: (603) 924-9467 

Answering machine for credit card orders only: (603) 924-6371 before 9:00 a m., 
after 4:00 p.m. and weekends. Have all information plus MC/VISA available. 

-FILTERS & SPEAKER SAVER-
KH-2: SPEAKER SAVER AND OUTPUT FAULT DETECTOR [3:77]. This basic 
two-channel kit includes board and all board-mounted components for control 
circuitry and power supply. It features tum-on and off protection and fast opto¬ 
coupler circuitry that prevents transients from damaging your system. The out¬ 
put fault detector has additional board-mounted components for speaker protec¬ 
tion in case of amplifier failure. $65 
KF-6:30Hz RUMBLE FILTER. [4:75| This kit implements a 1975 design for a low 
frequency garbage filter. The filter knee is set to 30Hz. Roll-off below that knee 
is the 18dB/octave characteristic of its three pole design. Gain for the filter is 
unity (OdB) but can be simply adjusted for up to 12dB of gain. The reprint of the 
article explores the use of the filter with other components in crossovers (see kits 
SBK-C1A, C1B). It shows how to obtain slopes of 6, 12 or 18dB in high and low 
pass filters. The kit contains all parts for building a two channel HPF including 
a board (3" x 3"), quad op amp IC, precision resistors and capacitors. Requires 
a bipolar supply of ± 15V, the KE-5 is suitable. $30 

-AIDS & TEST EQUIPMENT-
KK-3: THE WARBLER OSCILLATOR 1 1:79]. This unit will produce a swept signal 
covering any 16-octave between 16Hz and 20kHz. The total harmonic distortion 
at the output is less than 1.5 %. The output voltage is adjustable from 0 to IV. When 
used with a microphone it is as effective as a pink noise source in evaluating speaker 
system performance. It also reveals the listening environment's effect on sound 
through reflection and absorption. The sweep rate is set at about 5Hz. The kit in¬ 
cludes 3 W " x 3% " circuit board, transformer, all parts and article reprint. $70 
KH-7: GLOECKLER PRECISION lOldB ATTENUATOR. (4:77] All switches, 1% 
metal film and 5% carbon film resistors to build prototype. Chassis, input/output 
jacks are not included. $65 

KC-5: GLOECKLER 23-POSITION LEVEL CONTROL. [2:72] All metal film 
resistors, shorting rotary switch and two boards for a two-channel, 2dB per step at¬ 
tenuator. Choose 10k or 25OkO. $48 
KL-6: MASTEL TIMERLESS TONE BURST GENERATOR. (2:80] All parts with 
circuit board. No power supply. $24 
KP-2: TWO TONE INTERMODULATION TEST FILTER. [1:82]. This filter is 
designed to isolate the two high frequency tones at an amplifier's input from low 
frequency intermodulation products present at the output. The high pass filter cor¬ 
ners at 2kHz and rolls off at 24dB/octave. A 5kHz signal at the low pass input will 
be down at the output by 80dB. An article reprint detailing design and use is 
included with the kit. All parts are supplied including quad op amp IC, circuit 
board and precision resistors and capacitors. $26 
SBK-D2: WTTTENBREDER AUDIO PULSE GENERATOR. [SB 2:83] All parts, 
board, pots, power cord, switches and power supply included. $80 

SBK-E4: MULLER PINK NOISE GENERATOR. [SB 4:84] All parts, board, 1% MF 
resistors, capacitors, ICs, and toggle switches included. No battery or enclosure .$35 

CROSSOVERS— 
KC-4A: ELECTRONIC CROSSOVER, MT A. [2:72] Single channel, two-way. All 
parts including C-4 board and LF351 ICs. Choose frequency of 60,120,240,480, 
960,1920,5k or 10k. KE-5 or KF-3 supplies are suitable. $14 

KC-4B: ELECTRONIC CROSSOVER, KIT B. |2:72] Single channel, three-way. All 
parts including C-4 board & LF351 ICs. Choose two frequencies of 60, 120, 240, 
480,960,1920,5k or 10k. $18 
KK-6L: WALDRON TUBE CROSSOVER LOW PASS: Single channel, 18dB/oc-
tave, Butterworth, |3:79] includes three-gang pot. Choose 1: 19-210; 43-465; 
88-960; 190-2100; 430-4650; 880-9600; 1900-21,000 hertz. $60 

KK-6H: WALDRON TUBE CROSSOVER HIGH PASS: Single channel, 18dB/oc-
tave, Butterworth, |3:79] includes three-gang pot. Please specify 1 of the frequen¬ 
cies in KK- 6L. No other can be supplied. $62 
KK-7: WALDRON TUBE CROSSOVER POWER SUPPLY. [3:79] Includes board, 
transformer, fuse, semiconductors, line cord, capacitors to power four tube 
crossover boards [8 tubes], 1 stereo bi-amped circuit. $110 
SBK-A1: LINKWITZ CROSSOVER/FILTER. |SB 4:80] Three-way crossover/filter/ 
delay. 24dB/octave at 100Hz and 1.5kHz and 12dB/octave below 30Hz, with 
delayed woofer tum-on. Use the Sulzer supply KL-4A with KL-4B or KL-4C. 

Per channel $75 Two channels $140 SBK Board only $25.50 
SBK-CIA: ELECTRONIC TWO-WAY CROSSOVER. |SB 3:82] 30Hz filter with 
WJ-3 board & 4136 IC adapted as one channel crossover. Can be 6,12 or 18dB/oc-
tave. Choose frequency of 60,120, 250,500, Ik, 2k, 5k or 10k. The KL-4A/KL-4B 
or KW-3 are suitable supplies. $32 

SBK-C1B: THREE WAY, SINGLE CHANNEL CROSSOVER. |SB 3:82] Contains 2 
each SBK-C1 A. Choose high & low frequency. $60 

SYSTEM ACCESSORIES 
KW-3: BORBELY IMPROVED POWER SUPPLY [1:87] This single channel, low 
impedance supply was designed for the exacting requirements of Emo Borbely's 
moving-coil preamp [2:86, 1:87]. The design utilizes polypropylene caps and 1% 
metal film resistors. LM317/337s are used in the preregulator and Signetics 
NE5534 in the op amp regulator. The kit includes a low profile 24V toroidal 
transformer, 414" x 5W" circuit board and all board mounted components. 
Chassis and heatsink are not included. $135 Two or more $128 
KE-5: OLD COLONY POWER SUPPLY. Unregulated, ± 18V @ 55mA. $20 
KF-3: GATELY REGULATED SUPPLY. ± 18V or ± 15V @ 100mA. $52 

KL-4A: SULZER POWER SUPPLY REGULATOR. $40 
KL-4B: SULZER DC RAW SUPPLY. ± 20V @ 300mA. $60 
KL-4C: SULZER DC SUPPLY w/toroidal transformer. $85 
KH-8: MORREY SUPER BUFFER. [4:77] All parts, 1% metal film resistors, NE531 
ICs, and PC board for two-channel output buffer. $22 

SBK-E2: NEWCOMB NEW PEAK POWER INDICATOR. [SB 2:84| All parts & 
board, new multicolor bar graph display; red, green & yellow LEDs for one channel. 
No power supply needed. $14 Two for $22 
KL-2: WHITE DYNAMIC RANGE & CLIPPING INDICATOR. [1:80] One chan¬ 
nel, including board, with 12 indicators for preamp or crossover output indicators. 
Requires ± 15V power supply @ 63 mils. Single channel. $58 

Two channels. $110 Four channels. $198 
KW-1: MAGNAVOX CD PLAYER MODIFICATION. Improves frequency re¬ 
sponse. Includes two Signetics NE5535s, two Panasonic HF series 330^F capacitors 
and four 3.92k, 1% metal film resistors. $12 
KW-2: MODIFICATION. As above, but with two AD-712 op amps in addition to 
theNE5535s. $16 
KX-1A: DISC STABILIZER. Set of 3 Sorbothane feet, 3 Tiptoes and Mod Squad's 
Disc Damper with 15 centering rings. $70 
KY-1: BEERS' BUDGET CD MOD. [ 1:89] Kit provides POOGE-4 improvements 
without additional wiring or circuit boards. Complete parts for assembling 
amplifier modules and replacing DAC components. Article reprint included. 
Soldering skills required, not recommended for beginners. $95 

What's Included? Kits include all the pans needed to make a functioning circuit, such as circuit boards, semiconductors, resistors and capacitors. Power supplies are 
not included in most cases. Unlike kits by Heath, Dyna and others, the enclosure, faceplace, knobs, hookup wire, line cord, patch cords and similar parts are not mcluded. 
Step-by-step instructions usually are not included, but the articles in TAA and SB are helpful guides. Articles reprints are included with the kits. Our aim is to get you 
started with the basic parts—some of which are often difficult to find—and let you have the satisfaction and pride of finishing your unit in your own way. 



Software Report 
Two-Way Active 

Crossover Program 

by Robert M. Bullock, III 

Two-Way Active Crossover Design Program, 
by Gary Galo. Available from Old Col¬ 
ony Sound, PO Box 243, Peterborough, 
NH 03458, (603) 924-6371; $20. 

This program calculates the component 
values for the active two-way crossover 
networks described in my article, "Pas¬ 
sive Crossover Networks, Part III'' (SB 
3/85, p. 14). I provided some component 
value tables, but they were necessarily 
limited to a small number of crossover 
frequencies. With this program you can 
now obtain component values for any 
frequency. 
The program is quite straightforward. 

Simply choose crossover type and order 
from a menu, provide the crossover fre¬ 

quency and a single capacitor value, and 
the program takes care of the rest. It not 
only provides the component values, but 
also will display the circuit if you like. 

I restricted the tables in my article not 
only as to crossover point but as to 
capacitor value as well. This program has 
no such restriction. You can supply any 
capacitor value, so you are more apt to 
be able to use what you have on hand. 
Remember, only two values are used in 
the circuits. If the selected value is C, 
then the other value you may need is 
10C, which is standard if C is. 
The program produces accurate values 

(as long as you provide the correct input) 
and will save you a lot of calculation, es¬ 
pecially if you want to play with various 
crossover frequencies and/or types. 

If you have not considered using active 
crossovers, I encourage you to rethink 

your position. While they are not inher¬ 
ently better than passive networks, they 
offer the home builder a convenience and 
versatility in the absence of sophisticated 
measuring capabilities. Once the active 
approach is incorporated into your sys¬ 
tem, you can avoid some load matching 
problems. You can deal easily with sen¬ 
sitivity matching by adding a gain control 
or volume stage. You can even add stages 
to handle various types of response 
equalization. 

If you decide to convert to active cross¬ 
overs, this program will allow you to ob¬ 
tain acceptable crossover circuits. By 
keeping your crossover points a decade 
or more apart, it should even provide ac¬ 
ceptable three-way networks by cascad¬ 
ing two two-way networks. 

b 

Manufacturing OEM loudspeakers in the USA since 1946 
ÍV S PEAKE R S 

CARBON-GRAPHITE CONE FORMULATIONS 

RUBBER SURROUND SUSPENSIONS 

FLAT SPIDER SUSPENSIONS 

VENTED POLE PIECE ASSEMBLIES 

KAPTON™ VOICE COIL FORMERS 

CALL OR WRITE TODAY FOR MORE INFORMATION 

custom engineered and manufactured loudspeakers 

A total of 16 different woofers are available in quantities of 
1 to 250 pieces along with quantity price breaks. 

Carbonneau is now offering a product line of loudspeakers to the 
hobbiest and small speaker manufacturer that has all the 

traditional top quality engineering traits that go into any of our 
custom designed drivers. 

I carbonneau 609 myrtle n.w. grand rapids michigan 49504 usa ph 616.456.9528 fax 616.456.5648 

Fast Haply HFE392 
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Tools, Tips & Techniques 

FLUKE UPGRADE 

a) b) 

vioús'impedañce, and unchanged sensi-pad to its left. 

ADDED 
WEIGHTS 

Owners of the very popular Fluke Model 
75 can convert this precision meter to in¬ 
clude all the features of the top-of-the-line 
Model 77. The mod is simple, requiring 
only a jumper relocation. 

If you open the Model 75, you will find 
a jumper above the rotary switch at about FIGURE 1 : a) Compound woofer, b) Alternative 

woofer combination. 1 o'clock (display on top, battery below). 
The jumper in my unit looked like a re-
sistor with a single black band, but others and QTS, half the previous VÂ5 (meaning 
may differ. The jumper has a blank solder you can use a smallei_box)/half the pre¬ 

Remove the jumper and move it one 
space to the left; it will then look like this: 

tivity {Fig. la]. 
Suppose, instead, we put both woofers 

on the front baffle in a normal configura-

Reassemble the meter and it will oper¬ 
ate as before. To access "Touch-Hold," 
turn the unit off, then turn the switch to 
any position while holding the center but¬ 
ton down for a few seconds. To revert to 
standard operation, turn the unit off and 
on again. 
Concerning accuracy, both the Model 

75 and 77 are produced on the same line 
with similar components. Technicians at 
Fluke have advised that accuracy is the 
same, but guarantees are different. 

Matthew Honnert 
Carol Stream, IL 60188 

WOOFER 
ALTERNATIVE 

Much has been written in recent years 
about using a compound ("Isobarik") 
woofer to obtain deeper bass. Given two 
identical woofers in this configuration, 
with their voice coils in parallel, you have 
a compound driver with unchanged Fs

tion, parallel the voice coils, and add 
weights to double the cone mass of each 
woofer {Fig. lb}. Now, compared to a sin¬ 
gle unaltered driver, Fs is 1/V2 times its 
normal value, Q rs rises V2 times, VA$ 
is doubled, impedance is halved, and sen¬ 
sitivity is unchanged (since each driver 
has 6dB lower sensitivity on its own). 
Let's compare the results for a typi¬ 

cal high-quality 6%" driver, the SEAS 
P17RC4. (Notice that with either arrange¬ 
ment, distortion due to suspension non¬ 
linearities can be partially cancelled by 
monitoring one woofer backwards and 
reversing its electrical connection.) 

Single Compound Alternative 
Fs 37Hz 37Hz 26Hz 

Qts 0.23 0.23 0.32 

VÄS 36 liters 18 liters 72 liters 

Sens. 91dB 91dB 91dB 
Imp. 80 4SI 40 

Now, given a 28-liter (1-cubic-foot) sealed 
enclosure, we have these results for the 
compound driver: Fcs = 50Hz, QCB = 
0.3. The alternative driver in the same 
28-liter enclosure gives: Fcg = 48Hz, 
Qcb = 0.6. This means the compound 
driver is about - 10.5dB at 50Hz, while 
the alternative approach gives about 
-4dB at 50Hz, a 6.5dB improvement. 
Clearly, in this situation the approach 

shown in Fig. lb gives significantly bet¬ 
ter bass than the compound approach, yet 
has the same sensitivity and impedance. 
As a bonus, higher SPLs are possible 

with the alternative approach, since the 
total driver surface area is double that 
with the compound arrangement. (Also 
you don't need to worry about the com¬ 
pound driver's high frequency problems.) 

Of course, there may be other situa¬ 
tions where the compound arrangement 
has a genuine advantage. Just be aware 
that there are sometimes better ways to 
use your woofers. 

Ralph Gonzalez 
Wilmington, DE 19803 

MEASURING R AND L 
We use Zobel networks to make the im¬ 
pedance of a woofer look like a resistor. 
Since most crossovers are designed to 
drive resistors, we need Zobels for good 
performance. 
To design a Zobel, you must know the 

resistance and inductance of the woofer. 
This procedure is a simple yet accurate 
way to measure a woofer's R and L using 
a digital multimeter and oscillator. 

SET OSC TO CROSSOVER FREQUENCY. 
MAXIMUM AMPLITUDE 

• Adjust the potentiometer to give the 
minimum ACVM reading. Record the AC 
voltage as VNULL . 
• Short the speaker. Record the AC volt¬ 
age as VsHORT-
• Remove and measure the pot. Record 
its resistance as B.NULL . 

R = ^NULL 

L = -*NULL * Vnull-Henries 
2 ’ ir ‘ FREQ * ^short 

where FREQ is the oscillator frequency 
(Hz). 
The values of R and L for woofers 

change with frequency (R is usually larger 
than the DC resistance of the woofer). By 
setting the oscillator to the expected cross¬ 
over frequency, the results will be opti¬ 
mized for your application. 
Once the woofer impedance is known, 
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the Zobel component values are calcu¬ 
lated using: 

^zobel = R 

Czobel = L/R2 (Farads) 

Mark Rumreich 
Indianapolis, IN 46220 

REFERENCE 
M. R. Knittel, "Impedance Compensating 
Crossover," Speaker Builder 1/83, pp. 11-14. 

A STABLE 
FOUNDATION 

Over the past five years, the idea that 
rigid stands with spiked feet for speak¬ 
ers—as well as for virtually all other audio 
equipment—improve performance tre¬ 
mendously has spread out from the Eng¬ 
lish audio lunatic fringe to even the great 
North American mass market. It's a sim¬ 
ple idea which is very effective, and very 
audible, as many SB readers can probably 
confirm. Some enthusiasts would even go 
so far as to say if your stands are not 
made of steel and spiked for highest 
strength and rigidity, then you're not get¬ 
ting the best from your equipment. But 
simply having spikes is not the point; 
making a firm stable foundation for your 
equipment is the objective. Carpets some¬ 
times get in the way of this goal. 
Some carpets, especially when com¬ 

bined with a thick underlay, are virtually 
impossible for spikes (on stands) to pen¬ 
etrate effectively. On such carpets, spiked 
stands are no better than unspiked ones, 
wobbling easily with even a gentle touch. 
This is especially true with smaller, light¬ 
weight speakers. The problem is the lack 
of firm and direct contact with the floor. 
Here are two solutions, one for a wood 
floor, and one for cement. 
On wooded floors, sink Phillips or 

Robertson head wood screws through the 
carpet into the floor so that each spike on 
the stand sits firmly in a screw head. The 
slot in the head must be large enough for 
the spike to fit, and its length adequate 
to penetrate the carpet and go %" (or 
more) into the floor. From experience, a 
PA" long #10 screw works well, and com¬ 
mon sense suggests that all things being 
equal, a larger screw will likely provide 
firmer support. If you sink them down 

deep enough, the screws are invisible 
once the stands are installed upon them. 
Damage to the carpet is minimal, al¬ 
though you may feel such treatment is 
unacceptable for your expensive Persian. 
Start by determining precisely where 

you want your stands (and speakers, 
naturally). Place the stand—with spikes 
attached—on the carpet and press down 
hard on the top. You may want to put all 
your weight on it. When you remove the 
stand, the spikes will have made inden¬ 
tations in the carpet, where you will in¬ 
stall your screws. An electric drill with 
the appropriate screwdriver bit is very 
handy here. When all the screws are in¬ 
stalled at roughly the same height, check 

to see if the spikes on the stand fit into 
the screwheads. Invariably, one or more 
screws will be slightly off the mark. Use 
a hammer to tap the screws lightly to the 
correct position; if a screw is any more 
than a quarter inch out of position, rein¬ 
stall it altogether. Checking the stand/ 
screws fit more often, each time after a 
screw is installed, may provide more 
precise alignment. 

After the screws are correctly aligned, 
make sure each spike (on the stands) seats 
firmly in its screwhead. A light lateral 
force applied to the stand from any direc¬ 
tion should not produce a rocking motion. 
Adjust the spikes on the stands to achieve 
this result (this is easier than adjusting the 

perfect woofer. 
Thia 12’ MONSTER SUBWOOFER, the MS 1000-12, incorpor¬ 

ates every design feature, technology and refinement known to 
improve sound regardless of cost. Wt being a small efficient 
cottage Industry manufacturer, we can “create” this MONSTER 
SUBWOOFER at about the same price as a conventional woofer. 

HIGH 
FIDELITY 
SPEAKERS. ..simply the best! 

(206) 852-4049 IN CANADA (604) 534-4956 

Fast Reply HFE416 
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height of the screws as the hammer align¬ 
ment process will have bent some of the 
screws) and retighten their retaining nuts 
securely when finished. A final touch is 
to apply a drop or two of hot glue (from 
a hot glue gun) onto each screwhead, and 
then mount the stand onto them so that 
each spike is seated firmly but cannot rat¬ 
tle against the screw. 
With cement or concrete floors, the 

simplest solution is to drill tiny holes in 
the carpet and underlay. These holes 
need to be just large enough for the spikes 
to go through to the floor below. A drop 
or two of hot glue on each exposed floor 
point will help to dampen the cement-to-
steel spike interface. 

For music/audio aficionados handicap¬ 
ped with plush carpets, this screwing 
technique may be the only way to exper¬ 
ience first-hand the improved transient 
response, dynamics, clarity, and sheer 
musicality of rigid, spiked stands. 

Mike Chin 
Vancouver, BC 
Canada V5W 2V7 

HOME-BREWED 
GASKETS 

Several different types of gaskets are used 

The Perfect Pitch 

A ONE YEAR SUBSCRIPTION TO HI-FI NEWS & RECORD 
REVIEW COSTS £24.80 FOR SURFACE MAIL AND 

£42.50 FOR AIR MAIL 

... SUBSCRIBE TODAY! 
Please send me 12 monthly issues of Hi-Fi News & Record Review commencing with the 
next available issue. 

□ £24 80 Surface Mail 
□ £42.50 Air Mail 

I enclose a cheque/lnternational money order payable to Link House Magazines Ltd 
or debit my credit card 

□ VISA □ ACCESS/MASTERCARD □ DINERS □ AMEX 
Credit card no Expiry date:_ 

Signature_ 

(Please print in block capitals) 

Name:_____—-

Address :__ 

_ (HF 02) 

To Hi-Fi News & Record Review, Subscription Department 
Link House Magazines Ltd 
120-126 Lavender Avenue, Mitcham, Surrey CR4 3HP England 

I understand that I am committed to one year's subscription and should 
I wish to cancel no refund will be made 
Registered in England and Wales No 1341560 

A L INK HOUSE PU BL ICA  TION 

HRFI 
NBAS 
RECOR^EVIEW 

to mount woofers on baffles: foam gas¬ 
kets, rubbery gaskets, and even some that 
are cardboard-like. 
Foam gaskets are made from the same 

material used for air-conditioner and win¬ 
dow insulation and must be compressed 
tightly between the woofers and baffle to 
ensure a good airtight seal. The rubbery 
gaskets are usually paper-thin and fragile. 
These also require tight pressure against 
the baffle to be effective. Some feel this 
tight coupling of the woofer to the en¬ 
closure adversely affects sound quality 
through transmission of vibration and 
resonance. 
Unfortunately, many woofers do not 

come with the gasket necessary to obtain 
a good seal when mounted on a system 
baffle. What do you do if proper gaskets 
are just not available in your area? My 
suggestion is make your own. 
Latex caulk and silicone are widely 

available. For a few dollars, you can buy 
the necessary caulk and caulking gun 
almost anywhere in the US. Lay your 
woofer down magnet side up. Assess the 
width of the woofer frame's edge and 
determine whether you want to lay down 
one wide thick strip of caulking on the 
back of the frame or whether you prefer 
to lay down two narrower concentric 
strips. This will determine how much of 
the caulk container's tip you cut off. 
Allow to dry at least 24 hours. 
You will have a thick rubbery gasket 

that not only will provide the airtight seal 
you need, but also will damp vibrations 
transmitted from woofer to enclosure 
cabinet and vice versa. 
Once you've mounted the woofer on 

the cabinet and tightened the screws, 
apply a thin layer of caulking around the 
circumference of the woofer and smooth 
this out with your finger. 
Remember to seal the woofer's mount¬ 

ing holes as well and you will be assured 
of an airtight seal at the point of your 
system's driver(s). 

As a final note, to preserve your caulk 
and prevent it from drying and harden¬ 
ing inside its container (remember, on 
opening it you've exposed it to the dry¬ 
ing effects of air|, I recommend clay or 
duct-seal to seal up the container tip in¬ 
stead of the plastic tip cover that usually 
comes with caulk. 

Angel Luis Rivera 
Brooklyn, NY 11204 

ARE YOU 
MOVING? 

PLEASE! 
Send us your new address 

4 weeks in advance. 
Thank you. 
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XX CAPACITORS 
Design integrity for sonic transparence. 
Designed by Kimon Bellas and exclusively 
represented by FOCAL AMERICA, INC., this 
new line of caps offers a unique sum of excep¬ 
tional features: 
• 400VAC/630VDC omnidirectionally metallized 

polypropylene film by BOLLORE. 
• Ultra compact winding with heat-shrunk PVC 

envelope and polyurethane obturation. 
• 14 AWG Teflon damped silver coated pure 

copper lead wire with Y-shape silver solder. 

Expensive? NO. This is our second best news. 
IT IS NOW IN STOCK AT SELECTED DISTRIBUTORS 
BIG COVE RESEARCH, AL: (205) 881-8677 
SPEAKERS ETC, AZ: (602) 944-1878 
TRANSDUCERS TECHNOLOGY, TX: (214) 991-6994 
ZALYTRON INDUSTRIES, NY: (516) 747-3515 
OEMs: Contact directly FOCAL AMERICA, INC. 

Aria 5 RXAL 
Kimon Bellas of Focal America and Joseph D'Appolito have collaborated to produce two 
remarkable new loudspeaker systems, the Aria 5 and the Aria 7. These loudspeakers offer 
state-of-the-art sound at an incredible price! 

Aria 5 - $695/pair ! 

Two Focal 5" polykevlar bass/midranges 
and a Focal tweeter in a 19" x 9" x 10" 
(HxWxD) black lacquered cabinet, with 
grill. Includes Focal-made crossover and 
solid brass binding posts. Completely 
assembled systems at $695/pair. Subwoofer 
not needed, really!. 

Aria 7 - $995/pair ! 

Two Focal 7" polykevlar bass/midranges 
and a Focal tweeter in a 45" x 9" x 10" 
(HxWxD) black lacquered cabinet, with 
grill. Includes our own crossover (air core 
inductors, serial polycaps, poly-bypassed 
parallel caps) and solid brass binding posts. 
Completely assembled systems at $995/pair. 

Advanced Audio Products 

Located in Seattle, we are now stocking distributors of Focal products. We have specialized 
our inventory to support the Aria loudspeakers as well as the Autosound market. All Aria 
components are available separately. Please call or write for free product information. 

Advanced Audio Products • 1916 Pike Place • Suite 1243 
Seattle • Washington • 98101-1013 • (206) 527-3393 
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Ask Speaker Builder 
DRIVER RETREADS 

By Richard Pierce 

Loudspeakers, as everyone knows, have 
been around for a long time. There is 
quite a heritage of both knowledge and 
specimens. Sometimes the urge is strong 
to reuse and adapt some of these older 
technologies. Very often, the application 
of new design techniques can signifi¬ 
cantly improve an old set of drivers. 

I well remember some of the bass reflex 
designs, for example, from the 50s and 
early 60s, before the time of Thiele and 
Small. That's when empiricism, coupled 
with more than a little black magic and 
personality, ruled the day. You just went 
out, found a driver (usually, the selection 
criteria was little more than size and cost, 
since choice was limited anyway) and 
stuck it in your box. With crossover de¬ 
sign you were a little more fortunate; 
there were tables where you could look 
up all sorts of filter topology values. 
You simply multiplied the values by 

1,000 or so (we're working in kHz with 
speakers, not MHz with radios), pretended 
the loads were resistive, presumed the 
acoustical outputs were theoretically per¬ 
fect, and voila, you were about 5% done 
with your design. Next you walked your 
speaker down to the local engineering col¬ 
lege to borrow their anechoic chamber for 
just a little (six weeks or so) "tweaking." 
More often than not, the chamber, or col¬ 
lege was unavailable. No problem, you 
just hauled the speaker to the top of a 
flagpole, or buried it face up in the ground 
and measured away. 

Having said all that, it's remarkable to 
me that some of the speakers from that 
era were as good as they were. (I clearly 
remember Acoustic Research's first prod¬ 
uct, the AR-1. It had a 12" acoustic sus¬ 
pension woofer and an 8" Altec PA driver 
for a tweeter.) It's not remarkable, though, 
how very few were good. 

Total System_ 

All this was supposed to have changed 
when A. N. Thiele first published his 
landmark articles on bass reflex enclosure 
design in the early 60s (later reprinted in 
the early 70s in this country). Thiele pro¬ 
posed that the driver and enclosure must, 
essentially, be thought of as part of the 
total system synthesis. Ideally, the design 
of one should constrain the design of the 
other. This means there is a narrow set of 

design parameters for the enclosure, the 
driver and the resulting system response 
that constitutes an optimum design. 

One of the first groups to recognize the 
practical implications of Thiele's theory 
was the British Broadcasting Corporation. 
They set out to design and license a set 
of standard loudspeaker designs to be used 
in high-quality broadcast and recording 
monitoring. The result is a now legendary 
series of speakers, manufactured by a 
variety of companies (KEF, Bowers and 
Wilkins, Rogers, and others) that estab¬ 
lished the leading edge of accurate acous¬ 
tical reproduction. (LS-3-5A) 
The secret behind the success was the 

axiom that the design of the drivers, the 
enclosures, the crossover, and the in¬ 
tended use must all be considered to¬ 
gether. This meant that once an applica¬ 
tion had been defined, new drivers had 
to be developed to match the new enclo¬ 
sure, and so on. The era of total integrated 
design had begun. The "British" standard 
of loudspeaker design was well estab¬ 
lished. 
Here we are, some 20 years later, and 

it finally seems the industry as a whole 
has begun to grasp the basic tenets of 
those times. Even one of the largest elec¬ 
tronic retail chains in this country recog¬ 
nizes the fundamental value of Thiele's 
and Small's work, and is investing not a 
small amount of money designing prod¬ 
ucts based on it. 

Inheritance 

As I said earlier, much has come down 
to us through the years. Many of us 
(myself included) have "inherited" older 
drivers. Again, the urge to try to use them 
in more modern designs is tempting (it's 
obviously cheaper to use something you 
already have than to go out and pay for 
something you don't). Sometimes it 
works, sometimes not. 
Michael Stanzione has a set of older 

drivers he would like to try to reuse. He 
writes: 

"... I have an old pair of Altec 416-8a 
15" woofers with a measured QTS of 
0.45, Fs of 26[Hz], and VAS of about 19 
cubic feet. The optimum box for these 
drivers in an SQB3 alignment is approx¬ 
imately 29 cubic feet, with a C4 align¬ 
ment being almost as unmanageable at 27 
cubic feet. With such parameters, could 
you construct a more practical 11-cubic-

foot box following the non-optimum 
Koonce alignments (SB 3/87) for a given 
alpha, in this instance 1.7, but employ¬ 
ing the double chamber instead? If not, 
would basket damping as described by 
Dickason in The Loudspeaker Design Cook¬ 
book, page 28, be a realistic method of 
lowering the QTS from 0.45 to 0.35, at 
which point these drivers would then be 
optimally aligned in the preferred 11-
cubic-foot enclosure? What sort of 'acous¬ 
tically resistive cloth' would be suitable 
in this application?" 
My first urge is to ask, "What do you 

want the system to do?" Do you want a 
system that will perform in such and such 
a fashion, a system that must use a spe¬ 
cific set of drivers, or a system that uses 
a specific design? It's possible to have all 
three, but it's not very likely, I'm afraid. 

Empiricism_ 

First, let's look at the drivers themselves. 
Older driver designs, such as those from 
Altec, Electro-Voice, JBL and others, date 
from the time when empiricism ruled 
supreme. There was not much knowl¬ 
edge of designing drivers for applications. 
While some of the specifications might be 
in the ballpark for a modern design (the 
Qts of 0.45 is not that far off for a 
reasonable reflex design), other specs 
(like the incredible 19-cubic-foot VÄ5 ) 
make a reasonable design impractical, as 
you've discovered. 

In a driver like this you'll find that the 
relatively low QTS is a direct conse¬ 
quence of the relatively high VAS, and 
normal means of adjusting one (say, 
lower the VÄS ) will proportionally affect 
the other. 
The drivers have other problems, 

though. In all likelihood, the cone is made 
of a pulp mixture whose characteris¬ 
tics vary markedly with environmental 
changes. I have found that a normal 
change in relative humidity from 10% 
(typical in the winter) to 85% (in summer) 
can wildly change the parameters of a 
woofer. The moving mass of the cone can 
easily change 35% just from absorbed 
moisture. The ^5 can vary just as widely. 
Subtle effects, those that are harder to 
quantify simply, can change also. The in¬ 
ternal losses in the cone material change, 
affecting the response of the driver. 
These drivers generally were not 

known for their linear, low-distortion ex-
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cursion. This is somewhat helped by the 
fact that they are relatively large, but the 
problem remains nonetheless. 

Exploration 
Given the constraint that we must use 
these drivers, what are we to do? Well, 
we can explore the possibilities of non¬ 
optimum alignments or higher-order 
systems, such as the double chamber 
method. I think the latter is potentially 
dangerous, in spite of its added design 
flexibility. Given that these multiply-
tuned systems require tighter parameter 
tolerance, it's unlikely you'll find an op¬ 
timum alignment under a reasonable 
range of conditions. 
How about exploring other designs al¬ 

together? For example, if you were to 
design a sealed-box enclosure with sys¬ 
tem Q7C of 0.6, you would have a 15-
cubic-foot enclosure with a - 3dB fre¬ 
quency of about 45Hz. You could then 
use a mild, first-order boost to lower the 
-3dB point to the mid to lower 30s. 
The idea of lowering the Qre by add¬ 

ing acoustical resistance appears attrac¬ 
tive at first glance but has some problems. 
In most loudspeakers, it is the electrical 
losses, measured by the Q^, that pre¬ 
dominate in the total system losses (the 
Qrs). The other losses arise from me¬ 
chanical (and acoustical) sources (meas¬ 
ured by the Qajs). such as frictional 
losses in the surround and spider, and so 
on. Typically, these losses are ten times 
lower than the equivalent electrical 
losses. This is why the QmS is typically 
ten times higher than the Qgj. You must 
add a lot of acoustical resistance to make 
a measurable change in the final driver Q. 
How much? Well, with the QmS fig¬ 

ures in hand, we have to guess. Let’s 
presume the QmS is about 5. That means 

If you should have a 
TECHNICAL QUERY... 
about an article appearing in this 
magazine, write it clearly, leaving 
space for a reply and referencing 
the magazine, the article and the 
page about which you are inquiring. 
Enclose a self-addressed stamped 
envelope and send these to 
Speaker Builder, PO Box 494, 
Peterborough, NH 03458. 

If it’s warranted, we will forward 
your query to the author or a Con¬ 
tributing Editor for a prompt reply. 

Help us by not calling in your 
question. We have neither the staff 
nor the time to respond to technical 
questions by phone. 

You would have to lower the mechanical changing the electronic boost. b 

II 

Fut Rtply HFE371 

TEST YOUR SYSTEM 

Q from 5 to about 1.2, meaning the 
acoustically resistive cloth would have to 
account for the bulk of the mechanical 
losses. In my experience, it's possible to 
lower the QmS by 10 to 20% using this 
technique, resulting in the being 
lowered by 2 to 5%. But I have serious 
doubts about such a dramatic lowering of 
the Qts . 
My preferred choice, if I had to use 

these drivers, would be an equalized 
closed-box system. It would be relative¬ 
ly insensitive to misalignment, it gives 
you a more reasonable volume than a 
vented system, and you have the ability 
to partially re-align the system simply by 

VISA 

MASTERCARD 

DISCOVER 

Green Frog Productions 
950 Bream Court 
Marietta, GA 30068 

(404)971-7622 or 1-800-227-1336 
SINCE 1983 _ 

For testing sound systems, and particularly speakers, the metal tapes offered by 
Green Frog are better than ANY compact disc we have heard! 

Incredible dynamic range; flat frequency response from 20 to 20K; punch like you've 
never heard before! That’s the type of sound offered on this incredible collection of 
all types of railroad sounds! 

All tapes digitally mastered, duplicated from our digital masters in real time on the 
absolute best professional cassette mastering decks available! 

Sounds of the Silverton 
This railroad is most likely the most visited of any tourist line in the country. Steam 
sounds as you've never heard before on the Durango & Silverton. 60 
minutes...$14.95 Dolby B, $16.95 DBX 

Steam Soliloquy 
A collection of steam sounds with ultimate dynamic range and fidelity from Across 
the USA. 60 minutes...$14.95 Dolby B, $16.95 DBX 

Steam & Diesel Sounds of the 80’s 
Older and modern diesels as well as old steam locos highlight this dynamic tape of 
locomotives you can see today! 47 minutes...$14.95 Dolby B, $16.95 DBX 

NO music can test your stereo system as L J 
well as railroad sound effects! ■ 

I Diesels ’87 
. . Contemporary action recorded throughout nine states of today's diesel power. 
I I Whines, rumbles and low frequencies which will tax the best systems! 43 

I
 minutes...$14.95 Dolby B, $16.95 DBX 

Tapes also available In Chrome, deduct $2.00 from each price listed. Send 
for our FREE descriptive catlog! 

Shipping Information: $1.00 per tape, First Class, Priority Mail. 

Now, how much do we have to lower the 
0^5 to lower the Qrs from 0.45 to 0.35? 
Using the equation: 

Qes Qts 
QmS Qes - Qts 

Qes >s then about 0.5: 

O = Qms Qts 
S Qms - Qts 

H TheGP-9’s 

I
 One of the most prolific diesel locomotives ever built can still be found operating 

around the USA. When these old diesels roar, they really roar...r! 54 1/2 
minutes...$14.95 Dolby B, $16.95 DBX 

h Thundering Narrow Gauge 
I I Ex Denver & Rio Grande steam locos, many double headers! An incredible tape of 
I narrow gauge steam, and sound you'll NEVER forget! 38 minutes.. $12.95 Dolby B, 
I $14.95 DBX 

495 _ 5 X 0.45 
5 - 0.45 

, ,, 0.5 X 0.35 
1.1b = —--

0.5 - 0.35 
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Leaf Tweeters from Madisound 
The price is good—the sound is super. 

Characteristics: Uses: 

• Accurate response 
• Very low mass 
• Good response beyond 30K 
• Resistive load to amplifier 
• No significant phase or impedance shift 
• Excellent horizontal dispersion 
• Exceptional polar response accuracy 

EAS-1OTH2OOD 
37 

Leaf Tweeter 

• Recommended crossover frequency 5000Hz @12 db 
• Filters above 8K can be 6db 
• Excellent add on to existing speaker system 
• Excellent add on for electrostatic systems 

Part No. 

EAS-10TH200D 

Input 
' hated Max ] Imp. [ 
(W) (W) (Í1) 

6 3 100 8 

(Hz) 

Frequency I 1_ Regnet_। Net 
Range S.P.L. I Size ' Weight Weight 
(Hz) t(dB/W O.5m) I (mm) ! (g) j (q) 

3K-50K 97 ¿55'¿31x17 284 650 

Panasonic 10TH400 

Madisound Price $49.00 

Input 
Part No. ' Rated Max Imp. 
_I (W) I (W) j (il) (

EAS 10TH400A I 20 100 52 I 

1 Frequency 
Range 
(Hz) 

I 4K~85K 

Magnet 

S.P.L. 5175 1 
(dB/W0 5m)l (mm) 

97 I ¿65 ■ ¿36 * 19 

Weight 
(g) 

4 50 

I Net 
Weight 
(g) I 

1000 

Remarks 

Leal Tweeter 

PHILIPS AD21600 Leaf Tweeter 

Impedance 8 Q 
Magnet Weight 14 Oz. 
Power Handling 75 Watts 
Sensitivity 93 db 
Usable Frequency Range SK—25K 
Flange see inches 45-8 X 5V4
Cut out inches 3Vb X 35g 

Fast Reply »FE5U 
Madisound Price $45.00 



Mailbox 
continued from page 4 

reverse phase. Finally, I checked the in¬ 
ternal wiring of the speakers for correct 
phase with a flashlight battery. This was 
OK. I am at a loss to explain why the 
woofers and tweeter are out of phase at 
the crossover frequency. Can you help 
me with this? 

Ralph B. Kocian 
Oak Lawn, IL 60453 

Joe D'Appolito replies: 

Do not assume that drivers mounted on a common 

PHOTO 1: Holbrook's Shortline. 

baffle are in phase. Nothing could be further from 
the truth, a point which has been discussed 
countless times in the pages of Speaker Builder. 
Invariably, the woofer will lag the tweeter for three 
reasons. First, the woofer response, generally fall¬ 
ing off just above the crossover point, will produce 
a lagging phase angle. Second, the tweeter response, 
generally rising below crossover toward its rated 
level will produce a leading phase angle. And finally, 
the zero delay plane of the woofer will be behind 
that of the tweeter, producing a time offset of the 
drivers. These points are discussed more fully in 
my SB 4/89 letter. 
The simplest solution to your problem at this 

point is to reverse the phase of the tweeter and 
spread the crossover frequencies slightly to get rid 
of the IdB lift. 

SHORTLINES 
I thought John Cockroft might like to see 
one of his Shortlines. The one pictured 
(Photo 1] has just been finished but not 
yet oiled. I am delighted with the way it 
sounds, even though it presently serves 
as only one of the two rear speakers in 
my living room. If I can figure out how 
to build a pair using two woofers and a 
tweeter each for the front sound, I might 
replace the venerable towers I built over 
seventeen years ago. The Shortline is the 
first of the modern speakers I've thought 
matched the quality I already have. 
I do have some questions though. My 

Radio Shack catalog no longer lists the 
540-1021 woofer, so I have installed their 
40-1024. Is there any difference that 
would affect the crossover? In addition, 
I am using my old Philips tweeter. My 
present crossover is at 3,000Hz, using only 
a simple capacitor in the tweeter. What 
should I do to it? |The crossover is exter¬ 

nal, up against the back wall of the re¬ 
cessed stand, and can be changed at will.) 

The cabinet is solid alder, with a %" ply 
back. To alleviate frustrating vibrations 
I have run a % x % shaft between the 
two side stiffeners. It works. Before build¬ 
ing this finished one, I spent a weekend 
building a trial in solid pine, with a %" 
ply back. That worked beautifully, too, 
except that I had to play a lot with the 
stuffing. 
Photo 2 is a model I built earlier, from 

a remark in your article for another TL 
design. You mentioned the old model that 
used layers of circles of ozite behind the 
speaker, decreasing in size until the back 
piece which was solid. I remembered hav¬ 
ing built one many years ago and was quite 

PHOTO 2: The Cockroft-inspired TL. 

THIS SIDE NORMAL SHORTLINE. EXCEPT FOR SIDE PORT 

THIS SIDE HAS WOOFER ONLY. ROLLED OFF WITH 4mH CHOKE 
BOTH SIDES CONNECTED IN PARALLEL 

FIGURE 1: Dual Shortline. Make mirror image pair for stereo. Copyright © 1990 by John Cockroft. 
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happy with it, until 1 fell in love with 
horns. Your article stirred many memo¬ 
ries, and I was chagrinned at how old they 
were. Perhaps to relive the past, I built 
the cabinet pictured, using a 6 x 9" GS 
woofer I had and a Radio Shack tweeter. 

The design features four 2'/2 " frames in¬ 
side, each wrapped with %" flannel (as 
used for making bathrobes—baby blue 
was the only color they had, but I clenched 
my teeth). Each frame is wrapped around 
all four sides and up the inside. The first 
has a 6 x 9" hole; the second a 5 x 7" 
hole; the third a 3 x 5" hole; the fourth 
a 2" diameter hole. They feed into a 6% " 
chamber at the bottom which is stuffed 
loosely with polyester filling, and there 
is a 4 x 6" port at the side. It, too, sounds 
far better than I had a right to expect, 
what with playing the whole thing by ear. 
But the Shortline is superior. 
Again thanks for the idea and the im¬ 

petus. I hadn't done any speaker work 
other than in my head for some time and 
1 enjoyed the project more than I can say. 

A. D. Holbrook 
Bridgeport, WA 98813 

John Cockroft replies: 

Thanks for your interesting letter and for the photos. 
Yours is the most beautiful Shortline I have seen 
to date. I appreciate your kind words concerning 
its performance. 

Several letters in past SB issues cover my feel¬ 
ings and the sum of my knowledge on the various 
Radio Shack 40-1021 substitutes. Readers have ob¬ 
tained good results with the 1021A and B. I have 
not personally listened to these results, so I don't 
know their relative merits. I have no feedback ex¬ 
cept from you regarding the 40-1024 speaker. ! 
made several attempts to purchase one to try out, 
but so far I have not found any in the stores. 

I had an old Philips (Norelco, actually), of which 
I don't recall the number. I used it as a direct 
substitute for the Peerless K010DT. It sounded a 
bit brighter, as I recall. I used a Zobel circuit across 
the tweeter terminals, consisting of a 1.5gF capac¬ 
itor in series with an 8.34Í2 resistor. Three 25Q 
resistors in parallel will yield 8.3412.1 had a Peerless 
tweeter in the Shortline for a while, so at least my 
old tweeter probably would have worked. Perhaps 
yours would too. I would try using the crossover 
as presented in the Shortline article. Beyond that 
1 can't guide you. We live in a world of many 
variables. 

Your other speaker sounds like a lot of fun. I'm 
glad 1 was the inspiration for it. I presume you are 
referring to Fig. 1 in my Octaline article {SB 3/87, 
p. 10). This was copied from the original Bailey 
article on transmission lines (TLs), where he used 
it to show what he meant by Acoustic Labyrinth, 
when discussing the work others had done prior 
to his TL loudspeaker system design. Over the 
years, probably because of a similar name, the 
Stromberg Carlsen Acoustical Labyrinth became 
associated with the TL system. Your stuffed cham¬ 
ber and port may have enhanced its sound. With 
that colored flannel you should have a speaker 

ideally suited to Bluegrass and Rhythm and Blues. 
You certainly made a nice looking job of your 
project. 

I don't have a hard design for a two-woofer Short-
line. Such a thing isn't practical in my living en¬ 
vironment. However, as the Shortline evolved 1 
gave the idea some thought. Figure I is a sketch 
of what 1 came up with. If you should decide to 
play around with the idea, I'd appreciate hearing 
about your results. The drawing is undimensioned, 
but each side is basically the same as the system 
presented in the Shortline article (SB 1/88). The in¬ 
board side (left side in the sketch) is a regular Short-
line, except that the port is on the side instead of 
the front. It uses the regular crossover. The out¬ 
board side has woofer only, which is rolled off by 
a choke coil of about 4mH. 

The two sides are paralleled at the input jacks. 
With the two woofers in parallel, the impedance 
is lowered in the bass range so more power is 
available with most amplifiers. The remainder of 
the spectrum and the imaging of the original Short-
line should remain intact (no guarantees, of course). 
The mutual coupling of the two woofers should give 
a boost of about 6dB in the bass. This should be 
helpful in overcoming the effects of diffraction 
resulting from the tendency of wavelengths longer 
than the width of the enclosure front to wrap around 
the enclosure rather than radiating in a forward 
direction as do the shorter wavelengths. Since this 
enclosure is about 18" wide this effect will begin 
to take place starting at about 750Hz, requiring a 
choke of about 2mH. 
With an inductor of this size the low impedance 

of the two woofers will be retained to a high enough 

Neutrik ProFi"... 
phono connectors 
that break 
“no” ground 

“Grounding” noise is 
completely eliminated due to a 
retractable ground contact 
that makes first and breaks 
last. 

Another 

Neutrik 

innovation 

Neutrik USA. Inc. • 195-S3 Lehigh • Lakewood. NJ 08701-4527 
TEL 201901-9488 • FAX. 2O1-9O1-96O8 

CONNECTORS 
AUDIO TEST SYSTEMS 
INFOMATIC SYSTEMS 

Fast Raply it F E4 41 
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range to interfere with the crossovers causing it to 
function erratically. As the effect is gradual with 
frequency (at least in the range where the wave¬ 
lengths are only slightly longer than the enclosure 
width and are partially offset in a reverberant room) 
the 4mH (or even larger) inductor will probably 
be satisfactory. This is where your efforts come in. 
The 4mH value came from the fact I actually have 
such a beast crawling somewhere about my floor. 
I saw it last week. (And you thought designers made 
sophisticated decisions.) I would try the same stuff¬ 
ing density as the original Shortline. 

1 don't know for sure just how this would sound, 
but it seems a fairly reasonable direction as far as 
1 can see. There's only one way to find out. 

ULTIMATE ISOBARIK 
In all the correspondence concerning 
Isobarik or compound speaker designs 
published in SB over the years, one par¬ 
ticular variant has never surfaced: a bi¬ 
amped version in which the two woofers 
are independently driven by identical, 
separate amps. The advantages are many: 
increased linearity and control over each 
driver, increased power and power han¬ 
dling, reduced stress on the amp as load 
impedance remains nominal—leading to 
improved sound in many cases, assur¬ 
edly. Combined with an active crossover, 
it strikes me this biamping technique 

represents the ultimate form of Isobarik 
bass loading. 

I am planning to build a pair of full¬ 
range 3-way Isobariked bass speakers 
based on the Linn DMS/PMS design using 
the biamp mode described above. In 
final, ideal form, it will require four iden¬ 
tical stereo amplifiers. I will be happy to 
report my experience in due course. 
Meanwhile, I would like to hear from any 
readers who have experimented with 
biamped Isobariks. 
I have had extensive experience with 

the Linn Isobarik speakers—the PMS, the 
DMS, and the Saras—over the past six or 
seven years. In my experience, they have 
few equals when it comes to sheer bass 
clarity, transient and dynamic power, and 
musicality; this comment extends to the 
rest of the musical spectrum with respect 
to the most recent versions of these 
models—they are phenomenal in every 
respect. 

Mike Chin 
Vancouver, BC, Canada V5W 2V7 

HIGH KUDOS 
Just a little feedback regarding one of our 
more interesting advertisers: Zalytron of 
Mineola, New York. If you stop by this 

place, you can meet Elliot, bandaged up 
from his last encounter with a table saw, 
dressed in his sweats and engaged in his 
hobby and profession: building loud¬ 
speakers. Either by mail or in person, he 
will build your system to spec, do the 
cabinet only, or just furnish the parts. 
Prior to getting a basement workshop, 

I asked him to construct an enclosure for 
a pair of the original D'Appolito monitors. 
Four days later they were complete, ex¬ 
actly as ordered. If you haven't the time, 
place or skills, you could do worse than 
to have your cabinets built here. If you 
only require drivers and/or crossover com¬ 
ponents, Zalytron will furnish them, 
usually from stock, and at very low prices. 
I recommend Zalytron highly. 

Les Winter 
New York, NY 10003 

WOOFER HINTS 
I have been modifying inexpensive 
woofers ever since reading ''The AR-1 Re¬ 
juvenated," by Walter D'Ascenzo {SB 
2/82, page 7). My success rate has ranged 
from very good to not worth the time and 
expense. When Zalytron advertised 
Philips 10 and 12" woofers for $10 and 
$12, respectively, I ordered six each and 

_ A&S Speakers_ 

Importer and distributor of the world's finest 
high fidelity loudspeaker components & accessories. 

Audax/Polydax 
Dynaudio 
Eminence 
Eton 
Focal 
Mars Electronics 
MB Quart 
Morel Acoustics 

Scan Speak * 
Seas 
Solen Electronique 
Peerless 
Philips 
Ultimate Sound 
Versa-Tronics 
VMPS 
Woodstyle Products 

* Scan Speak's brand new 38 mm soft dome midrange/tweeter, 

and 51/4" and 6 1/2" KEVLAR cone drivers are now in stock. 

A&S Speakers 3170 23rd Street San Francisco, California 94110 (415) 641-4573 
FAX: (415) 648-5306 
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went to work. Here are some comments 
and suggestions. 
The 10 and 12" models share the same 

motor structure (10 oz. magnet, 1" voice 
coil). The 10 has a Q around 0.65 and the 
12 around 0.86.1 was able to get good per¬ 
formance from the 10" by stiffening the 
cone with Varathane and taming the 
nasty basket ringing by applying window 
putty and enclosing the magnet in a plas¬ 
ter of Paris cast. Simply epoxy a 2"-long, 
4 "-diameter cardboard tube to the basket 
around the magnet and pour in the 
plaster. 

Do not seal the porous dust cap because 
this will lower the powerhandling (heat 
build-up) and introduce a frequency re¬ 
sponse peak around 2kHz. The best en¬ 
closure for the so modified woofer is a 1.6 
cubic foot closed box with variovent. 
The 12" was a different story. Q modi¬ 

fications (felt or fiberglass pad behind the 
basket per David Weems) lowered its sen¬ 
sitivity to the point of very poor power 
handling. It just doesn't make sense to 
spend $30 and a lot of time for a woofer 
that is inferior to, say, a 12" D.V.C. Madi-
sound (30 oz. magnet, 1.5" voice coil, 0.38 
Q polycone) for $35. However, you can 
use the 12" Philips successfully as a pas¬ 
sive radiator. Just knock out the magnet, 
seal the porous dust cap and add weight 
to the voice coil. At $ 12, it's a better deal 
than the $ 16.50 Madisound PR and works 
just as well. 

Peter P. Manchev 
Oklahoma City, OK 73135 

WOOFER 
ADJUSTMENT 

I read Brian Smith's article "Adjusting 
Woofers for High Performance" (SB 6/89) 
with hope of improving my system. 
I am writing to ask if this method 

would work on Pyle Pro 10" woofers 
with paper cones. This driver has an Fs 
of 50Hz. I am an amateur without any 
test equipment, but I have the polymer 
kit and BBs. Would this adjustment help 
these drivers? 
The Pyle Pro 10" woofer has: 2Vz" 

voice coil, 70 oz. magnet, paper cone, 97 
SPL, 50Hz Fs, 125 continuous RMS, 250 
peak, Qts = ?. 

Russell E. Tinder 
Huntington Beach, CA 92647 

Brian Smith replies: 

I may have found your speaker in a Universal 
Sound catalog. The model number is MHW10-
C700CR. Fs = 46Hz, QT = 0.268, VAS = 2.575 
cubic feet, magnet weight = 70 oz. If this is your 
speaker, the following applies: 

It will be possible to lower Fs by adding mass 

to the speaker cone. Qre will rise as Fs lowers. 
The Qts of your speaker is low enough to justify 
trying it. I experiment by taping weights to the cone 
to find a weight that produces results I can live with. 
You must measure final driver Q to know when 

you are finished. I cannot predict how much mass 
will give good results and what those results will 
be for your speaker. 

1 predict if we can make this driver play low, 
it may bottom out at loud listening levels. The 
advertising hype indicates you can push them hard. 
However, this probably assumes the driver is be¬ 
ing operated with its resonance at around 50Hz and 
not around 20Hz as it would if modified. I have 
made 8" drivers play low and had them bottom 
out before they played very loud. This is one reason 
I chose a 12" woofer for the article. The 12" Philips 

driver has never bottomed during 6 months of 
heavy and loud usage. 

If you wish to try the modification, I offer an 
evaluation/modification service for $20 plus ship¬ 
ping both ways. I will experiment with the driver 
to determine whether it can be successfully modi¬ 
fied. I will modify it if it can be improved. 1 will 
then ship it back to you within 3 weeks with new 
driver specs and a recommended enclosure size and 
type. The cost is the same whether or not the driver 
can be modified. 

LIN COMMENTS 
I would like to make a few corrections, 

6520 
High Frequency 48 mm (2 in.) 

The McCauley Model 6520 is a two inch compression driver used in systems 
demanding maximum power and articulation. The Model 6520 features a field 
servicable titanium diaphragm, a conservative 150 watt RMS power rating, and 
a frequency response from 500 Hz to 16,000 Hz. These advanced features make 
it especially useful in upgrading existing speaker systems. When matched to 
the McCauley Model 472 CD horn, a perfect 90x40 degree coverage pattern 
with a bandwidth from 1,200 Hz to 13,500 Hz+/-3dB is obtained. The 6520 
is used in the McCauley professional series main speaker arrays and stage moni¬ 
tor systems. Its superior voice reproduction makes it unparalleled in performance 
in custom projects such as studio reference monitors, club and discoteque sys¬ 
tems, commercial/professiona! sound installations, and concert hall system stacks. 

Call or write for a full line McCauley Loudspeaker Component Brochure and 
the authorized dealer nearest you. 

McCauley 

McCauley Sound, Inc. 
13608 94th Avenue East • Puyallup, Washington 98373 
(206) 848-0363 FAX (206) 841-3050 
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additions and comments about my arti¬ 
cle, "A Dipole Subwoofer for Quads” (SB 
6/89, page 10). 
Since the article was written, I have 

added a grille [Fig. 1). It should be made 
of %" plywood, and the dimensions of the 
speaker cutout assume that the mounting 
holes for the driver are located as in Fig. 
1, that is, with mounting holes centered 
at the top and bottom. 
Since the article was submitted, my 

driver developed a scraping noise, and I 
returned it to Hartley for service. They 
cleaned and recentered it and returned it 
within a week, for the very reasonable 
price of $60 including shipping one way. 
I consider this excellent service. The 

driver is expensive, but this kind of back¬ 
up makes the price worthwhile. 
I did not receive an advance copy of 

Hartley's comments on my article and 
would like to take the opportunity to 
reply to some of their statements. 
When I received my driver back from 

Hartley, I noted in the accompanying let¬ 
ter that the terminals had been changed 
to current standards. On rechecking po¬ 
larity, I confirmed that the driver no 
longer inverts polarity, i.e., a positive volt¬ 
age applied to the red terminal now pro¬ 
duces a forward movement of the speaker 
cone, a point which was made in the 
manufacturer's comment. However, since 
older drivers, such as mine, may adhere 

Swiss Report: 
"Inexpensive High End Treasures" 
Parasound P/FET-900 

"We had to measure TIM twice because initially 
we didn't trust the unbelievably low value of 0.0004%. 

Exact checks revealed this astonishing value was correct. " 

Parasound HCA-800II 

"We found a maximum output of 2 x 184 watts at 
2 ohms. This power amp is totally suited to drive even 

very difficult speakers with low and complex impedances. " 

"The sound reproduction is incredibly 

spacious, pleasantly rounded, yet precise. 

Mids and high are faultless." 

"A pre-power amp combination which 

should cost twice as much." 

Parasound 
800 822 8802; in CA 415 397-7100 
950 Batlery Street, San Francisco, CA 94111 

These raves from 
High End Hifi Video Test 
Switzerland October, 1989 

We welcome your inquiry. 

Fast Replr »FE322 

to the older standard, I re-emphasize you 
should check polarity as described in the 
setup section of my article, rather than 
rely on the color of the terminals. 
I am glad Hartley has clarified the 

linear excursion capabilities of this driver. 
Normally, a driver with a %" length voice 
coil would not be capable of a % " linear 
excursion, since the coil would begin to 
see a decreasing magnetic field once the 
end of the coil moved into the gap. Given 
the increase in linear excursion, the out¬ 
put limits would be increased by 3dB 
over the limits I calculated, assuming a 
W  linear excursion. 
Since I have not measured all the possi¬ 

ble Thiele/Small parameters on my driver, 
I cannot rule out the possibility that some 
of them may measure abnormally high, 
as Hartley claims. However, the T/S pa¬ 
rameters most useful to amateur speaker 
builders are Qre, fs and V4S, and since 
these parameters reflect the overall ef¬ 
fects of damping, mass and compliance 
(springiness) regardless of their source, it 
is difficult for me to understand why 
measurements of these parameters would 
give anomalous results. 
However, we need not simply argue 

back and forth about the possible rele¬ 
vance of T/S theory. This difference of 
opinion is amenable to test; that is, we 
can measure the T/S parameters and ask 
whether they predict driver behavior. If 
so, I am correct, if not, then Hartley is 
correct. 
To give a few more details of how I 

measured these parameters, I used the 
constant current method to measure the 
impedance curve, and then used this 
curve to derive both fs and Qre (see 
"How You Can Determine Design 
Parameters for Your Loudspeaker,” by 
Robert Bullock, SB 1/81, pp. 12-18). I 
measured the near-field response of the 
driver by putting the microphone of the 
Heath analyzer inside the heatsink of the 
driver, which was driven at approxi¬ 
mately VioW. I used the SPL meter por¬ 
tion of the Heath analyzer, set to flat. The 
fact that the T/S parameters predicted 
almost exactly the measured response 
curve suggests to me that these particular 
parameters can be measured and do 
describe the response of this speaker, and 
that therefore T/S theory is relevant to 
this driver. 
In addition, since reading their com¬ 

ment, I have measured VAS as 31 cubic 
feet, using the added mass method (Vance 
Dickason, The Loudspeaker Design Cook¬ 
book, Chapter 8). I did not do so previ¬ 
ously, since this parameter is not need¬ 
ed for designing a dipole. Now, if T/S 
theory is correct, we can use this meas¬ 
urement, in conjunction with the others 
described in my article, to predict the 
response of the Hartley driver in a given 
size box, specifically, the box described 
in The Audio Critic. 

First, I will correct a factual error. The 
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homemade box used in that review had 
dimensions of "4 feet wide by 2 feet deep 
by not quite 3 feet high, with an 
estimated internal volume of 18 cubic 
feet." Hartley's recommended enclosure, 
in the literature they sent to me, lists 
dimensions of "48" x 36" x 24" o.d.,” 
and further recommends that "the en¬ 
closure should be at least 114" thick...” 
Since, as far as I know, o.d. means out¬ 
side dimensions, this corresponds to an 
internal volume of slightly under 19 cubic 
feet, not counting any internal reinforce¬ 
ments, which would further decrease 
this. 
Thus, the box used by The Audio Critic 

was not "half the cubic volume recom¬ 
mended by our factory," but essentially 
the same as the factory recommended 
volume. However, that aside, we can con¬ 
sider the box used in that article as a test 
box used to derive T/S parameters, which 
was the sense in which I was using it in 
the article. In that case, the fact that the 
box might not be optimum is irrelevant, 
since all we are interested in is how that 
volume alters the resonance frequency 
and damping. Now, if we calculate the 
response of my driver in an 18-cubic-foot 
box, using my measured parameters of 
fs = 28.4, Qrs = 1.3, and VÄS = 31 cubic 
feet, we find that T/S theory predicts a 
system resonance of 47Hz and a system 

Continued on page 64 FIGURE 1: Grille frame for Lin’s dipole subwoofer. 

“The high end. 
of the high end.’' 

PRO DOUBLE 18 

AUDAX Ey 
® 

■JBL 
<-> 

morel 
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224 

24dB crossovers have the best sound quality & phase response. Magazines 
report, "24dB blends better than slower slopes." AUDIO'S DIRECTORY has 
72 electronic crossovers for up to $5,000. Only one other has sweepable 24dB 
crossovers. Ours have five advantages: 

1 WIDER CROSSOVER RANGE, for better clarity & quick bass response 
2. BETTER SIGNAL TO NOISE RATIO, 102dB for quieter operation 
3. 224EQ/424EQ ARE THE ONLY EQUALIZED 24dB UNITS for deep bass in a small 

box. EQ is +6dB. 224EQ/424EQ also have these features: 
4. MONO BASS OUTPUT which is essential for single subwoofers. 
5. SUBSONIC FILTER for more power handling with less distortion. 

P.O. Box 141 Englewood, CO 80151 
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Specializing in Speaker & Crossover Design 

SCR metallized 
polypropylene 

capacitors 

morel^ 

VIETA woofers from Spain 

ACCUTON 
ceramic concave 
Dome Drivers 

FMS cables» Audioquest • Isoda Hybrid cables • Solen Coils • WBT 
Edison Price Music Post 
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The Best Products 
Knowledgeable Service 
At The Right Price! 

1828 W. Peoria 
Phoenix, AZ 85029 
(602) 944-1878 
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27" SUBWOOFER 

$1,250 

RAMSDELL AUDIO 

52 lbs. 
Fs 
Qts 
Qes 
Qms 
No 
Re 
Le 
Xmax 
Vas 
Piston 

PO Box 76186 
St. Petersburg, FL 33734-6186 
(813) 823-8037 

18.5Hz 
.275 
.293 
4.16 
4.0% 
5.70 
3.0mH 
±4mm 
1720 liters 

Dia. 23.3" 

NOW AVAILABLE: 27" Passive Radiator $145 
Fast Haply HFE1S3 

MODEL SW2710: 
6.3" Edgewound voice coil 
103dB/1W/1M (band limited 
pink noise—32-150Hz in 15 ft.3 cabinet) 
Power Handling—500W RMS 

1000W Program 
Polypropylene cone—Double Roll Cloth Surround 

Continued from page 63 
Q of 2.1, as opposed to The Audio Critic's 
measured 48Hz and Q = 2. 
This is as close as you can reasonably 

expect from any theory, and I believe it 
fully supports my position that T/S pa¬ 
rameters are relevant for the Hartley 
driver. Furthermore, it should be noted 
that The Audio Critic's measurements 
were made on a different driver, at a dif¬ 
ferent time and place, which strongly sug¬ 
gests that Hartley makes a consistent 
product, and that my particular sample 
is representative of that product. 

This last point is important, since it is 
really impossible for me to know, given 
a sample of one, whether my results will 
be transferable to others. Short of avail¬ 
able measurements by others, I must rely 
on the reputation of the manufacturer. 
Also, since my driver was used, and pre¬ 
sumably several years old (its terminals 
adhered to Hartley's older standard), I 
cannot say whether it is representative of 
current units. Checking through old 
issues of Audio magazine for Hartley ads, 
I would say it was made after 1975.1 note 
that Hartley's Concertmaster speaker 
system, which uses this driver, has been 
unchanged in physical dimensions and 
specifications since about 1976-77, so I 
believe that my sample does represent 
Hartley's current driver. But here again, 
you must rely on the manufacturer's 
reputation for consistency. 

Since I explicitly praised Hartley's con¬ 
struction and follow-up service, let me be 
explicit also in my criticism. Any SB 
reader is aware of the many manufac¬ 
turers who have made available detailed 
data on their drivers, in the form of T/S 
parameters, response curves, and even 
distortion data, either on request or in 
advertisements. Hartley has chosen not 
to do so, and even denies their relevance. 
Except for cone throw and power han¬ 
dling, the raw driver information they 
provide is almost worthless to the 
amateur. 

For example, the frequency response of 
the 224HS driver is quoted as 16-350Hz, 
with no information on the conditions of 
measurement, and no dB limits (the dB 
limits cited in the article were for the 
complete subwoofer system). When 
many manufacturers are providing much 
more detailed data on drivers which retail 
for $20,1 believe it is unacceptable to not 
have such information available on a 
driver which currently costs $495. In fact, 
one of the reasons I included so much 
measured data on my driver in the arti¬ 
cle, and have provided additional data 
and supporting arguments in this letter, 
was to provide other builders with infor¬ 
mation which, to my knowledge, has 
been unavailable thus far, information 
which I believe more useful to the ama¬ 
teur builder than that provided by 
Hartley. 
For example, an amateur builder look-
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ing at my data would conclude that this 
driver is useful only for a dipole or a true 
infinite baffle (i.e., floor or wall mount¬ 
ing) situation because of the high speaker 
Q, something which could not have been 
determined using Hartley's data. I must 
confess at times to the perhaps unworthy 
suspicion that the reason Hartley does not 
believe in T/S parameters is because those 
parameters do not completely support 
their performance claims. It is difficult to 
see how their speaker can be flat to 16Hz 
given the measured parameters. In any 
event, if Hartley has technical data which 
contradicts mine, I encourage them to 
share it with SB readers, so we can all 
learn something. 
As a final note concerning my frustra¬ 

tion in obtaining information from Hart¬ 
ley, I also requested a recommendation 
for fusing the driver. They sent the equa¬ 
tion relating watts, ohms and current, 
which I already knew, thank you very 
much, and the statement, "The smaller 
the value fuse, the more protection," with 
no explicit recommendation. In other 
words, you're on your own. 
Finally, anyone who reads my article 

and then turns to Robert Camp's con¬ 
tribution on page 53 of the same issue 
may justifiably wonder how both of us 
can claim the same rolloff point given the 
difference in baffle dimensions between 

HELP THE BLIND 
The New Mexico Talking Book 
Library lends recorded books and 
magazines to people who cannot 
read regular printed material due 
to blindness or visual or physical 
handicap. We serve about 3,000 
people with 80,000 items per year. 
We work in cooperation with the 
National Library Service for the 
Blind and Physically Handicapped, 
the US Postal Service, and volun¬ 
teers. 
We also lend cassette and record 

players and headphones. Until this 
year, the National Library Service 
provided us with headphones. This 
service suddenly stopped and we 
now depend on donations. 
If you have any stereophonic or 

monaural headphones you are not 
using, our patrons will put them to 
good use. The Telephone Pioneers, 
an organization of veteran tele¬ 
phone workers, have volunteered 
to recondition donated headphones 
in need of repair. 
The USPS will carry this equip¬ 

ment for free. In place of stamps on 
the parcel, write "Free Matter for 
the Blind and Physically Handi¬ 
capped." Send donations to: New 
Mexico Talking Book Library, 325 
Don Gaspar, Santa Fe, NM 87503. 

his speaker and mine. I cannot speak for 
Mr. Camp, but I would note that my di¬ 
mensions were chosen assuming that the 
floor acts as a sonic mirror to effectively 
double the baffle size, and further, that 
I used a fold back of the baffle edges to 
increase the effective dimensions without 
increasing frontal area. If the folding is 
taken into account, 3" in height and 10" 
in width are added to the frontal area, 
resulting in an effective baffle area almost 
exactly the same as Mr. Camp's. I should 
note that this assumes no folding back for 
his baffle, whereas in fact he does have 
a 4l/2" fold back on each side. I do not 
know whether this was taken into ac¬ 
count when he made his calculations, but 

if not, his dimensions and mine are in fact 
compatible. 

James Lin 
New York, NY 10028 

Richard Schmetterer replies: 

We appreciate your kind words concerning our ser¬ 
vice. We pride ourselves on our repair work. How¬ 
ever, we would mention that the reason for a 
misaligned Hartley 24" woofer in 99% of the cases 
is severe excursion(s) of the moving mass, gener¬ 
ally caused by improper back loading or over¬ 
equalization. 
Once again, we must correct your stubbornness 

when referring to T/S parameters. We stand behind 

Peerless 
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factured. 

Peerless has introduced a special¬ 

ly developed magnet system with 

built-in short-circuiting ring, 

which eliminates AC magnetiza¬ 

tion of the pole piece and linear¬ 

izes the impedance, thus reduc¬ 

ing distortion substantially. 

The CC-line is a genuinely peer¬ 

less product. A guaranteed hi-

tuned clarity of sound from 

Peerless. 

For a catalog including the CC-

line and standard line, please re¬ 

spond to reply number below. 

PEERLESS OF AMERICA, INC. 
800 W. Central Road 
Mt. Prospect, IL 60056 
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our statement that our magnetic suspension drive 
units are an anomaly and, furthermore, refute the 
home measurements made on your Hartley 24" 
driver. Your impedance curve shows an Fs of 
28Hz which, coincidentally, is almost exactly dou¬ 
ble the actual "free-field" measurement of the 24" 
driver (13Hz, measured outdoors with speaker 
suspended over a hole in the earth). Thus, you are 
reading a normal second-order peak. 

Measuring near field is also a tricky business. 
Most microphones are very inaccurate at sub-30Hz 
readings and we would never recommend placing 
the microphone inside the confines of our heat-
sink/voice coil tube. This type of placement would 
surely yield very inaccurate readings. We use the 
finest calibrated Bruel & Kjaer mikes. 
The article printed a number of years ago in The 

Audio Critic was certainly a disservice to our com¬ 
pany. A Hartley driver was placed in a homemade 
box of unkown quality, much smaller than factory 
recommended. This system was reviewed as a 
Hartley factory unit when, in fact, the system was 
much too small. Any measurements, comments, or 
listening evaluation derived from that article was, 
and still is, totally worthless. 

It is unfortunate you are unappreciative of our 
printed literature. Perhaps next time you under¬ 
take a project like this you will contact the manufac¬ 
turer beforehand, explain the project, and use its 
expertise and, in our case, share our 60 years worth 
of accumulated knowledge. 

Your further problem with fusing a driver is con¬ 
sistent. According to the Chief Engineer at the Lit¬ 
tlefuse Company, the following formula is recom-

BULLOCK & WHITE 
SOFTWARE 
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programs as follows: 
Air Core: This program was written as a quick way of eval¬ 
uating the resistance effects of different gauge wire on a given 
value inductor. The basis for the program is an article in 
Speaker Builder (1/83, pp. 13-14) by Max Knittel. The pro¬ 
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the gauge wire to be used. (NOTE: only gauges 16-38.) 

Series Notch: Developed to study the effects of notch filters 
in the schematics of some manufacturers. Enter the com¬ 
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Optimum Box: A quick program based on Thiele/Small to 
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point. It is based only on small signal parameters, therefore, 
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Response Function: Calculates the small signal response 
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driver (Qre ), the equivalent volume of air equal to the 
suspension (V4S ), the box tuning frequency (fs ), and the 
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L-Pad Program by Glenn Phillips: Appeared in Speaker 
Builder (2/83, pp. 20-22). It is useful for padding down a 
tweeter or midrange while still retaining the same load as 
the driver itself. 

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

For regular blow 3AG (C) type 250V 

I Walts _ trjp current 

V ohms 

Less 25% = hold current 

This is the information we recommend, including 
that a fuse is only 70-80% effective. Since a fuse 
is a non-discriminatory device, its worth would be 
a function of frequency, input and time. 

Finally, we still find your article useful, we just 
question your means and closed-minded approach 
to using a driver technology you obviously do not 
understand. 

RIBBON 
REPLACEMENTS 

I have a pair of Decca ribbon "super 
tweeters," circa 1979, and both ribbons 
are fried. It would appear to be a fairly 
simple task to replace the ribbons. Do you 
know where the replacement ribbons can 
be found? If not, perhaps the location of 
the Decca US distributor? 

John Edwards 
Redwood City, CA 94061 

Decca is represented in the US by Townshend 
Audio, 6776 S. W. Freeway, Houston, TX 77074. 
Whether they will have replacement ribbons, we 
do not know. 
You might explore replacing them yourself. 

Michael Lampton and J. Henry Primbsch wrote an 
article on ribbon tweeters in SB 3/84, page 7. Rib¬ 
bons can be made by unwinding the foil in a 
Sprague 0.5gF, 50V film capacitor.—Ed. 

CALCULATING 
PARAMETERS 

A letter by Paul Graham in SB 4/89 of¬ 
fered a program for closed-box calcula¬ 
tions written for the Commodore 64. 
What formula does he use for calculating 
efficiency and peak displacement vol¬ 
ume? I intend to buy my speakers from 
Madisound; they list a lot of parameters 
for their speakers (very nice catalogs). 
However, efficiency and peak displace¬ 
ment volume are not always listed. 

Phillip Jacob 
Milwaukee, WI 53226 

Paul Graham replies: 

I did not include the basic calculations for VD and 
n0 because these two parameters may be (though 
rarely are) simply stated in the specifications. True, 
you very often must calculate these from varied 
information provided among the other specs. Since 
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you cannot always be sure how the information will 
be presented, you don't always know what calcula¬ 
tion procedure to use. 

Let's take peak displacement volume first. 

Vd = ^MAX $D 

where XMAX is maximum linear excursion from 
rest to peak, and SD is effective piston area. If ef¬ 
fective piston area is not specified, use the nominal 
frame diameter, which is usually the advertised size, 
calculate the area of the circle, and take 80% of 
this, or |where r is frame radius): 

SD = 2.5 r2

1 have found this approximation gives results which 
seldom differ significantly from those obtained by 
the specified piston area. 

You can find the linear excursion from the voice 
coil overhang. Subtract the magnet gap height from 
the length of the voice coil. This gives the peak-to-
peak excursion. Half of this is Xmax- You may 
need to request these specs from the maker. I have 
tried approximating displacement by using the 
known specification for similar drivers, but such 
results must be suspect and should be followed up 
using known specs. 

Free-air reference efficiency, n0, is easily cal¬ 
culated if you have Fs, VAS, and Qß (free-air elec¬ 
trical Q). The last is sometimes hard to come by 
in the ads and short-form catalogs, and you may 
have to send for it. Small's formula and constant 
for efficiency is: 

no = [k(FsJV4S)|/Qß 

In this equation, K is a constant having the follow¬ 
ing value: 

9.64 X 10’ 10 where VAS is in liters, 
2.7 X 10 -8 where V45 is in cubic feet. 

Where a calculation procedure asks you for the ef¬ 
ficiency value, make sure to determine whether it 
requires n0 or efficiency as a percentage (as does 
my program). If you need a percent expressed value, 
multiply n0 by 100 (move the decimal point two 
places to the right). 
You could add routines to my program which 

would include calculation of these parameters, pro¬ 
vided you are prepared to accept the specifications 
in a predetermined form; make sure you've ac¬ 
counted for unit conversions, including the use of 
the K value, correctly. I thought it was simpler to 
leave these out of the box calculation. 

SHORTLINE 
CALCULATIONS 

As an English teacher interested in 
speaker building I feel a little like the 
New Guinea cargo cults who built crude 
replicas of cargo planes to lure more visits 
from K-ration and candy bar loaded 
C-47s. My attempts at building speakers 
without benefit of technical knowledge 
are probably not that different, although 

so far my results have sounded a little bet¬ 
ter than the cults' planes flew. 

Having established my humility, let me 
pose my questions. I have been interested 
in building a transmission line (TL) 
speaker based on John Cockroft's Short-
line calculations {SB 4/88, p. 28), but have 
run into a few problems. I already have 
drivers on hand (Dynaudio 17W75s), 
which commits me to a QTS of 0.74. A 
line folded once to bring the tweeter to 
ear level gives a line length of about 62" 
(I have decided to sacrifice the advantage 
of putting the woofer in close proximity 
to the wall to gain some imaging by mov¬ 
ing the speaker out from reflective sur¬ 
faces—sorry). When I try to apply your 

model to these givens, however, I run 
into trouble. 
What should I use to compute stuffing 

density? Based on line length it should be 
0.54, but if I use the Dynaudio's QTS 

(0.74) to calculate d;, it becomes 1.71. 
Even lacking any intuitive feel for this 
stuff, it seems to me a line 86% of the 
Bailey "Ur-line" shouldn't need three 
times the stuffing density. 
Dickason {Loudspeaker Design Cook¬ 

book, p. 75) mentions putting material 
behind the speaker basket to lower Q. 
Would a region of high-density stuffing 
have this effect with the balance with the 
density predicted from line length? Also 
Dickason’s table for TL line area re-

Music so real you want to touch it! 

"As for the performance of the Sapphire, we would call it highly 
respectable on all counts and just about state-of-the-art in im¬ 
aging." Peter Aczel, The Audio Critic , Issue No. 14. 
For exceptional sound at affordable prices call 1-800-346-
9183 today to receive your free catalog. Audition in your 
home at no risk. I----

AUDIO CONCEPTS, INC. 
901 S. 4th St., La Crosse, WI 54601 I//AA\J 

(608) 784-4570 
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CAUTION: 

DEPLETION AREA 
AHEAD 
While it has always been the publisher s policy to order more copies 
of magazines than are needed at publication time, such supplies even¬ 
tually run out. Therefore, some stocks of our back issues are getting very 
low. Below is our current list of 

BACK ISSUES 
ENDANGERED SPECIES 
Audio Amateur Speaker Builder 
1970, 1971, 1972, 197J 1980, 1981, 1982 

A complete back issue list and their contents is printed on the outer 
cover of this issue, and a handy order blank is provided as well. If 
you have lost or discarded the outer cover, our circulation depart¬ 
ment will gladly send you a complete listing of all our publications. 
When the above issues are sold out, there won't be any more. 
Also, we will soon be forced to raise prices on the remaining back 
issues since our storage costs over the many years we have ware¬ 
housed these have risen significantly. 
PLEASE NOTE: Since the United States Postal Service will not accept responsibility 
for safe delivery of second class matter, and we are required to replace any magazines 
destroyed or lost by USPS negligence, we will ship back isues within the forty-eight 
continental United States by United Parcel Service only. Since UPS cannot accept 
parcels addressed to Post Office boxes, please provide a street address for your back 
issue orders. Your order will arrive in better condition, more quickly, and is fully in¬ 
sured in case of loss. 

ALL FERROFLUIDS ARE 
NOT CREATED EQUAL. 

CONTROLLED PARTICLE SIZE IMPROVES PERFORMANCE 

MAGNIFLUID. 
Stable viscosity. Chemically Inert. 

Uniform. Adaptable. Ideal. 
Magnifluid performs wherever you use it. 
Because of its unique molecular structure. 
Magnifluid has improved viscosity and density 
properties and will remain stable over a broad 
temperature range. What does this mean to you? 

Information on MAGNIFLUID^ 
15 Union Street • Lawrence, MA 01840 • 

This means that wherever you use Magnifluid, 
you will damp transient noise, improve power 
handling, increase production yields, and have a 
superior coolant, hence decreasing field failures. 

Magnifluid. It's without equal. 

is available from Omni Quest Corporation 
(508) 685-8888 

Fast Reply HFE595 

quirements are more constricted than 
your model—would this have the effect 
of compensating for the high driver QTS? 

I realize your answers may be educated 
guesses, given the state of the art in 
understanding all the variables in TLs, 
but your educated guess has to be better 
than my uneducated one. 

David A. Gardner 
Dubuque, IA 52001 

John Cockroft replies: 

Your analogy of the New Guinea cargo cults is a 
profound one that 1 could have related to many 
times during the 30-odd years (and I use the word 
"odd" advisedly) I have been playing with loud¬ 
speaker systems. 
I think your Dynaudio 17W75 will perform 

satisfactorily in a TL. Many closed-box speakers 
function well within a similar Q range of say, 
0.6-0.9. This provides a range of relatively flat 
response. It has been my experience that speakers 
placed in TL enclosures don't experience as great 
a rise in Q as do sealed-box speakers, so the 
enclosure Q should remain fairly close to the free 
air Q. 

The additional (perhaps I should say subtractive) 
characteristic of greatly reduced enclosure 
resonance associated with TL enclosures could only 
enhance the sound. Perhaps my Unline article (SB 
4/88) may have confused some people. The article 
wasn't intended to be a definitive way to design 
a TL system. It was merely an attempt at describ¬ 
ing some of my speaker systems and suggesting a 
design approach for other systems that might have 
some of the characteristics of my realized designs. 
Many, many TL systems with parameters well 

outside those I suggest in the article would un¬ 
doubtedly give highly satisfactory performance. My 
original title for the article included the word, "ar¬ 
bitrary." It somehow got lost along the way. On 
the other hand, all speaker systems I know of that 
have been constructed according to the constraints 
of my article, have performed successfully. 
The Qw of the Dynaudio (0.74) is higher than 

can be used reasonably while adhering to my equa¬ 
tions. They lead to a system with a density (as you 
point out) of about 1.71 pounds/cubic foot and a 
line length of 6.147". This is obviously not a prac¬ 
tical realization of a speaker system. (Although the 
11" line mentioned in the Unline article has proved 
to be very practical.) 
The thing to do here is to ignore the and to 

design the system according to line length. This (as 
you also noted) yields a density of 0.54 pounds/cubic 
foot (say 0.6, as a little overdamping is better than 
a little underdampingl and a minimum speaker 
cross-section of 1.08 (1.1)—the minimum that should 
appear at the downstream end of the line. This fac¬ 
tor should be applied to the effective area of the 
speaker cone and is usually measured from the 
center of the outer surround on one side to the 
center of the outer surround on the other side of 
the cone, with the line going through the center. 
It wouldn't hurt to have two or more times that 
figure at the upstream end, behind the speaker. 
The speaker with a of 0.74 will sound 

somewhat different in the bass range from one of 
say 0.42, which would probably be close to what 
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my figures come up with, but I would wager that 
just as many people would prefer the 0.74 speaker 
as the 0.42.1 think the system should be constructed 
and then evaluated. 
There is no need to apologize for moving your 

woofer to the front of your enclosure, rather than 
placing it on top of the enclosure, as I often do 
(this is America). I'm not sure you will improve 
the imaging of your system by doing so, however. 
(But then, who knows?) I've often been criticized 
for my woofer location, but never, as far as I can 
recall, by anyone who has actually listened to my 
systems. 

I wouldn't go to the trouble of trying to lower 
the Q of your speaker in the manner you state (put¬ 
ting material behind the speaker basket). The 
amount you could probably lower it would be slight 
and it may not be necessary. A region of high-
density stuffing directly behind the woofer is not 
a good thing. 
Dickason's figures for TL systems reflect the 

prevailing theory, while mine were derived from 
several years of my basically empirical approaches 
to a hybrid TL/aperiodic system. Both sets of figures 
have led to the production of successful systems. 

UNDERESTIMATION 
I enjoyed Brian Smith's article, "Adjust¬ 
ing Woofers For High Performance," in 
Speaker Builder 6/89. He sums up the ar¬ 
ticle saying, "...the difference between 
poorly designed woofers and good ones 
is attention to detail.” I think he under¬ 
estimates the readers' intelligence. 
When Philips designed the $ 10 woofer 

he describes, they intended it for low-cost 
systems with modest performance capa¬ 
bilities. When the designer chooses small 
magnets, lightweight cone, etc., he also 
designs small voice coils with minimum 
overhang and moderate power-handling 
ability. He did not design the woofer for 
the high-power, large excursion low-bass 
applications Smith describes. Increasing 
the magnet size and adding weight to the 
cone can only exacerbate the limitation 
of the moving system. 

Using a sealed, 2.9-cubic-foot enclosure 
with a proposed system resonance of 
42Hz and a Q of 1.1 will not yield a - 3dB 
cutoff of 22Hz; moreover, response falls 
off at the rate of approximately 12dB/oc-
tave below resonance, not at 2.9dB/oc-
tave. The - 3dB point would be closer to 
36Hz. A Q of 1.1 also suggests slight un¬ 
derdamping, although this is of minor im¬ 
portance, considering the project as a 
whole. 

Consider, also, that in a direct radiator 
such as described in the article, cone ex¬ 
cursion increases by a factor of four for 
each lower octave, for the same acoustical 
output, below the point of ultimate radia¬ 
tion impedance, down to the resonance 
frequency, at which point the output be¬ 
gins to diminish at the predictable 12dB/ 
octave. Smith's system would require 
much larger excursions than the woofer 

was designed to handle, and the result 
will be greatly increasing amounts of har¬ 
monic distortion and coloration. Har¬ 
monic distortion may not have been one 
of his design criteria in changing the 
woofer's performance. 

Using a 12-inch woofer in a 2.9-cubic-
foot enclosure, all things being equal, will 
also yield higher distortion figures than 
a properly designed acoustic-suspension 
system of approximately 1.7 cubic feet, 
if both systems have the same resonance 

frequency. Too large an enclosure re¬ 
duces the air-spring effect, and the 
speaker begins to utilize more of its 
mechanical suspension than the air of the 
enclosure for restoring force. Mechanical 
suspensions are much less linear except 
for very small excursions. 

Finally, therefore, I think Mr. Smith's 
woofer treatment ultimately degrades the 
performance of the cheap woofer and 
triples the cost to the end user. As an 
engineer he should know that making 

In Britain - home of many audio aristocrats - one name is legendary. So 
seminal, in fact, that several dictionaries list ‘Tannoy’ as the synonym for 
“sound system." 

62 years after its founding, Tannoy remains the loudspeaker of choice for 
audio professionals. More recording studios choose Tannoy for their 
monitors than all other brands combined. It is no coincidence that 98 of the 
100 top-selling albums since 1983 were mastered on Tannoys. In 1988 the 
industry recognized Tannoy’s accomplishments by making it the first 
loudspeaker to receive the prestigious TEC award, created “to honour the 
audio industry’s greatest achievements." 

Honed in the exacting domain of professional sound reproduction, 
Tannoy’s Series 90 monitors bring the legend home with classic 
refinement From two-way bookshelf speakers to Tannoy’s famous “single 
point source” monitors, the pedigree is pure blue-blood, and the sound is 
pure magic. 

TANNOY Series 90 
An Extension of the Legend 

Tannoy North America Inc. 
1225 17th Street, Suite 1430, Denver, CO 80202 

Tel. (303| 293-9737 Fax (303) 293-9738 
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ñcDusfa-Stuf 
A SOUND ABSORPTION MATERIAL THAT ELIMINATES 
STANDING WAVES AND REFLECTIONS WITHIN THE 

SPEAKER ENCLOSURE TO FOCUS THE 
ACOUSTIC IMAGE IN THE LISTENER'S MIND 

A MULTI DIRECTIONAL CRIMP IN EACH STRAND 
FORMS A COHESIVE MASS WITH A HIGH ABSORPTION 
COEFFICIENT OVER A WIDE FREQUENCY RANGE. 
USE IT IN SEALED. VENTED. APERIODIC. AND 

TRANSMISSION LINE SYSTEMS. ITS ALSO GREAT 
FOR SPOT ABSORPTION PANELS AND BASS 

ATTENUATION TRAPS. 

PRICE IS $7 00 PER LB PLUS $1.00 PER LB FOR 
SHIPPING (CANADIAN RESIDENTS MAKE KHAT 
$1 50 PER LB.) IN ALABAMA. ADD 4% SALES TAX. 
PLEASE PAY BY CHECK OR MONEY ORDER. 

NO CO D OR CREDIT CARDS. 

SpaahEr Hits 
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SPEAKER KITS COMPLETE WITH PRECUT OAK 

OR WALNUT VENEERED CABINETS BY WOODSTYLE 
THESE KITS WILL BE HELPFUL TO THOSE WHO. 
FOR WHATEVER REASON. HAVE TROUBLE 

WITH THE WOODWORKING ASPECTS OF HOME 
CONSTRUCTION THE LINE FEATURES A 12* PORTED 

SUB-WOOFER. A DUAL 6 1/2* SYMMETRICALLY 
ALIGNED APERIODIC FULL RANGE SYSTEM. AND 
A SMALL 5 1/4- APERIODIC BOOKSHELF SPEAKER 
ALL OF THESE SPEAKERS USE ACOUSTA-STUF AS 
THE DAMPING MATERIAL. WRITE FOR MORE 

INFORMATION ON THESE NEW KITS. 

2480 Schillingers Rd. #488 
Mobile. Alabama 36695 
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COMPONENTS 
STOCKING THESE 
POPULAR DRIVERS 

flUDftX) 

such a change requires more than a listen¬ 
ing test to quantify improvement. He 
should have made distortion measure¬ 
ments, and then he would realize it is not 
practical. 

Thomas D. Tyson, III 
High Point, NC 27262 

Brian Smith replies: 

My goal was to produce a subwoofer system with 
a 3dB down frequency below 30Hz in a reasonably 
sized enclosure at a cost that most builders could 
afford and with no complicated adjustment pro¬ 
cedures. These goals are almost diametrically op¬ 
posed, yet I believe they are reconciled in my sub¬ 
woofer system. Doing the modifications yourself 
and building your own cabinets, you can make a 
stereo pair of subwoofers for about $100. The cost 
of a commercial pair of pre-built subwoofers is 
usually at least $1,000. 
The article was not intended to be a dissertation 

on subwoofer design. It was meant to introduce 
the builder on a budget to low bass. 
As for your claims about the Philips woofer and 

the intentions of its designer, this driver was de¬ 
signed by Ed Hansen, who passed away three years 
ago. Unless you worked with him on the design, 
I don't think you know any more than I do about 
his design goals. The idea for adding magnet mass 
to the speaker came from Dick Pierce who is well 
respected in the audio field. I spoke with him con¬ 
cerning your objections. The bottom line is your 
objections can be answered only with equations, 
derivations and other complicated engineering 
jargon beyond the comprehension of many readers. 

Using some design software, the predicted cutoff 
of this modified speaker in a 3-cubic-foot cabinet 
is 25Hz. In my article I stated the cutoff to be 
"about 22Hz." 1 said "about” because, in calcu¬ 
lating, I used an approximation that appeared in 
SB 2/84, page 22, in an article by G. R. Koonce. 
Design software predicts a cutoff of 25Hz which 
is about 22Hz, and is still below 30Hz as per my 
design goal. 

I cannot find anywhere in the article where a 
2.9dB/octave rate is mentioned. 
You are correct that distortion measurements 

were not a part of my design and test procedures. 
Instead, I used an A/B test in which I operated a 
very well designed MK driver side by side with 
my modified driver. The results were very gratify¬ 
ing. When level compensated, the difference was 
not easily detectable. When being driven by 150W 
monoblocks, at no time did the modified driver bot¬ 
tom out, even at very loud listening levels. I agree 
with your assertions about increasing the distor¬ 
tion products by increasing excursions. My reply 
to your objection is that if the distortion cannot be 
heard, why bother trying to quantify it? I try to 
never let technical details of little importance get 
in the way of the enjoyment of building and listen¬ 
ing to stereo equipment. 

If you put my modified driver into a 1.7-cubic-
foot cabinet, it would be unbearably boomy, so why 
bother debating about it? 
As far as cost goes, you could make one of my 

modified drivers for much less than $30. Time and 
mess are the price you pay if you roll your own. 
While we are discussing cost, I have seen these 

CALSOD 
Computer-Aided Loudspeaker 

System Optimization and Design 
by Witold Waldman 

I CALSOD is a new entry into the field of crossover net¬ 
work optimizing software available for the IBM PC 

I desktop computer. It combines the transfer function 
of an LC network with the acoustic transfer function 
of the loudspeaker, by using some form of iterative 
analysis. CALSOD creates, through the process of 
trial-and-error curve fitting, a suitable transfer func¬ 
tion model which it can then optimize. The program 
is the subject of CALSOD author Witold Waldman's 
research paper "Simulation and Optimization of 
Multiway Loudspeaker Systems Using a Personal 
Computer" which appeared in the Audio Engineer¬ 
ing Society Journal for September 1988, pp. 651-663. 
CALSOD differs considerably from other software 
since it models the entire loudspeaker output of a 
multiway system, including the low-end response, 
and the summed responses of each system driver. 

The program performs a lot of tricks. One of the 
more spectacular of these allows the designer to spe¬ 
cify the location of the driver acoustic centers using 
an XYZ coordinate system. Thus, if the designer ex¬ 
pects to mount a driver combination on a flat baffle, 
the summed response can be optimized to compen¬ 
sate for rearward displacement of a woofer's acoustic 
center with respect to a tweeter. CALSOD can model 
up to seven drivers at a time in a four-way system giv¬ 
ing the summed response and acoustic phase response 
of the entire system. 
The CALSOD program comes on a single 360K 

floppy, and requires one directory and two subdirec¬ 
tories in installation, plus access to the DOS GRAF-
TABL file, which it uses for a couple of special sym¬ 
bols. The 133-page User Manual, provided on a sec¬ 
ond disk, is well written and adequately describes the 
various program functions and contains an excellent 
tutorial example, which demonstrates the use of the 
program. The files for the worked example contained 
in the manual also come on the program disk, so users 
can follow the design process and use and modify the 
files as they learn the procedures. 

NOTE: SOFTWARE IS NOT RETURNABLE FOR REFUND 
OR CREDIT. Please print in clear block capitals quantity needed 
and prices. Total the amounts and REMIT IN US $ ONLY by 
MC/VISA, check or money order. Postpaid in US. Canada please 
include 10% of total. Overseas please include 20% of total. 
According to the Connecticut Dept, of Revenue. Regulation #27, Section 12-426-27, 
in order to sell software to residents of Connecticut, we must register with the depart -
ment as well as collect taxes for the State from the purchaser We regret to inform our 
readership that we will not sell software to anyone from Connecticut, as it will prove 
Io be too costly and burdensome. 

_CAL-2B6 (IBM 2-5%" 360K DS/DD) $65 $_ 

_CAL-2B4 |1BM 3W* 720K DS/DD) $67.50 $_ 

TOTAL $_ 

Postage if applicable $_ 

TOTAL ORDER $_ 

□ MC aVISA aCK/MO 

NAME MAGIC NO. 

STREET & NO. 

CÏTŸ STATE ZÏP 

MC/VISA EXP~ 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B90, Peterborough, NH 03458 

(603) 924-6371 / 924-6526 / FAX: (603) 924-9467 
Answering machine for orders only: (603) 924-6371 
before 9:00 a.m., after 4:00 p.m. and weekends. 
Have all Information plus MC/VISA available. 
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speakers in a catalog for about $40. I own a large 
catalog collection and I try to keep up with the 
prices. The only reason Zalytron offers this driver 
for $12 is because they were purchased as a close¬ 
out item, possibly well below cost. 
My modification allows the owner of modest 

means to construct a system that opens up a world 
of bass most people have never experienced. Most 
people own a stereo system of some sort. The frac¬ 
tion of those systems that produce enough bass 
below 40Hz to fill an average living room is prob¬ 
ably very small. I offer a way for any ambitious 
builder to explore the world of low bass without 
breaking the bank. 

UNBALANCED 
SOUND 

I modified my Radio Shack Minimus-7s 
according to William R. Hoffman's arti¬ 
cle in SB 1/88 and was pleased with the 
results, except that I thought the sound 
was not well balanced. The tweeter 
seemed harsh, and spoken voices had a 
strange, nasal sound to them. In all fair¬ 
ness, I could not permanently mount the 
speakers against a wall, but that did not 
account for all of the problems I heard. 

Then I read Brian Smith's article in SB 
6/89 on how to adjust woofers for better 
sound and deeper bass. I decided to use 
one of his suggestions and coated the 
paper mid/bass driver with Enviro-Tex 
polymer. 1 also replaced the fiberglass 
"blanket" with a medium density (one 
large handful) filling of polyester pillow 
stuffing, and padded the tweeter down 
with a lfi, 1W metal film resistor. The 
final touch was a foam rubber diffraction 
ring around the tweeter, which works 
best if it lies outside the grooves around 
the tweeter dome. Be sure to trim the ring 
down so the grille goes on easily and put 
the resistor before the tweeter's cap. 
The difference between the first and 

second modification is nothing short of 
incredible. The midrange became clean, 
clear, and smooth, with much less distor¬ 
tion, and the bass goes deeper. Padding 
the tweeter down gave a much more 
natural balance to the sound, and the dif¬ 
fraction ring kept the wide-dispersion 
dome tweeter from bouncing treble off 
the walls and smearing the stereo image. 
Now the soundstage has much larger 
dimensions, and instruments are better 
defined. Since I don't have the facilities 
to measure anything, I cannot supply 
anything. But if anyone does, and makes 
these modifications, I would like to see 
the numbers. 
Next I plan to move the Minimus-7 

drivers and crossover wholesale to a John 
Cockroft Shortline TL, which will utilize 
a Radio Shack paper cone woofer coated 
with Enviro-Tex, and a first-order cross¬ 
over; woofer-coil, midrange cap. 

I also intend to try TL loading for the 
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_ 
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Fast Kapti HFF362 

6000.6 
phase correct 

electronic 
crossover 
The new 6000-6 is designed to im¬ 
prove your system by eliminating 
crossover errors and passing per¬ 
fect square waves. A plug-in mod¬ 
ule allows convenient frequency 
change from 40-16,000Hz. Level 
controls on rear, 1 % components 
used. Model 6000-6 $195. PPD. 
Other models from $16.25. 

Free folder/reviews 

ACE AUDIO CO. 
532-5th St 

East Northport, NY 11731-2399 
Fast Reply »FE53 

midrange. Although a QTS of 0.55 might 
be too high, perhaps Mr. Cockroft's equa¬ 
tions and articles will show the way. 

David A. West 
Kirkland, WA 98033 

LEADING 
PHASE SHIFT 

Peter Hillman's article, "Symmetrical 
Speaker System With Dual Transmission 
Lines" (SB 5, 6/89), is loaded with good 
ideas and common sense. Concerning 
leading phase shifts, he touched on an 
area that I feel could use further explana¬ 
tion. His question, "How can a driver 
create a sine wave before the input wave 
arrives?" is a valid one. If a lagging phase 
shift (at a particular frequency) can be 
looked at as a simple input-to-output 
delay, then a leading phase shift must 
equal a negative time delay or an output 
that occurs before the input signal. From 
a common sense point of view, this is 
trouble. How can the output occur before 
the input? 
There are different ways to interpret 

this frequency specification in the time 
domain. With so much analysis done, and 
equipment built in terms of steady-state 
responses to sinusoidal inputs [frequency 
domain), many of the quantities associ¬ 
ated with sinusoidal behavior have ac¬ 
quired a real "physical" meaning. It is 
easy to forget that time is the primary 
variable. 
Whenever I start blundering, a simple 

RC network usually helps me see things 
clearer. In this case, a voltage source with 
a series capacitor into a resistive load will 
do. Because of the series nature of this cir¬ 
cuit, the current through the capacitor is 
the same (magnitude and phase) as the 
current that passes through the resistor, 
creating the output voltage. This first-
order high-pass network has a +90° 
phase lead at low frequencies, a +45° 
phase lead when the capacitive reactance 
(1/jwC) is equal to the resistor, and 0° 
phase shift at high frequencies. 

Let's look at the low-frequency case. 
Basic electronics states that the current 
through a capacitor is equal to the value 
of the capacitance times the first deriva¬ 
tive of the voltage with respect to time (i 
= C Dv/Dr), a perfect differentiator. In 
other words, the current through the 
capacitor (which is also the same current 
that creates the output voltage across the 
resistor) is proportional to the slope of the 
input voltage. 

Looking at the circuit this way, there 
is no time lead between the output and 
the input. The output is a function of the 
slope of the input at any instant. Since the 
slope (or the first derivative) of a sine 
wave is a cosine wave, and the cos (x) = 

SPEAKER DESIGNER™ 
Release 1.2 by Stuart E. Bonney 

I A loudspeaker system design aid and modeling tool for use with 
both closed and vented systems over the frequency range from 
10 to 300Hz. Computes and displays system frequency response, 
power handling capabilities, and relative sound pressure level 
(SPL) outputs for each of 26 discrete frequencies over this range. 
Includes one year support by the author when the user registers 
this Shareware product. Each $19.50 

IBM, 5V4#, 360K DS/DD SPD-1B5 

Loudspeaker Modeling Program 
by Ralph Gonzalez (SB 1, 2, 3/87) 

LMP produces a full-range frequency response prediction for 
multi-way loudspeakers, including the effect of the crossover, 
driver rolloffs, interdriver time delay, "diffraction loss," etc. (In¬ 
cludes author support.) 

Specify: 
Apple II, SV*' SS/DD 
Apple Macintosh 3Vz SS/DD 
IBM PC/XT/AT 5% DS/DD 

Each $17.50 

LMP-1A5 
LMP-2M3G 
LMP-2B5G 

Commodore 64 5’/4' DS/DD LMP-1C5 

LMP-3B5G is a souped-up version of LMP. Provides profes 
sional-quality graphics and a fast interface. Remains compatible with 
LMP data files and is available for IBM PCs with CGA, EGA or Her 
cules graphics. 
LMP-3B5G Each $49.50 
LMP-3B5G* (Update to LMP) Each $39.50 

DRI-1B5 
CRS-1B5 

Specify: 
Driver Evaluations 
Crossover Design 

Driver Evaluation 
and Crossover Design 
by G. R. Koonce (SB 5/88) 

Disk I evaluates the suitability of drivers for closed, vented and 
lessive radiator enclosures, and allows detailed designs of vented 
boxes. 

Disk 2, in addition to driver evaluations, allows the design of 
first-, second-, and third-order crossovers. 5’4" IBM: 360K, DS/DD. 

Each $12.50 

Active Filter Design 
by Fernando Garcia Viesca (SB 4/88) 

Calculates component values for Butterworth filters in four con¬ 
figurations: High- and low-pass in second- and third-order. (In¬ 
cludes author support.) Each $17.50 

IBM 5V4" 360K DS/DD ACT-1 B5 

Two-Way Active Crossover Design 
by Gary Galo (SB 5/88) 

Performs the calculations for the eight two-way active crossover 
designs described by Bob Bullock using formulas exactly as given 
in the articles; plus a program to calculate NTH. (Includes one 
year user support). Each $20 
Specify 
IBM 5’/4 360K DS/DD TWO-1 B5 
IBM 3Vî 720K DS/DD TWO-1 B3 

NOTE: SOFTWARE IS NOT RETURNABLE FOR REFUND 
OR CREDIT. Please print in clear block capitals quantity 
needed and prices Total the amounts and REMIT IN US $ 
ONLY by MC/VISA, check or money order. 
Postpaid in US. Canada please include 10% of total Overseas 

! please include 20% of total 
According to the Connecticut Dept of Revenue Regulation #27. Section 12426 27. 
in order to sell software to residents of Connecticut, we must register with the 
lepartment as well as collect taxes for the State from the purchaser We regret 
• o inform our readership that we will not sell software to anyone from Connec¬ 
ticut, as it will prove to be too costly and burdensome 

_SPD-1B5 (IBM) $19.50 _ 
_LMP-1A5 (Apple) $17.50 _ 
_LMP-2M3G (Apple) $17.50 _ 
_LMP-2B5G (IBM) $17.50 _ 
_LMP-1C5 (Comm.) $17.50 _ 
_LMP-3B5G (IBM) $49.50 _ 
_LMP-3B5G* (IBM) $39.50 _ 
_ACT-1 B5 (IBM) $17.50 _ 
_DRI-1B5(IBM) $12.50 _ 
_CRS-1B5 (IBM) $12.50 _ 
_TWO-1 B5 (IBM) $20.00 _ 
_TWO-1 B3 (IBM) $20.00 _ 

'Original LMP disk or sales receipt TOTAL $ _ 
must be included w/order 

C MC □ VISA C CK/MO 

OLD COLONY SOUND LAB 
PO Box 243, Dept. B90, Peterborough. NH 03458 
¡603) 924-6371 I 924-6526 ! FAX: (603) 924-9467 
Answering machine for orders only: (603) 924-6371 
before 9:00 a.m., after 4:00 p.m. and weekends. 
Have all Information plus MC/VISA available. 
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sin(x + 90), the output appears to lead the 
input by 90°. When the resistor becomes 
significant, it changes this perfect dif¬ 
ferentiator to a slower one, one with less 
than 90° phase shift, or less than a perfect 
differentiator. I hope this helps clear up 
this frequency-to-time-domain confusion. 

Paul Marchese 
Arnold, MD 21012 

Peter Hillman replies: 

I'm sure many speaker builders, like myself, ap¬ 
preciate your explanation as to how a driver creates 
a sine wave before the input wave arrives. Your 
contribution exemplifies why Speaker Builder pro¬ 
vides such a unique forum for the fruitful exchange 
of ideas that an amateur can understand and learn 
from. Without SB I wouldn't have had the infor¬ 
mation nor the incentive to carry my project as far 
as 1 did. 

MODEL 3QW 
In reading James Lin's article on the 
Hartley dipole subwoofer (SB 6/89), the 
Electro-Voice 30" driver is mentioned. 
This driver, the model 30W, is still avail¬ 
able through University Sound, which 
along with E-V is a member of the Mark 
IV family of companies. Altec Lansing 
Professional (not the consumer product 
manufacturer) and Gauss are other 
speaker manufacturing members. Uni¬ 
versity Sound is located at 13278 Ralston 
Ave., Sylmar, CA 91342. Retail price on 
the 30W is $567 in their latest catalog. 

I would also appreciate some clarifica¬ 
tion on the formula used to determine the 
frequency at which front-rear cancella¬ 
tion rolloff behavior of dipoles begins. 
I am planning to build two dipole sub¬ 

woofers using the 30W and would like to 
hear from anyone who has built or is 
planning to build along these lines. 
Keep up the good work— Speaker 

Builder is an enjoyable and interesting 
publication. 

Andrew Rutkin 
South Pasadena, CA 91030 

James Lin replies: 

Actually, I was kidding when I referred to possibly 
using the Electro-Voice woofer in my setup—it's 
too big to fit in my room. However, I am delighted 
it is still available and someone else is interested 
in trying it out. Let me add a note or two of cau¬ 
tion though. One of Hartley's advantages is its large 
cone area is combined with a long cone throw. Both 
are important, since it is large displacement volume, 
not cone area alone, which is needed to produce 
adequate bass levels, especially in a dipole design. 
You lose a lot due to front-to-back cancellation; for 
example, with a 100Hz baffle rolloff, only about 
6% of the driver's output at 25Hz goes toward pro¬ 
ducing usable sound, the rest is cancelled out. 

BIG COVE RESEARCH 

EXCLUSIVELY KXAL 
• TECHNOLOGIE D’AVANT GARDE 

Newest Products :T130K - 5V313 - 10K617 
Great Variety in Inventory 
Studio, Auto and Custom Home Applications 

• Kits and Enclosures 
ARIA 5's and Ts in Black Laquer 
"EGG” Designs 
Subwoofers: 2cf 8" and 3cf 10" 
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• Crossovers 
Introducing: BCR’s All-Purpose PC Boards 
Analysis, Design and Production 

• The Usual Expertise, Advice, and Service! 

BIG COVE RESEARCH 
105 Catherine Dr., Owens Cross Roads, AL 35763 
Phone: 205-881-6763 Kevin E. Davis FAX: 205-882-6765 
881-8677 Hugh J. Christian Jr. Ph.D. 

Fast Reply HFF333 

Technical Audio Insight 
Technical Paper Series from Audio Control 

Send the coupon below (or a photocopy) today for the complete 
series of Auaio Control technical papers by author and sound 
engineer Rick Chinn. Normally $1.50 each ($1.00 plus $.50 
shipping), receive all 7 for only $5.00. 
No. 101 The Effect of Car Acoustics on 
Automobile Sound Systems 
No. 102 Crossover Networks from A to 
Linkwitz-Riley 
No. 103 Level Matching 
No. 104 Crossover and Biamplification 
No. 105 How Recordings are Made 
No. 106 Constant Q and Equalizers 
No. 107 Real Time Spectrum Analyzers 
as a Sound Tool 

PÔ Send all 7 technical papers. My hard 
I earned $5 is enclosed 
□ Send Richter Scale information 

I Name_ 
I Address_ 
City_ State _ Zip_ 

! AucMoCorttrol 
22313 70th Ave West • Mountlake Terrace, WA 98043 

(206)775-8461 • FAX (206)778-3166 

Reply UFE 123 
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It is amazing how much cone movement you can 
see with what seems like quite moderate sound 
levels. If the Electro-Voice woofer is a short cone 
throw design, it may not be capable of producing 
more, or even as much bass, as the Hartley. In ad¬ 
dition, I do not know what the E-V driver's Q is. 
If it is lower than 0.7-1.0, you will need a boost 
circuit to avoid a drooping low-end response. 
Remember, the dipole design does not have a box 
to boost the low end. Not having access to the E-V 
driver (I’ve never even seen one), I can only sug¬ 
gest writing to E-V for the T/S parameters and cone 
throw before proceeding. 
As for the formula for determining the baffle 

rolloff, R. J. Newman's article {Journal of the Audio 
Engineering Society, Jan/Feb 1980) gives the for¬ 
mula verbally: "This finiteness [of the baffle] causes 

front-to-back cancellation of the driver output to 
occur below frequencies for which the average baf¬ 
fle dimension is approximately equal to a half 
wavelength." Later on, he also describes the use 
of a ground plane (i.e., the floor) to double the ef¬ 
fective baffle area, "thereby causing the average 
baffle dimension to increase by Vif" Combining 
the two, I believe the correct formula is: 

_ 6750_ 

fj = V (2 x baffle area in square inches) 

Incidentally, I did not use this formula when I 
originally calculated my baffle dimensions. Instead, 
I manipulated the dimensions to come up with the 
same frontal area Newman recommended for a 
cutoff of 100Hz. Using this formula actually gives 

Here’s a book about an upgrade that’s so good 
and costs so little, high-end autosound dealers 
don’t want to hear it—or even about it! 

Killer Car Stereo on a Budget 
Now you’ve got a simple choice when it comes to upgrading your car 
stereo. Instead of paying a few thousand to a good high-end dealer, 
you can pay only a few hundred. 

With a good in-dash unit in place, you need only follow author Dan 
Ferguson’s instructions for buying and replacing your front speaker, 
main speakers, and adding the killer—a subwoofer with enclosure, power 
amp and crossover. 

Dan tells you where to buy all your high quality upgrades at low cost, 
including a choice of five-function crossover kit (parts less than $30) or 
completely assembled, tested and warranted for $70. 

Your total cost for the upgrade can be less than $500—about a third, 
or even less—of what you’d expect to pay to have it done for you. This 
bi-amped system has been tested and approved by audio club members, 
and owners of expensive hatchbacks, pickups and even custom vans. 

Order Today. Only $19.95 

Send me_copies at $19.95 ea. _ 

Shipping _ 

TOTAL _ 

□ MC □ VISA □ CK/MO 

NAME 

STREET & NO 

CÏTŸ STATE ZIP 

MC/VISA EXP 

BOOKS ARE NOT RETURNABLE FOR EXCHANGE 

OR CREDIT 

Shipping: US add $1.75 for first book, 50C for each additional. 

Canada add $4 50. Overseas 2O°/o of total. REMIT IN US $ ONLY. 

OLD COLONY BOOKS 
PO Box 243, Dept. B90, Peterborough, NH 03458-0243 

(603) 924-6371 / 924-6526 FAX: (603) 924-9467 
Answering machine for credit card orders only: (603) 924-6371 before 9:00 a.m., after 4:00 p.m. 

and weekends. Have all Information plus MC/VISA available. 

a cutoff of 109Hz or so for my baffle, but fortunately 
the mild 6dB/octave rolloff makes the consequences 
of this error quite small. I hope this clears up any 
confusion. 

BASS HORN DESIGNS 
As a speaker building hobbyist, I have en¬ 
joyed every issue of SB immensely. The 
smaller projects are especially interesting 
as I can assemble and test them in my 
apartment. 
As my experience and knowledge in¬ 

crease I find myself involved with proj¬ 
ects for friends, and now, building fixed 
low-frequency enclosures in nightclubs. 
I've encountered many roadblocks in the 
commercial market (budget constraints, 
space limitations, overly knowledgeable 
nightclub owners, and so on). Usually, an 
owner wants a proven design, something 
he has seen or heard before. Which 
brings me to my question. Does anyone 
have any proven folded horn designs? 
(especially the Klipsch MWM 1900). 
My budget and space limitations simply 

do not allow me to experiment on this 
large a scale. Also, I don't have the con¬ 
fidence in my knowledge of folded horn 
theory to design a cabinet on paper, then 
cut up three or four sheets of plywood in 
hope of success. I would appreciate any 
applicable plans for commercial low-end 
reinforcement. Also, any suggested read¬ 
ing material would be of help. 

Steve Furtick 
Columbia, SC 29206 

Bruce Edgar replies: 

Trying to find proven bass horn designs, especially 
Klipsch, who does not publish any of theirs, can 
be a difficult process. I try to publish any good 
set of horn plans in SB's Vintage Design section 
whenever I find them. However, the horn is only 
half the problem. Many old horns were designed 
and optimized for drivers no longer available; you 
may have to experiment with several drivers to find 
the best match. 

grow, and our growth means a stronger 
publication that can do more of the things 
that need doing in the pursuit of better audio 
systems. If you have friends, associates, 
relatives or even enemies who share your en¬ 
thusiasm for SB, either let us send you pro¬ 
spectuses to pass along to them or tell us 
their names and addresses, and we will 
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To my knowledge, the only company that pub¬ 
lishes horn designs for its drivers is Electro-Voice 
in Buchanan, Michigan 49107. They sell plans 
(TL-4050 and TL-5050) for their EMM12L and 
EVM15L drivers. 

If you have specific design requests, write your 
desires in another letter to SB, and maybe other 
readers or I can point you to the appropriate design. 

b 

SHOW HORN 
continued from page 23 

sign Using Thiele/Small Driver Parameters," 
AES Preprint #1250, 1977. 

2. Leach, W. M., "On the Specification of 
Moving Coil Drivers for Low Frequency Horn 
Loaded Loudspeakers, " Journal of the Audio 
Engineering Society (/AES), Vol. 27, pp. 950-
959, 1979. 

3. McClain, E. F., "Commentson Reactance 
Annulling Horn Loaded Loudspeaker Sys¬ 
tems," JAES, Vol. 29, p. 523, 1981. 
4. Leach, W. M., "Author's Reply to Com¬ 

ments by E. F. McClain," Vol. 29, pp. 523-
524, 1981. 
5. Plach, D. J., "Design Factors in Horn 

Type Loudspeakers," JAES, Vol. 1, pp. 276-
281, 1953. 
6. Salmon, V., "A New Family of Horns," 

J. Acoustical Soc. Am., Vol. 17, pp. 212-218, 
1946. 
7. Cohen, A. B., "Making the University 

Classic," Audiocraft, Vol. 1, pp. 16-18, Feb¬ 
ruary 1956. 

TWO-WAY SYSTEM 
continued from page 24 

The front and rear I painted flat black. 
For input terminals, I used gold-plated 
binding posts, two sets for each speaker. 
The grille assemblies are black polyester 
fabric stretched over a frame constructed 
of 14 round moulding. For the final touch, 
I placed some black felt around the 
tweeters to reduce nasty diffraction ef¬ 
fects. For better imaging, all serious lis¬ 
tening would be done with the grille 
assemblies removed. 

SOUND QUALITY. When using these 
speakers without the subwoofer, they 
sound very smooth and well balanced 
with quite pleasing bass output for their 
size. They present a wide and deep 
soundstage with superb focus. The sound 
is clear, allowing me to hear details I had 
not previously heard in familiar record¬ 
ings. They also do an excellent job of 
reproducing voice and string instruments 
—both sound natural and uncolored. 
Overall I am very pleased with their per¬ 
formance and feel these speakers com¬ 
pare favorably with some well known 
more expensive systems. 

Continued on page 76 

XOPT V3.0 : LOUDSPEAKER CROSSOVER DESIGN 
AND OPTIMIZATION PROGRAM 

* Easy to use pop-up menu driven program with graphics 
* Design optimized low, high or band pass crossover networks 
* Optimize the frequency response of a speaker system with up to 5 
drivers and 33 interconnected crossover components on any axis or 
combination of up to 5 axes 

* Requires user input of magnitudes of driver frequency response in dB 
and impedance in Ohms at user specified frequencies 

* Calculates driver impedance phase from a model fit and frequency 
response phase using a Hilbert Transform 

* Uses relative locations of driver acoustic centers on the speaker front 
baffle for system crossover optimization 

* Used by many of todays top loudspeaker designers 

Why settle for anything less than optimum crossover designs ? 
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MODEL 1-9 
1RU5 28.00 
1RU7 30.00 
1RU10 32.00 
2RU5 30.00 
2RU7 32.00 
2RU10 34.00 
3RU5 38.00 
3RU7 40.00 
3RU10 42.00 
WITH RACK EARS 

SIZE 
MODEL (inches) 1-9 
MC-1A 4x3x2 15.00 
MC-2A 6x3x2 17.00 
MC-3A 8x3x2 19.00 
MC-4A 4x5x3 17.00 
MC-5A 6x5x3 19.00 
MC-6A 8x5x3 21.00 
MC-7A 4x7x4 19.00 
MC-8A 6x7x4 21.00 
MC-9A 8x7x4 23.00 

WITH FEET 

10-99 — 10% 
COMPLETE CATALOG AVAILABLE 

100-UP — 20% 
SHIPPED UNASSEMBLED 

SESCOM, INC. 
2100 WARD DR. 
HENDERSON, NV 89015 USA 

UPS SURFACE FREE 
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UPS RED $20.00 
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REFERENCES 
1. Vance Dickason, "Loudspeaker Design 

Cookbook," 3rd ed., The Marshall Jones Co., 
Francestown, NH, p. 44. Available from Old 
Colony Sound, PO Box 243, Peterborough, NH 
03458. 

SPREADSHEET 
continued from page 27 

volume in cubic inches using another 
rearrangement of equation (1): 

v _ 1.463 X 107 X r2
B - Ffi X (Lv + 1.463r) 

The fourth and largest calculation box 
allows you to evaluate a variety of single 
and dual vent sizes over a range of reso¬ 
nant frequencies by simply inputting a 
box volume. Figure 4 shows the true 
strengths of the spreadsheet concept by 
letting you do "what-if1' analysis to see 
the effects of box volume changes on a 
large spread of data. Any resonant fre¬ 
quency between the values listed can be 
input in place of an existing value, and 
vent lengths will be calculated for that 
exact frequency. 

I toyed with the idea of including Mach 
number calculations in the vent size eval¬ 
uation box but decided against it to keep 
the overall size of the spreadsheet within 
certain limits. You should be pretty safe 
if you select from the table the largest 
vent geometry amenable to your box 
geometry. Just remember to keep the in¬ 
side end of the tube at least three inches 
away from the back wall or any other 
obstructing surface, even if you have to 
go to a right-angle bend. 

For those of you who don't know how 
to set up a spreadsheet or don't want the 
hassle of doing so, I have uploaded it to 
the Madisound Audio Projects Bulletin 
Board (608-836-9473) with the file name 
HELMHZ.ZIP. Figure 5 is a printout of 
the entire spreadsheet. It fits nicely on 
an 8V2 by 11-inch format using Sideways 
software.6 You can use the spreadsheet 
on either Quattro7 or Lotus 1-2-3® by 
assigning the appropriate file name ex¬ 
tension (.WKQor .WK1) after you have 
unzipped the file. 

Keep in mind the spreadsheet is based 
on theoretical mathematical models, and 
to be safe you should add a couple of 
inches to the calculated length when you 
cut your raw material. Then you can 
gradually shorten it to tune the box to 
your exact frequency requirements using 
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LOUDSPEAKERS 
0^^ THE WHY & HOW OF 
A GOOD REPRODUCTION 

by G. A. Briggs 
This concise, 88-page introduction to audio basics with special attention 
to loudspeaker characteristics is something of a classic. Out of print for many 
years (last revived in 1949), the text goes far beyond consideration of 
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cluding Olson, Henney, Wood, and Seashore. His book also owes much 
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live music for most of his life: Briggs was an avid pianist. 
The volume is liberally illustrated, and although the hardware is dated, the 
data is surprisingly germane. A pleasant tour through the early audio years 
and a provocative survey of the right questions about quality reproduction. 
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the techniques described in references 1 
and 9. 

REFERENCES 
1. Vance Dickason, "The Loudspeaker 

Design Cookbook,"' 3rd ed., The Marshall 
Jones Company, Francestown, NH, 1987. 
2. Jean Margerand, "The Third Dimension: 

Symmetrically Loaded," SB 6/88. 
3. Jean Margerand, " The Third Dimension: 

Symmetrically Loaded Delta," SB 1/89. 
4. Richard Pierce, "Rapid Loudspeaker 

Design Using Spreadsheets," SB 3/87. 
5. Marc Bacon, "The Beauty Of Spread¬ 

sheets," SB 4/89. 
6. A product of Funk Software, Inc. 
7. A product of Borland International, Inc. 
8. A product of Lotus Development Corp. 
9. Richard Bush, "Tuning Bass Reflex 

Speaker Systems,” SB 3/87. 

COMPACT ESL/TL 
continued from page 47 

using glass on the top and bottom when 
building the stators. Either of these prob¬ 
lems will appear as persistent arcing 
whenever the polarizing voltage is ap¬ 
plied. The aluminum sheet can be bent 
away from the diaphragm by inserting 
a small punch or nail in the ‘¿-inch holes 
along one edge and prying gently. If you 
used wire, you can figure out what has 
to be done. 

OPEN DIAPHRAGM. A failed dia¬ 
phragm contact or diaphragm conduc¬ 
tivity is easy to identify by bringing the 
polarizing voltage wire slowly up to the 
diaphragm contact, as described in the 
previous section. There will be no arc, 
pop, or noise—nothing. It is also possi¬ 
ble to have the basic cell work but have 
dead spots in it. This problem is caused 
by areas of the diaphragm that have no 
graphite (highly unlikely) or by a coating 
that has started to come off. This is un¬ 
likely to occur with graphite unless you 
didn't rub it in hard, but it is very com¬ 
mon with many other types of coating. 

DIAPHRAGM REPLACEMENT Re 
placing a diaphragm is not difficult. It re¬ 
quires a sharp putty knife and a metal 
yardstick (or other long, thin metal ob¬ 
ject) with the end sharpened. After re¬ 
moving any bolts in the cell, use the putty 
knife to separate the insulators around the 
perimeter. Slide the yardstick down the 
center insulator while lifting one end of 
the top stator. With the stators now sep¬ 
arated, run the putty knife under the 
epoxy on the insulators. Generally it 
comes off quite easily. Be sure every¬ 
thing is clean and any problem you 

might have had is corrected. Now you 
are ready to install a new diaphragm. 
There is an interesting problem with 

ESLs that I have yet to understand. I 
have never seen any reference to it in 
the literature, and I have never heard 
any mention of it. But I have noticed that 
as the diaphragms age, they develop 
holes that gradually get bigger. After 10 
to 15 years new diaphragms seem to be 
in order. The sound quality remains the 
same, but I don't like looking at holes. 
It is almost as though the diaphragm 
material evaporates. I have searched for 
an explanation but have not found one. 
Initially I assumed that arcing must have 

caused them, but this is doubtful because 
I have looked very carefully at locations 
on the diaphragm that have arced, and 
macroscopically I cannot detect any 
damage. Possibly some type of micro¬ 
scopic damage occurs that eventually 
results in a larger hole, but this is only 
a guess. Persistent arcing caused by in¬ 
sects occasionally creates a pinhole, but 
as near as I can tell, this does not get big¬ 
ger. If any reader has any factual insight 
on this phenomenon, please contact me. 

The next installment of this article will 
cover transmission tine design and con¬ 
struction, as well as electronics and 
crossovers. £> 

(seas) MP 14 RECO AX/F 
5" High Fidelity midrange unit 1 " High Fidelity Dome Tweeter 
Chassis: magnesium, injection moulded, black Diaphragm: soft dome, fabric 
Surround: rubber 
Cone: polypropylene, black 
Mounting holes: 4 x 5mm, equispaced on PCD 
139mm H 487 

This loudspeaker is a coaxial arrange¬ 
ment of a cone midrange unit and a soft 
dome high frequency unit. The cone of 
the midrange unit acts as a horn loading 
for the tweeter, and the chassis of the 
dome unit represents the throat of this 
horn. Unlike most traditional coaxial 
loudspeakers, this arrangement has two 
advantages: The two drive units have 
identical acoustic centers, and their 
directivities in the crossover frequency 
region are practically identical. 

With a symmetrical woofer arrangement, 
e.g. one woofer above and one below 
this unit, it is possible to build coherent 
loudspeakers with a symmetrical and 

stable radiation pattern combined with 
a smooth energy response. 
The midrange unit has an injection 
moulded magnesium chassis for 
strength and stability. The polypropylene 
cone is carefully matched to a high loss 
rubber surround. The large voice coil 
diameter (39mm) allows efficient heat 
transfer for stable voice coil temperature. 
The high frequency unit has a soft fabric 
dome diaphragm. Its voice coil is im¬ 
mersed in magnetic fluid for improved 
heat transfer and damping. 
A small, very efficient magnet made from 
neodymium-iron-boron provides the 
magnetic field. 

TECHNICAL DATA 
Total weight 1.18kg 
Recommended frequency range 
Nominal power (DIN 45573) 
Characteristic sensitivity (Im, 1W) 
Operating power (DIN 45500) 
Voice coil diameter 
Voica coil height 
Air gap height 
Flux density 
Force factor 
Recommended enclosure: Closed cab 
Magnet weight 
Voice coil inductance 
Voice coil resistance 
Effective diaphragm area 
Moving mass 
Air load mass in baffle 
Free air resonance 
Mechanical suspension resistance 
Thiele-Small parameters 

’Crossover frequency250Hz, 6dB/oct. 

Midrange 
8 ohms 

Tweeter 
4 ohms 

150-4,000Hz 
100W 

89dB SPL 
5W 
39mm 
8mm 
6mm 
0.85T 
7Wb/m 

1.5-10 liters 
0.42kg 
0.6mH 
5.611 
68cm 
7 5g 
0.5g 
100Hz 
2.7Ns/m 
2.05 We’ 
1.86 Q„s 
0.57 Q^f 
0.44 Q" 

3,500-20,000Hz 
80W* 

89dB SPL 
5W 
26mm 
1 5mm 
2mm 
1.3T 

2.45Wb/m 

0.01kg 

4.80 
7cm 
0.33g 

1,750Hz 

"Crossover frequency 3,800Hz, 12dB/oct 

For more Information please contact your nearest distributor 
USA 
Audio Concepts 
901 S 4th St 
La Crosse. Wl 54601 
(608) 7844570 

ITC (Circle Sound) 
2772 W Olympe 
Los Angeles, CA 90006 
(213) 3880621 

Speaker Craft 
3627 Merrill Ave 
Riverside, CA 92507 
(714) 787-0400 

Speaker Works 
2593 E Indian School 
Phoenix, AZ 85016 
(602)956^344 

Zalytron Industries 
409 Jericho Trnpk 
Mmeda, NY 11501 
(516) 747-3515 

CANADA 
Solen 
4470 Thibault Ave 
St. Huben. OC J3Y 7T9 
(514) 656-2759 

Gold Sound 
2080 W Hamilton 
Sheridan, CO 80110 
(303)761-6483 

Just Speakers 
3170 23rd Si 
San Francisco, CA 94110 
(415) 641-9228 

Speaker Supply 
5269-2 Buford Hwy 
Doraville, GA 30340 
(404) 455-0571 

Toutant Electronics 
246 E 131 St 
Cleveland, OH 44108 
(216) 451-6325 Fast Reply HFE206 
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CIRCUIT 
BOARDS 

Old Colony’s Boards are made of top quality 
epoxy glass. 2 oz. copper, reflowed solder 
coated material for ease of constructing proj¬ 
ects that have appeared in Audio Amateur | 
and Speaker Builder magazines. The builder 
needs the original article (indicated by the 
date in brackets, i.e.. 3:79 for articles in 
Audio Amateur and SB 4:80 for those in 
Speaker Builder) to construct the projects. 
C-4: ELECTRONIC CROSSOVER (DG-13R) 
New 2 X 3'A" board takes 8 pin DIPs. Ten eyelets 
for variable components. |2:72] $10.00 
F-6: 30Hz FILTER/CROSSOVER (WJ-3) 3 x 3" 
14:75] High pass or universal filter or crossover. 

$10.00 
H-2: SPEAKER SAVER. (WJ-4) 3'Ax5'A" 
(3:77| $13.25 
J-6: SCHROEDER CAPACITOR CHECKER. 
(CT-10) [4:78| 3'A x 6" $9.95 
K-3: CRAWFORD WARBLER 3'A x 3% 11:79| 

$11.20 
K-6: TUBE CROSSOVER. 2x4'/i" [3:79] Two 
needed per 2-way channel. Each $12.50 

Four $40.00 
K-7: TUBE X-OVER POWER SUPPLY. 5 x 5%" 
[3:79] $12.95 
L 2: WHITE LED OVERLOAD & PEAK 
METER. 3x6" ] 1:80) One channel. $18.70 
L-6: MASTEL TONE BURST GENERATOR. 
3'/2x6%" |2:80|. $15.75 
L-9: MASTEL PHASE METER 6% x 23/," [4/80] 

$11.25 

SB-A1: LINKWITZ CROSSOVER BOARD 
5'/2*8W (SB 4:80] $25.50 
SB-D2: WITTENBREDER AUDIO PULSE 
GENERATOR 3'A x 5" (SB 2:83| $ 11.85 
SB-E2: NEWCOMB NEW PEAK POWER IN¬ 
DICATOR 1x2" (SB 2:84] $3.90 
SB-E4: MULLER PINK NOISE GENERATOR. 
4'/s x 23/16” [SB 4:84] $9.40 
More than 80 boards in stock. Write for complete list. 

Ordering Information: Please print in clear 
block capitals quantity needed, board number 
and price. Total the amounts and REMIT IN US 
$ ONLY by MC/VISA. check or money order. 
Postpaid in US: Canada please add 10% of total 
cost: overseas add 20%. 
ORDERS UNDER $10 PLEASE ADD $2. 

□ MC □ VISA □ CK/MO 

NAME MAGIC NO 

STREET & NO 

CITY STATE ZIP 

MC/VISA EXP 

QTY PRICE 

_ board(s) »_ $_ 

_ board(s) *_ $_ 

_ board(s) *_ $_ 

Shipping _ 

TOTAL $_ 

OLD COLONY SOUND LAB 
PO Box 243. Dept. B90. Peterborough. NH 03458-0243 

(603) 924-6526 FAX: (603) 924-9467 
Answering machine for credit card orders only: (603) 924-6371 

before 9:00 a m., after 4:00 p.m. and weekends 
Have all information plus MC/VISA available 
_ 

CATALOG CORNUCOPIA 
Speaker Builder’s Catalog Cornucopia is designed to make it easy for you 
to obtain the parts you need for your audio construction projects. Analog 
multimeters to zener diodes can be shipped directly to your home from the 
companies featured below. 
On the order form simply check the number for each catalog you wish to 
receive, write down your magic number, and mail the form to us, including 
a check or money order for the catalog’s cost (if applicable) and $1 for han¬ 
dling. Choose as many different catalogs as you’d like. Your catalog will be 
sent directly to you from each company. 

1331 : Kepro Circuit Systems, Inc. 
Speaker builder’s deserve the highest quality 
and best performing electronic circuits that can 
be developed by the hobbyist. Kepro Circuit 
Systems is your one-stop source for etched cir¬ 

cuit products in¬ 
cluding equipment, 
copper clad lami¬ 
nates, chemicals, 
PC kits, and art and 
graphic supplies 
Call toll-free 800-
325-3878. Free. 

1332: Crutchfield 
FREE to Speaker Builder readers—the Crutch¬ 
field catalog featuring the latest stereo and video 
equipment. Low, discount prices on car and 
home equipment from Sony, Pioneer, JVC, 

Proton and more. 
Plus, raw drivers 
(MTX, Pyle, etc.), 
crossovers, and 
lots of accessories. 
Video and tele¬ 
phones, too. Over 
100 full-color pages 
complete with de¬ 
scriptions and 
specs. Free. 

1335: MCM Electronics 
A broad-line distributor of electronic replace¬ 
ment parts for the audio/video repair industry. 
Our latest 188 page catalog is filled with over 
15,000 items including: semiconductors, con¬ 

nectors, woofers, 
hardware, test 
equipment, chemi¬ 
cals, tools and 
more! For your 
FREE subscrip¬ 
tion, call 800-543-
4330. Free. 

1337: Old Colony 
In addition to kits, parts and modifications from 
art ¡cíes i n Audio Amateur and Speaker Builder, 
we offer a wide selection of books, loudspeaker 
design software, test records and CDs, gold-

plated connectors 
and audiophile 
quality cable. For 
catalog, use order 
blank or call (603) 
924-6371. Free. 

-You’re Invited to use this coupon 

Catalog Cornucopia, Audio Amateur Publications 
PO Box 576, Peterborough, NH 03458 

Please send me the catalogs checked below. Enclose $1 handling charge. 

Total enclosed $_ 

□ 1331 □ 1332 □ 1335 □ 1337 

name magic number 

ADDRESS 

CITY STATE ZIP 

□ Not a subscriber 

Offer expires December 31, 1990. Please allow 4-8 weeks for delivery. 
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Classified Advertising 

TRADE 
SPEAKER CABINET FRONTS custom made — 
recessed holes. Cost $5 per hole, plus material and 
shipping. Typical 12-inch 3-way front, $20; 5-inch 
2-way, $12. Send details and payment to SPEAKER 
WORLD, PO Box 14731, Fremont, CA 94539, (415) 
490-5842. T2/90 

PYLE DRIVERSI Pioneer Industrial Drivers! And 
now, the incredible 50 to 500W British McKenzie pro¬ 
fessional drivers. Lowest prices, list on request. 
Dealer inquiries? VISA/MC/DISCOVER SPEAKER 
SHOP, 318 South Wahsatch, Colorado Springs, CO 
80903, (719) 475-2545. T4/90 

QUALITY DENSE FOAM RUBBER SHEETS for 
mounting speakers, crossovers, damping enclosures. 
For protecting finished surface from scratching. 
White, % inch thick, sheet trim with scissors. $5 per 
square foot. GSL, 5095 Boulder Creek Dr., Solon, OH 
44139. T3/90 

YOUR 50 WORDS 
in our private classified« 

ARE FREE 
OVER 50: Send money 

(20 cents/word) 

ESL BUILDERS. Hard-to-find Vz mil mylar film, 20 
inches wide, 50 cents per foot. SOUND SUPPLIES, 
419 Appleton, Vernon Hills, IL 60061. T2/90 

SUBWOOFER-SATELLITE SOUND SYSTEM 

Ultra deep bass from low distortion subwoofer. Com¬ 
pact satellite uses dual balance midranges, centered 
high frequency driver gives stable imaging and clari¬ 
ty. Stereo or surround systems. Inquire: MIAMI-
SOUND, 680 Gateshead Rd., Troy, OH 45373. T2/90 

APPLE MacINTOSH OWNERS! Can t find that ar¬ 
ticle or correction? Then get the Speaker Builder In¬ 
dex on HyperCard. All articles, letters, and corrections 
cross referenced. Issues 1/80-present. Send $15 to 
DAVID BALDWIN, 1118 Foster Ave., Lake Bluff, IL 
60044. T2/90 

ATC LOUDSPEAKER TECHNOLOGY, LTD. 

Drivers as used in the world’s finest recording 
monitors. Short voice coil woofers and 3" soft dome 
midrange drivers of uncompromised design and build 
quality for the serious speaker builder and profes¬ 
sional. AUDIO ECSTASY, 231 Elwood Dr., 
Rochester, NY 14616, (716) 865-9938, 7-10 p.m. 
EST. T2/90 

SPEAKER DESIGN SOFTWARE for PC and Mac 
SpeakerCAD: graphs predict performance, 
calculates woofer parameters, vents. FILTERS: cal¬ 
culates 1—6th-order electronic crossovers. CROSS¬ 
OVERS: 1—4th-order all-pass, constant power net¬ 
works. $40 complete. QUBIX, 2302 5th NE, Salem, 
OR 97303, (503) 363-5143. T6/90 

WHALE COVE AUDIO is your source for the SWAN 
IV and for complete kits, empty enclosures, the 
PEDAL COUPLER, and Joe Curcio’s new elegant 
rack mount version, the PEDAL COUPLER II Box 
356, Swan’s Island, ME 04685, (207) 526-4343. T6/90 

LONG HAIR WOOL carded, cleaned for stuffing 
speakers, $13.50/lb. including shipping. J. EBBERT 
431 Old Eagle School Rd., Strafford, PA 19087, (215) 
687-3609. T6/90 

This publication 
is available 
in microform 
from University 
Microfilms 
International. 
Call toll-free 800-521-3044. In Michigan. 
Alaska and Hawaii call collect 313-761-4700. Or 
mail inquiry to: University Microfilms International. 
300 North Zeeb Road. Ann Arbor. MI 48106. 

Please send additional information 
Name __ 
Institution_ 
Street_ 
Cdy_ 
State_Zip_ 

□ Trade If Trade please indicate # of insertions. 
Must be resubmitted for renewal. Ads cannot be taken over the phone. 

D Check/Money Order enclosed 
MAGIC NUMBER 

NAME 

COMPANY 

Any words over 50, 20C per word; Trade ads please charge 
at 70C per word and indicate number of insertions. Deduct 10% 
for a 4x contract in Audio Amateur and a 6x contract in Speaker 
Builder; deduct 5% for a 2x contract in Glass Audio. Payment 
must accompany ad. 
Please charge to my MasterCard/Visa: 

Definition of a word: A series of letters with a space before and after. Please remember to include your name, address and 
telephone number when making calculations. In order for Private For Sale and Want ads to be free you must be a current 
subscriber. Please include your Magic Number. Ten dollar minimum charge for charge card orders and Trade ads. 

□ Private For Sale □ Private Wanted 
Private ads are on a one time insertion basis. 

_ CLASSIFIED ORDER FORM 

CARD NUMBER EXP DATE 

SIGNATURE 

STREET ADDRESS 

CITY STATE ZIP 
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FALCON ACOUSTICS is one of the largest indepen¬ 
dent manufacturers of crossover networks and 
speaker system accessories in the UK, supplying 
manufacturers, retailers and export. Your guarantee 
is the trust our manufacturing customers put in the 
quality and reliability of our networks. Inductors: Fer¬ 
rite (up to 200W), air-cored and transformer; 
Capacitors: Reversible electrolytic 50V/100V, 
polyester, polycarbonate and polypropylene; Net¬ 
works: choice of over 70 for different unit combina¬ 
tions; Components A Accessories: most except 
for the wood! Please send for details, $2 air, $1 sur¬ 
face, to our mail order retail outlet. FALCON ELEC¬ 
TRONICS, Tabor House, Norwich Rd., Mulbarton, 
Norfolk, England NR14 8JT. T6/90 

D’APPOLITO ARIA 5 AND ARIA 7 cabinets, 
drivers, crossovers, etc. are available from WHALE 
COVE AUDIO. (207) 526-4343. T6/90 

MIT AUDIO CABLES, including Teflon insulated 
hookup wire for rewiring components; hi-flexibility 
tonearm sets and any custom termination; Atma-
Sphere OTL amplifiers; Solen polypropylenes to 
200/tFI, WonderCaps-solder-wire; Vishay & Resista 
resistors; Edison Price, WBT, Odyssey, Tiffany con¬ 
nectors; RAM tubes; enclosure damping compounds; 
Simply Physics Tone Cones; NAVCOM isolators; 
Fluxbusters ($150 ppd.); many parts and accessories. 
$1 catalog ($3 overseas) MICHAEL PERCY, Box 
526, Inverness, CA 94937, (415) 669-7181. T6/90 

Audiophile Accessories 
DBP-2J (5) • Switch Box $69.95 
DBP-2J (5) AU • Switch Box with Gold Jacks $89.95 

Selects among up to 5 inputs. When used with 
DBP-6 or 6.MC, allows for selectable loading of 
can ridges. Alps level control available. 

DBP-10 • Phono Alignment Protractor $24.95 
Allows adjusting the lateral tracking error of a 
mounted cartridge to within 1/4 of a degree. 
Non-technical instructions and case included. 

DBP-16 • 12dB Input Attenuators (pair) $12.95 

DBP-CK • Cramolin Audio Kit (contact treatment) $19.95 

DBP-SC • Souther Record Clamp $15.00 

Other Accessories 
Gold-plated phono plugs/jacks, banana plugs/ 
jacks, spade lugs, Y adapters, custom cables, 
many other useful accessories. 

Test Compact Discs 
We carry almost every worthwhile test CD available, 
including 5 from the Japan Audio Society (tone bursts 
and stereo pink noise), 2 from Pierre Veranv (1/3-
octave warble tones), 3 from Denon (Anechoic 
Orchestra), and Auditory Demonstrations. 

Electronic Components 
We can create electronic crossovers from 6 to 36dB per 
octave, custom engineered for your application. 24 and 
36dB are Linkwitz-Riley “In Pnase” design. Models for 
Snell and Magnepan speakers available. 

I'he renowned DB Systems preamps, power amps, tone 
controls, head amp. and phase inverter/bridging 
adapter are also available through dealers or direct. 

DB Systems 
Main Street, P.O. Box 460 
Rindge Center, NH 03461 
Phone (603) 899-5121 
VISA/MasterCard accepted 

FOR SALE 
Shadow Limited Edition electronic crossovers, ex¬ 
cellent condition, $175. Stanley Grycz, 2935 Crehore 
St., Lorain, OH 44052, (216) 288-9480. 

Spectrum analyzer, Tektronix 5L4N 5Hz-100kHz, 
80dB dynamic range; in 5103N split screen storage 
scope mainframe. Unit includes external local oscil¬ 
lator to create time-delay spectrometer system, 
$2,000; Speakerlab SK three-way Klipsch-style horn 
with 15" woofer, mid- and high-frequency driver horns 
and crossover network, no exterior cosmetics, 3 horns 
and drivers, $350, (213) 559-3947 or Fax (213) 836-
3763. 

Nakamichi PA-7AII, list $2,195, sell for $1,450; 
Aragon 2004, list $1,150, sell for $875. Both amps 
are new and prices are negotiable. I will pay shipping. 
Jerry, (601) 264-6971. 

Vidimate by Vidicraft, digital processor/stabilizer with 
audio mixing, mint condition, original box and man¬ 
ual, $200. Bill Tidwell, 4516 Eugene Ave., Las Vegas, 
NV 89108, (702) 385-7170 days PST. 

Electronic crossover for Magnepans, $185; NEC 
SW-300 subwoofer with amp, $200; Spectra 
Acoustics SR200 amp, $225; Sony PS-LX431 turn¬ 
table, $35; Sony direct-drive turntable, $45. R. Beem, 
(404) 367-5654. 

Dynaco SE-10 stereo graphic equalizer, 10 bands per 
channel. Output stage modified to PAT-5/WJ1A 
standards. Fine condition with manual and documen¬ 
tation on mods, $110 including shipping, or best of¬ 
fer. Gary Galo, 72 Waverly St., Potsdam, NY 13676, 
(315) 265-4268 after 6:00 p.m. 
Test equipment—Scopes, Audio Generators, etc. 
Write indicating your need. Offer for the lot. Nick 
Oshana, 101 Treble Rd., Bristol, CT 06010. 

JBL 2405H slot tweeters, $195/pair; 2425J horn 
drivers, $275/pair; Altec 511 horns with Alinco drivers, 
$275/pair; 604E coaxials with crossovers, $800/pair; 
Voice of Theatre speakers, loaded, $850/pair; Va-oc-
tave equalizers, $350/pair; Mastering Lab crossovers, 
$325/pair; Technics rackmount cassette deck, $350. 
David, (914) 688-5024. 

Mirror II communications software for PCs, new, $35 
(currently $89.95 via discount mail order); NCR 
DMVpc 256K 10MB hard 360K Flex disks 640X400 
color noncompatible runs MS-DOS CP/M, extras, 
$500; Pioneer RT707 reel-to-reel auto reverse both 
directions, $200; Tektronix oscilloscope with leather 
case, $150; Simpson 460-2 digital bench VOM, $50; 
Triplett 310A analog VOM, $30. Tom Bahl, Box 
12852, Wichita, KS 67209, (316) 721-8953. 

'h mil aluminum foil for builders of ribbon, planar-
magnetic, or Heil systems. Bonded to paper. This 
allows easy pattern drawing and cutting, while pre¬ 
venting tears. Paper then soaks off in water. From 
a roll 50 inches wide. $1.00 per foot, $20 minimum, 
postpaid. Dean Price, (616) 241-5324, evenings. 

Marantz 2500C receiver, 250W per channel (RMS) 
base, mid, treble, high/low-pass filters, built in 
oscilloscope and fan. All original packaging, owners 
manual, schematic. Was $1,600 new, asking $400. 
Excellent condition. Matt Antonucci, 439 Aviation 
Ave. N.E., Palm Bay, FL 32907, (407) 729-9176. 

Swan IV subwoofer/satellite system, beautiful cherry 
cabinets with tung oil finish, all visible edges rounded 
with cherry hardwood. Inch thick panels with heavy 
internal bracing in bass cabinets. Includes Pedal 
Coupler active crossover. Excellent system as de¬ 
scribed in Speaker Builder 4/88. $2,200 or best of¬ 
fer. Ward Fowler, (414) 347-0820 or 347-1668. 

Yamaha DSP-1 soundfield processor, $500; Adcom 
GTP-500 tuner/preamp with remote, $400. Both in ex¬ 
cellent condition with boxes and manuals. Paul 
Hughs, 3763 1st Ave. North, St. Petersburg, FL 
33713, (813) 321-4499. 

JBL S7R system LE-15A with passive radiator, LE85 
with horn-lens and LX5 in Olympus walnut en¬ 
closures. Excellent condition. Also Denon PAO-1500 
amp (with meters), PRA-1000 preamp and TU-747 
tuner. All have champagne colored fronts. Mint. 
Speakers $595 per pair, Denons $595 per set. 
Wesley Kellie, (208) 765-8521. 

Crown SX724 studio recorder, rackmount, with man¬ 
uals and factory individual test results, very clean, 
$500. SASE for test results. Leo Biese, Murray Hill 
Rd., Hill, NH 03243. 

Counterpoint SA-3000, $1,500; SA-220, $2,000; new, 
unopened, silver, Teac A4010S reel, $150; Sony 
TC-355 reel, $100; KLH 24 stereo center, $100. John, 
(619) 584-8794. 

Transmission line speakers have 10" Madisound 
drivers, made from braced %" stock, 15Hz-800Hz, 
150W power handling, RMS, two available, $195 
each. Jim Thornhill, 2112 South Beacon St., Muncie, 
IN 47302, (317) 284-4826. 

In 1989, Madisound Speaker 
Components processed 20,000 
orders. 

VIFA DYNAUDIO 
FOCAL MB QUART 
PHILIPS AUDAX 
EUROPA PEERLESS 
MOREL SOLEN 
KEF ETON 

PERFECT LAY 
SIDEWINDER 
ELECTROVOICE 
SLEDGEHAMMER 

Doesn't your hobby deserve 
these fine product lines? 

Nfctdisoiind Speaker Components 
, S6OK I Inivcrsity Green 

( Ik« 4483 Madison VII 53711 
VULjk Phone: 608-831-3433 

X Fax: 608-831-3771 

Two new Sumo Polaris power amplifiers, still boxed. 
100W per channel 80,175 40. Each new cost $750, 
$350 each; Infinity RS3B speakers, cost $1,500, $750 
for pair; Phase Linear 3000 preamp and 400 
amplifier, $400 for both. Tim, (305) 344-4415 or 
345-0802. 

Two Rectilinear Model III 6-driver, three-way ported 
speaker systems, purchased 1973, original owner, 
recently reveneered in light oak. Best offer or trade 
for Richter Scale Series III. Don, NY, (914) 477-2052, 
evenings or weekends. 

Conrad-Johnson PV5 tube preamp, $850; Tandberg 
3006A power amp, $450; JBL subwoofer, Model L212 
ultrabass, $750. Ralph Hellmer, PO Box 3251, No. 
Myrtle Beach. SC 29582, (803) 249-7551. 

Acoustat Spectra 3, highs 1 section, mids 3 sections, 
lows full 32" width, has switchable subwoofer bi-
ampable ($3,000 new), $1,750; Counterpoint SA3.1 
tube preamp ($1,049 new) $650; Systemdek II turn¬ 
table Fidelity Research arm Shure V15, $450; Phase 
Tech PC65 two-way with flat 8" woofer, $325. Dave, 
(219) 854-3494 EST. 

MERRILL MODIFICATIONS 
For the AR turntables 

Call 
UNDERGROUND SOUND 

2125 CENTRAL AVE., MEMPHIS, TN 38104 
(901) 272-1275 

Amber 5500 programmable audio analyzer with audio 
check one, HP 3561 A, leader FM/AM stereo gen¬ 
erator Model 3616, HD 7475A plotter, various meters, 
load boxes, signal sensors and cables. This is my 
whole testing lab. Timothy Benson, (514) 933-2133 
for pricing and arrangements to inspect. 

JBL K-130S, bullet tweeter and 5" midrange (two 
each), excellent condition, must sell. John lanelli, PO 
Box 307, Randolph Center, VT 05061, (802) 728-
4862. 

Denon DP-2550 turntable with SME 3990-III arm; 
Shure V15 cartridge—$450; Yamaha DSP-1 sound 
field processor—$545; dbx 124 4-channel dbx-ll 
processor—$180; Nakamichi 700-II 3-head cassette 
recorder—$495; ReVox B77 open reel recorder— 
$990; Used BASF C-90 chrome cassettes—$12/ 
dozen. Darroch, 1807 ElmCrest, Arlington, TX 76012. 
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Two each JBL 12" woofer baskets, $150 plus ship¬ 
ping; Harman-Kardon S30 AM/FM receiver. $80: AR 
XA turntable parts for sale. James Gilmore, (415) 
782-2431. 

Yamaha M35B 4/2 channel power amp (surround 
sound or biamp), $140; Sony CDP203 CD player, 
$110; cast-frame Gauss 15" woofer #4583A (new) 
400W RMS, Fs = 29, Qrs = ,35, V4S = 15.3, = 
%" peak, 97dB/1W, smooth response, $110; Hafler 
XL-280, $525 (new). Fred Janosky, RD 2, Box 3502, 
Wernersville, PA 19565, (215) 693-6167. 

Tandberg 3034 cassette deck, needs help, $75; 
modified strats with transformers. $170; Dynaco 
Stereo 35, complete rebuild, new open chassis, pre¬ 
mium parts. $150; transformers from HK Citation V 
amp, never used, $80. All include shipping. Bill, (215) 
481-6181, 9-4 EST M-F. 

M (616) 534-9121 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

DVNRUDIO MOREL FOCAL ECLIPSE 
2442 28th St., S.W., Suite D. Wyoming, Ml 49509 

Selector Switch, Grayhill, 2-pole, 5-position, new, $33 
ppd. Joe McQuade. (609) 397-8315 (NJ). 

Heatsinks: new, large finned, black anodized, drilled 
for (2) TO-3 transistors, like Aavid 6055, 4.75" W x 
5.0" H x 2.75" D, 1.0 degree C/W, suitable for 
Chater, Borbely projects, etc. $5.50 ea. or 4/$20; 
Dyna MK IV (2) clean, good chrome, no mods, $120 
each, OBO; Dyna PAS2 + , with gold front panel, 
good condition, no mods, $100. You ship all. Randy, 
(518) 756-9894 (NY) 9 a.m.-10 p.m. leave message 
if no answer. 

(8) Speakerlab 10" woofers. W1048P, V4S 6.89 ft., 
Qrs .265, Fs 19 polypropylene cone , foam surround, 
2" vented voice coil designed for "High Power” use. 
Good for sealed, vented or TL boxes, $350, or best 
offer. Include UPS within US. Dexter Jones, (708) 
940-8433 evenings and weekends. 

Altec, RCA, JBL, W.E. amps, tubes, horns, literature, 
etc. V. Vogt, 330 S.W. 43rd St. #247, Renton, WA 
98055. (206) 251-5420, ext. 247. 

Adcom GCD 575 CD player, mint condition, manual 
box. $450. Mike Phillips, (816) 625-8689 evenings, 
weekends. 

WANTED 
Copy of schematic and service or instruction manual 
for serviscope type S51A from Telequipment Limited 
of London, England. Please advise copy and post¬ 
age costs. John Harlan. 9720 S. Prospect Ave., 
Chicago, IL 60643. 

High quality preamp, new or used, good condition. 
Beau Tedesco, PO Box 17871, Baton Rouge, LA 
70893, (504) 334-2693. 

Wanted—Job at loudspeaker design/manufacture 
company. Will soon be graduating with B.S. Engi¬ 
neering Science degree. Please call or write for 
resume. Gordon Chang, 1750 Prefumo Canyon Rd., 
San Luis Obispo, CA 93405, (805) 543-3058. 

Old Klipsch catalogs, components; Audio Engineer¬ 
ing volumes 1-5; diaphragm for International Projec¬ 
tor LU-1000 high frequency driver; JBL 12" circular 
perforated plate horn/lens; early Polaroid polarizing 
film ads. literature; book, The Throne of Merlin, by 
R.C. Schaller; High Fidelity volumes 1-5. D. R. 
Schaller, 6704 Schroeder Rd., Suite 6. Madison. Wl 
53711. 

Metal top cover for Harman-Kardon Citation V tube 
amp. James Gilmore. (415) 782-2431. 

Single Dyna Mark III. Buy or trade Heath AR1500. 
Paul Leo, PO Box L, Shenorock, NY 10587. 

Marantz 8B amp and 7C preamp. Prefer clean, un¬ 
modified, working condition, also Lazarus or other 
classic tube preamps. Mike Howard, 18004 1st St. 
East, Redington Shores, FL 33708, (813) 393-8875. 

Manufacturer's address and number of slider-type 
potentiometers as used in mixer boards in studios. 
Steve, 308 North New St., Staunton, VA 24401. 

Power transformer for a Dynaco SCA 35 integrated 
amp. Stanley Grycz, 2935 Crehore St., Lorain, OH 
44052, (216) 288-9480. 

Need information from anyone who has upgraded or 
modified the M & K Satellite 1B. Also on Bose 301 
II speakers. Pedro Paulino, 1891 S. Capitol Ave., San 
Jose, CA 95127. 

CLUBS 
ELECTROSTATIC LOUDSPEAKER USERS 

GROUP is now a world-wide network for those in¬ 
terested in sharing valuable theory, design, construc¬ 
tion, and parts source information. If you are in¬ 
terested in building, or have built, you own SOTA ESL 
we invite you to join our loose-knit organization. For 
information, send an SASE to: Barry Waldron, 1847 
Country Club Dr., Placerville, CA 95667 

MEMPHIS AREA AUDIO SOCIETY being formed. 
Serious audiophiles contact J.J. McBride, 8181 Wind 
Valley Cove, Memphis, TN 38125, (901) 756-6831. 

NEW JERSEY AUDIO SOCIETY meets monthly. 
Emphasis is on construction and modification of elec¬ 
tronics and speakers. Dues includes monthly 
newsletter with high-end news, construction articles, 
analysis of commercial circuits, etc. Meetings are 
devoted to listening to records and CDs, comparing 
and A-B-ing equipment. New members welcome. 
Contact Bill Donnally, (201 ) 334-9412 or Bob Young, 
116 Cleveland Ave., Colonia, NJ 07067, (201) 
381-6269 

WANTED 

AUDIO CLUB 
MEMBERS 

(Good singing voice not required) 
Learn about the latest equip¬ 
ment. techniques and record¬ 
ings through group meetings, 
tours and newsletters. Ask 
questions. Share viewpoints 
and experiences. Have fun! 

If there’s no club in your area. 
\Chy not start one? Our club 
ads are free up to 75 words 
($.20 per word thereafter). 
Copy must be provided by a 
designated officer of the club 
or society who will keep it 
current. 

AudioAmateur 
■ • v •. ~ ■ - ■■■ ; ■ ■■ : i ■■ ‘ 

The innovative, independent 
audiophile journal for the thoughtful 

and capable music lover 

Audio Amateur 's articles deal with how 
audio equipment works, as well as how 

to build or modify it Construction and 
modification articles are plentiful, supply¬ 
ing all needed parts, performance and 
assembly details for exceptionally high 
quality designs. 

Audio Amateur offers a number of fea¬ 
tures in each issue that abound with useful 
ideas. The Letters column is an open 
forum for problem solving and informa¬ 
tion interchange; Classic Circuitry 
reprints schematics of state-of-the-art 

gear— old and new; Audio Aids relates 
readers' experience with simple modifica¬ 
tions to equipment and construction 
techniques. We also feature many useful 
and practical hi-fi accessories you can 
build to further your audio enjoyment. 

For a small investment you can make your 
music system sound better— very prob¬ 
ably a lot better. 

AUDIO AMATEUR 

□ Two years (8 issues) $35 
One year (4 issues) $20 

Canada add $4 per year postage 

NAME 

STREET & NO 

CITY 

STATE ZIP 

MC OR VISA EXP 

AUDIO AMATEUR PUBLICATIONS 
PO Box 576, Dept. B90 

Peterborough, NH 03458-0576 
(603) 924-9464 FAX: (603) 924-9467 

Answering machine for credit card orders only-
before 9 00 a m after 4 00 p m and weekends 
Have all information plus MC/VISA available 
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AUDIOPHILES IN THE DAYTON/SPRINGFIELD, 

OHIO AREA: We are forming an audio club. Please 
contact me if you're interested in construction, 
modifications, testing, recording or just plain listen¬ 
ing to music. Ken Beers, 462 Blose St., Tremont City, 
OH 45372, (513) 969-8402. 

THE HI-FI CLUB of Cape Town in South Africa sends 
a monthly newsletter to its members and world-wide 
subscribers. To receive an evaluation copy of our cur¬ 
rent newsletter, write to: PO Box 18262, Wynberg 
7824, South Africa. We'll be very pleased to hear 
from you. 

THE COLORADO AUDIO SOCIETY is a group of 
audio enthusiasts dedicated to the pursuit of music 
and audiophile arts in the Rocky Mountain region. We 
offer a comprehensive annual journal, five bimonthly 
newsletters, plus participation in meetings and lec¬ 
tures. For more information, send SASE to: CAS, 
4506 Osceola St., Denver, CO 80212, or call Art 
Tedeschi, (303) 477-5223. 

CONNECTICUT AUDIO SOCIETY is an active and 
growing club with activities covering many facets of 
audio—including construction, subjective testing, and 
tours of local manufacturers. New members are 
always welcome. For a copy of our current newslet¬ 
ter and an invitation to our next meeting, write to: 
Richard Thompson, 129 Newgate Rd.. E. Granby, CT 
06026, (203) 653-7873. 

AUDIO SOCIETY OF MINNESOTA. Audiophiles, 
music lovers, scratch builders, record collectors, tube 
freaks, digital freaks — we've got 'em alll Monthly 
meeting, tours, audiophile concerts, special guests, 
etc. Now in our 12th consecutive yearl Write ASM, 
PO Box 32293, Fridley, MN 55432. 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

MODEL 120 CABINET & NEW 120-R 
"RACK AND PANEL" DESIGNS 

Plug-In Butterworth (maximally flat) filters 
6 db., 12 db.. or 18 db. per octave slopes, 
any specified frequency. Model 120 
Instrument style case or 120-R "Rack and 
Panel" 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 supplies with or without 
bass boost, and summers for “single 
woofer" systems. Also available. 500 
Series filters, plug-in filters, regulated 
power supplies. 
New catalog and price sheet. Free! 

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

PIEDMONT AUDIO SOCIETY Starting an audio 
club in the Raleigh-Durham-Chapel Hill area of North 
Carolina. Interested in designing, building, and modi¬ 
fying speakers and electronics (solid state and tube). 
Beginners and old hands both welcome. Kevin 
Carter, 9009 Langwood Drive, Raleigh, NC 27612, 
(919) 870-5528. 

SOUTHEASTERN MICHIGAN WOOFER AND 

TWEETER MARCHING SOCIETY (SMWTMS). 
Detroit area audio construction club. Meetings every 
two months featuring serious lectures, design analy¬ 
ses, digital audio, A B listening tests, equipment 
clinics, recording studio visits, and audio fun. The 
club journal is LC, The SMWTMS Network. Cor¬ 
responding member’s subscription available. Call 
(313) 477-6502 (days) or write David Carlstrom, 
SMWTMS, PO Box 721464, Berkley, Ml 48072-0464. 

THE CATSKILL AND ADIRONDACK AUDIO 

SOCIETY invites you to our informal monthly meet¬ 
ing. Join our friendly group of audio enthusiasts as 
we discuss life, the universe and everything. No mat¬ 
ter what your level of interest, experience, or prefer¬ 
ences, you are welcome. Meetings are generally held 
once a month, on a weekday evening. Contact CAAS 
at 756-9894 (leave message), or write CAAS PO Box 
144, Hannacroix, NY 12087. See you there! 

THE INLAND EMPIRE AUDIO SOCIETY (soon to 
become the Southern California Audio Society — 
SCAS) is now inviting audiophiles from all areas of 
southern California and abroad to join our serious 
pursuit for that elusive sonic truth through our 
meetings and the IEAS' official speaker, The Refer¬ 
ence newsletter. For information write or call: Frank 
Manrique, President, 1219 Fulbright Ave., Redlands, 
CA 92373, (714) 793-9209. 

/Xdvanced /Xkusuc, 
Loudspeaker Technology Ltd. 

DYNAUDIO • Speaker Kits • Cabinetry 

4555 North Pershing Avenue • Suite 33*184 
Stockton CA 95207 (209) 477-5045 

ELECTROSTATIC LOUDSPEAKER USERS 

GROUP is now a world-wide network for those In¬ 
terested In sharing valuable theory, design, construc¬ 
tion, and parts source information. If you are in¬ 
terested in building, or have built, your own SOTA 
ESL we invite you to join our loose-knit organization. 
For Information, send an SASE to: Barry Waldron, 
1847 Country Club Dr., Placerville, CA 95667. 

H 

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

PACIFIC NORTHWEST AUDIO SOCIETY (PAS) 
consists of 60 audio enthusiasts meeting monthly, 
second Wednesdays, 7:30 to 9:30 p.m. at 4545 Island 
Crest Way, Mercer Island, Washington. Be our guest, 
write Box 435, Mercer Island, WA 98040 or call Bob 
McDonald, (206) 232-8130. 

WASHINGTON AREA AUDIO SOCIETY (N. VA, 
MD and DC) is looking for sincere audiophiles who 
are eager to devote their time and get involved with 
the direction of the society and the publication of a 
monthly newsletter. Please contact: Horacio J. 
Vignale, 3730 Gunston Rd., Alexandria, VA 22302. 

THE WESTERN NEW YORK Audio Society (WNY 
Audio Society) is an active and growing audio club 
located in the Buffalo area. We issue a quarterly 
newsletter and hold meetings the first Tuesday of 
every month. Our meetings have attracted many local 
and distant manufacturers of audio related equip¬ 
ment. We are involved in all facets of audio — from 
building to purchasing at discount prices. For a copy 
of our current newsletter and information regarding 
our society, please write to M.A. Monaco, WNY Audio 
Society, PO Box 312, N. Tonawanda, NY 14120. 

THE BOSTON AUDIO SOCIETY invites you to join 
and receive the bimonthly B.A.S. SPEAKER with 
reviews, debates, scientific analyses, and summaries 
of lectures by major engineers. Read about Apogee, 
Nytal, Conrad-Johnson, dbx digital, Snell, music 
criticism and other topics. Rates on request. PO Box 
211, Boston, MA 02126. 

THE ATLANTA AUDIO SOCIETY is dedicated to 
furnish pleasure and education for people with a com¬ 
mon interest in fine music and audio equipment. 
Monthly meetings often feature guest speakers from 
the audio manufacturing and recording industry. 
Members receive a monthly newsletter. The society 
is hosting the 2-day SUNBELT AUDIO SHOW in Atlan¬ 
ta on August 18 & 19, 1990. Call : Chuck Bruce. (404) 
876-5659, or Denny Meeker, (404) 872-0428, or write: 
PO Box 361, Marietta, GA 30061. 

THOSE INTERESTED IN AUDIO and speaker 
building in the Knoxville-East Tennessee area please 
contact Bob Wright, 7344 Toxaway Dr., Knoxville, TN 
37909-2452, (615) 691-1668 after 6 p.m. 

TUBE AUDIO ENTHUSIASTS. Northern California 
club meets every other month. For next meeting an¬ 
nouncement send a self-addressed, stamped #10 
envelope to Tim Eding, PO Box 611662, San Jose, 
CA 95161. 

WANT TO START OR JOIN CLUB IN CENTRAL 

ILLINOIS (Peoria, Bloomington, Champaign, Kan¬ 
kakee area). Speaker building and audio in general. 
Trade Info and parts. (815) 657-8488 evenings or 
weekends. 
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The Point Series, a new and unusual look¬ 
ing line of speakers, is now available from 
ODEON. The Point Three, 36" tall, features 
a 6.5" butyl-surround polypropylene 
woofer and al" textile dome tweeter. The 
Point Four, a 14" tall shelf- or stand-mount 
unit, uses a 5.25" woofer and the same 
tweeter as the Three. The Zero Three and 
Zero Four are passive subwoofers without 
crossovers. All units feature a truncated-
pyramid shape and are available in two 
multicolor finishes. They range in price 
from $299/pair for the Point Four to 
$799/pair for the Point Three. For more 
information contact Odeon, 12461 Tib¬ 
betts St., Sylmar CA 91342, (818) 362-
3379. 

Fast Reply »Ff 590 

Good News 

The second international symposium on 
PERCEPTION OF REPRODUCED SOUND will be 
held at the Hotel Faaborg Fjord, Den¬ 
mark, August 19-22, 1990. Participants 
will include: T. Holman, E. Zwicker, S. 
Bech, F. Toole, E. Cohen, G. Thiele, P. 
Willemoes, H. Staffeldt and M. Colloms. 

All papers are given in English; no par¬ 
allel sessions. The symposium fee is 6,000 
DKK per person, which includes all sym¬ 
posium arrangements, proceedings and 
accommodation with full board. Contact 
Eva Rudolf, Ingeniorhojskolen Aarhus 
Teknikum, Dalgas Ave. 2, DK-8000 Arhus 
C., Denmark, phone: 45 86 13 62 11. 

PRECISE ACOUSTIC LABORATORIES has intro- midrange. Crafted of H4" high-density 
duced their new Beta line of loudspeakers fiberboard, the cabinets come in black, 
including drivers designed by Keith walnut or oak finish. For more informa-
Johnson. The new speakers feature a baf- tion, contact Precise Acoustic Labs, 200 
fle/speaker stand design in which the baf- Williams Dr., Ste. B, Ramsey, NJ 07446, 
fie serves as a self-damping surface, with (201) 934-1335. 
further foam damping beneath the Fast Reply »Filos 

SKAANINGS ApS has announced a series of 
drive units called Flexunits. Designed to 
be variable, they will have specification 
ranges, but general characteristics include 
a chassis consisting of a front ring, an 
intermediate ring for the spider, and a 
rear ring for the magnet system. The rings 
are cast aluminium and separated by 
spacers of variable length, to accommo¬ 
date the variable voice coil length and air 
gap height. Voice coils come in 75 and 
100mm diameters. Magnets vary from 
170 to 220mm. For more information, 
contact Skaanings ApS, Industrivej 3, 
Stilling, DK-8660 Skanderborg, Denmark, 
phone: 45 86 57 15 22. 

Fast Reply »Ff 589 
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yuan» Our company’s objectiva Is to provide the best components based on applied 
design, materials, engineering and production technology to the most exacting 
amateurs and professionals. After an exciting search and a scrupulous selec¬ 
tion of outstanding drivers from around the world, we are now proud to offer 
exclusively from our stock a unique selection of today’s state of the art speaker 
components. Following our guidelines for the highest quality products and serv¬ 
ices, all of the products wo offer are selected from the lines exclusively 
represented In North America by Klmon Bellas. 

siaqe accompany 

Along with a very linear frequency response, phase and 

Coming Soonl 
Metallized polypropylene capacitors from Franco • Proprietary 18 and 21 Inch, true sub-sonic drivers 

///(J A/ Ceramic concave dome dia-
/ w phragm tweeters and midrange 

drive units made in West Germany by B. Thiel GmbH. Very wide and 
even frequency response. Extremely musical drivers. 

responses are amazingly close to perfection. 
Low Frequency drivers: 1203 (12") and 1503 (15") S.A. needed low 
frequency drivers to perform to the standards set by the Compact 
Drivers, so they developed their own. 
All S.A. drive units come with individual warranty cards. 

POWER RMS 100 hours cont. 
PEAK: 200msec 
FREQ. RESPONSE(±3dB) 
SENSITIVITY (1W/1m) 
THD DISTORTION @ 1W 
THD DISTORTION @ full power 
WEIGHT Lbs. 

SA 8520 and SA 8525 Compact Drivers. Finally a 
Driver that combines high efficiency, sonic accuracy 
and high power handling with pristine high-end sound. 

BOW 
1 .ooow 
9-32kHz 

96 
4% 

1.5% 
22 25 

transient 

3OW 
500W 

.8-32kHz 
9: 
4% 

1.5% 
11.45 

Made in France by 
Cabasse Electro-

acoustique. A complete range of beautifully engineered convex rigid 
dome tweeters and midranges, foam 4" midrange, mid and bass units 
using true concave honeycomb diaphragm in rectified cast frame. Plus 
a specialty line consisting of a 9 lb. carbon tweeter to a 36 lb. 22 
honeycomb concave woofer! 

AUDIOM Very high quality components with ultra light moving 
[7 VA Parts t09ether with massive and efficient magnet struc-

byl\_JkMl tures results in the ability of the drivers to produce 
musical signals with realism and very high sound pressure levels while 
maintaining low distortion. 

VIETA A unique 13" woofer made by Accutres in Spain. PVA impregnated pure cotton cone. Inner and outer wind¬ 
ing of the voice coil offers maximized magnetic coupling and air flow 
cooling. 

ISODA ELECTRIC 
IF 

Offers 
you 

hybrid 
audio cables using a complex matrix of materials (Aluminum, Brass 
and Copper) for optimum sonic qualities. These interconnects and 
speaker cables have already received the highest marks in Europe. 
Outstanding quality in manufacturing has produced products that stand 
up to the most highly regarded cables at a fraction of the cost. 

A Division of Watters Sound Wave Co. • 4320 Spring Valley Road, Dallas, Texas 75244 • TEL: 214/991-6994 • FAX: 214/991-5016 



RAPID SYSTEMS has introduced the R726, a 
6-channel digital-to-analog output board 
for XT/AT/386 personal computers, pro¬ 
viding a way to accomplish servo and 
process control, programmable voltage 
sources, function generator or arbitrary 
waveform functions. The new board is 
priced at $995 and is available from Rapid 
Systems, Inc., 433 N. 34th St., Seattle, WA 
98103, (206) 547-8311. 

Fast Reply «FE94R 

The new Quart Pure loudspeaker system, 
announced by MB QUART, employs their 
MCS (moving control system) technology, 
which combines the advantages of bass 
reflex and acoustic suspension cabinet de¬ 
signs. The new speakers feature al" tita¬ 
nium dome tweeter, and a 2" dome mid¬ 
range and 8" woofer are flush-mounted 
mirror image components, in a vertical 
array. The 44" high cabinet is available 
in walnut, oak, black, white or raw oak. 
Suggested retail is $3,000/pair. For more 
information contact MB Quart, 25 Wal¬ 
pole Park South, Walpole, MA 02081, 
(508) 668-8973. 

Fast Reply -FE356 

The LS TWO/A, a new compact speaker 
from AUDIOSOURCE features a long-throw 
5" polypropylene woofer with double 
wound voice coil to enhance bass re¬ 
sponse down to 60Hz. Also included is a 
1" soft dome, ferrofluid-cooled tweeter. 
Measuring 8‘/2"H by 516"W by 4‘/2"D, 
the unit sells for $239.95/pair. A weather-
tight version, the LS TWO/A WT, is avail¬ 
able for $259.95/pair. Optional, heavy-
duty mounting brackets are available for 
both models at $29.95/pair. For more in¬ 
formation, contact AudioSource, 1327 
North Carolan Ave., Burlingame, CA 
94010, (415) 348-8114. 

Fast Reply «FE4S0 

LITTLE GRIPPER 
END SPIN OUT! 
PARTICLEBOARD HINGE SCREW 
The "Little Gripper” is the answer to your 
small fastener problems in particleboard 
and MDF. With the wide spread use of these 
man made woods the right fastener that 
works each and every time is essential to 
your production requirement. 

The "Little Gripper" with it's wide spaced angled threads is 
especially designed for use with your hinge application in 
particleboard and MDF. Avoid the frustrating and time 
consuming problem of spin out, so common with sheet¬ 
metal screws in these man-made woods. USE THE RIGHT 
FASTENER—Use the “Little Gripper" by Equality Screw Co. 

call or write 
for your 
FREE 
sample 

(CUT OUT AND SEND). 

6 X V2 phillips flathead 

6 X % phillips flathead 

6 X % phillips flathead 

SPECIALIZED FASTENERS for CABINETS & COUNTERTOPS 

SCREW COMPANY INC. 
P.O. BOX 1645, EL CAJON, CA 92022 

1-800-854-2886 800-552-8844 (IN california) 

Fast Reply HFE401 

Fast Reply HFE370 
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Pox Humana 
Where is the Tone Coming From? 

By Dick Pierce 

Back in the days when I was involved 
with a retail outlet, Nakamichi was just 
getting started in the US market. They 
had only a few products, the Nakamichi 
1000, 700, 550 and 500. Of interest was 
the 550, a portable, fairly high-quality 
cassette unit with Dolby-B. 
One customer bought one and, after a 

week or two, brought it back complain¬ 
ing that he could hear a faint background 
tone during very quiet passages. Well, 
after much fiddling and waiting for trucks 
to pass, yes we could, by straining a bit, 
hear this tone. Into the lab I went, where 
I proceeded to measure the S/N ratio. It 
was supposedly rated at 56dB |or some 
such figure, only the relative values are 
important). Well, there on the bench, it 
was cranking away at some 59 or 60dB 
S/N. And the scope showed no trace of 
any regular waveform in the noise. A call 
to Nakamichi generated an immediate re¬ 
quest for the recorder, as they wanted to 
know what was going on. 
After a week or so, Nakamichi called 

back and said, "There is nothing wrong 
with the recorder, it meets spec.” I asked, 
"Did you solve the problem?" "It meets 
spec,” came the inappropriate response. 
"Did you find the tone?” I pushed. "It 
meets spec,” came the obviously prac¬ 
ticed reply. "Send it back and I'll check 
it out," I said. A day or two later, back 
it came, and by the looks of the screw¬ 
heads, it had never been opened. Back up 
on the bench it went, and it did indeed 
meet spec. I put it back out into the 
showroom, and sure enough the tone was 
still there. We decided to give the cus¬ 
tomer a new unit and try to resolve the 
issue with Nakamichi. Unfortunately, the 
new unit, and all others in stock, suffered 
from exactly the same problem. 
Time to bring the heavy weaponry to 

bear. I fired up the HP narrowband spec¬ 
trum analyzer. A spectral analysis of the 
noise revealed, in addition to the perfectly 
normal noise floor, a nice, sharp, promi¬ 
nent peak at 400Hz. Why 400Hz? Well, 

that happened to be the frequency of the 
Dolby calibration oscillator. It seems 
Nakamichi had designed the calibration 
oscillator so that when you turned it off, 
it was not turned off, but merely discon¬ 
nected from the record amps. The rest of 
the time, it was oscillating happily away, 
generating enough cross-coupling to find 
its way into the playback amps where its 
microvolt level was dutifully amplified to 
barely audible levels. 
Now, armed with real information, I 

was able to call Nakamichi service directly 
and tell them exactly what was wrong. 
The technicians were very interested in 
my description. However, Nakamichi as 
a corporate being said, "If the noise," 
meaning, I guess, any extraneous infor¬ 
mation, "is below the spec for signal to 
noise, then the unit is perfectly OK.” 
Here, we were left high and dry. We had 
a unit with a definite and identifiable de¬ 
sign defect, and the manufacturer was 
telling us in no uncertain terms they were 
not interested in the problem. 

PBOSrtl TBNBIBATINQ1 PHYSICAL! 

INCORRIGIBLE BILLSTICKERS. 

LOOKOUT’S 
REMEDY FOR 

Disturbers of the Peace, | 
NICHT RIN08, 

After several weeks of haggling, Naka¬ 
michi simply refused to provide any help 
in solving the problem. By this time, 
several units were returned, with the 
same complaint, so we had a multi-thou¬ 
sand dollar issue to deal with. We had 
several choices. 

1. Tell the customers what Nakamichi 
told us, and tell them that life is tough all 
over, and keep their money. 
2. Take the units back and give the 

customers a refund (which, under Mass¬ 
achusetts law they had the right to de¬ 
mand), and bear the loss, since 
Nakamichi wouldn't take back what they 
considered good merchandise. 
3. Try to solve the problem. 

The tack we took involved part of #1 
and all of #3, that is, relate to the cus¬ 
tomer the difficulties of trying to get 
Nakamichi to handle the problem, and, 
hoping their sympathies would be in our 
favor, buy time to solve the problem. The 
solution was to rewire the Dolby tone 
switch to disconnect the power from the 
oscillator, rather than disconnecting the 
oscillator from the rest of the recorder. 
This completely eliminated the tone prob¬ 
lem, but it took some 30 minutes to ef¬ 
fect the repair, and it voided the Naka¬ 
michi warranty, even though we were an 
authorized service station. 
The lesson to be learned here is mani¬ 

fold: 1) Highly regarded manufacturers 
are not always infallible. 2) Some manu¬ 
facturers, when presented with what they 
might consider embarrassing information 
(as Nakamichi later admitted was the 
case), will stand fast and find anything to 
defend their position (I believe after many 
people complained, they finally incor¬ 
porated my change into the product, but 
that took several years). 3) Much of the 
difficulty in trying to solve these sorts of 
problems is due to the intransigence of 
the manufacturer, not the dealer (al¬ 
though many dealers are incompetent in 
this area). 
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EMINENCE 
^Parts 
express 

* International Inc 

340 E. First St. 
Dayton, Ohio 45402 
Phone:1-513-222-0173 
FAX: 1-513-222-4644 

CALL TOLL FREE 
1-800-338-0531 

Q PIOMEER 

Name Brand Speakers 

EMINENCE 

Direct From 

Parts Express 



high fidelity 

morel (u.k.) Itd. 
11 Foxtail Road. 
Nacton Rd (Ransomes) 
Industrial Estate. 
Ipswich. IP3 9RT 
England 
Tel (0473) 719212 
Telex 987601 Morel G 

morel 
acoustics usa 
414 Harvard Street 
Brookline. MA 02146 
Tel: (617) 277-6663 
FAX: (617) 277-2415 

»> I® 
morel 

MDM 85 (with enclosure) 

5.0 

Moving Mass including Air Load 7.0 grams 
Area 0 88mm 

Specifications given are as after 24 hours of running. 

Specification 

Effective Dome 
Dome Material 
Nett Weight 

It incorporates the renowned Morel 

double magnet and Hexatech voice 

coil techniques, and results in a unit 

of above average sensitivity with 

extremely low distortion and high 

power handling capability. 

Overall Dimensions 
Frequency Response 
Resonant Frequency 
Rmec 
Qms 
Qes 
Q/T 
Vas 
Nett Weight 

Variations to specification for MDM 85N 
(without enclosure) 

The Thiele small parameters are given 

for both types under specifications. 

The contribution of this unit to a 

suitably designed system will be 

evident in the clarity and detail given 

in the 500 5000Hz region. 

The MDM 85 is a mid range 75mm 

soft dome unit of extremely high 

standard, both from a design and 

technical viewpoint. 

There are two different types 

available, one with a rear enclosure 

and one without (MDM 85NE). 

The type with the rear enclosure can 

be fitted into a cabinet as an integral 

unit. 

With an output level of 96dB 

distortion in the area of 400-800Hz is 

slightly over 1% falling to 0.015% 

from 1Khz. 

The MDM 85NE without the rear 

enclosure can only be fitted into a 

system having a separate housing to 

enclose the unit. A volume of 0.7 

litre is recommended for this housing, 

which is essential to prevent inter¬ 

reaction with the bass unit 

compressions and expansions. This 

housing must be filled full with 

damping material, such as fibreglass 

or rock wool. 

300W 
1500W 

75mm (3" ) 

for 96 dB SPL 
Voice Coil Inductance @ 1 Khz 
Air Gap Width 
Air Gap Height 
Voice Coil Height 
Flux Density 
Force Factor (BXL) 
Rdc 
Rmec 
Qms 
Qes 
Q/T 
Vas 

Nominal Power Handling Din 
Transient Power 10ms 
Voice Coil Diameter 

° .I 
0.7 In 
1.05 I 

Voice Coil Former 
Frequency Response 
Resonant Fiequency 
Sensitivity 
Nominal Impedance 
Harmonic Distortion 
for 96 dB SPL 
Intermodulation Distortion 

Hexatech Aluminium 
Aluminium 

300-5000 Hz 

Chemically Treated Fabric 
1.25 kg 

<0.25% 
0.2mh 

1.05mm 
3.0mm 
6.0mm 

1.0T 
4.6 WB/M 
5.2 ohms 

37.90 
0.29 
2.66 
0.20 

0.33 litre 

250 Hz 
92 dB (1W/1M) 

8 ohms 

0 160mm X 60n 
250 5000 

170 
39. 
0. 

63.50 cm2

Morel operate a policy of continuous product design improvement, consequently, specifications are subject to alteration without prior notice 

Fast Reply 

Overall Dimensions 0 - 160mm x 1.13mm 




