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Good N ws 

The Beolab Penta is the latest stereo 
loudspeaker system developed by BANG & 
OLUFSEN. Each unit is 65" tall, 5" wide, 
and finished in brushed stainless steel. 
Nine active drivers and a 150W amplifier 
are built into each speaker, while a digital 
display in each unit shows operating 
status. 
According to the manufacturer, the 

Beolab Penta system's five-sided en¬ 
closure reduces the standing waves that 
cause sound distortion in conventional 
box speakers. 
The nine drivers include four woofers, 

four midranges, and one dome tweeter, 
all in line-source configuration. The sys¬ 
tem automatically turns on when it 
senses a signal, and turns off when the 
signal ceases. 

Available this fall, the Beolab Penta sys¬ 
tem will retail for $2,598. 
For more information, write Bang & 

Olufsen of America, Inc., 1150 Feehan-
ville Dr., Mount Prospect, IL 60056. 

Fast Reply HIK53S 

DCL COMPANY has released the LFD/E Pro¬ 
gram, a new CAD (computer-aided de¬ 
sign) program for speaker designers and 
builders. The manufacturer claims the 
program features high-level user friend¬ 
liness while meeting the professional de¬ 
signer's needs for technical sophistica¬ 
tion. 

LFD/E provides complete instruction to 
builders, while an accompanying manual 
shows various functional design se¬ 
quences. 
Currently designed for Apple comput¬ 

ers, LFD/E has a suggested retail price of 
$29.95. 
For complete details, contact DCL 

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

Fast Reply 8IK138 
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ALTEC LANSING CONSUMER PRODUCTS has 
released two new speaker systems. 
The company's top-of-the-line "Voice 

of The Highway" speaker is the ALS-693, 
a 6x9" three-way system. The woofer is 
a 6x9" carbon fiber cloth cone with dou¬ 
ble damper, 20.8 oz. magnet, and PA" 
ribbon wire voice coil. The midrange has 
a 20mm polymide dome, while the 
tweeter utilizes a 14mm polymide dome, 
both of which are immersed in magnetic 

the THD is 0.6% over a frequency range 
of 70Hz to 20kHz. Power-handling capa¬ 
city is 60W nominal to 120W maximum, 
and impedance is 4Í2. 

Suggested retail price: $250/pair. 
Also among Altec's latest releases is the 

top-of-the-line home speaker system, the 
Model 501. The 46" high tower system 
features two 10" carbon fiber woofers, a 
2" polymide vacuum-deposition titanium 
midrange, and al" polymide tweeter. 

Frequency response is 28Hz to 22kHz 
± 3dB, while THD from 100Hz to 22kHz 
is less than 1%. Crossover frequency is 
550Hz/3.5kHz, power-handling is 150W 
nominal to 300W maximum, sensitivity 
is 93dB 1W/1M, and impedance is 4ÍL 
Suggested retail price: $l,500/pair. 
For more information on these prod¬ 

ucts, write Altec Lansing, 1515 S. Man¬ 
chester Ave., Anaheim, CA 92803. 

Fast Reply HIK328 

fluid for damping and heat dissipation. 
The ALS-693 delivers a frequency re¬ 

sponse of 50Hz to 22kHz + 3dB, and sen¬ 
sitivity (SPL) of 93dB/W/meter. At 1W, 

Two new spectrum analyzers have been 
released by RAPID SYSTEMS, INC. The R411 
is an FFT spectrum analyzer peripheral 
for IBM PC, XT, AT and compatible com¬ 
puters. The peripheral requires no pro¬ 
gramming. Once you plug in the hard¬ 
ware and insert a disk, you can begin to 
analyze frequency versus amplitude spec-

Computer-using audiophiles and music 
lovers who want information, specifica¬ 
tions, prices, and the latest news about 
high-end stereo components can now use 
their modem to call a new databoard 
system, THE AUDIOPHILE NETWORK 
The network operates from California 

24 hours a day, seven days a week, and 
can be reached by dialing (818) 988-0452. 
Software is by Russ Systems, and oper¬ 
ates on an Apple II with a hard disk and 
Apple drives. 
For further information, call (818) 

782-1676, or write to The Audiophile Net¬ 
work, 14155 Kittridge St., Van Nuys, CA 
91405. 

A Designer Senes Manual has been pub¬ 
lished by AUDIO CONCEPTS, INC. The com¬ 
plete do-it-yourself manual is geared to 
encourage beginning as well as advanced 
builders to try new projects. 
Audio Concepts says the manual an¬ 

swers many of the speaker building ques¬ 
tions the company receives each day. 
Suggested retail price $15 (overseas, 

add $2). 
To order, write Audio Concepts, Inc., 

1631 Caledonia St., La Crosse, WI 54603. 
trums on your screen. 
Its many features include: FFT sizes 

from 16 to 1024 points, execution and 
display of 1024 point FFTs every four 
seconds, log and linear scaling for fre¬ 
quency and amplitude, programmable in¬ 
put ranges from 1.6-320V peak to peak, 
and spectrum averaging. 

Suggested retail price: $888. 
Also from Rapid Systems is the R360, 

a spectrum analyzer and digital signal 
processing peripheral. The manufacturer 
claims the R360 is the only PC-based in¬ 
strument featuring the TI TMS32010, and 
offering four-channel real-time spectrum 
analysis. 
Applications include multiple channel 

spectrum analysis to 250kHz, vibration 
analysis, impact testing, power line mon¬ 
itoring, and audio and speech analysis. 

Suggested retail price: $2699. The R360 
is also available with a more economical 
data acquisition module for $1499, and 
alone it retails for $999. 
For complete details, contact Rapid 

Systems, Inc., 755 N. Northlake Way, 
Seattle, WA 98103. 

Fast Reply HIK948 

Fast Reply HIK45 Fast Reply HIK175 
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AUDIO CONCEPTS 
1986—Our Cast Of Players Includes: 

DRIVERS 
• The Gold 3 0 Ribbon • The Strathearn Ribbon 
• Dynaudio • Focal 
. SEAS . AC 

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

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

“They are truly champagne speakers for those of us on beer 
budgets. Thank you AC for making such musical speakers for 
such an affordable price!’’ 

A QUARTZ J owner 
Just one of many satisfied audiophiles 

All new 1986 Catalog, $2, refundable 

1631 Caledonia St., LaCrosse, WI 54603 
Telephone (608) 781-2110 
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About This Issue 
This jam-packed fourth issue con¬ 
cludes our seventh year of publica¬ 
tion and brings another rich selec¬ 
tion of work by writers who span 
the continent from Washington 
state to California to New York to 
Louisiana to Ohio. Max Knittel 
has written a brilliant piece of soft¬ 
ware for exploring the FFT 
response of drivers which he 
describes starting on page 7. 
In Louisiana, Duke Lejeune put 

together that rarest of creations, a 
sonically satisfying ribbon system 
which passes muster esthetically 
with his spouse (p. 14). Nearly two 
years ago, Bruce Edgar and I 
spent a day with the nice people at 
Acoustic Research interviewing and 
taking pictures. Even though the 
prime respondent left the company 
shortly afterward, editor Edgar pur¬ 
sued his quarry, re-interviewed and 
re-photographed his subject: Ken 
Kantor. See page 20 for the results. 
Brian Smith was not only lured 

away from bookkeeping to engi¬ 
neering school at Ohio State by his 
audio avocation, he is intrigued by 
horn speaker formats, especially the 
tractrix. His BASIC program (p. 29) 
cuts design time by days. The sec¬ 
ond part of G. R. Koonce's ex¬ 
ploration of crossover components 
starts on page 32. On our cover, 
we look over Ken Kantor's shoulder 
at the instrumentation for AR's 
anechoic test bench. 
Speaker Builder has grown in 

pages during 1986 and will proba¬ 
bly continue to do so in 1987. The 
subscription price will rise on 
January 1, 1987 to $15 per year for 
four quarterly issues. 
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Editorial 

Mistake Identity 

If we all had total recall of our first three months 
of life, I suspect the earliest words we could remem¬ 
ber would probably be "Watch out!" I believe that 
builds into each of us a powerful programmed re¬ 
sponse not only to legitimate dangers, which are 
plentiful enough, but also to any risky enterprise. 
Accompanying that cautionary atmosphere, we have 
the added element of shame which goes with fail¬ 
ure. The second message, after "Watch out," is 
probably "You're doing it wrong." 

One of the reasons we have avocations, I think, 
is the chance to undertake projects where the failure 
rate is not so guilt-laden. If we could assemble sta¬ 
tistics on hobby popularity, I suspect the failure-risk-
quotient would correlate very well with the quan¬ 
tity of participants. Who can fail at collecting base¬ 
ball cards or Mickey Mouse watches? 

But some hobbies are risky. Racing cars, for ex¬ 
ample. Climbing sheer rock faces in winter, sky div¬ 
ing. Building loudspeakers. 

Building loudspeakers? Indeed. The fear-of-failure 
syndrome is a tragically effective contraceptive 
where loudspeaker projects are concerned. Hun¬ 
dreds more die a dried up, overage death on back 
burners. 

The first step toward escape from the clutches of 
infantile programming is the realization that only 
the deranged and angels are fearless. Everyone suf¬ 
fers, the differences are only in degree. We are all 
in that bind together. Others get out of those 
clutches, so can you. 

The second aid to action is the loudspeaker pro¬ 
ject's limited liability character. Most errors do not 
blow the main breaker in your electrical distribu¬ 
tion box. The frisson factor at turn-on is definitely 
lower than those accompanying flipping the bat han¬ 
dle of a IkW/channel power amp. 

The speaker builder's art is not abstract, either. 
Its output matches, or does not, the original phe¬ 
nomenon. Honest work draws us to the concert hall 
and brings us back to our handiwork to listen again, 
and to compare. Reality is potent and judges unmer¬ 
cifully if we are candid enough to hear the judg¬ 
ment. 

But that is also the glory of speaker building. It 
is not trivial combat. The adversary is sonic reality 

itself and our attempt to reconstruct that reality is 
a magnificent challenge. Nature is implacable. The 
game consists of discovering her game's rules. 

I rejoice in the analog nature of sound for the very 
reason of its variety and unique characteristics. It 
is an innately challenging continuum. The oppor¬ 
tunities for getting closer to the original in all those 
details is part of the excitement that accompanies 
the quest. 
We are still bound to make mistakes, and some 

major ones. The beauty of the mistake, however, 
is the learning that accompanies it. One of my fa¬ 
vorite authors, Lewis Thomas {Late Night Thoughts 
on Listening to Mahler's Ninth Symphony is his most 
recent set of essays), was asked a few seasons ago 
whether he thought computers could be "intelli¬ 
gent." He said he did not believe they could. He 
continued by saying that, so far, no computer has 
made either a joke or a mistake. Now before you 
rush to your word processors to tell me about mis¬ 
billings, erroneous checks for millions, or several 
thousand copies of Life magazine mailed to a one 
room cabin in Oklahoma, remember that those are 
either badly entered data or an equipment malfunc¬ 
tion—not the same thing as a mistake. 
Every advance in human development is based 

on a mistake. Of course, mistakes come in all sizes. 
But even large ones, like Chernobyl, are massive 
learning doses. And a loudspeaker project that falls 
short is still valuable. I deeply admire our Con¬ 
tributing Editors because their articles for this 
magazine often trace a learning curve dotted with 
mistakes. We do not pretend to be the flawless, last¬ 
word, infallible, ''journal" type of publication. Every 
endeavor is an honest work in progress. Those who 
wait for perfection are permanently immobilized. 
As mistake makers, we are in our most human 

mode. To paraphrase, better to have built a system 
and failed, than never to have built one at all. Since 
my earliest intention to publish do-it-yourself mag¬ 
azines, I have encouraged authors to freely share 
their mistakes. And the best do. The courage to try, 
to publish and to build on your own perceptions 
and the feedback of others is the essence of the 
adventure. Nothing in life is harder, or better. 

-E.T.D. 
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STEP RESPONSE OF LOUDSPEAKERS 
BY MAX KNITTEL 

It is no easy task to measure the fre¬ quency response of a loudspeaker. 
You can measure the low-frequency 
anechoic response of a woofer fairly 
accurately in a normal room by using 
swept sine waves and placing the 
measuring microphone in the near 
field.1 Unfortunately, it is difficult to 
use swept sine waves to measure the 
full frequency response of a speaker 
within a normal listening room be¬ 
cause of reflections and standing 
waves created by the room walls, floor 
and ceiling; hence, the use of anechoic 
chambers. Since anechoic chambers 
suitable for audio frequencies are large 
and expensive, you can use pink noise 
and octave- or third-octave band ana¬ 
lyzers to minimize the creation of 
standing waves in the test room. 
Examining the time response is 

perhaps just as interesting and as im¬ 
portant as examining a loudspeaker's 
frequency response. Many listeners 
claim loudspeakers which accurately 
reproduce the waveform of the input 
signal are more musical. They produce 
more immediate and alive transient 
sounds, and images with proper spatial 
relationships and dimensions. Perhaps 
preservation of the relative phase be¬ 
tween frequencies (the waveform) is 
important to the stability and precision 
of stereo images. Full-range, flat-panel 
speakers, such as electrostatics, inher¬ 
ently have this characteristic since all 
frequencies emerge from the same 
plane in space, producing the ac¬ 
claimed electrostatic detail and imag¬ 
ing characteristics. 
Unfortunately, neither the swept 

sine wave nor pink noise techniques 
reveal any information concerning a 
loudspeaker's time response. Another 
technique, however, simultaneously 
examines both the time and frequen¬ 
cy domains. With this technique, an 
impulse or step waveform is sent to 
the speaker, and a computer is used 

X-y Pen Plotter 

FIGURE 2: Model time responses to a step input. 

FIGURE 3: Block diagram of step test apparatus. 
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to analyze a short time-slice of the 
speaker output. The advantage? These 
test signals simultaneously send all fre¬ 
quencies to the speaker. The analyzer 
captures the first direct sounds from 
the speaker before any reflected ones 
reach the microphone. 
Measuring the time response of a 

loudspeaker is not a new idea. Hey-
ser2,3 using impulse signals, has done 
much work on loudspeaker phase and 
time distortions. To align drivers with 
respect to time in a loudspeaker sys¬ 
tem, Wittenbreder4 presented plans for 
constructing a pulse generator and 
directions for using it. Spangler and 
McKenzie5 used an impulse signal and 
an Apple microcomputer to examine 
both the time and frequency domains 
of their modified Strathearn ribbon 
speaker. 

The most interesting speaker testing 
methods, however, may have been 
developed by Peter Moncrieff and 
presented in various issues of his 
magazine, International Audio Re¬ 
view.6,1'8 Moncrieff describes a general 
test method that uses the step function 
as the input signal to the device under 
test (DUT). His main test instrument 
is a GenRad 2512A real-time, narrow¬ 
band spectrum analyzer. Like Spangler 
and McKenzie's Apple microcomputer 
and its associated program, it uses a 
Fast Fourier Transformation (FFT) al¬ 
gorithm to extract the frequency 
response from the time response of the 
signal produced by the DUT. Mon¬ 
crieff is dedicated to the development 
of testing procedures that quantify and 
explain differences we hear in audio 
components. This is in stark contrast 
to many audio press reviewers, who 
still perform the same measurements 
developed more than 50 years ago to 
test today's equipment. 

STEP FUNCTION ANALYSIS. To 
begin a loudspeaker step response 
analysis, you must first look at the dif¬ 
ference between an impulse and a 
step, and how the FFT analyzer works 
with each of them. An impulse is a 
spike in time. In theory, an impulse 
contains all frequencies with equal 
amplitude, but it would have to be in¬ 
finitely high and infinitely narrow for 
this to be true. In practice, the impulse 
duration is set narrow enough to be 
less than one-half the period of the 
highest frequency of interest. For ex¬ 
ample, to measure to 100kHz, the im¬ 
pulse must be less than 5 microsec¬ 
onds in width. Such a brief impulse 
poses difficulties for the loudspeaker 
and measuring equipment. The im-

80 100 200 300 U00 600 800 IK 2K 3k MK 6* 8* 10k 20k 

Frequency (Hz) 

FIGURE 4: Time (a) and frequency (b) responses of the input step. 

FIGURE 5: Time (a) and frequency (b) responses of Jordan Module. 

Inductor Form 
Jordan 

FIGURE 6: Resonance trap attached to Jordan. 
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FIGURE 9: Time and frequency responses of the Minimus 7 

pulse amplitude, to overcome back¬ 
ground noise in the measuring room 
and equipment, must be quite large, 
and this can overload the speaker, 
microphone or electronics. 
On the other hand, you can think of 

the step function as an impulse that is 
infinitely long in time instead of in¬ 
finitely short. Figure 1 shows the time 
and frequency responses of a step. 
Because the step contains more energy 
than an impulse—the energy is the 
amplitude multiplied by the time; i.e., 
the area under the time curve—it need 
not be as large in amplitude to produce 
a satisfactory signal-to-noise ratio in 
the measuring equipment. Just as with 
the impulse, the step contains all fre¬ 
quencies, but they are not of equal am¬ 
plitude. Instead, the spectral content 
of a step falls as 1/f; that is, a plot of 
frequency versus amplitude on a logar¬ 
ithmic scale would be a straight line 
that falls at 6dB/octave. Figure 1 can be 
compared to the impulse time and fre¬ 
quency responses shown in Figs. 5 and 
6 of Ref. 5. 
Because the frequency content (or 

spectral analysis) of the input step 
function is not a constant, the analyzer 
output will not be the true loudspeaker 
frequency response. If a step function 
is used as the input, you must divide 
the loudspeaker output spectral re¬ 
sponse you are measuring with the 
microphone, by the spectral response 
you send into the loudspeaker. 
The GenRad analyzer offers two 

features that simplify this analysis: the 
ability to memorize a spectral re¬ 
sponse, and to divide a second spec¬ 
tral response by the memorized spec¬ 
tral response. You can store the input 
spectral response, automatically divide 
each output spectral response by this 
stored response, and display the true 
frequency response on the analyzer's 
display screen. 

STEP RESPONSE OUTPUT. What 
should the acoustic output from an 
ideal loudspeaker look like if the in¬ 
put is a step function? When the in¬ 
put voltage is zero, the speaker cone 
displacement is zero and the acoustic 
pressure is zero. When the voltage 
jumps up on the step to a value of + V, 
the cone accelerates into motion. If it 
were a nearly massless cone with no 
suspension stiffness, it would ac¬ 
celerate rapidly while the voltage in¬ 
creases and then continue at some 
maximum velocity. The ideal speaker 
should produce an ideal step. 

Since speaker cones are not ideal but 
have significant mass and suspension 
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stiffness, cannot change velocity in¬ 
stantaneously, and continue to move 
indefinitely, the speaker output is not 
an ideal step. The cone takes time to 
overcome its inertia, so the start of the 
step is not a vertical line but one that 
slopes upward more gradually. The 
cone suspension resists the cone 
movement, eventually stopping it, 
with some back and forth oscillation. 
When the cone stops moving, the 
acoustic pressure must be back to zero, 
even though the voltage is still at + V. 
Depending on the particular driver, 
the acoustic output may look more like 
a damped resonance than a step. The 
leading edge of the step depends on 
the high-frequency response of the 
speaker, while the extension of the 
step depends on the low-frequency 
response of the speaker. 
A tweeter tested by itself may pro¬ 

duce a sharp spike (such as in Fig. 2a), 
while a woofer by itself may produce 
a better looking step but with a 
rounded leading edge {Fig. 2b). Put 
together properly into a loudspeaker, 
they should produce a sharp step up¬ 
ward and a gentle slope downward 
{Fig- 2c). 

TEST EQUIPMENT SETUP. Figure 
3 is a block diagram of test equipment 
used to measure and plot the time and 
frequency responses of a variety of 
drivers and loudspeaker systems. I 
used a pulse generator to produce a 
step longer than 50mS. The time win¬ 
dow for analysis was set to 4 or 20mS, 
with the beginning of the step 
established in the center of the time 
window—the window produced a fre¬ 
quency analysis range of 500Hz to 
100kHz, and the 20mS window a fre¬ 
quency analysis range of 100Hz to 
20kHz. I used the narrow time win¬ 
dow to examine the loudspeaker out¬ 
put in the time domain since this 
spreads the step's leading edge as far 
as possible. When looking at the fre¬ 
quency domain, I used both the 4 and 
20mS windows, but I am presenting 
plots from the 20mS window since 
they show more useful information. 

I sent the output of the step genera¬ 
tor to a power amplifier and then to 
the loudspeaker. A Shure ES615 mi¬ 
crophone with M615 preamplifier de¬ 
tected the loudspeaker output. The 
microphone output fell off above 
17kHz, so loudspeaker measurements 
above this frequency are unreliable. 

I placed the microphone on the hori¬ 
zontal axis of each speaker one meter 
away. I spent some time locating the 
microphone vertically to find a height 

which produced a smooth frequency 
response. You can, undoubtedly, find 
better microphone positions. 
To begin making measurements, I 

fed the speaker input into the GenRad 
analyzer. This produced the time and 
frequency plots shown in Fig. 4. The 
frequency spectral response was 
stored in the analyzer's memory. I re¬ 
connected the input to the loud¬ 
speaker, and the microphone pream¬ 
plifier output to the analyzer. The 
analyzer was set to divide the new 
spectral response (the speaker output) 
by the memorized spectral response 
(the speaker input). Figure 4a shows 

the step generator does not produce a 
perfect step, but instead has a slight 
amount of overshoot as it reaches the 
top of the step. Because you divide by 
the actual spectral response of this less-
than-perfect input step, the displayed 
frequency responses will be correct. 

I set the analyzer to begin capturing 
a waveform when the leading edge of 
the step is detected. Then, a few mil¬ 
liseconds before the step and a few 
milliseconds after were captured and 
the Fourier transform calculated. This 
gave me both the time (transient) and 
frequency responses of the speaker. 

0 2 
a. Tweeter flush, normal polarity. 

c. Tweeter 10cm back, normal polarity. 

d. Frequency response for final configuration. 

FIGURE 10: Time and frequency responses of the YT1. 
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TEST RESULTS. For the first tests, 1 
looked at the simplest loudspeakers I 
could find—two single drivers: a Jor¬ 
dan module and an Audax W2" dome 
midrange. Figure 5 shows the time and 
frequency responses of the Jordan. 
The double peak at the top of the step 
occurred for two different samples and 
was also reported by Lampton.9 The 
period of this resonance was approx¬ 
imately 0.083mS, which corresponded 
to 12kHz. Since this was the frequen¬ 
cy range where a peak shows up in 
Fig. 5b, there is definitely a high-
frequency resonance in the Jordan. 

Perhaps there was a flexural resonance 
in the cone. 

To reduce this high-frequency reso¬ 
nance, I constructed Lampton's trap 
circuit. Since my resonance occurred 
at 12kHz rather than at Lampton's 
13kHz, I used a 5.5^F capacitor with 
the 32mH inductor (using Table I from 
Ref. 10, I wound 49 turns of #22 wire 
on a coil form whose center is %" high 
by V2" in diameter with al" flange 
diameter). In addition, I found the res¬ 
onance for my driver evidently needed 
more damping than Lampton's, so I 
added a 3OÍ2 resistor in parallel with 

the capacitor and inductor. Figure 6 is 
a circuit schematic, and Fig. 7 shows 
the time and frequency responses of 
the Jordan with the circuit attached. 
Figure 6 also gives the formula for find¬ 
ing the trap L (in henries) and C (in 
Farads) for a particular resonance fre¬ 
quency. 
Figure 8 shows the time and frequen¬ 

cy responses of the Audax midrange 
dome. As you would expect, the Jor¬ 
dan had more low- and high-frequency 
output but was not as smooth. The 
comparative lack of low-frequency re¬ 
sponse in the Audax dome showed 
itself in the time response: the sound 
pressure dropped to below the zero 
level more quickly than it did for the 
Jordan. 

Next, 1 tested two, two-way loud¬ 
speakers (both having 5lA" woofers 
and 1" tweeters): a Radio Shack Real¬ 
istic Minimus 7, and a prototype I built 
with a movable tweeter, Yours Truly 
(YT1). Figure 9 shows the time and fre¬ 
quency responses of the Minimus 7. 

I examined the time response of the 
YT1 two-way system (an Audax woof¬ 
er and tweeter) for two different tweet¬ 
er locations. For the first position, Figs. 
10a and 10b, I had the tweeter located 
flush with the woofer, the normal 
mounting method. In Fig. 10b, I re¬ 
versed the tweeter polarity. The tweet¬ 
er obviously ''speaks'' 0.3mS ahead of 
the woofer, so the loudspeaker pro¬ 
duced two pulses for the single input 
step. In the second position, Fig. 10c, 
I moved the tweeter back until the 
tweeter step just merged into the 
woofer step. This turned out to be 
10cm (which is as it should be since 
sound travels a little over 10cm in 0.3 
mSec). Figure lOd shows the frequen¬ 
cy response of this final configuration. 

Although the frequency responses of 
Figs. 9b and lOd are not dissimilar, the 
time responses of Figs. 9a and 10c cer¬ 
tainly are: the YT1 time response looks 
something like the input step while the 
Minimus 7 response looks more like 
a damped sine wave. In listening tests, 
the Minimus 7 speakers displayed 
neither the time-aligned YTl’s depth 
and stability of imaging nor the detail 
and delicacy of high-frequency 
transients. 

For an analysis of a more complex 
system, Fig. 11 shows time responses 
for a Yours Truly three-way loud¬ 
speaker (YT2) with an 8" Audax woof¬ 
er, 514" Audax midrange, and a %" 
KEF tweeter. With the three drivers all 
flush mounted, the time response is 
displayed in Fig. Ila. Moving the 
tweeter back 8cm relative to the woof-
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er and midrange produced the time re¬ 
sponse of Fig. 11b. Finally, moving the 
midrange back 19cm relative to the 
woofer (the tweeter then is 8cm back 
from the midrange and 27cm back 
from the woofer) produced the time 
response of Fig. 11c. 
As I moved the drivers back so the 

apparent sound sources for each driver 
were in a vertical line, the time re¬ 
sponse looked more and more like the 
input step. Figure lid shows the YT2 
frequency response for this final con¬ 
figuration. The peak just above 4kHz 
was created by a resonance in the 
paper-cone midrange. 

For historical interest, I also tested 
a venerable Acoustic Research AR 2ax. 
This three-way system has a 10" woof¬ 
er, and a midrange and a tweeter lo¬ 
cated adjacent to each other. In all the 
previously-tested speakers, the drivers 
were in a vertical line. Figure 12 shows 
the time and frequency responses of 
the AR 2ax. The tweeter was nearly 
a millisecond ahead of the slow 
woofer, and the frequency response 
showed a valley around 1.4kHz, prob¬ 
ably due to cancellation between the 
outputs of two drivers. Shifting the 
measuring microphone position did 
not greatly change this frequency 
response. 

ANOTHER TEST METHOD. Using 
the GenRad real-time analyzer will al¬ 
low you to fine-tune your design both 
in the time domain (by locating the 
drivers in such positions as to produce 
the most faithful step) and in the fre¬ 
quency domain (by choosing more ap¬ 
propriate crossover frequencies and 
driver attenuations which will produce 
the smoothest and most extended re¬ 
sponse). I have developed and built 
speakers for nearly ten years without 
it, however, and I have been doing 
fairly well with an oscillator, an oscil¬ 
loscope and two microphones. 
Figure 13 shows the test setup of a 

simple way to find how far back to 
move the tweeter. The two micro¬ 
phones are located in a line perpen¬ 
dicular to the axis of the speaker. One 
microphone receives the signal from 
the tweeter and the other receives the 
signal from the woofer. Send the mi¬ 
crophone outputs to a two-channel 
oscilloscope which measures the phase 
difference between the signals the mi¬ 
crophones detect. Tune the sine wave 
oscillator to the crossover frequency, 
and move the tweeter back until there 
is no phase difference between the 
outputs of the two microphones. 

For first order 6dB/octave crosso¬ 
vers, the phase shift the crossover in¬ 
troduces will be independent of fre¬ 
quency, but the drivers also have fre¬ 
quency dependent phase shifts. So, to 
establish a compromise tweeter posi¬ 
tion, shift the oscillator frequency up 
and down for an octave on either side 
of the crossover frequency. Finally, set 
the tweeter attenuation, mainly by 
listening, to achieve the smoothest fre¬ 
quency response. 11 You must set the 
tweeter level last since moving the 
tweeter back changes the way the out¬ 
puts of the woofer and tweeter com¬ 
bine around the crossover frequency. 
The tweeter/woofer orientation (or 
tweeter/midrange and midrange/woof-
er) arrived at through this simpler 
alignment by time method agrees very 

closely with that suggested by examin¬ 
ing the waveform with the real-time 
analyzer. 

CONCLUSIONS. The ultimate ques¬ 
tions then become: 1. When designing 
a loudspeaker, is it important to con¬ 
sider both the frequency and time do¬ 
mains? and 2. If the time domain is im¬ 
portant, can I optimize for both do¬ 
mains in a simple and inexpensive 
manner (i.e., without a $20,000 Gen-
Rad analyzer)? 
From my own listening experience, 

the answer to both questions is "Yes." 
Although expensive and complex 
equipment can provide enhanced 
speaker design capabilities, simpler 
and morereadily available equipment 
can work nearly as well when coupled 

Continued on page 40 

Figure 13: Time alignment test apparatus. 
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WOOFERS 
PEERLESS K050WGX.$14.00 
51/4" paper cone woofer with rubber surround, 
50-4,000Hz frequency range, 1 " voice coil, 4 
and 89, SPL = 88dB, Fs = 50Hz, Qts =.34, 
Vas = 12 liters. 

PRECISION TP165R.$22.00 
61/2" polypropylene woofer with rubber sur¬ 
round, 35-4,000Hz frequency range, 1 1/4" 
voice coil, 8Q, SPL = 88dB, Fs = 33Hz, 
QTS = .32, Vas = 40 liters. 

SEAS P17RCY.$25.00 
6V2" polypropylene woofer with rubber sur¬ 
round, 40-4,000Hz frequency range, 1 " voice 
coil, 8ß, SPL = 91 dB, Fs = 37Hz, Qts=.23, 
Vas = 36 liters. 

SIARE 18VR.$30.00 
7" fiberglass woofer with rubber surround, 
35-5,000Hz frequency range, 1 " voice coil, 
8Q, SPL = 91 dB, Fs = 37Hz, Qts = .18, Vas = 30 
liters. 

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

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

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

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

SIARE 22FC.$50.00 
8" carbon fiber woofer with rubber surround, 
38-5,000Hz frequency range, 1 1/4" voice coil, 
89, SPL = 91dB, Fs = 37Hz, QTS = .4O, 
Vas = 30 liters. 

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

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

Audio Lab 
5269 Buford Highway Atlanta, Georgia 30340 

404/455-0572 
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A GOLD RIBBON SYSTEM 
BY DUKE LeJEUNE 

Home-brewed speakers that satisfy 
a smitten builder's sonic obses¬ 

sions are seldom endearing to his wife. 
Such need not be the case if you ac¬ 
cept the challenge of incorporating 
your wife's preferences into your 
design criteria. In this article, I will 
describe a system I built that has 
pleased my wife and me. 

When the time came for me to build 
a new pair of speakers, there had just 
been an exciting development in the 
world of drivers. An American(!) com¬ 
pany, Gold Ribbon Concepts, an¬ 
nounced a superb ribbon driver. The 
ribbons were not cheap, but I sold 
some equipment to help offset the 
cost. As I began mulling over possible 
designs and weighed the inevitable 
tradeoffs, I decided to try a novel ap¬ 
proach: I asked my wife what she 
wanted the speakers to look like. After 
all, she had to live with them as much 
as I did. Armed with my pile of 
Speaker Builder back issues, I looked 
forward to the challenge of getting the 
best possible performance, given her 
design preferences. 
I showed my wife some of my 

sketches as well as pictures in mag¬ 
azines. We also looked at speakers in 
stores. She preferred the configuration 
you see in the finished speakers in 
Photos 1 and 2, which was based on 
one of my sketches. I envisioned them 
being satellites that would (I hoped) 
serve well as full-range speakers, with 
a subwoofer as an optional extra rather 
than a necessity. I figured two 7" 
woofers per side would give me a good 
combination of bass extension, tran¬ 
sient accuracy, and dynamic range. 

DRIVER MOUNTING. At first 
glance, the woofer placement on my 
speakers looks crazy {Photo 3). Instinct 
tells us it is a serious mistake to have 
the voice coils so obviously mis¬ 
aligned. 

Let's look at how far, acoustically, For a seated listener in a normal listen-
the woofers are behind the ribbons, ing position (off-axis to the inside of the 

PHOTO 1: Front and side views of the Gold Ribbon system. 
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speakers), the woofer voice coils are 
about 3^2 " farther away than the rib¬ 
bon diaphragm. This corresponds to 
about y10 wavelength at the crossover 
frequency of 400Hz, or a 36° phase 
lag, which is probably barely audible. 

From a normal listening position, the 
woofer voice coils on my system are 
about 4" to the inside of the ribbons, 
which once again may be barely audi¬ 
ble. The path length around the box 
from the woofer voice coils to the rib¬ 
bon diaphragm is about 8", which is 
less than % wavelength at the cross¬ 
over frequency. I don't think there is 
any significant lobing, since lobing oc¬ 
curs where two sources are about one 
wavelength apart. The small frontal 
area helps cut down on ribbon output 
diffraction. 

Let's look at other possible driver 
mounting configurations. Figure la 
seems to be the most logical: ribbon 
over woofers. I tried this with Strath-
earns, and in my rather small living 
room, I was aware of the lows com¬ 
ing from below the highs. This caused 
a slight but distracting lack of coher¬ 
ence. Allen Hulsebus, an engineer at 
Gold Ribbon Concepts, told me this 
configuration imaged the best, but he 
acknowledged the possibility of audi¬ 
ble vertical frequency imbalance if you 
weren't far enough away from the 
speakers. 

PHOTO 3: Close-up of driver mounting configuration. 

PHOTO 2: Front view of the system with 5'8" author shown for scale. 

Figure lb shows a configuration I 
once used, again with Strathearns. It 
was pretty lousy. There was a peak in 
the lower midrange (probably at¬ 
tributable to lobing), and weak bass 
response. 

Figure lc is a configuration I haven't 
tried yet, but Allen told me it doesn't 
work well, probably because the inner 
portion of the ribbon's output is exces¬ 
sively diffracted by the woofer cones. 
By swapping these speakers, you'll 

get a more promising configuration as 
shown in Fig. Id. The diffraction here 
is to the outside, which is much less 
critical. Allen had very good results 
with this one, and thought the imag¬ 
ing was very close to the ribbon-over-
woofers configuration. From a normal 
listening position, the woofer voice 
coils would be about the same distance 
behind the ribbon as in my configura¬ 
tion, and about the same distance to 
the side. 

By now, you can see that tradeoffs 
are involved when you select a con¬ 
figuration. I chose to trade off a little 

imaging for a little coherence and bet¬ 
ter looks. If you wish to build a similar 
ribbon system, I believe mounting the 
woofers on the side of the enclosure 
is a viable option. For me, it is the best 
choice because my wife likes it, and 
because it sounds better to me than 
other configurations I've tried. 

One beneficial (and unplanned) side 
effect of mounting the woofers on the 
side of the cabinet is it minimizes un¬ 
wanted midrange contributions from 
the woofers. The crossovers are first 
order, and apparently the woofers add 
a small but audible amount of colora¬ 
tion up to a few octaves above the 
crossover point. The woofers tend to 
beam at these upper frequencies, so 
mounting them on the side of the 
cabinet directs this unwanted output 
to the side. From a normal listening 
position, the combined crossover and 
beaming rolloff on the woofer is first 
order in the octave above the 
crossover, then it accelerates up to 
roughly fourth order by the time you 
reach the third octave above the 
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crossover (see pp. 11-14 of Martin Col-
lom's High Performance Loudspeakers, 
Pentech Press, second edition). 

It was a challenge for me to design 
a satisfactory bass system for the slim, 
low internal volume enclosures. You 
see, I am a transmission line devotee, 
which implies I'm more familiar with 
large boxes. Transmission line rules of 
thumb (line lengths that work out to 
about 7 to 10', and cross-sectional 
areas greater than or equal to woofer 
cone area—see Gary Galo's article on 
p. 7 of SB 1/82) indicated I'd need a 
box four times the size available if I 
wanted to use two 7" woofers. Ob¬ 
viously, I would have to break some 
traditional rules. 

SHRINKING THE LINE. Not every 
one sticks strictly to the book. B.J. 
Webb's transmission line {The Audio 
Amateur, 1/75) was tapered to an area 
much smaller than tradition would call 
for. Judging by his response curve, I 
think he traded off some low bass, but 
he took roughly Vá off the box volume, 
saving about 2 cubic feet. I planned a 
similar approach, and since I was call¬ 
ing my speakers "satellites," I could 
add a subwoofer later without too 
much embarrassment. 

In his article, "The Use of Fibrous 
Materials in Loudspeaker Enclosures” 
(The Journal of the Audio Engineering 
Society, 4/76), Bradbury indicated an¬ 
other possible place to fudge. It seems 
that the speed of sound is reduced by 
a fibrous tangle, which means your 
stuffed transmission line doesn't need 
to be as long as tradition would call 
for. Although this effect is frequently 
mentioned in connection with trans¬ 
mission lines, few home designers 
seem to trust it much, probably be¬ 
cause the real world doesn't consist¬ 
ently conform to the equations. Ap¬ 
parently, the big boys (such as IMF) 
somehow take advantage of the "Brad¬ 
bury effect" in their designs in order 
to get away with much shorter lines 
than the rest of us are accustomed to 
(see Richard Painter's letter on p. 37 
of SB 3/84). Bradbury's equation gives 
the speed of low frequency sound in 
a stuffed enclosure as being equal to 

1, 1307sec 
a 

where a=l + P/Pa, with P being the 
packing density of fiber in kilo-
grams/cubic meter, and Pa being the 
density of air (1.29kg/cubic meter). For 
calculating convenience, Ikg/cubic 

transmission lines in some of their 
meter is equal to approximately 1 oz./ 
cubic foot. 

I called Gold Ribbon Concepts for 
help because they were using short 
systems. Allen told me he'd found a 
16 oz./cubic foot density of "Polyfill" 
by Fairfield Industries (sold at K-Mart) 
would slow down the speed of sound 
to close to 3087sec. , which is what 
Bradbury's equation predicted. I was 
told the area immediately behind the 
woofers should be stuffed with only 12 
oz./cubic foot. Allen said the minimum 
line length is about 45", roughly 3A 
wavelength at 60Hz. He added there 
would be a very minor bump here, at¬ 
tributable to the 3A wavelength reso¬ 
nance, and the -3dB point would be 
about 40Hz. Although transmission 
line theory (explained in Mr. Galo's 
previously cited article) says to use a 
'A wavelength line, Allen found that 
using a 3A wavelength line, along with 
the proper stuffing density, gave the 
best results. Lines much shorter than 
45" produce major peaks above 
100Hz, while longer lines produce 
deeper bass. Longer lines also need 
less stuffing, and you can decrease the 
stuffing density roughly in proportion 
to the increase in line length. 

By using the information Allen gave 
me, along with the Webb article, I 
ended up with a 45" line having a 
cross-sectional area that averages 
slightly more than half the woofer 
cone area. This should be seen as an 
absolute minimum, and it breaks most 
of the rules. 

My woofers are Focal 7N501s. I had 
planned to use the Dynaudio 17W75 
woofers, but Allen said he'd had ex¬ 
cellent results with the Focáis. By the 
time you read this, Gold Ribbon Con¬ 
cepts should have received shipment 
of custom-made 7N501s featuring 
twice the linear excursion of the stock 
model and improved dust caps. 

The little Focáis in their transmission 
lines are sonically superior to a slight¬ 
ly larger Isobarik woofer system I had 
on hand that measured - 3dB at 40Hz. 
I wondered what sort of bass response 
other enclosure types would yield 
from a box the size of my small trans¬ 
mission lines (32 liters devoted to the 
woofer section). I calculated the -3dB 
points for several pairs of 7" woofers 
(including the ones I used) in both 
sealed and vented enclosures, and few 
approached 40Hz. I had similar results 
when I repeated the calculations for 
single 8" woofers. In other words, my 
system goes at least as low as most 
other enclosures of its size, yet retains 
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the transmission line's transient ac¬ 
curacy and low inherent coloration. I 
believe the small transmission line is 
a viable alternative to other enclosure 
types where size is limited. 
To give you an idea of the bass 

response I traded off by shrinking my 
transmission lines, Allen recom¬ 
mended a 60-65" line with a cross-
sectional area equal to the woofer cone 
area which would go down to 35Hz. 
He has built a no-compromise 90" line 
which has a cross-sectional area of PA 
times the woofer cone area, and is 
- ldB at 30Hz. These systems use the 
same woofers I used, and their enclo¬ 
sures would be about three and six 
times larger than mine, respectively. 

I believe the transmission line's most 
significant benefits are in the midrange 
instead of the bass, so I used a trans¬ 
mission line to handle the ribbons' rear 
wave. I had used this sort of enclosure 
for some of my Strathearns, and pre¬ 
ferred it to open-backed or sealed (2' 
deep triangular) enclosures. I used a 
+ 2' line length and a stuffing density 
similar to that in the woofer section. 
I tapered this line much more than the 
woofer line because, by the time the 
rear wave of the ribbon approaches 
the end of the line, it has been greatly 
attenuated by the Polyfill. 

CONSTRUCTION. To give you a 
reference point for your own designs, 

— CUT-OUTS 
FOR PORTS 
FOR RIBBON'S 
TRANSMISSION LINE 

PANEL 

CUT-OUT 
FOR PORT 
FOR WOOFERS' 
TRANSMISSION 
LINE 

FIGURE 2: Simplified rear view of the cabinet's in¬ 
ternal structure. (For clarity, the braces, drivers, rib¬ 
bon chamber partitions, and top have been omitted.) 

I will briefly describe my speaker 
construction. 

Figure 2 is a simplified rear view of 
the internal baffling. The woofer line 
goes down the woofer side of the 
enclosure and then about ‘A up the far 
side. The thin vertical partitions are %" 
plywood, the front baffle is solid %" 
cherry, and all other boards shown are 
%" particle board. I used about 15 in¬ 
ternal cross-braces and a couple of 
cleats, all of which 1 have omitted 
from the drawing. 

Figure 3 is a top view of the same 
thing, showing some important dimen¬ 
sions. Note the 30° angled board has 

FIGURE 3: Simplified top view of the internal cabinet 
structure. 

its forward corner trimmed to make 
room for the ribbon's magnet struc¬ 
ture. In the woofer chamber, the 
angled board and thin partition are 
both lined with 1" open-cell foam, 
with appropriate slices removed to ac¬ 
commodate the woofer magnets. In 
the ribbon chamber, all surfaces in the 
forward (triangular) part are lined with 
%" felt. (Foam and felt are not shown.) 

Figure 4 shows the internal partitions 
in the ribbon's transmission line. Since 
the partitions are all 3A" thick, they are 
easy to cut from any %" board. You 
can vary the geometry as you see fit. 

Using wood glue and screws, I first 
built the enclosures as you see them 
in Fig. 2, except that the top board was 

FIGURE 4: Ribbon chamber internal partitions. 

in place. I glued the foam in place 
before gluing on the side panel con¬ 
taining the woofer cutouts. The as¬ 
sembled and tested crossovers went on 
the bottom of the enclosure. The cap¬ 
acitors are pretty big, so I had to be 
careful to leave enough room so that 
the line wouldn't be constricted. I put 
the input terminal on the rear panel 
below the port for the woofer's line. 

The rear panel fit snugly between 
the sides, as shown in Fig. 3. Don't put 
on the rear panel until you have com¬ 
pleted the wiring and stuffed the 
enclosures. Stuffing is critical and took 
me several hours. Note that no provi¬ 
sions are made in my design for get¬ 
ting back into the cabinet and re¬ 
stuffing it. I do not recommend this 
unless you are very confident about 
your ability to properly stuff a trans¬ 
mission line. The Polyfill will not set¬ 
tle. In Fig. 4, there are a couple of lit¬ 
tle openings that will be covered by 
the rear panel. These openings facili¬ 
tate stuffing. 
Once I had the rear panels in place, 

I was ready to apply y8" cherry ply¬ 
wood as a "veneer." Note in Fig. 3 the 
front baffle is %" wider on either side 
than the rest of the box. This is so it 
will match up well when you apply 
the cherry plywood to the sides. The 
cherry plywood is fairly soft and easi¬ 
ly marred, so proceed carefully. In an 
effort to approximate flush mounting 
of the woofers, I cut holes in the 
cherry plywood corresponding to the 
woofers' shape, as shown in Photos 1 
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and 3. I covered the top of the enclo¬ 
sure with a solid piece of 14" cherry. 

Since the speakers are top-heavy, 
you'll need a base. For durability, I 
used %" plywood with %" solid 
cherry around the edges, and covered 
the tops of the base with %" cherry 
plywood. 

I used fine steel wool and natural 
Danish oil to bring out the beauty of 
the cherry. Once the oil is thoroughly 
dried and the finish looks good, you 
can mount the drivers. 

CROSSOVERS. I had everything nec¬ 
essary to assemble a biamplified (or 
even triamplified) system, but I sold all 
of this equipment to help finance the 
ribbons. As a result, I used passive 
crossovers. I calculated component 
values and called Allen for confirma¬ 
tion. Since he had spent a great deal 
of time perfecting a crossover for these 
drivers, he helped me refine the cross¬ 
over design. The filters are first order 
types, with impedance compensation 
on the woofers and high quality com¬ 
ponents throughout. A biamplified sys¬ 
tem could include a 2.5msec delay in 
the high pass section to compensate 
for the woofers being behind the 
ribbons. 

Refer to Fig. 5. You form Cl by par¬ 
alleling two 80gf Chateauroux, one 
40/xf Chateauroux, and one Ijuf 
Chateauroux. I substituted some left¬ 
over WonderCaps. Form RI by paral¬ 
leling multiple small resistors to get at 
least 40W power handling. I used eight 
49, 10W resistors for an 80W rating. 
The purpose of RI is to match the 
level of the woofers to the ribbons. Do 
not use a high DC resistance inductor 
for LI in an effort to include RI in the 
internal resistance of LI. Form R2 and 
R3 by paralleling two 159, 10W 
resistors. 

LISTENING TESTS. The remainder 
of my stereo equipment consists of an 
Apt/Holman Preamplifier Two, an 
Electron Kinetics Eagle 2 amp, a Lux¬ 
man D-405 disc player, a Nakamichi 
cassette deck, and a Mitsubishi turn¬ 
table. I need a high current amp with 
these speakers since the ribbons are a 
29 load. 
My wife and I were impressed with 

the musicality of the Golds. With a 
good recording, they sound convinc¬ 
ing and even startling. You can follow 
individual instruments through com¬ 
plex passages, and there is a most 
welcome freedom from those little 
aberrations that can ruin it all. 

I was curious about how they would 
compare with a really fine reference 
system. The best speakers in town 
were the Theil CS3s, which sound bet¬ 
ter than any other commercial system 
I've heard for less than $4,000. After 
extensive listening, I thought the 
Theils were a bit hot at the top end, 
but otherwise were very convincing. 
In my opinion, the Golds are easier to 
forget, and they convey more of the 
feeling present in live music. 
Realizing my critique of my own 

speakers was, at best, open to ques¬ 
tion, I called in audiophile Stanley 
Morris. He liked the Golds better than 
any other speakers he'd heard, except 
for the Theils. He was impressed with 
my speakers' tight bass response and 
clean highs, but thought the sound 
was slightly veiled when compared to 
the highly-analytical Theils. 
I also called in musician Steven 

Henry. Steven is not only an accom¬ 
plished clarinetist, he is also blind, and 
has incredibly acute hearing. He lis¬ 
tened at length to both systems and 
thought they were both excellent. He 
quickly picked out the slightly more 
prominent highs of the Theils, but was 

not sure which system had the more 
natural highs. He told me the Gold 
system had better clarity, definition, 
and more precise instrument location. 
He commented on how easy it was to 
either listen to the music as a whole 
or listen to only one instrument, and 
how individual voices were easily 
discernible on good choral recordings. 
Steven also thought my speakers had 
more natural-sounding bass response 
than the Theils. 
None of those who listened to my 

speakers thought I needed a sub¬ 
woofer, but the ultra low bass does 
lack the depth and power a fine sub¬ 
woofer could add. Let me stress that 
your subwoofer must be of very high 
quality so as not to detract from the 
system's transient speed. 

CONCLUSION. 1 hope this article 
gives you some new ideas as you con¬ 
template your next speaker project. 
Mounting the woofers on the side of 
the enclosure is appropriate in certain 
applications, and the shrinking I have 
described extends the transmission 
line option into the area of fairly small 
enclosures. It was challenging and 
rewarding to include my wife's 
preferences in my design criteria, and 
she and I are pleased with the results. 

Continued on page 60 
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As an evolutionary development 
with revolutionary implications for 
amplifier evaluation standards, this 
latest David Hafler circuit may be the 
most important power amplifier 
event in recent years. It is certainly 
the most thought provoking. 
Described as EXCELINEAR it de¬ 
monstrates previously unattainable 
levels of amplitude, phase and 
transfer characteristic linearity. For 
the first time, an amplifier is so ac¬ 
curate. it can be directly compared 
with the classic zero-distortion ref¬ 
erence: a straight wire. 

EXCELINEARITY reduces all distor¬ 
tions to inaudibility—even those 
which have not yet been identified 
or quantified. An audacious state¬ 
ment? Here's the proof: In a dif¬ 
ferential comparison test with a 
straight wire the XL-280 is the first 
amplifier to achieve a null (on the 
order of 60dB) which taxes your 
perception. In a differential arrange¬ 
ment the straight wire and the 
amplifier are fed the same signal, 
with the input signal to the amplifier 
adjusted for an overall gain of unity. 

t ■ I 
o n 

new XL 280 
220 amplifier. It includes a phase correcting 
circuit which enables individual adjustment for 
the differential null. This has been set at the fac¬ 
tory for optimum interfacing with a 'standard' 
loudspeaker load. Different speaker designs 
present varying loads to the amplifier which 
can introduce minute phase and amplitude 
related variations. This is one reason why all 
amplifiers do not sound the same, and why the 
sound of any one may vary on different 
speakers. 

For the purist, the XL-280 includes the 
capability for tweaking' each channel to op¬ 
timally match (null with) your speaker. This 
range of adjustment is entirely within the 
XL-280 s printed specifications, and is of 
significance only to golden ears’. But it can 
be performed without test instruments, with pa¬ 
tience, in quiet surroundings. It does require 
very precise adjustment of the amplifier's in¬ 
put level. The procedure is described in the 
XL-280 s manual, and we will supply details 
to those who request them. Comparing nulls' 
of other amplifier designs is sure to provide 
grist for erudite discussion. 

The XL-280 appears similar to a DH-220, but 
is an inch wider. It retains the traditional Hafler 
full complementary circuit driving MOSFET out¬ 
puts. It has J-FET input stages for lower distor¬ 
tion, lower noise, and improved thermal stabili¬ 
ty. We've eliminated the conventional input 
capacitor to reduce low frequency phase shift 
The output choke has vanished to improve 
high frequency phase characteristics, yet ex¬ 
cellent stability has been retained. Overall feed¬ 
back has been reduced about 30dB to lower 
TIM distortion. And you can switch to bridged 
mono operation when you need a real 
powerhouse. 

But the biggest changes are to separate 
power supplies for each channel, and in the 
output stage. Only the transformer is common 
to the two channels. Power supply capacitance 
is up 56%. There are separate high and low 
voltage supplies on each channel. And we've 
added another pair of the same rugged 
MOSFETs on each side. The results are im¬ 
proved channel separation and greatly increas¬ 
ed power into low impedance loads. 
Evolutionary-yes. But of revolutionary signif¬ 
icance. And the price goes up only $100! 
Check with your dealer the end of October. 

The speaker reproduces only 
signals which differ—only the 
distortion-and you hear all of it, too. 
This test surpasses conventional 
measurements in its sensitivity and 
precision. When it has been tried in 
the past, amplifier flaws were so ap¬ 
parent that input signals had to be 
specially corrected. No longer. This 
test is definitive with any program 
content. In justifying some unquan-
tifiable ‘golden ear' assessments of 
differing amplifier sounds, it gives 
new meaning to the saying “Silence 
is golden.” 

As delivered, the XL-280 has con¬ 
ventional harmonic and intermodul¬ 
ation distortion specifications com¬ 
parable to the current Hafler DH-

COMPARING THE XL-280 AND DH-220 

Rated Power into 89 each channel 
at specified distortion levels with 
both channels driven. (FTC rating) 

Power into 49—per channel continuous 
Power into 29—per channel short term 
Power into 19—per channel short term 
Maximum RMS output current—per channel 
Number of output devices per channel 
Number of power supplies 
Power supply capacitance 
Cost per watt @ 89 rated power 
Cost per watt @ 49 rated power 

DH-220 XL-280 

115 watts 
220 watts 
200 watts 
100 watts 
10 amps 

4 
2 

20,000MF 
$2.17 
$1.25 

145 watts 
280 watts 
360 watts 
325 watts 
20 amps 

6 
4 

31,200gF 
$2.07 
$1.07 

5910 Crescent Boulevard • Pennsauken, New Jersey 08109 • 609/662-6355 
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A VISIT WITH KEN KANTOR 
BY BRUCE EDGAR 
Contributing Editor 

I first met Ken Kantor during a side visit 
to Acoustic Research while attending a sci¬ 
entific meeting in Boston in 1985. AR had 
just introduced the Magic Speaker, and Ken 
gave me a short demonstration of its capa¬ 
bilities. It was a radical departure from the 
bookcase speaker design AR had traditional¬ 
ly produced. 

On a subsequent visit to AR last July, Ed 
Dell and I interviewed Ken, and Alex 
deKoster (AR's Director of Engineering). We 
also toured the lab and production facilities. 
Ed and I were very impressed with Ken and 
Alex's openness on technical matters. 
As you will see, Ken Kantor represents a 

new breed of loudspeaker designers who are 
not tied to any one company for an entire 
career. Ken links up with loudspeaker pro¬ 
duction companies who want new and in¬ 
novative products. His keen observations 
shed new light on such topics as loudspeaker 
design and testing, and the future of loud¬ 
speakers. My knowledge design was en¬ 
larged by the interview, and I'm sure your 
horizons will also be similarly broadened. 

Speaker Builder (SB): Ken, how did you 
get started in the audio business? 
Ken Kantor (KK): Well, like many 
others, I grew up with a dual fascination 
for equipment and music. With a con¬ 
stant interplay of the two, I began to ex¬ 
periment with "improving" commercial¬ 
ly available equipment. 
SB: For example? 

KK: I started with a mono system but be¬ 
came very interested in the idea of stereo. 
Walking home from school one after¬ 
noon, I found an old record player with 
a tiny mono amp. It had been left for the 
trash collector. I plugged it in and got a 
wicked shock. I repaired and fitted it with 
a $4 crystal stereo cartridge and used two 
different speakers—whatever I could 
find. Suddenly, I experienced stereo; the 
sound didn't come from the speakers, it 
came from somewhere else. 
As soon as I managed to save enough 

money, I purchased some old Dynaco 

FIGURE 1: Ken Kantor, loudspeaker designer. 

equipment and a used AR table and had 
the classic system for its day. I began to 
play with the equipment to see what 
changes I could make. Eventually, I de¬ 
signed my own equipment from scratch. 

SB: How did you decide to go into engi¬ 
neering? 
KK: I was an amateur musician at the 
time, doing some recording and experi¬ 
menting with the early synthesizers. I 
decided whether I really wanted to pur¬ 
sue that course, I needed to learn elec¬ 
tronics, not only in terms of making elec¬ 
tronic music but also in terms of sound 
reproduction. I looked around at the col¬ 
leges that would give me access to both 
music and engineering. MIT was my 
choice, and I received a B.S. in E.E., with 
a minor in music. 
SB: While you were at MIT, did you work 
with audio equipment? 

KK: Yes, I began to combine theory with 
my practical knowledge and designed 
equipment for local companies. I did cir¬ 

cuitry and the like to earn money for 
school. 
As an undergraduate, I was privileged, 

(somewhat accidentally) to be assigned to 
a lab at MIT Which was one of the real 
audio hotbeds in the US. Dr. Bose did his 
original research in that lab, as did many 
other researchers in psychoacoustics and 
perception. I began doing less and less of 
my assigned project and became involved 
with graduate students who were doing 
their work in audio. 
My first contact with AR, as a matter 

of fact, was in 1975 in the form of a very 
shy letter to Bob Berkovitz (who was then 
Director of Research at AR) proposing an 
idea for a new kind of loudspeaker. 1 was 
thinking about doing my undergraduate 
thesis on it, and I explained my concept 
of controlling the radiation pattern and 
delaying the ambient field to more closely 
approximate what I thought were the 
characteristics of an ideal loudspeaker. 
SB: What influence did the ideas of Bose 
have on you? 
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KK: I guess there were several streams 
of thought, one was Bose's, that formed 
the genesis of my ideal loudspeaker con¬ 
cept. You have to give him credit for iden¬ 
tifying some of the fallacies of what peo¬ 
ple thought about loudspeakers. 
SB: For example? 
KK: You can't lump the radiation of a 
loudspeaker into a single parameter, plot 
it versus frequency, and say it charac¬ 
terizes the system. It doesn't work that 
way because the brain doesn't work that 
way. Bose was one of the first people to 
commercially explore the concept of 
designing a loudspeaker that explicitly 
dealt with sound going in different direc¬ 
tions to achieve a certain goal. 
He sat down and said, "Look, there is 

a qualitative difference between direct 
and reflected sound, and this difference 
contributes to what you hear." The 
limitation in his thinking, in my opinion, 
was he didn't fully explore what makes 
reflected sound special. Sound waves do 
not change properties simply by reflect¬ 
ing off a wall. 

I think the key question is: "In a sonic 
environment, what makes the reflected 
sound different from the direct sound?" 
One difference is the direction from 
which it arrives, another is its relative fre¬ 
quency spectrum, and a third is its rela¬ 
tive arrival time. You can't mix 1 oz. of 

direct sound with 8 oz. of reflected sound 
and expect perfect reproduction unless all 
three issues are adequately addressed. 

SB: To backtrack somewhat, did you own 
any AR speakers in your student days? 
KK: I grew up on the AR sound. AR was 
science, and since it was science, it had 
to be right. Most companies were just 
making boxes and putting drivers in 
them. AR seemed to be thinking about 
sound reproduction in a logical and in¬ 
telligent way. They seemed trustable, and 
you always want to trust in something. 
I owned secondhand 2axs and, later, sec¬ 
ondhand LSTs, along with various other 
brands. 

Then, one day, I ventured into a "high-
end" shop. I was intrigued by all the ex¬ 
otic designs they sold. I started listening, 
and I heard details I missed before. Sud¬ 
denly, I could really tell where all the in¬ 
struments were. I began to think about 
what speaker design attributes allowed 
you to hear all that detail. 
SB: What aspects made the high-end 
speaker sound different? 

KK: Well, I went home and did some lis¬ 
tening with filters and equalizers, and 
they pretty much eliminated bandwith 
and frequency response as the cause. I 
decided it was high directivity, with mini¬ 
mal side reflections and diffraction. Un-

DELAYED DRIVERS 

LINE LEVEL 
AUDIO FROM 
HI-FI PREAMP 

A—INPUT ATTENUATION 
B—INPUT AMPLIFIER + 12dB 
C—HIGH-PASS FILTER 1kHz. THIRD-ORDER 
D—LOW-PASS FILTER 20kHz. SECOND-ORDER 
E—LOW-PASS FILTER 24kHz, FIRST-ORDER 
F—OVERLOAD INDICATOR’ 
G—CLOCK* 
H—DELAY ELEMENTS 
I—LOW-PASS FILTER 20kHz. THIRD-ORDER 
J—OUTPUT ATTENUATION 
K—OUTPUT AMPLIFIER +15dB 

•INDICATES DEVICE COMMON TO BOTH CHANNELS 

FIGURE 2: Some original drawings from Kantor’s MIT undergraduate thesis which formed the genesis 
of the Magic Speaker concept: (a) block diagram of loudspeaker system; (b) block diagram of delay unit. 

fortunately, these directional speakers, 
while detailed, did not seem like real 
music to my ears. Something was still 
missing in the approach. 
SB: So, you want your speakers to sound 
musical? 
KK: Yes, I want the sense of a physical 
entity in the room. You listen, for exam¬ 
ple, to some of the finer electrostatics, 
and you get an extremely high resolution 
picture of the music. But it is a picture 
and not a physical entity in the room. On 
the other hand, when you go back to 
listen to the old AR-3As, you get this 
wonderful sense of fullness, but without 
the detail. 

This is what led me to investigate radia¬ 
tion patterns. I began to read psycho¬ 
acoustics literature. I concluded that re¬ 
flections are important, yet everyone was 
sweeping them under the rug. Designers 
either try to avoid reflections or to inte¬ 
grate them into the measurements in 
some way that will make them disappear. 
It should be an issue of optimizing the 
characteristics of the ambient field in the 
listening room. 

SB: You felt it was the treatment of ambient 
sound that was the most important item? 
KK: No, it is the ambient sound and first 
arrival sound. The important issue was 
how to get one without sacrificing the 
other. What would allow my brain to 
handle the localization details and still get 
a sense of room acoustics? That's when 
I began to think about delaying rather 
than eliminating reflections. 
SB: You were doing this at MIT. What did 
you do after graduation? 
KK: I finished my undergraduate thesis 1 

and produced some prototypes that 
displayed the capabilities of the idea. I 
demonstrated them for AR. They said my 
idea was interesting, but not appropriate 
for their current product development. 
The prototypes wound up in my home 
stereo system. I had to stop working on 
them, but the idea stayed in my mind. 
(See Fig. 2.) 
I did consulting work for six months, 

then returned to MIT for a Master's de¬ 
gree at the Center for Advanced Visual 
Studies. It consisted of a group of people 
involved in technology as it relates to ar¬ 
tistic and creative pursuits. It was a very 
nice place for me. People were working 
with sound and music, computer graph¬ 
ics, holography, video art, and the like. 

SB: Was it an interdisciplinary program? 
KK: Yes. People, including many inno¬ 
vative artists, would come in on fellow¬ 
ships with credentials in very diverse 
fields. 

SB: Did you work on speakers then? 
KK: Not explicitly. I did more work in 
psychoacoustics of localization, and 
helped develop the Sound Concepts am¬ 
bience restoration unit, a system for elec-
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A—DELAYED TWEETER 
B—DELAYED MIDRANGE 
C—NORMAL TWEETER 
D—NORMAL MIDRANGE 
E—NORMAL WOOFER 
F—HINGED CABINET CONTAINING DELAYED 

TWEETER. DELAYED MIDRANGE AND 
ASSOCIATED PASSIVE CROSSOVER. 

G-CONVENTIONAL LOUDSPEAKER (AR-12) 

FIGURE 3: Original driver layout in Kantor’s MIT thesis (a) and a prototype array developed at AR (b). 

Ironically reducing interaural cross¬ 
correlation. I also did hardware work for 
the AR adaptive digital signal processor. 
I was most interested in applying ad¬ 
vanced audio technology to creative ends, 
such as music compositions that used 
three-dimensional space. After leaving 
MIT, I went to work for the NAD re¬ 
search group in London. 

SB: Did AR come after you? 
KK: We never lost touch. NAD grew out 
of AR anyway, so there was communica¬ 

tion. I eventually returned to AR as a con¬ 
sultant to generate some saleable prod¬ 
ucts from the digital signal processor 
technology. This led to the SRC remote 
control, which was my first product for 
AR. 

After the SRC, I was invited to join the 
company as director of research and 
development. My mandate was to re¬ 
structure the R&D effort to better com¬ 
plement product development. After I 
took over R&D, the president of AR came 
to me and asked, "What can we do in 

terms of new speakers?" I just happened 
to have my thesis project in my back 
pocket. I began to refine the concept in¬ 
to a product and helped fit it into the com¬ 
pany's marketing structure. 
SB: I remember seeing a picture in Audio 
with a “sweet sixteen" type array of drivers. 
Was that an early effort? (See Fig. 3.] 
KK: That was one of my attempts to con¬ 
trol directivity. It had 32 drivers per chan¬ 
nel and many problems, but I was able 
to get management to listen to it and say, 
"Yes, let's continue." 
SB: How did the array evolve into the pres¬ 
ent form of the Magic speaker? (See Fig. 4. ) 
KK: Basically, there are three ways to 
control the directivity of a loudspeaker. 
One is to alter the size of the radiating sur¬ 
faces, including the use of horns. The sec¬ 
ond is to use multiple radiators in an ar¬ 
ray, controlling the amplitude and phase 
of each. The third way is to use absorp¬ 
tive materials. We tried each method. 
We dismissed using a single radiator 

early on because of the large change in 
polar pattern over the wide range of fre¬ 
quencies in question. There are some 
clever ways around this problem, but 
none was considered viable for produc¬ 
tion. Arrays are very useful for exper¬ 
iments, since it is relatively easy to 
modify their directional characteristics. 
SB: But isn't an array very difficult to con¬ 
trol over many octaves? 
KK: That's right. Drivers, large enough 
to work well at low frequencies, cannot 
be placed close enough together to avoid 
lobing at high frequencies. We could not 
get a practical array to work over a 
decade of frequency. Using the absorp¬ 
tive material resulted in relatively con¬ 
stant directivity without lobing. Some 
radiated energy was wasted, but it was 
not excessive. 
SB: Did you use foam before to control 
patterns? 
KK: AR had used foam for other 
acoustical purposes, but not pattern con¬ 
trol. My first prototypes used thick acous¬ 
tical felt. 

SB: You ended up with a vertical array. 
What does that do? 
KK: One of the most sonically detrimen¬ 
tal speaker/room interactions is the floor 
reflection. The typical floor reflection oc¬ 
curs at about 2mS, perfect for causing 
midrange coloration. The foam we used 
did not adequately reduce this reflection 
at lower midrange frequencies, since 
longer wavelengths are more difficult to 
absorb. For this reason, a special mid¬ 
range placement is used. This placement 
creates a null in the vertical radiation pat¬ 
tern in such a way as to complement the 
foam's characteristics. At any rate, ver¬ 
tical arrays make sense. They tend to 
keep the stereo image more stable with 
frequency changes, and they reduce 
wave interference problems. 
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FIGURE 4: The AR MGC-1 “Magic Speaker.’’2

SB: Over what range is the floor reflection 
critical? 
KK: It will manifest itself from, say, 
300Hz up to several kilohertz. 
SB: What were the design factors of the 
side-firing drivers? 
KK: Over most frequencies, the side sys¬ 
tem should exactly complement the front 
system so you have a hemispherical radi¬ 
ator if you ignore the time delay. Because 
of the long wavelength of low frequen¬ 
cies, there is no way to control their pat¬ 
tern with a practical size enclosure. You 
know you don't want the side speakers 
to radiate at low frequencies. You only 
want to delay frequencies you can 
control. 

At the upper end, it's tough to deter¬ 
mine how high to take the side radiation. 
Very high frequencies do not contribute 
much to a sense of ambience, and they 
restrict the maximum delay time you can 
use before you hear a discrete ''slap” 
echo. On the other hand, too little high 
frequency information can upset the am¬ 
bient tonal balance and restrict listening 
position. The compromise we chose for 
the MGC-1 is 5kHz, though I'm not sure 
it's optimum. 
SB: What is the lower frequency limit? 
KK : About 400Hz. 
SB: Does this frequency span correspond 
to what psychoacoustics says is important for 
reflections? 
KK: I think 400Hz to 5kHz is in agree¬ 
ment with what is considered the most 
important region. 
SB: What is your notion of an ideal 
loudspeaker? 
KK: First and foremost, you need a flat 
first arrival signal. This relates to a good 
anechoic chamber response, but you 
can't stop there. The second thing is a 
speaker design that preserves the flat 
response in a real room to the greatest ex¬ 
tent possible—that is, a speaker that min¬ 
imizes room interactions. It’s fine to say 
you have a flat anechoic first arrival, but 
if it is polluted by room or cabinet reflec¬ 
tions before the brain can perceive it as 
such, it won't do you any good. 
SB: Your brain/ear system does get dis¬ 
tracted by these extraneous signals? 
KK: Absolutely. Early reflections change 
the tonal perception of a loudspeaker. 
They also change the localization char¬ 
acteristics and are quite important for 
final sound quality. 
Third, we need a sensible way of deal¬ 

ing with the long-term reverberant field 
in the listening room. By sensible, I mean 
right in time and right in frequency. I 
think with just about every loudspeaker 
on the market today, the reverberant field 
is an afterthought. A correct on-axis re¬ 
sponse in no way guarantees a correct 
reverberant field. It is necessary for the 
designer to decide what is wanted, and 
to find a way to achieve it. 

SB: The way you have done it with the 
Magic speaker is you have divided it into dif¬ 
ferent regimes of radiation patterns and time 
domains. 

KK: There are really two speaker sys¬ 
tems in there. One system's job is to get 
an accurate first arrival with no sacrifices. 
I don't want a floor reflection, delay dis¬ 
tortion, vertical interference pattern, and 
so on. I want a flat, clean arrival, and 1 
want it to be maintained in any room, in 
any position. The second speaker system 
means I want a correct reverberant field. 
SB: Some people have referred to this as 
"soundstage." Is that correct? 
KK: I’ve heard the term soundstage used 
in several different ways. Sometimes, it 
refers to where the source positions are 
localized, and other times to the spread 
of the ambient field. I think soundstage 
is a product of both first arrival and am¬ 
bient field. 

In essence, I'm talking about a very 
strict approach. We have something ex¬ 
isting in the recording environment. We 
want to reproduce it in the listening en¬ 
vironment. I don't want to ignore any¬ 
thing or to sweep anything under the 
carpet. It's too easy to make excuses, to 
say, "Well, the listening room is smaller, 
so the mean free path is shorter, so the 
reverb can't be the same.” I'd rather say, 
''Here's an original. Let's do the best job 
possible at reproducing each facet of it." 

It's a subtle point, but this approach dif¬ 
fers from the philosophy of accurately 
reproducing the recording microphone 
signal. I believe the latter approach is 
non-operative in the real physical system 
we must confront. Spatial information is 
lost in the recording process—any record¬ 
ing process—and that information must 
be restored in the best way possible. 
SB: Do you believe you acheived most of 
those goals with the Magic speaker? 
KK: Do I think it is a perfect speaker? 
Of course not. Do I think it opens up a 
new area of understanding about what hi-
fi could create? Yes. I do. Listening be¬ 
yond whatever limitations there may be, 
I believe the speaker demonstrates the 
merit of thinking this way about the prob¬ 
lem. I hope it is not the final embodiment 
of the concept. 
SB: You've done much original thinking 
about how speakers should be tested. What, 
in your opinion, are the most pertinent tests 
that need to be performed on loudspeakers? 
KK: We have the means to test speakers 
more appropriately. It s a matter of think¬ 
ing carefully about how to apply the tools 
we have available. You can take a power 
amp and test it into an 8Í2 load using a 
frequency sweep. Or, you can test it into 
a difficult reactive load with the same 
sweep. It's a matter of finding the ex¬ 
perimental conditions that relate to the 
real world. 

It's the same with a loudspeaker. If you 
have an anechoic chamber, a third-octave 
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analyzer and an FFT analyzer, you pretty 
much have what you need. I think the 
test equipment should be fully exploited, 
however. I guess it comes down to steer¬ 
ing the measurements with an under¬ 
standing of the ear. For example, I talk 
to engineers who believe the purpose of 
an FFT analyzer is to make anechoic-type 
measurements without having to build a 
chamber. They still try to ignore room 
reflections, even though they now have 
the power to measure and tailor them. 

With a good FFT analyzer, it is possi¬ 
ble to include room reflections in a man¬ 
ner similar to the human ear—use a time¬ 
weighting function. Or, you can apply 
critical-band filtering to judge, with the 
same resolution as the human ear, the in¬ 
fluence of frequency peaks and dips. It 
is possible to look at the speaker's tran¬ 
sient response and judge imaging capa¬ 
bilities. These are not pie-in-the-sky tech¬ 
niques. They can be used routinely. (See 
Fig- 5.) 
SB: How does your approach to measure¬ 
ments differ from others? 
KK: There certainly have been intelli¬ 
gent attempts recently to get subjectively-
correlatable speaker measurements. 
Everybody in the business knows you 
can't measure a speaker in a chamber and 
get more than a first-order handle on the 
sound. Most manufacturers use a com¬ 
bination of listening tests, anechoic 
sweeps and third-octave room response. 
This method, especially with a concen¬ 
tration on listening, can produce superb 
products, but it won't break any concep¬ 
tual barriers about system design. 
Some researchers, notably Canada's 

Floyd Toole,3 have defined better test ap¬ 
proaches. Dr. Toole's work concentrates 
on single-speaker frequency domain test¬ 
ing. He reports excellent validation by 

FIGURE 5: Ken Kantor’s loudspeaker test facility, which includes a test chamber for small drivers, an 
HP3562A Dynamic Signal Analyzer, and a laboratory reference microphone. 

listeners. I look at the impulse response 
first, and I am very concerned with stereo 
imaging. Many methods, however, can 
enable you to arrive at the same goal. 

SB: Do you have a favorite type of cross¬ 
over? 
KK: I wish I didn't need to use them. I 
think they represent a weak link in sys¬ 
tem design. You can optimize them for 
this or that, but you can’t ever make them 
do everything you wish. Computers have 

really improved things, but I'm still wait¬ 
ing for the ideal crossover. I' d rather see 
improved full-range drivers. 
SB: What do you do differently from pub¬ 
lished designs? 

KK: I don't have any better ideas. I draw 
on what has been done by others. I'm 
working on a design that uses a novel po¬ 
sitioning of drivers to ease the job of the 
crossover. 
SB: What do you mean by novel posi¬ 
tioning? 

FIGURE 6: Ken Kantor's audio-video setup with video monitors and Magic Speakers. 

KK: What makes crossover design dif¬ 
ficult is the fact that drivers are physically 
separated, and so form interference pat¬ 
terns. I'm working on an approach, us¬ 
ing reflection and phantom sources, to try 
to get the effective acoustic centers of the 
midrange and tweeter coincident. Lower 
crossover points are less of a problem 
because of the longer wavelengths. 
SB: What bearing has the phase response 
of the loudspeaker? 
KK: For all my concern with time do¬ 
main response, I am fairly convinced the 
phase response of a single speaker is ir¬ 
relevant, provided the group delay re¬ 
mains under 2mS in the midrange. Many 
good studies support this view. 2mS 
equals about 2' of offset between drivers, 
so you can see where I stand on so-called 
"time-aligned" systems. On the other 
hand, two speakers in a stereo pair must 
be well matched in phase to assure prop¬ 
er imaging. 
SB: What about the phase transition from 
driver to driver? Continued on page 26 
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THE GOLD 3.0 — PURE AND SIMPLE 
THE GOLD represents the most significant breakthrough in reference loudspeakers today. Ribbon radia¬ 
tion, is a tremendous step beyond dynamic drivers for music lovers. If you combine the integrated 
technologies of speaker diaphragms incorporating computer controlled assembly, vapor deposition 
and the finest—cost no object—materials, you have the most sophisticated loudspeaker money can buy. 

IT IS SIMPLE THE LUXURY OF 
The principle of ribbon loudspeakers is a simple sandwich of con¬ 
ductor between a magnetic field. If designed properly the ribbon 
should be a perfect resistor DC-30kHz without having to incor¬ 
porate long arrays of aluminum, transformers or resistors. The im¬ 
pedance should be 20 and when in series introduce 40 with no 
colorations or amplifier difficulties. THE GOLD achieves this with 
the following design parameters. 

AFFORDABLE 
ESOTERICA 

If you can afford 30-60 man hours, $2,000 in wood, crossovers, 
connectors, woofers and THE GOLD 3.0 transducers you will have 
a most musical sound stage and frequency balance 30-30kHz. 

1. Match conductor thickness within 
25 millionths of an inch. (This is the 
limit of vapor Deposition Tech¬ 
nology.) 

2. Maintain a very thin substrate and 
conductor. THE GOLD incorpor¬ 
ates a total thickness of substrate 
and conductor only a few microns 
thick. 

3. The greatest energy to mass ratio 
of any loudspeaker, the 32 inch by 
4 inch diaphragm of THE GOLD is 
an incredible .9 grams, surrounded 
with over 5.5 lbs. of magnets. THE 
GOLD'S mass literally becomes 
lighter than the surrounding air 
when in motion (calculating the 
mass of air ’/2-inch front and rear 
of the 32-inch ribbon.) 

IT IS PURE 
Go one step further. Use GOLD as the 
conductor. Laboratory gold which is 
25% more pure than 24K jewelry gold 
must be used, not aluminum, not 
titanium or silver. Why? 

1. Gold is one of the best electrical 
conductors 

2. Gold is one of the best thermal 
radiators available 

3. Gold has extremely high internal 
damping 

4. Gold does not corrode 
5. Gold is the most malleable and 

therefore does not work harden 

Gold is the best balance of all metals 
available pure and simple. 

As one of our many satisfied cus¬ 
tomers stated, “THE GOLD 3.0 is like 
having a magnifying glass into my 
record collection, my $30,000 of elec¬ 
tronics and my imagination.” 

FAST REPLY HIK915 

Tilt MflUTT Of 
COLD 
Gold 
CONCEPTS 

THE GOLD 3.0 
SPECIFICATIONS 

Bandwidth: 400-300kHz 
Power Handling: fuse protected @ 

3A (450W @ 100ms) 
Peak SPL @ 3 meters: 112dB 
Sensitivity: mate with 92dB/1W 

meter dynamic transducer 
Total Mass: 15 lbs. each; shipping 

weight 30 lbs. pair 
Diaphragm Mass: .9 grams 

Impedance: Transformerless 20, 
±.10, DC-30kHz 

Cost: $800 per panel: $1,600 per pair 
Also available are finished systems 
starting at $4,000; shipping weight is 
approximately 300 lbs. per pair. 

Extend your budget again by adding 

subwoofers to 16Hz and another pair 

of the THE GOLD 3.0 ribbon satellites 

and you will have a speaker system 

superior In every dimension to the 

most expensive speakers ever built. 

For full brochure, specifications and 

cabinet designs send $10 to: 

Gold Ribbon Concepts, Inc. 
211 East 11th St. 

Coralville, IA 52241 
(800) 841-GOLD 

or 

Audio Concepts 
1631 Caledonia St. 

Box 12 
La Crosse, Wl 54602-0212 

(608) 781-2110 

Dealer Inquiries and Interna¬ 
tional Distributors Invited 



Continued from page 24 

KK: That is critical and is intimately re¬ 
lated to crossover design. YoU can't get 
correct axial or reverberant response 
without careful attention to the phase 
transition. 
SB: When you do a system design, do you 
worry about matching the phase to achieve 
the seamless phase response? 

KK: If my axial frequency response is 
correct, and remains correct throughout 
the listening area, I know my phase re¬ 
sponse must be correct. So, it is an im¬ 
plicit part of my design approach. 
SB: What is the current state of audio 
measurement? 
KK: We designers seem to swing back 
and forth between periods when we trust 
specs and when we don't. I think we are 
in a transition period. On one hand, you 
see much vocal opposition to a quanti¬ 
tative approach to equipment evaluation. 
This is a reaction to a commercialized 
overemphasis on unimportant specs by 
the mass market brands, and an unwill¬ 
ingness on the part of the audio establish¬ 
ment to question and improve their test 
methods. On the other hand, the con¬ 
sumer wants guidance about what to buy. 
Most consumers have never learned how 
to make listening evaluations and stren¬ 
uously avoid doing so. Just try to listen 
to a hi-fi in a chain store or department 
store, where most people buy. Forget it. 
Also, real product innovation cannot pro¬ 
ceed without appropriate measurement 
technology. I think we will see the growth 
of better techniques in the near future. 
I hope they relate more to product quali¬ 
ty. Better techniques are the only way to 
meet everyone's needs. 
SB: In your opinion, how does the ear really 
perceive sound? 
KK: That's a pretty misty subject, but 
some rules of thumb are relevant to audio 
reproduction. I tend to divide sound ar¬ 
riving at the ear into three general time 
groups: less than ImS, l-20mS, and 
greater than 20mS. The initial informa¬ 
tion dominates the perception of source 
location and size. The second time group 
establishes tonal balance and gives cues 
about the location of walls and other re¬ 
flecting objects. The last period indicates 
room size and reverb time. 
These numbers are very rough and de¬ 

pend on frequency. It's a tough issue for 
designers because very little recent psy¬ 
choacoustics research has been directed 
specifically towards loudspeakers. 
SB: What do you say to people who tell you 
■they have very good ears and can detect dif¬ 
ferences between loudspeakers by listening 
to them at different times, shows, and so on? 
KK: Well, I say that myself, so I can't 
be too critical of that attitude. But, honest¬ 
ly speaking, you must be realistic. Audi¬ 
tory memory is notoriously short term, 
and that is easily proved. The physiology 

of the ear is baroque at best. Without get¬ 
ting into theology, the engineering design 
of the human ear is not what I would call 
state-of-the-art. For example, have a drink 
at your audio club meeting. Your blood 
alcohol level goes up and affects the reflex 
time of the muscles in the inner ear, 
which, in turn, alters the frequency re¬ 
sponse of your ear. It's not like an ana¬ 
lyzer that recalibrates itself every five 
minutes. You listen to some speakers and 
announce, "Great," or “Terrible," and 
you have no real reference. You may be 
right, and you may be wrong. In a scien¬ 
tific situation, where you put it on the 
line, you find your ears change more than 
you think they do—from day to day and 
minute to minute. 
Another pet peeve is the idea of using 

arbitrary recordings as some kind of ref¬ 
erence for judging speakers. I think it is 
unfair to judge a product based on four 
minutes of listening, using one or two 
recordings you and your friends think 
sound good on your home system. To 
subtly influence purchase decisions, ask 
any honest audio salesperson how they 
choose demo material. 

I am not saying ears aren't wonderful¬ 
ly sensitive, they just are not perfectly 
consistent. Audiophiles sometimes con¬ 
demn very thoughtful and careful exper¬ 
imental evidence rather than admit ears 
can deceive. On the other hand, an un¬ 
trained listener can quickly hear things 
a $40,000 FFT analyzer can't find. I don't 
think any approach is infallible. I person¬ 
ally trust my ears as the final arbiter of 
my designs. ' 
SB: What are the differences between what 
the ear perceives and what a microphone 
measures? 
KK: One of the differences is the head 
constantly moves in space, in an intel¬ 
ligent way. For example, with the aid of 
involuntary head movement, you detect 
whether a source is in front of you or be¬ 
hind you. Microphones can't do that, so 
information is lost. They can't do spatial 
averaging like the ear does, and they can't 
discriminate an interference pattern from 
a resonance. These processes tell you 
what is and isn’t a relection; whether 
someone is walking behind you. A micro¬ 
phone can't do that. 
In some ways, the microphone is too 

sensitive. If you measure a speaker in a 
room, you can see 20dB peaks your ear 
seems to ignore. 
SB: At AR, you dealt exclusively with 
acoustic suspension speakers. Are you still 
a believer in that type of design? 
KK: Yes, I am. I feel obligated to keep 
up with the current work in low frequen¬ 
cy theory, and I think recent work in re¬ 
flex and horn design has been interesting. 
For consumer applications, however, 
where the total acoustic power output is 
not extreme, I remain a believer in 
acoustic suspension. 

SB: For what reasons? 

KK: One is that it works. That’s a fun ¬ 
damental reason. Nobody has provengo 
me any shortcomings with the approach 
except efficiency. The notions of fast and 
slow woofers are extremely unconvinc¬ 
ing. Acoustic suspension is a simple and 
elegant system, a logical system. The . 
parameters are well-controlled, and 
designs behave very much according to 
theory. Also, vented systems run into 
problems below resonance. In commer¬ 
cial sound situations, though, it a dif¬ 
ferent story. 

SB: Where do you see loudspeaker material 
technology going? 
KK: I can't answer that without discuss¬ 
ing where system design is going. Look¬ 
ing at drivers from a materials point of 
view is a mistake unless we identify the 
end application. You can easily begin 
chasing your own tail unless you address 
the limitations of present drivers. 

In the long range, today's drivers are 
terribly inadequate for the task at hand. 
The fundamental properties of dynamic 
drivers, or any kind of mass/compliance 
energized surfaces, are not very satis¬ 
factory. 

SB: You don't think the moving coil loud¬ 
speaker has much of a future? 
KK: It depends on what people can come 
up with. Right now, it remains competi¬ 
tive with the alternative technologies. 
Ribbons, horns, electrostatics, and so on 
¿11 suiter, in one way or another, from 
wacky radiation patterns and other prob-
lems I don't like. 
SB: What do you see replacing them? 
KK: I don't know. It's all fantasy at this 
point. It seems to me there must be a bet¬ 
ter way to move air and correctly control 
directivity. Someday, I suppose people 
will make massless drivers and control 
their polar patterns in the same way radio 
antenna arrays are designed—some kind 
of electrode array. 

SB: In the near future, where do you see 
the loudspeaker business going? 

KK: Well, the two non-economic factors 
that have impacted the audio business the 
most over the last few years have been 
video and digital. Digital makes very 
specific and quantifiable demands on a 
loudspeaker—dynamic range and power 
handling at the frequency extremes, re¬ 
quirements consumer product makers 
have never fully dealt with before. It is 
true recording studio monitors had to deal 
with high levels above 10kHz, but manu¬ 
facturers took for granted home systems 
would never encounter that problem. 
That's not true anymore. Many inexpen¬ 
sive power amps can now put out several 
hundred watts peak, and more and more 
recorded sources demand it. 

Continued on page 28 
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^LANDES ¿AUDIO 

Dear Reader, 
Landes Audio has been in the audio-video business 

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

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

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

1. TANGENT ACOUSTICS LOUDSPEAKERS 

Models available: 

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

2. HELIUS TONEARM MODEL SCORPIO II: A finely 
machined double gimbal bearing in a brass block. Tapered 
straight arm with locking swivel collar at the headshell. 
Brass anti-skate. Fine viscous damped cueing. $250 

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

4. * * *NEW: Bituminous felt combined with 16 " sound 
absorption sponge material. Easy to apply, better sound 
absorption. Just $9 per square foot. 

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

1. “SPEAKER COAT:” A compound called a long chain copolymer 
which when applied to the surface of a paper speaker cone, 
transforms it into a plasticized surface. This improves the 
quickness of the driver, improves its clarity and makes the lower 
frequencies more distinguishable. SI5 

2. RIFA METALLIZED POLYPROPYLENE CAPACITORS: 
a. lO^F, 10%, 250V @ 50Hz, - 40/+ 85C, metal case $8 
b. 50/xF, 10%, 160V @ 50Hz, -40/ + 85C, metal case S19 
c. 3mF> 10%, 400V @ 50Hz. -4O/ + 85C, plastic case $5 

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

S12 per pound 

4 . BITUMINOUS FELT PADS: Very dense thin pads used on the 
interior surface of speaker enclosures. S7 sq. ft. 

5 . WOOL FELT PAD: A thicker, softer %" felt also used on 
speaker enclosure walls. S5 sq. yard 

6 . BERYLLIUM-COPPER BANANA PLUGS: $2.75 each 

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

8 . OAKTRON SPEAKER COMPONENTS: Call for quotes 

OUR RETAIL OUTLET MANUFACTURES 
TWO REMARKABLE PRODUCTS: 

1 . THE QT-1: A 40"h x 8"w x 10"d transmission line loaded 
two-speaker system with a three-way crossover. Uniquely box¬ 
less and live sound. SI200 

2 .THE BI-FOCAL: A 40"h x 20"w x 10"d subwoofer, using 
two incredibly fast 8" drivers. Response from 16Hz to above 
1,000Hz. $1100 each 

WE ALSO OFFER THESE FINE BRANDS: 

COUNTERPOINT 
PRECISION FIDELITY 
TANDBERG 
CAMBRIDGE 
LUXMAN 
AKG 
MOD Z GRADO 

QED 
MOSCODE 
FUTTERMAN 
MARIAH ACOUSTICS 
MOREL 
ELAC 
OYNAVECTOR 

JPW SPEAKERS 
GOLD RIBBON 
BEVERIDGE 
MITSUBISHI VIDEO 
KENWOOD SATELLITE 
PIONEER VIDEO 

FAST REPLY HIK1013 



Continued from page 26 
To me, the idea of what video will 

mean to loudspeaker design is much 
more interesting. Up to now, when peo¬ 
ple have talked of video speakers, all they 
meant is the magnets are shielded. That's 
not so interesting. But, suddenly, when 
you have loudspeakers interacting with 
video images, localization and ambience 
takes on a whole new aspect. You now 
have a logical place where both the im¬ 
ages and the ambience should be. I'm ac¬ 
tively involved in getting images correctly 
up front and center, while wrapping the 
ambience around the listener. (See Fig. 6.) 
SB: How do you do that? 
KK: You do that by understanding how 
the ear determines what is ambience and 
what is a direct, focused source. I deal 
with the two differently in the speaker, 
and I'm working on electronic circuits 
that recognize the differences. 
SB: You are saying you have to go to dif¬ 
ferent loudspeakers and also do processing 
in the signal to determine the ambient from 
the direct? 

KK: That's one way. It depends on the 
nature of the source material. Ideally, I 
could make a recording that didn't re¬ 
quire any processing. To work with ex¬ 
isting software, you must do electronic 
processing. 
When two-channel technology was first 

introduced, a fair amount of debate went 
on as to whether you should record left 
and right mikes, or front and ambient 
mikes. I'm perpetually amazed that stereo 
works as well as it does. You can get a 
decent stereo image from a session that 
used 50 mikes and five weeks of over¬ 
dubs. You can get a stereo image from a 
dummy head, or a spaced pair or a coin¬ 
cident pair or whatever. Because stereo 
is so tolerant, very little effort has been 
made to standardize recording tech¬ 
niques. As a result, things are harder for 
speaker designers. It is easy to get con¬ 
sistently good reproduction, and almost 
impossible to get consistently excellent 
reproduction. 

SB: Where do you see US and foreign 
speaker manufacturers going? 
KK: Everybody is scrambling to make 
everything. I think it spells trouble when 
every other electronics manufacturer has 
"secret" plans to introduce a speaker, and 
every other speaker manufacturer plans 
electronics. Audio companies are trying 
video, pro companies are trying con¬ 
sumer; everyone seems desperate to in¬ 
crease sales. I don't think the market can 
possibly support this kind of expansion. 
More and more audio is being sold as 

rack systems. You can cringe and shud¬ 
der, but it is a commercial reality. The 
days of the giant loudspeaker companies 
are over. Most people want turn-key 
home entertainment. I don’t and you 
don't, but most people, who might have 
been hobbiests 10 years ago, do. I see it 

very likely that in ten years, 75% of the 
audio sold will be integrated in a video 
system. 
People don't shop for audio the same 

way anymore. They don't go out and lis¬ 
ten to many speakers, or try to match 
their cartridge to their turntable. It is po¬ 
larizing the business into small companies 
and big companies: the mass market ver¬ 
sus the purist approach. The companies 
in- between are mostly struggling. 
SB: How does this trend affect the US 
speaker manufacturers? We see them using 
drivers made in the Far East. 
KK: Because driver manufacturing is 
both labor intensive and critical tolerance 
work means you either use a large labor 
force, or you spend capital to automate 
production. You can make a better prod¬ 
uct with automation, because the toler¬ 
ances are so close. But both approaches 
seem prohibitively expensive to be¬ 
leaguered American manufacturers. 
The Japanese, too, are discovering the 

same problem. Speaker production is 
moving to Taiwan and Korea, sometimes 
as a Japanese joint venture, and some¬ 
times not. I suspect some production will 
move back to the States as economic 
forces shift. Europe should benefit as 
well. European companies have been 
struggling, pretty much unsuccessfully, 
to maintain any kind of presence in the 
-consumer market. You look at the cost of 
comparable quality goods from Europe 
and Asia and it is hard to imagine what 
is keeping the Europeans in business. You 
can buy a decent three-way 12" system 
in Taiwan for the price of a pair of some 
of the premium European tweeters. 
SB: You left AR in the Fall of '85. What 
are you doing now? 

FIGURE 7: Kantor’s stock of drivers used in designs 
for loudspeaker clients. 

KK: Mostly freelance product design in 
the consumer electronics field; some in 
audio, some in video. Also, I'm doing 
technical marketing work, helping com¬ 
panies explain and sell their ideas and 
philosophies. Loudspeakers remain my 
love and are a substantial portion of my 
business. I have a number of speaker 
clients on a contract basis. In addition, I 
like to write and have done several 
magazine articles this year. 
SB: What differences do you see in the Far 
East's drivers versus those from Europe? 
KK: I suppose it is like cars. When you 
can't any longer compete on price, you 
do things with your product to make 
them distinctive. These may improve per¬ 
formance, or they may just improve your 
image. I think the Europeans have con¬ 
centrated on high-end specialty drivers, 
with plenty of craftsmanship and detai l 
and charged a premium forThem. They 
have a niche market. As with the expen¬ 
sive European cars, some perform better 
and some don't. The Asian drivers are 
getting better ancTketter. The Japanese 
might eventually decide to compete at the 
top end, but it is a small market. 
I dream of producing my own products. 

I know the realities of doing it on any 
significant scale, and know it takes loads 
of money and time. But I have the ideas, 
and I am heading in that direction. 

SB: What sorts of jobs do you do for your 
clients? 
KK: I am doing straight-up loudspeaker 
design, from a driver level to a system 
level. At the other extreme, I am doing 
long-term strategic planning for com¬ 
panies; how best to estimate and meet the 
future needs of the industry. My work is 
pretty broad-based. (See Fig. 7.) 

SB: Any more thoughts? 
KK: Just that I love audio because it is 
such a weird and wonderful subject. You 
can put 3% distortion in a power amp and 
barely hear it. Or you can put a match 
stick 6" in front of a speaker and ruin the 
imaging. It remains very magical. What¬ 
ever happens in the mass market, I never 
worry that audiophiles will disappear, or 
tire in the quest for better sound. 
SB: Thank you for your cooperation and 
candor. 
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TRACTRIX HORN DESIGN PROGRAM 
BY BRIAN D. SMITH 

If you are planning to design a trac¬ trix horn, one of the biggest prob¬ 
lems you'll face is the equation for the 
tractrix curve, where the "x" coor¬ 
dinate is a complex function of the "y" 
coordinate. This relationship makes it 
impossible for you to pick a desired 
point along the horn and to find the 
dimensions of your horn at that point. 
You can, however, easily solve this 
problem, by employing a computer to 
do the drudgery of picking points and 
plotting results. 
The program I am about to describe 

is only 64 lines long, but in just a few 
minutes it will accurately perform 
many thousands of calculations that 
might take days to perform by hand. 
If the results are not satisfactory, you 
may re-run the program with different 
data until you are satisfied. With the 
computer, this process may take only 
minutes instead of days or weeks. 

SOLVING THE PROBLEM. To get 
the program to solve the tractrix prob¬ 
lem, first use Bruce Edgar's equations 
in his SB 2/83 article to compute the 
the horn's mouth and throat radii. Use 
the letter "a” to refer to the mouth 
radius in the tractrix equation. Subtract 
a small number "r" from “a." From 
the tractrix equation, compute the 
length, "x", of the horn at this radius. 
You must subdivide the horn into a 

pre-determined unit for giving output. 
In the version for this article, the unit 
is 1". Therefore, the program will find 
the horn dimension at 1 " intervals un¬ 
til it reaches the throat. It then com¬ 
pares the computed "x" to the first 1 " 
interval. If "x" is less than the inter¬ 
val, the program will loop back and 
subtract a little more from "r." This 
process will continue until "x" is just 
slightly more than the first interval. 
The program will then print out the 
value of the first interval, along with 

10 PRINT "THIS PROGRAM CALCULATES DIMENSIONS FOR A TRACTRIC HORN" 
20 LPRINT "THIS PROGRAM CALCULATES DIMENSIONS FOR A TRACTRIC HORN” 
30 PRINT "All lengths are in inches. Areas are in square inches." 
40 LPRINT "All lengths are in inches. Areas are in square inches." 
50 PRINT " " 
60 INPUT "Key in driver resonance frequency (Fs) in Hertz",FS 
70 INPUT "key in desired tractrix cutoff frequency", F 
80 INPUT "Key in driver Q (Qes) ",0 
90 INPUT "Key in driver compliance (Vas) in cubic inches",VAS 
100 TOTDIST’O 
110 XTWO=0 
120 AREA1 ! = (6.2831853#*FS#Q#VAS)/13500 
130 THROAT!=SQR(AREA 1/3.1415927#) 
140 A ! =13500/(6.2831853#*F) 
150 B!=SQR(3.1415927#♦(A~2)) 
160 C!=(VAS/((F/(Q*FS))-1)) 
170 LPRINT "Driver Vas equals ",VAS;" cubic inches" 
180 LPRINT " " 
190 LPRINT "Driver Qes equals ",Q 
200 LPRINT " " 
210 LPRINT "Driver resonance frequency equals ",FS;" Hertz" 
220 LPRINT " " 
230 LPRINT "Horn cutoff frequency equals ",F;" Hertz" 
240 LPRINT " " 
250 LPRINT "Area of enclosure behind driver should be ";C!;" cubic inches" 
260 LPRINT " " 
270 LPRINT "Mouth radius is",A!;" Inches" 
280 LPRINT " " 
290 LPRINT "NON CORNER MOUTH AREA IS ",(A !"2)*3. 1 416;" Square Inches" 
300 LPRINT " " 
310 LPRINT "Corner mouth area is ",((A !*2)#3.1416)/8;" Square Inches" 
320 LPRINT " " 
330 LPRINT "Throat radius is ".THROAT!;" Inches" 
340 LPRINT " " 
350 LPRINT "Throat area is ".AREAl!;" Square Inches" 
360 LPRINT " " 
370 LPRINT "Mouth square dimension IS ",B!;" Inches per side" 
380 LPRINT " " 
390 LPRINT " " 
400 LPRINT "Length from","Curve Length","Throat radius";" Sq. dim."."Horn area" 
410 LPRINT "mouth"," at X"," at X"," at X"," at X" 
420 LPRINT " " 
430 R!=A! 
440 YONE-SQR((R'~2)♦3.14159)*.5 
450 LENGTH - LENGTH*1 
460 R'-R’-.OO5 
470 YTW0=SQR((R'~2)*3.14159)*.5 
480 COUNTER COUNTER+1 
490 PRODUCT-SQR((A !*2)-(R!*2)) 
500 XONE-XTWO 
510 X!=A!♦(LOG((A!+PRODUCT)/R!))-PRODUCT 
520 XTWO=X! 
530 DIST=SQR(((XONE XTWO)~2)+((YONE YTWO)~2)) 
540 TOTDI ST !-TOTD IST !+D1ST 
550 IF R!<THROAT THEN GOTO 590 
560 IF X!>LENGTH THEN GOTO 590 
570 YONE-YTWO 
580 GOTO 460 
590 AREA (R' '2 ) *3. 1416 
600 S!-SQR(AREA) 
610 LPRINT XTOTD1ST!,R!,S!,AREA 
620 IF R!<THROAT! THEN GOTO 640 
630 GOTO 450 
640 STOP 

FIGURE 1. The complete Basic code for the author’s Tractrix horn design program. 
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the dimensions ("x") of the horn at 
that point. 
Finally it loops back and adds one 

inch to the previous interval, and pro¬ 
ceeds to loop until the calculated "x" 
value is just slightly more than the 
next interval, or 2". The program will 
stop when the horn radius is just a lit¬ 
tle more than the calculated radius. 
The whole process will take a few 

seconds or several minutes, depending 
upon the length of your horn. Be pre¬ 
pared to wait a short while, especially 
at first, since the program will perform 
more calculations for the first intervals 
than for the last. 

horn as given to be: 

L = a |log(r/a|) 

where "a" is the mouth radius and "r" 
is the radius of the horn at "x." You'll 
find the proof for this equation at the 
end of the article. This seems fine ex¬ 
cept all the radius dimensions have 
been converted to square dimensions. 
So, to give the square curve length for 
a square horn, I used the Pythagorean 
theorem. I calculated the distance be¬ 
tween each two adjacent points on the 
curve and added it to a running sum 
of the curve length. 

The curve length is used to draw 
perpendicular lines at the length inter¬ 
vals printed under the "curve length 
at 'x" column. This ensures the overall 
length will be "x" when you put the 
horn together. 

CORNER HORNS. If you are build¬ 
ing a corner horn, your starting point 
will not be zero, but rather at that 
point "x" where the horn area equals 
the corner horn mouth area as calcu¬ 
lated by the program. In the example, 
the program calculated the corner 
mouth area to be 370 "2. This area is 
somewhere between 23 and 24" from 

HOW IT WORKS. Let's look at an 
example to see how all this happens. 
In this example, the driver's resonant 
frequency is 49.5Hz. The driver's 
is .31. The driver's compliance or Vas 
is 864 "3, and the desired low frequen¬ 
cy cutoff is 70Hz. Start the program by 
typing "run" and pressing the "enter" 
key. 
The program will ask for the driver 

resonant frequency. Type in 49.5 and 
press the "enter" key. You will then 
be asked for the tractrix L.F. cutoff. 
Type in 70 and press "enter." When 
the program asks for Q^, type .31 and 
press "enter." Finally, the program 
will ask for driver compliance (Vas ) in 
cubic inches. Type 864 and press 
"enter." The printer will immediate¬ 
ly produce all general horn data, such 
as mouth area, throat area, and so on. 
After a minute or so, it will print the 
first line. The next line will print after 
another minute. Time intervals be¬ 
tween printings will decrease until the 
program finishes. I have included a 
sample printout [Fig. 2) at the end of 
the article. 
This program offers one special 

twist: it calculates the curve length at 
each point "x." I included this piece 
of data because of a past experience. 
Long before I wrote this program, I 
decided to build a horn. I calculated 
everything and went to work, con¬ 
structing it out of four separate pieces 
of thin plywood. I drew a line down 
the length of each piece of wood and 
perpendicular lines to the length at 1 " 
intervals. I then plotted all the points 
on either side of the length, connected 
them, and cut out each piece. When 
I joined all the pieces together, the 
flare at the end of my horn caused the 
overall length to be shorter than I 
originally planned. When I wrote this 
program, I knew I had to solve this 
problem so I determined the length (L) 
of the curve at any point "x" along the 

THIS PROGRAM CALCULATES DIMENSIONS FOR A TRACTRIC HORN 
All lengths are in inches. Areas are in square inches. 
Driver Vas equals 864 cubic inches 

Driver Oes equals .31 

Driver resonance frequency equals 49.5 Hertz 

Horn cutoff frequency equals 70 Hertz 

Area of enclosure behind driver should be 242.5776 cubic inches 

Mouth radius 30.69417 Inches 

NON CORNER MOUTH AREA 2959.802 IS Inches Square 

mouth area is 369.9752 Square Inches 

Throat 1.401485 Inches 

Throat 6.170591 Inches Square area 

radi us is 

Mouth square dimension IS 54.404 Inches per side 

Length from Curve Length Throat radius Sq. dim. 
mouth at X at X at X 

Horn area 
at X 

1.001476 
2.002092 
3.001206 
4.003916 
5.001423 
6.004799 
7.003557 
8.003975 
9.006374 
10.0005 
11.00582 
12.00124 
13.0035 
14.0081 
15.00138 
16.00607 
17.00976 
18.00861 
19.00955 
20.00975 
21.00619 
22.00813 
23.00073 
24.00743 
25.01361 
26.00233 
27.01497 
28.00504 
29.00068 

2.991469 
4.846433 
6.454411 
7.936473 
9.325939 
10.66258 
11.94711 
13. 19757 
14.42107 
15.61038 
16.79249 
17.94558 
19.09145 
20.22673 
21.3378 
22.45133 
23.5546 
24.64443 
25.72923 
26.80665 
27.8741 
28.94203 
29.99515 
31.05869 
32. 11753 
33.15435 
34.21267 
35.24434 
36.2789 

27.5385 
25.78312 
24.36782 
23. 14256 
22.05732 
21 .0671 I 
20.16192 
19.32174 
18.53657 
17.80642 
17.11127 
16.46113 
15.84103 
15.25101 
14 .696 
14.16099 
13.65098 
13.16597 
12.70096 
12 .25594 
11.83094 
11.42093 
11 .03092 
10.65091 
10.2859 
9.940891 
9.600884 
9.280876 
8.970869 

48.81077 
45.69944 
43.19089 
41.01916 
39.09564 
37.34053 
35.73611 
34.24693 
32.85526 
31.56109 
30.32897 
29.17663 
28.07752 
27.03175 
26.04801 
25.09973 
24.19575 
23.33609 
22.51188 
21.72312 
20.96981 
20.24309 
19.55181 
18.87826 
18.2313 
17.61979 
17.01714 
16.44994 
15.90047 

2382.491 
2088.439 
1865.452 
1682.571 
1528.469 
1394.315 
1277.07 
1172.852 
1079.468 
996.1021 
919.8462 
85 I.2754 
788.3472 
730.7153 
678.4989 
629.9962 
585.4345 
544.5732 
506.7848 
471.894 
439.7329 
409.7825 
382.2734 
356.3889 
332.3804 
310.457 
289.5831 
270.6007 
252.825 

FIGURE 2. A sample run of the author’s Tractrix horn program using a resolution of 0.005 and an interval of 1 
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the mouth of a free-standing horn. The 
horn length at the throat is printed as 
85.35". For a corner horn, you would 
use the point "x'' at 24" making the 
horn 85.35"-24" = 61.35". The point 
at "x" 24" then becomes the new 
mouth, or "x" =0 point. At each point, 
you must subtract the curve length at 
"x" =24" to find the new curve length 
at each point. If you are building a cor¬ 
ner horn, however, you probably 
won't care about curve length. 

I offer some final pointers should 
you wish to modify this program for 
a special need. The 1" intervals are 
controlled in statement 450. If you 

wish to print data at Yz" intervals, re¬ 
place = 1 with =.5. For 2" intervals, 
replace = 1 with = 2. Data accuracy is 
controlled by statement 460. In this 
version, I used .005. You will get more 
accurate measurements by using 
.0005, however, the program slows 
geometrically as this number de¬ 
creases. Conversely, the program will 
run much faster if you replace .005 
with .05. The measurements using .05 
will be less accurate than at .005. Try 
a variety of measurements and choose 
one that suits you best. If you wish to 
specify your own mouth radius and 
throat, remove statements 60, 70, 90, 

30.00068 
31.00376 
32.00849 
33.01333 
34.01662 
35.01654 
18..01 I 13 
37.02011 
38. 02092 
39.01116 
40.0125 
41.02472 
42.02157 
43.02688 
44.01235 
45.00334 
46.02896 
47.02985 
48.00201 
49.0072 
50.01351 
51.01977 
52 .02468 
53 .02683 
54 .02468 
55.01655 
56.00064 
57.01806 
58.02648 
59.0237 
60 .00736 
61.02416 
62.02541 
63 .00831 
64.02419 
65.01907 
66.04767 
67.05223 
68.02904 
69.03827 
70.01586 
71.02586 
72.07056 
73.00586 
74.04626 
75.04521 
76.07798 
77.06334 
78.08156 
79.04574 
80.04134 
81.07046 
82.03709 
83.03528 
84.06714 
85.02655 
85.35316 

37.3153 
38.35239 
39.38886 
40.42331 
41.45418 
42.47977 
43.49822 
44 .5298 
45.55155 
46.561 19 
47.58088 
48.61045 
49.6233 
50.64371 
51.64 306 
52.64714 
53.68542 
54 .69789 
55 .68064 
56 .69607 
57.712 
58.72728 
59.74063 
60 .7507 
61.75595 
62 .75473 
63.74526 
64.7689 
65.78311 
66.78573 
67.77441 
68.79606 
69.80181 
70 .78889 
71 .80881 
72.80741 
73 .83963 
74.84751 
75 .82738 
76.83956 
77.81987 
78.8325 
79.87973 
80.81723 
81.85986 
82.86088 
83.89561 
84.88278 
85.90272 
86.86849 
87.8656 
88.89622 
89.86415 
90.86363 
91.89673 
92.85724 
93.1844 

8.670862 
8.380856 
8.10085 
7.830843 
7.570837 
7.320832 
7.080826 
6.845821 
6.620816 
6.40581 1 
6.195806 
5.990801 
5.795797 
5.605792 
5.425788 
5.250784 
5.07578 
4.910776 
4.755773 
4.600769 
4.450766 
4.305763 
4.165759 
4.030756 
3.900753 
3.77575 
3.655748 
3.535745 
3.420742 
3.31074 
3.205737 
3. I 00735 
3.000733 
2.90573 
2.810728 
2.720726 
2.630724 
2.545722 
2.46572 
2.385718 
2.310717 
2.235715 
2.160713 
2.095712 
2.02571 
1.96071 
1.89571 
1.83571 
1.77571 
1.72071 
1.66571 
1.61071 
1.56071 
1.51071 
1.46071 
1.41571 
1.40071 

15.36872 
14.8547 
14.3584 
13.87982 
13.41898 
12.97585 
12.55045 
12.13392 
11.7351 
11.35402 
10.98179 
10.61843 
10.27279 
9.936019 
9.61697 
9.306782 
8.996596 
8.704134 
8.429397 
8.15466 
7.888786 
7.631774 
7.383624 
7.144337 
6.913913 
6.692351 
6.47965 1 
6.266952 
6.063 1 15 
5.86814 
5.682028 
5.495916 
5.318666 
5.150279 
4.981892 
4.822367 
4.662843 
4.51218 
4.370381 
4.228581 
4.095644 
3.962706 
3.829769 
3.714557 
3.590482 
3.475271 
3.360062 
3.253714 
3.147367 
3.049882 
2.952397 
2.854912 
2.766289 
2.677667 
2.589044 
2.509284 
2.482697 

236.1976 
220.662 
206.1636 
192.6495 
180.0689 
168.3727 
157.5138 
147.2319 
137.7127 
128.9137 
120.5998 
112.7511 
105.5303 
98.72448 
92.48611 
86.61621 
80.93875 
75.76195 
71 .05473 
66.49848 
62.23294 
58.24397 
54.51791 
51.04156 
47.80219 
44.78756 
4 1.98588 
39.27468 
36.76136 
34.43506 
32.28544 
30.20509 
28.28821 
26.52537 
24.81924 
23.25522 
21 .7421 
20.35977 
19.10022 
17.88089 
16.77429 
15.70304 
14.66713 
13.79793 
12.89156 
12.07751 
11.29001 
10.58666 
9.905919 
9.301781 
8.716648 
8.150523 
7.652357 
7.169898 
6.703149 
6.296504 
6.163783 

and 120 through 390. Replace them 
with the following two statements: 

60 A = XXX 
70 THROAT = ZZZ 

Where XXX is your desired mouth 
radius and ZZZ is your desired throat 
radius. 
If you have access to a personal 

computer with Basic programming 
language capability, this program will 
allow you to design a tractrix horn 
with minimal effort. My modification 
suggestions should allow you to design 
any type of horn using any type of 
driver. Have fun, and if you have any 
problems or comments, write to me in 
care of SB. 

ABOUT THE AUTHOR 
Brian D. Smith is a certified public accountant who, 
after five years with a major oil firm, decided to 
return to school to study electrical engineering. An 
electronic hobbyist for eleven years, his special in¬ 
terest is loudspeaker theory supported by construc¬ 
tion projects utilizing many driver types. He is 
enrolled as a full time EE candidate at Ohio State. 

Readers interested in a demonstration 
copy of Mr. Smith's Tractrix Horn Pro¬ 
gram should use Fast Reply #IK1088 for 
full details. The program runs on the 
IBM PC/XT machines (and compatibles) 
and will be distributed on 514" DS/DD, 
40-track floppy disks. 
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PART II 

CROSSOVER COMPONENT CAPABILITIES 
and REQUIREMENTS 

CROSSOVER VOLTAGE & CURRENT FACTORS 
BY G. R. KOONCE 
Contributing Editor 

In this issue, I will examine how the common parallel crossover (CO) 
configuartions (first-order through 
third-order) for two-way and three-
way speaker systems affect their com¬ 
ponent's voltage and current require¬ 
ments. CO sections are filter sections 
which exhibit circuit Qs based on CO 
type, circuit topology and the selected 
CO frequences. As a result, the voltage 
across and current through compo¬ 
nents will vary with frequency, and at 
certain frequencies may exceed the 
system input voltage and load current. 
I will show you how to determine how 
much excessive voltage or current 
each component must tolerate. 

APPROACH. I programmed my 

computer to solve a ladder network 
that could represent any CO section I 
wanted to investigate. This program 
solved for the voltage and current 
through each network component at 
41 frequencies over a two decade 
spread. Processing all the COs of in¬ 
terest produced several hundred pages 
of voltage/current versus frequency 
data. The remainder of this article 
summarizes my findings and describes 
how you can apply them. 

I analyzed all CO sections with an 
8ß load. For two-way systems, the CO 
frequency (fa) was always 1kHz. This 
does not limit the generality because 
the results scale directly and are in¬ 
dependent of the computational val¬ 
ues. Three-way systems had the lower 

CO frequency (fL) at 1kHz and three 
different upper CO frequencies (fa) to 
show frequency spread effects on the 
midrange section. 

FACTOR DEFINITIONS. I have 
presented the results in terms of "fac¬ 
tors,” which you can multiply by 
known quantities to get results specific 
to your system. The voltage factor for 
a component is defined as: 

max. RMS voltage occurring at some 
yp _ frequency 

RMS input voltage (IV in compu¬ 
tations) 

So if you multiply the VF by the max¬ 
imum RMS input voltage you expect 

ALL FIRST-ORDER 

ALL SECOND-ORDER 
L2 

TABLE I: ALL FACTORS for TWO-WAY CROSSOVERS 
First-Order 
- LI -
VF at f/f c IF at f/f e CF 
1.00 HF 1.00 LF 1.13 

- Cl -
VF at f/f c IF at f/f e

I.00 LF 1.00 HF 

Second-Order: Low-Pass 

BW 
AP 
Blick EC 

- L2 -
VF at f/f c IF at f/f e CF 
1.27 1.25 1.03 0.5 1.38 
1.16 1.40 1.00 LF 1.59 
1.21 1.40 1.00 LF 1.46 

- Cl -
VF at f/f c IF at f/f c

1.00 LF 0.5 1.00 
1.00 LF 0.25 1.00 
1.00 LF 0.35 1.00 

ALL THIRD-ORDER 

FIGURE 1: Schematics for two-way crossovers. 

Tabi 

fw/f«. 

2: ALL FACTORS for FIRST-ORD 

- Butterworth -
VF - f/f c IF - f/f c CF 

SR THREE-WAY CROSSOVERS 

- All-Pass -
VF - f/f« IF - f/f e CF 

LI 1 
C31 
L22 
C21 

1.00—HF 1.00—LF 1.13 
1.00--LF 1.00--HF 
1.51-1.17 1.00-1.00 1.11 
1.50-0.81 1.00-1.00 

1.00--HF 1.00--LF 1.13 
1.00--LF 1.00--HF 
1.00--HF 1.00-1.00 0.65 
1.00--LF 1.00-1.00 

>2 Li 1 
C 3 1 
L22 
C21 

1.00--HF 1.00--LF 1.13 
1.00--LF 1.00--HF 
1.00--HF 1.00-1.00 0.65 
1.00--LF 1.00-1.00 

1.00—HF 1.00—LF 1.13 
1.00 —LF 1.00--HF 
1.00--HF 1.00-1.00 0.50 
1.00—LF I.00-1.00 

-( LI 1 
C31 
L22 
C21 

1.00--HF 1.00--LF 1.13 
1.00--LF 1.00--HF 
1.00--HF 1.00-1.00 0.50 
1.00—LF 1.00-1.00 

1.00--HF 1.00--LF 1.13 
1.00--LF 1.00--HF 
1.00- HF 1.00-1 .00 0.43 
1.00- LF 1.00-1.00 
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Rm is total load resistance. If Ra is 
used then, Rm = Ra + midrange 

resistance. 

FIGURE 2: Schematics for three-way crossovers (cascaded MR topology). 

to feed the system, you will get the 
maximum RMS voltage that will occur 
across that component. 

Current factor is defined as: 

maximum RMS current occurring at 
IF = some frequency_ 

expected load RMS current (1V/8S2 
in comp.) 

If you multiply IF by the maximum 
RMS current you expect to deliver to 

the driver on that CO section, you will 
find the maximum RMS current 
through that component. Maximum 
expected RMS load current is equal to 
your maximum RMS input voltage, 
divided by the load resistance. For all 
this work, I assumed impedance cor¬ 
rectors were used on all drivers, there¬ 
by approximating resistive loads. (See 
SB 1/83 p. 11, and 1/85 p. 19.) 

These voltage and current multiply¬ 
ing factors do not apply throughout the 

LI 2 
Cl 1 
L23 
C24 
L22 
C2 1 
L31 
C32 

Table 3: VOLTAGE EACTORS fo 

ormat: VF-f /fm 
- Butterworth -

Special 
Cascaded Cascaded Transp. 
Midrange Midrange Midrange 
For f„/f u = 2 
1.27-0.9 1.27-0.9 1.27-0.9 
1.00 — LF 1.00—LF 1.00 — LF 
2.31-1.2 2.56-1 . 3 2.53-1 .2 
2.54-0.7 2.32-0.8 2.56-0.8 
3 . 7 1 -1 . 3 3.00-1.0 1.00-1 .0 
3.00-1.1 3.68-0.8 1.00-1.0 
1.00--HF 1.00--HF 1.00—HF 
1.27-0.6 1.27-0.6 1.27-0.6 

SECOND-ORDER THREE-* 

- Constant-Power -

Cascaded Transp. 
Midrange Midrange 

1.27-0.9 1.27-0.9 
1.00--LF 1.00--LF 
1 . 59-1 . 1 1 . 52-1 .6 
1.53-0.6 1.53-0.6 
1.64-1.6 1.00-1.0 
1.40-1.0 1.00-1.0 
1.00—HF 1.00—HF 
1.27-0.6 1.27-0.6 

IAÏ CROSSOVERS 

—— - Al 1 - P a s s -

Cascaded Transp. 
Midrange Midrange 

No Design for 
for these cases. 

LI 2 
Cl 1 
L23 
C24 
L22 
C21 
L3 1 
C32 

For f„/f u - 4 
1.27-0.6 1.27-0.6 1.27-0.6 
1.00 — LF 1.00—LF 1.00—LF 
1.42-1.6 1.63-2.0 1.64-2.0 
1.63-0.5 1.42-0.6 1.63-0.5 
1.84-2.0 1.44-1.0 1.00-1.0 
1.44-1.0 1.84-0.5 1.00-1.0 
1.00--HF 1.00—HF 1.00—HF 
1.27-0.4 1.27-0.4 1.27-0.4 

1.27-0.6 1.27-0.6 
1.00--LF 1.00--LF 
1 . 32-1 . 1 1 . 38-2.5 
1.38-0.4 1.38-0.4 
1.46-2.2 1.00-1.0 
1.24-1.0 1.00-1.0 
1.00--HF 1.00--HF 
1.27-0.4 1.27-0.4 

1.14-0.7 1.14-0.7 
1.00—LF 1.00—LF 
1.30-1.3 1.26-2.8 
1.26-0.4 1.26-0.4 
1.29-2.8 1.00-1.0 
1.15-1.0 1 .00-1 .0 
1.00—HF 1.00—HF 
1.14-1.4 1.14-1 .4 

LI 2 
Cl 1 
L23 
C24 
L22 
C21 
L31 
C32 

For f M/fu “ 6 
1.27-0.5 1.27-0.5 1.27-0.5 
1.00--LF 1.00—LF 1.00 — LF 
1.25-1.8 1.47-2.4 1.47-2.5 
1.47-0.4 1.25-0.5 1.47-0.4 
1.57-2.6 1.24-1.0 1.00-1.0 
1.24-1.0 1.57-0.4 1.00-1.0 
1.00--HF 1.00--HF 1.00--HF 
1 . 2 7-0.3 1 . 27-0.3 1 . 27-0.3 

1.27-0.5 1.27-0.5 
1.00—LF 1.00—LF 
1.22-1.6 1.34-2.9 
1.34-0.4 1.32-0.3 
1.39-2.8 1.00-1.0 
1.16-1.0 1.00-1.0 
1.00—HF 1.00—HF 
1.27-0.3 1.27-0.3 

1.15-0.6 1.15-0.6 
1.00—LF 1.00—LF 
1.28-1.3 1.24-3.2 
1.24-0.3 1.24-0.3 
1.26-3.1 1.00-1.0 
1.12-1.0 1.00-1.0 
1.00—HF 1.00—HF 
1.15-1.7 1.15-1.7 

entire audio band, but rather at usually 
one or sometimes two frequency 
ranges within the band. Since CO cir¬ 
cuit Qs are generally low, these fre¬ 
quency bands tend to be wide, so 
don't ignore them. 
To help you know where these fre¬ 

quency bands are located, I have in¬ 
dicated the band centers on the data 
charts. For two-way COs, it is given 
as the ratio f/fc for the lowest frequen¬ 
cy band to occur. Multiply your CO 
frequency by this f/fc factor to find the 
location of the voltage or current max¬ 
imum (they don't always occur at the 
same frequency). For three-way COs, 
the frequency is shown as f/f«, where 
Ím is the geometric mean frequency 
between your lower and upper CO 
frequencies (i.e. f« = (h. xf«) 1̂. See SB 
2/85 p. 26 for further clarification on 
Îm-

How severe is the CO design on the 
required coils? Saturation of a cored in¬ 
ductor is proportional to the coil cur¬ 
rent and the number of turns on the 
coil for a given core. Since inductance 
is proportional to number of turns 
squared, the following core factor in¬ 
dicates how "hard" the coil is on the 
core. 

CF = Current Factor x (inductance in 
mHyP/z 

The lower the CF, the less core area 
is needed to wind the coil so that it will 
sustain a given power to the load. This 
factor will help you judge the effects 
of CO type, circuit topology and CO 
frequency on coil implementation dif¬ 
ficulty. Reducing CO frequency raises 
inductance, making the coil more dif¬ 
ficult. Changing driver resistance at a 
given power level will have no effect 
on core requirement because current 
increase (decrease) is directly offset by 
turns decrease (increase). 

TWO WAY CO RESULTS. Figure 1 
shows the schematic diagram for all 
two-way COs covered in this work. 
Component labeling is in agreement 
with Bullock {SB 1/85 p. 13). Table 1 
shows the results for all two-way COs. 
The first-order has almost all unity fac¬ 
tors and, as expected, low stress on the 
parts. For second-order COs, the But¬ 
terworth (BW) appears to be toughest 
on its components, while the All-Pass 
(AP) is the mildest. The Bullock Equal 
Compromise is, as you might expect, 
in between. The low-pass (LP) induc¬ 
tor sees about the same current as the 
load, while the high-pass (HP) induc¬ 
tor sees a maximum of about one-half 
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load current. The HP capacitor can see 
about 30% overvoltage compared to 
the input, and should be so rated. The 
BW was the only third-order CO I ex¬ 
amined. Coil current factors are near 
unity, but capacitor C3 can see about 
50% overvoltage in the region of CO 
frequency. 

THREE-WAY CO RESULTS. Figure 
2 shows schematics for the first-order 
through third-order COs, using cas¬ 
caded midrange (MR) topology. Com¬ 
ponent numbering and schematic lay¬ 
outs are in agreement with Bullock (SB 
2/85 p. 26). Figure 3 shows schematics 
for revised MR topologies. See refer¬ 
ence 1 for design of the transposed MR 
topology, and reference 2 for the spe¬ 
cial cascaded MR topology. For con¬ 
sistency I have maintained component 
labeling in agreement with Fig. 2. 

Table 2 shows the results for BW 
and AP first-order COs. Capacitor VF 
only becomes a problem for C21 at 
low ÍhIÍl ratios with the BW CO. The 
coil CFs are unity throughout. 

Table 3 shows VF for a variety of 
second-order CO types and topologies. 
At low íh/Íl ratios, capacitors can see 
as much as three times the input 
voltage with some BW CO topologies. 
Table 4 shows IF results for the same 
second-order COs. At low Íh^l ratios, 
some BW topologies are quite hard on 
coils, with L23 seeing up to nine times 
the load current. This drops quickly as 
the CO frequency-spread increases, 
and is not a problem at all with the 
transposed MR topology. 

A 11 -Pass Constant-Power 

L12 

C32 

Transp. 
Midrange 

Cascaded 
Midrange 

No Design for 
for these cases 

Cascaded 
Midrange 

Transp. 
Midrange 

L23 
C24 
L22 
C21 

1.03-0.4 
0.50-0.7 
8.14-0.8 
9.25-1 . 2 
4.53-1 . 2 
3.44-1 . 2 
0.50-1.4 
1.02-2.8 

1.03-0.4 
0.50-0.7 
1.02-0.9 
1.02-0.9 
1.14-0.8 
1.16-1.2 
0.50-1.4 
1.02-2.8 

1.03-0.4 
0.50-0.7 
0.83-0.7 
1.96-1.0 
1 .47-1.0 
0.57-1.6 
0.50-1 .4 
1.02-2.8 

1.03-0.4 
0.50-0.7 
1.00-1 .0 
1.00-1.0 
0.40-0.7 
0.40-1.6 
0.50-1.4 
1.02-2.8 

Butterworth 
Special 
Cascaded 
Midrange 

L - 2 
1.03-0.4 
0.50-0.7 
9.25-1.2 
8.06-1 .3 
3.49-0.8 
4.49-0.8 
0.50-1.4 
1 .02-2.8 

Table 4: CURRENT FACTORS for SECOND-ORDER THREE-WAY CROSSOVERS 
Format: IF-f/f m

Cascaded Transp. 
Midrange Midrange 

L12 
Cl 1 
L23 
C24 
L22 
C21 
L3 1 
C32 

For f„/f u - 4 
1.03-0.3 1.03-0.3 1.03-0.3 
0.50-0.5 0.50-0.5 0.50-0.5 
1.42-0.6 2.14-0.7 1.03-1.0 
2.15-1.4 1.42-1.8 1.03-1.0 
1.69-1.4 1.01-0.5 0.70-0.6 
1.01-1.8 1.70-0.7 0.70-1.8 
0.50-2.0 0.50-2.0 0.50-2.0 
1.02-4.0 1.02-4.0 1.02-4.0 

1.03-0.3 1.03-0.3 
0.50-0.5 0.50-0.5 
0.65-0.5 1.00-1.0 
1.53-1.0 1.00-1.0 
1.29-1.1 0.42-0.5 
0.52-2.0 0.42-2.0 
0.50-2.0 0.50-2.0 
1.02-4.0 1.02-4.0 

1.00 — LF 1.00--LF 
0.22-0.5 0.22-0.5 
0.38-0.5 1.00-1.0 
1.32-1.0 1.00-1.0 
1.67-1.0 0.28-0.5 
0.32-2.0 0.28-2.2 
0.22-2.0 0.22-2.0 
1.00--HF 1.00--HF 

L12 
Cl 1 
L23 
C24 
L22 
C21 
L3 1 
C32 

For fM/fL - 6 
1.03-0.2 1.03-0.2 1.03-0.2 
0.50-0.4 0.50-0.4 0.50-0.4 
0.94-0.5 1.58-0.6 1.03-1.6 
1.58-1.6 0.94-2.2 1.03-1.6 
1.38-1.6 0.76-0.4 0.61-0.5 
0.76-2.2 1.38-0.6 0.61-2.3 
0.50-2.5 0.50-2.5 0.50-2.5 
1.02-4.9 1.02-4.9 1.02-4.9 

1.03-0.2 1.03-0.2 
0.50-0.4 0.50-0.4 
0.60-0.4 1.00-1.0 
1.35-1.0 1.00-1.0 
1.20-1.3 0.44-0.4 
0.51-2.5 0.44-2.5 
0.50-2.5 0.50-2.5 
1.02-4.9 1.02-4.9 

1.00--LF 1.00--LF 
0.24-0.4 0.24-0.4 
0.35-0.4 1.00-1.0 
1.25-1.0 1.00-1.0 
1.14-1.0 0.28-0.4 
0.31-2.5 0.28-2.5 
0.24-2.5 0.24-2.5 
1.00—HF 1.00—HF 

L12 
L23 
L22 
L3 1 

Table 5: CORE FACTORS for St 

- Butterworth -
Specia1 

Cascaded Cascaded Transp. 
Midrange Midrange Midrange 
For fm/ fL ~ 2 
1.38 1.38 1.38 
4.46 4.14 1.37 
3.51 7.65 1.08 
0.47 0.47 0.47 

iCOND-ORDER THREE-WA1 

— Constant-Power — 

Cascaded Transp. 
Midrange Midrange 

1.38 1.38 
1.15 1.04 
1.29 0.66 
0.47 0.47 

CROSSOVERS 

- All-Pass -

Cascaded Transp. 
Midrange Midrange 

No design for 
these cases. 

LI 2 
L23 
L22 
L3 1 

For f„/fu - 4 
1.38 1.38 1.38 
1.37 1.15 0.80 
1.09 1.17 0.81 
0.34 0.34 0.34 

1.38 1.38 
0.88 0.73 
0.84 0.70 
0.34 0.34 

1.64 1.64 
0.65 0.71 
0.77 0.51 
0.34 0.34 

LI 2 
L23 
L22 
L31 

For f M/ f i. - 6 
1.38 1.38 1.38 
1.03 0.76 0.62 
0.74 0.95 0.75 
0.27 0.27 0.27 

1.38 1.38 
0.81 0.58 
0.65 0.64 
0.27 0.27 

1.61 1.61 
0.58 0.60 
0.65 0.49 
0.16 0.16 

SECOND-ORDER - TRANSPOSED MR 

THIRD-ORDER -TRANSPOSED MR 

THIRD-ORDER - SPECIAL CASCADED MR 

FIGURE 3: Special midrange topologies. 

-
Table 6: VF & IF for THIRD-ORDER 

o rmat: VF-f/f m

CHREE-WAY HP A LP SECTIONS II 

IF-f/f „ 

LI 3 
C 1 2 
LI 1 
C33 
L32 
C3 1 

Butte rwo rt h 
Constant-Power All-Pass 

For fw/fu “ 2 
1.47-0.8 1.85-0.8 
1.02-0.4 1.38-0.7 
0.36-0.6 0.77-0.7 
1 .46-1 . 3 1 .86-1 . 2 
1.02-2.8 1.38-1.6 
0.36- 1 . 6 0.7 7-1 .4 

Butte rwo r t h 
Constant-Power All-Pass 

1 .09-0.5 1 . 62-0.7 1 
1.06-0.6 1.98-0.8 I 
1.00—LF 1.18-0.6 J 
1.09-2.0 1.62-1.4 
1.06-1.6 1.96-1.4 
1.00--HF 1.18-1.6 

LI 3 
C12 
LI 1 
C33 
L32 
C31 

For f„/f u = 4 
1.47-0.6 1.63-0.6 
1.02-0.3 1 . 14-0.4 
0.36-0.5 0.54-0.5 
1 . 46-1 . 8 1 . 63- 1 .8 
1.02-4.0 1.14-2.5 
0.36-2.2 0.54-2.0 

1.09-0.4 1.26-0.5 
1.06-0.5 1.44-0.5 
1.00--LF 1.04-0.4 
1.09-2.8 1.26-2.2 
1.06-2.2 1.44-2.0 
1.00--HF 1.04-2.8 

LI 3 
Cl 2 
LI 1 
C33 
L32 
C 3 1 

For f M / f u = 6 
1.47-0.5 1.57-0.5 
1.02-0.2 1.09-0.3 
0.36-0.4 0.47-0.4 
1.46-2.2 1.56-2.2 
1.02-4.9 1.09-3.4 
0.36-2.7 0.47-2.5 

1 .09-0.3 1 . 19-0.4 
1.06-0.4 1.29-0.4 
1.00—LF 1.01-0.3 
1.09-3.4 1.18-2.7 
1 .06-2 . 7 1 . 29-2.5 
1.00--HP 1.01-3.9 

Note : All-Pass CO is the pos it ive-po1 ar ity bandpass type. 
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HR VOLTAGE FACTORS for THIRD-ORDER THREE-WAT CROSSOVERS 

Cascaded 

1.97-0.7 

3.86-1.2 
0.66-1.2 

2.02-1.0 

Cascaded 
Midrange 

Transp. 
Midrange 

C25 
L26 
C23 
L24 
C21 
L22 

1 .00-1 .0 
1 .00-1 .0 

Cascaded Transp. 
Midrange Midrange 

2.34-0.9 2.49-0.8 
2.48-1.2 2.48-1.2 
3.87-0.8 1.00-1.0 
1.20-1.2 1.00-1.0 
0.81-0.9 0.32-0.9 
2.68-1.0 0.32-1.2 

C25 
L26 
C23 
L24 
C21 
L22 

1.94-0.5 
1.49-0.6 
1 .00-0.6 
2.54-1.8 
I.60-1 .4 
0.76-1.8 

1.41-0.7 1.66-0.5 
1.66-2.0 1.66-2.0 
1.97-0.5 1.00-1.0 
0.48-1.8 1.00-1.0 
0.42-0.6 0.30-0.6 
1.46-0.9 0.30-1.8 

1.43-1.4 1.81-0.5 
1.82-2.0 1.82-2.0 
2.23-0.7 1.02-1.4 
0.62-2.5 1.02-1.4 
0.52-0.8 0.36-0.6 
1.53-0.7 0.36-1.8 

C25 
L26 
C23 
L24 
C21 
L22 

1 .75-0.4 
1.30-0.6 
0.68-0.5 
2.05-2.3 
1 .36-1 .6 
0.58-2.0 

1.26-0.6 1.58-0.4 
1.58-2.5 1.58-2.5 
1.78-0.4 1.00-1.0 
0.44-2.2 1.00-1.0 
0.39-0.9 0.31-0.5 
1.29-0.8 0.31-2.3 

1.29-1.8 1.69-0.4 
1.69-2.5 1.69-2.5 
1.93-0.4 1.03-0.6 
0.52-2.2 1.03-0.6 
0.46-0.5 0.36-0.5 
1.34-0.6 0.35-2.2 

e 8: NR CURRENT FACTORS for THIRD-ORDER THREE-WAT CROSSOVERS 
oreat: IF-f/f. 

Butterworth 

C25 
L26 
C23 
L24 
C21 
L22 

Cascaded 
Midrange 

Cascaded Transp. 
Midrange Midrange 

Cascaded Transp. 
Midrange Midrange 

5.00-0.8 
5.59-0.8 
2.11-1.2 
2.11-1.2 
2.80-1.2 
2.15-1.0 

2.85-1.2 1.00-1.0 
3.84-1.0 1.00-1.0 
2.12-1.0 0.92-1.2 
2.12-1.0 0.93-0.8 
1.96-1.0 1.00-1.0 
1.58-0.8 1.00-1.0 

5.92-1.2 1.00-1.0 
6.65-1.0 I.00-1.0 
3.01-0.9 1.31-1.2 
3.01-0.9 1.29-0.8 
2.58-1.0 1.00-1.0 
2.63-0.8 1.00-1.0 

C25 
L26 
C23 
L24 
C21 
L22 

2.31-0.6 
2.53-0.6 
I.64-1.6 
1.64-1.6 
1.82-1.8 
1.46-1.0 

1.71-1.8 1.00-1.1 
2.06-1.1 1.00-1.1 
1.53-0.8 0.97-1.8 
1.53-0.8 0.97-0.6 
1.43-1.0 1.00-1.0 
1.27-0.6 1.00-1.0 

2.27-1.8 1 . 10-0.6 
2.32-0.6 1.10-0.6 
1.74-0.6 1.27-1.8 
1.74-0.6 1.27-0.6 
1.47-1.4 1.01-1.4 
1.64-0.6 1.01-1.4 

C25 
L26 
C23 
L24 
C21 
L22 

1.77-0.5 
1.88-0.5 
1 .44-1 .8 
1.44-1.8 
1.51-2.3 
1.28-1.0 

1.44-2.2 1.01-1.6 
1.63-1.6 1.01-1.6 
1.35-0.6 1.00-2.3 
1.35-0.6 1.00-0.5 
1.27-1.0 1.00-1.0 
1.18-0.4 1.00-1.0 

1.77-2.2 1.13-2.0 
1.79-2.0 1.13-2.0 
1.50-0.6 1.24-2.2 
1.50-0.6 1.23-0.4 
1.28-1.6 1.02-1.6 
1.44-0.4 1.02-1.6 

Note: All-Pass CO is the positive-polarity bandpass type 

The Constant-Power (CP) and AP 
configurations show much less current 
multiplication and are thus the prefer¬ 
red types to use. Table 5 shows CF for 
the second-order COs. Again, avoid 
the BW at low Íh/Íl ratios to prevent 
severe MR coil requirements. 

Table 6 shows VF and IF for the LP 
and HP sections of third-order COs. 
These results are not too sensitive to 
ÍhIÍl ratio, with the AP CO always the 
worst case. Table 7 shows third-order 
MR VF results. The AP CO covered in 
this work is the positive-polarity band¬ 
pass type. Low Íh/Íl ratios show large 
capacitor voltage multipliers. 

Table 8 shows third-order MR IFs. 
At low Íh/Íh ratios, IFs enlarged for the 
cascaded topologies, showing the 
transposed topology clearly easier on 
the MR coils. Table 9 shows CF for all 
portions of the three-way CO, verify¬ 
ing the transposed topology is clearly 
superior and the CP CO slightly 
superior in terms of coil requirements. 

OVERALL FACTORS. It would be * Wootef toad current versus peak power. 

nice to arrive at one overall factor for 
Table 10: OVERALL FACTOR and AVERAGE CORE FACTOR— ALL COs 

Format OAF-Avg CF 
_ TUH — U * V_TUDDB_U1 V 

fn/fu-2 fw/fu-4 fn/fu-6 

BW 
AP 

1 .00-1.13 1.13-1.12 
I .00-0.89 

1 .00-0.89 
1 .00-0.82 

1 .00-0.82 
1 .00-0.78 

BW - cas MR 
spcl cas MR 

tran MR 

0.95-1.03 2.72-2.46 
2.78-3.41 
1.16-1.08 

1 .25-1.05 
1.28-1.01 
1 .02-0.83 

1 . 10-0.86 
1 .12-0.84 
0.99-0.76 

CP - cas NR 
tran NR 

1 . 10-1.07 
0.93-0.89 

1 .05-0.86 
0.95-0.79 

1 .01-0.78 
0.95-0.72 

AP - cas NR 
tran NR 

0.85-1.00 0.98-0.85 
0.86-0.80 

0.91-0.75 
0.86-0.72 

Bullock EC 
THIRD ORDER-

0.89-0.99 

BW SPC cas 1 .00-1.11 2.02-1.97 1.29-1 .22 1 .15-0.94 

CP - cas NR 
tran NR 

1.55-1.38 
1.01-0.95 

1.17-0.98 
0.94-0.82 

1.08-0.86 
0.94-0.77 

AP - cas NR 
tran NR 

2.34-2.04 
1.32-1.21 

1.41-1.12 
1 .14-0.93 

1.25-0.94 
1.09-0.84 

OAF - Overall Factor - Sum of Capacitor VFs ♦ Sum of Coil IFs 
Total Number of Componenta 

Ave C F - Average Core Factor - Su« of Coil Core Factors 
Number of Colls 

le 9: CORE FACTORS for THIRD-ORDER THREE-WAT CROSSOVERS 
Butterworth 

L13 
Lil 
L26 
L24 
L22 
L32 

L13 
LI 1 
L26 
L24 
L22 
L32 

L13 
LI 1 
L26 
L24 
L22 
L32 

Cascaded 
Midrange 

Cascaded Transp. 
Midrange Midrange 

Cascaded Transp. 
Midrange Midrange 

For f«/f u -
1.50 
0.80 
4.03 
3.04 
1 . 72 
0.73 

1.50 1.50 
0.80 0.80 
2.39 1.22 
1.06 0.98 
1.82 0.46 
0.73 0.73 

1.87 1.87 
1.09 1.09 
3.54 1.37 
1.77 1.13 
2.67 0.51 
1.31 1.31 

For f w /fu “ 
1 . 50 
0.80 
2.02 
1.31 
1.17 
0.52 

1.50 1.50 
0.80 0.80 
1.13 0.78 
0.58 0.97 
1.35 0.36 
0.52 0.52 

1.59 1.59 
0.90 0.90 
1.22 0.84 
0.70 1.16 
1.62 0.38 
0.70 0.70 

1.50 
0.80 
1.60 
0.85 
0.46 
0.42 

1.50 1.50 
0.80 0.80 
0.79 0.62 
0.42 0.99 
1.22 0.30 
0.42 0.42 

1.55 1.55 
0.85 0.85 
C.84 0.67 
0.49 1.14 
1.41 0.32 
0.51 0.51 

Note: All-Pass CO is the positive-polarity bandpass type 
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a CO type and topology. I have done 
this, believing current is the key fac¬ 
tor on coils, and voltage on capacitors. 

(sum of coil IFs) + (sum of 
OAF= capacitor VFs) 

number of components in 
CO 

Table 10 shows OAF for all CO types, 
along with average core factor: 

ACF_sum of core factors 
number of coils 

This table shows there is not much dif¬ 
ference between two-way COs of 
various types and orders. For three-
way COs above first-order, things 
become worse as Íh/Íl gets smaller. A 
CP or AP CO is preferred over the 
BW, and the transposed topology is 
somewhat better than either of the 
cascaded topologies. The three-way 
first-order CO is not too sensitive to 
frequency spread or CO type. These 
results agree with those previously 
stated. 

FIGURE 5: Midrange load current versus peak power. 

DATA APPLICATION. If simple 
equations could use the above data to 
produce accurate CO component re¬ 
quirements for your application, life 
would be easier. Unfortunately too 
many variables are involved. For ex¬ 
ample, the factors I presented were 
computed for steady-state conditions, 

so I question their use for peak power 
(transient) conditions. When combined 
with trying to obtain how peak music 
power splits for your music and your 
CO shape, you can see why a rigorous 
mathematical solution is beyond the 
scope of this work. I will present my 
approach and you can make any 
changes you believe to be appropriate. 

FIGURE 6: Tweeter load current versus peak power. 

Based on tests of coils used in 
woofer COs where distortion prob¬ 
lems existed, my approach is conserv¬ 
ative for woofers. I believe it is also 
conservative in the MR and tweeter 
areas, but I have no data. If you use 
an equalizer or tone controls to boost 
portions of the audio band, you must 
make the appropriate corrections. 

Start with the peak power (Ppeak) to 
be delivered to the speaker system. As 
Part I indicated, ten times the max¬ 
imum average power is a good Ppeak 
value. If the driving amplifier is 
known, then power supply rail voltage 
will establish an upper limit on Ppeak 
for amplifiers with no output 
transformer. You can approximate 
maximum Ppeak as 2x RMS power 
rating, corrected for dynamic head¬ 
room. Comparing the two vertical axis 
scales [Fig. 6 [Part 1]) will convert dB 
dynamic headroom into the correct 
power multiplying factor. Don’t make 
Ppeak one kilowatt just because the 
amplifier can deliver it. Be realistic, or 
you will make the CO components dif¬ 
ficult to realize. 

Next, find peak input voltage (Vpeak) 
as: 

Vpeak =  (Ppeak X Room ]V1 

where RnOm is the nominal speaker 
system resistance. If the drivers are 
not all the same resistance, use an 
average or take the highest value for 
a worst case Vpeak- With parallel COs, 

Continued on page ¡8 
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CBS TECHNOLOGY CENTER 
A brand new series of test recordings for Long-Playing equipment, studio environments, and for Compact Disk 
players. CHS recordings are designed to assist both the audio engineer and audiophile in the evaluation of audio 
components, studio equipment and reproduction systems. Each record contains a series of tests designed for a 
particular application, thus eliminating the need for numerous test records. 

CBS CD-I : COMPACT TEST DISK. A highly accurate signal source specifical¬ 
ly designed for making a full range of demanding performance measurements 
on Compact Disk players. Includes all the Electronic Industries Association 
(E1A) specified test signals and several CBS enhancements which allow the 
user the ability to obtain more critical performance data than those re¬ 
quired by the corresponding EIA measurement standard. 

CONTENTS: Tracks 1 Reference . L & R. OdB. IkHz; 2. Left separation: OdB, Ik. 125. 4k, 10k. l6kHz; 
3 Right, separation similar to track two; 4. Output noise. 1. & R. Digital zero w/o emphasis; 5. Dynamic 
range. L & R. IkHz. -60dB. 4, 8. 17, 31Hz: 7. 61. 127, 251. 499Hz; 8. 997, 1999. 4001, 7993Hz; 
9 10,00", 12,503. 16,001, I".989Hz; 10 19,997Hz (Also used for pitch error); 11. Sweep frequency 
response. OdB. 5Hz—22 05kHz; 12 De emphasis Error, L & R. Ik. 125, 4k, 10k. l6kHz; 13 Inter¬ 
modulation Distortion (SMPTE. twin tone) L & R. W)Hz + "kHz. 1 IkHz + 12kHz; 14. Linearity, 997Hz, 
L&R.OdB, - I. -3. -6, -10. - 30. -3999. -49.97, - 59.94, -70 31, -80.77, -9O31dB; 
15 Wow & flutter. L & R. OdB. 3150Hz; 16. Access Time, L & R. OdB. 317Hz; 17. Square Wave, L 
& R. Odb. 1002 27Hz; 18. Linearity with Dither. 997Hz, L& R. - 70 31. - 80 77, -90 31. - lOOdB; 
19 Impulse & Polarity Test. OdB. I. & R; 20 Fade to Noise. L & R. - 60dB, 500Hz; 21 Monotonicity, 
L & R. 1105.5Hz. 10LSB 

STR 101 : SEVEN STEPS TO BETTER LISTENING. This high precision test 
record enables you to make sure your equipment functions properly to 
tune your system to your ears and your room acoustics. Included is a detailed 
16-page booklet by Audio’s Edward Tatnall Canby explaining how to use 
the record to improve your system’s performance. 

CONTENTS: Side A. STEREO TESTS Bands: I. Left-Right identification; 2. Phasing Test; 3 Loudspeaker 
Balance; 4. Tone Control Setting ( 'A octave noise hands); 5 Alternate Phasing Test. 
SIDE B. STEREO MONAURAL TESTS. Bands I Tone Control setting (%-octave noise tone); 2. Buzz 
and Rattle Elimination (high level glide tone); 3 Lateral Tracking Test; 4. Vertical Tracking Test. 

CTC J00: PHONOGRAPH CARTRIDGE TEST RECORD. Used for measur¬ 
ing the frequency response, crosstalk, low frequency resonance, polarity, 
compliance, and tracking ability of phonograph cartridges. It contains swept 
frequency left and right channel test bands, in both audio and infrasonic 
ranges, whose logarithmic frequency sweeps are compatible with the chart 
speeds of many graphic level recorders. 

CONTENTS: Side A. Bands: 1 Left channel sweep. 2 Right frequency sweep, 3 Left separation. 4. 
Right separation. 5 Lateral polarity test, 6. Vertical polarity test. 7. Left IkHz tone. 8. Right IkHz tone 
SIDE B. Bands 1 Lateral sweep: tone arm resonance. 2. Vertical sweep: tone arm resonance. 3 Lateral 
Compliance: 100Hz. 4 Vertical compliance: 100Hz, 5 Lateral tracking: 300Hz. 6. Vertical tracking: 300Hz 

CTC J10: DISTORTION TEST RECORD. Designed for measuring the non¬ 
linear distortion of phonograph pickup cartridges. Distortions are often the 
result of a non-linear relationship between the stylus velocity (or displace¬ 
ment) and the electrical output voltage from the cartridge. Part of this non¬ 
linearity may originate in the voltage generating system of the cartridge, 
and in part from the coupling between the stylus and the voltage generator 
which may be magnetic, piezo-electric, or some other element. Other distor¬ 
tions are fundamental to the the shape of the cutting and playback stylii, 
their effective vertical tracking angles, or the coupling of the stylus to the 
record groove. The total distortion usually increases with recorded level 
throughout the normal operating range of the cartridge, becoming very 
large as the mechanical limits of the cartridge components are approached 
or exceeded. 

CONTENTS: Side A. Bands I Left Two-tone sweep: F2 = 10 50kHz: fl =0 685 to 49 685; 
(F2-F1 = 315Hz; 2 Left IkHz Square wave; 3 Right: IkHz Square wave; 4. Left spots: 2OkHz-2OHz; 
5. Intermodulation 4kHz + 400Hz in ascending level steps, phase locked; 6. Right. Intermodulation: 
4kHz + 400Hz in Ascending level steps, phase locked; 7. Left IkHz reference tone; 8. Right IkHz reference 
tone 

OLD COLONY SOUND LAB 
P.O. Box 243, Peterborough, NH 03458 
□ Check □ Visa/MC 
Credit Card # 

Expiration Date_ 
Name_ 

Street _ 
City _ State_ Zip _ 

Phone Orders (VISA/MC only) 
(603) 924-6371 9-4 EST, M-F 

SIDE B. Bands: I. Right. Two-tone sweep: F2 = lkHz to 50kHz; Fl =0 685kHz to 
49.685kHz(F2-Fl = 315Hz); 2 Lateral. IkHz square wave; 3 Vertical. IkHz square wave; 4 Right spots: 
20kHz—20Hz; 5. Right spots: 2OkHz-2OHz; 5 Lateral. Intermodulation 4kHz + 400Hz in ascending 
level steps, phase locked; 6. Vertical, intermodulation 4kllz + 400Hz in ascending level steps, phase 
locked; " Lateral. Noise band: 16kHz 
CTC 330: STUDIO TEST RECORD. This was developed to assist broadcast 
engineers and technicians, advanced audiophiles, and other professionals 
in evaluating and adjusting the performance of audio disk playback equip¬ 
ment. It provides the range of test frequencies and levels required to measure 
phono cartridge sensitivity, frequency response and stereo channel separa¬ 
tion as well as the sensitivity and frequency response of monophonic car¬ 
tridges. Standard level signals can be used to set the gain in other parts 
of the reproducing system and to identify the left and right stereo chan¬ 
nels. Other test bands are used to check system phase and measure or ad¬ 
just the rotational speed of a turntable. 
CONTENTS: Side A. Bands: 1A. Frequency response measurement (I chan); 2 A Frequency response 
measurement (r. chan ); 3A Lateral frequency sweep; 4A Spot frequencies (I chan ); 5A High level 
sweep (I. chan ); 6A. High level sweep (r. chan ); 7A Left channel reference tone; 8A Right channel 
reference tone. 
SIDE B. Bands: IB Lateral spot frequencies; 2B Right channel spot frequencies. 3B Lateral reference 
tone; 4B. Vertical reference tone; 5A (B) Stroboscope (120Hz); 5B (B) Stroboscope (100Hz). 

CTC 340: ACOUSTICAL TEST RECORD. Intended to be used for measur¬ 
ing the performance of an entire reproducing system, including the loud¬ 
speakers. The program uses random noise suitable for measurement with 
instruments or, in some cases, interpretation by ear. The signals are 
characterized as “pink” noise, which is random in nature and has equal 
average energy in each octave of the audio frequency range, from 20Hz 
to 20kHz. A spectrum analysis of pink noise using a proportional band¬ 
width analyzer (such as the “real time” spectrum analyzers often used 
for acoustical measurements) produces a linear (or “flat”) frequency 
response. In contrast, a constant bandwidth analysis of pink noise yields 
a response that decreases at 3dB per octave with increasing frequency. 

CONTENTS: Side A. Bands: 1. Left sweep: 'A -octave pink noise. 20Hz—20kHz; 2. Right sweep: 
'A -octave pink noise. 20Hz—20kHz; 3 Lateral sweep: 'A -octave pink noise. 20Hz—20kHz. 4. Left 
spots: 'A -octave pink noise. 20Hz—20kHz ; 5. Left channel wide band pink noise. 20Hz—20kHz; 6 
Right channel: wide band pink noise. 20Hz—20kHz-, 7. Left: IkHz Reference tone; 8 Right IkHz 
Reference tone. 
SIDE B. Bands: 1 Lateral spots; ’A -octave pink noise. 20Hz—20kHz; 2 Right spots: 'A -octave pink 
noise. 20Hz—20kHz; 3- Left and right wide band noise (in phase). 20Hz—20kHz; 4. Left and right 
wide band random noise (random phase); 5. Lateral: IkHz Reference tone. 

CTC 350: TURNTABLE AND TONE ARM TEST RECORD. The three basic 
components of a phonograph record player are the turntable, which rotates 
the record at (ideally) a constant angular speed, the tone arm. which sup¬ 
ports the cartridge in a correct geometrical relationship to the record groove, 
and to the cartridge, whose stylus traces the record groove and which 
generates voltage analogs of each groove wall modulation. Because the com¬ 
ponents of a record player system interact to some degree, it is difficult 
to measure or specify the performance of one without considering the prop¬ 
erties of the other two. In most cases it is acceptable to specify the makes 
and model numbers of related parts of the system (e g. the cartridge or 
tone arm), and their operating conditions where applicable, when measuring 
the performance of another part. 

CONTENTS: Side A. Bands: I Left: IkHz reference tone; 2 Right: IkHz reference tone; 3 Wow and 
flutter; 4. Lateral sweep: 2— 100Hz; 5. Vertical sweep: 2—100Hz 
SIDE B. Bands: 1. Rumble: Reference tone; 2 Rumble: Quiet grooves; 3 Lateral: IkHz Reference tone; 
4. Vertical: IkHz Reference tone; 5A. Vertical strobe: l20Hz; 5B Vertical strobe: 100Hz. 

Send me the following test records: 

_copies STR101 Seven Steps to Better Listening.$8.95 
_copies CD-I Compact Test Disk.$45.00 
_copies CTC 300 Phonograph Cartridge Test Record.$30.00 
_copies CTC 310 Distortion Test Record.$30.00 
_copies CTC 330 Studio Test Record.$30.00 
_copies CTC 340 Acoustical Test Record.$30.00 
_copies CTC 350 Turntable and Tone Arm Test Record.$30.00 

Note: Prices are per record, postpaid in USA. add 20% for overseas shipment 



Table 11: CROSSOVER COMPONENT REQUIREMENTS: An Example 

System: All Drivers 8Û fu • 800Hz, f N - 4kHz 
Peak power input to system - 200W 

A. 2nd-0rder A11 -Pass-Transposed MR (See Figs. 2 and 3) 

Coil 
LI 2 
L23 
L22 
L31 

IF 
1 .00 
1 .00 
0.28 
0.22 

IL 
3.9A 
3.6A 
3,6A 
2 . 1A 

Ipk -A L-mHy 
3.9 3.29 
3.6 0.53 
1.0 3.95 
0.5 0.66 

I,kx(D* 
7.1 
2.6 
2.0 
0.4 

AD* 
W 
M 
M 
T 

Cap 
Cl 1 
C24 
C21 
C32 

VF 
1 .00 
1 . 26 
1.00 
1.14 

Vin 
40V 
40V 
40V 
40V 

VpW -V C-yFd 
40 12.0 
50 15.0 
40 2.0 
46 2.4 

IF 
0.22 
1 .32 
0.32 
1 .00 

Ipk-A 
0.9 
4.8 
1.2 
2.1 

AD* 
W 
M 
M 
T 

B. 3rd Order Butterworth--Spec. Case MR (See Figs. 2 A 3) 
foil 

Coil 
LI 3 
LI 1 
L26 
L24 
L22 
L32 

IF 
1 .09 
1 .00 
2.53 
1.64 
1.46 
1 .06 

IL 
3.9A 
3,9A 
3.6A 
3.6A 
3.6A 
2 . 1A 

Ivk -A L-mHy 
4.3 2.39 
3.9 0.80 
9.1 0.86 
5.9 0.54 
5.3 0.20 
2.2 0.24 

l»uX(D* 
6.6 
3 . 5 
8.5 
4.3 
2.4 
1 . 1 

AD* 
W 
W 
M 
M 
M 
T 

Cap 
Cl 2 
C25 
C23 
C21 
C33 
C31 

VF 
1 .02 
1.94 
1 .00 
1.40 
1 .46 
0.36 

Vin 
40V 
40V 
40V 
40V 
40V 
40V 

V,k-V C-uFd 
41 33.1 
78 24.0 
40 32.9 
56 6.9 
5 8 3.3 
15 9.9 

IF 
1 .06 
2.31 
1.64 
1.82 
1 .09 
1 .00 

I »»»“A 
4.1 
8.3 
5.9 
6.6 
3.9 
2.1 

AD* 
W 
M 
M 
M 
T 
T 

*AD-Associated Driver: W-Woofer M-Midrange T-Tweeter 

Continued from page 36 
as this work covers, each section sees 
Vpeak as input. Therefore, find the 
capacitor's voltage requirements by 
multiplying Vpeak by the VF for each 
capacitor in the CO you plan to use. 
To use the IFs, you must establish 

the expected load current (II). I do this 
by apportioning the peak power to the 
various drivers, based on the work I 
presented in Part I, plus some added 
safety factors. Figure 4 relates woofer 
Il to system Ppeak for various Íl values. 
If Rw is not 80, be sure to correct II 
as indicated. The MR is a bit messy 
since you have two CO frequencies 
that can vary. I examined the available 
data and found, for a given Íh/Íl ratio, 
the percent peak power did not vary 
greatly with CO frequency. Figure 5 
thus uses the worst case results to 
relate II to system Ppcak for the MR 
driver. Figure 6 relates II to system 
Ppeak at various fu values for the 
tweeter. Once you know II, the IF can 
be applied to yeild coil peak current. 

Look also at the peak capacitor cur¬ 
rents. Examine the capacitors you plan 
to use before you put these currents 
through them. Test the capacitors at 
average current (peak current divided 
by 3.16) with an amplifier, to see 
whether they heat up or fail. I have 
seen too many COs with tiny 
capacitors in them trying to pass sur¬ 
prisingly large currents. Capacitors can 
cause as many distortion problems as 
coils. 

AN EXAMPLE. 
Lets look at the case 
of a three-way sys¬ 
tem using all 80 
drivers, with Íl = 
800Hz and Íh = 
4kHz. The unit will 
be driven by a 60W 
RMS amplifier to 
produce a peak 
power of 200W. 
This power corre¬ 
sponds to about 
20W average music 
power and seems 
realistic for the sys¬ 
tem. System imped¬ 
ance is a nominal 
80, SO Vpeak = 40V. 
We want to con¬ 

sider two basic CO 
types: the second-
order AP with 
transposed MR, and 
the third-order BW 
with special cas¬ 
caded MR. Table 11 
shows the results. 

I used Fig. 4—6 to establish IL for each 
CO section. Then I applied the ap¬ 
propriate VF and IF values for each 
CO type. In the example, Íh/Íl = 5:1, 
but we only have factors for 4:1 and 
6:1.1 used the 4:1 factors to stay con¬ 
servative. Table 11 shows peak coil 
current and peak capacitor voltage and 
current. I also show the component 
values and a factor (coil peak current 
times square root of inductance) 
which indicates how difficult it is to 
implement the cored coil. 
The second-order CO offers no sur¬ 

prises on capacitor voltage, but C24 
could see as high as 5A peak. Coils for 
the MR and tweeter are not difficult, 
but as expected, the woofer coil L12 
is by far the most difficult to realize. 
I used the third-order BW CO with 
special cascaded MR in the example 
because it has severe component re¬ 
quirements. With only 20W average 
input, of six capacitors used, three 
should be greater than 50V units and 
five could see peak currents of 4A and 
above. The woofer coils are of ex¬ 
pected difficulty, but remember, both 
coils are in series with the woofer, 
making DC resistance an important 
factor. 
It may come as a surprise to you 

that the MR coils are more difficult to 
implement than the woofer coils. This 
is common with any cascaded MR 
topology due to the response peaking, 
and it gets increasingly severe as Íh/Íl 
is reduced. 

The two cases I have examined in 
this example clearly indicate that, for 
a given set of drivers, fixed CO fre¬ 
quencies and a given system input 
power, the CO type and topology can 
make a major difference in the com¬ 
ponent stresses. It is just one more fac¬ 
tor on your already long list to deter¬ 
mine which CO type to use. 

CONCLUSIONS. In Part II I have 
presented voltage and current 
multiplying factors for many of the 
common parallel CO configurations 
covered in R.M. Bullock's design ar¬ 
ticles {SB 1/85 and 2/85). I have pro¬ 
vided the additional curves and ap¬ 
proach needed tò arrive at a conserva¬ 
tive set of CO component stresses, 
along with a two-part example. <á 

REFERENCES 
1. Bullock, III, R.M., "The Analysis and Syn¬ 

thesis of Passive Constant Power and All-Pass 
Three-Way Crossovers," AES Preprint 1995 (F-l). 
2. Allie, M., and R.A. Greiner, "Synthesized 

Three-Way Loudspeaker Crossovers," AES Pre¬ 
print 2007 |F-3). 

SOURCES 
Cored crossover and ferrite bobbin coils 
available from: 
Dynamic Acoustics 
PO Box 646 
San Ramon, CA 94583 
Fast Reply HIK4 

Solenoid wound ferrite core coils are available 
from: 
McGee Radio 
1901 McGee Street 
Kansas City, MO 64108 
Fast Reply HIK44 

YOUR MAGIC NUMBER 
HELPS US ANSWER FASTER 

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

If you read SB 1/86, you may have no¬ 
ticed the AudioSource RTA-ONE octave 
band analyzer which displayed the re¬ 
sponse of my midrange horn. I have used 
the RTA-ONE since mid-1985 and have 
found it to be a valuable diagnostic tool. 
I also recommend the optional pink noise 
generator, the PNG-ONE. Both are man¬ 
ufactured and distributed by Audio¬ 
Source, 1185 Chess Drive, Foster City, 
CA 94404, (415) 574-7585. 

Suggested retail price for the RTA-ONE 
is $249.95, and for the PNG-ONE is 
$54.95. A kit, which includes the RTA-
ONE, the PNG, an AC adapter, and a car¬ 
rying case retails for $385.95. 

Description_ 
The AudioSource RTA-ONE is a small but 
rugged battery-operated, 10 octave band 
sound analyzer calibrated in sound pres¬ 
sure level (SPL) or line level. A built-in 
electret condenser microphone measures 
the incident sound level, while an RCA 
jack accepts the line level inputs. 

The 20dB range (- 10, 0, + lOdB) LED 
display is segmented in 2.5dB steps. For 
easy reading, a separately colored LED in¬ 
dicates the OdB reference level. A level 
switch selects the absolute SPL or line dB 
level for the relative OdB display line. The 
level select ranges from 60dB SPL (or 
-40dB line level) to 11 OdB SPL (or 
+ lOdB line level) in lOdB steps, for a total 
dynamic range of 70dB. This range allows 
you to monitor sound levels in a room 
(60-100dB), or at a rock concert (up to 
120dB). An overload LED indicates 
whether the 20dB range is being ex¬ 
ceeded in one or more of the octave 
bands. 
The other two control switches select 

decay characteristics and input selection. 
You can set the display decay for fast or 
slow. When testing'Speakers for steady 
state pink noise, either decay character¬ 
istic will work well. For real-time tran¬ 
sient monitoring, however, the fast decay 
mode is especially valuable. The input 
selection switch picks the display mode, 
i.e., mike and line real-time analyzer 
(RTA) or mike and line level. The RTA 
display modes have been described in 
previous sections, but the mike and line 
level display modes deserve some expla-
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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 projects which 
have appeared in Audio Amateur and Speak¬ 
er Builder magazines. The builder needs the 
original article (indicated by the date in brack¬ 
ets. i.e. 3:79 for articles in Audio Amateur and 
SB 4:80 for those in Speaker Builder) to con¬ 
struct the projects. 

C-4: ELECTRONIC CROSSOVER (DG-13R) New 
2 X 3’4” board takes 8 pin DIPs. Ten eyelets for variable 
components. (2:72) Each 4.50 
D-l: HERMEYER ELECTROSTATIC AMPLIFIER II. 
(3:73) Two sided with shields and gold plated fingers. 
Closeout. Each $5.00 Pair $9.00 
F-6: JUNG 30Hz FILTER/CROSSOVER (WJ 3) 3 x 3" 
[4:75] High pass or universal filter or crossover. 

Each $5.50 
G-2: PETZOLD WHITE NOISE GENERATOR & PINK 
FILTER. (JP1) 2/x3/" |3:76| Each $5.00 
H-2: JUNG SPEAKER SAVER. (WJ-4) 3*4 x 5*4" [3:77] 

Each $7.00 
H-3: HERMEYER ELECTROSTATIC AMP BOARDS. 
(ESA-3) Set of three boards with plug in edges for one 
channel. [3:77] Set $19.00 
J-6: SCHROEDER CAPACITOR CHECKER. (CT-10) 
[4:78] 3*4x6” Each $7.25 
K-3: CRAWFORD WARBLER 3*4 x 3% [1:79] 

Each $6.00 
K-6: TUBE CROSSOVER. 2 x 4/" |3:79] Two needed per 
2-way channel. Each $4.25 Four $13.00 
K-7: TUBE X-OVER POWER SUPPLY. 5x5%" [3:79] 

Each $7.00 
K-12: MacARTHUR LED POWER METER. 5/x8*4" 
[4:79] Two sided, two channel. Each $16.00 
L-2: WHITE LED OVERLOAD & PEAK METER. 3 x 6" 
[1:80] One channel. Each $10.50 
L-6: MASTEL TONE BURST GENERATOR. 3/x6%" 
[2:80]. Each $8.50 
L-9: MASTEL PHASE METER 6%x2%" [4/80] 

Each $8.00 
SB-A1 : LINK WITZ CROSSOVER BOARD 5/ x 8/" [4:80] 

Each $14.00 
SB-C2: BALLARD CROSSOVER BOARD 5/ x 10” [3:82 
& 4:82] Each $14.00 
SB-D1: NEWCOMB PEAK POWER INDICATOR ¥« x 2" 
[SB 1:83] Each $2.50 
SB-D2: WITTENBREDER AUDIO PULSE GENERATOR 
3/ x 5” [SB 2:83] Each $7.50 
SB-E2: NEWCOMB NEW PEAK POWER INDICATOR 
1x2" |SB 2:84] Each $2.50 
SB-E4: MUELLER PINK NOISE GENERATOR. 
4'/ex23/18" [4:84] Each $8.50 

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

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

NAME 

STREET & NO. “ 

CITY STATE ZIP 

No. Bds. Price 
.... Board No. $ 
.... Board No. $ 
.... Board No. $ 

Total $ 

nation. All of the octave band levels go 
to the same level, which apparently cor¬ 
responds to an "A1' weighted SPL mea¬ 
surement used by acoustic researchers. 
I do not find this feature to be particular¬ 
ly useful for speaker builders. 

Applications_ 
For many years, I struggled unsuccessful¬ 
ly to match driver levels at the crossover 
point. I became so enthralled with the 
sound of a driver enclosure combination 
(Beranek's Law) that I simply ignored the 
fact that the woofer horn was 6dB more 
efficient than the midrange. Later, my 
wife would let me know the sound, al¬ 
though great, was somewhat bass-heavy. 
Then, a technician co-worker showed me 
his RTA-ONE and let me borrow it. After 
using it for a short while, I was hooked. 
I found I could hold it close to each 

driver for a near field test of driver level. 
If the levels weren't the same, the meter 
told me, within a couple of dB, what at¬ 
tenuation I needed. By ear, I could then 
use L-pads to fine-tune the level equaliza¬ 
tion. When I later checked the total re¬ 
sponse in the lab with an FFT, I dis¬ 
covered the level matchups were very 
good indeed. 

There is, however, a pitfail in using the 
analyzer: you can get readings that can 
fool you. You will get reliable readings 
if your drivers are reasonably flat, but if 
there are response irregularities, such as 
a strong resonance (some of my prototype 
horns have had this problem), the read¬ 
ings may be anomalously high. If you 
continually encounter this situation, a 'A 
octave analyzer, such as the more expen¬ 
sive Heathkit (reviewed in Audio Amateur 
3/85), may be a better choice. 
The optional Pink Noise Generator 

(PNG-ONE) is also a good buy. I tested 
the generator on an integrating FFT and 
found the generator maintained the 1/f 
characteristic down to 15Hz before the 
response rolled over. Since octave band 
bandwidth increases linearly with fre¬ 
quency, the pink noise source needs the 
inverse frequency characteristic for an ac¬ 
curate transducer (i.e., loudspeaker, amp, 
and so on) response measurement. 
The marketing people at AudioSource, 

however, seem to have confused white 
noise with pink noise in their ad copy— 
they say pink noise is "flat" (sic). It is ob¬ 
vious to me the design engineers knew 
what they were doing, because the RTA-
ONE and the PNG-ONE work quite well 
together. 

Summary_ 
The AudioSource RTA-ONE will make a 
valuable addition to your test gear collec¬ 
tion. Its small size and flexibility make it 
a very good buy. 

Bruce C. Edgar 
Contributing Editor 

STEP RESPONSE 
continued from page 12 

with your knowledge, intuition, pa¬ 
tience and listening experiences. 

If "time alignment" is so necessary 
for "accurate" sound reproduction, 
why are so few commercial loud¬ 
speakers built with it? First, it costs 
more to produce a speaker with the 
drivers stepped back; more pieces of 
wood cabinetry must be cut and as¬ 
sembled. The loudspeaker also looks 
peculiar unless it is covered with a 
large cap of foam (itself a detriment to 
high-quality sound). An alternative to 
physical alignment of the drivers is to 
use an active crossover with the ap¬ 
propriate time delays built into it. It is 
not easy, however, to construct a total¬ 
ly acoustically transparent active cross¬ 
over, and the extra power amplifiers 
would multiply the loudspeaker cost 
several times over. 

Finally, most loudspeaker manufac¬ 
turers, including many with full-time 
research staffs and many times more 
sophisticated equipment than I used, 
have yet to be convinced of the need 
or commercial success of time-aligned 
loudspeakers. Amateur speaker build¬ 
ers need not worry about these 
problems. 
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Craftsman's Corner 
Strathearn System 

PHOTO 1: The Strathearn design exposed. My design is the result of time-delay spectrometry testing. 

I have spent the better part of the past 
two years building a complete speaker 
system around the Strathearn driver, 
which is rather difficult to use and ex¬ 
tremely difficult to match with other 
drivers. My design, shown in Photo 1 and 
Photo 2, is the result of time-delay spec¬ 
trometry testing in WED Enterprises 
laboratories, and more than 200 hours of 
listening tests. 

At present, I use electronic crossover 
between the Dynaudio sub-bass units and 
the mid-bass upward units. I use a passive 
crossover (Fig. J) between the KEF, 
Strathearn and Panasonic units. I have 
bought and tried a couple of enclosure 
kits, with less than satisfactory results. 
The enclosure I am using is a monopole 
with pressure relief, so the Strathearns' 
backwave is totally absorbed without 
loading the diaphragms. 
The design does not adhere strictly to 

acoustic theory, but rather evolved from 
modifications suggested by extensive 
listening sessions. In all, six people were 
involved in these sessions, and all thought 
a better-designed system would cost sev¬ 
eral thousand dollars. 

Many Strathearn users have tried to get 
the response down to 150-200Hz by us¬ 
ing large baffle surfaces. I have tried this 
method, and it works. The problem is 
that regardless of the baffle surface, the 
Strathearns still have a very irregular 
response at high levels (90-1 lOdB) and 
can catch on the edge of the magnet struc¬ 
ture with the amount of excursion they 
must produce, thereby ripping the foil 
conductor. 
My answer to this problem was to use 

a small (5 to 6-inch) driver to fill in from 
100-500Hz. The KEF Bl 10 works very 
nicely, although using it lowers the over¬ 
all system efficiency. One advantage of 
using the B110 is it is very difficult to de¬ 
termine where the DEFs cross over to the 
Strathearns. Another advantage is with 
the narrower enclosure and rounded 
edges, the system's imaging is out¬ 
standing. 
The response curves shown in Figs. 2-
4 were run without the Hafler equalizer 

Continued on page 43 
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LI = 2.2mH 
L2 = 740/xH 
L3 = 1.2mH 

L4 = 158MH 
L5 = 60mH 
L6 = 95mH 

Cl = 115/xF (Composite) 
C2 = 60^F (Composite) 
C3 = 185gF (Composite) 
C4 = 5gF (Polypropolene) 
C5 = 4^F (Polypropolene) 
C6 = lOgF (Polypropolene) 

Resistors RI, R2, R7, R8* 

Resistors R3 & R5: 0.59 (matched) 
25W non-ind metal clad 

Resisters R4 & R6: 20.09 (matched) 
100W non-ind metal clad 

*Note: The author did not provide values. 
For information write to: Don E. Prock, 
590 Maverick Lane, PO Box 3698, 
Rubidoux, CA 92509—Ed. 

FIGURE 1: My passive crossover design. Note: all coils are custom wound with 16 gauge magnet wire, and matched to within 1% tolerance ot each other 
and values listed. All caps are matched to within 1% tolerance. 

PHOTO 2: The finished Strathearn in my living 
room. 

FIGURE 2: The dynamic/ribbon line source response curve at 60 seconds with both systems on mono mode. 

FREQUENCY (Hz) 

FIGURE 3: The response curve with a sweep speed of 15 seconds. 
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Continued from page 41 
in place. I used the equalizer because the 
system is so flat that most listeners do not 
hear what they are used to hearing. In my 
living room, which is heavily furnished 
with sound-absorbing materials, the sys¬ 
tem measures + 1.5dB from 25Hz-18kHz. 
It is very fast and clean, and I have been 
able to produce 115dB peaks on an Ivie 
spectrum analyzer with approximately 
25W of power. My living room is about 
4,200 cubic feet, and I made the measure¬ 
ment at 10 feet from the speakers. 

I have listened to Beveridge, 1RS and 
Magneplanar units, and I would not trade 
my system for any of them. When I feed 
the Strathearns with my modified Leach 
amps, it produces sound that raises the 
hair on the back of my neck. For some 
reason, the Strathearns seem to make the 
Leach amps sound almost as sweet as 
tube amps from the better manufacturers. 

Don E. Prock 
Rubidoux, CA 92509 

FREQUENCY (Hz) 

FIGURE 4: The response curve with a sweep speed of 30 seconds. 

JU A fl MAS SPEAKERS 
BOX 7462B, Denver, CO 80207 
(303) 399-8609 

SPEAKERS Free price list. 
We offer the widest selection of European and American high-end speaker components, 

kits, and mobile speaker systems: 

Audax • Dynaudio • SEAS • E.F. Jordan • Dalesford/Cambridge • Becker • Philips • JVC 

• Peerless • Ultimate • Pyle • MB • Versa-Tronics • Focal • scan-speak • Morel • Falcon-

Acoustics • Woodstyle Enclosures • Just Speakers • 

sEan-spESK 
A&S is proud to announce that the com¬ 

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

RXA1 Focal kits, enclosures, electronic crossovers, and drivers featuring dual voice coils and 
Neoflex cones are now in stock. 

Quantity discounts available to the trade. 
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SB Mailbox 

ESL GREMLINS 
A couple of gremlins crept into my letter 
(SB 2/86), "Examining the ESL." The first 
error occurred in the fourth paragraph. 
The diaphragm to plate spacing on the 
Malme speaker was % (0.25) of an inch, 
not the %" indicated in the article. 

In the fifth paragraph, the cited book 
should have read "Fundamentals of 
Acoustics" by Harry Olson, not "elec¬ 
trical engineering." 
Paragraph 12 indicated "other design¬ 

ers have maintained the width at a value 
which is equal to or less than 1.3 of the 
wavelength of the speakers' uppermost 
frequency." The 1.3 should have been ‘A 
(one-third). 

Ronald Wagner 
Fremont, CA 94539 

THE VOICE OF 
EXPERIENCE 

I am an amateur singer (tenor) and an 
opera lover, so voice reproduction is ex¬ 
tremely important to me. 
Because I don't have the room, money, 

or knowledge to deal with test equip¬ 
ment, I must rely on my own ears or 
someone else's experienced ears to come 
up with suitable solutions to my ques¬ 
tions. 
For several years, I have been using 

Philips drivers in a triangulated TL con¬ 
figuration, built from an article in TAA. 
My midrange is a 5" sloped cone with tex¬ 
tile surround and a plastic rear chamber. 
So far, I am pleased. It’s fairly smooth and 
its low resonance and low crossover point 
( + 400Hz) makes it handle the vocal range 
almost in its entirety. 
I want to improve my speaker system, 

but I have plenty of doubts. With so many 
choices in different catalogs, there is no 
way I can listen to them all, and it is too 
expensive to try them on my own system. 

I am attracted to the fiberglass-coned 
Siares, but I have never heard them. Has 
Gary Galo had any experience with 
them? How about the MB Electronics 

drivers (they make the PHT and PMT 
dome tweeters and midranges, sold under 
the Peerless name)? They have made a 
titanium dome midrange that apparent¬ 
ly goes way down in range (McGee cata¬ 
log claims 340Hz crossover!). They cost 
less than Dynaudios ( + 35% less), and al¬ 
though they do not handle Dynaudio's 
prodigious amounts, they do much bet¬ 
ter than Audax and Philips. 
My fear of purchasing something ex¬ 

tremely revealing is compounded by two 
things. First, although I have and listen 
to compact discs, I also own many old re¬ 
cords and tapes of old recordings, most 
of which are now unavailable. As you 
know, they are plagued by noise, scratch¬ 
es, and so on, but the performances by 
great artists are irreplaceable. 

Also, most of the higher quality ampli¬ 
fying equipment available is short on 
filters, mono switches, and so on. My in¬ 
decision alternates between keeping what 
I have as-is, or having maybe two sets of 
speakers—something up-to-date to deal 
with good records and compact discs, and 
maybe a smaller system (not too sophis¬ 
ticated) to enjoy my older opera records. 
Most of the old records do not go very 
high, and absolutely not very low! 

Regarding the possibility of two alter¬ 
nate systems for my listening sessions, I 
have read some articles which condemn 
simultaneously using more than one sys¬ 
tem in a room. Maybe I could use the se¬ 
cond set as an ambience or rear speakers. 
Any suggestions? 
As a point of reference, most of the 

music I listen to is operatic, but I also 
listen to a lot of classical—from Baroque 
to Twentieth Century. I listen to only a 
little pop and jazz. 

Rafael Lopez 
Miami, FL 33125 

Mr. Galo replies: 

For many years, the Philips driver was con¬ 
sidered to be the best of their cone midrange 
types. You are certainly correct about its ac¬ 
curacy in the vocal range. By today's stan¬ 
dards, however, this driver lacks upper 
midrange detail and overall power-handling. 

The Peerless PMT 51 midrange looks good 
on paper, although I have not used it. The 

data says it is good down to 500Hz, but given 
its high Fs (380Hz), operating it that low 
might be asking for trouble. I do not know 
whether Peerless has used any special damp¬ 
ing techniques /such as Dynaudio used in the 
D-76) to allow safe crossover at 500Hz. 

I have not used the Focal or Siare drivers, 
but hope to be able to try them in the future. 
Like yourself, I must purchase most of the 
drivers I test, although I occasionally get a 
dealer or manufacturer loaner. I hope more 
dealers and manufacturers will be willing to 
submit drivers to me for testing. Whenever 
they do, I will report the results in SB. 
Regarding old recordings playback, you 

raise some worthwhile questions. If you 
subscribe to Audio Amateur, I refer you to 
my 1/85 article, "A Preamp for Vintage 
78s. " I believe the key to successful playback 
of old records lies in the proper turntable, 
arm, stylii, and preamp equalization. I own 
nearly 2500 78 rpm discs, including num¬ 
erous vocal records which I play frequent¬ 
ly. I use the same playback system for them 
that I use for my best LPs, with the excep¬ 
tion of the above-mentioned pieces of equip¬ 
ment which must be tailored specifically for 
78s. 
My friends are continually amazed at the 

exceptional sound quality contained in the 
grooves of these recordings. I would go so 
far as to say that well-recorded 78s from the 
mid-1980s sound more impressive using the 
playback methods I use than modern LPs 
and tapes played on the cheap gear used by 
the average American record buyer (let us 
remind ourselves that most record buyers are 
not audiophiles, and use pretty poor 
playback gear/. This often makes me wonder 
just how much progress has really been made 
in sound reproduction for the average 
consumer. 

For the playback of extremely noisy discs, 
a parametric equalizer (such as the Phoenix 
Systems unit I reviewed in TAA 2/86/ and 
perhaps a dynamic click and pop eliminator 
will help (they probably won't eliminate them 
completely, but they will reduce the an¬ 
noyance level). A "wet playing" with distilled 
water will reduce audible scratches and 
other noise resulting from wear on old LPs. 
I don't recommend this for everyday use, but 
it will allow you to make a low-noise tape 
recording of your worn records. 

Therefore, I do not see the need for a dif¬ 
ferent amplifier and speaker system for old 
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records. I prefer to treat the recordings prop¬ 
erly at the source, and play the processed 
signal through my main loudspeakers. 

SOLVING SOME 
TL MYSTERIES 

I had the good fortune of meeting the only 
other (that we know of) SB subscriber in the 
New Orleans area, Francis "Duke" Lejeune. 
He's built a system using two woofers in a 
transmission line (TL) with a Gold Ribbon 
mid/tweeter. I was very impressed by the 
smoothness of the bass response. Two of my 
friends are about to commission me to build 
them new speakers: one set a main (35Hz 
Fj), and the other an extension pair (possibly 
as satellite units) with a cutoff of about 
100Hz. I’d like to use a TL loading in both 
of these, but I have a few questions about 
TLs I cannot see addressed in current 
writing. 

Has Gary Galo studied electrical TL theory 
and, if so, what analogies does he see with 
acoustic TLs? Specifically, I am concerned 
with addressing TL design not simply from 
wavelength versus tube length, but from 
driver impedance (generator impedance) ver¬ 
sus line impedance. 

In his original article {SB 2/86), Mr. Galo 
stated that if the 'A length of the line is unac¬ 

ceptably long, take the 'A length of some 
higher frequency and base the line on that. 
What would be the effect on ultimate Fi and 
ripple from using, say, a driver of 45Hz Fs 
on a 100Hz line? What would the effect be 
if the crossover contains a 100Hz high-pass 
filter anyway? 

Finally, Mr. Galo says it is good practice 
to include a 45° angle piece in the first sec¬ 
tion of the line to reduce early reflections to 
the woofer(s). In his experience, at what 
distance into the line from the woofer can 
we stop worrying about early (?) reflections? 
This question arises from my desire to make 
a large-scale (25Hz) TL for my CVA that 
would have a spiral cross section and, 
therefore, no parallel walls at all. 
One thing I like most about SB is that 

heretofore mystery-shrouded areas (TLs, 
horns) are being illuminated. I think Mr. 
Galo's contributions have done much toward 
that, and I look forward to whatever input 
he can provide. 

Scott Ellis 
New Orleans, LA 70116 

Mr. Galo replies: 

There are anlogies between electrical trans¬ 
mission lines and undamped quarter wave¬ 
length acoustic lines ¡i. e., acoustic lab-
rynths/. The electrical equivalent to the % 
wave labrynth, which is a pipe open at one 

end and closed at the other, is a short-
circuited electrical TL. In the shorted elec¬ 
trical line, if it is ‘A wavelength long, the in¬ 
cident current /outward-going current) is 
cancelled by the reflected currents. The cur¬ 
rent at the point ‘A wavelength from the 
short will, therefore, be 0. This point is called 
the current node. This is analogous to the 
'A wave acoustic pipe, where the pressure 
node at resonance opposes the acoustic mo¬ 
tion of the source ¡i. e., the woofer), and in¬ 
hibits its vibration. For a more detailed ex¬ 
planation of electrical TLs, I recommend 
Chapter 20 in the pre-1977 Radio 
Amateur’s Handbook. 
The above analogies apply to undamped 

pipes. When the line is filled with damping 
material, such as wool, its characteristics are 
no longer the same. Harry Olson, in Music, 
Physics, and Engineering, pp. 86-88, gives 
formulas for determining the impedance of 
undamped pipes, but I do not know how to 
compute the impedances for wool-filled lines. 

If you are building a satellite system which 
would be crossed over to the subwoofers at 
100Hz, you do not want F3 to occur at 
100Hz, since this will alter the crossover roll¬ 
off characteristics. It is better to put F) at 
least one-half octave lower than the cross¬ 
over frequency, at around 75Hz. If you use 
a very low Fs driver in a line that is 'A 
wavelength at a much higher frequency, the 
3dB down point in the frequency response 
will probably be lower than expected. In my 

PolvdAx AomkercŒmrcitim 
Polydax spzakercaporaton 
Subsidiary ol AUDAX France 

HD12x9D252CFF 
25mm1 " 

DOME TWEETER 
The flawless linearity and absence of col¬ 
oration of our 25mm, impregnated fabric 
soft dome accounts for its high reputa¬ 
tion for natural sound reproduction. 

In order to insure this tweeter’s com¬ 
patibility with magnetic fluid, it was 
necessary to add a layer of turns to the 
voice coil, redesign the magnetic circuit, 
employ all new cements and change the 
diameter of the former by a microscopic 
amount. Attention to the smallest detail, 
without compromise, resulted in a new 
model of the highest quality standards. 

It is our pleasure to announce the addi¬ 
tion of this new product to our complete 
line of loudspeakers. 

10 Upton Drive, Wilmington, MA 01887 (617) 658-0700, Telex 237608 Pldx 
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SB Mailbox 
TL-5 system, using an Audax 5" driver with 
an Fs of 35Hz, the 3dB down point is actual¬ 
ly 39Hz, even though the line is 'A wave at 
60Hz. 

I don't think it is necessary to include right 
angle pieces farther than half-way down the 
line's length. Without parallel walls, reflec¬ 
tion problems are minimized even further. 

A WELCOME 
SUGGESTION 

I was interested to see the empirical dif¬ 
ference between notch filters using NP 
electrolytics and those using Mylar 
capacitors, as revealed in David Weems' 
SB 2/86 article. 

Has he investigated the effect of the im¬ 
pedance load, R>, below? 

For a given R;, the notch's cut will go 
to 0 if Rj is increased significantly, 
whereas for "small" R¿, a very large cut 
may result. Perhaps his formulas re¬ 
flected a value for Rz different than the 
one he gave it. This might partially ac¬ 
count for the difference between his 
measurements and the theoretical values 
of Q. 

From my calculations, he could choose: 

Ri = R’Q- Rj, then 
C = Q/27rfR/, and 
L = R//2rrfQ 

As Mr. Weems mentioned, he is still 
left with the problems of imperfect capa¬ 
citors, complex (non-resistive) driver 
loads, and interactions with the cross¬ 
over. 

In reference to his Fig. 6, while it would 
be beneficial to place a driver impedance 
compensation circuit between the notch 
filter and the driver (so the notch will 
have a more resistive load), I believe he 
must insert a different compensator be¬ 
tween the crossover and the notch (Fig. 

NOTCH FILTER 

FIGURE 1 

I) so the crossover won't see a high im¬ 
pedance at the notch frequency ¡when 
the notch frequency is close to the cross¬ 
over frequency). Perhaps this one would 
be helpful: 

Cj=L,/Rz 2 

L5 = R22Cí 
Rj = Rjjl + Rj/Ri 

I've enjoyed Mr. Weems' articles and 
books. I'd like to know if he finds any of 
these calculations useful. 

Ralph Gonzalez 
Philadelphia, PA 19143 

Mr. Weems replies: 

You are right about the effect of the load im¬ 
pedance IR2 in your diagram) on the per¬ 
formance of a notch filter. But I measured 
the impedance and Q of each filter with no 
load (i.e., Rz = 0), and yet the values I ob¬ 
tained were below those predicted. 
Your "notch impedance compensation" 

filter suggestion is a good one. It is precise, 
removes the impedance variation produced 
by the notch filter, and increases the effec¬ 
tiveness of the filter. Using it with an im¬ 
pedance equalizer on the driver should pro¬ 
duce a more uniform impedance load for the 
crossover network. 
As to the value of the impedance equaliz¬ 

er after the notch filter to provide a more 
resistive load for the filter, it is good in 
theory, but in a practical situation may not 
be an important virtue. 

For example, you are likely to find the Q 
of your notch filter is lower than predicted. 
In that case, you increase the value of the 
shunt resistance, Ri. That move, combined 
with the impedance equalizer on the driver, 
can produce a deeper than desirable cut at 
the notch frequency. 

The simplest solution for such a problem 
is to use the circuit I showed in Fig. 6. A 
more elegant solution would be to make up 
a new notch filter with a different LC ratio 
and a higher Q. Your choice might depend 
on how much pleasure or aggravation you 
get from making up notch filters. 

The only other objection I can see with 
your circuit is it violates the adage "what you 

don't add on won't cause you any trouble. " 
But so does the notch filter. 

LOWERING 
THE BOOM 

I received my first issue (1/86) of SB last 
week, and was interested in Bruce Edgar's 
answer to Frederick Weber regarding the 
Speakerlab SK. 

I built a pair of SKs from scratch in 1977 
and have never been really happy with the 
sound of the upper bass range. They've 
always sounded '‘boomy." I added polyfill 
behind the woofer, which smoothed the 
sound somewhat. 
I would, however, like to learn what 

modifications I can make to the hom(s) 
and/or crossovers to improve the sound. 

Dave Wharran 
Clearville, PA 15535 

Contributing Editor Edgar replies: 

I went back and looked again at my calcula¬ 
tions for the EVM15L and discovered a mistake. 
Instead of an optimum throat size of 46 square 
inches, it should be 61 square inches. 

The SK hom has a throat size of 3x13”, or 
39 square inches. I have not found any other 
15" woofers that want to work into that small 
a throat area. 

If you are willing to try an experiment, put 
in a JBL222OH IFs=37Hz, optimum throat size 
= 55 square inches). An EVM12L driver will 
work into 39 square inches, but the 13" wide 
throat of the SK does not match the 12" dia¬ 
meter very well. 

My radical suggestion for modifying the SK 
hom is as follows: remove the 15" driver and 
set it aside, select a suitable sledgehammer and 
demolish it into small pieces, and tie up the re¬ 
mains for the trash pick-up. 

In all seriousness, I've found that is the only 
way to deal with that "turkey. " I have had to 
do the same with some of my experimental horns 
that didn't quite work out. 
The SK woofer IFs=24.7Hz, Qs = -38, and 
=23.3 cubic ft.) is better suited for a sealed 
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box enclosure. For a Qc of 0.7 and an Fc of 
47Hz, you will have to build a 9.7 cubic ft. box. 
A smaller 4.7 cubic ft. box will give a Q, of 
1.0 and an Fc of 68Hz. 

I regret hone of these solutions are quite op¬ 
timum, but maybe they will spur you to try your 
hand at bass horn design. 

WONDERFUL 
WARBLER 

I find the Warbler oscillator [Dick Crawford, 
"The Warbler," TAA 1/79, pp. 22-27, 43. 
Available from Old Colony Sound, Box 243, 
Peterborough, NH 03458. Kit No. KK-3.] to 
be a very useful item, especially in a hor¬ 
ribly difficult room. I use it carefully since 
it is exceptionally sensitive to object place¬ 
ment, including one's own body. 

I found it accelerated the side-to-side 
balancing process, terminating with a ‘A oc¬ 
tave white noise band, and providing greater 
and more stable accuracy. To me, global side-
to-side balance at every 'A octave is far more 
important to total system performance than 
global flatness response for the audible, sub-
audible and superaudible spectrum, pro¬ 
viding it is done with the highest possible 
precision. 

Regarding Isobarik (SB 3/85), I have placed 
two JBL2235S (15"), glued front-to-front, in 
a transmission line system. I don't give a hoot 
if the parameters are equivalent to a single 
driver, or if I lose 6dB. In a small room 
(15x18'), I have ample volume for over¬ 
loading, even at 16Hz. 

I do know I have 24,000 gauss to control 
the diaphragm and, with a proper amplifier, 
the results are the purest lows I have heard 
during my 34 years as an audiophile. 
By the way, I use a Kenwood M2, 200W 

amplifier (enhanced per driver) with elec¬ 
tronic crossover at 36dB/octave, and use the 
Sigma drive option. It far surpasses other 
amplifiers of far greater intrinsic value and 
cost. 

You should never underestimate the pow¬ 
er required for an efficient driver at normal 
listening levels. Dafos, for example, require 
nearly 50W per driver on the Japanese drum. 

Michel Deneault 
Ste. Foy, Quebec G1W 2V3 

CVA IN DIXIE 
I have finally finished my second Curvi¬ 
linear Vertief Array (SB 2/85), and I would 
like to report the results. 
My pair is located in my apartment, 

which is a remodeled attic and, therefore, 
a pentagonal cross section. The speakers 
are placed about 14' apart, and due to fur¬ 
niture placement, they are about 2' from 
the angled ceiling, as measured from the 
top of the arrays. 

Initially, I had the CVAs rotated out at 
the traditional 45° angle. This produced a 
rather diffuse image, without a stable 
center, even on monophonic material. I 
then rotated the pair inward, with only 
about a 15° outward cant. The image 
stabilized and offered a great deal of "air" 
and internal space. 

I have been fortunate to listen to live 
broadcasts (via microwave to the transmit¬ 
ter) of the New Orleans Symphony. The 
imaging and sense of "air" I get at home 
is quite similar to what I have experienced 
in the concert hall. With well-mixed LP or 
CD classical recordings, the imaging is 
superb, if not the "pin-point" imaging some 
lesser speakers offer due to upper midrange 

beaming. With rock material, featuring 
artificially-added echo, the results range 
from the sublime to the ridiculous. In many 
cases, the image seems to expand beyond 
the walls. 

If the CVA configuration has a disadvan¬ 
tage, the very wide (120° or so) dispersion 
gets the sidewall reflection into the act 
more than necessary. In a listening room 
such as mine, with close, hard-surfaced 
walls, this tends to dilute the image. As 
with many large speakers with numerous 
drivers, the CVAs demand some distance 
between themselves and the listener, lest 
the listener hear the individual drivers 
rather than the array itself. An interesting 
phenomenon occurs when I stand midway 

A full range of kits from the most simple to 
the most sophisticated designs. Send $3.00 
to FOCAL AMERICA, 1531 Lookout Dr., 
Agoura, CA 91301 for a catalog of more 
than 20 different kits including crossover 
designs and cabinet plans. 
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ProvenPair precision drive units 

Madisound Speakers in cooperation with 
France Filieres, manufacturers of Focal Loudspeakers, 

is proud to present Focal ProvenPair drive units. 

Example of 5N 302 ProvenPair Response documents: 

ProvenPair units for the first time offer drive units that are carefully 
matched and shipped with individual response information. This 
can insure that the serious speaker constructor can turn his design 
into reality. ProvenPair drivers offer the following: 

1. Frequency response matched to within 1dB throughout the 
range of desired use (typically one octave above resonance to 
the frequency where the nominal impedance is doubled). 

2. Units sold only in pairs. 
3. Each unit is accompanied by a signed and dated individual 

response curve from France Filieres. Measurement system is by 
Bruel & Kjaer, including a BK 4133 microphone and a BK 2307 
chart recorder. 
Madisound is offering the ProvenPair option on several of Focal’s 
midranges and woofers. It is our feeling that the high frequency 
units do not show significant unit to unit variation, but bass and 
midrange speaker construction involves many hand operations 
and parts from several subcontractors. The quality control advan¬ 
tages of ProvenPair design results in a very good value for the 
purchaser. 

MODEL PRICE per pair 

5 N 302 Neoflex midrange ProvenPair $ 65 
5 N 402dB dual voice-coil 5" woofer ProvenPair 68 
7 N 402dB dual voice-coil 6.5" Neoflex ProvenPair 88 
7 N 303 Lower mid 40mm flat wound coil, 93dB ProvenPair. 130 
7 N 501 Neoflex 6.5" woofer; 40mm flat wound voice-coil ProvenPair 101 
8 N 511 Neoflex 40mm flat wound voice-coil, cast frame, ProvenPair 106 
8 P 511 Polypropylene 40mm flat wound voice-coil, cast frame, ProvenPair. 110 
10 N 501 Neoflex 10" woofer, 40mm, cast frame, ProvenPair. 122 

Madisound Speaker Components 
8982 TABLE BLUFF ROAD 

BOX 4283 
MADISON, WISCONSIN 53711 

PHONE (608) 831-3433 

ORDERING INFORMATION: All speaker orders will be shipped promptly, if 

possible by UPS. COO requires a 25% prepayment and personal checks 

must clear before shipment. Adding 10% for shipping charges facilitates 

shipping procedure. (Residents of Alaska and Hawaii, and those who re¬ 

quire Blue Label air service, please add 25 %.) There is no fee for packag¬ 

ing or handling, and we will refund to the exact shipping charge. We ac¬ 

cept MasterCard and Visa on mail and phone orders. 

FAST REPLY AIK20 



SB Mailbox 
Continued from page 47 

between my canted-in speakers. The effect 
is much like putting on a pair of head¬ 
phones—some of the images appear to 
originate within my head! 

I changed the pods' suspension method 
from the pylon and threaded rod arrange¬ 
ment to a spine which holds the pods with 
clamps from the rear. Lack of reflections 
from the former pylons, to my surprise, is 
indeed audible and welcome. 

I thank Angel Rivera of Brooklyn, NY for 
pointing out that Cz of the crossover should 
be 156.8gF, not the 15.68 I had (mis)cal-
culated earlier. 

Scott Ellis 
New Orleans, LA 70116 

DRIVER QUERY 
Thanks to Bob Bullock for his series of ar¬ 
ticles about Thiele-Small alignments, and 
his part in the preparation of the BOX¬ 
RESPONSE program. While the informa¬ 

tion in these articles is interesting and 
useful, I have a number of questions. 
In Mr. Bullock's reply to Carmen Gitto 

[SB 4/86), he said when two drivers are 
paralleled and assumed to be one, the on¬ 
ly Thiele-Small parameter altered is Vas-
Please explain why. I have outlined my 
thoughts, such as they are, below: 

rw = Qi Qi" 
Qf + Qm 

Therefore, any change in Qj or Qm alters 
Qr-
From Martin Collom's "High Perfor¬ 

mance Loudspeakers" (p.78): 

„ 2tt C MrRc 
& = ^2 

for two drivers in parallel, Rc will be half 
its single driver value, therefore, for Q/ to 
remain the same, either Mr or B2!2 alters. 
What is Mr? In the formula concerning 

sealed box systems, Mac was the total 
mass, including the diaphragm and adja¬ 
cent air. Is Mr perhaps a version of total 
mass including port mass in a vented 
system? 

Mr. Colloms uses 5.5 x 10‘2m’2 for Mr, 
the area of driver diaphragm. Assuming 
this is somehow correct, two drivers in 
parallel would have an Mr value twice that 
of a single driver. The changes in Mr and 
Rc cancel each other out. So far, so good. 

B2!2 doesn't change, which seems 
reasonable. 
What happens with four drivers in 

series/parallel? Rc remains the same as one 
driver, but does Mr become four times as 
large, leading to a new Qr four times the 
original? 

Looking at: 
n 2irfoMr 
Q'» = “r-iws 

two drivers will produce twice the original 
Mr, but what of R«s (suspension resist¬ 
ance)? I'm not sure what Rms is, but my 
first inclination is to guess that two equal 
values in parallel will produce half the 
original value. Do two drivers produce 
twice the value of Rms? 

At this stage, I am completely confused. 
Maybe changes occur in both Qj and Q« 
which somehow cancel each other out, 
leading to the same Qr no matter how 
many drivers are combined in whatever 
manner. Could Mr. Bullock clear this up 
for me? 
My second question concerns adding 

series resistance to alter the Q value of a 
driver. For example, using a Focal 10N501 
and the QBj alignments [SB 3/81, p. 21): 
Qr=.231, fj = 47.2Hz, VB = 37.9 1, 
but Qr = .31, fi = 33Hz, Ve = 81.5 1. 
To alter Qr from .231 to .31 requires a 

series resistance of 2Í2: 

DYNAMIC ACOUSTICS OFFERS PARTS 
We have, for a number of years, been a major supplier to the high-end audio industry in the United States. 
We have sourced the most unusual and most sought after components, and we have made them available 
from stock. We offer a complete components program, and this is now available to you! 

We feature an extensive program of exceptional polypropylene capacitors from 0.47 mfd through 10.0 mfd 
values. These devices are of nearly non-measurable ESR and DF factors! In addition we offer a full pro¬ 
gram of superb non-polar electrolytic capacitors from 4.7 mfd through 100 mfd values. These have been 
reported to us as being the most “musical” electrolytics in the industry! This is certainly a critical factor 
when constructing a crossover network! 

Precision inductors (chokes) are our specialty. We offer ferrite bobbin core devices through 19.0 Mh with 
negligible DC Resistance and compact sizes for easy mounting. For those who insist upon air core units, 
we do wind those to 10.0 Mh. We can give you the precise values you require! 

We offer a full program of L-Pads, L.E.D.’s, 5-way binding posts, rear terminals, resistors, and more! Occa¬ 
sionally we offer closeouts at exceptional savings. 

Our car stereo program is superb, and is available in a wide range of polypropylene drivers from 4” through 
10”. 

Who could ask for anything more? 

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

IS A SOUND COMPANY 
Ramon. CA 94583 • (415)866-9500 

FAST REPLY UIK4 

Enclosed is S2.00 Please send complete info to: 

NAME _ 

ADDRESS _ 

CITY_ 

STATE_ ZIP_ 

(03/86) 

. T.M. 

WNDMIC « 
¿dCOU/TICT 
k ' OUR CONCERN 

P.O. Box 646 • San 
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Perfect Lay 
From 

Madisound 
MADISOUND is now stocking PERFECT 
LAY WINDING AUDIO INDUCTORS from 
Solen Engineering. These are audio grade in¬ 
ductors using 14 gauge wire with the follow¬ 
ing specifications: 
• Perfect Lay hexagonal winding. Winding 

space factor: 86.7%. 
• Oxygen content: Less than 200 parts per 

million on surface. 
• Insulation: 130° C single coating nylon¬ 

polyurethane. 
• Computer optimized coil dimension. 
• Encapsulation: Varnish dip coating with 

4 nylon ties. 
• No saturation distortion: Test voltage 

1500V AC. 
• No hysteresis distortion: Test voltage 

1500V AC. 
• Inductance tolerance: within 1 % of value 

listed. 
• Conductivity: Better than 101.5% of 

NEMA standard sample. 
• Wire diameter: .064 inches; 1.63mm. high 

purity annealed copper. 
Ind. Resist. 
L-MH DCÍ1 
.22 .08 
33 10 
.47 .13 
.56 .15 
.62 .16 
.68 .17 
.75 .18 
.82 .19 
.91 20 
1.0 .21 
1.1 .23 
1.2 .26 
1.3 .27 
1.5 28 
1.5 28 
1.8 30 
2.0 .31 
2.25 .33 
2.5 36 
2.75 .39 
3-0 .42 
3-3 -45 
3.7 .49 
4.0 .50 
4.5 .56 
50 .59 
5.5 .63 

Size 
Ht. Diam. 
56 2.25 
.63 2.5 
.63 2.5 
.63 2.5 
.63 2.5 
.75 3.0 
.75 3.0 
.75 3.0 
.75 3.0 
.75 3 0 
.75 3.0 
.75 3.0 
.75 3.0 
.75 3-0 
.75 3 0 
.88 3 5 
.88 3 5 
.88 3-5 
.88 3.5 
.88 3-5 
.88 3 5 
1.0 4.0 
1.0 4.0 
1.0 4.0 
1.0 4.0 
1.0 4.0 
1.0 4.0 

Price 
Each 
»370 
4.60 
570 
6.40 
6.80 
7.10 
7.40 
7.80 
8.10 
8.50 
9.00 
980 
10.50 
11.00 
11.00 
12.40 
13 00 
1380 
14.60 
15.30 
16.00 
16.80 
17.50 
18.30 
I960 
22.00 
23.40 

Values between sizes listed are also available. 
Add 10% to cost of value larger than your re¬ 
quirement. ORDER INFORMATION: All in¬ 
ductor orders will be shipped promptly, if pos¬ 
sible by UPS. COD requires a 25% prepay¬ 
ment, and personal checks must clear before 
shipment. Adding 10% for shipping facilitates 
shipping procedure; residents of Hawaii, and 
those who require Blue Label air service, 
please add 20%. There will be no fee for pack¬ 
aging or handling. We will accept Master¬ 
charge or VISA on mail or phone orders. 

Try our free 
AUDIO PROJECTS COMPUTER BBS: 

300, 1200, 2400 baud 24 hours 
608-767-2585 

Fast Reply HIK20 

Why Perfect Lay coils 
and 

Poly Caps ??? 
We suggest that you consider using pre¬ 
mium filter components in the signal 
path of the midrange and the tweeter. Us¬ 
ing polypropylene caps in series with the 
tweeter will result in better high-frequen¬ 
cy detail at a very low increase in cost. 
Polypropylene caps in series with dome 
midranges or cone midranges at 500Hz 
or higher will result in better imaging 
with only a moderate filter overall cost 
increase. 
With midranges below 500Hz, and 

with satellite mid-bass speakers in sub¬ 
woofer satellite combinations, the cost 
of polypropylene capacitors can be sig¬ 
nificant. We suggest here that you con¬ 
sider a combination of electrolytic and 
polypropylene capacitors with approx¬ 
imately 50% of each type. Using a nom-
imal 80 satellite system will reduce the 
capacitance of the first capacitor by 50% 
over a 40 unit. Even a small percentage 
of polypropylene capacitance will give 
some sonic improvement and should be 
considered. 

Stage systems, commercial sound and 
autosound application will benefit from 
using Perfect Lay Audio Inductors 
because the resistance loss within the 
crossover is up to 50% less than similar 
18 gauge inductors. This more effectively 
couples the amplifier to the speaker to 
realize the full potential of the power 
amplifier’s damping factor and results in 
better speaker control. In addition, the 
saturation level of SIDEWINDER coils is 
much higher than standard types. In 
home systems, the midrange level can be 
raised by submitting a low loss inductor 
for the inductor in series with the 
midrange loudspeaker. 

In autosound systems, we think you 
should use Polypropylene capacitors in 
the tweeter circuit; the improvement is 
even more pronounced when the 
tweeter can be mounted on an axis with 
the listening position. 

In general, the higher the quality of the 
loudspeaker, the more significant the im¬ 
provement will be. Single pole (6dB) cir¬ 
cuits show marked improvement, par¬ 
ticularly when you add a quality super¬ 
tweeter to an existing combination. Ad¬ 
vanced audiophiles will find many other 
applications for these capacitors in the 
phono preamp circuit, in amplifier and 
CD player signal path and power supply 
decoupling. For just as in speakers, the 
signal path can be improved with state 
of the art electronic parts. (Most after¬ 
market equipment modifications consist 
of capacitor exchanges.) 

Madisound Speaker Components 
JMfnl 8608 UNIVERSITY GREEN 

B0X 4283VjLJI MADISON, WISCONSIN 53711 
PHONE (608) 831 -3433 

SB Mailbox 

I know many manufacturers use the 
resistance of series coils to obtain the Qj 
they desire, and I wonder whether there 
is any reason, other than power loss in the 
resistor, not to do this? Is there a maximum 
series resistance that would be unwise to 
surpass? Obviously, doing so will reduce 
the output from the driver for a given ap¬ 
plied voltage, but I presume if I have two 
drivers in parallel or four in series-parallel, 
the gains will offset the loss due to the add¬ 
ed resistor. 

I am also interested in the relationship 
between the reference efficiency of a 
speaker, the sensitivity measured by the 
manufacturer, and the maximum loudness 
capability as predicted by BOXRESPONSE. 
I made this table to compare reference ef¬ 
ficiency and 2.83V sensitivity of various 
speakers: 

Vifa M30WO 1.270 94dB 
Dalesford D300 1.083 90dB 
Vifa P25WO .847 90dB 
Focal 10N501 .837 92dB 
Peerless TA305F .825 89.5dB 
Dynaudio 30W54 .660 96dB 
Dalesford D100/250 .630 88dB 

Except for the Dynaudio 30W54, the 
order of reference efficiencies and sensi¬ 
tivities make some sense. Can Mr. Bullock 
give a brief and reasonably simple explana¬ 
tion of why a driver, such as the Focal 
10N501, won't produce the full output 
implied by its sensitivity rating (i.e., 
lW = 92dB, 10W=102dB, 100W=112dB)? 
For a number of drivers, BOXRESPONSE 
shows the reference output to be 3-6dB 
lower than expected. Again, the effect of 
creating one driver from two or four similar 
ones is interesting: 

No = 2̂ 3y^ 
C3 Qts-

If Qi s is unaffected by this process, then 
only doubling or quadrupling Vas will af¬ 
fect No. 
Finally, when using BOXRESPONSE for 

a driver consisting of two 80 drivers, is W 
multiplied by 2 or 4 (two drivers and 
halved resistance = 4 times as many 
watts)? 

Michael Anderson 
Lorne, Victoria Australia 

Contributing Editor Bob Bullock replies: 

I have never been satisfied with the bass sound 
quality in my systems when the driver Q is 
raised by a significant amount of series resist¬ 
ance ¡more than lit), whether it be by adding 
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a series resistor between filter and driver, or 
by using a high resistance coil in a filter series 
arm. Of the two techniques, I think the added 
resistor route is safer for the home builder, 
although it might be worthwhile for you to try 
both and decide whether you hear a difference. 

In theory, putting resistance in a filter coil 
changes the filter's response shape over what 
it would be without resistance, and the extent 
of the change increases with the amount of 
resistance added. A maximum tolerable a-
mount is necessarily a subjective decision. 
Manufacturers can measure its consequences 
for overall system response and limit the added 
resistance to keep within given design spec¬ 
ifications. Most home builders must rely on 
their ears to decide when there is too much. 
I do not see how you get BOXRESPONSE 

to predict maximum SPLs which are 3-6dB 
less than maximum SPL = nominal sensitivi¬ 
ty +10 log (power). I ran the Vifa P25WO, 
Focal, Peerless, and Dynaudio drivers through 
BOXRESPONSE, and the greatest disagree¬ 
ment I found was 1.9dB for the Peerless. It 
is not clear from my spec sheet at what voltage 
they measured sensitivity. This could account 
for the entire discrepancy. I do not have specs 
for the other drivers, so I could not check 
them. My Dynaudio data, by the way, shows 
a 92dB sensitivity. Send me some samples of 
your calculations, and maybe I'll be able to 
reconcile our different findings. It is not always 
clear what sensitivity means. I highly recom¬ 
mend you read Joe D'Appolito's letter on the 

difference between power and voltage sensitivi¬ 
ty in SB 2/85, p. 48. 

For a given driver, I use voltage sensitivity 
defined by sensitivity“ lm

e, = 94+20 X log I rhoOSdBl“ / 
’ (2piMmsRe)' 

with e= (Re), which gives 1W across RWL I 
then interpret this as ^m, 1W. Manufac¬ 
turers' specs generally set e=2.83V and call 
it ®lm, 1W (i.e., they use Re = 8 for all 
nominal 8ÍI drivers). My values usually agree 
with theirs. 

When comparing compound driver sen¬ 
sitivities, I keep e the same in all cases. Then, 
two drivers in series have the same sensitivity 
as one, but in parallel they have 6dB greater 
sensitivity. Note these are no longer necessarily 
comparable as lm, 1W sensitivities. 

I don't usually think in terms of power, so 
I rarely use efficiency etaO. BOXRESPONSE 
calculations are all done in terms of voltage 
and converted to power values by P = ex 
e/Re- The maximum loudness capability in 
BOXRESPONSE is calculated from the above 
sensitivity formula, but with e being the max¬ 
imum voltage that can be applied to the system 
without exceeding its thermal or excursion 
limits. 

To answer your question about Mr.Collom's 
notation, Mr on p. 78 is exactly the same as 
Mac on p. 71. In the example on p. 78, Mr 
= Md + Airload = .045 + .01 = .055, 

which happens to equal So only by accident. 
Now, about multiple driver configurations. 

Take the following statements as axioms when 
two identical drivers are replaced with one 
hypothetical equivalent driver: 

1. Voice coil resistance IL doubles ¡halves) 
for series (parallel) connection. 

2. Force factor Bl doubles (is unchanged) 
for series (parallel) connection. 

3. Mechanical mass Mms (compliance Cms, 
resistance Rms) doubles ¡halves, doubles). 

4. Piston area Sd doubles. 
5. Linear excursion limit xmax does not 

change. 
6. Thermal power limit P, doubles ¡answer¬ 

ing your last question). 
With these, you can verify my assertion to 

Mr. Gitto. For example, driver radian reso¬ 
nant frequency ws I = 2 xp¡xf) is found from: 

1 ws = ~ 
J ¡Mms X Cms) 

JiMms^ X Cms^) 

_1_ 

.^2 X Mms X (C^j 

1 

k [Mms X ~Cmsj 

Continued on page 52 

PcAvcía* nocakaramratm 
Polydax speaker caporation 
Subsidiary al AUDAX France 

FOR THE SOUND 
YOU’VE BEEN MISSING 

Polydax is pleased to announce that AUDAX, 
France, has acquired SIARE LOUDSPEAKER 
CO. Through its use of various cone materials, 
such as fiberglass and carbon fiber, Siare has 
attained world recognition for its innovative 
design and manufacturing procedures. 

As a division of Audax, we are happy to offer you 
a comprehensive source for all your loudspeaker 
requirements. 

22 FC 
22 cm-8" 

10 Upton Drive, Wilmington, MA 01887 (617) 658-0700, Telex 237608 Pldx 

FAST REPLY KIK177 
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where the two subscripts refer to the equiv¬ 
alent driver parameters. 

You can also use these axioms to deal with 
four drivers. For example, the single equivalent 
driver would have four times the Mms and Rms , 
and one-fourth the Cms of the single driver. In. 
series/parallel {two each in series, the resulting 
pairs in parallel?), Bl would double, Re would 
remain the same. 

IN PRAISE OF 
ACTIVE CROSSOVERS 

The crossover network for multielement 
speakers is at least as important as the 
drivers in producing realistic quality 
sound. Thus, the crossover network 
should occupy a proportionate amount 
of the speaker builder's time in planning, 
designing, applying, building, testing 
and experimenting with all types of 
crossover networks. 
Admittedly, I am prejudiced (with 

good reason) in favor of active (electron¬ 

ic) crossover networks. My reasons for 
favoring active crossovers are as follows: 
• The changing impedance of the 

drivers does not affect the perfor¬ 
mance of active crossovers. 

• The direct coupling of amplifiers 
results in improved damping and bet¬ 
ter transient response. 

• The sound-pressure level (SPL) match¬ 
ing of the drivers is easily and accu¬ 
rately accomplished. 

• Contouring voltage levels to compen¬ 
sate for deviations in driver frequen¬ 
cy response is easily accomplished 
within the active crossover network. 

• Amplifier intermodulation distortion 
is reduced. 
The active crossover network is a high-

impedance, low-power device inserted 
between the preamplifier, as shown in 
Fig. 1. The power amplifiers are buffers 
between the active crossover network 
and the drivers for impedance matching. 
The changes in the driver coil's reactive 
nature and total impedance caused by 
changes in frequency have no effect on 
the crossover voltage output and phase 
angle or on the power amplifier output. 
For comparison, a passive crossover 

network is shown in Fig. 2. When proper¬ 
ly designed, a passive crossover includes 
the real and imaginary parts of driver im¬ 
pedance as part of the crossover network 
circuit. A simple first-order, high-pass 

(HP) filter (often used as a tweeter 
crossover) is shown without any load in 
Fig. 3, along with phase and voltage rela¬ 
tions. The same HP filter is shown in Fig. 
4 with a connected load ( R£) to simulate 
the tweeter coil. 

Driver Coil Parameters 
You can see that the driver coil parame¬ 
ters must be included as part of the cross¬ 
over circuit, since no-load and load con¬ 
ditions change drastically. In the real 
world, the actual speaker impedance will 
not be pure resistance as represented by 
R£. It will be a complex impedance (Z) 
represented by the following equation: 

Z = R + jXc - jX£

It will be represented in magnitude by 
the formula 

Z = VR2 + Xc2 + X£2

where Z is the total impedance, Xc is the 
capacitive reactance, X£ is the inductive 
reactance, and R is the resistive compo¬ 
nent. Note that R is not the ohmic 
resistance as measured statically by an 
ohmmeter. 
When excited by an AC voltage, the 

driver coil is in constant motion, vibrat¬ 
ing at the AC frequency rate. This contin¬ 
uous cyclic motion of the driver coil 

NY & NJ’s AUTHORIZED DEALER 
of HIGHEST QUALITY 

AUDIO & VIDEO 
10 YEARS of State-Of-The-Art Leadership 

TURNTABLES: Sota, Linn Sontek, VPI. Systemdek, AR 

TONEARMS: SME V, Aplhason, Synnx, Premier, Linn, Grado. 
Signature 

CARTRIDGES: Koetsu. Alpha, Talisman, Linn, Audioquest. 
Grado, Signature 

ELECTRONICS: Audio Research, Rowland Research. Klyne, 
Tandberg, PS Audio, Electron Kinectics, Motif, Quad, 
Acoustat. Hafler, Lineage. Meitner 

CD PLAYERS: Mission, Meridian, NAD, PS Audio, Denon, 
Kyocera 

TAPE DECKS: Tandberg, Kyocera, Denon, NAD 

SPEAKERS: Apogee. Quad. Thiel, Acoustat, Duntech, Dahl¬ 
quist DQ-20. Rauna, Boston, Mission, Meridian, ESB, 
Dayton-Wright 

VIDEO: Kloss® Novabeam, Pioneer, NAD, Denon, Kyocera 

CABLES: Distech. MIT, Custom Sound Labs, Monster 

Plus a Complete Selection of Audio and Video Accessories 

CWD Audio Furniture 
and Extensive Audiophile Recordings 

Used Equipment Available A Trade-Ins Accepted 

193 Bellevue Ave., 
Upper Montclair, NJ 07043 

(201) 744-0600 
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MODEL 5000 

Sub-woofer 
Electronic 
Crossover 
100 Hz • 18 dB /octave 

NEW precision crossover 
complete with subwoofer level 
control and bypass switch. 
Add a subwoofer to your 
speaker systems for accurate 
ultra low bass. (Custom fre¬ 
quencies available from 40-200 
Hz). Kit $116.00 PPD, wired 
$161. PPD. FREE CATALOG 
from: ACE AUDIO CO., 532-5th 
St. E, Northport, NY 11731. 
(516) 757-8990. 

FAST REPLY AIK53 

\ HIGH QUALITY 
SPEAKER COMPONENTS 

AND KITS 

WOOFERS 
MIDRANGES 
TWEETERS 
CROSSOVERS 
CABINETS 

ELECTRONIC PARTS 

RMS 
SYSTEMS 

SPEAKER 
KITS 

COMPUTER AIDED 
DESIGN ASSISTANCE 

CALL OR WRITE 
FOR DETAILS 

MOREAU 
AUDIO 

40A BARRETTS HILL RD. 
HUDSON, NH 03051 
(603) 889-2568 
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ELECTRONIC POWER within its magnetic field generates a 
separate voltage called a counter emf 
(electromotive force), which is in opposi¬ 
tion to the applied voltage. This counter 
emf alters the static values of R, L and C. 
Thus, R, L and C of the driver coil are not 
only complex variables, they are also dy¬ 
namic variables changing with applied 
frequency. The values of R, Xc and XL 

for the driver coil used in the crossover 
network calculations are those at the 
crossover frequency, fc. As you can see, 
the passive crossover is designed to satis¬ 
fy only one frequency for the driver pa¬ 
rameters R, L and C. 
Designing a proper passive crossover 

network is further complicated by the 
design of the midrange portion of the 
crossover. The midrange crossover is 
made up of HP and LP (low-pass) filter 
sections connected in series. These HP 
and LP sections cannot be designed as in¬ 
dependent filters because they react 
upon each other. The input impedance of 
the last section becomes the load imped¬ 
ance of the first section. 
It should now be obvious that the 

driver coil impedance has a definite im¬ 
pact on the design and performance of a 
passive crossover network. This is not 
the case with an active crossover net¬ 
work. 
Active crossovers allow the direct 

coupling of power amplifiers to driver 

NOW AVAILABLI 

DTÍNAUDIO 
SPEAKER CABINETS 

SPEAKER CABINETS & KITS 
AIR CORE INDUCTORS 
CROSSOVER NETWORKS 

SUB WOOFERS 
CABINETS FOR 

DYNAUDIO, PHILLIPS, 
SEAS, FRIED, PEERLESS, 

KEF, SPEAKER KITS. 

Send $3.00 for literature 
to 

MwRiSSdl 5§>wdJ 
Speakers lor the Demanding Listener 

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

FAST REPLY »IK10E1 
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HOT OFF 
THE LINE 

SPECIAL 
RUN 

ORIGINAL 
CTS 472" 
SRI OB 

SPEAKERS 

Woofer-Midrange 
60Hz-15kHz $8 
($6.75 in quantity) 

Large inventory of 
speakers, 
crossovers 
and parts! 

For Speaker Parts Catalog: 

INTERNATIONAL 
SURPLUS 

ELECTRONICS 
Olmito, TX 78575.0750 

(512) 546-4810 

FAST REPLY HIK1062 

SB Mailbox 

coils, which creates the optimum condi¬ 
tion of a very-low-impedance connection 
between amplifier and driver (assuming, 
of course, that something better than #18 
lamp cord is used). The very low imped¬ 
ance maintains a high damping factor 
(DF) for the driver coil. Most solid-state 
power amplifiers have high DFs of 20 or 
more, with some as high as 200. (I be¬ 
lieve the importance of extremely high 
DFs is overstated. The driver coil pro¬ 
vides its own damping effect by its inter¬ 
nal DC coil resistance, which for a nor¬ 
mal 812 driver might be 5 to 70. The dif¬ 
ference between controlling cone motion 
with a DF of 20 and one of 200 is inconse¬ 
quential.) 
In passive crossovers, however, a DC 

resistance of 1 to 20 is common in induc¬ 
tance coils. When these are in series with 
the driver coil in a LP filter section, a de¬ 
terioration in driver damping can result. 
All the connection points and extra wir¬ 
ing in a passive crossover network con¬ 
tribute to a higher DC resistance and a 
lower DF. 
Even though an extremely high DF is 

less important in damping the driver 
cone's motion, a high DF goes hand in 
hand with excellent AC voltage regula¬ 
tion. This is very important in transient 
response. The tight direct coupling of 
amplifier to driver in an active crossover 
system will maintain this excellent AC 
voltage regulation right up to the driver 
terminals for superb transient response. 
In contrast, inserting a passive crossover 
between the amplifier and drivers in¬ 
troduces additional resistance and im¬ 
pedance and results in a degradation of 
transient response. 
One of the requirements for good 

stereo effect is driver matching. 
("Matching" means the matching of SPL 
at all useful frequencies.) Matching be¬ 
tween the left and right channels and be¬ 
tween the drivers in each channel is re¬ 
quired. Most high-volume manufac¬ 
turers of speaker drivers do not achieve a 
consistent SPL between drivers of the 
same type, even though they appear to 
be identical physically. The cost of 
reasonable consistency could be exorbi¬ 
tant. Most commercially produced loud¬ 
speakers use passive crossovers, and pro¬ 
ducers of high-quality speaker systems 
match drivers by "test and select." 
These manufacturers purchase or pro¬ 
duce drivers in sufficient quantity that 
the test-and-select procedure is economi¬ 
cally practical. 
The lonely speaker builder who wants 

to build one high-quality pair of speakers 
must either find a supplier who will pro¬ 
vide honestly matched pairs of drivers, 
modify the passive crossover with great 
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difficulty and dubious results, or use an 
active crossover network. 

You can manipulate the passive cross¬ 
over circuitry to achieve a contoured re¬ 
sponse. Adding padded level controls 
also helps you obtain matched SPLs. All 
this manipulation adds to the complexity 
of the passive crossover network, how¬ 
ever, and causes further deterioration of 
DF and transient response. 
With active crossover networks, you 

can achieve matching drivers by using 
level controls and circuit contouring for 
frequency response. This complements 
and matches the SPLs between driver 
pairs with no effect on DF or transient 
response. 

Intermodulation Distortion 

Intermodulation (IM) distortion is the 
mixing of two different frequencies to 
produce two more frequencies (sum and 
difference), which are not harmonically 
related (a multiple) to the fundamental. 
Since the distortion products are not har¬ 
monically related, they can be several 
times more irritating than simple har¬ 
monic distortion. 
Active crossovers have multiple power 

amplifiers—one for each driver. In a 
typical three-way system, the woofer 
and its amplifier operate at 200Hz and 
below, the midrange from 200 to 3,600Hz 
and the tweeter at 3,600Hz and above. 
Since the woofer amplifier and driver do 
not see a frequency of 1,000Hz, there can 
be no IM products from 1,000 and 100Hz. 
In the same way, IM products cannot be 
formed from frequencies that are not 
present in the woofer, midrange or 
tweeter amplifier. Of course, IM prod¬ 
ucts in the woofer amplifier can result 
from frequencies such as 50 and 200Hz. 
The scope of IM distortion products has, 
however, been cut to about one-third in a 
three-way system. From listening, it also 
seems that the IM distortion is less ir¬ 
ritating when the span between frequen¬ 
cies creating IM is shorter. 
A passive crossover has only one am¬ 

plifier, so all audio frequencies are pres¬ 
ent and capable of producing IM distor¬ 
tion products. It is, therefore, apparent 
that systems using passive crossovers 
have more inherent problems with IM 
distortion products. 
If you agree that an active crossover 

network is the only way to go, you might 
be wondering how many speaker build¬ 
ers can afford three big 200W power 
amplifiers. The rule of thumb has been 
that a biamped or triamped system 
should use identical amplifiers. Since the 
woofer is the most power hungry, the 
minimum power rating required for it 
becomes the norm for the other two. 
That rule of thumb is hogwash. It came 

about for two reasons. First, it allows 
manufacturers and retailers to sell more 
big amplifiers. Second, it stems from a 
real concern about differences in phase, 
linearity and power sensitivity between 

SPEAKERS 
DRIVERS IN CANADA 

ÒlfNAUDIO’ r»>i 
morel 

(seas) 

vifé 

FIXAI. 

CROSSOVER, SPEAKER COMPONENTS 
SOLEN CROSSOVERS 
Custom Computer Design 
Passive Crossover for Professional. Hi-Fi and Car Hi-Fi 
Application, Power up to 1000 Watt. 
SOLEN INDUCTORS 
Perfect Lay Hexagonal Winding Air Cored 
Values from .10 mH to 30 mH, 
Wire Sizes from #20 AWG to #10AWG 
CHATEAUROUX CAPACITORS 
Metallized Polypropylene (Non-Polarized) 
Values from 1.0 mfd to 200 mfd, 
Voltage Rating: 250 VDC / 150 VAC 

CROSSOVER, SPEAKER PARTS 
Mylar Capacitors, Power Resistors, Crossover Terminals, 
Nylon Ty-Wrap, Binding Post, Banana Plugs, Speaker Terminals, 
Grill Cloth, Plastic Grill Fast Snap, Neoprene Gasket, Mise. Parts. 

COMPUTER AIDED DESIGN FOR ENCLOSURE AND 
CROSSOVER AVAILABLE TO CUSTOMER 
Product specifications and prices available upon request. 

SOLEN INC. ORDERS 
5940, AV. BERGEVIN UnUEnO 
BROSSARD, QC Tel: (514) 656-2759 
CANADA, J4Z 1Z2 

FAST REPLY HIK1063 

FAST REPLY »IK197 
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SB Mailbox 
dissimilar amplifiers. We need concern 
ourselves only with the second reason. 
All three amplifiers must track on 

phase angle through the audible frequen¬ 
cy range. They must be linear in regard 
to voltage input and frequency. Most 
quality amplifiers will comply reason¬ 
ably well with these requirements. Occa¬ 
sionally, you will find an amplifier that 
has been designed with a reversal in the 
circuit so that the output is 180 degrees 
out of phase with the input. In this case, 
you need only reverse the driver leads. 
Amplifier power sensitivity is watts 

output per volts input. With dissimilar 
amplifiers, it is unlikely that you will 
find equal power sensitivity. You can, 
however, adjust the level controls in the 
active crossover network's output to pro¬ 
duce equal SPLs for the same voltage in¬ 
put to crossover. 
The curve in Fig. 5 represents peak 

music power versus frequency. Using 
this curve, you can choose the woofer 
amplifier rating based on either the 
largest amplifier you have or plan to buy. 
If you buy one, its rating should be based 
on the maximum peak watts rating of the 
woofer. You can then select the lowest 

POWER 

FIGURE 2: Complete stereo system with a passive crossover. 

Maud io 
TECHNOLOGY UNLIMITED 

huge (3“/75 mm) 
voice coil in hexacoil 
technique give an ideal 
transfer of the acceleration 
force from the coil to the PHA 
(Phase Homogeneous Area) cone 
without break-ups because of the 
large contact area. Another advantage 
of the big voice coil is the short rise time 
(fast transient response) of 50 us. Very low 
distortion and excellent phase characteristics 
are a result of the total concave shape of cone. 

17 W-75 
FEATURES 
shallow design 
high power handling 
large voice coil diameter 
wide dispersion pattern 
low distortion 
excellent phase 
characteristics 

vented magnet system 
tropic proof 
center - magnet system 

APPLICATIONS 
Preferably for use in small 
10-15 litre audiophile 
systems. 

Enclosures may be sealed. 
Aperiodically damped bass 
reflex or even 
transmission line types. 

Slim - line sources may be 
realized by using rows 
of 17 W-75. 
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FIGURE 3: First-order, high-pass filter with no load. 

operating frequency for the woofer. If 
you chose 30Hz, this would be 50dB on 
the curve (Fig. 5), and your woofer ampli¬ 
fier could be selected as 200W. The 
crossover to midrange would be at 
200Hz. Peak acoustic power would then 
be down to 40dB, which is ten times less. 
The midrange amplifier rating should be 
a minimum of 20W. The crossover to the 
tweeter would be at 3,600Hz, where the 

Continued on page 60 

FIGURE 4: First-order, high-pass filter with load R¿. 

FREQUENCY (HERTZ) 
FIGURE 5: Typical peak acoustical power distribution in music. 

Compliance: 
suspension Cms 0,936- 10 3 m/N 
acoustic Cas 0,134 -10 6 m5/N 
equivalent volume Vas 18,81 

Cone: 
eft. cone area SD 120 cm2
moving mass Mms 15 g 
lin. vol. displacement V<j 66 cm3
mech. resistance Rms 1,84 kg/s 
lin. excursion P-P Xmax 5,5 mm 
max. excursion P-P 19 mm 

‘Frequency response: 42 -3500 Hz 
Harmonic distortion: < 0,2% 
Intermodulation distortion: < 0,1% 
Magnetsystem: 

total gap flux 
flux density 
gap energy 
force factor 
airgap volume 
airgap height 
airgap width 

Net weight: 

BxL 
Vg 

670 p Wb 
0,56Tesla 
204 mWs 

4,3Tm 
1,65 cm3

5 mm 
1,38 mm 

800 g 

Overall dimensions: 
Power handling: 
•nominal DIN 
•music DIN 
transient 10 ms 

Q-factor: 
mechanical Qms 
electrical Qes 
total Qts 

Resonance frequency free air: fs 
Sensitivity: 1W/1m 
Voice coil: 
diameter d 
length h 
layers n 
inductance (1 kHz) Le 
nom. impedance Zvc 
min. impedance Zmin 
DC resistance Re 

177x69 mm 

150W 
180 W 

1000W 

2,18 
1,12 
0,74 
39 Hz 
89 dB 

75 mm 
10,5mm 

2 
0,45 mH 
8 Q 

6,4 Q 
5,5 Q 

Data given are as after 30 hours of running 

* Depends on cabinet construction 

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

All specifications subject to change without notice 

Dynaudio loudspeakers are 
featured in fine home and studio 

systems throughout North 
America. 

Dealers Include: 
A & S Speakers 

Box 7462B 

Denver, CO 80207 

(303) 399-8609 

Audio Concepts 
1613 Caledonia St. 

LaCrosse, Wl 54602 

(608) 281-2110 

Meniscus 
3275 Gladiola SW 

Wyoming, Ml 49509 

(616) 534-1262 

Frequency response flat to 2.5 kHz, then rolls off smoothly. Obvious is similarity of 
curvesat0°,30°and 60°, offaxis, especially inareaabovel kHz: nodirectional ambiguity. 
Impedance flattening with 24 uF, 6.7 ohms. 

FAST REPLY HIK20 

Brossard, Quebec, 

Solen, Inc. 
5940 Bergevin 

Canada J4Z 1Z2 

(514) 656-2759 

Madisound Speaker Components 
8608 University Green 

Box 4283 

Madison, Wl 53711 

(608) 831-3433 
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KITS 
“OLD COLONY 

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

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

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

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

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

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

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

SBK-C2: BALLARD ACTIVE CROSSOVER. [SB 3,4:82] 3-way x-over with variable 
phase correction for precise alignment. Kit includes PC board (53/g x 91 /2 "), preci¬ 
sion resistors, polystyrene & polypropylene caps. Requires ± 15V DC power 
supply—not included. Can use KL-4A with KL-4B or C. Two channel $134.00 

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

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

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

Each $40.00 

KL-5 WILLIAMSON BANDPASS FILTER. [2:80] 2 channel, plug-in board and all 
parts for 24dB/octave 20Hz-15kHz with precision cap/resistor pairs. TLO75 IC’s. 

Each $31.00 

-AIDS & TEST EQUIPMENT-
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. Each $55.00 
KL-3C: INVERSE RIAA NETWORK COMPLETE. [1:80] 1 KL-3R and 1 KL-3H 
with 1% polystyrene capacitors. Alternate 600 ohm or 900 ohm R2'/C2' com¬ 
ponents for 2 channels. Each $35.00 
KL-3R: INVERSE RIAA. [1:80] Resistor/capacitor package complete. Contains 
stereo R27C2'alternates. Each 25.00 
KL-3H: INVERSE RIAA HARDWARE. 11:80| Box, terminals, gold jacks, and all 
hardware in KL-3C. No resistors or caps. Each $13.50 
KJ-6: CAPACITOR CHECKER. [4:78] All switches, IC’s, resistors, 4b" D'Arson-
val meter, x-fmr and PC board to measure capacitance, leakage and insulation. 

Each $78.00 
KK-3: THE WARBLER OSCILLATOR. [1:79] Switches, IC's, x-fmr and PC board 
for checking room response and speaker performance w/o anechoic chamber. 

Each $56.00 
KL-6: MASTEL TIMERLESS TONE BURST GENERATOR. [2:80] All parts with 
circuit board. No power supply. Each $19.00 
KM-1: CARLSTROM-MULLER SORCERER'S APPRENTICE |2:81| 4 boards and all 
parts for construction of the first half of a swept function generator with power 
supply. No knobs or chassis. Each $145.00 
KM-2: CARLSTROM-MULLER PAUL BUNYAN. [3:81] All parts except knobs, 
chassis, output connectors and wire. Includes 2 circuit boards and power supply. 

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

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

Each $27.50 

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

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

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

What's included? Kits include all the parts needed to make a functioning circuit, such as circuit boards, semiconductors, resistors and ca¬ 
pacitors. Power supplies are not included in most cases. Unlike kits by Heath, Dyna and others, the enclosure, face plate, knobs, hookup wire, 
line cord, patch cords and similar parts are not included. Step by step instructions usually are not included, but the articles in Audio Amateur 
and Speaker Builder are helpful guides. Article reprints are included with the kits. Our aim is to get you started with the basic parts—some of 
which are often difficult to find—and let you have the satisfaction and pride of finishing your unit in your own way. 
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BOOK SERVICE 
PENGUINS 
P-1 THE COMPLETE PENGUIN STEREO RECORD & CAS¬ 
SETTE GUIDE (3rd Ei, by Edward Greenfield, Robert Layton, 
and Ivan March. Drawing on profound technical knowledge 
and on vast musical and historical learning, this newly revised 
and updated guide to recorded classical music deals with more 
than 4,000 disks, cassettes, and compact discs, giving details of 
title, performers, record number, label and price range. 
1387pp., softbound. Please add $1.00 for shipping. 

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

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

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

Each $29.95 

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

Each $21.95 
S-ll HOW TO BUILD SPEAKER ENCLOSURES by Alexis 
Badmaieff and Don Davis. The "whys" and "hows’'of speaker 
enclosures. Drawings and instructions cover infinite baffle, 
bass reflex and horn types plus combinations. 144pp., soft-
bound. Each $6.95 
S-19 SOUND SYSTEM ENGINEERING by Don and Carolyn 
Davis. A thorough introduction to sound systems for halls, 
studios, outdoor locations and much else. 245pp., hardbound, 
81/2x11. Each $24.95 

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

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

06/ i 

BOOK 
SERVICE 
Name _ 

Street & No._ 

To order from Old Colony Sound Lab. please write each book's number below with quantity of 
each and price. Total the amounts and remit by check, money order, MasterCard, or Visa. For 
orders under $ 10 add $2 service charge. Please add$l for postage on the first book: 5<Mper ad¬ 
ditional book. Canadians please add 10% for postage. All remittances must be in U.S. funds. 
Please use clear block capitals. NOTE: Prices are subject to change without notice. 

Number of Books Price 

Book No. $ 
Book No. $ 
Book No. $ 
Book No. $ 

City_ Postage $ 

State _ ZIP_ TOTAL $. 
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SB Mailbox 
Continued from page 57 

curve is at 30dB, which is again ten times 
less than the midrange or 2W minimum 
for the tweeter. Note that these ratings 
are minimum values. 
In my system, I use 200W, 40W and 

15W amplifiers for the woofer, midrange 
and tweeter. The midrange and tweeter 
amplifiers never clip. The woofer clips 
occasionally, but my only resort would 
be to use something like l.OOOW per 
channel. 
In spite of all the problems with pas¬ 

sive crossover networks, some manufac¬ 
turers and audiophile speaker builders 
can design and build excellent-sounding 
speaker systems using passive cross¬ 

overs. Still, active electronic crossovers 
do the job easier and better than the best 
passive crossovers. 
I would like to hear from all you 

speaker builders and audiophiles. Can 
you refute what I have said and remove a 
few nails from the coffin of the passive 
crossover? Or do you have a few more 
nails to add? 

Bob Ballard 
Johnson City, TN 37601 

GOLD RIBBON SYSTEM 
continued from page 18 

SUPPLIERS 
Gold Ribbon Concepts 
211 East 11th Street 
Coralville, IA 52241 
(Gold Ribbons, open cell foam, custom Focal 
woofers) 

Audio Concepts 
1621 Caldeonia St. 
LaCrosse, WI 54602 
(Gold Ribbons, Focal woofers, inductors, 
Chateauroux capacitors, resistors) 

Madisound Speaker Components 
8608 University Green 
Box 4283 
Madison, WI 53711 
(Focal woofers, inductors, Chateauroux capaci¬ 
tors, resistors) 

Meniscus 
3275 Gladiola S.W. 
Wyoming, MI 49509 
(Focal woofers, inductors, Chateauroux 
capacitors, resistors) 

Landes Audio 
Rte. 24, Chester Mall 
Chester, NJ 07930 
(%" felt) 

Classified Advertising 

TRADE 
ULTRA HIGH-END SPEAKER SYSTEMS us 
ing the best drivers from Europe; Dynaudio, Vifa, 
Siare, Audax, M.B,... Low prices on kits or fully 
assembled systems for Home—Car—Truck. 
Save $$. For free info-pak write DNL SOUND 
CO , 10 Bellam Blvd., San Rafael, CA 94901. 

T4/86 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

NEW DESIGN! MODEL 120 
NOW AVAILABLE 

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

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

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

Free catalog and price sheet 

'Dc&MCtWf Eng. Lab. 
11828 Jefferson Bl. Culver City, CA 90230 
L PHONE (213) 397-9668 À 

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

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

FOCAL AMERICA, INC., the exclusive import¬ 
er of Focal speakers and speaker components 
in North America, has available a limited quan¬ 
tity of reconditioned drivers for sale at up to 50% 
off retail price. For more information contact: 
Kimon Bellas. Focal America Inc., 1531 Look¬ 
out Dr., Agoura, CA 91301, (818) 707-1629. 

T4/86 

This publication 
is available in microform. 

University Microfilms International 
300 North Zeeb Road 30-32 Mortimer Street 
Dept. PR. Dept. RR. 
Ann Arbor. Mi. 48106 London WIN 7RA 
U.S. A. England 

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

TRADE CLASSIFIED ADVERTISING RATES: 45 cents per word in¬ 
cluding name, address and zip code—prepaid only. 10% discount for 
four insertions. Speaker Builder cannot accept responsibility for the 
claims of either the buyer or the seller. 
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Classified Advertising 
“IN PHASE” 24dB/octave electronic crossover 
minimizes irregularity in radiation pattern through 
crossover region. 0.0008% distortion, 5 year 
warranty. Single frequency with power supply 
(specify) $523. DB SYSTEMS Main St., 
Rindge, NH 03461. TTF 

SIDEREALKAP. Not just another generic 
capacitor with a wonderful name, the Sidereal-
kap was designed from its inception to be the 
finest sounding capacitor available for audio to¬ 
day. Find out what the music lover’s capacitor 
doesn’t sound like. Free literature and price in¬ 
formation upon request. Dealer inquiries invited. 
SIDEREAL AKUSTIC 1969 Outrigger Way, 
Oceanside, CA 92054, (619) 722-7707. T4/86 

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

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

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

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

Madisound 
Speaker 
Components 

8608 University Green 
PO Box 4283 
Madison, Wl 53711 
(608) 831-3433 

Audax, Dynaudio, KEF, 
Philips Loudspeakers 

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

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

SIXTIES MUSIC FANS The first club for fans 
of Sixties Era music wants to meet you. Strong 
audio and quality recording emphasis. How-to 
information shared. Worldwide membership. In¬ 
formative, entertaining, and provocative news¬ 
letter published bimonthly. Help the world 
remember when rock had real artistic merit. 
Sample newsletter: send US $2.50 in North 
America, US $4 elsewhere. Free brochure: send 
SASE or IRC to Classic Rockers Music Club, PO 
Box 1043C, Stevens Point, Wl 54481. 

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

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

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

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

Contact: Bill Boswell (305) 678-3724 
P.O. Box 579, Orlando, FL 32802 

CENTRAL FLORIDA AUDIO SOCIETY 
meets monthly in Orlan¬ 

do Come and meet 
others who share 

] your interest in 
music reproduction 

as we audition equip¬ 
ment and recordings or 

discuss audio related topics 

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

DBP-6 PHONO EQUALIZATION KIT.$36 95 
Allows adjusting the input capacitance ol the phono input of every preamp 
and receiver with low loss Polystyrene Capacitors 

DBP-6MC RESISTIVE LOADING KIT.$36.95 
Allows adjusting load resistance from 5 to 200 Ohms lor moving coil car¬ 
tridges. Gold plated phono plugs in both kits 

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

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

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

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

DBP-10 PHONO ALIGNMENT PROTRACTOR.24 95 
Allows adjusting the lateral tracking error of a mounted cartridge to within 
% of one degree Non-technical instructions & case included 

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

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

DBP-13J GOLD PLATED PHONO JACKS (V<") 8 pk.$16.50 

DBP-13JR GOLD PLATED PHONO JACKS (V,-) 8 pk $21.95 
DBP-13P GOLD PLATED PHONO PLUGS 8 pk.$9.95 

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

DBP-13PX GOLD PLATED PHONO PLUGS 2 pk . . $16.50 

DBP-14 GOLD PLATED SPADE LUGS 8 pk. $5.95 

DBP-15 GOLD PLATED "Y" ADAPTORS 2 pk.$12.95 

DBP-16 12dB INPUT ATTENUATORS.$12.95 
DBP-CK CRAMOLIN AUDIO KIT contact treatment $17.50 

DBP-SC SOUTHER RECORD CLAMP .$10.00 
ELECTRONIC CROSSOVERS . .6,12. 18. 24dB . Inquire 

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

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

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

NEW JERSEY AUDIO SOCIETY meets 
monthly. Emphasis is on construction and mod¬ 
ification of electronics and speakers. Dues in¬ 
clude monthly newsletter with high-end news, 
construction articles, analysis of commercial cir¬ 
cuits, etc. Meetings are devoted to listening to 
records and CDs, comparing and A-Bing equip¬ 
ment. New members welcome. Contact: Bill 
Donnally (201) 334-9412; or Bob Young, 116 
Cleveland Ave., Colonia, NJ 07067, (201) 
381-6269. 

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

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

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

FOR SALE 
Beautiful Linkwitz three box system, %" 
mahogany with black walnut inlay, satellite 
stands, crossover as is, $300; Audio Concepts 
unstained oak Quartz J speakers with bone 
grilles, about one year new, $350; Hafler 
DH-200, some mods, $175. You ship. David 
Tannenbaum, 2206 W. Porter Ave., Fullerton, 
CA 92633, (714) 879-4269 evenings. 

Mission 7000R CD Player, $500 or best offer; 
Linn Ittok, $250; Proton electronic crossover for 
car, $75; EV Sentry SEQ, $75; Al CST-80 
moving-coil transformer, $65; DeCoursey 2kHz, 
18dB crossover, $140; Interlink phono cables, 
$25; RS dB meter, $25; RH 1200 horns, $50; 
University coax speaker, $35; EV Aristocrat box, 
free pick up. Steve (203) 397-4965. 

Grace 747 tone arm with Grace F9E Ruby car¬ 
tridge. Arm excellent condition. Cartridge needs 
stylus (will accept Ruby or regular stylus). 
Original cost $300 each. Both for $175 or best 
offer. Gary Galo, 72 Waverly St., Potsdam, NY 
13676, (315) 265-4268. 

Two Macintosh moving-coil 75 mono tube 
amplifiers each with an extra set of new KT88 
output tubes. All for $650 plus shipping. Louis 
Dyer, 1584 W. Holland, Fresno CA 93705, (209) 
221-8592. 

ReVox A-77 tape recorder, less than 2 hours use, 
$650. Barney Rigney, 412 West Broadway, 
Glendale, CA 91210, (818) 956-3397: 9-4:30 
PDT, after 6 PM: (213) 226-0410. 

Citation II,III, IV all in excellent, checked out con¬ 
dition. Extra output tubes for II. Best offer. Call 
F.H. Blanding (201) 276-5132. 

Hewlett-Packard oscilloscope 120B, excellent 
condition, $150; Audio Research tube crossover 
EC2, $150; Audio Research D100 amplifier, 
$575. (415) 851-2779. 

Precision Fidelity C-8 tube preamp, $395; Lux¬ 
man MQ68C 30W tube amp, extra tubes, mint, 
$450; Symmetry ACS-2A crossover (factory 
sealed, list $1200), $450; Six 1m pairs Monster 
Interlink Reference, $40 pair; 40 new Telefunken 
ECC 8035, legendary “Premium” substitute for 
12AX7A, $18 each, $32 MP. L.P. Wilkins, 550 
Baker #6, San Francisco, CA 91117, (415) 
931-2783. 

Audio Concepts Model M (compact monitor) kit: 
MW160 high-power 6" woofers, Dynaudio 
D28af tweeters, high quality crossover, en¬ 
closure plans, 2 years old, light use, $135. Ralph 
Gonzalez, 4612 Chester Ave., Philadelphia, PA 
19143, (215) 387-0860. 

DeCoursey modules 2kHz, 18dB, $40 per pair; 
855-SSB, $22 per pair; EV SEQ bass equalizer, 
$75; RH 1200Hz horns $50 per pair; Proton 270 
auto crossover $65; Linn Ittok, $275; Monster 
phono DIN cables. $25. All mint. Call Steve (203) 
397-4965. 

IQS 401 -S FFT response analyzer. For use with 
Apple II computer. Latest software versions. Will 
measure many speaker response parameters, 
$600; Tektronix 2215 60mHz oscilloscope, cal¬ 
ibrated to NBS traceability, $900. Have Apple 
II for sale also. Chris Lovett, 100 Northill Dr. #30, 
Brisbane, CA 94005, (415) 468-2990 (office). 
(415) 223-5183 (home). 

ARC SP3-1A regulator boards, fully stuffed, $20 
each or $60 for four; Moscode 300, stock, $550; 
Sherwood 6040 CP amp., dual mono, MOSFET, 
$200; Hitachi HCA8500 MKII preamp, $200, 
MFSL “DarkSide,” sealed, $25.1 pay shipping. 
Roger Artman, 18265 Lasso Loop, Penn Valley, 
CA 95946, (916) 432-4124. 

Heil air motion transformers, private collection, 
great Heils, disco horns, power rings, perfor¬ 
mance classics, tempests, more. Some in 
original factory sealed boxes. Spare diaphragms 
available, $25 ■ $175 each. Rick (916) 988-0673. 

Warbler oscillator, for checking speaker perfor¬ 
mance (Audio Amateur, 1/79, p.22), Old Colony 
KK-33 kit with reprint (unassembled), $30. Free 
shipping in USA. Robert Agee, 241 E. Fiesta 
Green, Port Hueneme, CA 93041, (805) 984-
6859 after 5. 

Onkyo T-9090 tuner, $375; Technics RS-M253X 
3-HD cassette deck, B-C-DBX, under 200 hours, 
list $450, sell $220; ADC SS-315X 10-band 
equalizer, list $380, sell $140; Akai GX-747 DBX 
reel-to-reel, new with warranty, half-price. John 
(904) 641-5830 evenings. 

Jordan 50 MM with ferro fluid, $125 per pair, 
Dynaudio, Scan-Speak, Peerless, modified Pan¬ 
asonic EA200. All at exceptional prices. Call or 
write for more information: Bob Pickard, 1720 
Lilac Dr., Walnut Creek, CA 94595, (415) 930-
9104. 

Pair Altec 1570B amps, 165W, 811A tubes, 
Peerless transformers, $200 or best offer; 2 
mono Williamson type power amps, Acrosound 
TO-300 transformers, $100 or best offer; Scott 
299 tube integrated amp, $40; Fisher X100B 
tube integrated amp rel-caps, $90; 100B FM tun¬ 
er $40, both with original packing; Heath mono 
tube FM tuners AR-11, $20; AR-30, $25; pair of 
AR2 speakers, $45; Thorens TD166 MKII, 3 
months old, $200; pair SEAS 332BX-DD best 
13" woofers, little use, $250; with teak cabinets, 
$350. All plus shipping. Bob, (201) 968-7783, 
evenings (201) 647-0194. 

WANTED 
Riders Perpetual Troubleshooters Manual for pre 
WWII schematics and parts for radios, juke¬ 
boxes, PA systems. Beginnining of radio to 
1946. Brian Dettling, 120 South College St., #2, 
Akron, OH 44304, (216) 434-1037. 

Experienced craftsman to repair Strathearn rib¬ 
bon diaphragms. Call (212) 242-1996 and leave 
message. 

DYNAUDIO MOREL FOCAL ECLIPSE 
3275 Gladiola S.W. • Wyoming, Michigan • 49509 

(616)534-9121 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

MC-225 tube cages. S. Hluchan, 21 Westward 
Rd., Woodbridge, CT 06525, (203) 397-4965. 

LUX/NEC 50C-AIO and 6240G tubes for LUX 
MQ 68C, new or used; Superphon Revelation 
dual mono preamp; Luxman L-11 integrated 
amp; new or used KT88 and KT77 tubes. L.P. 
Wilkins, 550 Baker #6, San Francisco, CA 
94117, (415) 931-2783. 

Audio/Acoustical instrumentation B & K, HP, GR, 
etc. Particularly want B & K ’/s" condenser mike. 
G. Whelpley, 4305 W. Saturn Way, Chandler, AZ 
85226. 

Schematic and/or repair advice for KLH 9s, fee 
offered. Jack Rumora, 626 Tall Trees Dr., Ash¬ 
tabula, OH 44004. 
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Audio Amateur 
Loudspeaker 
Projects 

TWenty-five articles on 
Loudspeaker 

construction projects 
appearing in 

Audio Amateur 
Magazine 
1970-1979 

Contents 

The LC/HQ Mark I, Part 1 by Peter J. Baxandall.3 
The LC/HQ Mark I, Part 2 by Peter J. Baxandall.9 
An Electrostatic Speaker System, Part 1 by David P Hermeyer.12 
An Electrostatic Speaker System, Part 2 by David P. Hermeyer.18 
Reduce Speaker Distortion by Timing a Pipe by Nelson Pass.27 
A Transmission Line Speaker by J. Theodore Jastak.31 
How to Photograph Sound by Edward H. Parker.35 
An Electrostatic Speaker Amplifier, Mark II, by David P. Hermeyer.39 
A Jolly Transmission Line Giant by J. Theodore Jastak.42 
A High-Efficiency Mid- and High-Range Horn by James Nicholson.47 
Back to the Wall by Alan Watling.51 
A Proven Transmission Line Loudspeaker by B. J. Webb.54 
Speaker Evaluation: Ear or Machine? Part 1 by Roger H. Russell.61 
Speaker Evaluation: Ear or Machine? Part 2 by Roger H. Russell.67 
In Defense of the Ear by James S. Upton.74 
The Compact Tbwer by Lynn B. Neal.77 
The Sanders Electrostatic Speaker, Part 1 by Roger R. Sanders.84 
The Sanders Electrostatic Speaker, Part 2 by Roger R. Sanders.94 
Design and Build a High Efficiency Speaker System 

by Michael Lampton. Robert Bouyer and William Bouger.100 
The Folded and Stapled Bass Horn by Neil Davis.107 
An Amateur’s Version of the Heil Air Motion Transformer by Neil Davis. 113 
A High Efficiency Electrostatic Loudspeaker System. Part 1 

by David P. Hermeyer.119 
A High Efficiency Electrostatic Loudspeaker System, Part 2 

by David P. Hermeyer.126 
The Big Bass Box by David Ruether.132 
The Little Big Horn by C. R. B. Lister.139 

ORDER BLANK 

NAME 

STREET & NO. 

CITY STATE ZIP 

CREDIT CARD NO. EXPIRE 

Send me _ copies of 
Audio Amateur Loudspeaker 
Projects at $20.00 each, post¬ 
paid in the USA. 

I enclose $ _ 
□ MC VISA □ □ Check 
Add $3.00 for shipping outside 
USA. $7.00 for air service. 

SIGNATURE 

OLD COLONY BOOKS PO BOX 243, Peterborough, NH 03458 



McGee Radio 
For over 50 years, McGee Radio has given the US 

people the very best buys in speaker systems. 

Over 50 years in business. 
Over 50 million speakers sold! 

ALL FOR $249.95 ! 

BUILD YOUR OWN CABINETS AND SAVE BIG! 

New for 1986: Our REFERENCE LINE 
Instead of all the speaker verbage, we'll get right to the point. This Subwoofer 
Satellite System has been rated as outperforming systems with prices up to 
$2,300.00. For only $249.95 we will deliver to you anywhere in the continental 
United States with no extra costs (no shipping, no handling) the following system 
components: 

1 12" Dual Voice Coil, 8 OHM, 40 qz. Magnet Sub Woofer. 
2 6-1/2” Polypropylene Curve Linear Cones, Butyl Edge . 30 oz. Magnet. 

1.33" VC Mid-Bass. 
2 5-1/4" 10 oz. Deep Basket Mid-Range. 
2 1" 10 oz Soft Dome Tweeters. 
2 12 dB (Second Order) Phase Coherent Crossovers, 150 Watts 
1 Dual Input Subwoofer Crossover. 

If for any reason, you don't like the system, send it back. 

TP165R TP165F TX205F TD205R TX255F TD255F TA305FSW 

Never say die! That was the feeling of 
several employees of the old Peerless 
factory in Leominster, Mass. Through 
determination and solid business 
planning, PLI (Precision Loudspeakers 
Inc.) was born. Headed by the Vice 
President of National Sales. Howard Jacks, 
and the Wizard of Production Control, Bob 
Clark, PLI purchased all of the original 
equipment used to make those quality 
American-made models listed here. 
McGee Radio is proud to offer these 
quality woofers to you at substantial 
savings. Call for quotes in case quantities. * Power rated in RMS undistorted music program material. 

Speaker: Size VC Imp Mag Is OyS VAS Power' Eff Retail McGee 
(Cu.Ft) Price: Price: 

TP165F 6-1/2" 1.25 4&8 15oz. 53 42 .55 80 89 27.95 15.95 
TP165R 6-1/2" 1.25 8 15oz. 33 .321 1.41 80 80 38.95 21.95 
TX205F 8" 1.25 4&8 20oz. 42 .40 1.73 80 90.5 34.95 19.95 
TD205R 8" 1.5 8 27oz. 32 .326 2.12 100 90 47.95 26.95 
TX255F 10" 1.25 4&8 20oz. 28 .527 4.31 100 88 40.95 22.95 
TD255F 10" 1.5 8 27oz. 23 .252 5.47 150 90 48.95 27.95 
TA305F 12" 2.0 8 38oz. 25 .306 6.64 200 89.5 54.95 30.95 
TA305FSW 12" 2.0 2-4 38cz. 21 .332 8.62 200 89 75.95 42.95 

49er SPECIAL! 
This speaker system normally retails at $399/Pair. System Frequency 49 to 20 KHz. 
Great with a 60 Watt Amplifier! The 49er System includes all of the following: 

1 #AD7066W8 6-1/2" Butyl Edge European Woofer, 16 oz. Magnet, 1" VC. 
1 #AD5061/SO 5" Closed Back Mid-Range. Chamber Dampened. 10 oz. Magnet, 1" VC. 
1 #AD0163/T 1" Polymer Dome. 10 oz. ABF Magnet. 1" Low Mass Voice Coil. 

Made in Europe. 
1 Crossover. 2nd Order, Phase Coherent. 150 Watt 

ALL FOR ONLY $49.00 !!!! 

CABINET (WITH GRILL) AVAILABLE FOR $49.00 IN ADDITION TO THE SPEAKERS. 

WE CARRY THE COMPLETE LINE OF PYLE RAW DRIVERS. 

SALE PRICES GOOD THRU APRIL 15,1986 
McGee Radio. The FIRST in speakers. Send $2.00 for your McGee catalog. Not just a price list 

All pertinent data listed. $2.00 refunded on first order of $20.00 or more. 

1901 McGee Street Kennt City, Miwouri 64108-1891 PH. 816-842-5092 

TO PLACE VISA, MC, or AE CHARGE ORDERS CALL 1-800-34MCGEE ( 1-800-346-2433 ) 
FAST REPLY HIK44 




