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Designed for a 
lifetime of listening. 

Listener fatigue is a loudspeaker problem that’s 
all too common today. It's the main reason people 
change speakers in search of better sound. 

When noted Reference Recordings engineer 
Keith Johnson began creating Precise speakers, he 
re-designed conventional manufacturing 
procedures and developed testing techniques that 
identified and corrected the objectionable tonal 
colorations that produced listener fatigue. 

From these design signatures has come a line of 
speakers capable of a lifetime of wondrous 
performances. 

If you'd like more information on Keith and the 
unique "tweaking" process that Precise undergoes, 
write to: 

SC 
Acoustic Laboratories 

Suite B, 200 Williams Drive, Ramsey, NJ. 07446 201-934-1335 



McCAULEY SOUND has begun production of 
their Model 6520 2" compression driver. 

This high frequency driver features a 
150W RMS power rating, sensitivity of 
112dB at 1W at 1 meter and a frequency 
response from 500Hz to 16kHz. The 6520 
is specifically designed for commercial in¬ 
stallations and sound reinforcement tour¬ 
ing systems. It has a retail price of $383 and 
a five-year warranty. For more informa¬ 
tion contact McCauley Sound, Inc., 13608 
94th Ave. E., Puyallup, WA 98373, (206) 
848-0363. 

Fast Reply HKD407 

SIGNET has introduced a subwoofer/satellite 
loudspeaker system, the SL230. The 

woofer has been separated from the mid¬ 
range and high frequency drivers, and the 
compact subwoofer enclosure is dedicated 
solely to frequencies below 200Hz. Since 
low frequency sound is not perceived 
directionally, the subwoofer can be placed 

anywhere in the room and the satellite 
speakers, which produce the directional 
information, can be placed in optimum 
locations. 
Each satellite contains a ferro-fluid 

cooled %" titanium dome tweeter and a 

3% " midrange driver with rubber surround 
and injection molded anti-resonant basket. 
The subwoofer has two downfiring 6" high 
compliance long-throw drivers with foam 
surrounds and high-temperature voice 
coils. For more information, contact 

Signet, 4701 Hudson Dr. , Stow, OH 44224, 
(216) 688-9400. 

Fast Reply HKD23 

CARBONNEAU, manufacturer of custom engi¬ 
neered loudspeakers, is offering a product 

line of custom designed drivers, available 
in three categories: 1) Polypropylene cone 
with 20% carbon-graphite reinforcement 
and a high compliant foam suspension 
(S1/*—12 "). 2) Polypropylene cone with 20% 
carbon-graphite reinforcement and a rub¬ 

ber edge suspension ( 5lA— 12 " ) . 3 ) Isotropic 
lacquer-treated paper cone with a rubber 
edge suspension and Kapton™ voice coil 
formers (5%.—10"). For further information 
contact Carbonneau, 609 Myrtle N.W., 
Grand Rapids, MI 49504, (616) 456-9528, 
FAX: (616) 456-5648. 

Fast Reply HKD392 

Good News 

POLYDAX SPEAKER CORP., a division of Audax 
Industries of France, announces the new 
DTW 100 TI25 BA CAV FF tweeter, a one-
inch dome tweeter with a diaphragm com¬ 
posed of a soft polymer with a thin coating 
of titanium. The titanium coating increases 
the strength and stiffness of the dome 
structure. The vented pole piece which 

loads into a tuned cavity on the back of the 
magnet reduces distortion around the reso¬ 
nant frequency, extending the bass end 
response. The new tweeter has a recom¬ 
mended crossover point of 1.5kHz and has 
an efficiency rating of 88dB SPL. For more 
information contact Polydax, 10 Upton 
Dr., Wilmington, MA 01887, (508) 
658-0700, FAX: (508) 658-0703. 

Fast Reply HKD45 

CERCA SPEAKERS announces a new omni¬ 
directional loudspeaker, the Victoria 200, 

designed as an antique ceramic (raku fin¬ 
ish) ginger jar. Manufactured in Wales by 
Pontypridd, the unit is marketed in the US 
by Asti Nikko Technology Corp, of Amer¬ 
ica ( ANTECA) and is a three-way speaker 
with an 8 " cobex base, a 5 " polypropylene 
midrange and al" metal dome tweeter. 
The Victoria 200 is approximately 36" 
high, has a frequency response of 36Hz to 
20kHz ( + 3dB) and maximum power of 
220W. The base enclosure is 31 liters. The 
unit is available in several colors, comes 

with an antiqued wood stand and is priced 
at $2,199.95/pair. 
Also available from ANTECA is the 

omni-directional Cerca Hi 150 System, 

two separate raku satellites that can be 
suspended or affixed to a wall. They can 

supply 200W of power from 36Hz to 
20kHz, when used together. One satel¬ 
lite— ll7/i6"W by 8*¿"H—contains a 5" 
bass/midrange and al" dome tweeter 
which reproduces the 100Hz to 20kHz 
range. The second enclosure— 12%6 " W by 

29 "H—holds two 6% " bass drivers in push-
pull. Suggested retail for the system is 
$999.95, for the midrange/tweeter (Cerca 
Hi 65) $399.95, and for the bass subwoofer 
system (Cerca 150) $599.95. For more in¬ 
formation contact ANTECA, 5816 Corpo¬ 

rate Ave., Suite 170, Cypress, CA 90630 
(714) 821-3875. 

Fast Reply HKD452 

DANA AUDIO has been selling the Model 1 
speaker for nine months. This speaker in¬ 
corporates Audax %" titanium tweeters 
and 6*/2" woofers. Efficiency rating is 
90dB, lW/meter. They can handle peaks 
over 100W while retaining a flat response 
down to 63Hz. The components are 
mounted in an MDF enclosure, 14% " H by 

8%"Wby 7'/2"D. The cabinet is finished in 
a black, scratch resistant, laminated vinyl. 
The Model 1 comes with a three-year 

warranty and a 15-day money back home 
trial program and is available only direct 
from Dana Audio at a price of $ 155/pair. 

For more information, contact Dana 
Audio, PO Box 1, Austin, TX 78767, (512) 
251-7701. 

Fast Reply HKD449 
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DYNAVOX ELECTRONICS has introduced five 
new models of home audio speakers from 
an 8" two-way through a 15" three-way, 
retailing from $99.95 to $269.95. The 
DP-1200A is a 12" three-way bass reflex 
system which will absorb maximum input 
of 240W ( 140W RMS) and will hit 32Hz-
24kHz frequency response. For more in¬ 

formation contact Dynavox Electronics, 
248 N. Puente Ave., City of Industry, CA 
91746, (818) 336-0516. 

Fast Reply HKD408 

Bill Fitzpatrick of SITTING DUCK SOFTWARE has 
written a new, menu-driven version of 

Ralph Gonzalez' Loudspeaker Modelling 
Program. SD-LMP is written and compiled 
with QuickBASIC and is presently avail¬ 
able for IBM PCs with CGA, EGA or Her¬ 
cules graphics capability. Improvements 
include: fast data-field entry of driver and 
crossover models, high-resolution LMPG-
style graphics output of predicted fre¬ 
quency response, easy file selection, on¬ 
screen crossover configuration diagrams, 
error handling and compatibility with ex¬ 
isting LMP/LMPG files. The program is 

available on 360k 5V4" floppies from Old 

CASP'er (Computer Aided Sheet Planner) 
is the second version of Plywood Planner, 

a program from ROGER and RYAN DRUMMOND 
that generates layouts for anyone cutting 
sheet material into pieces for specific ap¬ 
plications. This program is intended to give 
the user a quick visual aid in determining 
a usable layout for all types of sheet proj¬ 

ects. CASP'er is IBM compatible, requires 
185K of memory and can be used with 
CGA color graphics with color or mono¬ 
chrome monitor. It is priced at $89.95. 
Plywood Planner is available for the IBM 
at $49.95 or for the Commodore 64 at 

$39.95. For more information contact 
Roger and Ryan Drummond, 10 Pike St., 
Herminie, PA 15637, (412) 446-0159. 

Fast Reply HKD4S8 

Colony Sound Lab, PO Box 243, Peter¬ 
borough, NH 03458 for $49.50. If you 
already own the earlier LMP or LMPG ver¬ 
sion, you can obtain the upgrade for $39.50 
by returning the original disk or a dated 

sales receipt. For more information contact 
Sitting Duck Software, PO Box 130, 
Veneta, OR 97487. 

Fast Reply UKD404 

ACOUSTIC SCIENCES CORP, has introduced the 
11" Super Trap, a high-efficiency broad¬ 

band sound absorber, as an addition to its 
line of Tube Trap acoustic control prod¬ 
ucts. The Super Trap features extended 
bass response and enhanced damping of 
standing waves into the 70Hz range. Spec¬ 
ified for rooms with an eight-foot ceiling, 
they control fundamental floor-to-ceiling 
resonances often accentuated by dynamic 
speakers and subwoofers. An internal re¬ 
active acoustic circuitry achieves self¬ 
regulating absorption. A built-in patented 
sound diffusion panel adjusts to scatter 

mid and high frequencies. Available in 
standard (three and four foot) or custom 
lengths, Super Traps are covered with 
Guilford 701 commercial standard fire-
resistant fabric. For more information on 
any of the Tube Traps, contact ASC, PO 

Box 1189, Eugene, OR 97440, (503) 343-
9727, FAX: (503) 343-9245. 

Fast Reply BKD280 

LOUD Manufacturing OEM loudspeakers in the USA since 1946 
S PEAKERS 

CARBON-GRAPHITE CONE FORMULATIONS 

RUBBER SURROUND SUSPENSIONS 

FLAT SPIDER SUSPENSIONS 

VENTED POLE PIECE ASSEMBLIES 

KAPTON™ VOICE COIL FORMERS 

CALL OR WRITE TODAY FOR MORE INFORMATION 

Fast Reply HKD392 

custom engineered and manufactured loudspeakers 

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

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

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

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

4 Speaker Builder / 6/89 
Fast Reply HKD1066 



A
R
I
A
 
S
E
V
E
N
 
Another 
D’Arpolito 
LOOK-ALIKE 

OR... 

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

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

4 America, Inc. 
1531 Lookout Drive 
Agoura, CA 91301 U.S.A. 



FOCAL 
1531 Lookout Drive Agouro, CA 91301 U.S.A. 

Distributors: USA 

A & S Speakers Big Cove Research Speaker City USA 
3170 23rd St 105 Catherine Dr 10615 Vanowen St. 
San Francisco. CA 94110 Owens Cross Roads. AL 35763 Burbank, CA 91505 
(415)641-4573 (205)881-8677 (818)508-1908 
FAX (415)648-5306 FAX (205) 882-6765 Speakers Etc. 
Advanced Audio Products Madisound Speaker Components 1828 W. Peoria Ave 
1916 Pike Place. #1243 8608 University Green Phoenix, AZ 85029 
Seattle. WA 98101 Box 4283 (602) 944-1878 
(206) 527-3393 Madison, Wl 53711 - , ___ . . 

(cao. am moo Zalytron Industries 
Audio Concepts fax (60Hi nm 1771 469 Jericho Turnpike 
901 South 4th St FAX <608 > 831'3771 Mineola, NY 11501 
LaCrosse. Wl 54601 Meniscus (516) 747-3515 
(608) 784-4570 2442 28th St . S W . Suite D FAX: (516) 294-1943 

Wyoming. Ml 49509 
(616) 534-9121 

Distributors: Canada CABINETS: 

Solen Electronique Inc. Rugg Acoustics Call FOCAL AMERICA 
4470 Ave Thibault 109 2nd St. West (818) 707-1629 
St.-Hubert. QC The Pas. Manitoba 
Canada J3Y 7T9 Canada R9A 1L5 
(514) 656-2759 (204) 623-7684 

FAX (204) 623-6712 
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written permission of the publisher. 
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We welcome contributions for possible publication 
in the form of manuscripts, photographs or draw¬ 
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envelope with each submission. While we cannot 
accept responsibility for loss or damage, all mate¬ 
rial will be handled with care while in our pos¬ 
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monthly at $20 per year: $35 for two years, by Edward 
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BUILDER, PO Box 494, Peterborough, NH 03458. Return 
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About This issue 
James Lin lives in a small apart¬ 
ment and wished for good bass to 
match his venerable pair of Quad 
electrostatics. The Hartley 24" 
driver with quads may seem an odd 
couple, but if the big cone is config¬ 
ured as a dipole, Lin says the result 
is practical and pleasing (p. 10). If 
your woofer driver has no afford¬ 
able incarnation, Brian Smith's 
cone and magnet tricks may work a 
Cinderella miracle for you (p. 22). 
Canadian Wayne Cox likes Para¬ 

digm's 7se but was sure it could be 
made better. His narrative and find¬ 
ings begin on page 26. Peter Hill¬ 
man gets down to the challenging 
details of building, installing and 
evaluating his monumental dual 
transmission lines (p. 32). For 
neither the faint of heart nor apart¬ 
ment dwellers. 
Dave Davenport reports on 

Focal's latest "Egg" (p. 49); Peter 
Muxlow looks at some arcane tech¬ 
nology (p. 58) and don't miss the ex¬ 
cellent, multi-featured Craftsman's 
Corner and Tools, Tips & Techniques 
on pages 52 and 56 respectively. 

This is SB's final 1989 issue. If 
your label says "XX89” in the upper 
right-hand corner, then your sub is 
up for renewal. Our first 1990 issue 
is coming along in just two months. 
You have three good reasons for 
renewing right away: Your first 
issue will arrive promptly, Old Col¬ 
ony will be offering a gala 45-day 
sale on Speaker Builder specials 
which you may miss if you delay, 
and you'll want to be the first on 
your block to see Roger Sanders' 
stunning Electrostatic/TL combo, 
Bruce Edgar's bass horn and the 
first segment of a powered system 
with driver-generated feedback. It's 
going to be a delicious year. 
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Our company's objective is to provide the best components 
based on applied design, materials, engineering and production 
technology to the most exacting amateurs and professionals. 
After an exciting search and a scrupulous selection of 
outstanding drivers from around the world, we are now proud 
to offer exclusively from our stock a unique selection of 
today's state of the art speaker components. 

Made in France by Cabasse Electro-acoustique. A complete 
range of beautifully engineered convex rigid dome tweeters 
and midranges, foam 4" midrange, mid and bass units using 
n ue concave honeycomb diaphragm in rectified cast frame. 
Plus a specialty line consisting of a 9 Lb carbon tweeter to a 
36 Lb 22" honeycomb concave woofer! 

accuton 
Ceramic concave dome diaphragm tweeters and midrange 

drive units made in West Germany by B. Thiel GmbH. Very 
wide and even frequency response. Extremely musical drivers. 

VIETA 
A unique 13" woofer made by Accutres in 

Spain. PVA impregnated pure cotton cone. Inner 
and outer windi ng of the voice coi I offers maxim i zed 
magnetic coupling and air flow cooling. 

AUDIOM byFUCAl 
Very high quality components with ultra light moving parts 

together with massive and efficient magnet structures results in the 
ability of the drivers to produce musical signals with realism and 
very high sound pressure levels while maintaining low distortion. 

A Division of Watters Sound Wave Co. « 4320 Spring Valley Road, Dallas, Texas 75244 » TEL: 214/ 991 -6994 « FAX: 214/991-5016 
fasf Aep/y HKD401 



Editorial 

MILESTONE TEN 

One of our contributing editors called me the other day, ob¬ 
viously pleased and excited because he could report another 
small step toward our understanding of loudspeaker tech¬ 
nology. I don't want to steal any of his thunder, since an arti¬ 
cle will be coming to these pages early next year with the 
details of the new discovery. 

This editor was going through one of those personally grind¬ 
ing situations at his workplace where the whole institution is 
in a near crisis over critical matters that were affecting every¬ 
one. A huge, important project was coming to a final conclu¬ 
sion with the typical deadlines, frayed nerves, and long hours. 
Into this atmosphere we sent a speaker builder's letter, the last 
thing, I would have thought, anyone in this editor's situation 
would have welcomed. 

To our editor, however, it was a delicious opportunity to turn 
with relief from the harrowing atmosphere at work to the chal¬ 
lenge of a reader's question. The problem, having also nagged 
this editor's mind for years, called for some research. Digging 
into references, his answer popped out quickly and with unex¬ 
pected ease. And remarkably, the mathematical model of the 
problem, matched quite neatly with the real-world prototype. 

At the time our editor called, I was thinking of this editorial. 
My theme is centered on our birthday: the issue you are hold¬ 
ing completes a decade of Speaker Builder's publication. I was 
recalling the reaction of loyal Audio Amateur subscribers in 
1979 when I announced we were moving all the loudspeaker 
articles out of TAA and into a new, separate publication. 

Many readers feared the surgery would sink either one or 
both magazines, some doubted enough material could be 
found on so narrow a subject, while others suspected greed 
in the publisher. I confess to having had no better crystal ball 
about Speaker Builder's chances than the readers. And even 
I, with all my hopes, was not prepared for what happened. 

Speaker Builder's subscriber list grew faster than we had an¬ 
ticipated; within two years the flow of articles became a flood. 
Most of the authors were new to us, never having written for 
Audio Amateur, even though one out of every six TAA articles 
was on a loudspeaker topic. The title evidently appealed to 
many highly competent scientists, whose avocation was loud¬ 
speakers and who have become our authors and editors, as 
well as thousands of other music lovers who were fascinated 
by the idea that they just might build boxes with drivers in 
them that sounded good. 

I saw a sign recently on the side of a building in one of New 
York City's suburbs. It said ' ' This is not your serendipity park¬ 
ing lot!" I laughed at the depth of feeling the building owner 
obviously conveyed and could imagine the frustration which 
had prompted it. The word serendipity, however, fits Speaker 
Builder like a glove. This publication is a serendipitous place 
which meets every other month. 

What is most awe inspiring for me as publisher is the fact 
that our authors are not just so many containers of arcane in¬ 
formation that is poured, in installments, onto the pages of the 
magazine, but each of them is pursuing a mystery whose 
method and clues are shaped, to a very significant extent, by 
the shared curiosity, thirst for knowledge and frustration of 
readers. 

Authors are on a journey of discovery just as surely as each 

reader has his or her own pursuit of sonic happiness. And what 
readers request stimulates the imagination and engages the 
skills of the authors. We have all discovered, at one time 
or another, that we have information in ourselves we did 
not know we possessed, until we were confronted by a well-
defined problem. 

The interaction produces more in both authors and readers 
than is possible for each one of them alone. 
Just two years ago we had the good fortune to recruit the help 

of a person new to our staff but a veteran at what he does best. 
Rally Dennis was about to retire from the staff of Ham Radio, 
one of our fine friends among our publishing neighbors, and 
decided to join us as a one-week-a-month sales force. We felt 
we were very fortunate to have his help since he brought many 
years of experience as well as an inextinguishable enthusiasm 
to his work. 

He has succeeded in establishing a new relationship be¬ 
tween Speaker Builder and a host of new advertisers—as is evi¬ 
dent to any of you who have been subscribers for two or more 
years. This has brought a new vitality to the look of the maga¬ 
zine since not only do advertisers bring revenue to the enter¬ 
prise, their use of color makes editorial color affordable as well. 

But the increased advertising would not have added any 
significant strength to the magazine without your response to 
it. Advertisers tell us your reaction through our fast reply num¬ 
bers is not only gratifying, but that a large percentage of you 
convert inquiry into action by buying goods. 
What I am most pleased about is that you are not only 

responding to advertisers and sharing your questions and per¬ 
plexities with authors, but that you are, on the evidence of let¬ 
ters I see daily, a highly supportive group for each other as well. 
This isn't really surprising, I suppose, when we remember 
how exciting it is to find someone who shares our feelings 
about an avocation. 

As I write this in late November, the Berlin Wall has been 
breached in several places. I'd like to believe that the new com¬ 
munication technologies which have been growing at a diz¬ 
zying rate since World War II, have been responsible for 
spreading the hope for freedom and self-determination to 
those countries whose populations have been oppressed 
politically and economically. Putting up a wall cannot isolate 
a citizenry any longer. 
Our new powers to communicate with each other are also 

a means toward technological freedom. Our collective knowl¬ 
edge is growing at an awesome rate , far faster than we are able 
to assimilate it individually, or to try the new possibilities. This 
is one reason magazines have become more and more 
specialized over the last 30 years. And magazine publishing 
technology itself becomes less and less expensive and there¬ 
fore affordable to further enable special interest publications. 

Many of you have said appreciative things about our efforts 
over the years. My own personal pleasure in publishing for 
you is a gift I consider you have given me. It is a vocation that 
suits me wonderfully well. We speaker builders aren't a large 
or influential group in the overall picture of America at the end 
of this decade, but I like to think we have, all of us, added 
something unique to the world's store of information, and to 
the pleasure of quite a few.—E.T.D. 
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A DIPOLE SUBWOOFER 
FOR QUADS 

BY JAMES LIN 

I've always liked my Quad electrostatic speakers—very clean, natural sound, 
but, well...they are a touch shy in the bass, 
and they overload easily, especially in the 
deep bass. With the advent of digital, or 
even some audiophile records, this can be 
a real problem. I really don't mind so 
much not hearing deep bass, but I prefer 
not to destroy my speakers. My solution 
is a dipole subwoofer using the 24" 
Hartley driver, and a dedicated active/ 
passive crossover. 

THEORY. Although the test of any de¬ 
sign is how well it works, I’ve often found 
the design process to be as interesting as 
the final result. Therefore, I'm going to ex¬ 
plain some of the reasons behind my 
choice of speaker and crossover design. 
Those who hate theory may go directly to 
the construction section. 

WHY A SUBWOOFER? Several rea¬ 
sons, some obvious, some not so obvious. 
First, a separate subwoofer with active 
crossover lessens the low frequency load 
on the main speakers. Since the Quads are 
especially susceptible to low frequency 
overload, this is a definite advantage. Also, 
it decreases distortion in both the main 
speakers and the amplifier. The main 
speakers no longer have to deal with the 
large excursions required by low fre¬ 
quency signals, resulting in better linear¬ 
ity. The amplifier power supply no longer 
is modulated by the relatively long term 
drain of low frequency signals, resulting 
in a more stable supply voltage. Both can 
lead to cleaner sound. 

ABOUT THE AUTHOR 
James Lin was a graduate student in physics before 
switching to medicine. He is currently an Oncology 
Fellow at Sloan-Kettering Memorial Cancer 
Center. He has built several electronic kits and 
projects for Audio Amateur, but this is his first 
speaker project. 

FIGURE 1: The HQ-24 subwoofer. 

Second, a subwoofer can give not only 
more bass, but better bass, because the 
driver is optimized for low bass. 
Third, a subwoofer can help us to 

achieve better overall tonal balance. An 
old rule states that a balanced response is 
achieved when the product of the low and 
high frequency cutoff points equals 
400,000 (i.e. 20Hz x 20kHz = 400,000). 
Thus, for example, a speaker which rolls 
off below 100Hz will sound balanced if 
the highs roll off above 4kHz, a speaker 
that extends down to 50Hz could extend 
up to 8kHz, and so on. The Quads are 
specified to roll off below 45Hz, and above 
18kHz ( - 6dB points), which gives a prod¬ 
uct of 810,000. One would therefore pre¬ 
dict that they would tend to sound a bit 
light, and they do. 

Finally, a separate subwoofer can allow 
smoother low frequency response while 
maintaining optimum imaging and over¬ 
all response smoothness, since the best 
position to achieve the one may not be 
best for the other. 

These advantages are not without cost, 
however, not only in terms of money 
and space, but also complexity. Most 
people regard a subwoofer as an add-on, 
a device which pastes an extra octave or 
so of bass onto the bottom end. But it 
would be more accurate to regard a sub¬ 

woofer as a piece of an overall system. 
Just as you cannot expect to get good 
results by throwing a random woofer 
and tweeter together with an off-the-
shelf crossover, the same holds true for 
a subwoofer and main speakers. The 
combination must be regarded as a 
whole new system, with due considera¬ 
tion given to an appropriate choice of 
crossover slope and frequency, and the 
possible need for repositioning of the 
main speakers, as well as positioning the 
subwoofer, for optimum results. 

WHY A DIPOLE SUBWOOFER? A di¬ 
pole subwoofer has two advantages. First 
of all, there's no cabinet, hence, no cabinet 
resonances. That's an oversimplification, 
of course, since there is a panel to hold the 
driver, and this must be suitably sturdy. 
However, the panel area is considerably 
less than that of a closed cabinet, and 
hence, less of a problem. Now, woofer 
motion increases with decreasing fre¬ 
quency, causing greater fluctuations in in¬ 
ternal cabinet pressure, leading to more 
cabinet wall motion. Also, reproducing 
low frequencies with reasonable effi¬ 
ciency dictates a large cabinet, with a large 
surface area which becomes increasingly 
difficult to brace adequately. 

Moreover, that large surface area cou-
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pies efficiently with the air at low frequen¬ 
cies to produce sound. I recall a subwoofer 
design in Electronics World many years ago 
which actuallyused the cabinet sides as a 
passive radiator. Any unwanted motion 
contributes to a muddy sounding bass, 
and may be one cause of the complaint 
that a box subwoofer often sounds 
"slow" compared to the "fast" dipole 
upper range. A dipole design removes 
most of the cabinet, thus greatly decreas¬ 
ing the problem. 

Second, and rarely discussed, is the 
problem of radiation pattern. In fact, the 
only discussion of this problem I've read 
was by Keith Howard in Hi Fi Answers, 
Sept. 1982, p. 19. My discussion is based 
on his. All planar speakers, including the 
Quads, are inherently bidirectional. That 
is, their dispersion pattern resembles a 
figure 8, or in three dimensions, two ten¬ 
nis balls glued together. On the other 
hand, speakers in boxes, whether closed, 
vented, transmission line, or whatever, 
tend to have an omnidirectional radia¬ 
tion pattern at low frequencies. 
Now, if an omnidirectional speaker 

and a dipole speaker are adjusted to put 
out the same sound pressure level on-
axis, the omnidirectional speaker will be 
putting out 4.8dB more acoustic power 
in all directions. In other words, if we 
try to match an omnidirectional woofer 
with a dipole main speaker, we find an 
inherent mismatch. Either we match the 
direct sound, in which case the woofer 
will be putting out 4.8dB more power 
into the room as a whole, or we match 
the overall power levels, in which case 
the woofer will be putting out 4.8dB less 
direct sound at the listener's position. In 
my opinion, this is one of the reasons 
many people have found the combina¬ 
tion of dipole speakers and box sub¬ 
woofers unsatisfactory (even tin ears can 
hear frequency response). Also, the dif¬ 
ferent radiation patterns of dipole and 
omnidirectional speakers excite room 
modes differently, further complicating 
the matching problem. 

FLAWLESS DIPOLE? Unfortunately, 
all is not perfect, or, as one of my physics 
professors used to say, God is not always 
on your side. Speaker designers learned 
many years ago that open baffle, or di¬ 
pole speakers have weak bass, unless the 
baffle is very large (infinite baffle). The 
reason is that the sound wave produced 
by the back of the driver can come 
around and cancel the sound wave pro¬ 
duced by the front side, resulting in less 
sound, and this effect becomes stronger 
as the frequency decreases (front-to-back 
cancellation). 

As an analogy, if you put your hand in 
a basin of water and wiggle it back and 
forth rapidly, you will produce strong high 
frequency waves. However, if you now 
move your hand back and forth very 
slowly, nothing much happens, because 
the length of the wave is so long that the 
crest of the wave produced by the back 
of your hand has enough time to flow 
around to fill the trough of the wave be¬ 
ing produced by the front of your hand. 
Therefore, a bass dipole speaker needs 
to be big (and unsightly). Below a fre¬ 
quency which is determined by the size of 
the baffle—roughly speaking, at wave¬ 
lengths greater than the square root of the 
baffle area—the response will roll off at 
6dB/octave due to front-to-back cancella¬ 
tion until we reach the driver resonance 
point, below which the rolloff approaches 
18dB/octave—the 6dB/octave rolloff due 
to cancellation plus the 12dB/octave roll¬ 
off of the driver below resonance. 

It's easy enough to equalize the 6dB/ 
octave rolloff to get flat response, but of 
course, the price of this is additional 
speaker cone excursion just in the area 
where excursion demands are greatest to 
begin with. So the volume displacement 
required of a dipole driver at low fre¬ 
quencies is greater than for any other 
design, because a significant portion of 
the output is lost due to front-to-back 
cancellation, and the lower the fre¬ 
quency, the worse the problem. Or, to 
put it another way, for the same driver, 
the dipole has less output than any other 
design at low frequencies. To compen¬ 
sate for this requires a long throw, large 
area driver or set of drivers in addition 
to a large baffle. 

Thus, the trade-off for the dipole ad¬ 
vantages of decreased cabinet reso¬ 
nances and consistent radiation pattern 
are size, of both baffle and driver, cost, 
decreased output capability, and also, 
perhaps, a requirement for electronic 
equalization. The problems are some¬ 
what eased because the floor acts as a 
sound mirror, which effectively doubles 
the baffle area, extending the response 
by a half octave. Placing a dipole at a 
floor/wall junction doubles the effective 
baffle area again, extending the response 
by a full octave below that expected for 
the same baffle in free space. Some ad¬ 
ditional decrease in baffle size can be 
achieved by folding back its edges to pro¬ 
duce a shallow box, open at the back. 
Too deep a box will result in box colora¬ 
tions, however. 

A driver for a dipole subwoofer there¬ 
fore needs to have a large cone area com¬ 
bined with a large linear excursion capa¬ 
bility, or to quote Tom MacCahill, the 

motoring journalist, "There is no substi¬ 
tute for cubic inches." In addition, since 
we have no box to help boost the low end 
response, the driver Q should be high. 
R. J. Newman, in his /AES article on 
dipole speakers {Journal of the Audio 
Engineering Society, Jan/Feb 1980, p. 
35), on which the preceding discussion 
has been based, suggests a Qi of 0.7 to 
1.0 for the driver, considerably higher 
than the values that are optimum for 
closed or vented box speakers. 
In terms of needed baffle size, New¬ 

man shows that a baffle that is 0.9 
meters (roughly 35 inches) square, with 
a 0.15 meter (6 inch) fold back at the 
edge, will roll off below 100Hz. This is 
not an unreasonable size, being only 
slightly larger than the Quads, but does 
require a 12-14dB boost for flat response 
to 20-25HZ. 

SINGLE OR DOUBLE? For playing 
LPs, a mono subwoofer has certain ad¬ 
vantages, since a great deal of the spuri¬ 
ous output from warps and rumble is 
due to vertical stylus motion which is 
out-of-phase, and hence is cancelled out. 
Since many record makers blend low 
frequencies anyway, the losses should be 
minor. However, CDs do not have 
blended lows, and there may be more 
of a loss here. As for low frequency im¬ 
aging, Stereophile's J. Gordon Holt, in a 
recent review (N-R 1204 subwoofers, 
Stereophile, April 1988, p. 122) comments 
that he noted a slight loss of detail with 
a mono subwoofer crossed over at 62Hz 
but no change in stereo imaging, com¬ 
pared with stereo subwoofers. 
However, even if stereo imaging at 

such low frequencies is not affected, the 
ambience or “room sound" which is due 
to low frequency out-of-phase compo¬ 
nents would be lost in a mono system. 
Nevertheless, even a mono system may 
be an improvement, since the original 
system was incapable of reproducing 
these low frequencies at all. Dual sub¬ 
woofers also excite the room in a more 
complex, and perhaps more natural 
sounding way. One undoubted advan¬ 
tage of dual subwoofers is decreased ex¬ 
cursion requirements. The advantage in 
output is only 3-6dB, but the advantage 
in linearity may be much greater. 

Overall, I believe stereo subwoofers 
are the perfectionist's first choice, with 
provision for switching to mono for 
troublesome LPs. However, in my par¬ 
ticular case, practical considerations in¬ 
trude. First, I can only afford one driver, 
and second, even if I could afford two, 
I couldn't physically fit them into my 
room [Fig. 1). 
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CROSSOVERS. Well, we need one. A 
crossover, that is. This is where a lot of 
problems can occur. For example, con¬ 
sider that audiophile favorite, the sim¬ 
ple 6dB/octave type. In order for the 
combined response to be within IdB, 
each driver must be flat for three octaves 
on either side of the crossover frequency. 
Thus, if the crossover to a subwoofer oc¬ 
curs at 100Hz, the main speakers must 
be flat down to 12.5Hz to give a com¬ 
bined response flat to IdB (the sub¬ 
woofer also has to be flat to 800Hz). 
Well, if your main speaker is flat down 
to 12.5Hz, what are you doing messing 
around with subwoofers? The transient¬ 
perfect "subtraction" crossovers, where 
the high pass section is derived by sub¬ 
tracting the low pass from the input, suf¬ 
fer from a similar sensitivity to phase 
and frequency problems in the compo¬ 
nent drivers. To avoid problems, a good 
rule of thumb is that any driver anom¬ 
alies or rolloffs should be suppressed at 
least 20dB by the crossover in order to 
be "negligible.” 

Since dipole speakers roll off at 18dB/ 
octave below driver resonance, any high 
pass crossover to the main speakers will 
have an 18dB/octave acoustic filter "built 
in” before we do any additional compen¬ 
sation. The simplest alternative, there¬ 
fore, is to roll off the subwoofer at 18dB/ 
octave at the resonance point of the main 
speakers, and rim the main speakers full 
range, relying on the dipole acoustic 
rolloff for the high-pass function. The 
result is a third-order crossover—third-
order electrical low pass and a third-
order acoustical high pass. 

The crossover will not be exact, unless 
the main speaker response is exactly 
Butterworth in form, but it will likely be 
close enough. We can get away with this 
because room effects at such low fre¬ 
quencies will swamp any minor offenses 
in crossover response. However, this ap¬ 
proach has two problems. First of all, 
odd-order crossovers are more sensitive 
to phase differences between drivers 
than are even-order crossovers, such as 
might be caused by driver offset. Since 
one of the advantages of a separate sub¬ 
woofer is placement flexibility, a place¬ 
ment-sensitive crossover topology is not 
helpful in this regard, whatever other ad¬ 
vantages it may have. Second, we lose 
the potential advantages in protection 
from driver overload and decreased 
distortion in the main speakers. 

The next step up is a fourth-order filter, 
such as the popular Linkwitz-Riley all-
pass configuration. This can be approxi¬ 
mated by a 6dB/octave passive filter to 
the main amplifier at the resonance fre¬ 

quency of the main speakers, plus a 24dB/ 
octave active filter for the subwoofer am¬ 
plifier. This has the advantages of de¬ 
creased low frequency demands on the 
main amplifier and speakers (although, at 
a mere 6dB/octave rolloff, the advantage 
is a modest one) and relative insensitivi¬ 
ty to driver offsets, allowing more leeway 
in subwoofer positioning. In addition, 
both subwoofer and main speaker are 
connected in phase. It is also easily im¬ 
plemented by a simple RC crossover be¬ 
tween preamp and main amplifier, which 
combines with the 18 dB/octave dipole 
rolloff to produce a 24dB/octave high pass 
function, along with an active 24dB/oc-
tave low pass to the subwoofer. 

FREQUENCY RESPONSE (NEAR FIELD) 

FIGURE 2: Near-field response (1/3 octave war¬ 
ble tones) and impedance curve of the 224-HS 
driver. 

For these reasons, this is the design I 
chose to use. This is not the only choice 
available since I have not discussed factors 
such as group delay, constant voltage vs. 
constant power, and others, which can 
affect crossover topology. However, I 
strongly believe the subwoofer and its 
crossover must be designed as part of a 
total system, rather than as an add-on. 
In any system incorporating a sub¬ 

woofer, we are of necessity working at or 
near the lower limits of the main speaker, 
in a region where its rolloff and phase shift 
will have significant effects on the overall 
response. A good system crossover design 
must take these factors into account. 
Thus, my design is a "dedicated" cross¬ 
over, with the crossover point and slope 

designed specifically to match the low fre¬ 
quency characteristics of the Quad main 
speakers, although it can easily be adapted 
to other dipole speakers by changing the 
crossover frequency, rather than being a 
"universal" crossover which is likely to 
give universally unacceptable results with 
all possible speakers. I believe universal 
crossover use in commercial subwoofer 
systems is a major factor in causing prob¬ 
lems with integrating such designs into a 
satisfactory system. 

CONSTRUCTION. In my case, the theo¬ 
retical considerations came together 
when I acquired a suitable driver—a used 
24" Hartley woofer, which I found adver¬ 
tised in Speaker Builder (naturally). This 
is an impressive piece of work—cast alu¬ 
minum frame, beautiful construction—a 
friend remarked that it reminded him of 
the speaker in Back to the Future that blasts 
Michael J. Fox across the room. 
A letter to the Hartley Corporation 

elicited the reply that "Thiele-Small 
parameters are not relevant because of 
its unusual mechanical structure and 
magnetic suspension." In my opinion, 
this reflects a serious misunderstanding 
of the theory behind the Thiele-Small 
model. Be that as it may, it does not pre¬ 
vent someone from measuring them him¬ 
self. The person who sold the driver to me 
measured fs = 29Hz, Q^ = 1.17, while my 
own rather crude measurements yielded 
28Hz and 1.3, respectively. Using the 
TAA Warbler (Dick Crawford, "The War¬ 
bler," The Audio Amateur, 1/79, p. 22), 
Heathkit Audio Analyzer and Heath sine 
wave generator I measured a near-field 
response and impedance curve which ex¬ 
actly fits these parameters [Fig. 2). 
These measurements are also consis¬ 

tent with those reported by The Audio 
Critic several years ago when they re¬ 
viewed this driver. They reported that this 
speaker in a 12 cu. foot box yielded a 6dB 
peak (Q=2) and a resonance frequency of 
48Hz. Using Small's equations for a closed 
box system, the ratio of system Qto driver 
Q equals the ratio of system resonance to 
driver resonance. Thus, my driver, in a 
box which gives a system resonance fre¬ 
quency of 48Hz, would have a system Q 
= 2.2, which is pretty close. 
In contrast, Hartley claims a frequency 

response of 16-250Hz + 3dB, although the 
conditions of measurement are not stated. 
It is also quite efficient; Hartley claims 
93.5dB/watt for their subwoofer using this 
driver, although again the conditions of 
measurement are not stated. I got around 
84dB at 3-5 feet with approximately 0.1W 
input using a warble tone centered at 

Continued on page 14 
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Continued from page 12 
160Hz, so the claimed efficiency seems 
reasonable. The driver is rated at 125 
watts continuous and 400 watts peak in¬ 
put power. 

In any case, this driver is a good one for 
our purposes, with a large cone area (363 
sq.in.) and a large excursion capability of 
%" peak-to-peak claimed, although the 
voice coil itself is only %" long. I would 
estimate the linear excursion as % " peak-
to-peak, based on the visible voice coil 
overhang. The Q of 1.2-1.3 is a little high, 
but can be ameliorated, as will be dis¬ 
cussed below. 

I should mention one interesting anom¬ 
aly I found while measuring the speaker 
—when I tried driving it at frequencies 
above 250Hz using the Warbler, it sud¬ 
denly started emitting high frequency har¬ 
monics. I was not abusing the speaker, 
since the drive level was considerably less 
than one watt. I can only conclude that 
this driver, or at least my sample, should 
never see frequencies above 150—200Hz. 
I also second David Ruether's recommen¬ 
dation ("The Big Bass Box," The Audio 
Amateur, 2/78, p. 4) of checking the mag¬ 
net gap to make sure it is clean. I didn't 
blow a fuse, as he did, but when I first 
played my woofer it made a scraping 
noise, which went away after I cleaned 
out the gap from the front using a % " strip 
of coated photographic paper. 

Figure 3 shows the details of the sub¬ 
woofer baffle. I chose the height to match 
my Quads, which are mounted on 12" 
Quadropod II stands, and I made them 
wide enough to fit between the Quads in 

FIGURE4: Back of the HQ-24 subwoofer, show¬ 
ing the protective grille and binding post mount¬ 
ing arrangement. 

FIGURE 3: Subwoofer baffle design. 

my rather narrow room ( 12 ' wall-to-wall, 
further decreased by bookshelves). The 
side panels act to provide additional path 
length between front and back, lower¬ 
ing the baffle cut-off point without in¬ 
creasing frontal area. This technique was 
suggested by Newman in his dipole 
speaker paper in /AES. The dimensions 
shown should give a rolloff below about 
100Hz or so. With a linear cone travel of 
%" peak-to-peak, I estimate that the sys¬ 
tem should be able to produce excur¬ 
sion-limited peak sound pressure levels at 
one meter into half space (subwoofer sit¬ 
ting on an infinite floor) of 92dB at 20Hz, 
increasing to 98dB at 25Hz, 104dB at 
32Hz, and 109dB at 40Hz. At higher fre¬ 
quencies, the levels are power limited to 
112dB at 50Hz, and 114dB at 63Hz. 
Construction is straightforward. I 

braced the front and sides with 1 " x 1 " 
braces all around, plus 2" x 4" braces 
across the baffle below the driver. For the 
baffle, I recommend 1" thick particle 
board (Iactuallyused iy4"), with^" board 
for side, top and bottom panels to avoid 
a"heavy" look. I used birch plywood 
panels for the latter with excellent results. 
The whole thing is held together by 
screws and glue, and the driver is rear 
mounted with carriage bolts. 

I used a perforated metal grille, bent and 

folded over, to protect the backside of the 
driver {Fig. 4). The grille does rattle when 
tapped, but this doesn't seem to be a prob¬ 
lem when playing music. The ideal solu¬ 
tion is to leave it off, but for most people, 
the likelihood of poking fingers from 
friends or children (or pets) requires some 
sort of protection. I used a short piece of 
aluminum L section to mount the heavy 
duty binding posts at the base of the 
speaker. I recommend heavy gauge 
speaker wire, say 14 gauge or better—I 
used some old Vampire wire. I don't have 
a front grille at present, but I suggest 
V-V plywood for a frame—those with 
children or pets may wish to put a wire 
mesh screen across the front for additional 
protection. 

THE CROSSOVER. Figure 5 is the sche¬ 
matic. As you can see, it is a 24dB/octave 
active low pass to the subwoofer, with the 
channels combined, and a passive RC 
crossover to the main amplifier. I chose 
63Hz as the crossover frequency, based on 
the anechoic data I could find on the 
Quads. It is implemented using two of Old 
Colony's WJ-3 filter boards with a TL075 
op amp on the first board, and a TL075 or 
a 4136 quad op amp on the second. The 
choice of the second op amp is non-

Continued on page 16 
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Continued from page 14 
critical, because any high frequencies 
have already been filtered out by the first 
board. In my case, the 4136 gave a lower 
output offset than the TL075, and was a bit 
cheaper as well. 
IC1A.B and IC1C.D make up the first 

filter section of the right and left channels, 
respectively. Each channel consists of a 
12dB/octave Butterworth low-pass filter. 
The outputs of both channels are mixed in 
IC2A. The mixing resistors R8 and RI08 
cause a 6dB loss, so IC2A is set up for a 
12dB gain, which compensates for the 
mixing loss, and provides additional gain 
to cover other circumstances, such as a 
low sensitivity amplifier. 
IC2B forms the second 12dB/octave 

Butterworth filter section, to yield an 
overall Linkwitz-Riley 24dB/octave low 
pass output. This then passes through 
the level control. I used an audio taper 
control at this point. Another possibility 
is to change R304 to lOkil, and use 
a lOOkil linear control connected to 
ground through a 5kQ resistor. This is 
the so-called ' 'law-faking' ' resistor scheme 
suggested by Ben Duncan (Hi Fi News & 
Record Reviews, July 1984, p. 33, or Stereo-
phile, Feb. 1988, p. 78). This gives better 
resolution in the middle range (approx¬ 
imately - 6 to - 26dB), but the subwoofer 
cannot be completely shut off. However, 
its biggest advantage appears if a stereo 
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PARTS LIST 

Capacitors 

C1, 101, 201, 301, 302, CF 0.068uF PP 
C2, 102, 202 
C4, 104 
C5, 105, 205, 305 
C204 

CH1, 101 
C6, 7 
C8, 9 
(PP = polypropylene) 

0.033mF PP 
omit 
0.1 gF PP 
1000pF 
polystyrene 
see text, Table 1 
100mF/35V 

330gF/16V 

R8, 108 
R301, Rf301 
R302, 306 
RF1, 101 
Rf201 

R|1, 101, 201 
R|301 
Rh1, 101 

10k 
115k 
232k 
jumper 
20k 
6.65k 
38.3k 
see text, Table 1 

All resistors ’/4 watt metal film 

see text 

Resistors 

R1, 2, 101, 102, 201, 202 53.6k 
R4, 11, 104, 111, 204, 
211,304,311 100k 

R5, 105, 205, 305 1.0k 
R6, 106, 206 107k 
R7, 107, 207, 307 100k 

Integrated circuits 

IC1 
IC2 
IC3 
IC4 

S1 

TL075 
RC4136 or TL075 
78L15 
79L15 

DPDT switch 

control is needed, where the better track¬ 
ing of a dual linear control is useful. 

IC2C provides low frequency boost be¬ 
tween 80Hz and 20Hz at 6dB/octave to 
counteract the baffle rolloff, and IC2D 
provides a subsonic rolloff at 12dB/octave 
below 14Hz, to minimize warp-induced 
problems and any other subsonic garbage. 
This section may not be necessary in a CD 
based system. This results in a maximum 
boost of about 8dB in the 20-25Hz range 
and an overall response, including baffle 
rolloff, compensatory boost, speaker Q ef¬ 
fect and subsonic filtering, calculated to be 

flat to 32Hz, - 3dB at 25Hz and - 9dB 
at 20Hz. 
The alert reader will note that the 

low frequency boost is up 3dB at 80Hz, 
although I stated in the previous section 
that the baffle rolloff begins at 100Hz(3dB 
down), but the Hartley's Qof 1.2-1.3also 
boosts response, tending to counteract the 
baffle rolloff. With a more nearly flat 
driver, the boost should begin at 100Hz. 
To do so change Ri301 to 28.7kfi. 
The high pass section is a simple RC 

filter, with the resistance chosen so that, 
in parallel with the input resistance of the 



TABLE 1 

CH = .033 .01 .0033 
R 
10k — — 32.4k 
20k — — 12.4k 
25k — — 11.0k 
47k — 54.9k 9.09k 
50k — 51.1k 9.09k 
75k — 38.3k 8.45k 
100k 324k 34.0k 8.25k 
250k 110k 28.0k 7.87k 
470k 90.9k 26.7k 7.87k 

Re« 76.55k 25.26k 7.655k 

Rh — (R X Reff)/(R Reft) 

R = amplifier input resistance 
Rh = crossover high pass resistance 
Reff = effective resistance of R and RH in 

parallel 
CH = crossover high pass capacitor 

FIGURE 5: Crossover schematic. The first board contains the first 12dB/octave low pass section 
for the right and left channels. These are combined before going to the second board, which con¬ 
tains the second 12dB/octave low pass section, the low frequency boost and the infrasonic rolloff. 

main amplifier, the - 3dB point is 63Hz. 
Table 1 shows suggested values of Rh for 
different values of Ch and various com¬ 
mon values for input resistance. R^ff is the 
effective input resistance, due to Rh in 
parallel with the amplifier resistance, 
which is seen by the high pass capacitor 
Ch- Some of the smaller capacitor values 
can significantly load the preamplifier, 
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A speaker/amplifier 
interconnect that is 
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FIGURE 6A: Foil side of board. FIGURE 6B: Board layout. The right-hand side of the board shows the layout for the first three 
sections of the crossover design, the left-hand side shows the layout for the last section. Note 
the two jumpers (J) on each board, and the IC regulator layout which replaces the zener diode 
regulation. 

and I suggest you avoid them if you can, 
especially if you are using a tube 
preamplifier, which often has problems 
driving a low impedance. 

I have included the formula for calcu¬ 
lating Rh in the table in case your am¬ 
plifier has an oddball input resistance 
value. This results in only a modest de¬ 
crease in low frequency demands on the 
main speaker/amplifier, but on the other 
hand results in little loss of low frequency 
imaging. For a speaker with a different 
rolloff point, the frequency setting resistor 
values should be adjusted accordingly 
(Rnew — Roía X 63Hz/f). 

The ratio of capacitor values in the low-
pass filter sections should ideally be ex¬ 
actly 2:1. The values I have chosen, 0.068 
and 0.033, are the closest to that ideal ratio 
among readily available standard values. 
We could do slightly better by parallel¬ 
ing two smaller caps for the larger value, 
but the circuit board as designed makes 
no provision for this, and practically 
speaking, I doubt that it makes a signifi¬ 
cant difference. Close tolerance caps are 
needed for the filter sections, and match¬ 
ing them channel to channel is strongly 
recommended. 
The numbering system is consistent 

with that used in the original article {The 
Audio Amateur 4/75, p. 14), with 100,200 
or 300 added to the original numbers to 
refer to different sections of the first or sec¬ 
ond board (i.e., RI, R101, R201 and R301 
refer to the same resistor in each section). 
The board layout is shown in Fig. 6B. The 
right-hand side shows the layout for the 
first three sections, and the left-hand side 
shows the layout for the last section. 
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As the schematic shows, a bypass 
switch is included. I used a DPDT switch 
mounted on the back panel between the 
input and output jacks, and hardwired the 
high pass capacitor and resistor directly to 
the switch and output jack (Fig. 7). 
I made a couple of changes on the 

boards. Instead of zener diode regulation, 
I adapted 78L15 and 79L15 3-terminal IC 
regulators (TO-92 package) to the board. 
This required a bit of kludging, so the 
result is not particularly neat in appear¬ 
ance, but the results are superior to 
zener regulation. I have diagrammed this 
change in Fig. 6B. The boards will need a 
raw power supply capable of supplying 
± 18V at 40mA or so—Old Colony has a 
suitable supply. Alternatively, you can use 
12V regulators, and a 24Vct transformer, 
diode bridge and capacitors from Radio 
Shack or any number of other suppliers. 
I had a spare transformer lying around and 
managed to fit the whole works into a 

TO SUBWOOFER 
BOARD 1 

FIGURE 7: Input and output jacks, bypass 
switch and high pass layout. 

3" X 5" X 8" Bud Box (Fig. 8), although 
it is a bit more cramped than I would 
have liked. 

Incidentally, the two mounting holes on 
the output end of the circuit board are 
quite close to the output circuit trace, and 
I recommend insulating spacers for those 
holes; initially, I used metal spacers which 
shorted the output and couldn't figure out 
why I wasn't getting any low pass signal. 
I also recommend using metal film resis¬ 
tors and polypropylene or polystyrene ca¬ 
pacitors for the best stability. Everyone 
has their favorite brands—I have found 
Panasonic P-Series polypropylene caps to 
be compact and close tolerance (2%). 

PUTTING IT TOGETHER. Dipole 
subwoofers, like dipole speakers in gen¬ 
eral, have different positioning require¬ 
ments from "normal" box speakers. In 
particular, unlike box speakers, which 
tend to produce more bass as they are 
moved toward a wall, dipole speakers 
tend to produce less bass as they are 
moved toward the back wall, because 
the out-of-phase rear wave reflects off 
the wall and cancels the front wave. This 
occurs at frequencies whose wavelength 
is greater than eight times the speaker-
to-wall distance. Thus, as the distance 
decreases, the frequency at which can¬ 
cellation occurs increases. 

Hence, a dipole subwoofer needs to be 
positioned well away from the back wall 
—in theory, the farther, the better. Of 
course, in practice, things are more com¬ 
plicated because of position-dependent 
excitation of room modes, which selec¬ 
tively reinforces certain frequencies. The 



problems such room modes can cause 
depend not only on the room and the 
position of the speakers, but also the 
position of the listener, so you must exper¬ 
iment with speaker positioning. Never¬ 
theless, as a general rule, I recommend 
that you start with the subwoofer posi¬ 
tioned between the main speakers, and 
within two to three feet of a line drawn be¬ 
tween them, to minimize time delay and 
imaging problems. 

Although the crossover contains a by¬ 
pass switch, its utility in setting up the 
system is somewhat limited, for a couple 
of reasons. First, the ear's sensitivity to 
level changes at such low frequencies is 
somewhat less than in the midrange, thus 
making adjustment by ear more difficult. 
Second, the slow 6dB rolloff of the high 
pass section will affect the octave or two 
above the crossover frequency, thus lead¬ 
ing to changes in the timbre of midbass 
instruments such as cellos. This can be 
compensated by changes in main speaker 
positioning, but obviously makes bypass 
comparisons difficult. 

The point here is that the main speaker/ 
subwoofer combination is a new and 
more complicated system, and both parts 
may need to be adjusted for optimum 
results. Because of this, the use of a spec¬ 
trum analyzer, such as the excellent 

FIGURE 8: The crossover box. 

Heathkit Audio Analyzer, and a warble 
tone generator or a pink noise generator, 
such as the Muller pink noise generator 
(Bernhard Muller, Speaker Builder 4/84, p. 
16) is very helpful, and in the case of a tin 
ear like myself, absolutely essential, in set¬ 
ting up the system. 

Figure 9A shows the subwoofer/cross-

over response at my listening position as 
measured by the Warbler and Heathkit 
analyzer. As you can see, there is good 
agreement between theory and practice. 
Using the Heathkit analyzer and the 
Muller pink noise generator to integrate 
the subwoofer into the system, I was able 
to get flat response within +3dB from 
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FIGURE 9A: Crossover/subwoofer response,% 
octave warble tones. 

32Hz up to 5kHz or so, beyond which the 

Quads roll off {Fig. 9B). Note that this is a 
single "snapshot" of the response at my 

listening position and is only intended as 

an indication of what can be achieved (and 

yes, I think I'm pretty lucky to get such a 

flat curve, so I immediately quit). Once 

you achieve a flat overall response using 

instruments, mark the level control posi¬ 

tion. Further adjustment can be made to 

taste, and a return to flat response can 

always be made. 

Like all fourth-order crossovers, both 

upper and lower range speakers should 

be in phase with each other. To check 
for correct phase between the subwoofer 

and main speakers, connect the sub¬ 

woofer in random phase, adjust the sub¬ 

woofer level for flat response, then 

reverse the subwoofer connections. If 

there is more bass, the new connection 

is correct, if less bass, the previous con¬ 

nection was the correct one. 

Both the Quads and the Hartley invert 

absolute phase, relative to the conven¬ 

tion that a positive signal corresponds to 

a pressure wave (those of you who read 

David Ruether's article will note that he 

stated that the Hartley does not invert 
phase, but remember that his bass box 

had the rear of the speaker facing out¬ 
ward). To check for this, use a flashlight 

battery—connecting the battery (positive 

to red terminal) should cause a forward 

movement of the woofer if its absolute 

phase is correct, and disconnecting it 

should cause a return to rest position. On 

the Quads, the latter is more obvious 

than the former. For those who can hear 

absolute phase, I suggest reversing the 

connections to both the Quads and the 

Hartley (assuming that the electronics 

are non-inverting). 

HOW DOES IT SOUND? My present 
system consists of the Quads, driven by 

a Berning EA-230 tube amplifier, and the 

Van Alstine Super-PAS. The primary 

sources are a partially POOGE'd Mag-

navox 560 CD player, and a VPI HW-

19/11 turntable. The Hartley subwoofer 

is driven by a Dynaco Stereo 400. This 

is definitely overkill—a power rating 

equal to the sum of the power in the 

main amplifier channels should be suf¬ 

ficient to achieve peak levels in the deep 

bass equal to peak midrange levels. This 

should be more than adequate, since 

nearly all of the time, the midrange will 

peak higher than the deep bass. Even 

organ records tend to have their max¬ 

imum levels at 40Hz and above. I also 

suggest a solid-state amplifier with good 

current delivery and a high damping fac¬ 

tor, and large gauge, short speaker wires, 

because of the low impedance and 

underdamped characteristic of the Hart¬ 
ley driver. 

Believe it or not, I don't consider my¬ 

self a bass freak (I own exactly two organ 

records, and I rarely listen to cannons), 

so I had to dig around a tittle to find a 

few records with genuine low bass. On 

a lot of material, there is very tittle dif¬ 

ference between the Quads alone or with 

the subwoofer, although I sometimes 

seem to get a better sense of the hall in 

which the performance was recorded, 

and perhaps slightly better depth and im¬ 

aging. These are subtle differences, 

however. I have also noticed that pedal 

sounds on some piano records (for exam¬ 
ple, the first Glenn Gould recording of 

the Goldberg Variations—CBS CD MYK 

38479) are much more noticeable than 

previously. These mechanical, extra¬ 

musical thumps have a low frequency 

component whose accurate reproduction 

definitely adds to the feeling of listening 

in on the recording session. 

On recordings with obvious low bass, 

such as the Telare Holst Suites for Band 

(CD-80038, the infamous bass drum), the 

results are impressive—the bass is deep 

and powerful, but at the same time, I 

have no sensation that the bass is com¬ 

ing from a separate source. All the sound 

seems to be coming from the Quads. On 

the Telare Michael Murray organ record¬ 

ing of Bach's Toccata and Fugue in 

d(CD-80088), I can easily follow the 

musical progression of the pedal line— 

and the floor in my apartment vibrates. 

Interestingly enough, I have a New¬ 

comb peak power indicator {Speaker 
Builder 2/84, p. 17) connected to the sub¬ 
woofer amp, and it seldom lights up, and 

never beyond the second LED (at first, 

I thought it was broken), equivalent to 

12 watts peak into 4 ohms; at the same 

time, I have measured UOdB peak on 

the bass drum at the listening position. 

On the Dyna, I have the meters set to 

the most sensitive setting (5 watts into 

8 ohms) and it never gets beyond OdB. 

This is at volume levels that will occa¬ 

sionally clip the main amplifier (30 watts/ 

channel). 

ALTERNATIVES. So, is this the ultimate 
subwoofer? Probably not. Certainly, it 

does not meet all of the criteria set forth by 

Fielder and Benjamin in their recent paper 

on subwoofer requirements {Journal of the 
Audio Engineering Society, June 1988, p. 

443), but almost no published or commer¬ 

cially available subwoofer design does. 

They recommend flat response down to 

16Hz (10Hz for optimum cannon repro¬ 

duction at overall peak levels of 120dB! ), 

capable of a minimum of lOOdB peak at 

20Hz, llOdB peak at 40Hz and above, 

with low distortion (below 3% second har¬ 

monic distortion and less than 1% third 

harmonic distortion). 

The HQ-24 would come close in terms 

of output if stereo subwoofers were used, 

although I doubt if it would qualify in 

terms of their stringent distortion criteria 

(they state in the article that no tested sub¬ 

woofer, up to 24" in size, passed their 

distortion criteria at 20Hz and 92dB, 50Hz 

and 108dB and 100Hz and lOldB SPL). 

Back in the real world (so to speak), I im¬ 

agine that the 1RS and WAMM sub¬ 

woofers can play louder and deeper than 

the Hartley, but this system should match 

most other subwoofers in terms of bass ex-

FIGURE 9B: Overall system response at the listening position, stereo pink noise, 1/2 octave 
spectrum analysis. 
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tension, if not sheer output. Of course, 
ElectroVoice used to make a 30" driver. 
Hmmmm... 
As a final comment, you may be won¬ 

dering whether this subwoofer system 
can be adapted to other drivers and other 
dipole speakers. The answer is yes, but 
you must make adjustments. For exam¬ 
ple, the low frequency boost require¬ 
ments may need to be changed—a driver 
with a lower Q of 0.7 to 1.0 will need a 
boost starting at 100Hz rather than 80Hz. 
I discussed the driver requirements in the 
theory section. However, since I have had 
no experience with other drivers, I can¬ 
not suggest suitable substitutes, although 
I would not recommend using a driver 
or set of drivers with less volume dis¬ 
placement. 

The boost will also need to be altered if 
the dimensions of the baffle are changed; 
basically, the rolloff point will be changed 
proportional to the square root of the 
ratios between the new and old baffle 
areas. For those who can afford double 
subwoofers, the crossover can be modi¬ 
fied for stereo by adding a third board, 
identical to the second, and feeding the 
second and third boards directly from the 
two sections of the first board. The most 
versatile option for level control is the use 
of dual mono controls, which can com¬ 
pensate for possible variations in effi¬ 
ciency due to driver variation or place¬ 
ment problems. Alternatively, a stereo 
control such as the Alps can be used. 

Finally, if different main speakers are 
used, the crossover frequency will need to 

be changed to the - 3dB point of those 
speakers. These are relatively easy calcu¬ 
lations to make, however, and I encourage 
others to try their hand and report their 
results. Oh yes, I almost forgot. Curious 
about the subtitle? Well, remember Mac-
Cahill's comment, ''There is no substitute 
for cubic inches' ' ? A simple calculation of 
the volume displacement of the Hartley 
driver, assuming a %" peak-to-peak cone 
throw, yields 270 cubic inches, which, if 
memory serves, is very close to the 
displacement of the classic small block 
Chevy. Good luck and good listening. 

Continued on page 78 
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ADJUSTING WOOFERS 
FOR HIGH PERFORMANCE 

BY BRIAN D. SMITH 

If you thumb through a speaker catalog with a calculator on your lap in search 
of the perfect woofer, you will discover 
how rare this creature is. If it belongs in a 
reasonably sized cabinet, it probably will 
not play below 40Hz. If it plays low, it re¬ 
quires a cabinet the size of a refrigerator. 
Small woofers that play low into a reason¬ 
ably sized cabinet bottom out at too low a 
listening level. When you finally find a 
driver that plays low into a liveable cabi¬ 
net and is large enough to play loud, the 
price is outrageous. Some woofers are as 
expensive as buying a good used sub¬ 
woofer in a cabinet. 

SOLUTION. With this in mind, I have 
attempted to modify a reasonably priced 
woofer so it will perform as well as drivers 
costing many times as much. In addition 
to being cost effective, you can choose the 
low frequency cutoff and optimize the 
driver for this cutoff. You don't need to 
settle for an alignment less than what you 
want. 

My design goals were to achieve a 3dB 
down point below 30Hz with a box vol¬ 
ume of 3 or 4 cubic feet and a Qt of 1.0 or 
less. To simplify construction, I chose a 
closed-box alignment instead of a vented 
cabinet. With a closed-box alignment, the 
rolloff rate below system resonance is 
slower. This makes the bass output below 
cutoff louder than it would be if the cabi¬ 
net were vented. I have listened to both 
vented- and closed-box cabinets of the 
same fj and the same driver size and am 

ABOUT THE AUTHOR 
Author Smith holds a BS in Electrical Engineering 
and a BS in Business. He is currently working in 
technical sales for Texas Instruments, Inc. He has 
constructed a pair of Roger Sanders' ESLs /SB 
2,3,4/80), a pair off our-foot-tall ribbons and a pair 
of tractrix horns which are in service at a church in 
Columbus, Ohio. 

PHOTO 1: Philips 12-inch unmodified driver, 

convinced that closed boxes have more 
low bass given the same fj. If you build a 
subwoofer as I describe here, your results 
will be nearly identical to mine. 

DRIVER. I used a Philips 12-inch model 
#12600 which has a paper cone and a 
porous dust cap. Photo 1 shows an un¬ 
modified driver. Table 1 summarizes the 
measured parameters for the driver in all 
of its various stages. The pre-modification 
Qis of this driver is 0.83 and is too high for 
good performance in any kind of box. It 
might work well if you cut a hole in your 
floor and used your basement as an in¬ 
finite baffle but few wives would let hus¬ 
bands do that. 
You have a choice of two possible 

routes in modifying this driver. In the first 
you add mass to the cone to lower its reso¬ 
nant frequency as well as increase the 
magnet mass behind the driver. Other¬ 
wise, if you are satisfied with the 30Hz 
resonance of the stock woofer, you can 
add magnets and leave the cone as is. In 
both cases, I advise adding felt to the rear 
of the speaker basket. 

THE CONE. A paper cone can absorb 
moisture in a humid climate. This will de¬ 
grade performance in a properly aligned 

system by altering the fs of the woofer as 
well as Qis. The first remedy is to seal the 
cone from moisture which also adds some 
stiffness. I used Varathane brand liquid 
plastic to coat the cone. The first coat must 
completely soak the paper—you should 
see the paper darken from behind. Let this 
coat dry overnight. Apply a second coat to 
ensure a good seal. These two coats added 
enough mass to lower the speaker reso¬ 
nance to 26Hz and raise Qi, to 1.05. 
Qis may be lowered to an acceptable 

level if you attach felt to the driver basket 
back. Simply cut pieces of felt to fit the 
basket rear openings and glue them in 

TABLE 1 

MEASURED DRIVER PARAMETERS 

AT VARIOUS STAGES OF MODIFICATION 

State of Driver f, (Hz) Qu

No modifications 30 0.83 
One coat of Varathane 26 1.00 
Two coats of Varathane 25 1.05 
Two coats of Varathane plus 
felt on back 26 0.67 

1.5 ounces of Rubberize It! 
on dust cap 18 0.85 

One magnet on pole piece 18 0.68 
Unmodified driver with one 
magnet on pole piece 30 0.64 
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place with rubber cement. Adding the felt 
lowered Q« to 0.67. Y ou could stop at this 
stage and use the modified driver with 
good results. The best, however, is yet to 
come. 

ADDING MASS. To lower the driver 
resonance enough for an fj below 40Hz in 
a sealed box you must add mass to the 
cone. I used Rubberize It! brand liquid 
rubber. It is helpful to measure the driv¬ 
er's resonant frequency as you apply the 
liquid. Place the speaker with the cone 
facing up so that you can pour enough 
liquid around and on the dust cap to lower 
the resonance to 18Hz. The required 
amount is about 1.5 ounces. I taped 
weights to the cone to find the amount 
necessary to bring the resonance to 18Hz. 
If you do not have the facilities to measure 
the loudspeaker's resonance as detailed in 
"Build A Widget Box to Measure Loud¬ 
speaker Parameters,1 ' by Richard Saffran 
(SB 1/81, p. 7), you can weigh the liquid 
applied to ensure a proper resonant 
frequency. 
To do this, use a scale capable of 

weighing to the nearest half ounce. Open 
the can of liquid rubber. Weigh it and 
record the weight. Carefully pour a small 
quantity on the dust cap and reweigh the 
can. Continue until the can is 1.5 ounces 
lighter. The speaker resonance will now 
be approximately 18Hz. 

Let the speaker dry in this position for 
at least 24 hours. It is best to do this out¬ 
doors or at least with open windows be¬ 
cause the fumes are hazardous. 
Photo 2 shows the modified cone. Qj s 

has increased to 0.85 as a result of the 
added mass. 

I found that the Rubberize It! loses 
much of its mass as it dries. When it dried 
the driver fs increased to 24Hz. You 
should initially lower the driver fs to about 

PHOTO 2: The modified cone—Q ls has in¬ 
creased to 0.85 as a result of the added mass of 
the goop. 

12Hz with the liquid rubber. The amount 
is three to four ounces. It takes about three 
or four days for the rubber to completely 
dry when applied in thick layers as we are 
doing here. This liquid rubber is designed 
to be applied in thin coats. 

METHOD #2. A better method for add¬ 
ing mass as well as stiffness to a paper 
cone involves the use of polymers. En-
viroTex brand two-part polymer is ideal. 
An 8-ounce kit containing two 4-ounce 
bottles will easily coat two woofers and 
costs about $6. It is available from most 
paint stores. You mix it the same way as 
epoxy, using equal amounts of resin and 
hardener. Mix it thoroughly and spread it 
on the cone trying to coat it entirely. 

A small pool will form around the dust 
cap. If the driver fs is not below 20Hz, You 
can easily add mass by dropping BBs into 
the polymer pool. I use K-Mart's Cross¬ 
man Copperhead brand BBs. They are 
heavy and two dozen should be sufficient 
to weight the driver's fs below 20Hz when 
you use about an ounce of polymer. The 
polymer has the added advantage that it 
does not lose mass but merely hardens 
instead of drying. The driver will have 
nearly the same fs after the polymer 
hardens whereas the driver coated with 
liquid rubber will exhibit a marked rise in 
fs after it dries. 
The hardened polymer is incredibly 

stiff. It is far stiffer than the dried liquid 
rubber. You may omit the Varathane 
process if you smear the polymer com¬ 
pletely around the cone before you add 
the BBs. This modified cone seems stiffer 
than polypropylene cones to which I com¬ 
pared it. The polymer coating is better 
overall, but the liquid rubber will do the 
job if you cannot obtain a polymer kit. 
Photo 3 shows a driver treated with 
polymer and BBs. 

MORE ATTRACTION. Adding mag¬ 
nets to the back of the driver reduces the 
Qjs of the driver and raises the driver sen¬ 
sitivity. Our cone modifications lowered 
the resonant frequency of the driver but 
at a cost of lower sensitivity and higher 
Qjs. We can improve both properties of 
the driver by adding a magnet to the rear 
assembly as shown in Photo 4. This photo 
also shows the felt pieces attached to the 
rear of the driver. 

Place the driver face down so that the 
magnet is uppermost. Holding a magnet 
tightly in your hand so you can see one of 
the flat sides, bring it near the speaker 
magnet assembly. You will feel a force 
between the two magnets as you bring 
them close together. The force will either 
cause the two magnets to attract or repel. 

PHOTO 3: A driver treated with polymers and 
BBs. 

It is critical that you attach the new mag¬ 
net correctly, so the force is repulsive. Mix 
a small quantity of two-part epoxy and put 
a small coat on the driver's pole piece. Put 
two or three strips of masking tape on the 
back of the new magnet, place it atop the 
pole piece, and hold it there with one hand 
while you fix the tape to the driver's orig¬ 
inal magnet. The tape will hold the new 
magnet in place until the glue is dry. 

I attached an empty Purina cat food can 
with a cardboard roll piece inside over the 
magnet assembly (Photo 4], completing 
the magnetic circuit from the new magnet 
to the driver basket. This should prevent 
the new magnet from losing its strength 
over time. Remove the tape when the glue 
is dry. Qjs of the driver is now 0.63. This 
value of Qjs is low enough to make the 
driver work in a 3-to-4-cubic-foot cabinet 
with a system Qj of about 1. This will 
result in a peak about IdB above system 
resonance. This peak is not objectionable 
since it is in the low bass. 

The modified driver in a 2.9-cubic-foot 
cabinet has a measured system resonance 
of 42Hz and a Qj of 1.1. The low frequency 
cutoff will be about 22Hz, a very low 3dB 
down frequency. Few commercial sys¬ 
tems at any price can match this perfor¬ 
mance. In a 6-cubic-foot cabinet Qj should 
be about 0.9. This 20% reduction in Qj is 
probably not worth the added cabinet 
size. 

PERFORMANCE. My current speaker 
system consists of an M&K stereo sub¬ 
woofer, four Audax 5.25-inch midranges 
per side and a pair of 4-foot-tall ribbon 
tweeters. The M&K drivers are heavy and 
appear to be well made, with a resonant 
frequency of 15Hz and a Qj of about 1.0 in 
the 2.9-cubic-foot box. The subwoofer 
shakes my windows when music contains 
loud passages below 40Hz. I confirmed 
that the frequency of the window shaking 
was below 40Hz with a signal generator. 
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MATERIALS LIST 

MATERIAL SOURCE COST 

12" Philips driver Zalytron $12 
Magnets Zalytron $1 ea. 
Rubberize It! $5 
Felt* fabric store $1.35 
Varathane hardware store $5 
Epoxy glue 
Rubber cement 
EnviroTex (8-oz. kit) $6 
BBs K-Mart 
* You may want to try wool felt, which I suspect 
is less reactive than polyester felt and may per¬ 
form better 

LISTENING TEST. I replaced the right 
channel M&K driver with the modified 
Philips driver and did an A-B test. I played 
only the subwoofer using Telarc's Bee¬ 
thoven or Bust CD, which contains a lot of 
low bass information. This disc can de¬ 
stroy small woofers at loud levels. I used 
the preamp balance control to select one 
channel at a time. Passages with low bass 
were played over and over while moving 
the balance control back and forth. The 
modified Philips driver is 1 or 2dB less 
sensitive than the M&K driver. 1 adjusted 
the level control to compensate for this. 
Other than volume, the two drivers 

sound almost identical. Both have very 
deep bass and will rattle the window in 

PHOTO 4: A cat food can with a cardboard roll piece inside over the magnet assembly completes 
the magnetic circuit. 

my concrete floor listening room. The 
M&K driver has a characteristic paper 
sound in the midrange which is still audi¬ 
ble despite using an 18dB/octave elec¬ 
tronic crossover. The modified Philips 

driver loses this characteristic paper 
sound as a result of the Varathane treat¬ 
ment, I believe. If you omit goop on the 
dust cap, I recommend the Varathane 
treatment. 

TRUST “YOUR” EARS 
YOU know the sound of live music! Are you hearing ALL there is on 
your favorite record or disc? 

ACOUSTICAL MAGIC, Flexible Borosilicate Ceramic coating will 
bring you a step closer to MUSICAL REALISM. 

• Better dynamic contrasts. 
• Increased sense of speaker speed. 
• Finer resolution of low level detail. 

HOW? Application of recommended three coats on the inside of 
cabinets will significantly reduce resonant distortions. 

ACOUSTICAL MAGIC is also highly effective on turntables, tone¬ 
arms and cartridges. 

$17.00 per quart $58.00 per gallon 
plus shipping 

Available in 5 gallon containers at large discount. 

ACOUSTICAL MAGIC COMPANY 
INSULATION EXPERTS 

1201 JAYNES DRIVE GRANTS PASS, OREGON 97527 
(800) 654-4761 

OFFICE HOURS: 9-9 PACIFIC TIME Fast Haply »K027 

CONCLUSIONS. 1. It is possible to 
transform an inexpensive woofer into a 
top flight performer capable of very low 
bass reproduction as well as very loud 
listening levels. 2. You do not have to 
pay through the nose for expensive 
woofers to get the performance you want. 
Inexpensive modifications can do won¬ 
ders. 3. The difference between poorly 
designed woofers and good ones is atten¬ 
tion to detail. 

MODIFIED DRIVERS 
Modified drivers can be obtained from 
the author (2714 Holy Cross Lane, Gar¬ 
land, TX 75044) at a cost of $30 plus $4 
shipping each (money order or certified 
or cashier's check). They are quite labor 
intensive which will mean a few weeks 
lead time between order date and deliv¬ 
ery. They will include individual speci¬ 
fications for each driver as well as recom¬ 
mended enclosure size and guaranteed 
low frequency cutoff for this enclosure. 

This publication is available VS 
in microform from University vj 
Microfilms International. V 
Call toll-free 800-521-3044. Or mail inquiry to: 
University Microfilms International. 300 North 
Zeeb Road. Ann Arbor. MI 48106. 
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FOR THE 
SOUND 
CONNOISSEUR 
Mobile Fidelity Sound Lab has been committed 
to the highest quality in sound reproduction in 
pre-recorded audio software since the introduc¬ 
tion of their audiophile half-speed mastered LP 
in 1978. Contrary to the conclusions of the 
music industry, the LP is not dead! Word from 
audiophiles, collectors, and turntable owners 
has strengthened Mobile Fidelity’s belief in the 
viability of the analog format 

Mobile Fidelity's LP’s are the result of careful 
transference using half-speed mastering which 
provides a much deeper groove, giving the 
playback stylus more surface area from which 
to read the sonic information. Half-speed 
mastering also eliminates the need for limiting, 
and allows for greater frequency response. 
The lacquers are plated in Japan and the 
resulting LP’s are pressed on 120 grams of 
pure virgin vinyl providing a virtually noise free, 
anti-static sound. The LP’s are protectively 
packaged in rice paper sleeves, individually 
numbered and limited to 5,000 pressings each. 

mobile fidelity 

sound lab 
a (Jivmon of MFSL, INC 

For a complete free Original Master Recordings catalog, call 
toll free: 800-423-5759, or write: Mobile Fidelity Sound Lab, 
1260 Holm Road, Petaluma, CA 94952. 

Fast fíeply HKD317 



MODIFYING THE PARADIGM 7se 
BY S. WAYNE COX 

As a result of the article "Incredible 

Bass Performance From A Two-

Way Design" 1 I was approached by an 

audiophile, dissatisfied with the sound of 

his high-end components (Naim inte¬ 

grated amplifier, Linn turntable and car¬ 

tridge, and Paradigm 7se loudspeakers). 

He had discussed his disenchantment 

with several audio dealers and technicians 

who could not identify the source of his 

anxiety. The main focus of his concern 

were the loudspeakers, which he was 

ready to replace if necessary. I had previ¬ 

ously heard the Paradigm 7ses and re¬ 

membered being favorably impressed, 

both with the high driver quality and with 

the neutral, uncolored sound. After con¬ 

siderable dialogue, I made the following 

observations: 

1. While his system used very good 

components, capable of fine sonic resolu¬ 

tion, it was somewhat low-powered (at 

18W RMS/channel into 8fi and 25W RMS/ 

channel into 4Q). I pointed out this could 

very well be part of the problem, since 

the 7ses are reputed to like powerful 

amplifiers. 

2. He needed a subsonic filter (at least 

12 and preferably 18dB/octave, below 

15Hz or so) to make the best use of avail¬ 

able power. Not only would this help 

avoid power-robbing woofer cone float, 

but it would also reduce consequent 

modulation (Doppler2) distortion of higher 

frequencies. Few people, including many 

audio salespersons, understand that reflex 

speakers need a subsonic filter, since 

woofer cone motion in such designs is 

ABOUT THE AUTHOR 
Wayne Cox has a BS in Biology and has also studied 
dentistry. He is self-taught in electronics and enjoys 
designing and building test equipment and active 
filter circuitry. He plays contemporary guitar and 
has built several projects associated with this hobby, 
in addition to dabbling in speakers. 

basically undamped below system reso¬ 

nance.3 Any signal below this frequency 

(particularly those due to warped record 

infrasonics, but also some from well-

recorded CDs) can cause wild and poten¬ 

tially damaging woofer excursions, as well 

as the above related problems. 

Since he was planning to visit my 

town, I asked my audiophile friend to 

bring along his speakers so Bob Palmer 

and I could look at them. Due to time 

constraints, we would concentrate only 

on areas we felt would benefit most 

from modification. Primarily, this would 

involve examining the effects of negat¬ 

ing the inductive reactance of the woofer's 

voice coil. Previous experience had 

shown that, unless woofer impedance 

was constant above the system's second 

(in a reflex design) impedance peak, 

the crossover would not function sat¬ 

isfactorily.4,5

No matter what the order of crossover 

sections used, or the value and quality of 

components in them, the phase response 

through the crossover region would be 

modified by the phase angle due to the 

woofer's voice coil inductance.6 Since this 

phase angle is 25-50 degrees,4 simple 
driver lead inversion will not correct for 

it. Sonically, it is manifested as a gritty 

character in the upper male/lower female 

vocal range, narrow midrange dispersion 

(horizontally), and a general lack of clar¬ 

ity across the entire audible band. 

ATTACK. The first step was to hook up 
the Paradigms to one of our own systems7 

(complete with subsonic filter) and ask our 

friend to point out what he felt were the 

offending sonic characteristics. Compar¬ 

ing this with our own evaluation, we then 

discussed how to proceed. We would: 

1. Measure the impedance of the 7ses 

across the band as in our previous 

article; 8,9

2. remove both drivers from each 

cabinet, and run impedance sweeps of the 

raw drivers individually; 8,9

3. examine, measure and evaluate the 

stock crossover, noting general format, 

layout and component quality, and 

4. if required as indicated from the 

results of 1 and 2 above, choose woofer 

impedance compensation circuitry (or 

Zobels 10) which would effectively negate 

inductive voice coil reactance and subse¬ 

quent rise in phase angle with rising 

frequency.6
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RESULTS, bi Graph 1 , a large impedance 
peak of 36.50 centered at 1.427kHz sug¬ 
gests that there are significant amounts of 
phase shift for at least an octave on either 
side of the crossover region.4 Since 
ferrofluid-cooled tweeters such as the 
VIFA D25 TG-55 used in the Paradigm 7se 
characteristically exhibit very small im¬ 
pedance peaks at resonance (fs), it is prob¬ 
able that this large impedance anomaly is 
mainly due to the inductive effects of the 
woofer's voice coil. Graph 2 shows that 
overall tweeter impedance varies only 
+ 0.60 from 500Hz-10kHz, with an fs 

peak of only 6.90 at 1.725kHz. 
Thus, there is very little reason to Zobel 

out the tweeter's impedance peak in this 
case. However, as Graph 3 shows a rising 
woofer impedance above the 4.40 mini¬ 
mum at 160Hz (to a value of 30.00 at 3.15 
kHz, and even greater above that point), 
the need for a woofer Zobels is para¬ 
mount. Since minimum woofer imped¬ 
ance was 4.40, we chose a matched pair 
of 4.70/10W/10% wirewound resistors 
for the resistive component of the Zobels 
(using a digital VOM), setting the desired 
range. 11 We tried several different values 
of non-polar electrolytic capacitors in the 
10-47gF range before finally selecting 
33gF as the correct value. We found a 
matched pair using a capacitor match¬ 

maker constructed from an electronics 
magazine article. 12

PREVENTING RATTLES. We then sol 
dered each Zobels into place on the cross¬ 
over itself, at the points where the woofer 
leads were connected. Five-minute epoxy 
secured them to the ferrite-cored woofer 
section, preventing rattles. An easier point 
of attachment is on the woofer terminals 
themselves. We chose the crossover loca¬ 
tion since we were measuring the values 
of the various crossover components any¬ 
way, which required removing the cross¬ 
over from the cabinet to permit unsolder¬ 
ing of several joints. The very flat imped¬ 
ance curve in Graph 3 (displaced - 50 for 
clarity) demonstrates the effectiveness of 
the Zobels circuit, 5.50 + 1.30 from 160 to 
3,150Hz. 
Graph 1 shows overall system imped¬ 

ance with Zobels in place (again, the curve 
is displaced -50 for clarity). Note that 
there is a new third impedance maximum 
of only 12.80, at 2.5kHz, while the stock 
system peak was 36.50 at 1.427kHz. By 
displacing the peak higher up in the band, 
and drastically reducing its magnitude, 
most of the problems referred to earlier 
can be markedly reduced. The overall im¬ 
pedance curve is not absolutely flat, indi¬ 
cating that other, less significant factors 

are involved which we would address giv¬ 
en more time. Minor crossover changes 
are often required following woofer Zo-
belling, 13 but after experimenting with dif¬ 
ferent crossover slopes and frequencies, 
we decided the effort would yield only 
marginal performance gains. Short of a 
complete crossover redesign, we felt it 
best to keep things simple. 

Comparing the sound of the stock Para¬ 
digm 7se with the Zobelled version, the 
latter exhibits a dramatic improvement in 
horizontal dispersion, particularly in the 
vocal range (perhaps the best I have ever 
heard in this regard). Sonic clarity shows 
remarkable improvement at all frequen¬ 
cies across the band. All traces of fuzziness 
(what I call ' 'sonic smear' ' ) are gone. Bells 
and cymbals are crystal clear, appearing 
and then decaying with incredible speed. 
Even the bass seems cleaner and, strange¬ 
ly, more extended. I attribute this to the 
woofer's ' 'release' ' from the effects of the 
inductive reactance of its voice coil. Even 
when driven to peaks of 200W per chan¬ 
nel for extended periods, the modified 
version never becomes harsh or strident, 
unlike the stock version. In blind A/B 
comparisons, several audiophiles and one 
"normal" person consistently identified 
and preferred the modified version of the 
Paradigm 7se. 

All graphs show vertical divisions corresponding to 20. All tests done with grilles removed. 

GRAPH 2: Tweeter impedance (VIFA Model D25 TG-55).8 9 Note: Tweeter fs is 1,725kHz at 6.90. 

GRAPH 3: Impedance of unmounted stock (upper curve) and Zobelled (lower curve) woofer. 8 9 Note: 
Impedance of Zobelled raw woofer is shown displaced by - 50 for clarity. Woofer fs is 31,58Hz at 30.00. 

NOW WHAT? Since we only had a few 
hours in which to work, Bob and I chose 
to hmit our modifications to areas in 
which minor changes would yield dra¬ 
matic gains. We did not do the myriad of 
before-and-after frequency response 
measurements that would normally be a 
part of such upgrades. Ideally, you should 
do close-field driver frequency analysis 
and on- and off-axis wideband frequency 
response evaluation, both before and after 
Zobelling. However, Bob and I have done 
quite a bit of this type of work, and we are 
confident our ears are an accurate barom¬ 
eter of the results. 

In this case, modification was simple, 
yet effective. Our new audiophile friend 
is once more pleased with his stereo sys¬ 
tem, and he has saved himself the cost of 
unnecessarily replacing one or more of his 
components. 

I was so impressed with the VIFA driv¬ 
ers used in the Paradigm 7ses that I intend 
to buy a set soon and design my own sys¬ 
tem from scratch. This is ultimately the 
best way to proceed, although you can 
achieve very good results by performing 
simple "tweaks” to otherwise very good 
systems. Refer to Figs, la and lb, Graphs 
1-3 and Table I. 

A SECOND LOOK. Subsequent to modi-
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GRAPH 6: Quarter-inch close-field frequency response of stock and Zobelled Paradigm 7se (2nd pair, 
SN 78115). Note: Loudspeaker placed atop 35% " cabinet, with front baffle 21 %" from wall. Stock 
response (upper curve) displaced by + 20dB for clarity. All tests using Technics SH-8000 Audio Fre¬ 
quency Analyzer (’^octave warble tones). All d = %". Port: mike height = 42%"; OdB set at 70dB at 
31,5Hz. Woofer: mike height = 47%"; OdB set at 70dB at 1kHz. Tweeter: mike height = 55";0dBset 
at 70dB at 10kHz. 

fying the Paradigm 7se, I was able to take 
a second, more detailed look at a more re¬ 
cent version, which appeared outwardly 
identical. Since time was not limited, I was 
able to do close-field and on- and off-axis 
frequency response evaluations, before 
and after Zobelling. I also repeated imped¬ 
ance sweeps of the stock and Zobelled ver¬ 
sions {Graphs 4-9). 

Graphs 1 and 4 show similar impedance 
peaks of 36.5 and 31.8Í1 at 1.427 and 
1.340kHz, respectively. These peaks, due 
to woofer voice coil inductance6 were 
reduced by the woofer Zobels circuit of 
Fig. la to a value of approximately 9Í2. At 
first I was bothered by the remaining 
12.05-12.8Q peaks circa 2.5kHz (because 
of potential phase and frequency response 
anomalies that might accompany them), 
until I realized they were due to the par¬ 
alleled 3.9Q resistor/IgF capacitor circuit 
placed in series with the rest of the tweeter 
crossover section. This type of circuit is 
commonly used to tame a hot low-end 
response 14 and raise the high end of a 
tweeter. 15 We used a similar circuit be¬ 
fore1 to control the smoothness of the 

"knee" of a tweeter's rolloff, in addition 
to boosting the extreme highs. 

If I build my own speakers using the 
same drivers as the Paradigm 7ses, I 
would like to play around with the com¬ 
ponent values in this circuit, or perhaps 
eliminate it altogether and observe the ef¬ 
fects on both impedance and frequency 
response through the 1.6-5kHz region 
most affected by the woofer Zobels. The 

latter might require some readjustment 
of other component values in the high-
pass section. 

IS FLAT BEST? While the manufacturer 
has achieved a commendably flat fre¬ 
quency response over much of the band 
{Graph 7), we should also look at the ris¬ 
ing phase angle of the woofer impedance. 
The above approach is capable of giving 
improved phase response and flat fre¬ 
quency response together. In my humble 
opinion, the tweeter amplitude adjusting 
part of the high-pass section permits flat 
output through the critical crossover re¬ 
gion by ' 'fixing" the wrong problem in the 
wrong driver. 

In Graph 6, note the change in the 
slope of the woofer rolloff in the Zobelled 
(lower) as compared to the stock (upper) 
curve in the 1.6-2.5kHz region. The effect 
of this change is reflected in Graphs 7-9, 
which show a slight decrease in output of 
the Zobelled loudspeaker in this area 
(more about this later). This is preferable 
to allowing the phase angle of the im¬ 
pedance of the woofer to rise unchecked 
with increasing frequency (above fs), caus¬ 
ing problems through the crossover 
region. (A quick listen to the Zobelled ver¬ 
sus the stock 7se will confirm this state¬ 
ment.) I have heard terrible-sounding 
loudspeakers whose frequency response 
was ruler-flat, while others having a few 
small ' 'bumps' ' in charted output sounded 
much better. Thus, flat frequency re¬ 
sponse must not be the primary consider¬ 
ation in loudspeaker design. 
Below 100Hz, stock {Graphs 1 and 4) 

and Zobelled {Graphs 1 and 5) impedance 
curves are significantly different for the 
two pairs of Paradigm 7ses I tested. Be-
fore-and-after curves for the original pair 
showed very little change in the height or 
shape (Q) of either the first (port reso¬ 
nance) or the second (woofer resonance) 
peaks with Zobelling. However, the Q of 
these peaks in the second pair {Graphs 4 

TABLE 1 

PARADIGM 7SE MANUFACTURER'S SPECIFICATIONS 

Design 2-way, bass reflex 
Frequency response 35-20kHz ± 2dB @0° 

35-15kHz ± 2dB @ 30° 
SPL (1W/meter) 89dB anechoic 

92dB room 
Nominal impedance 8ß 
Low/mid frequency driver 8" polypropylene cone with rolled rubber sur¬ 

round; 1" voice coil; cast aluminum basket 
Tweeter 1" polyamide dome; <0.3gm moving mass; 

1 " ferrofluid-damped voice coil 
Crossover frequency 2.3kHz 
Internal volume 32 litres (1.13 ft3) 
Recommended placement using speaker stands 
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WW RESISTOR 

33uF/50WV DC OR BETTER 
NON-POLAR ELECTROLYTIC OR 
MYLAR CAPACITOR 

0.7641 mH 

FIGURE 1 A: Zobels circuit used in modification. 

and 5) increases significantly when a 
woofer Zobels is fitted. Both peaks in¬ 
crease in height and become narrower, 
corresponding to an increase in Q.'6

DAMPING MATERIAL. Insofar as the 
stock loudspeaker peak heights are con¬ 
cerned, the difference between the two 
pairs might be due to the change in the 
type or amount of damping material 
used. 16 The bluish long-fibre cotton waste 
of the first pair (SN 62552 and 62553) was 
changed in the second (SN 78114 and 
78115) by the manufacturer to a finer, off-
white blown mat type cotton waste. While 
the effects of different damping materials 
on high-frequency absorption are well 
documented, 17 the effects of low-fre¬ 
quency damping, particularly with re¬ 
spect to port resonant peaks in reflex sys¬ 
tems, are more obscure. 
I have experimented with varying 

amounts of polyester batting and found 
the height and Q of both port and woofer 
resonant peaks can be reduced by adding 
more of the material to the cabinet of 
reflex designs. From this I deduce that the 
damping material in the two pairs of Para¬ 
digm 7ses I looked at was not the same 
either in amount or in acoustic effect. I 
suspect that this inequity was at least par¬ 
tially responsible for the increase in peak 
height and Q of the later version. Whether 
this was done because of limited availa¬ 
bility of the earlier bluish material, or to 
artificially enhance perceived bass output 
by decreasing damping at resonance, 1 
don’t know. In any case, you can adjust 
the Q of these peaks according to pref¬ 
erence, simply by changing the type or 
amount of damping material. 1 prefer the 
bass response of the first pair [Graph I), 
both before and after Zobelling, since it 
was more damped. 
The increase in Q of both resonant 

peaks noted in the second (but not the 
first) pair of 7ses after Zobelling might 
have caused bass overhang if excessive. 16 

Higher Q translates into a greater output 
at resonance, 18 which may or may not 
cause boominess. I did not find this to be 
the case in either pair of 7ses described 
here, before or after Zobelling. The earlier 
pair, however, seemed to have ‘’cleaner" 
bass fundamentals. 

NOTE: BOTH DRIVERS WIRED IN PHASE, AS IN UNMODIFIED 7SE. 

FIGURE 1B: Modified Paradigm 7se crossover with Zobels. 

GRAPH 7: Frequency response of stock Paradigm 7se at 0° on-axis and +15 and +30° horizontally 
off-axis (2nd pair, SN 78115). Note: All curves use mike d = 18”. Upper curve: 0° on-axis; mike height 
= 52%"; mike position halfway between tweeter and woofer dust caps. Loudspeaker placed atop 3514" 
cabinet, with front baffle 21 %” from wall. Curve displaced by + 10dB for clarity. Middle curve: +15° 
horizontally off-axis. All else as for 0° curve above. Lower curve: +30° horizontally off-axis. Curve dis¬ 
placed by - 10dB for clarity. All else as for 0° curve above. Frequencies below 100Hz not recorded 
because of boundary effects. 

GRAPH 8: Frequency response of Zobelled Paradigm 7se at 0° on-axis and +15 and + 30° horizon¬ 
tally off-axis (2nd pair, SN 78115). Note: Test conditions as for Graph 7, except with 4.7ß/33/xF woofer 
Zobels clipped onto wires coming out of port from woofer terminals. 

GRAPH 9: Net change in frequency response in Paradigm 7se after Zobelling (2nd pair, SN 78115). 
Data derived from Graphs 7 and 8. 
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TABLE II 

SOME MEASURED PARADIGM 7SE SPECIFICATIONS 

SN 78115 
Stock DC nominal impedance' 4.059 
Zobelled DC nominal impedance* 4.059 
Tweeter DC nominal impedance* 4.709 
Woofer DC nominal impedance* 3.859 
Woofer fs (unmounted)*! 94.09 @ 34.30Hz 
Stuffing** Off-white, fine, blown mat type cotton waste 
Driver lead wiring Tweeter Woofer 

+ Blue Red 
Green Black 

’measured with a Sanwa ED-450C digital VOM 
tvs. 30.09 @ 31.58Hz in 1st pair, SN 62552 

"vs. bluish, long-fibre shredded cotton waste in 1st pair 

The Perfect Pitch 
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MAGNET SIZE. Note that the woofer fs 

(unmounted) in SN 78115 was 94.011 at 
34.30Hz, while in SN 62552 it was only 
30.011 at 31.58Hz. Driver Q, which was 
clearly not the same for the two drivers, 
can be adjusted at the manufacturing level 
by altering magnet size (or, presumably, 
strength). 16 A large magnet decreases Q by 
damping the cone better at resonance. 
Thus, the significantly greater Q in the 
woofer of the more recent 7se is probably 
due to a decrease in the size or strength of 
the magnet used. I have no means of de¬ 
termining magnetic field strength, nor 
was I able to compare magnet sizes, as I 
worked on the two pairs of speakers at dif¬ 
ferent times. 
Weems states that poorer magnetic 

damping associated with high Q drivers 
can cause poor bass transient response, 
but I did not note any deficiency in this 
regard. He goes on to say that low-fre¬ 
quency hangover ' 'has the effect of pulse 
stretching, which can make the bass more 
audible without noticeably changing the 
character of the overall sound." 16 I do 
recall that one of my first impressions 
(which are often the most accurate) upon 
hearing the second pair of Paradigm 7ses 
was that there was remarkable extension 
in the bass, even more than I remembered 
from the first pair. Perhaps my ears were 
fooled by the manufacturer's use of re¬ 
duced magnetic woofer damping in con¬ 
junction with a poorer grade of damping 
material. 

While stock Paradigm 7se dispersion is 
already very good (Graph 7), woofer Zo¬ 
belling caused slight changes in measured 
performance (Graph S) which correspond 
to rather dramatic audible improvements. 
The Zobelling procedure, though simple 
to perform, is very rewarding in terms of 
improved clarity and dispersion across the 
entire audible band. Although all of the 
curves in Graphs 7and 8 are very flat, they 
are only an indication of what the cali¬ 
brated microphone saw at one particular 
location in relation to the drivers, cabinet, 
and room. Other curves taken at different 
mike positions (or in different rooms) 
would likely vary in flatness. Vertical 
mike position can be critical, due to lob¬ 
ing effects, 19 so non-anechoic frequency 
response curves should only be used to in¬ 
dicate trends, and not be taken as abso¬ 
lute. I have therefore included Graph 9, 
which shows relative changes in on- and 
off-axis response for a single mike position 
with Zobelling. 

The findings here have pointed the way 
towards achieving a truly "super" Para¬ 
digm 7se. I realize that any manufacturer 
must make choices dictated by factors 

Continued on page 79 

30 Speaker Builder / 6/89 



THE SOURCE 

PR 30 ST 100 
Professional 12" Woofer 

PERFORMANCE 
Exceptional Sensitivity 

High Power Handling 
Professional Reliability 
Superior Sonic Quality 

Y a n d INN O V A T I () N 

D I S T R I B U T E D B Y : 

Solen Inc. 
4470 Thibault Avenue 
St. Hubert, QCJ3Y 7T9 
Canada (514) 656-2759 

Martin Sound 
28 Alpha Park 
Cleveland, OH 44143 
(216) 442-2286 

Gold Sound 
2080 W. Hamilton Place 
Sheridan, CO 80110 
(303) 761-6483 

Select Distributors 
6036 S.W. 23rd St. 
Miramar, FL 33023 
(305) 962-4370 

Speaker City 
10615 Vanowen Street 
Burbank, CA 91505 
(818) 508-1908 

Audio Lab of Georgia 
5269-2 Buford Highway 
Atlanta, GA 30340 
(404) 455-0571 

Madisound Speakers 
8608 University Green 
Middleton, WI 53562 
(608)831-3433 

Circle Sound 
2772 West Olympic Blvd. 
Los Angeles, CA 90006 
(213) 388-0624 

Just Speakers 
3170 23rd Street 
San Francisco, CA 94110 
(415) 641-9228 

Zalytron Industries 
469 Jericho Turnpike 
Mineola, NY 11501 
(516) 747-3515 

Fut Btplr »KD6M 



Part II 

SYMMETRICAL SPEAKER 
SYSTEM WITH 

DUAL TRANSMISSION LINES 
BY PETER E. HILLMAN 

ELECTRONIC 
CROSSOVER DESIGN 
One of the greatest challenges of this proj¬ 
ect was to integrate the non-ideal response 
of the drivers into the crossover design. As 
with the design and construction of my 
enclosures, I do not anticipate that many 
of you will duplicate my crossover, which 
is the major reason I have not taken the 
trouble to do circuit board layouts. On the 
other hand, the procedure and logic I went 
through to design my crossover should be 
useful to many of you. 

Before we go through the design pro¬ 
cedure, I want to emphasize that I am par¬ 
tial to electronic crossovers because they 
are easier to tailor to the imperfect re¬ 
sponse of the drivers, enclosures, and the 
room than are passive crossovers. You 
may balk at the prospect of buying more 
amplifiers, but it can actually be cheaper 
to buy multiple amplifiers for use with 
electronic crossovers than it is to buy a 
single-amplifier passive crossover system. 

For example, a biamplified system with 
a 100W low-frequency amplifier and a 
25W high-frequency amplifier is equiva¬ 
lent to a single 225W amplifier in a con¬ 
ventional passive crossover system. 22 A 
single amplifier with more watts than the 
combined wattage of two smaller ampli¬ 
fiers commonly costs more than the two 
smaller amplifiers. High sound quality 
also may be less expensive in multi-ampli¬ 
fied systems compared to single-amplifier 
systems. 

In response to a reader's question about 
biamplifying the satellites of the Swan IV 
system, Contributing Editor D'Appolito 
suggests that sonically superior amplifiers 
such as Kreils show little improvement 
with multi-amplification, while medium-
priced amplifiers such as Haflers benefit 
from multi-amplification. 23 Should two 
Haflers in a multi-amplified system ben¬ 
efit enough to sound as good as a single-

FIGURE 8: Response characteristics of the Dynaudio 30W54 woofer mounted on an 8-foot transmis¬ 
sion line, including (top to bottom) near-field amplitude response, phase shift by the line, absorp¬ 
tion by the line, electrical and acoustic impedance of the line, and phase angleof the woofer voice 
coil impedance. 
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FIGURE9: Average 1 m response inside the author’s listening room of both woofers, both midranges, 
and the tweeter mounted in the completed enclosure, including grille cloth. 

amplifier system with one Kreil, you 
could save a lot of money since two 145W 
Haflers cost about $1,300, while one 
200W Kreil costs $5,500.1 am not suggest¬ 
ing that two Haflers are the best choice. 
The amplifiers should be selected to drive 
the frequency range in which they are 
known to have exceptional sound quality. 

BEGIN. The first step in designing an 
electronic crossover is to measure the am¬ 
plitude and phase response of the indi¬ 
vidual drivers, with the enclosure located 
more or less in its desired listening posi¬ 
tion. From these measurements you will 
find information needed for selecting 
crossover points, crossover slopes, and 
correcting for cabinet diffraction, that is, 
where the output of the drivers shifts from 
half space (2ir steradians) to full space (4tt 
steradians), and nonlinear responses of 
the drivers and the room. You will also 
have some clue about the relative arrival 
time of sound from each driver to the lis¬ 
tening position. 

ONE-METER RESPONSE. Don't trust 
manufacturer's data sheets ... measure! 
We will start our testing procedure by 
measuring the drivers at one meter, on-
axis, and at listening height. One meter is 
a good distance because it includes the ef¬ 
fect of the cabinet shape and size and is not 
much affected by room reflections pro¬ 
vided you use a gated time-measurement 
tool like Linkwitz's shaped toneburst gen¬ 
erator, 24 which excludes late arrival 
reflections. 

Linkwitz's shaped toneburst generator 
takes the signal from a sinewave genera¬ 
tor and creates a burst of five cycles fol¬ 
lowing a raised cosine function. The spec¬ 
tral energy in this toneburst is contained 
within a %-octave response centered at the 
frequency of the sine wave fed into the 
toneburst generator. I only used the tone¬ 
burst generator circuit of Linkwitz's sche¬ 
matic, 24 not the microphone preamplifier 
or peak detector. I fed the output from the 
electret microphone-preamplifier, as was 
used for the near-field woofer measure¬ 
ments, directly into one of the vertical am¬ 
plifiers of my oscilloscope where the peak-

to-peak voltage of the pulse was recorded 
through a range of frequencies in '¿-octave 
increments. 
The peak-to-peak voltages were con¬ 

verted to dB using the relationship, dB = 
20 * log( V/Vref). I would urge Old Colony 
Sound Lab to offer the board and parts for 
the toneburst generator section of Link¬ 
witz's schematic. Not only does it provide 
an inexpensive method of avoiding most 
late arrival reflections but it also yields 
information on resonant and diffraction 
problems of the enclosure and/or drivers. 
I agree with Linkwitz, 24 that tonebursts 
are much easier on your ears and equip¬ 
ment than are continuous sine waves. [Old 
Colony attempted to get working Linkwitz 

toneburst boards produced for five years, 

without success. If anyone has a working 

system and an article to help readers imple¬ 

ment it, OC and SB will welcome it.—Ed.] 

TEST RESULTS. Let's examine the re¬ 
sults of the lm response test for the Dyn¬ 
audio 30W54 woofers, D76 midranges, 
and D28 AF tweeters [Fig. 9). The same 
voltage input signal was used to drive both 
woofers (wired in parallel) or both mid¬ 
range drivers (also wired in parallel) or for 
one tweeter, so that the relative efficiency 
of the drivers could be compared (OdB is 
arbitrary). You will note that the Dyn¬ 

audio D28 AF tweeter has a pronounced 
broad peak of about 4dB around 11 kHz 
(Arthur Brown25 also shows this peak). 

If this peak is attenuated with a notch 
filter, the D28 AF will be about 6dB less 
efficient than the two Dynaudio D76s in 
parallel. The D76s have a much smoother 
response than the tweeter, being within 
+ IdB of their operating range from about 
250Hz to about 4.5kHz. The lm response 
of the woofers is not nearly as smooth as 
their near-field response (compare to Fig. 
8}. Taking the relative difference between 
the lm response and the near-field 
response [Fig. 10) , it is easier to sort out the 
degradation of the near-field response 
when we move one meter away. 

The woofers show the effect of cabinet 
diffraction loss as the drivers shift from 
radiating their energy into half space (ap¬ 
proximately 250Hz) to full space (approx¬ 
imately 160Hz). We would expect diffrac¬ 
tion loss to begin at the frequency in 
which its wavelength is twice the smallest 
dimension of the cabinet (i.e., the wave¬ 
length at212Hzis64"or2x32",the width 
of the cabinet).2 In addition to diffraction 
loss at lm, some wave cancellation occurs 
around 32-35Hz and below 20Hz, pre¬ 
sumably due to out-of-phase room reflec¬ 
tions combining with the direct wave. 

The lm response helps identify the type 
of acoustic rolloff of the tweeter and of the 
midrange domes [Fig. 9). Our filter design 
needs to incorporate acoustic rolloff. The 
D28 AF tweeter rolls off at 6dB/octave, 
starting at about 1.6kHz. The D76 mid¬ 
range domes, on the other hand, roll off at 
18dB/octave, starting at about 250Hz. 
These rolloffs should be equivalent to a 
first-order high-pass filter and a third-
order high-pass filter. As it turns out, these 
interpretations are incorrect as we will see 
in the next section when we examine the 
phase response of the acoustic rolloff. 

Hz 

FIGURE 10: Effect of the room reflections and enclosure diffraction on the woofer response at one 
meter. This plot is the difference between the near-field response and the 1 m response. 
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PHASE RESPONSE. First-order filters 
have a total phase shift of 90 °, with the 45 0 
point occurring at the - 3dB cutoff fre¬ 
quency. Second-order filters have a 180° 
phase shift, with the 90° point occurring 
at the - 3dB cutoff frequency for a max¬ 
imally flat filter (i.e. , Butterworth). In the 
passband the drivers are in phase with the 
input signal. As you drop in frequency 
below passband the phase of the driver's 
output is ahead of the input signal, behav¬ 
ing as though the signal is generated be¬ 
fore the input signal arrives. This confused 
me. How can a driver create a sine wave 
before the input wave arrives? 

Aside from the fact my brain is usually 

only hitting on three out of four synapses, 
I realized that phase shift advance is sim¬ 
ply a time distortion of the input signal 
rather than occurring ahead of the input 
signal. 
To measure phase shift, place the 

microphone about 1mm beyond the grille 
cloth, aligned to the center of the driver. 
Make sine you know the true polarity of 
your microphone setup. My setup inverts 
the waveform. The output waveform will 
be in phase with the input waveform in 
the passband with a more or less constant 
offset due to the distance between the 
microphone and the acoustic center of the 
driver (74^S = 1"). 
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The acoustic center from the grille cloth 
at passband was 1.2" for the tweeter 
(around 4kHz), 2.3" for the midrange (at 
2 to 6kHz), and 3.5" for the bass drivers (at 
300 to 400Hz). As we will see later, these 
are not the distances to correct for when 
we align our drivers for coincident time 
arrival at the listening position, because 
they do not match the relative alignment 
of the drivers within the crossover region 
nor do they include possible phase shift 
anomalies of the electronics. 

ORDER PLEASE. Looking at the driv¬ 
ers' phase shift (Fig. 11], we see that the 
bass drivers and the midrange domes both 
behave as second-order filters (the ideal 
phase shift for a second-order filter is in¬ 
cluded for comparison). Although the 
midrange appears to have a third-order 
amplitude response, it has a second-order 
phase response. Actually the midrange 
also has a second-order amplitude re¬ 
sponse, because the observed third-order 
response includes the first-order diffrac¬ 
tion loss of the enclosure (by coincidence 
it occurs at the same frequencies as the 
rolloff of the midrange) and the second-
order response of the driver. Our cross¬ 
over will account for the second-order 
response of the midrange and a circuit for 
correcting for diffraction loss for both the 
woofer and the midrange. 

The phase response of the tweeter, on 
the other hand, will cause us some grief. 
The tweeter's rolloff of 6dB/octave does 
not match a first-order phase response 
very well (Fig. 11]. I suspect this tweeter 
is normally a second-order driver and that 
the ferrofluid used in it changes it from a 
12dB/octave rolloff to a 6dB/octave rolloff 
(see comments by Linkwitz26 on the effect 
of ferrofluid with this driver). 

So how do we characterize the high pass 
behavior of this driver? I assumed that it 
behaves as a first-order filter because it 
rolls off at 6dB/octave and because its 62 0 
phase shift at its cutoff frequency ( - 3dB 
at 1.2kHz) is closer to the 45° of a first-
order than the 90 ° of a second-order filter. 
You may wonder why I chose a tweeter 
with a pronounced peak at 11kHz and a 
poorly defined high-pass filter response. 
I can only respond by saying that it is dif¬ 
ficult to change when the enclosure 
specific to it has already been built. None¬ 
theless, you will see that this non-ideal 
tweeter can be improved with an elec¬ 
tronic crossover. 

CROSSOVER TOPOLOGY. Now we 
have enough information to plot the strat¬ 
egy for our circuit design (Fig. 12). Equal¬ 
ization adjustments should be completed 
before the signal reaches the crossover's 
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FIGURE 11 : Measured phase response of the three drivers compared to the phase response of 
an ideal high-pass filter. 

filters. This will ensure that when, for ex¬ 
ample, we modify the frequency response 
to compensate for diffraction loss, it 
equally affects the phase changes of the 
high- and low-pass sections of either the 
woofer-to-midrange cross or the mid-
range-to-tweeter cross. 
As noted previously, our diffraction 

equalizer (C in Fig. 12) will compensate for 
the diffraction loss occurring within the 
frequency range of both the woofers and 
the midrange drivers. Equalization will 
also include a tweeter notch filter (B), a 
two-band parametric equalizer (D) and a 
rumble filter (E). The parametric equalizer 
allows adjustment of frequency and band¬ 
width (i.e. , adjustable Q) for two bands in 
each channel. The equalizer is targeted for 
low frequencies ( < 1kHz), where room in¬ 
teractions are most prominent. A rumble 
filter protects the woofers from unwanted 
excursions in subsonic frequencies that 
can occur in our TL below 10Hz where the 
acoustic impedance of the line quickly ap¬ 
proaches zero. 

Once you equalize your input signal, 
you can divide it into the three frequency 
ranges to drive the three amplifiers (see 
the "Crossover Filter" section of the topol¬ 
ogy in Fig. 12) . Originally I experimented 
with odd-ordered Butterworth filters in 
conjunction with my symmetric drivers, 
as suggested by D'Appolito,2,27 to yield 
a stable vertical polar response without 
the sharp nulls + 46 0 off-axis when even-
ordered Linkwitz-Riley (LR) filters are 
used and the interdriver distance is two-
thirds a wavelength at crossover. After I 
did so, I tried to solve the problem of floor 
reflection cancellations (discussed later). 

To deal with the problem I tried using 
even-order LR filters to take advantage of 
the ±46° null in order to reduce the re¬ 
flected energy from the floor, which cause 
the out-of-phase cancellations.28 Although 

I haven't been able to confirm this advan¬ 
tage to my satisfaction, I discovered to my 
delight that these filters are simple to in¬ 
tegrate with the high-pass acoustic re¬ 
sponse of drivers. In addition, the accurate 
implementation of these filters is easy to 
verify. Another advantage is that even¬ 
order LR filters can avoid, for the most 
part, the problem of three-way filters 

(especially when the crossover frequency 
ratio is three octaves), where the woofer-
to-midrange crossover interacts with the 
midrange-to-tweeter crossover, resulting 
in deviations up to 4dB from a flat 
response. 29

CROSSOVER POINTS. Having made 
the decision to use even-order LR filters, 
the next step is to select crossover points. 
The mid- and high-frequency drivers 
should be allowed to operate only above 
the frequency where they will produce 
the desired undistorted SPL, which is a 
function of the linear peak-to-peak excur¬ 
sion and effective diameter of the driv¬ 
ers. 30 The crossover point should also be 
high enough to protect the upper fre¬ 
quency driver from over-excursion. Driv¬ 
ers are excursion limited at a rate of 12dB/ 
octave below cutoff frequency. In order to 
keep the drivers from being overdriven 
below the pass band, the electrical high-
pass filter should limit the amount of 
power going into the drivers with at least 
a second-order filter and a crossover point 
at or above the driver's cutoff frequency. 

Selecting too high a crossover point will 
also cause problems. The lower frequency 

CROSSOVER FILTERS 

FIGURE 12: Electronic crossover topology for one channel. 
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driver of the crossover pair will be too di¬ 
rectional if its diameter is equal to or less 
than one wavelength at crossover. 31 The 
vertical lobing of the polar response will 
be too narrow if the interdriver distance 
in the D' Appolito symmetrical system is 
much greater than two-thirds the wave¬ 
length of the crossover frequency.2

First let's look at the midrange-to-
tweeter crossover point. A desirable de¬ 
sign goal of modern home loudspeaker 
systems is to be capable of 1 lOdB. A single 
Dynaudio D28 AF tweeter into half space 
is capable of 1 lOdB down to 2.5kHz and 
only 98dB at 1.2kHz, its - 3dB cutoff fre¬ 
quency (Fig. 9). As noted above, we need 
at least a second-order electronic filter to 
protect the driver from over-excursion, if 
we are going to use a crossover point at 
1.2kHz. 

CASCADING. Obviously if we cascade 
the first-order acoustic response with a 
second-order electronic filter we will not 
end up with either a second-order or a 
fourth-order LR filter. Recall that you 
need to cascade two first-order high-pass 
filters for the high-pass section and two 
first-order low-pass filters for the low-pass 
section to create a second-order LR filter. 
Likewise to create a fourth-order LR filter 
you need cascade two second-order high-
pass Butterworth filters for the high-pass 
section and two second-order low-pass 
Butterworth filters for the low-pass sec¬ 
tion. 32 You cannot cascade the first-order 
acoustic response with a third-order elec¬ 
tronic filter to create a fourth-order LR 
filter, instead you have to construct a com¬ 
plex filter to achieve a true fourth-order 

LR filter which is beyond the scope of this 
project and me. 28

My solution was to raise the crossover 
frequency to 3kHz and add an electronic 
first-order filter to the acoustic first-order 
filter to create the high-pass portion of a 
second-order LR filter. Between 1.2 and 
3kHz (i.e., from the cutoff frequency of 
the driver to the crossover frequency of 
our LR filter), we need add another first-
order electronic high-pass filter in the 
form of a first-order shelving equalizer. It 
behaves like a first-order electronic filter 
down to 1.2kHz, at which point it stops 
behaving as a filter at all (i.e., no effective 
amplitude or phase shifts). 

Raising the crossover point to 3kHz 
gives our tweeter more protection against 
over-excursion below the passband than 
would a second-order high-pass filter at 
1.2kHz. Unfortunately, raising the cross¬ 
over point to 3kHz creates another prob¬ 
lem, because the 4.5" interdriver distance 
between it and the tweeter is now greater 
than 3", the design goal of two-thirds of a 
3kHz wavelength. In fact it is equal to one 
wavelength at 3kHz, which narrows the 
vertical off-axis nulls of our LR filter to 
± 20 °.2 The directivities of our midrange 
domes are not too narrow in their polar 
response because their diameter is not 
greater than one wavelength at crossover. 

WHAT'S THIS? The selection of our 
woofer-to-midrange crossover point is not 
plagued by potential over-excursion prob¬ 
lems or narrow vertical lobing, but rather 
by an entirely new problem as we will see 
in a moment. The SPL capability of our 
two D76 midranges (76mm in diameter, 

System Report 
I spent a portion of a Saturday afternoon 
with Peter Hillman and his wife review¬ 
ing his system. We played some of my 
test CDs as well as some of Peter's. We 
also hooked up the Linkwitz test setup 
Peter used for most testing. I can report 
the following observations: 
The system sounds excellent; it's 

extremely clean, with good dynamics 
and proper imaging. I had wondered 
whether systems this large with the 
totally symmetrical speaker layout 
wouldn't have an unusual imaging pat¬ 
tern; however, the test CDs imaged just 
as on the more conventional speaker ar¬ 
rangements. Listener motion produces 
no undesirable vertical or horizontal 
Venetian blind effects. While the sys¬ 
tem is optimized for the listening 
"sweet spot," moving from this loca¬ 
tion causes only a shift in image posi¬ 

tion, with no major change in tonal 
balance. 

For my taste, the system is slightly 
lean on deep bass, and I don't like heavy 
bass. This is because transmission line 
systems are so "tight" in the bass area 
and also because Peter has actually 
equalized the system for the listening 
position. Room effects which would 
normally add to the bass have been 
tuned out. This represents no problem 
to any potential builder as the system 
has plenty of bass capability and can be 
equalized any way the builder desires. 
These handsome speakers have been 

constructed with the utmost care, and 
it shows in their appearance and sound. 
They are, however, very large! When 
finished you will need several strong 
friends to move them to the final loca¬ 
tion.—G. R. Koonce 

3mm peak-to-peak excursion) to half 
space is llOdB at 300Hz. At 200Hz they 
are capable of 103dB into half space, 
although for the size of the enclosure of 
this project the output of the drivers are in 
transition to full space at 200Hz (Fig. 10}. 
The need for electrical protection to pre¬ 
vent over-excursion of our midrange 
domes is not necessary as with the tweeter 
because we can conveniently cascade the 
second-order high-pass acoustic response 
of the midranges with a second-order 
high-pass electronic filter to form a fourth¬ 
order LR filter. 

Woofer directivity is not a problem un¬ 
til we get to 1.5kHz. Likewise the inter¬ 
driver spacing between the midrange and 
the woofer doesn't equal two-thirds the 
wavelength until 1kHz is reached. Given 
that the amplitude or phase response of 
the 30W54 woofers is not very smooth 
above 500Hz, we should not select a cross¬ 
over point above about 400Hz. From the 
preceding discussion we should limit our 
woofer-to-midrange crossover point to a 
range of about 300 to 400Hz. I selected 
400Hz as my optimal crossover point for 
the reason discussed in the next section. 

Having selected our crossover points at 
400Hz with a fourth-order LR filter and at 
3kHz with a second-order LR filter, we 
can assess the amount of unwanted inter¬ 
action between the two crossover points 
to the total response of our system. These 
unwanted interactions result from the 
overlapping transfer functions of two 
crossovers, which by themselves in a two-
way system are well behaved. Joe D' Ap¬ 
polito discusses both the magnitude and 
the solutions to this problem with three-
way systems. 29

One solution is the layout of the cross¬ 
over topology where the signal is first di¬ 
vided between the low and mid frequen¬ 
cies (F and H in Fig. 12}. Next the output 
from the high-pass section (H) is further 
divided between the mid and high fre¬ 
quencies (land J in Fig. 12}. Finally, D' Ap¬ 
polito adds a phase-compensating net¬ 
work immediately following the woofer 
low-pass filter (F). Deleting the phase¬ 
compensating network results in only a 
-0.2dB deviation from flat summed 
response if even-ordered LR filters are 
used and if they are separated by three oc¬ 
taves. 29 Since a -0.2dB deviation is 
small, I omitted the phase compensation 
network. 

FLOOR CANCELLATION. The other 
problem I alluded to with the selection of 
the woofer-to-midrange crossover point is 
the cancellation of the direct wave at the 
listening position by the floor reflection 

Continued on page 38 

36 Speaker Builder / 6/89 



World Famous 

PYLE DRIVER’SPEAKERS... 

Your Source for 
Quality Woofers, Midrange, 
Tweeters and Crossovers 

■ Over 200 speaker models and sizes available 

■ Parameters available for every loudspeaker 

■ Recommended cabinet sizes available 
for all woofers 

Pyle is the source for all your loudspeaker needs! 

s 

pyLE 
Pyle Industries. Inc. • 501 Center St. • Huntington, IN 46750 • (219) 356-1200 

Fast Reply »KD128 



Continued from page 36 

wave. At certain frequencies the floor re¬ 
flection is delayed enough, due to the 
greater distance it travels, that it is out-of-
phase with the direct wave, resulting in a 
cancellation or dip in the response. 

In my listening setup, the path length of 
the direct wave at tweeter height is 144" 
to the listener, while the floor reflection 
from the tweeter is 162" to the listener. 
This amounts to a 1.4mS delay of the floor 
reflection to the direct wave, which is 
equivalent to half a 360Hz wavelength, 
the frequency where cancellation occurs. 
When my first experimental crossover 
point was set at 250Hz, I was dismayed to 
discover a 12dB dip around 400Hz, meas¬ 
ured at the listening position! I confirmed 
that this dip resulted from the floor reflec¬ 
tion by placing pillows on the floor in front 
of the speakers to absorb the energy. The 
dip was reduced by about 4dB! 

A large dip in the frequency response 
due to the floor reflection is a recognized 
problem with loudspeakers. In a recent 
High Fidelity test report the reviewer com¬ 
mented that a dip around 300Hz appeared 
in most of their speaker-response meas¬ 
urements, a result of the floor reflection in 
their listening room test setup. 33 Kates' 
model of the human auditory system re¬ 
veals that the midrange frequencies are 
the most important region in our percep¬ 

tion of coloration where early reflections, 
especially floor reflections, are more im¬ 
portant than later reflections. 34

DRIVER PLACEMENT. Changing the 
height of the driver off the floor changes 
the path length of the reflected wave ar¬ 
riving at the listener. If you raise a driver 
off the floor, you increase the path length 
of the reflected wave, which lowers the 
frequency at which cancellation occurs. A 
loudspeaker designer can take advantage 
of this height effect. For example, in a two-
way system, if the designer places the 
center of a small woofer 4.5" off the floor 
and the tweeter 38" off the floor at ear 
height, the cancellation frequency is 3kHz 
for the woofer and 360Hz for the tweeter, 
both of which are outside the operating 
range of the drivers if the crossover point 
is set around 1.5kHz and the listener is 12 
feet from the speaker. 
Obviously the resulting large inter¬ 

driver distances of this design will create 
vertical polar response problems. The dip 
can also be controlled by placing a carpet 
in the area where the floor reflection oc¬ 
curs. Unfortunately, carpets are only par¬ 
tially effective sound absorbers in the 200 
to 500Hz region where they are needed 
most. As you might expect, the absorption 
coefficients vary from carpet to carpet 
depending upon their thickness, composi¬ 

tion and the type of pad used. Nonethe¬ 
less, if we take a typical example of a 
heavy carpet on 40-ounce hairfelt, it will 
absorb less than 10% of the sound energy 
below about 125Hz, 24% at 250Hz, 57% 
at 500Hz, and about 70% above 1kHz. 35

Relocating the drivers closer to the floor 
is not an option in my speaker system. 
However, as we will see in a moment, the 
depth of the cancellation notch is influ¬ 
enced by the selection of the woofer-to-
midrange crossover point within the 300 
to 400Hz range. To understand this influ¬ 
ence, I wrote a short computer program. 
Let's analyze what happens. In my system 
the listener's ear is 144" from the center 
of the tweeter and 38" off the floor. One 
woofer is 24.5 " off the floor, one midrange 
is 34", the second midrange is 42", and the 
second woofer is 51.5", where cancella¬ 
tions occur at 548Hz, 400Hz, 328Hz and 
272Hz, respectively. (The direct wave 
path length only changes slightly between 
the midrange (144.06") and the woofer 
(144.63").) 
Note that the two woofers or the two 

midrange domes are at different heights 
and have correspondingly different can¬ 
cellation frequencies. The program shows 
that the cancellation dip is smaller with 
the combination of two identical drivers 
at differing heights than with either driver 

Continued on page 40 
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FIGURE 13: Measurement check of fourth-order LR filter (woofer-to-midrange) and second-order LR filter (midrange-to-tweeter). Ideally the 
phase difference (top graph) between the two drivers should be 0° throughout the crossover region. Reversing the correct polarity of one driver 
(bottom graph) should cause a sharp null in the amplitude response at the crossover point. Small variations (±2dB) in the correct polarity 
are adjusted to OdB. 
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Continued from page 38 

alone. It also shows that when the vertical 
displacement between two identical 
drivers is increased, the cancellation dip 
created by them is decreased. Our two 
woofers with their 27-inch vertical dis¬ 
placement have a cancellation dip 20dB 
less than the dip created by the two 
midranges with their 8-inch vertical dis¬ 
placement. Placing a carpet, as described 
above, in front of the speakers reduces the 
20dB difference to about 5dB. 

Combining all four drivers and includ¬ 
ing the fourth-order LR slopes and the ab¬ 
sorption of the carpet, we find that the 
cancellation dip occurs at about 350Hz for 
either a 250 or a 400Hz woofer-to-mid-
range crossover point. On the other hand, 
the depth of the crossover dip does differ; 
the dip for the 250Hz crossover point be¬ 
ing about 3dB deeper than with the 400Hz 
crossover point. With the 400Hz cross¬ 
over, more energy is coming from the 
woofers than the midranges which takes 
advantage of the smaller cancellation dip 
of the widely spaced woofers than the 
larger cancellation dip of narrowly spaced 
midranges. This is the reason I selected 
400 rather than 300Hz for my woofer-to-
midrange crossover point. 

TIME DELAY CORRECTION. The 
beauty of LR filters comes from the ease 
of testing for coincident arrival times of 
drivers at the listening position. When the 
drivers are in perfect time alignment, both 
drivers will be in phase throughout the 
crossover region (approximately +1 oc¬ 
tave from the crossover point for a fourth¬ 

order filter and approximately + 2 octaves 
for a second-order filter) and no tilting of 
the lobe in the polar response will occur. 
The test is simple. Use the same basic 
technique as with my phase measure¬ 
ments of the TL ports, except that two 
microphones are used instead of one 
(assuming, of course, that you compensate 
for any phase differences between the two 
microphones). 

At higher frequencies small changes in 
microphone location make a large differ¬ 
ence in phase shift, so do not move the 
microphones from their position in front 
of the grilles throughout the test. The 
phase shifts I have plotted for Fig. 13 are 
corrected for the additional distance from 
the center of midrange domes (0.06" or 
about 4gS) and woofers (0.6" or 45^S) to 
the listener than is the distance from the 
listener to the tweeter. Phase shifts plot¬ 
ted in Fig. 13 include the electronic time 
delay needed for minimum phase shift at 
the crossover point, i.e., 60^S delay for the 
woofer at 400Hz (G in Fig. 12) and 50gS 
delay for the tweeter at 3kHz (K in Fig. 12). 

You will note that these delays are dif¬ 
ferent than would be predicted from 
acoustic center of the drivers in their pass¬ 
band, which emphasizes the importance 
of time correcting drivers within their 
overlapping crossover frequencies. You 
will also note that the phase-shift vari¬ 
ations at 650Hz and above 5kHz result 
from the nonlinear phase response of 
the woofer and the tweeter, respectively 
(compare Fig. 13 with Fig. 11). 
As a final check of time alignment, 

reverse the correct electrical polarity of 

the drivers and measure the amplitude 
response throughout the crossover region 
(note: the correct polarity for fourth-order 
LR filters is normal, while the correct 
polarity of the second-order LR filters is 
reversed). I did this test at Im on axis, even 
though I aligned for the listening position 
[Fig. 13). The results are quite satisfying in 
that I did get the expected sharp null in the 
response at the crossover point when the 
correct polarity is reversed. 36

CIRCUIT DESIGN. The crossover to¬ 
pology illustrated in Fig. 12 was laid out on 
four 3677-2 Vector DIP plugboards: left 
and right equalizer boards (A through D) 
and left and right crossover filter boards 
(E through K) . I mounted them into a rack 
mount enclosure. All ICs are dual op amp 
Signetics NE5532, except for ICs 3 and 
8 which are single op amp Signetics 
NE5534. All ICs are socketed and the 
power supply leads to each are bypassed 
with 0. IpF monocaps. In addition, I used 
100/xF bypass capacitors at the input sup¬ 
ply to each board. All resistors are 1% 
metal film. All capacitors in the signal path 
are 2% polypropylene (Digi-Key, Thief 
River Falls, MN 56701), except for the 1 pF 
polyester film capacitors in section E of 
Fig. 14 and the silver mica capacitor with 
values less than or equal to 150pF. I used 
cermet trimpots, mounted at the end of 
the boards so that they can be easily ad¬ 
justed. I was very careful to ensure com¬ 
pact, minimum-length layout and low re¬ 
sistance ground paths. 37

Figure 14 shows circuit diagrams for the 
input buffer, tweeter notch filter, diffrac¬ 
tion equalizer and rumble filter. The input 
buffer is non-inverting, to keep the entire 
crossover from inverting the outputs to 
the woofer or to the midrange amplifiers 
and to keep the tweeter amplifier output 
inverted for the second-order LR cross¬ 
over. I fixed the tweeter notch filter at 
11.5kHz with adjustable Qand attenua¬ 
tion [see Fig. 5-29 of Jung's book). 37 1 set the 
trimpots of the filter to yield -3.5dB at 
11kHz, - 2dB at 8 or 16.5kHz, and - 1 at 
6 or 23kHz. I set the inverting diffraction 
equalizer (C) for fi = 126Hz and f2 = 
253Hz, utilizing the D’Appolito circuit 
design.2 Let the capacitor in (C) equal 
0.02 IgF, where R2 is the 60k resistor par¬ 
allel to C and Ri is the other 60kQ resistor 
in the feedback loop, given the relation¬ 
ship fi = 1/(2ttCR2) and f2 = (Ri + R2)/(2tt 
CR1R2). The 120kÓ resistor at the input to 
pin #6 of IC2 sets the gain. The rumble 
filter (E) is a unity gain second-order HP 
Butterworth filter. 8 It is mounted on the 
crossover filter board because IC9 is 
shared with the 400Hz HP filter (F). 
The circuit diagram [Fig. 15) for the 
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FIGURE 15: Circuit diagram of the two-band, parametric equalizer. Adapted from Figs. 5-26 and 5-27 of Jung s book. 37

parametric equalizer (D) is a two-band 
version of the three-band parametric 
equalizer given by Jung (see Figs. 5-26 and 
5-27). 31 The circuit diagrams in Jung's 
book have typographical errors. Jung's 
R17, R16, R15 and R14 should be lOkQ, 
not 10Í2. I omitted C3 of Jung's circuit, 
because the next stage, the rumble filter 
(E), will take care of any DC offset. I also 
changed the values of the Q adjustment 
resistors to allow Q to be increased to a 
maximum of 6.1 used one-turn linear pots 
for the boost/cut and Q-adjust (although 
audio taper would be better) and one-turn 
dual audio taper pots for the frequency ad¬ 
justment (Alps 100KAX2 available from 
Radio Shack as #271-1732). The pots for 
the parametric equalizer are mounted 
outboard from the circuit boards and 
are equipped with knobs and calibration 
marks. 

Section F of the crossover filters cas¬ 
cades two second-order 400Hz LP Butter¬ 
worth filters {Fig. 16}. The first stage of the 
400Hz LP filter inverts (Huelsman's39 cir¬ 
cuit design) and the second is non-invert¬ 
ing. 38 Both stages combine to invert the 
overall filter section, so that the outputs to 
the woofer will be non-inverting. The 
400Hz HP, section H, cascades two sec¬ 

ond-order 400Hz HP Butterworth filters. 
The first 400Hz HP filter compensates for 
the D76's acoustic rolloff utilizing a Link-
witz design circuit.40 This design requires 
that you know the resonant frequency fo 
and the Qo of the driver. My D76 mid¬ 
range domes have an fo of 292Hz and a Qo 
of 0.75, which I determined from imped¬ 
ance measurements using Linkwitz's 
method.41 For the same reason as with 
section F for the woofer, section H inverts 
overall, with the first stage in H inverting 
and the second being non-inverting. 38

SHELVING EQUALIZER. Section I is a 
second-order 3kHz LR LP filter, which 
cascades two first-order 3kHz LP filters. 
Section J is the second-order 3kHz LR HP 
filter, which cascades one first-order 3kHz 
HP filter with a first-order shelving equal¬ 
izer. The shelving equalizer combines 
with the first-order acoustic rolloff of the 
tweeter to yield a first-order 3kHz HP 
filter. I determined the component values 
for the shelving equalizer38 by experimen¬ 
tation, since I did not have the design 
analysis given by Linkwitz40 that I used in 
section H. The shelving equalizer has a 
6dB gain in the passband, which conven¬ 
iently gives the tweeter 6dB more gain 

than the midrange and therefore compen¬ 
sates for the 6dB lower output of the 
tweeter relative to the midrange domes 
{Fig. 9). Overall, section J inverts the out¬ 
put from H so that the tweeter output is in¬ 
verted relative to the midrange, as re¬ 
quired of second-order LR crossovers. 

Finally, section G delays the woofer by 
60/xS and section K delays the tweeter by 
50/iS, both relative to the midrange as we 
determined previously. These delay cir¬ 
cuits are first-order all-pass networks. 32,41 

You will note that two 25/zS delay net¬ 
works are cascaded together in section K, 
while only one 60/xS network is used in 
section G. All-pass networks have a fairly 
constant delay provided that their compo¬ 
nent values yield an fo = 1/(2ttRC) which 
should be at least three times greater than 
the crossover frequency. 32 The fo of G is 
5.3kHz, 13 times greater than 400Hz, and 
fo of each section of Kis 11.7kHz, 3.9times 
greater than 3kHz. 

SPEAKER PROTECTION. Although 
not illustrated, I protect my speakers from 
turn-on or turn-off thumps originating 
from the crossover with two of Jung's 
timer circuits (one per channel).42 Each 
timer activates a 12V DC 4PDT relay with 
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an 80mA coil five seconds after turn-on 
and quickly turns off the relay after turn¬ 
off. When turned on these relays make 
contact between the crossover and the 
amplifiers. When deactivated they short 
the input to each amplifier across a 4700 
resistor. For low noise and reliability, the 
relays must have gold-plated contacts and 
be hard-wired into place. Don't use relay 
sockets. 

ADJUSTMENTS AND 
LISTENING TESTS 
It was frustrating to adjust the frequency 
response of this loudspeaker system with¬ 
in my living room, based on frequency re¬ 
sponse measurements. Do you use meas¬ 
urements at the listening position or some 
other measurement location? In addition, 
I was unprepared for the need to critically 
place the speakers and the listeners within 
the room. Slight adjustments in frequency 
response or placement have a profound ef¬ 
fect on a system's ultimate sound. I'm con¬ 
vinced that you can devastate the sound 
of any excellent sound system with a hap¬ 
hazard setup and adjustment procedure. 
The methods I used and the reasons I 

used them are at best my own naive in¬ 

sight into this final stage of achieving a 
good sound system. Those of you with 
considerably more experience than I can 
certainly improve upon my procedure, 
and those of you with less experience can 
use my observations as a starting point for 
the final adjustments of your system. 

SPEAKER PLACEMENT. For proper 
stereo balance and imaging the frequency 
response of both the left and right speak¬ 
ers should match each other as closely as 
possible. Reflecting surfaces, like the floor 
bounce discussed previously, cause fre¬ 
quency response aberrations. Other re¬ 
flections, such as off walls or the ceiling 
can cause cancellations or reinforcement 
at various locations within the listening 
room. 

For example, a reflection off the back 
wall will cancel at the frequency where its 
quarter wavelength equals the distance 
from the front of the enclosure to the back 
wall.41 This is especially true at low fre¬ 
quencies where the enclosure is radiating 
into full space. If the woofer is six feet in 
front of a back wall, a cancellation will oc¬ 
cur at 47Hz wave because the reflected 
wave off the back wall will travel 12 feet 

(half the wavelength of 47Hz) before 
it recombines with the frontwave. Rein¬ 
forcement of the frontwave would occur 
at 94Hz when the reflected wave is in 
phase with the frontwave. If your speak¬ 
ers are not equidistant from reflecting sur¬ 
faces, cancellations will occur at different 
frequencies between the two and their 
frequency responses will not match. 

After you place the speakers in similar 
reflection environments, you must select 
a critical listening position which is equi¬ 
distant from either speaker and centered 
between the two for the best stereo image. 
Likewise, the toe in or toe out of either 
speaker should be the same relative to the 
critical listening position. At first I tried to 
deviate from these procedures for the sake 
of room decor, but I was unhappy with the 
result. If you are faced with the dilemma 
of optimal placement versus decor, at least 
try optimal placement first so that you and 
the other members of your household can 
honestly weigh the importance of place¬ 
ment versus esthetic considerations. 

PRACTICALITY. In addition to the 
aforementioned procedures, I made some 

Continued on page 44 
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FIGURE 17: One meter response versus listening position response after the final adjustment of 
the system. Listening position response is compared to a “target curve.” 

Continued from page 42 

other adjustments based on practical con¬ 

siderations and listening sessions. For the 

listening tests I recruited the aid of David 

Ruether, a friend whose keen listening 

abilities I trust. These listening sessions 

resulted in the following setup: 

(a) the midrange-tweeter arrays are to 

the outside of the enclosures as shown in 

Photo 1 {SB 5/89); 
(b) the tweeter of either speaker is 144" 

from the center of the listener's head at the 

critical listening position; 

(c) the enclosures are 9.5 feet apart 

measured from tweeter to tweeter, which 

is about 24° to either side of the forward 

facing direction of the listener in the crit¬ 

ical listening position; and 

(d) toe out of the enclosures is about 4 ° 

relative to the imaginary line from the cen¬ 

ter of the listener's head to the center of 

the enclosures. 

The enclosures in my living room are 

approximately six feet in front of the wall 

behind them as measured from the front 

of the enclosures and the critical listening 

position is about 14" in front of a wall 

which runs approximately parallel to the 

speakers. These distances from reflecting 

walls are not by design, but rather are the 

compromise of practical placement and 

listening tests. Should you build these 

speakers, only use my placement as a 

rough guideline from which to start your 

placement and adjustment procedure. 

FREQUENCY ADJUSTMENTS. The 
electronic equalizer and crossover allows 

for an ample amount of adjustment 

through the use of a two-band parametric 

equalizer for bass frequencies, a tweeter 

notch filter, and the independent level ad¬ 

justments for the woofers, midranges, and 

tweeter. The problem is, what is a proper 

method for analytically adjusting your 

system? When I tried to balance the fre¬ 

quency response to measurements taken 

at the listening position, using the Link-

witz toneburst generator as previously 

described, the results were unsatisfactory. 

This method probably does not sense 

sound in the same way as do our ears and 

brain, especially in the time domain. More 

elaborate techniques, which simulate the 

auditory central spectrum model are cer¬ 

tainly more accurate. 34 When I adjusted 

the speakers to measurements taken at 

one meter (in line with the listening posi¬ 

tion and the tweeter), the floor cancella¬ 

tion at the listening position was too objec¬ 

tionable. Ultimately, I compromised be¬ 

tween the measurements at one meter 

and the listening position [Fig. 17], where 
the boost at 180Hz helps compensate for 

the cancellation notch at the listening posi¬ 

tion. I didn't want to completely remove 

the listening position notch because the 

resulting large peak at one meter would be 
audible. 

The parametric settings I used for re¬ 

sulting response shown in Fig. 1 7 are given 
in Fig. 18. Note that the right speaker is ad¬ 
justed differently from the left. The right 

speaker, unlike the left, is in front of a 

built-in counter and bookshelf, creating a 

different reflective environment than the 

left speaker. The amplifier level adjust¬ 

ments of the crossover lOkfi trimpots 

(depicted in Fig. 16], were set to - 0.5dB 
for the left and -0.2dB for the right 

tweeter amplifiers, - 1.3dB for the left and 

- ldB for right midrange amplifiers, and 

- IdB for the left and - 3dB for the right 

woofer amplifiers. The tweeter notch 

filter settings were given in the previous 

subsection on circuit design. 

CANCELLATION. The response curves 
in Fig. 17require comment. Using the par¬ 
ametric equalizer, it is possible to adjust 

the overall system response to ± 2dB or so 

from 30Hz to 17kHz at one meter. I did so 

when my woofer-to-midrange crossover 

frequency was first set at 250Hz. How¬ 

ever, as I mentioned earlier, it resulted in 

a cancellation at about 400Hz at the listen¬ 

ing position. With the present woofer-

to-midrange crossover frequency set at 
400Hz, the measured cancellation notch 

is about 180Hz, when the lm response is 

adjusted flat. My computer simulation 

predicted that the floor cancellation would 

have less of a notch but would remain at 

360Hz. I cannot explain the discrepancy 

between the measured notch frequency at 

180Hz and the predicted 360Hz. 

A second item requiring comment is the 

effect of reflections from wall surfaces. 

With my speakers six feet from the back 

wall I would expect a cancellation at 47Hz 

and reinforcement at 94Hz, instead the 

cancellation occurs at about 33Hz {Fig. 10] 
and a peak at about 65 to 70Hz (which is 

attenuated, see Fig. 18]. Perhaps the wall 
opposite the speakers (behind the listener) 

is more important than the wall behind 

the speakers, because the sound wave 

must travel a total of 18 feet from lm loca¬ 

tion to the opposite wall and back again 

(which will cancel at 31 Hz and reinforce 

at 62Hz). 

Finally, I will comment about the ob¬ 

served rolloff in the response at the listen¬ 

ing position compared to one meter {Fig. 
17]. The listening position response is 
compared to an "optimal listening-room 

curve” or "target curve." Such curves are 
FIGURE 18: Parametric equalizer setting for the response depicted in Fig. 17. 
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based on listener preference at the listen¬ 
ing position in a typical domestic room. 
Floyd Toole reviews the work of several 
workers, which are consistent with one 
another in that the ' 'target curve" appears 
to have a slope of - 3dB/decade with in¬ 
creasing frequency.43

Why such a curve occurs in a domestic 
listening environment is unclear. Toole 
points out several factors which may in¬ 
fluence the curve; including sound diffu¬ 
sion, frequency-dependent absorption, 
adjacent-boundary interactions, and loud¬ 
speaker directivity with its effect on the 
direct-to-reverberant ratio of the sound. I 
hope someone will sort out all of this so 
an amateur like myself can make useful 
measurements within a listening room 
that correlate with what we actually hear. 

Before we leave this section on fre¬ 
quency adjustments; I can recommend 
a simple method, suggested by Muller44 
and Ruether, to see how successful you 
have been in balancing the left and right 
speakers. Take the mono output from a 
pink-noise generator and feed it to both 
channels and carefully listen to the noise. 
The noise should appear to come from a 
narrow vertical line centered between 
both speakers. Slight imbalances are 
clearly audible where certain frequencies 
of the noise spectrum appear to the left or 
right of center. It is very difficult to pass 
this test without any apparent imbalances. 
Unfortunately, it is even more difficult to 
correct for imbalances even when fre¬ 
quency adjustments are at your disposal. 
Using the methods outlined above, I was 
able to satisfy myself enough with the 
results of this test that I could invite lis¬ 
teners to evaluate my system. Their im¬ 
pressions are discussed next. 

LISTENING TESTS. You might expect 
me to praise the sound quality of my sys¬ 
tem and to include a list of CDs which 
it reproduces with uncanny accuracy, 
matching the live performance . I won't do 
that. You wouldn't believe me anyway, 
knowing full well that I would be biased 
having spent as much time as I have on 
this system. Nevertheless, you need to 
know how it sounds, should you contem¬ 
plate building this system. So I recruited 
Contributing Editor G. R. Koonce to sub¬ 
jectively evaluate the system. I also re¬ 
cruited eight ot^çr listeners, including an 
audiophile, a professional musician/com-
poser, two amateur musicians and four 
college students who enjoy music. 

We used musical selections of mine as 
well as theirs. After about two hours of lis¬ 
tening, I asked them to appraise the spatial 
and sound quality, based on a slightly 
modified questionnaire developed by 

Floyd Toole.45 We used a scale of 0 (worst 
imaginable) to 10 (no improvement possi¬ 
ble). Figure 19 summarizes individual re¬ 
sponses. Although the headings are self-
explanatory, you can get a more detailed 
explanation of the headings from the Ap¬ 
pendix, "Instructions to Listeners" in 
Toole's 1985 paper.45

My listeners filled out the question¬ 
naires without knowledge of the other 
listeners' responses. For all listening tests 
I used the following associated equip¬ 

ment: Hafler DH-120 (tweeter amp), 
Hafler DH-220 (midrange amp), Hafler 
XL-280 (woofer amp), Denon DCD-1700 
compact disc player, ADCOM GTP-500 
tuner/preamplifier. Source program ma¬ 
terial was limited to compact discs. 

Obviously the subjective evaluation of 
my speaker system lacks the controlled 
conditions in Toole's study. My listeners 
were guests in my house and my listeners 
have no comparative reference other than 
some preconceived notion of what a live 

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

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

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

TANNOY Series 90 
An Extension of the Legend 
Tannoy North America Inc. 

300 Gage Avenue Unit 1, Kitchener, Ont N2M 2C8 Canada 
Tel. (519) 745-1158 Fax. (519) 745-2364 

Fast Reply HKD396 
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FIGURE 19: Subjective listening response of nine people of the complete sound system. Response 
items adapted from Floyd Toole’s listening questionnaire. 43 Responses by G. R. Koonce are in¬ 
dicated by diamonds. 

performance sounds like, both of which 

add bias to my listening test. Still it does 

give you an idea of my system's perfor¬ 

mance and also it suggests a reasonable 

technique to subjectively evaluate your 

own creations. 

IMPROVEMENTS NEEDED. I will 

conclude by suggesting some improve¬ 

ments for this project. Many listeners 

commented that the soundstage is too 

wide, although not so wide as to break its 

continuity {Fig. 19). Obviously you can 
move the speakers closer together to the 

width of the soundstage you prefer. Some 

of my listener's commented that my sys¬ 

tem is suppressed at both ends of the audi¬ 

ble sound spectrum. Certainly, my meas¬ 

urements confirm this. 

The high frequency attenuation may be 

caused in part by the grille cloth. D'Ap-

polito and Bock note that double knit grille 

cloth causes increased loss with increas 

ing frequency reaching 3dB or more at 

20kHz.41 made all tweeter measurements 

with the double knit grille cloth in place. 

Open cell foams, which do not selectively 

attenuate high frequencies, might be an 

alternative to double knit fabric. 

At the other end of the frequency spec¬ 

trum, the Dynaudio 30W54s do not have 

enough linear excursion (7mm peak-to-

peak)46 to exceed 105dB at 25Hz under the 

best circumstances (all four drivers oper¬ 

ating together into half space). Doubling 

the excursion to 14mm peak-to-peak 

would yield another 6dB. These woofers 

do, however, provide smooth response up 

to and exceeding the 400Hz crossover 

point used in my system. (Although not 

considered a part of this project, I can sup¬ 

plement the low-frequency response of 

my system with a 24" Hartley in a trans¬ 

mission line.47 The Hartley is only useful 

for about a half dozen of my CDs and since 

it is not integrated into my system as much 

as I would like, it is seldom turned on. You 

can see the placement of the Hartley in 

Photo 1 {SB 5/89). Listening evaluations 
did not include the effect of the Hartley.) 

Finding ideal drivers remains an ongo¬ 

ing challenge. The greatest improvement 

would be to achieve the same sound qual¬ 

ity for less fuss and less bucks. Sugges¬ 

tions in this regard not only require careful 

thought and a great deal of work, but are 

beyond the scope of this project. 

This loudspeaker project has been a 

rewarding learning experience, which has 

only fueled my appetite for future explora¬ 

tions. Transmission lines deserve more at¬ 

tention as a viable alternative to sealed- or 

vented-box systems. The acoustics of the 

listening room need more study to yield 

guidelines for the amateur in dealing with 

speaker-room interactions. Not only are 

these interactions the weakest link in the 

sound production chain, but also, by vir¬ 

tue of their complexity and unattainable 

perfection, they make speaker building 

the interesting and challenging avocation 

that it is. 
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Since 1969, SCAN-SPEAK has been one of the world’s leading manufacturers of high-end loudspeaker drive units. With 
a new factory in Aabybro, Denmark, SCAN-SPEAK products incorporate the most advanced audio engineering prin¬ 
ciples, the legendary Danish tradition of fine craftsmanship, and the highest standards of sound quality. SCAN-SPEAK 
quality and value are well recognized in a competitive and demanding industry where it is no longer unusual to find 
loudspeaker systems with four and five figure price tags. And it is at this very highest level of the industry where SCAN¬ 
SPEAK has seen its most dramatic growth in recent years. The serious hobbyist can now enjoy the same uncompromis¬ 
ed excellence of SCAN-SPEAK technology at remarkable values. 

THE TWEETERS: SCAN-SPEAK tweeters are all treated fabric domes, with hexagonal voice coil wire for greater 
heat dissipation and power handling. The extreme low mass of fabric allows for excellent transient response and clarity. 
The double chambers provide improved acoustic dampening for reduced distortion and all have ferro-fluid cooling in 
the voice coil gap for power handling capability of up to 1,000 watt peaks. 

MODEL NO. 
D2008/8204 
D2008/8512 
D2010/8513 
D3806 

20 mm ferro-fluid dome 
20 mm ferro-fluid dome 
20 mm ferro-fluid dome 
38 mm midrange tweeter 

DESCRIPTION 
87 db. 2000 Hz to 20,000 Hz 100 watt 
90 db 2000 Hz to 20,000 Hz 150 watt 
90 db 1500 Hz to 20,000 Hz 150 watt 
91 db 1000 Hz to 16,000 Hz 100 watt 

THE MIDRANGES: SCAN-SPEAK 5" cone midranges are regarded by many as the best of their type available in 
the world today. They all have cast magnesium alloy frames for strength and stability, large 16 oz. magnets, and excep¬ 
tionally wide bandwidths which allow greater flexibility in crossover design and uniformity in sound quality. Both the 
SCAN-SPEAK woofers and midranges have SYMMETRIC DRIVE technology, which results in faster driver rise times, 
reduced intermodulation distortion and improved heat transfer. 

MODEL NO. DESCRIPTION 
13M/8621 
13M/8531 
13M/8535 
13M/8636 
13M/8640 

5" paper cone, 38 mm v.c. 90 db 
5" paper cone, 38 mm v.c. 90 db 
5" paper cone, 38 mm v.c. 90 db 
5" KEVLAR cone, butyl rubber surround 38 mm v.c. 89 db 
5" paper cone, butyl rubber surround 38 mm v.c. 88 db 

250-10,000 Hz 
250-7,000 Hz 
250-6,000 Hz 
250-10,000 Hz 
200-10,000 Hz 

100 
100 
100 
100 
100 

watt 
watt 
watt 
watt 
watt 

THE WOOFERS: SCAN-SPEAK woofers feature cast frames, large powerful magnets, and long voice coils for in¬ 
creased linearity and extended bass. These exceptional woofers combine high output levels with high power handling 
and warmth and detail in the bass region. They are well suited for a variety of home, automotive and commerical 
applications. 

MODEL NO. 
18W/8541 
18W/8542 
18W/8543 P 
18W/8544 K 
21W/8552 C 
21W/8553 P 
25W/8561 
25W/8562 C 
33W/85682 

SIZE SPL 
6V2" 90 db 
6V2" 90 
6V2" 90 
6V2" 90 
8" 92 
8" 92 
10" 94 
10" 94 
13" 95 

POWER V.C. fs 
65 (watts) 42 mm 27 Hz 
60 42 30 
100 42 34 
100 42 35 
100 42 24 
100 42 26 
100 42 29 
120 42 22 
150 63 20 

Vas Qt 
69 (litres) .17 
62 .23 
62 .25 
40 .27 
148 .20 
105 .27 
175 .38 
290 .26 
430 .16 

Upper Range 
2000 Hz 
3000 
3000 
4000 
2000 
4000 
1500 
1500 
1000 

SCAN-SPEAK woofers are available with paper cones, treated paper cones (C), polypropylene cones (P) and kevlar 
cones (K). 

Complete specifications are available from SCAN-SPEAK’s United States import representative: 

A & S SPEAKERS 
3170 23RD STREET 

SAN FRANCISCO, CA 94110 
(415) 641-4573 or FAX: (415) 648-5306 

SCAN-SPEAK 
Industrivej 27 

DK-9440 Aabybro 
Denmark 

Fast Reply HKD572 
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Kit Report 
Focal’s New Egg 
By David W. Davenport 

Three years ago I reviewed the Focal 280 
Egg and gave it a resounding thumbs-up 
(SB4/86). Since then Focal has been busy, 
making changes in an attempt to improve 
an already fine product. They have chang¬ 
ed the enclosure, updated the drivers, and 

redesigned the crossover—there's nothing 
left of the old Egg. Such extensive modifica¬ 
tions have rendered my recommendation 
obsolete, so a new review is in order. 
The new system, designated the Egg II, 

is similar to the first one in shape and size: 

16 inches high and 12 inches wide. The 
walls are somewhat thinner, resulting in a 
larger internal volume: .53 cubic foot ver¬ 
sus .37 cubic foot for the original. Improve¬ 
ments are obvious; the dimensions are held 
to tight tolerances, and everything fits as it 

should without any cutting or scraping. 
The interior of the heavyweight fiberglass¬ 
resin casting is coated with a dense damp¬ 
ing material, making it as acoustically inert 
as its predecessor. The face of the enclo¬ 
sure is molded to accept Focal's tweeters 

and 7-inch drivers. 
A dual-coil, bass-midrange driver is rec¬ 

ommended for this system. Focal uses 
the two coils as if they were separate driv¬ 
ers sharing a common cone, which allows 
crossing over to two different frequencies 
on the same unit. The two coils work to¬ 
gether in the lower range, while only one 
is effective in the midrange. An increased 
efficiency and a simplified crossover is 
claimed for the dual voice coils as com¬ 
pared to a design employing two separate 

drive units. 
Focal makes three different 7-inch dual¬ 

coil units—the 7C014-DBE, 7N412-DBE, 
and 7K011-DB—that will fit the Egg recess. 
All these drivers share the same high qual¬ 
ity cast aluminum frame, butyl-rubber sur¬ 

round, and apparently the same motors. 
The difference between these drivers is in 
the cone material. The 7C014-DBE is made 
of cellulose fiber, the 7N412-DBE of Neo¬ 
flex, and the 7K011-DB of Kevlar. 
The 7N412-DBE is an upgrade of the 

7N402-DBE used in the original 280 Egg, 
the only differences being the cast alumi¬ 
num frame replacing the stamped steel 
one, and a new vented dust cap. Focal says 
Neoflex has a lower density than any other 
plastic material currently used for driver 

cones. For this one they claim excellent 
dispersion, linear response, and a smooth 

rolloff. 
The 7K011-DB is a new addition to 

Focal's driver line. The "K" designates its 

Kevlar cone, a space-age synthetic used in 

bullet-proof vests, which Focal believes is 
lightweight, stiff, and has high internal 
damping. It is a sandwich of two layers of 
Kevlar cloth bonded together by a com¬ 
pound of synthetic resin and micro balls of 
foam. Improved dispersion and excep¬ 

tional transient response are two charac¬ 
teristics claimed for this driver. 

Focal's tweeters all have concave domes 
made of impregnated fiber cloth. These 
tweeters' voice coils are smaller than their 
foam surround suspension domes. Accord¬ 
ing to Focal, the radiating area of their 
tweeters decreases as the frequency in¬ 
creases and tends to be a point source 
radiator. They claim the concave dome 
can disperse a greater amount of acousti¬ 
cal energy and has a superior off-axis re¬ 

sponse. Focal'solderT120tweeters, which 
are still available, have fiberglass domes. 
A new tweeter, the Kevlar domed T120K 
looks the same as the old T120. Focal 
claims higher sensitivity for the fiberglass 
domes and extended frequency response 

for the Kevlar types. 
I mixed and matched drivers for my 

evaluation, using both the old T120 and 
new T120K tweeters, and 7N412-DBE and 
7K011-DB bass-midrange drivers. The 
combination of T120 with the 7N412-DBE 

gave me something similar to that used in 
the original Egg for a reference, while the 
combination of the T120K with the 7K011 -
DB gave me an opportunity to hear the 
latest of Focal's technology. 

Figure 1 shows the crossover Focal sug¬ 

gests for use with the Egg. Both coils of the 
dual-coil woofer are fed through (different) 
first-order filters, one designed to augment 
the other. The impedance compensation 
for the woofer is not part of the crossover 
as recommended by Focal; rather, it is an 

improvement I added as a result of my lis¬ 
tening evaluation. The high-pass section 
is a fourth-order filter coupled with parallel 
LC and RC networks to shelve the level, as 
well as provide some shaping and taming 
of the high frequencies. 

Focal does not provide a kit for this cross¬ 
over—you're on your own. As always, I 
strongly recommend that you use only the 
best quality components. I built the cross¬ 
over with air core inductors and metalized 
polypropylene capacitors. I bypassed the 

large capacitors with WonderCaps to 
achieve the correct value as well as im¬ 
prove sound. For example, I used a parallel 
combination of 4/xF, .68/xF, and .02gF to 
achieve the value of 4.7/rF. Focal imports a 
custom-made 4.7^F polypropylene capac¬ 

itor if you would prefer a smaller package. 
Focal provides ABS pipe for the vent, 

driver gaskets, socket head screws, and 
heavy-duty binding posts with each enclo¬ 
sure. The binding posts are impressive, 
machined from solid brass. 

Constructing the Egg II_ 
The Egg II is designed as a vented system, 
with a 2-inch hole in the back of the enclo¬ 
sure to accept the vent, which consists of 

FIGURE 1 : The recommended crossover has a first-order filter for each coil of the woofer, and a 
fourth-order for the tweeter. 
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two pieces of 2-inch ABS plastic pipe joined 
by a right angle. After a little experimenta¬ 
tion, I found the adhesive used by plumb¬ 
ers for this type of pipe worked best for in¬ 
stalling the duct. Focal provides a rubber 
grommet to seal and finish the joint; I dis¬ 

carded it and recommend that Focal save 
their money and yours by not providing 
it. I sealed the joint with Plastic Lead, a 
compound plumbers use. It hardened to 
form a perfect, smooth transition from pipe 
to Egg. 

If you choose to build the Egg II as a 
sealed system, you must find some sort of 
2-inch plug to fill the hole. I think Focal 
could have picked a better color for the 
Egg; it is a medium-dark grey. However, 
this can be easily remedied with a coat of 

fiberglass paint in your favorite color. 
Line the rear and sides of the interior 

with a 1-inch-thick layer of Dacron batting. 
Y ou don't need any more than this because 
of the geometry of the enclosure. 

The Crossover 
If you use top-quality components as I 
recommend, you have a problem. The air¬ 
core inductors and polypropylene capaci¬ 
tors are very large. A crossover using these 
components is too big to fit inside the Egg. 
Rather than build a small one with inferior 
components, I mounted the crossover in its 
own external box. 

Solder the wires to the drivers and mount 
them in place using the supplied Neoprene 
gaskets. Seal the screw heads with a little 
adhesive to block leaks. 

Listening to the Egg II 
In light of its heritage, I had great expecta¬ 
tions for this speaker. I must admit there 
were some disappointments as well as an¬ 
ticipated successes. Rather than review a 
single offering, I evaluated several com¬ 
binations of drivers and crossovers, result¬ 
ing in specific recommendations to obtain 
the best sound. 
The first version I built included the 

T120K and 7K011 -DB. Anxious to hear the 
Egg Ils, I substituted them in my system for 
the originals. The family resemblance was 
immediately obvious. I didn't need the 
usual acclimation period; however, to be 
fair, I gave them the same two-week break-

in that I allow for any speaker. I used the 
time to experiment with room placement. 

Listening room location was not as crit¬ 
ical as with some other systems; however, 
their placement relative to the listener is 
very important. Optimum position is about 

six feet apart, sitting two feet from the wall, 
with each speaker pointed directly at the 
listener and elevated so that the top of the 
woofer is at ear height. This provides a 
solid image with the soundfield in the 
plane of the speakers. Although the "sweet 

spot" was limited, the image outside this 
area was good, with no tendency to beam. 
When the speakers were toed in too much 
or not enough, everything seemed ' 'bigger 

PHOTO 1 : The Focal Egg is a small two-way speaker that may be constructed as either a sealed 
or vented system. It uses Focal’s 20mm inverted-dome tweeter and 7-inch dual-coil woofer. 

than life " in a plane about two feet in front 
of them. 

As with every speaker I evaluate, I exper¬ 
imented with tilting the enclosure. Slight 
differences in tilt can have a noticeable ef¬ 
fect, so I carefully measure the vertical 
angle using a protractor. To achieve the tilt, 
I placed varying shim thicknesses under 

the enclosure front edge. Eight degrees 
back from vertical was optimal; the ' 'plane 
of sound" dissolved and a three-dimen¬ 
sional soundstage emerged.The correct an¬ 
gle was elusive; two degrees either way de¬ 
stroyed the effect. When the enclosure was 

tilted six degrees, the image and sound¬ 
stage were pretty good, but the sound was 
rough and gave the impression of too much 
going on. With a ten-degree tilt, the sound 
was smooth, but it was difficult to correctly 
place instruments in the soundstage. 

Having completed the break-in period, 
I was ready to start my detailed evaluation. 
Since I had so many different things to in¬ 
vestigate, I decided to concentrate on each 
part separately, listening to the contribu¬ 
tion of a single component and isolating its 

effects before moving on to the next. I 
started by focusing on the woofer that I had 
installed first, the 7K011-DB.OÍ course a 
woofer cannot be listened to in isolation; 
the enclosure has a lot to do with its perfor¬ 
mance. The bass produced by this half-

cubic-foot speaker is impressive. It's not a 
lease breaker, but it is reasonably deep and 
well-behaved. Although lacking the very 
deep bass, it was clean and exhibited no 
hint of the mid-bass hump you hear so 
often in speakers of this size. 

Moving on to the upper bass and lower 
midrange, I was disappointed. An aberra¬ 
tion conveyed an overall ' 'dark' ' cast to the 
sound. While only slightly noticeable on 
most material, it was particularly obvious 
on spoken male voice. I spontaneously 

wrote "dirty—Arrrgh—cardboard" in my 
listening notes. This is particularly ironic 
since spoken male voice was one of the 
strong points of the original 280 Egg. 

The Culprit 
I couldn't be sure what was causing this 
character in the sound. Was it the woofer, 
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the crossover, or the enclosure? I pro¬ 

ceeded to isolate the culprit. Substituting 
the F280-DBO crossover from the original 
I quickly eliminated the crossover from 
suspicion. I returned the new crossover to 
the system so as to have only one variable. 
I then replaced the woofers with 7N412-

DBE drivers. It was immediately obvious 
that the problem was gone. After a break-
in period for the new woofer, I listened to 
see if the baby had been thrown out with 
the bath water. Such was not the case. The 
sound was essentially the same as pro¬ 
duced by the older 7N402-DBE. I was not 
surprised since, except for the dust cap and 
cast frame, the two drivers are identical. 
Happy with the woofer, I proceeded to 

the tweeter. No disappointments here; the 
tweeter performance was superlative. Solo 

piano provided a good example of its ex¬ 
cellent definition and clarity. I could hear 
the individual strings vibrate within a sus¬ 
tained chord. Sometimes good definition 
and clarity are accompanied by hardness 
or glare. In this case, however, the presen¬ 

tation had a nice sheen, without a hint 
of hardness. The sound was delicate and 
sweet, with a light airy quality. The T120K 
is a much better driver than its predeces¬ 
sor, the T120; it is sweeter, and more open. 
As a matter of course, I attach a felt 

diffraction ring around any tweeter that 
doesn't have one. I have never found a case 
where it doesn't help, if only a bit. Even 
though the egg shape reduces the effects of 
edge diffraction, the drivers are mounted 
on a flat surface molded into the face of the 

enclosure. The wavelength of the high fre¬ 
quencies produced by the tweeter are short 
enough to be affected by the edge ; and sure 
enough, the felt ring had a very slight but 
noticeable effect, smoothing the high fre¬ 
quencies by eliminating a barely discern¬ 

able time-smear. Detail in the treble was 
also improved. 
I found nothing wrong with the cross¬ 

over. As recommended by Focal, it did not 
include impedance compensation. I have 
always had good results using impedance 
compensation for a woofer, so I decided 
to experiment. Adding the RC networks 
across the driver [Fig. 1 ) made a noticeable 
improvement in the sound; it was cleaner 
and more open, with better definition and 

focus. 
How does the new crossover compare 

with the original F280-DBO? Differences 
are subtle. I had to listen for quite a while 
to identify them. At first I thought I pre¬ 
ferred the old crossover; it was a little 
smoother and fuller. But the new crossover 

was more detailed and cleaner. In the final 
analysis the new crossover is superior be¬ 
cause it is more accurate. 

Focal explicitly designed the Egg II as 
a vented system. However, I wanted to lis¬ 
ten to it as a sealed system, so I plugged 

the vent. Not surprisingly, the bass was 
markedly weakened. Although the charac¬ 
ter of the bass was not bad, it was thin 
and constrained. On the positive side, the 

sealed system produced an incredible 
soundstage with excellent instrument posi¬ 
tioning, front-to-back as well as side-
to-side. Although I can’t recommend the 
sealed Egg II as a stand-alone system, it is 
definitely a contender as a satellite in a sub¬ 
woofer system. 

F280 Update_ 
If you own one of the original plaster eggs 
with a 7N402-DBE and T120, you may be 
wondering about updating them. The 280 

is still a fine speaker, so don't feel you need 
to update. Replacing the tweeter with the 
T120K will make the biggest difference. 
The crossover is less certain. If you don't 
replace the tweeter, don't bother to replace 
the crossover. The differences are subtle, 
and to obtain the maximum benefit from 
the new crossover you need the new 
tweeter. The 7N402-DBE is similar enough 
to the 7N412-DBE that I don’t advise re- j 
placement. This is fortunate because the 
chassis shape is different on the two driv¬ 

ers, which would require some plaster 
sculpturing for the old egg to accept the 
7N412-DBE. 

Conclusions_ 
I recommend a vented Egg II built with a 
7N412-DBE woofer and T120K tweeter. 
For best sound, incorporate impedance 

compensation in the crossover and use a 
diffraction ring around the tweeter. And of 
course, use only the highest-quality com¬ 
ponents for the crossover—it really makes 
a difference. If you plan to use the speaker 
as a satellite with a subwoofer, you should 

consider a sealed enclosure; otherwise, 
build a vented system. 

The Egg II cannot be classified in terms 
such as "East Coast," "West Coast," or 
"British. ' ' Having no noticeable peaks or 
valleys in its frequency response to cause 
coloration, it is neutral. The unit is excep¬ 
tionally detailed and transparent as well as 
analytical and revealing. The vented sys¬ 
tem performed admirably on all types of 
music, but particularly well on solo voices 
or instruments, and small groups. At the 

other end of the spectrum, large orchestras 
were well balanced, massed strings were 
smooth, and the soundstage was realistic. 
Three years ago I said the 280 was the 

best small full-range speaker I had heard. 
I have listened to some excellent systems 

since then, but Focal has kept up with the 
progress, and I believe the Egg II now holds 
the honor of ‘ 'best of breed. ' ' 

Prices for the Egg enclosure are in the 
range of $100 each. Depending on your 
choice of drivers and crossover component 
quality, total parts for a pair (including en¬ 
closures) should run $500-$525. The 
manufacturer's US representative, Focal-
America (1531 Lookout Dr. Agoura, CA 
91301), is available to answer questions; 
however, they do not sell direct to the 

public. Refer to the many advertisements 
in this magazine for dealers carrying Focal 
products. 

Reference. 

New to the USA, this precision 
measurement standard microphone is 
ideal for speaker tuning and alignment, 
sound system calibration, sampling, live 
sound recording and environmental 
analysis. Features a 5mm diameter 
omnidirectional electret capsule, 200 
ohm transformer balanced output, 
9-48V phantom power operation. 
Frequency response 20-20,000 Hz ^.1 
dB, individual calibration for output 
level ond frequency response supplied. 
Manufactured in Germany by MB 
Electronic. With padded case and 
stand clamp, $250. 

Write or call for information on this and 
our other professional condenser 
microphones including the new C-603 
series of interchangeable capsule 
mies... or ask your audio dealer. 

JOSEPHSON ENGINEERING 
3729 Corkerhill, 
Son Jose, Colif. 95121 
(408) 238-6062 

Fut Reply »KD3M 
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Craftsman’s Comer 

Symmetrical Satellite 
Upon reading Jean Margerand's excellent 

article on symmetrically loaded woofers 
("The Third Dimension: Symmetrically 
Loaded" SB 6/88, 1/89) I decided to build 
a stereo pair to complement my Kef B110/ 
Dynaudio D28, D'Appolito type satellites. 
Having never built a vented system of any 

kind, I thought this would be an interesting 
challenge. 
I decided to use the Eclipse W1246R 

woofer. After a few hours with a calcula¬ 
tor, I came up with the data for these driv¬ 
ers. I converted the metric data to inches 
to simplify building with my standard car¬ 
pentry tools. 

The cabinets are made of % " high-density 
particle board covered with black plastic 
laminate. The top (front) compartment lid 
is removable, being attached with counter¬ 

sunk wood screws and sealed with self-
adhesive foam weatherstrip. This gives me 
access to the vented compartment and will 
allow port or driver changes. The bottom 
(back) compartment is lined with Dacron 
on all sides while the front compartment is 

lined on three sides. I may try fiberglass in 
the front compartment since I understand 

PHOTO 2: The satellite with the D28AF (flat 
range) tweeter before the D28 (horn loaded) was 
installed. 

PHOT01 : Hickerson’s satellite system, viewed from the listening position. 

it is more suitable for suppressing un¬ 
wanted midrange output. 
I recommend a minimum of one hard¬ 

wood brace across the cabinet lid and one 

brace from the baffle to the bottom of the 
cabinet. More liberal use of bracing, wood 
screws and caulking should pay off in the 
long run. 
The completed subwoofers are 28 inches 

high and place the satellites' tweeters at ap¬ 

proximately ear level for a listener. I posi¬ 
tioned the subwoofers with their ports fac¬ 
ing the long wall of my 15 x 24-foot listen¬ 
ing room. The cabinets are approximately 
five inches from the wall behind them. 

The satellites are built following Joseph 
D'Appolito's design ("A High Power Satel¬ 
lite Speaker," SB 4/84) with a few changes. 
The cabinets are made of % " medium den¬ 
sity fiberboard (MDF) covered with black 
plastic laminate and lined with % " of roof¬ 
ing felt. The baffles are also MDF with the 

outside edges rounded and painted with 
gloss black spray paint. The baffles are held 
in place with a thick bead of black RTV 
silicone. 

I built passive second-order 100Hz high-
pass crossovers for the satellites. About 

20% of the total capacitance is Solen poly¬ 
propylene. After a few days of listening I 
realized the bass was boomy in the cross-

DATA FOR ECLIPSE W1246R 

S = .5 
VF = 74.5 liters 
Fl = 22Hz 
Qt = .9716 
PA = -5dB 
Fh = 95Hz 
VB = 100.5 liters 
Dv = 10cm 
Lv = 11.3cm 
Fo = 41 Hz 

over region, particularly on rock record¬ 
ings. Upon reversing the subwoofers' po¬ 
larity, the bass became much smoother 
and more natural sounding. 
I must admit, when starting the sub¬ 

woofer project I had no idea what the re¬ 
sults would be. To check my ability to cal¬ 
culate the front and rear volumes and port 
dimensions I recalculated for a few of the 

drivers Margerand gave in his chart. When 
my results were consistent with his my 
confidence grew. After completing the sys¬ 
tem and performing minor fine-tuning to 
damping material, and so on, I believe 
symmetrical loading works, and works 

quite well. 

PHOTO 3: Junction box containing passive high 
pass for satellites. 
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PHOTO 4: Subwoofer lid removed exposing 
front chamber, vent and front of woofer. 

PANEL DIMENSIONS 

4 Side panels 24 x 26'/2 inches 
4 Panels (to be used front and back) 19 x 261/2 

inches 
4 Panels (to be used top and bottom) 19 x 251/2 

inches 
2 Speaker baffles 17’/2 x 24 inches 

Lacking test equipment other than my 
ears I can say the bass sounds powerful and 
well controlled. The lowest organ pedal 
notes are loud and clear, assuming these 
terms can be used for something that is 

probably too low to hear. 
Future improvements to this system will 

probably include bi-amplification, more 
cabinet bracing, heavier cable than the 16-
gauge zip cord I am now using, and changes 
in cabinet damping materials. 

I look forward to hearing whether other 
readers have had similar results using sym¬ 
metrical loading. Without Speaker Builder 
I would not have known how to approach 
a project such as this. 

Rod Hickerson 
Portland, OR 97206 

Camp’s Big Dipole 

I would like to share my latest loudspeaker 
system, a dynamic dipole consisting of 
twelve 10" Philips woofers, four 50mm 
Jordan modules and one Focal T120KF/8 
tweeter per panel. 
The panels are 26" W x 65"H x 4*¿"D 

and are constructed of 1 " medium density 
fiberboard (MDF) with 2x2 and 1 x 2 fir 

bracing. The panel bottoms are 2" thick. 
Each panel is supported by two %" x 3" x 
20" long steel plates which are drilled to ac¬ 
cept three 2 % " x % " diameter lag bolts each. 
Inset one inch from the front and rear of 

each footing is a tapped hole which is 
fitted witha l/4x l‘¿" long alien head bolt 
with the end ground to a point to act as a 
speaker spike. 

I used twelve 10" woofers for each panel 
due to the volume displacement required 
to produce real bass from a dipole and to 
ensure low distortion and no signal com¬ 
pression. In order to maintain flat response 
to Fs I have a 12dB/octave boost at 20Hz, 
and Q = 1 in my electronic crossover. Each 
woofer has a QT of 0.8 and an F5 around 
30Hz. A Qt of 0.8 maintains level re¬ 
sponse down to Fs. 

The bass boost is required to equalize the 
1 rolloff of 6dB/octave which occurs 

PHOT01 : Camp's 17 driver per channel dipole 
uses twelve Philips woofers, four Jordan mid¬ 
ranges and a Focal tweeter. 

Vieta woofers from Spain 

Fast Reply »412 

1828 W. Peoria 

Phoenix, AZ 85029 

The Best Products 
Knowledgeable Service 
At The Right Price! 

Specializing in Speaker & 
Crossover Design 

DUALITY DRIVERS 4 HORE 

Accuton 
ceramic concave 
Dome Drivers 

State of the Art technology 
from Germany 

Focal - Audax - Morel - Solen Coils - WBT - Edison Price Music Post 
are just a few of the many lines we stock 

We Help You 
Make Speakers Right!! 

X» 
morel 

Ak 
SCR metallized 
polypropylene 

capacitors 

aq 
audioquestl 

Audioquest cables, 
connectors & 
accessories 
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BANDOR 
MINIATURE LOUDSPEAKERS 

DESIGN & MANUFACTURE OF 
MINIATURE LOUDSPEAKERS ANO SYSTEMS 

The new BANDOR full- range drivers allow the 
construction of high performance loudspeaker systems 
without a crossover in the critical mid-range A simple 150 
or 300hz crossover is all that is necessary' Because of their 
ultra low mass the BANDOR miniature loudspeak¬ 
ers provide seamless musical audio reproduction at ex¬ 
ceedingly low distortion levels 

Call or write today for additional information on this excit¬ 
ing new driver 

• 2 meh flared aluminum cone 
• 3A inch voice coil 
• 2 0 grams total moving mass 
• 4 8 & 16 ohm versions available 
• High power handling 25 & 35 watt continuous 

power ratings 
• Large magnet structure 
• Butyl rubber surround 
• Unique spider ■ it has it s own foam rubber 
suspension 

• High quality finish and construction 

• Suitable for one two and three way systems 
• May be used in line array configurations for 

exceptional power handling and dynamic re 
sponse 

UNLIMITED APPLICATIONS 
IN QUALITY 

HOME • VIDEO • MOBIL • PUBLIC ADDRESS 

Distributed by Drexler Corp 

Yexler 
J AUDIO SYSTEMS 

14 Rose Lane 

Rosemont, PA 19010 

Phone 215-527-6015 

Sole US agents for BANDOR Modules 

Fast Haply HKD219 

RXA1. 

Fast Haply HKD568 

FERRITE/BOBBIN 

LOW DCR 

INDUCTORS 

with 18, 16, or 14 gauge 

2442 28 th St., S.W., Suite D 
Wyoming, Ml 49509 

(616) 534-9121 FAX: (616) 534-7676 

») 
morel 

DIO €CUPS€ 

Veton 

HIGH FIDELITY 
SPEAKER 

COMPONENTS 
STOCKING THESE 
POPULAR DRIVERS 

aupax) 

PHOTO 2: White grille cloth covers the driver array on the right unit of the pair. The dipoles flank 
a handsome equipment cabinet almost five feet high. 

around 100Hz for my panel dimensions. 
The low-pass section is a DB Systems 36dB/ 
octave electronic crossover at 150Hz feed¬ 
ing a Harman-Kardon Citation 16 power 
amp. The high-pass section feeds an Audio 
Research D-52 power amp. I used a 6dB/oc-
tave passive crossover between the Jordan 
and the Focal tweeter at 5kHz. 

For all internal wiring I used 14-gauge 
solid core. The cabinet side pieces are solid 
red oak with rounded edges. I mounted all 
drivers using silicone rubber. 

The bass section cost is not too bad since 
the 10" Philips units are available for $ 10 
each through Zalytron. The Focal tweeters 

were $100/pair, also from Zalytron. The 
Jordan modules must be ordered from Eng¬ 
land for $75 each, and are wired in par¬ 
allel to match the efficiency of the Focal 
tweeter. You need no resistors to damp the 
tweeter but please use a high current amp 

to handle the low impedance. The woofers 
are wired in three sets of four in parallel; 
then the sets are wired in series {Fig. 1). 
The sound meets all my expectations. 

Bass is tight and powerful, and on a good 
CD, sounds real. Soundstage, definition, 
and distortion are all excellent using the 
four Jordans and the Focal tweeter per 
panel. 
Anyone using the Jordans may be sur¬ 

prised how much better they sound when 
operated in a dipole. Make sure you use a 

high slope crossover to protect them from 
over-excursion. They require a very good 
tweeter to reproduce the upper frequen¬ 
cies and the Focal is a good choice. Without 
the Focal the system will sound somewhat 
dull and lacking in "air. 1' 

Robert Camp 
The Woodlands, TX 77381 b 

PHOTO 3: The red oak sides of the panel are supported by lateral dowels which also secure the 
wiring. 
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CATALOG CORNUCOPIA 

Speaker Builder’s Catalog Cornucopia is designed to make it easy 
for you to obtain the parts you need for your audio construction pro¬ 
jects. Analog multimeters to zener diodes can be shipped directly to 
your home from the companies featured below. 

On the order form simply circle the number for each catalog you wish 
to receive, write down your magic number, and mail the form to us, 
including a check or money order for the catalog’s cost (if applicable) 
and $1 for handling. Choose as many different catalogs as you’d like. 
Your catalog will be sent directly to you from each company. 

1338: ITT Cannon 
FREE to Speaker Builder readers—the newly 
updated ITT Cannon product guide to audio 
connectors. These connectors are known for 
consistent dependability, ultra-quiet operation 

and the elimination 
of EMI/RFI interfer¬ 
ence. Catalog also 
includes detailed 
specifications on a 
full range of Can¬ 
non audio connec¬ 
tor accessories and 
tooling that makes 
any assembly sim¬ 
ple. Free. 

1332: Crutchfield 
FREE to Speaker Builder readers—the Crutch¬ 
field catalog featuring 
video equipment. Low, 
and home equipment 

the latest stereo and 
discount prices on car 
from Sony, Pioneer, 

JVC, Proton and 
more. Plus, raw 
drivers (MTX, Pyle, 
etc.), crossovers, 
and lots of ac¬ 
cessories. Video 
and telephones, 
too. Over 100 full¬ 
color pages com¬ 
plete with descrip¬ 
tions and specs. 
Free. 

1331: Kepro Circuit Systems, Inc. 
Speaker builders deserve the highest quality 
and best performing electronic circuits that can 
be developed by the hobbyist. Kepro Circuit 

Systems is your 
one-stop source 
for etched circuit 
products including 
equipment, copper 
clad laminates, 
chemicals, PC kits, 
and art and graphic 
supplies. Call toll-
free 800-325-3878. 
Free. 

1337: Old Colony 
In addition to kits, parts and modifications from 
articles in Audio Amateur and Speaker Builder, 
we offer a wide selection of books, loudspeaker 
design software, test records and CDs, gold-

plated connectors 
and audiophile 
quality cable. For 
1989 catalog use 
order blank or call 
(603) 924-6371. 
Free. 

-You’re Invited to use this coupon 

Catalog Cornucopia, Audio Amateur Publications 
PO Box 576, Peterborough, NH 03458 

Please send me the catalogs checked below. I am enclosing $_ 

□ 1331 □ 1332 □ 1337 □ 1338 

NAME MAGIC NUMBER 

ANNOUNCING 
NEW CAD SOFTWARE 

to 

ko' Old Colony 
Sound Lab 

P0 Box 243, Dept. OCO, Peterborough, NH 03458 

CALSOD 
Computer-Aided Loudspeaker 

System Optimization and Design 
by Witold Waldman 

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

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

ing the summed response and acoustic phase response 
of the entire system. 
The CALSOD program comes on a single 360K 

floppy, and requires one directory and two subdirec¬ 
tories in installation, plus access to the DOS GRAF-
TABL file, which it uses for a couple of special sym¬ 
bols. The 133-page User Manual, provided on a sec¬ 

ond disk, is well written and adequately describes the 
various program functions and contains an excellent 
tutorial example, which demonstrates the use of the 
program. The files for the worked example contained 
in the manual also come on the program disk, so users 
can follow the design process and use and modify the 
files as they learn the procedures. 
CALSOD V.1.20D is now available at a reduced 

price for a new Standard version at $65 postpaid in 
the USA with a manual on disk. Two 5%" 360K 
DSDD disks supplied. Add $2.50 for 3% " 720K disk. 
Add $5 for delivery outside the USA. MC/Visa Credit 
Cards acceptable via phone or FAX. Call (603) 924-
6526 or 924-6371M-F, 9-4 EST. FAX: (603) 924-9467. 

ORDER BLANK 
_ IBM (CAL-2B6) 5W" 
_ IBM (CAL-2B4) 3W" 

$65 $_ 
$67.50 $_ 
TOTAL $_ 

ADDRESS 

CITY STATE ZIP 
□ Not a subscriber 

Offer expires Jan. 31,1990. Please allow 4*8 weeks for delivery. 

NAME 

STREET & NO 

CITY STATE ZÏP 
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THE AMAZING 1” 
ALUMINUM DOME 
REVERSES ITSELF 

To be driven by a 3/4" voice coil bathed 
in heat-dissipating magnetic fluid. The motor 
weighs 22 oz. and dominates the 1 /8" height 
coll with its powerful field. The result: Lin¬ 
ear response from 1500 IIz to 25KI Iz. 

Married to the long-throw, low-
resonance (26 Hz) doped paper woofer the 
result is a system of monitor quality and 
puritan simplicity. Add a carefully designed 
10" passive cone radiator to extend flat bass 
response to 30 Hz in a 2 cubic foot enclosure. 

Tweeters.$38.°° 
8” Woofers.$52. 00

10" Passive Radiators.$24.00

All peripheral supplies & detailed 
information are available. 

To order call: 

(603) 749-1904 
or mail the attached order form to: 

LRS ELECTRONICS 
P.O. Box 1256 
40 Maple Street 
Dover, NH 03820 

I'm excited!!! Please ship me: 

_Aluminum Dome Tweeters ®$38.“”ea. 

_8" Woofers ®$52.""ea. 

_10” Passive Radiators 
(w/cablnet designs) ® $24.““ ea. 

Shipping: $3.°°/50* Each additional piece 
UPS Next Day Air Available 

Payment Method: 
□ Check/Moncy Order enclosed 
□ MasterCard or Visa 

(Card users please enclose: Name on card. 
Card number and Expiration date.) 

SIGNATURE:_ 

NAME: -

ADDRESS: -

Tools, Tips & Techniques 

HOT WIRE 
Here's a good way to remove cable in¬ 
sulation without damaging the conductor. 
First, bend the cable into a U. Then heat 

up a knife blade (preferably an old one). 
Press the knife to the outside of the U and 
it will melt through the insulation. Avoid 
a sawing motion. The light pressure 
needed to push the hot blade through the 
insulation ensures the conductors remain 

intact. Bend the cable the other way and 
repeat the procedure. Do this all the way 
around, then pull off the insulation. This 
also works well for removing the inner 
and outer insulation of coaxial cable. 

Bryan T. Frane 
Orinda, CA 94563 

PRECISE L-PADS 
I have put together a formula to determine 
resistor values in an L-pad attenuating cir¬ 
cuit. The formulas I have seen determined 

the final impedance match exactly, but the 
attenuation has been off by a decibel or 
more. 

This first one determines the impedance 
of R2 and the load in parallel: 

RT = (I/IO*720) X RL 

By subtracting the result from the load (in 
ohms) you establish the value of RI : 

RL - RT 

To determine the value of R2: 

(RL/((RL/RT) X (RL - RT))) x RL 

The result will be exact. To check the 
answer by the voltage ratio: 

RT/RL = V0UI/Vin

And in decibels: 

20 log Voui/Vi„ 

Where: 

A = attenuation in decibels expressed as a 
positive number. 

RL = Load Resistance 
RT - (R2 x RL)/(R2 + RL) 
RI, R2, RL, RT are expressed in ohms. 

Kurt Klockeman 
Fridley, MN 55432 

FAST FINISH 
You're nearly finished with a speaker 
project and all that remains is to put a fin¬ 
ish on the enclosure. You need something 

inexpensive, relatively simple and mess-
free, that won't arouse any more of your 
wife's ire. 

I was in a similar situation when a solu¬ 
tion came to me: contact paper. Its low 
cost (794 per yard) and ease of applica¬ 

tion make it ideal. Contact paper comes 
in different colors and patterns, including 
many attractive "wood veneer" designs. 
On the negative side, it is not durable be¬ 
ing subject to scratches and peeling. 
The solution? A coat of clear spray 

acrylic gives it a tough protective layer, 
and with a spray, we have no brushes to 
clean afterward. 
Make sure the enclosure surface is 

smooth, clean and dry. Apply the contact 
paper as smoothly as possible on the 
enclosure surface, using some traction 
when wrapping corners so it will make 
good contact, and flatten any wrinkles. 
(Recruit a helper.) Overlap your starting 
point since it adheres better to itself than 
to wood. Cut the edges as straight as 

possible. 
Place your enclosure (s) on tarpaulins or 

newspapers and spray liberally. Allow to 
dry for 24 hours. I used Martin Paints 
#101 Clear Acrylic Spray Enamel (quick 
dry exterior). You'll be amazed how 
tough, protective, shiny and good look¬ 
ing just one coat is. It looks and feels like 
a quality Varathane finish. Apply some 
Crazy Glue to any loose edges. For more 
protection, apply additional coats. 

Of course, there will be some odor, but 

I found it tolerable and, with the win¬ 
dows open, the fumes dissipate fairly 
quickly, leaving no lingering smell. [A 
window fan is a safer idea if you are work¬ 
ing indoors.—Ed.] 

Angel Luis Rivera 
Brooklyn, NY 11204 
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Start reading 

you’ll soon be 
design. - UVJiyi I 

writing us letters C— past twenh past twenty years. 

just like these 

And this is only a fraction of what 
Audio Amateur has been doing for 
thousands of readers during the 

are thousands more like her who've been turning 
garden variety preamps into something really 
special by replacing the power supply, upgrading 
the components, or actually improving the circuit 

Sure, high tech audio has its share of mystery, hype 
and mystique. But all that clears up when you ven¬ 
ture with us behind the front panel. At first, you may 
be satisfied to just look around, and check things out 
with the schematic. Very soon, you’ll begin to 
understand what that mumbo jumbo is all about. 
Then whenever you like, you can start improving 
your system’s performance in ways that mass pro¬ 
duction doesn’t allow. 

If that sounds overly optimistic, read that first quote 
again. It’s from a reader who had never 

“I never realized that an absolute novice like 
me could really get into the electronics of my 
music system and make changes that would 

improve the sound so dramatically. ” 
Gayle Farris, Denver, CO 80216 

“I scratch-built the last PAS with certain 
modifications...a much more stiffly regulated 

heater circuit, and one cathode follower 
tube function in the RIAA stage...and it 

sounds great. ” 
Zoltan Gal, Gyor Hungary 

“The servo article (by Brian Clark) is now my pet 
project, and I’m trying to apply it to my PA Audio IV 

H preamp...it would allow me to eliminate three 
100uF aluminum electrolytics from the signal path. ” 

S. F. Lataros, Nazareth, PA 18064 

We’ve done it in part by publishing authoritative 
articles about audio technology by people who have 
improved their own systems. Most often, they’re non¬ 
audio engineers who recognize that there are better 
ways to reproduce sound than commercial products 
allow. We also publish original designs as good or 
better than those on the market—and always at far 
lower cost. We always tell you where to find the 
parts you need. Not surprising, there are specialist 
suppliers who offer kits based on the articles. 

But it’s not all “work.” You'll meet the who’s who 
in audio. You’ll enjoy the lively exchange of ideas in 
our reader letters. Audio Aids is a forum where 
readers share their tricks and ideas. Booktalk has 
reviews of old and new audio books. And you’ll learn 
about all that’s really unusual among the new. Our 
free classified ads for subscribers and audio clubs 
provide a great meeting ground. 

All this will lead you to hours of hands-on pleasure 
and listening with a satisfaction you had never ex¬ 
perienced before. But that's not all. You'll find that 
new venture so engrossing you’ll wonder what hap¬ 
pened to all that stress. 

It’s easy to get started. Just have your credit card 
handy when you call us at (603) 924-9464, any work¬ 
ing day between 9 and 4. Or use the coupon. 
There’s nothing dated about Audio Amateur, so your 
subscription starts with the first issue of this year. 
And they’ll arrive in about six weeks. 

A J • a a J opened the back of a set, 
llfliA /> ‘ÉYl/J ■ never read a schematic or IK LI LU VJ plugged in a soldering iron-

before subscribing to Audio Amateur. And there 

AudioAmateur 
THE JOURNAL FOR AU DIOPHILE CRAFTS 

--------------q 

Send me Audio Amotour 
Post Office Box 576, Peterborough. NH 03458-0576 

□ one year for $20. □ two years for $35 
□ I’m enclosing a check/money order. □ Use my credit card 
I understand that my subscription will start with the first issue 
published in 1989 and each year’s subscription will end with the 
last issue of that year Canada: please add $4 per year postage 

MCA/ISA EXP SIGNATURE 

NAME 

ADDRESS (both mail and UPS) 

CITY STATE ZIP 



Technology Watch 
Electrostatic 

Loudspeaker Design 
By Peter Muxlow 

At least one major corporation, Philips 
Research Laboratories, shows a continuing 
interest in electrostatic loudspeaker (ESL) 
design. Mr. Streng, of Philips, has recently 
published a paper relevant to ESL design. 1 

He has also applied for a patent.2

Electrostatic loudspeakers usually have a 
large diaphragm area which enables them to 
radiate adequate power at low frequencies. 
This large area causes high frequency direc¬ 
tivity. To overcome this, Streng subdivides 
the electrode area of the ESL {Fig. 7). Each 

section is then driven via its own amplifier 
with its own cutoff frequency. Starting at the 
top, electrode area 1 receives the total band¬ 
width audio signal and radiates the full fre¬ 
quency range. Electrode area 2 receives its 

signal through a low-pass filter and amplifier 

and radiates frequencies up to 10kHz. Area 
3 receives its signal through another low-pass 
filter and amplifier and radiates frequencies 
up to 5kHz. And so on until areas 6a and 6b 
which are driven only to 100Hz. 

The effective radiating area of the speaker 

decreases as the frequency which controls 
the directivity of the ESL increases. When 
you subdivide the electrode area {Fig. 1 ), you 
face the problem of preventing diaphragm 
vibrations in one area (for example, area 1) 
from causing diaphragm vibrations in the 

surrounding areas (2 or 6). Figure 2 shows 
how this problem is solved. If area 1 dia¬ 
phragm is vibrating at 15kHz there will be 
no input to the non-inverting input of amps 

A2a and A2b as they don't come into opera¬ 
tion until below 10kHz because of the low-

pass filter. However, diaphragm vibrations 
from area 1 causing vibrations in area 2 in¬ 
duce a feedback signal at the inverting input 
of amplifiers A2a and A2b. 

These feedback signals are amplified and 
appear at both electrodes—area 2. This volt¬ 

age suppresses the original diaphragm 
deflection which originates from area 1. The 
high feedback in the high voltage amplifiers 
effectively switches off the parts of the 
speaker that do not receive any signal. 
Many readers will be interested in the 

omission of the costly step-up transformer. 
In its place, Streng uses optoelectronic cou-

Continued on page 81 

FIGURE 1 : A = amplifier, L = low-pass filter. Note: Cutoff frequencies for 
the low-pass filters are not referenced in the patent. These frequencies are 
arbitrary. 

FIGURE 2: Simplified subdivision of electrode into two areas. The two elec¬ 
trodes are driven in opposite phase with the aid of the amp gain (-1). 
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BOOKS from Old Colony Sound Lab 

builder's guides, general 

BKAA4 KILLER CAR STEREO ON A BUDGET.$19.95 
S-25 ELECTRONIC PROTOTYPE CONSTRUCTION .. $17.95 
MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS ... $8.90 
S-27 DESIGN OF OP AMP CIRCUITS.$12.95 
S-31 HOW TO READ AND INTERPRET 

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

PROJECTS FOR THE AUDIOPHILE.$10.95 
T-10 ACOUSTIC TECHNIQUES FOR HOME 

AND STUDIO .$18.95 

SOUND ENGINEERING, REFERENCE WORKS 

BKX-l PERCEPTION OF REPRODUCED SOUND.$35.00 
B-l LOUDSPEAKER AND HEADPHONE 

HANDBOOK.$97.50 
S-19 SOUND SYSTEM ENGINEERING.$49.95 
MH-1 HANDBOOK FOR ELECTRONICS 

ENGINEERING TECHNICIANS (2nd Ed.).$48.95 
PH-1 HANDBOOK OF SIMPLIFIED SOLID-STATE 

CIRCUIT DESIGN.$39.95 
S-28 HANDBOOK FOR SOUND ENGINEERS: The New 

Audio Cyclopedia.$79.95 
MH-4 AUDIO ENGINEERING HANDBOOK.$85.00 

TUTORIAL 

BKAA3/1 AUDIO ANTHOLOGY (Vol. 1).$16.95 
BKAA3/2 AUDIO ANTHOLOGY (Vol. 2).$16.95 
P-8 INTRODUCING MUSIC. $5.95 
S-29 PRINCIPLES OF DIGITAL AUDIO.$29.95 
G-l LIVING WITH HI-FI. $7.95 
D-l REPRODUCTION OF SOUND. $3.95 
D-3 MUSIC, PHYSICS AND ENGINEERING . $7.95 
MH-3 LEARNING ELECTRICITY AND ELECTRONICS 

THROUGH EXPERIMENTS.$12.95 
T-7 BASIC ELECTRONICS COURSE.$15.95 
S-4 UNDERSTANDING IC OPERATIONAL 

AMPLIFIERS.$12.95 

BUILDER'S guides, specific (cookbooks) 

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

LOUDSPEAKERS (see also sound engineering) 
BKAA2 THE LOUDSPEAKER DESIGN COOKBOOK.$19.95 
BKAA1 AUDIO AMATEUR LOUDSPEAKER PROJECTS .. $20.00 
W-l HIGH PERFORMANCE LOUDSPEAKERS.$34.95 
T-6 ELECTROSTATIC LOUDSPEAKER DESIGN 

AND CONSTRUCTION .$15.95 
S-ll HOW TO BUILD SPEAKER ENCLOSURES. $6.95 

GUIDEBOOKS AND DATABOOKS 

S-30 TUBE SUBSTITUTION HANDBOOK. $5.95 
P-1 THE PENGUIN GUIDE TO STEREO RECORDS & 

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

CASSETTES AND LPs.$14.95 
N-5 VOLTAGE REGULATOR HANDBOOK. $7.00 
N-6 UNEAR DATA BOOK 1.$16.95 
N-7 LINEAR DATA BOOK 2.$ 10.95 
N-8 LINEAR DATA BOOK 3.$10.95 
N-678 LINEAR DATA BOOKS (3-volume set).$35.00 

DICTIONARIES 

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

ELECTRONICS .$24.95 
P-2 DICTIONARY OF ELECTRONICS. $8.95 
U-l THE AUDIO DICTIONARY .$14.95 
P-3 A NEW DICTIONARY OF MUSIC . $8.95 

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 charge card orders under $10 add $2 service 
charge. Please add $1.75 for postage on the first book; 50C per additional book. 
For Canadian orders, please add an additional $4.50 for postage. For overseas 
orders, add 20% of the total cost of the order for shipping and handling. All remit¬ 
tances must be in US funds. Please use clear block capitals. NOTE: Prices are 
subject to change without notice Books are not returnable for exchange or credit. 

Qty. Book No. Price name MAGIC NUMBER 

STREET AND NO 

Postage $_ 
□ Check/MO □ MasterCard/Visa TOTAL $_ 

ZIP STATE CITY 

EXPIRATION DATE MASTERCARD OR VISA NUMBER 

OLD COLONY SOUND LAB 
PO Box 243. Peterborough. New Hampshire 03458 usa 

Telephone Charge Card Orders: (603) 924-6371 or 924-6526 
FAX: (603) 924-9467 

Weekends and after 4:00 p.m. MC/VISA ordering line: (603) 924-6371 



KITS 
ton, 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 9 a.m.-4 p.m. EDT (603) 924-6371 or 924-6526 FAX: (603) 924-9467 

MasterCard/ Visa Cards Welcome. UPS next day and second day air are available to some areas. 

-FILTERS & SPEAKER SAVER-
KH-2: SPEAKER SAVER AND OUTPUT FAULT DETECTOR [3:77|. This basic 
two-channel kit includes board and all board-mounted components for control cir¬ 
cuitry and power supply. It features tum-on and off protection and fast opto-coupler 
circuitry that prevents transients from damaging your system. The output fault 
detector has additional board-mounted components for speaker protection in case 
of amplifier failure. $65 

KF-6:30Hz RUMBLE FILTER. [4:75| This kit implements a 1975 design for a low 
frequency garbage filter. The filter knee is set to 30Hz. Roll-off below that knee is 
the 18dB/octave characteristic of its three pole design. Gain for the filter is unity 
(OdB) but can be simply adjusted for up to 12dB of gain. The reprint of the article ex¬ 
plores the use of the filter with other components in crossovers (see kits SBK-C1 A, 
C1B). It shows how to obtain slopes of 6, 12 or 18dB in high and low pass filters. 
The kit contains all parts for building a two channel HPF including a board (3" x 
3 "), quad op amp IC, precision resistors and capacitors. Requires a bipolar supply of 
± 15 V, the KE-5 is suitable. $30 

-AIDS & TEST EQUIPMENT-
KK-3: THE WARBLER OSCILLATOR [ 1:79]. This unit will produce a swept signal 
covering any W-octave between 16Hz and 20kHz. The total harmonic distortion at 
the output is less than 1.5%. The output voltage is adjustable from 0 to IV. When 
used with a microphone it is as effective as a pink noise source in evaluating speaker 
system performance. It also reveals the listening environment's effect on sound 
through reflection and absorption. The sweep rate is set at about 5Hz The kit in¬ 
cludes 3 W " x 3% " circuit board, transformer, all parts and article reprint. $70 

KH-7: GLOECKLER PRECISION lOldB ATTENUATOR. [4:77] All switches, 1% 
metal film and 5% carbon film resistors to build prototype. Chassis, input/output 
jacks are not included. $65 

KC-5: GLOECKLER 23-POSITION LEVEL CONTROL. [2:72] All metal film 
resistors, shorting rotary switch and two boards for a two-channel, 2dB per step at¬ 
tenuator. Choose 10k or 250kQ $48 
KL-6: MASTEL TIMERLESS TONE BURST GENERATOR. [2:80| All parts with 
circuit board. No power supply. $24 

KP-2: TWO TONE INTERMODULATION TEST FILTER. |1:82|. This filter is 
designed to isolate the two high frequency tones at an amplifier's input from low 

frequency intermodulation products present at the output. The high pass filter cor¬ 
ners at 2kHz and rolls off at 24dB/octave. A 5kHz signal at the low pass input will 
be down at the output by 80dB. An article reprint detailing design and use is 
included with the kit. All parts are supplied including quad op amp IC, circuit board 
and precision resistors and capacitors. $26 

SBK-D2: WITTENBREDER AUDIO PULSE GENERATOR. (SB 2:83] All parts, 
board, pots, power cord, switches and power supply included. $80 

SBK-E4: MULLER PINK NOISE GENERATOR. [SB 4:841 All parts, board, 1% MF 
resistors, capacitors, ICs, and toggle switches included. No battery or enclosure .$35 

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

KC-4B: ELECTRONIC CROSSOVER, KIT B. [2:72| Single channel, three-way. All 
parts including C-4 board & LF351 ICs. Choose two frequencies of 60, 120, 240, 
480,960,1920,5k or 10k. $18 

KK-6L: WALDRON TUBE CROSSOVER LOW PASS: Single channel, 18dB/octave, 
Butterworth, [3:79] includes three-gang pot. Choose 1: 19-210; 43-465; 88-960; 
190-2100; 430-4650; 880-9600; 1900-21,000 hertz. $60 

KK-6H: WALDRON TUBE CROSSOVER HIGH PASS: Single channel, 18dB/oc-
tave, Butterworth, [3:79] includes three-gang pot. Please specify 1 of the frequencies 
in KK-6L. No other can be supplied. $62 

KK-7: WALDRON TUBE CROSSOVER POWER SUPPLY. [3:79] Includes board, 
transformer, fuse, semiconductors, line cord, capacitors to power four tube 
crossover boards (8 tubes), 1 stereo bi-amped circuit. $110 

SBK-A1: LINKWITZ CROSSOVER/FILTER. (SB 4:80| Three-way crossover/filter/ 
delay. 24dB/octave at 100Hz and 1.5kHz and 12dB/octave below 30Hz, with 
delayed woofer tum-on. Use the Sulzer supply KL-4A with KL-4B or KL-4C. 

Per channel $75 Two channels $140 SBK Board only $14 

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

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

SYSTEM ACCESSORIES 
KW-3: BORBELY IMPROVED POWER SUPPLY [1:87] This single channel, low 
impedance supply was designed for the exacting requirements of Emo Borbely's 
moving-coil preamp [2:86,1:87]. The design utilizes polypropylene caps and 1% 
metal film resistors. LM317/337s are used in the preregulator and Signetics 
NE5534 in the op amp regulator. The kit includes a low profile 24V toroidal 
transformer, 4 !4 " x 5 Vi " circuit board and all board mounted components. Chassis 
and heatsink are not included. $135 Twoormore $128 

KE-5: OLD COLONY POWER SUPPLY. Unregulated, ± 18V @ 55mA. $20 

KF-3: GATELY REGULATED SUPPLY. ± 18V or ± 15V @ 100mA. $52 

KL-4A: SULZER POWER SUPPLY REGULATOR. $40 

KL-4B: SULZER DC RAW SUPPLY. ± 20V @ 300mA. $60 

KH-8: MORREY SUPER BUFFER. |4:77| All parts, 1% metal film resistors, NE531 
ICs, and PC board for two-channel output buffer. $22 

SBK-E2: NEWCOMB NEW PEAK POWER INDICATOR. |SB 2:84] All parts & 
board, new multicolor bar graph display; red, green & yellow LEDs for one channel. 
No power supply needed. $14 Two for $22 

KL-2: WHITE DYNAMIC RANGE & CLIPPING INDICATOR. [1:80] One chan¬ 
nel, including board, with 12 indicators for preamp or crossover output indicators. 
Requires + 15V power supply @ 63 mils. Single channel. $58 

Two channels. $110 Four channels. $198 

KW-1: MAGNAVOX CD PLAYER MODIFICATION. Improves frequency re¬ 
sponse. Includes two Signetics NE5535S, two Panasonic HF series 330^F capacitors 
andfour3.92k, 1 % metal film resistors. $12 

KW-2: MODIFICATION. As above, but with two AD-712 op amps in addition to 
theNE5535s. $16 

KX-1A: DISC STABILIZER. Set of 3 Sorbothane feet, 3 Tiptoes and Mod Squad's 
Disc Damper with 15 centering rings. $70 

KY-1: BEERS’ BUDGET CD MOD. [ 1 :89| Kit provides POOGE-4 improvements 
without additional wiring or circuit boards. Complete parts for assembling 

amplifier modules and replacing DAC components. Article reprint included. 
Soldering skills required, not recommended for beginners. $95 

what's Included? Kits include all the parts needed to make a functioning circuit, such as circuit boards, semiconductors, resistors and capacitors. Power supplies are 
not included in most cases. Unlike kits by Heath, Dyna and others, the enclosure, faceplate, 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 TAA and SB 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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SB Mailbox 

DYNAUDIO 24W100 
I am interested in the Dynaudio 24W100. 
I think its 9 " diameter makes it an excellent 

candidate for use in a double-chamber 
reflex enclosure (Augspurger type) which 
I have used for 8 and 10" woofers with 
great success. However, upon examining 
the given driver parameters, I noticed that, 
although its Qre (.35) is within a normal 
range, its equivalent volume (62 liters) is 
quite small for a 9-10" woofer. May I as¬ 
sume that this is due to the oversized 4" 
voice coil, which reduces the cone area? 
Specifically, the area that comes in contact 
with the air inside the enclosure? 
Dynaudio makes it clear the 24W100 can 

and should be used as a mid-bass, rather 
than low-bass. It appears that a big voice 
coil like this would provide the excellent 
pistonic motion, stability, and control nec¬ 

essary to reproduce mid-bass transients 
properly. However, when asked to dig way 
down into that last octave (@ 35Hz), 
wouldn't the lack of cone area (inside the 
enclosure) cut down the SPL significantly? 
Someone once told me that for a good 

output in the lowest octave, you must in¬ 
crease the cone area while reducing the 
voice coil diameter. Of course small voice 
coils mean low power handling, but within 
reason. 
My question is: How do big voice coil 

drivers sound? I realize this is a highly 
subjective question, so I would expect a 
highly subjective answer. But theoreti¬ 
cally, would the 24W100 in a double cham¬ 
ber enclosure give me the three qualities 
I am looking for in woofer performance 

(deep bass, quick transients and less excur¬ 
sion limiting than with a good 8 " woofer)? 

This question can be applied to several 
other 3 and 4 " voice coil woofers put out by 
Dynaudio and Morel. Can these drivers be 
used successfully in bass reflex enclosures, 

and if so, what sort of alignment should I 
use with the 24W100? If not, what sort of 
enclosure would work best? 
I have previously used a Peerless 

TD295R 8" unit in a double chamber en¬ 
closure, and though I was satisfied with the 

deep bass, I felt the mid-bass was a bit 
" wallowy, 1 ’ as if the enclosure was too big. 
Also, its poor little 4-5mm excursion 
limited the SPL of my listening level. I am 
hoping the 24W100 with 8mm excursion 
and roughly the same Vxs will solve this 

problem. Still, I am hesitant to pay such a 
high price for these drivers if it means giv¬ 
ing up deep bass. 

Stephen K. M. Wakeman 

West Lafayette, IN 47906 

Robert Bullock replies: 

Your observation that the decreased rear cone area 
of the 24W100 should reduce the measured value of 

V45 is correct if you measure V45 directly in the 
conventional way. On the other hand, if you mount 
the driver on the test box so its front faces into the 
test box, the value would be the one normally 
expected. 
You compare this driver to 9-10" drivers, but I 

would classify it as a nominal 8 " unit on the basis of 
its piston area. In any case, a small is in and of 
itself not solid evidence that it is derived from the rear 
of the cone. It can also arise from a relatively high 
driver resonant frequency or a larger than usual driver 
moving mass. 

It is not intuitively clear to me how the smaller rear 
cone area affects response, so I looked at a model of 
the situation using the 24W100 in the standard T/S 
alignment. Specifically, fB = 36, Vs = 1.2 cubic feet 
and rear cone area = 140 square centimeters. The 
light line response plot is for equal front and rear cone 
area and the dark one for the smaller rear area {Fig. 

1 ). So, it looks like the overall low frequency response 
is depressed, except in the immediate vicinity of the 

vent resonant frequency, where it has actually in¬ 
creased. You may decide whether you believe my 
model, and if so, whether the response change is 
significant. 
I guess the 24W100 would work quite well in a 

closed box, because the box is used only to supply ad¬ 

ditional stiffening, and the rear of the driver does not 
contribute to the output as it does in a vented box. 
Y our objection to the mid-bass performance of the 

Peerless in a double chamber enclosure may not be 
due to the driver. I have modeled this type of enclo¬ 
sure and found that although it can produce good low 

bass, the response from 80 to 150Hz is usually de¬ 
pressed below the reference level by as much as 5 to 
lOdB, regardless of the driver's parameters. In other 
words, what you hear may be a side effect of the load¬ 
ing technique and not the driver. 

Your hope that the 24W100 will offer improved per¬ 

formance over the Peerless TD205R because of its 
greater excursion capability will not be realized. 
Dynaudio gives this specification as a peak-to-peak 
value, so it must be divided by 2 before comparing 
it to the Peerless value. Thus, the two drivers have 
identical excursion capabilities. As a matter of fact, 
they are quite similar except for power handling 
capability and difference in the ratio of front to rear 
cone area. The wide discrepancy in price suggests a 
difference in workmanship, quality control and raw 
materials. 
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I have never used a driver with a large voice coil, 

so 1 cannot make a subjective comparison. 1 suspect 
you would discern little difference between the two 
drivers at low frequencies, but there may be signifi¬ 
cant difference in the midrange. 

MIDRANGE 
MEASUREMENTS 

The survey of seven midrange drivers by 
Gary Galo (SB 2/86) invites comment. In 

particular, I do not agree with his conclu¬ 
sions for the KEF Bl 10. Figure 1 shows 
response curves I measured for five driver 
pairs. The first four curves are recent Bl 10/ 
SP1057 units and the fifth is a 1979 vintage 
B100/SP1003.1 used the Linkwitz "Shaped 
Tone-Burst Generator" (/AES, April 1980) 
with a Matsushita WM063 condenser 
mike at a distance of 700mm (28 inches). 
My measurements are essentially free-
field, and the recovered burst signal can be 
compared to the input burst signal with a 
double beam oscilloscope to reveal reso¬ 
nances not visible from the frequency re¬ 
sponse curve of the particular unit. Tested 
in this manner the B110 does not show any 
serious resonances. 

I mounted all units in a Linkwitz satellite 

enclosure, and from 100Hz to 1kHz, the 
results for each pair were virtually identi¬ 
cal. From 1 to 10kHz there is some meas¬ 
ured variation but nothing serious, and 
pair matching is excellent. The low end 
rolloff is a result of the small frontal area 
of the box and, to a lesser extent, meas¬ 
urement distance. Diffraction will affect 
the integrity of the measurements in the 
2-6kHz region. 

Although Mr. Galo meant well, I feel his 

FIGURE 1 : Frequency response curves for the 
KEF B110. Free-field response 700mm on 
axis. Curves No. 1-4 are B110/SP1057; No. 
5 is B110/SP1003. One unit on the vertical 
scale equals 1dB. 

results will discourage prospective build¬ 
ers from using this unit (Bl 10). I suggest 
builders listen to a carefully built Linkwitz 
satellite system (or an LS3/5 clone). I do 
not favor dome units for the midrange al¬ 
though recent examples are very good. The 
very best British loudspeakers never use 

domes for the midrange. Strong evidence 
supports the use of a single unit (plus a 
woofer and tweeter) to cover the range 
from 100Hz to 1.5kHz. In this respect, a 
Linkwitz system is fundamentally correct 
and represents the best possible com¬ 

promise. Improved drive units and enclo¬ 
sure construction techniques will improve 
the system further. 
In summary, I recommend the Bl 10 for 

the Linkwitz system oran LS3/5 clone .You 
could also use units from Audax or Focal 

in the Active system although I have 
not measured 13CM units from these 
suppliers. 

John A. Kasowicz 
Melbourne, Australia 

Gary Galo replies: 

The response curves supplied by Mr. Kasowicz dif¬ 
fer from my own measurements, and 1 do not dispute 
his findings. What is interesting is the variations he 
has measured from one sample to the next. The five 

supplied curves are very different from one another. 
At 4kHz, Samples 5 and 3 vary by 4dB. This may be 

6256 
Low Frequency 
460 mm (18 in) 
900 W continuous program power 
99 db SPL Iw @ Im 
25 Hz - 2k Kz usable bandwidth 
100 mm (4 in) edgewound copper ribbon v.c. 
Double spider v.c. support system 
Field serviceable basket assembly 

The 6256 is a highly efficient low frequency 18" loud¬ 
speaker designed and manufactured by McCauley 
Sound. Inc., for applications in bass and sub-bass 
enclosures It offers increased low frequency sensitiv¬ 
ity while exhibiting a balanced and linear low-mid 
range response The6256 has an optimization between 
moving mass, motor strength, suspension losses, and 
total mechanical resistances, thus, loading of the 6256 
in either horn enclosures or vented enclosures gives 
excellent results The 6256 maintains a very high con¬ 
version efficiency, giving it unequaled acoustic output 
per watt input. Even at extreme sustained power levels 
the 6256 keeps positive cone control by incorporating 
a specially bonded double roll surround treated pre¬ 
cisely to dissipate possible mid-band harmonics 

Like all McCauley Series 6000 loudspeakers, the 6256 
offers more valuable features that make it unique in 
comparison to any other State of the Art 18” trans¬ 
ducer Our cast aluminum alloy basket is fitted within a 
few ten-thousandths of an inch around the magnet 
assembly’s top plate, keeping coil alignment and elim¬ 
inating any possibility of shifting under extreme han¬ 

dling conditions Our 4" copper edgewound ribbon 
voice coil and double spider former support system is 
thermally and structurally stable, giving the 6256 
increased power handling while maintaining dimen¬ 
sional precision 

The 6256 stabilizes a very high magnetic flux density 
by means of our revolutionary one-piece steel cast 
back-plate/pole-piece This design gives us many 
advantages over the standard two-piece type Its spe¬ 
cial shape focuses the maximum flux density into the 
voice coil gap to increase sensitivity Its large back 
vent allows reduction of pressure during cone move¬ 
ment. thus lowering harmonic distortion and convec¬ 
tively cools the coil Structurally, it gives us a magnet 
assembly where a shifting pole piece will never occur 
under any stress condition 

High performance standards, precision manufactur¬ 
ing tolerances, and extreme test conditions make the 
6256 ideal for use in rugged high power professional 
sound reinforcement systems 

Telex 467865 McCauley Sound. Inc . 13608 94th Ave E . Puyallup. WA 98373 USA 206-848-0363 
Fut Rtplr FKD278 
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The New Richter Scale 
Series III — More Features Give 

You More Bass Control 
The Audio Control Richter Scale Series HI is a bass control system composed of a six band 
half-octave bass equalizer, sweep warble tone analyzer, laboratory grade measurement 
microphone and a Linkwitz-Riley alignment crossover. Made in the USA. Five year warranty. 

Six Band Half-Octave Equalizer with con¬ 
trols from 22.5 Hz to 125 Hz to control pro¬ 
blems of standing waves, room resonances 
and dips in frequency response. 

Warble Tone Test Source, Measurement 
Microphone, and Sound Pressure Meter for 
impartial judging of room acoustics, 
speaker performance and room speaker in¬ 
teractions. Warble tone is sweep type for 
measurement between equalizer centers and 
other uses. Measurement microphone is 
4-micron diaphragm back-electret con¬ 
denser type on a 20 foot cord. 

Linkwitz-Riley Alignment Programmable 
24dB/Octave Electronic Crossover. 
Flat amplitude response and zero phase 
differences with easy turnover frequency 

adjustment by plug-in modules now at an 
affordable price. 

Amplifier Bridging Adapter for maximum 
power and optimum bass reproduction. 

18dB/Octave Subsonic Filter and Rumble 
Reduction Circuitry to protect speakers, 
save amplifier power and minimize inter¬ 
modulation distortion. 

High-Speed Circuitry and Finest Com¬ 
ponents resulting in astonishing specs of 
0.005% THD and -120dB S/N ratio. Gold 
jacks standard. Removeable rack mounts 
standard. 

Five Year Warranty designed and built in 
the USA. 

Audio Control 
22313 70th Ave. w. Mountlake Terrace, WA 98043 Phone (206) 775-8461 

Fait Haply HKD123 

The MIA-4x4 & 4x4+ Mic-Pre Systems 

Does Benchmark build the world’s finest mic preamps? Many think so! Users include; 

The BBC. NBC-TV’s Nightly News. NPR, NBC Radio. ABC Radio, Telare, Connois¬ 

seur Records, Deutsche Grammophon, The Chicago Symphony, and KUSC’s L.A. 
Philharmonic broadcasts. Why? I dB noise figure, bandwidth > 200 kHz. THD@ 20 

kHz (A = 40 dB) = 0.0009%. gain range = -2 to +73 dB. max in = +29 dBu, CMRR@ 
2 kHz=100 dB, @ 10 kHz = 65 dB, outstanding RF immunity, dynamic range > 120 dB, 

all electrolytics paralleled with large film caps, and its SOUND is almost beyond belief! 

The secret is the virtually non-existant intermodulation distortion. The MIA-4x4 has 

four channels. The Ml A-4x4+ has independent channels, plus a mix to two outputs and 

a stereo headphone amp. Create recordings of incredible pleasure and lasting value! 

Call 1-800-262-4675, in NY (351) 452-0400 

BENCHMARK MEDIA SYSTEMS, INC. 
3817 Brewerton Road North Syracuse, NY 13212 

Fast Haply HKD247 

of no consequence if 1.5kHz is the upper limit, but 
many designs use mid-bass drivers as high as 3kHz, 
in which case the variations become more serious. 
Although my two samples did not differ in their fre¬ 

quency response, the review points out that the distor¬ 
tion measurements were radically different. Mr. 
Kasowicz and I are, in fact, in agreement on one point: 
the Bl 10 varies from sample to sample. We simply 
disagree on their significance. Perhaps my frequency 
response irregularities are not typical of Bl 10 samples. 

Mr. Kasowicz's measurements indicate that later ver¬ 
sions are better than his earlier samples. 

There is much to be said for the view that a single 
driver should cover the critical midrange from 100Hz 
to 1.5kHz. Unfortunately, it also creates a new set of 
problems. Very few tweeters can be crossed over at 

this low a frequency. Many dome tweeters have reso¬ 
nant frequencies in the 1 to 1.5kHz region and must 
be crossed over at least an octave above this. I prefer 
a 24dB/octave Linkwitz crossover which allows lower 
crossover frequencies, but they are difficult to imple¬ 
ment passively. Electronic crossovers become a vir¬ 

tual necessity. Being a believer in multi-amplification, 
I have no problem with this, but many builders aren't 
willing to build or purchase three amplifiers for their 
systems. 

I think the Dynaudio D76 will change the views of 
those who have disliked dome midrange drivers in 

the past. It is a superb driver and I stand by my 
previous views. If Mr. Kasowicz's findings are typical 
of newer Bl 10 samples, there should be no problem 
operating them in the 100Hz to 1.5kHz region. I still 
feel they are overpriced. Focal competes at lower 
prices. One mid-bass driver worthy of consideration 

is a 6% " polypropylene unit sold by Meniscus Sys¬ 
tems and manufactured by Carbonneau Industries. 
This appears to be virtually identical to the Carbon¬ 
neau driver used by Fried. 

LMP UPGRADE 
Several readers have recently asked 
whether it would be possible to upgrade 
LMP ¡Loudspeaker Modelling Program, 
SB 1-3/87) to allow driver models with 
non-constant impedance curves. With a 
fair amount of effort we could do this, but 
we would greatly reduce the program ex¬ 
ecution speed. 

More importantly, I consider non-resis-
tive driver modelling a low priority for sev¬ 
eral reasons: 1) You can almost always 
determine an impedance compensation 
circuit to make the driver appear to be a 
resistive load (SB 1/83, p. 11). At present, 
such circuits must be used if your LMP 
results are to be valid, unless the driver's 
impedance is already nearly flat about the 
crossover frequency. 2) It is easier to pre¬ 
dict the effect of a crossover design if the 
drivers are resistive or have been compen¬ 
sated to appear so. 3) A passive crossover 
which has been designed to work with re¬ 
sistive drivers can be readily translated 
into an active version. 

It is occasionally desirable to combine a 
standard crossover configuration with a 
notch filter, to eliminate a peak in a driver's 
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response. While presently there are no 
LMP subroutines to directly model this ef¬ 
fect, you can use notch filters with any 
LMP-designed crossover as follows: 1) Use 
the formulas inmyletteronp.46, SB 4/86 

to calculate the notch filter required to 
eliminate your driver's peak. 2) Use the 
formulas in the same letter to calculate im¬ 
pedance compensation for the notch filter, to 
eliminate its interaction with the crossover. 
(Strictly speaking, the series impedance of 

the crossover may still influence the Q of 
the notch filter, but this effect should be 
small when the notch frequency is in the 
crossover's passband. Otherwise, you may 
wish to adjust the resistor in the notch filter 
to produce the desired response, and recal¬ 
culate the resistor in the notch impedance 
compensation accordingly.) 
3) Now produce an LMP model for the 

driver which ignores the response peak, 
and experiment with LMP to determine 
good crossover values. 4) Finally, con¬ 

struct the finished crossover by combin¬ 
ing it with the notch filter, notch imped¬ 
ance compensation, and driver imped¬ 
ance compensation, as illustrated in the 
aforementioned letter. 
Using notch impedance compensation 

has the same benefits as using driver im¬ 
pedance compensation: You can more 
easily predict the effect of the notch and 
translate the overall crossover into an ac¬ 
tive version if desired. 

Ralph Gonzalez 
Wilmington, DE 19803 

MTM ENHANCEMENT 
I am interested in the concepts outlined by 
John Levreault ("A High Quality Dome 
Midrange/Tweeter Array," SB 2/88, p. 9) 
which go a long way to obtain full range 
reproduction from a moderately sized 
speaker system. For some time I have been 
interested in building a system around the 
Dynaudio D76 and 21W54 but was put off 

by the apparent lower frequency response 
dip of the D76. Having read Gary Galo's 
report on the D76 [SB 2/86, p. 32) it ap¬ 
pears this response dip could be diffraction 
loss. Mr. Levreault, is your winged baffle 
arrangement designed to overcome this 

problem? Does it work (have you taken any 
response measurements)? 

Could the benefits of using the D28 (with 
a crossover similar to the D'Appolito) work 
better in your new MTM satellite for the 
same reason it does on D1 Appolito ' s design 

(despite the normal superiority of the 
D28AF)? 
The 6dB crossover at 3kHz doesn't look 

steep enough to roll off the response peak 
in the D76 at 4.0-4.5kHz. Is this the case in 

practice? 
Please elaborate on circuit design 

changes particularly for the bass equalizer 

using your preferred AD711 single FET 
amps. Is there a standard circuit board that 
could be used? 

Frank J. Habrle 
Auckland, New Zealand 

John Levreault replies: 

From your remarks I assume you are concerned about 

the slowly rising D76 frequency response shown in 
Dynaudio's literature. The D76 data sheet I received 
from Madisound has two curves: the first indicates 
frequency response versus off-axis angle, the second, 
amplitude and phase response versus frequency. The 
two are not identical; the first (on/off axis) graph shows 

a much flatter response than the second. 

Consequently, I am skeptical of the manufacturer's 
published response curves. They don't even agree 
with themselves. If the driver response had been 
measured without a baffle, the response irregularities 
could indeed be due to diffraction loss, but I am just 

not familiar with their test methods. Personally, 1 am 
more concerned with the smoothness of a driver's 
response, and the D76 performs favorably over a wide 
bandwidth. My winged baffle arrangement is only in¬ 
tended to minimize cabinet-induced diffraction, not 
to overcome actual problems with the drivers them¬ 

selves. I believe my baffle arrangement allows you 
to hear the drivers and not the cabinet. 

I am not a proponent of the "aim the speakers at 
the listener' ' school. I have found that a loudspeaker 
system's imaging characteristics are best when the 
drivers are firing straight ahead. Coincidentally, the 

Reliable in supply and quality 
CC-LINE 

Peerless’ new CC-line is for abso¬ 
lute connoisseurs. Music lovers 
who know how to appreciate the 
slight difference. 

The CC-line, which consists of 
tweeters, midrange and woofers 
6 tá ", 8" and 12", is an exclusive 
improvement to Peerless’ stand¬ 
ard line and the absolute top pro¬ 
ducts Peerless has ever manu¬ 
factured. 

Peerless has introduced a special¬ 
ly developed magnet system with 
built-in short-circuiting ring, 
which eliminates AC magnetiza¬ 
tion of the pole piece and linear¬ 
izes the impedance, thus reduc¬ 
ing distortion substantially. 

The CC-line is a genuinely peer¬ 
less product. A guaranteed hi-
tuned clarity of sound from 
Peerless. 

For a catalog including the CC-
line and standard line, please re¬ 
spond to reply number below. 

PEERLESS OF AMERICA, INC. 
800 W. Central Road 

Mt. Prospect, IL 60056 

312-394-9678 
Fest Reply HD6S6 
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A Quality Texture Look 
Without Laminating Costs and Labor! 

Designed For Use On Speaker Cabinets 

RESTORES OLD WORN OUT SURFACES 

TEXTURELAC Spray finish produces a three-dimensional look that resembles a pebble, 
stucco or leather texture. It can be handled within 15 minutes of spraying and eliminates 
most sanding, spackling or extra paint operations. Dries to a hard mar-resistant and washable 
finish. 

—Can reduce production spray room material and labor costs by 70 percent or more— 

TEXTURELAC Is formulated for use on all wood, and composition woods, plastics and 
metal castings. It is available in most opaque colors. 

For a trial order or swatch panel of TEXTURELAC with descriptive literature call or write: 

Abilene Research and Development Corp. 
PO Box 294, Hewlett, NY 11557 (516) 791-6943 

Fast Reply HKD6B 

XOPT V3.0 : LOUDSPEAKER CROSSOVER DESIGN 
AND OPTIMIZATION PROGRAM 

* Easy to use pop-up menu driven program with graphics 
♦ Design optimized low, high or band pass crossover networks 
* Optimize the frequency response of a speaker system with up to 5 
drivers and 33 interconnected crossover components on any axis or 
combination of up to 5 axes 

* Requires user input of magnitudes of driver frequency response in dB 
and impedance in Ohms at user specified frequencies 

* Calculates driver impedance phase from a model fit and frequency 
response phase using a Hilbert Transform 

* Uses relative locations of driver acoustic centers on the speaker front 
baffle for system crossover optimization 

* Used by many of todays top loudspeaker designers 

Why settle for anything less than optimum crossover designs ? 

Send check or money order for $199.00 (US) to: 
Peter Schuck 

Peter L. Schuck Consulting 

1705 Rodin Way, Orleans, Ontario, Canada K1C4Y9 
(613) 824-3822 

For IBM PC, AT, PS/2 and compatibles including 80386’s with 640K, Hercules, CGA, 
EGA or VGA graphics with or without a 80x87 math chip running DOS 2.0 or higher 

Fast Reply RKD295 

4kHz response peak you mention would be less evi¬ 
dent off-axis, an effect known to experienced listeners 
and shown in the Dynaudio literature. Furthermore, 
you can significantly improve the upper midrange 
response of most midrange drivers by using Zobel net¬ 
works, although crossover network interactions can¬ 

not be ignored. Anyway, I am not aware of any such 
upper midrange anomalies, although I have made no 
attempt to "measure" the system. Perhaps an inter¬ 
ested reader with an FFT analyzer might have some 
advice. 

I do not care for the original horned Dynaudio D28. 

Although it was very efficient, I found its colorations 
unacceptable. An intelligently designed active cross¬ 
over such as D'Appolito's can overcome virtually any 
driver response problems. I subscribe to a minimalist 
school of audio design and believe simpler is better, 
and I do not believe the system published can be 

simplified any more without compromising the 
sound. Of course, if you wish to complicate things... 
I have made several changes to my system worth 

mentioning. First, I glued/nailed some % " quarter¬ 
round molding along the top of the MTM baffle to fur¬ 
ther reduce cabinet diffraction, resulting in a much 

better sense of space in the reproduced image. Second, 
I used a 2 % " hole cutter and drilled a hole in the back 

CAVEAT CORRESPONDENTS 
Things that go bump in our round 

file: 

1. "I'm thinking of building a 16-in, 

8-out console in my basement. What 

tape recorder should I buy?" 

2. "Is my Fisher Z-705 receiver 

worth updating? Where should I 
begin?" 

3. "Although I forgot to enclose a 

stamped, self-addressed envelope, 
please answer the following nine 

questions based on my experiences 

building your inverted RIAA kit." 

4. ' 'Please forward this (unstamped) 

letter to Ralph J. whose letter ap¬ 

peared in one of the 1970 issues— 

don't remember which." 

5. "I have a Milhous 10W integrated 
stereo amplifier and a Gesundheit 

turntable. Which of the following six 

cartridges would you recommend?' ' 

6. Queries with no stamped, self¬ 

addressed envelope or postal cou¬ 

pons enclosed. 

7. Letters without return addresses 

on them whose envelopes have 

strayed away somewhere. 

8. Illegible hand-written letters 

scrawled on odd scraps of paper. If 

you have no access to a typewriter, 

please try to be sure our typesetter 

doesn't lose his eyesight and his mind 

in deciphering your writing. (This is 

especially important if you want us to 

publish your classified ad.) 
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of the plastic cup enclosing the D76 magnet assembly 
and removed about 50% of the fiberglass damping 
material. This change eliminated a slightly muffled 
coloration and opened up the sound on dynamic 

passages, albeit at the expense of a voided warranty. 
Alas, my poor 21W54 woofers succumbed to a 

lightning strike that felled an 80' (27m) tall pine tree 
that (once) stood 50' (17m) from my house. Fortu¬ 
nately, the tree fell directly away from the house, but 
the woofers nonetheless suffered melted voice coils, 
taking their amplifiers with them to audio heaven. 
Curiously, the MTMs and their amplifiers were 

spared. 
I replaced the 21W54s with a single Madisound 

1054 per side. I made no change to the woofer enclo¬ 
sure, save for a new front, and removed the equalizer. 

The resulting QB3 alignment is sonically quite good, 
offering deep bass extension, good dynamics, and a 
clean mid-bass, and I am pleased with the results. 
However, the flimsier basket on the 1054s coupled 
more vibration from the woofer into the woofer en¬ 
closure, unacceptably coloring the sound from the ar¬ 
rays, which sat on top of the woofers. Consequently, 
I moved the MTM arrays onto stands, which cleaned 
up the sound and also allowed me to better align the 
array listening axis at ear level. The result is a more 
neutral and dynamic system, retaining the nuances 
of smaller-scale acoustic music. 

Analog Devices has released the AD713, a quad ver¬ 
sion of the AD711. This part is a pin-for-pin replace¬ 
ment for the 4136 op amp used in the Old Colony ac¬ 
tive crossover/rumble filter, kit #SBK-C1A. Similarly, 
the AD711 is a plug-in replacement for the op amps 
specified in the Old Colony SBK-C1C kit. I recom¬ 
mend reviewing SB 3 and 4/82 for their discussions 
on active crossovers. The ideas presented are com¬ 
patible with the requirements of my design 

The AD-713 will be reviewed in Audio Amateur and 
is available from Old Colony.-Ed. 

HAVING A BALL 
I built my speaker system from scratch and 
I must admit, I ' m surprised at how solid the 

cabinets are. They measure 41.5" tall (on 
their casters), 24 " wide and 20 " deep, with 
a 2" extended front hood. I framed them 
with finished grade 2 x 2s, with metal 
angles at every joint, using over 300 screws 
and no glue. I finished them with real wood 

veneer on %" board. 
Each speaker contains 44 lbs. of drivers: 

a 15" University subwoofer, a 15" Pyle 
woofer, a Pyle midrange, a Radio Shack 
soft-cone midrange, two Pyle soft dome 
tweeters and a Radio Shack super tweeter 
—14 drivers in all. I go from subwoofer to 
super-tweeter in each cabinet. 1 use two 
crossover networks plus the super tweeter 
network in each cabinet—all by Radio 
Shack. The bass relief ports (four 2*/2 " holes 
in each cabinet) face the floor. The casters 

have %" plywood backing the %" board. 
Bass will not rattle these speakers. I used 

nylon window screen and detailed mold¬ 
ing wood for the grilles. They have metal 
angles in each corner, secured by kitchen 

cabinet door magnets so they snap on and 

off. Necessity is the mother of invention 
and in this case she worked well. 

I run dual leads to the primary and aux¬ 
iliary outputs of my amp. I am running a 
four-speaker system in two cabinets. My 
Kenwood equalizer smooths things out. 

Yes, the bass is a bit heavy, but it's not 
boomy. All in all they make that cheap 
Fisher 100W amp sound better than it 
should. I have about $700 in materials in 
each cabinet. The University speakers 
were $250 each. 
I bit the bullet and went ahead and 

ordered the vacuum tube logic (VTL) 

preamp, ampsand CD player. I may want 
to alter my setup, but at least I will have a 
good basic power source. 
I’ve always liked tubes and built the 

Heathkit 55A amplifier, back in 1963. It 
wound up as part of a custom installation 
in a new home and included remote 
speakers with faders. I had a lot of fun. 

I believe that's the whole idea—to have 
fun with music. I'm not a musician, but if 

I could build good cabinets, or do custom 
installations, I’d have a ball. 

Gerald L. Norway 
Seattle, WA 98115 

EVERYTHING YOU EVER WANTED TO 
ASK ABOUT YOUR CD PLAYER 
BUT WERE AFRAID TO KNOW! 

After 18 months of painstaking research and several trial pressings, here is the most complete and functional 

test package ever available on the market. Created in the studios of Pierre Verany, with the collaboration of 

French audiophile magazine Compact, the final product was submined to the creators of the CD concept 
and its standard - the Philips laboratories in Eindhoven, Holland. Their verdict: 'a beautiful piece of work!' 

The compact discs in this copiously documented set are unique. For the first time, they offer the consumer 

a tool for verifying the qualities and defects of a given CD player, with no required measuring equipment or 

in-depth technical knowledge. However, they have been shown to yield startling performance demonstrations 
even under the strictest of laboratory conditions. 

CHANNEL SEPARATION • FREQUENCY RESPONSE • HARMONIC DISTORTION • SIGNAL-TO NOISE 

RATIO • TRANSIENT SIGNAL RESPONSE • INTERMODULATION DISTORTION • CONVERTER 

OVERLOAD EFFECT • CD CUTTING VELOCITY ♦ TRACK PITCH • DROP OUTS 

Pierre Verany 
DIGITAL TEST. PV 788031/32 (2 Compact Discs) 

106 Demonstration tracks and equipment tests, accompanied by a detailed 68-page instruction booklet 

COMPACT DISC ORDER FORM 

Please send me_PV 788031/32 (2 CDs) at 5 34 per set plus $2.25 handling 
Outside USA, please add S7 for Air shipment 

Note: Discs and recordings not returnable for credit or exchange 

EXPIRATION DATE MASTERCARD OR VISA NUMBER 

name magic number 

STREET ANO NO 

CITY STATE ZIP 

Postage S_ 
TOTAL S_ 

□ Check/MO 

□ Mastercard/Visa 

Enclose check or money order payable to 
OLD COLONYSOUNDLAB 
PO BOX 243 
Peterborough, nh 03458-0243, USA 

OCSL has added an answering machine tor the con 
vergence o< our customers For after 4 00 p m EST 
weekdays and weekends please call (603) 
924 6371 to place your MasterCard or VISA order 
Please remember this is an ordering line only 

CHARGECARD 
PHONE ORDER SERVICE 
Mon — Fri. 9am—4pm 

(603)924-6371 
FAX (603) 924-9467 
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6000.6 
phase correct 

electronic 
crossover 
The new 6000-6 is designed to im¬ 
prove your system by eliminating 
crossover errors and passing per¬ 
fect square waves. A plug-in mod¬ 
ule allows convenient frequency 
change from 40-16,000Hz . Level 
controls on rear, 1% components 
used. Model 6000-6 $190. PPD. 
Other models from $16.25. 

Free folder/reviews. 

ACE AUDIO CO. 
532-5th St. 

East Northport, NY 11731-2399 
Fast Reply HKD53 

WE 
REPAIR 

SPEAKERS! 
• ALTEC 
• ADVENT 
• CERWIN-VEGA 
• AR 
• JBL 
• EV 
• YAMAHA 
... And many mon 

The Speaker Exchange 
1242 E. Hillsborough Ave. 
Tampa, Florida 33604 

(813) 237-4800 

"Speaker Specialists for over a decade" 

Fast Reply HKD298 

SELF-EDUCATION 
I enjoy your magazine very much. I find it 
not only interesting, but also educational, 

even though I have an MS in Mechanical 
Engineering. Presently, I'm going through 
back issues and assembling the articles 
in correct order to learn from the funda¬ 
mentals on up. I've noticed most of your 
authors have Electrical Engineering back¬ 

grounds and convert electrical theory to 
mechanical variables. This leads me to my 
only suggestion. In addition to the book 
reviews, I would like to see reviews of self-
educational electrical engineering courses. 
I’ve had trouble researching this area and 

have come up with only one: Heathkit's 
series. If you could help everyone here, 
your readers would elevate themselves to 
a higher plateau of understanding. 

Mark A. Beach 

Cincinnati, OH 45242 

Gary Galo replies: 

The Heathkit series is, undoubtedly, the most com¬ 
prehensive educational series available, and their use 
of trainer boards gives hands-on experience with con¬ 
cepts sometimes elusive on paper. 
1 can recommend several other books which may 

provide what you're looking for. I have one impor¬ 
tant bias regarding electrical theory—I don't like 
books which teach conventional current flow (positive 
to negative). Such theories may be useful to physicists, 
but they offer confusion more than anything else if 
you desire a proper understanding of electronics. I 
prefer texts which deal with electron current flow 
(negative to positive). An excellent introduction to 
electronics is R. H. Warring's Understanding Elec¬ 

tronics. Tab Books #3044, a book 1 have used as a text 
in my Audio Fundamentals class for several years. 
Warring starts at the very beginning with Ohm's law 
concepts and takes the reader through tube and tran¬ 
sistor theory, offering many examples of working 
circuits. 

For those desiring a more comprehensive and de¬ 
tailed course, I recommend the series published by 
the Texas Instruments Learning Center. Two volumes 
cover DC circuits: Basic Electricity and Circuit Con¬ 
cepts and Circuit Analysis Methods. Two more, bear¬ 
ing the same titles, cover AC circuits. These four 

i volumes used to be sold by Radio Shack. Why they 
I stopped selling them is beyond me, but they should 
still be available from the T1 Learning Center, P0 Box 

I 225012, MS-54, Dallas, TX 75265. Radio Shack still 
carries other books in the TI series, including Under¬ 
standing Solid State Electronics, #62-2035, and 

I Understanding Digital Electronics, #62-2010. The 
Understanding series, when combined with the four 
volumes on AC and DC, makes an excellent elec¬ 
tronics course. 
Another book which crossed my desk recently is 

Norman Crowhurst's Basic Electronics Course, 2nd 

Edition, Tab Books #2613. Crowhurst has an excellent 
ability to explain concepts to the newcomer, but his 
book is grounded in the conventional current flow ap¬ 
proach, which I believe should be abandoned in all 
electronics textbooks. Aside from this limitation, 
Crowhurst's book may be useful. 

CMTEWr^OTlX 
POLYPROPYLENE 
CAPACITORS 

We are pleased to announce that 
we have in stock cntílTEJlliKpwc 
METALLIZED POLYPROPYLENE 

CAPACITORS of exceptional quality 
and excellent price. This type of 
dielectric has been characterized 
by Walter Jung and Richard 
Marsh as “outstanding” when 
compared with all other 
dielectrics in the areas of: 

>- Dissipation factor @ 20" C: <.01 %. 
5*- Dielectric absorption factor at 

20 "C: < .01%. 
Good self healing characteristics of 
polypropylene dialectric 
High Current Capacity 
Excellent Overvoltage and Pulse 
handling capability 

>- Low self inductance 
>■ Excellent stability 
>► Leads: Tinned pure copper 

multistrand insulated sleeves, radial 
or axial as indicated. 

>- Superior high frequency 
characteristics 

>- Insulation resistance @ 20 “ C 
:>100K megohms/mfd 

>■ Temperature range: -25" C to+85“ C. 
>■ Working Voltage: 250 VDC or higher 
>■ Test Voltage: 2.15 times rated voltage 

Capacitance tolerance: +/- 5%: 
(grading of pairs to 1% available) 

>- All axial lead caps are “Fast Caps”, 
a newer version of the Chateauroux 
with lower disapation factor, 
improved transfer function and 
lowered parasitics. 

Dimensions in mm: 
2gfd: 18D 28L 
4pfd: 18 D, 33 L 
8nfd: 22D, 47L 
12pfd: 26 D, 47 L 
15gfd: 28 D, 47 L 
25 pfd: 32 D, 53 L 
35 pfd: 35 D, 65 L 

Audiophile Pnces 
1.0 nid* $2.00 
1.5 2.10 
2.0* 2.15 
2.5* 2.20 
3.0 * 2.30 
3.3* 240 
4.0* 2.60 
4.7* 2.75 
5.0 2,80 
5.6* 3.05 
6.0* 3.10 
7.0* 3.25 
8.0* 3.70 
10.0* 4.20 
12.0 4.60 
15.0* 5.30 
20.0* 6.80 
25.0* 7.55 

30.0 
35.0* 
40.0* 
45.0* 
50.0* 
60.0* 
70.0* 
80.0* 
100.0 * 
120.0* 
150.0* 
200.0* 

9.00 
10.50 
11.30 
12.50 
14.00 
15.70 
17.60 
20.50 
25.50 
31.25 
37.00 
47.00 

50|ifd: 42 D, 65 L 
70 Hfd: 45 D, 71 L 
80nfd: 50D, 71L 
100nfd:54D, 71L 
120nfd:54D, 83 L 
150pfd:60D, 83 L 
180 (ifd: 58 D, 108 L 
200nfd:60D, 108 L 

Pairs matched to within 
1% of each other; add 
10%. 10 or more 
pieces of same value; 
deduct 10%. 
•axial leads 

madisound Speaker Components 
8608 UNIVERSITY GREEN 

BOX 4283 
MADISON. WISCONSIN 53711 

FAX: (608) 831-3771 
VOICE: (608) 831-3433 

Fast Reply HKD114 
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CLEANING 
SOLUT ON? 

I recently inherited 30 old (25 years) rec¬ 
ords I would like to clean up. They are 
Flamenco Music, which is virtually unob¬ 
tainable these days. 

Please tell me the best way to clean them 
(without spending a fortune), since I plan 
to make tapes from them. 
I am familiar with "Disc Washer" and 

am not impressed with it. As an aerospace 
engineer, I know if I could locate someone 
with a large ultrasonic cleaner tank, it 
would probably dislodge any embedded 
grit. Unfortunately I don't know of any 
units today where someone would be will¬ 
ing to immerse records. 

I will appreciate any help. 

E. M. Bortmes 
Tulsa, OK 74135 

See Reg Williamson's article on cleaning disks [Audio 
Amateur, 2 & 4/81). Supplies for his method are 
available from Old Colony.-Ed. 

17W75/D28 SATELLITE 
I read your article on the Dynaudio D' Ap-
polito design ("Dynaudio Drivers and 
Sheetrock" by Allan Millikan, SB 3/89) 
with some interest since I, too, have been 
using the 17W75/D28 combination as a 
satellite speaker. However, I seem to have 
had less success than Mr. Millikan, primar¬ 
ily because of the crossover network. T ve 

tried both first- and third-order designs but 
neither has worked well; both have a very 
hard mid-treble sound when pushed. (I 
don't think this is due to the cabinet reso¬ 
nances since I packed pillows around the 
speakers and obtained the same results.) 

Would you be kind enough to share 
the schematic of your crossover? After a 
year of experimentation, my gratitude is 
assured. 

Sanford Kern 

Fort Collins, CO 80524 

Allan G. Millikan replies: 

My three-way satellite speaker system is ultimately 
intended for triamping with active crossovers. The 

original prototype (SB 3/89) used Dynaudio 17W75s 
with the D28 and a passive crossover derived from 
D' Appolito's [SB 4/84) work for the 2kHz crossover. 
The bass crossover was at 90Hz with 6dB/octave. The 
second version now uses a Marchand 24dB/octave 
crossover at 125Hz from a pair of Madisound 12-inch 

drivers in a ported 4-cubic-foot box to the Dynaudio 
17M75s/flat flange D28AF satellite. I achieved time 
alignment of the D28AF by recessing them %-inch 
behind the mounting plane of the 17M75s and utiliz¬ 
ing a '/z-inch foam liner on the inside of the periphery 

C3 

0.47mH 

-E- Cl 

FIGURE 1: 2kHz crossover. 
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Tweeter Guard'“ is "built-in" 
protection. It limits current flow 
into the tweeter by increasing 
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the impending overload. It is 
more sensitive than a fuse and 
more responsive and reliable 
than a circuit breaker. Does not 
cause compression. 

Tweeter Guard is designed for 
use in 2 or 3 way systems and 
will not adversely effect cross¬ 
over circuitry or the audible 
performance of the system 

Tweeter Guard is simply 
installed in series directly to the 
driver. Use of Tweeter Guard 
will diminish the problems 
caused by customer abuse of 
drivers in the field. 
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Introduces a Full Range of FOCAL Products 
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• Precision Electronics 

• Custom Built Speakers 
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BIG COVE RESEARCH 

105 Catherine Dr., Owens Cross Roads, AL. 35763 

Phone: 205-881-8677 FAX: 205-882-6765 

Dr. Hugh Christian or Kevin E. Davis 

Fast Haply KD333 

The only high-end audio journal 
respected by the professionals 
who know more than the Editor. 

Think about the various “under¬ 
ground” or “alternative” audio reviews 
(as distinct from the construction-
oriented type of publication you are 
now reading). Who is impressed by 
them? Kids, cultists, yuppies, audio 
salesmen, and retired dentists. Whereas 
recording engineers, equipment design¬ 
ers, EE professors, research institute 
people, and other genuine profession¬ 
als usually just snicker at them. 

The Audio Critic is another 
story. Professionals take it se¬ 
riously, even when they know 
more than the Editor. Why? 
Because The Audio Critic is 
serious about science and 
scientific accountability. 
No cultism, no self-
indulgent subjectivity; just 
measurements, engineering 

critiques, and rigorous A/B listening 
tests reported without political bias. 

Send $22.00 (no Canadian dollars, 
$32.00 overseas) for your one-year, 
four-issue subscription. Issue No. 14 is 
the latest, featuring lots of loudspeaker 
reviews, plus Part II of the transcript of 
an all-day seminar with unique insights 
by six of the best minds in audio. 

Special Offer! If you start with 
No. 14, send an additional $15.00 

($23.00 overseas) and receive an 
introductory package including 
No. 10 (explains the ground 
rules), No. 11 (mostly speak¬ 

ers), No. 12 (mostly digi¬ 
tal), and No. 13 (contains 
Part I of the seminar). 
The Audio Critic, Inc., 
P.O. Box 978, Quaker¬ 
town, PA 18951. 

of the cylindrical cavity. I simply used my old 2kHz 

crossover {Fig. 1 ) with the addition of R2 to match the 
midrange to the reduced output from the tweeter. 
Lethargy and satisfactory sound caused me to leave 
the R4/C4 network in place. My present setup leaves 
both Pl and P2 adjusted to give maximum output. 
When I changed the woofer/satellite 6dB/octave 

passive crossover to 24dB/octave active at 123Hz, I 
heard a notable improvement in the transparency and 
pleasantness of the midrange. I look forward to us¬ 
ing a 24dB/octave crossover for the 17M75/D28AFs. 

I believe the steepness and in-phase output make 
the integration of the drivers easier. (I have adjusted 

the bass crossover in the frequency range from 90Hz 
to 200Hz in 5% steps with remarkably subtle changes 
in sound.) 

I hold no special claim for my passive configura¬ 
tion except to say that a number of knowledgeable 
listeners like the result. 
Dynaudio recently published an elaborate design 

{SB 2/89, pp. 40a-40d) for a 2kHz crossover between 
the 17M75/D28AF pair in an advertisement for a 
speaker design called Twynn. Perhaps it will meet 
your needs. 

THE BIG BOX 
Unfortunately, a room isjust a big box. We 
can go on tolerating it as I did for years, or 
we can give it the same loving care we give 
our speaker boxes, applying all sorts of in¬ 
genious tricks to prevent ' 'box talk. ' ' After 
all, the big box may be considered an exten¬ 
sion or even an integral part of the speaker 
system. In any event I finally got around to 
doing something about it. 
We cannot completely neutralize the 

room but we certainly can attack the basic 
problem—reflections. Covering the walls 
with Acoustifoam, Somex or other absorb¬ 
ent material is a step in the right direction. 

An innovative Chicago area audio firm has 
an installation with Acoustifoam wall cov¬ 
ering which was turned into a work of art 
with soft loose weave fabrics, so appear¬ 
ance need not be a deterrent. Personally, 
I like the looks of the raw stuff—once the 

music starts I don't see anything anyway. 
I tried the barrier panel type control sys¬ 

tem as shown on page 61 of SB 3/89 mainly 
because it lends itself to rapid experimen¬ 
tal adjustments. Also, it seemed a good idea 
to tackle the errant sound at the transmit¬ 

ter and receiver directly; that which got 
through would have to penetrate the bar¬ 
rier on the return trip. Of course, additional 
panelling at the reflective surfaces them¬ 
selves adds materially to overall effec¬ 
tiveness. 

Incidentally, you can make the panels 
even more effective by filling the 2" void 
between layers with a loose pack of Da¬ 
cron, fiberglass or other similar material. 
A combination of wall covering and panels 
isanotherpossibility. I haveyettoreacha 
point of overkill as long as placement 
doesn't interfere with desired direct 
sound. Symmetrical placement is a must, 
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however, since even misdirected residual 
reflections can adversely affect imaging. 

And how does a low Q listening environ¬ 
ment sound? It doesn't, it merely lets all 
that glorious sound you designed into your 
listening machine arrive at the ears intact 
and unsullied. 

Here is one who will never again criticize 
the two-channel format nor the many re¬ 

cording engineers who are getting the most 
out of it. 

Donald F. Scott 
Houston, TX 77087 

GRATITUDE 
I d like to thank the mass of people who 
took the time to answer my letter (SB 2/89 

pg. 68). I had thoughts of the Post Office 
delivering boxes and boxes of mail, and 
threatening to cancel my PO Box if it didn' t 
stop. But alas, it was not to be. The replies 
went like this. One gentleman likes the Jor¬ 
dan modules. Another one likes the Eton 

4-203s. And finally (I thought it would 
never come) , the last gentleman likes 1. the 
Audax TX1125JNS and 2. Radio Shack's 
1022. Well, there you have it. Everything 
you ever wanted to know about picking a 
good midrange but were afraid to ask. 

Hmm, I've just been told Pm laying it on a 
bit thick. Me? Not me, I don't have a sar¬ 
castic bone in my body. Anyway, to the 
people who did answer, between work, 
schools, new bottoms, home, and so on, I'll 
try to answer your letters, but I can't 

guarantee when. 

John Yanek 
Vernon, CT 06066 

P.S. Now all we have to do is work on get¬ 
ting SB up to publishing monthly. 

PASSIVE RADIATORS 
Randall Bradley'sarticle, "Practical Con¬ 
siderations for Passive Radiator Systems' ' 

(SB4/89) wasvery interesting. I have built 
several systems over the years and found 
them to be a good compromise between 
bass reflex types that are boomy with high 
efficiency versus acoustic suspension 
which are solid but inefficient. More im¬ 
mediately, I have blown the 10" woofers 
in my passive radiator (PR) systems and 
need assistance in selecting the best re¬ 
placements. 
Are there equations/methodology or 

general guidelines for designing PR sys¬ 

tems which you might provide? Which 
types of woofers serve best? What resonant 
frequency and stiffness? I have only used 
the ''guess, cut and try " approach to date 
but have managed to create some pretty 

listenable systems. I will also need an ex¬ 

planation of the variables, as it has been 
quite a while since I have dabbled in 
speakers. 

Paul Davis 
Atlanta, GA 30327 

Randall Bradley replies: 

Your questions about PR systems address several im¬ 
portant areas. For me, designing with passive radiators 
is not strictly a "formula" based exercise. I’ll try to 
explain some practical methods which I have found 
to be successful. 

When writing for advice, give as much specific 
detail and background as you can. This detailed in¬ 
formation is essential, as it provides a good basis for 

a directed and complete reply. Questions about 
speaker design are so wide-ranging and convoluted 

that they often cannot be addressed adequately in just 
a few paragraphs. As a result, if your question is not 
based upon a specific case, only a generalized reply 
may be possible. Such a response may not be of any 
value to you. 

For example, it would help to know what sort of 

systems you have built. The specifications of your 
drivers, specs that you measured, the box volume, the 
size and construction of the passive radiator, your 
amplifier's power, your room size. Any information 
of this type is very helpful when trying to "zero in" 
on an answer to your question. 

Not having this information about your design and 
construction problems, I'll try to give you some in¬ 
sight into how I solved mine. 

Only a few sources exist on passive radiator seien-

In 1978, we set the industry on its ear by manufacturing a 61/2' 
woofer that produced clean fundamental bass down to 30 Hz. 1b 
this very day our SW 6500 is still the most accurate woofer in the 
business. Now after 11 more years of experience, improvements 
and R & D, we are introducing the closest thing yet to the 
perfect woofer. 

This 12" MONSTER SUBWOOFER, the MS 1000-12, incorpor¬ 
ates every design feature, technology and refinement known to 
improve sound regardless of cost. Yet being a small efficient 
cottage industry manufacturer, we can “create” this MONSTER 
SUBWOOFER at about the same price as a conventional woofer. 
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tifie design data. Olson, referenced by Berenek in his 
book Acoustics (McGraw Hill), mentions the use of 

a "drone cone” as an alternative to the acoustical 
phase inverter, or port. More recently, the AES Jour¬ 
nal (Vol. 22, pp. 592-601,1974) has published exten¬ 
sive work by Thiele and Small on closed, vented and 
passive radiator systems. 
The work in the AES Journal is valuable, but re¬ 

quires a strong working knowledge of college level 
mathematics. These papers form a good basis for 
designing and understanding the behavior of practical 
speaker systems. I struggle with these AES papers. 

Like so many other scientific studies, this detailed 
work takes into account only certain aspects of possi¬ 

ble design variables. Specifically, Thiele and Small 
consider only cases where the displacement of the 
passive is equal to the displacement of the driver, i.e., 
the same diameter and suspension. Unfortunately, 
this limits the paper to alignments where the excur¬ 
sion (X max) of the passive is equal to or less than the 

excursion of the driver. 
This design limitation creates a problem. Most of 

the really good, effective and practical alignments re¬ 
quire the passive to have an excursion substantially 
greater than the driver itself. As a result, the AES work 
becomes less useful than one might hope. 

The easiest practical way to solve the excursion 
issue is to use a passive radiator with a diameter larger 
than the driver. 1 typically use one "two sizes up”; 
if the driver is a 10" (nominal) then I use a 15" 
(nominal) passive. Of course, what we commonly call 
a 10" driver is actually 10" mounting, the radiating 

surface is more like 8". 
I always select woofers with a QT less than .3, and 

with the lowest possible resonant frequency (fs). 
With regard to fs, there is no right fs, no absolute 
value to select. It all depends on the type of system 
you are designing, the application, and the power you 
will run through it. For example, a low f5 of 24Hz 
would be nice for a subwoofer or really low bass in 
a three-way design. But, most woofers with an fs of 
24Hz will not reproduce well much above 1kHz. Take 
this into account in selecting the rest of the system's 
components and parameters. 

I suggest target alignments of a driver fs of 25 to 

Thin Bin 
Mother Hubbard's cupboard 

was no doubt in worse condi¬ 

tion than our file folders for SB's 
"TT&T" and "Craftsman's Cor¬ 

ner" features, but we're about 

to get the "impending famine" 

warning light on our computer. 

Your handy tips, shortcuts and 

unique insights are all welcome, 

and SB pays $7.50 minimum for 
them. (It’s a great way to pay for 

your subscription.) Photos of 

your handiwork and an account 

of how and why you built your 

beautiful gear are also welcome. 

Payment for illustrated tips is 

$15 and up, depending on 

length of copy and quality and 

number of photos. 
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35Hz, Qr < .3, VAS < 400 liters, these are only my 
preferences and are by no means the only choices. The 
passive should be mass loaded to resonate at a point 
equal to or below fs (for a C4 alignment) by as much 
as '/z octave. 

In selecting a woofer, I generally use the manufac¬ 
turer's specs as a point of departure, and to eliminate 
unlikely candidates. I use Bullock's methods (as 
published in SB, beginning in 4/80) to test the drivers 
myself. I am more interested in looking at the large 
than the small signal performance. Most published 
specs are small signal results. 

The system, the driver, the passive and the box must 
all be tuned properly, though "properly" is difficult 
to define. I suggest you begin by fixing one parameter, 

like the box volume or the driver selection. The 
simplest point to start at is where alpha (VX5/VS) 
equals 1. Finding "good" system response usually re¬ 
quires a balancing act between the parameters of the 
driver and cabinet. 

Robert Bullock's articles beginning in SB 4/80 pro¬ 
vide a full explanation of this idea. The vented box 
alignments presented in these articles are similar to 
the results achieved with a passive radiator. There are 
differences which you must take into account, so the 
alignment charts do not have a 1:1 correspondence 
to the passive radiator case. 

I usually build a box with alpha equal to 1 then 

reduce its volume, by adding bricks, until I am happy 
with the balance between the sound of the system, the 
excursion of the passive and the damping of the driver. 
If you try this, the balance will become self evident 
quickly. I find things begin to sound best where alpha 
is just below 2. 

Almost all practical PR boxes I have built are ac¬ 
tually C4 type alignments (SB 4/80, p. 8, Figs. 2-6). 
The ripple of this alignment is critical and you must 
be careful not to introduce too much ripple. You ar¬ 
rive at this alignment by reducing the box volume and 
lowering the ff below fs just enough so as not to in¬ 
troduce too much ripple in the response. Listening 
with a sine wave generator and amplifier driving your 
system at very low volume is a good way to hear rip¬ 
ple (drop out, or "holes" or peaks in the response). 
I find you can hear variations of 3dB or better with 

your ears, at low loudness levels. If you can take your 
box outside, you can eliminate room resonances from 
coloring your tests. 
Whether room resonances can result in more 

serious variations in response than does system 
response ripple is arguable. 

No matter where you place the fP point, you should 
still be able to find fs, as well as fF, with a check of 
the impedance curve. Use this test to accurately deter¬ 
mine these frequencies. 

A Butterworth, B3 type alignment is possible, but 
it requires a larger box size (alpha ~ 1 ) and h = 1, that 

is: fp to be very close to or at the driver's f3 (fs, but 
measured in the box, not free air). This is a difficult 
alignment to live with, as the box can get rather large 
and the sound can get a bit "fat" unless the driver is 
carefully selected for very low V^, low Qr and ex¬ 
cellent Qp. Fc (the systems' low-frequency rolloff I 
point) is also somewhat higher than with a C4. 

I suggest you aim for a C4 like the one in Fig. 8, page 
20, SB 3/81. This will give the ultimate in bass exten¬ 
sion for a given driver, and with careful alignment, 
practically no audible ripple. For this alignment to 

work Q¿ (cabinet losses) must be kept very high, 
with few or no leaks of any sort. 

I hope these thoughts will give you a start at design-
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ing and building a high quality PR system. If you 
would like to share your experiences and projects, 
photographs of your work are always appreciated, as 
is a full size SASE with your letter. 

Bob Bullock's "BOXRESPONSE" program will be ex¬ 
panded to include models for the passive radiator for¬ 
mat by mid-1990. Watch Old Colony's ads for an¬ 
nouncements of the new version.-Ed. 

Shack has made some changes in the 
woofer and tweeter. Some quick measure¬ 
ments show the following differences. 

The woofer: (old) (new) 
Fo 57Hz 68Hz 
VC DCR 6.50 5.8« 
VC Inductance 1.54mH 342gH 

MINIMUS CHANGES 
Since the publication of my article, "Modi¬ 
fying Radio Shack's Minimus-7" (SB 1/88), 
it has come to my attention that Radio 

The new specifications reflect a change 
from a four-layer voice coil to a two-layer 

one. 

The tweeter: 
VC DCR 
VC Inductance 

7.20 
39MH 

6.90 
39^H 

BULLOCK & WHITE 
SOFTWARE 

BOXRESPONSE 
Model-based performance data for either closed-box or 
vented-box loudspeakers with or without a first- or sec¬ 
ond-order electrical high pass filter as an active equalizer 
[SB 1/84|. The program disk also contains seven additional 
programs as follows: 
Air Core: This program was written as a quick way of eval¬ 
uating the resistance effects of different gauge wire on a given 
value inductor. The basis for the program is an article in 
Speaker Builder (1/83, pp. 13-14) by Max Knittel. The pro¬ 
gram asks for the inductor value in millihenries (mH) and 
the gauge wire to be used. (NOTE: only gauges 16-38.) 
Series Notch: Developed to study the effects of notch filters 
in the schematics of some manufacturers. Enter the com¬ 
ponents of the network in whole numbers (i.e., 10 for 10pF 
and 1.5 for 1.5mH) and indicate whether you want one or 
two octaves on either side of resonance. Output is frequen¬ 
cy, phase angle and dB loss. 
Stabilizer 1: Calculates the resistor-capacitor values needed 
to compensate for a known voice coil inductance and driver 
DC resistance. 
Optimum Box: A quick program based on Thiele/Small to 
predict the proper vented box size, tuning and - 3dB down 
point. It is based only on small signal parameters, therefore, 
it is only an estimate of the response at low power (i.e., limited 
excursion). 
Response Function: Calculates the small signal response 
curve of a given box/driver combination after inputting the 
free-air resonance of the driver (fs ), the overall "Q" of the 
driver (Qre ), the equivalent volume of air equal to the 
suspension (VÄS ), the box tuning frequency (fs ), and the 
box volume (Vs ). Output is the frequency and relative out¬ 
put at that frequency. 

L-Pad Program by Glenn Phillips: Appeared in Speaker 
Builder (2/83, pp. 20-22). It is useful for padding down a 
tweeter or midrange while still retaining the same load as 
the driver itself. 

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

Medium: 5% SS/DD Disk. Price $25 (unless otherwise 
specified) postpaid USA; Canada add $4; overseas add $6. 

Specify: 
Apple.BOX-1A5 
Commodore 64-Disk.BOX-1C5 
IBM.BOX-1B5 

IBM PLUS GRAPHICS 
BOXRESPONSE.BOX-2B5G $50 

PASSIVE CROSSOVER 
This disk is a result of Mr. Bullock's extensive research 
concerning first-, second-, third-, and fourth-order passive 
crossovers in Speaker Builder 1, 2 & 3/85; $25 

Specify: 
PASSIVE CROSSOVER CAD 
Apple.PAS-1 A5 
Commodore 64-Disk.PAS-1C5 
IBM.PAS-1B5 

IBM PLUS GRAPHICS 
Crossover CAD.PAS-2B5G $50 

ORDER BLANK Software is Not Returnable for Refund 
BOXRESPONSE 

_IBM (BOX 1B5). @ $25 each _ 
_IBM GRAPHICS (BOX-2B5G). @ $50 each_ 

_Apple (BOX-1A5). @ $25 each 
_Commodore Disk (BOX-1C5). @ $25 each _ 

PASSIVE CROSSOVER CAD 
_IBM (PAS- 1B5). @ $25 each_ 

IBM GRAPHICS (PAS-2B5G). @ $50 each 
_Apple (PAS-1A5). @ $25 each 

_Commodore Disk (PAS-1C5). @ $25 each _ 
Total Order _ 

OLD COLONY SOUND LAB 
PO Box 243, Peterborough, NH 03458 
(603) 924-6371 /924-6526 9-4 Mon.-Fri. FAX: (603) 924-9467 

Answering machine for orders only: (603) 924*6371 after 4:00 p.m. and weekends. 
Have all Information plus MC/VISA available. 

The change in the tweeter, which can be 
recognized cosmetically as a new molded 
plastic plate with concentric circular rings 
around the dome itself, is otherwise only 
nominal. 

Because of the drastic change in woofer 
voice coil impedance, I do not recommend 
my original modification. The results of 
using this mod on one of the newer systems 
will be a noticeable droop in the midrange 
around the crossover point. 
To see which system you have, look for 

the rings on the tweeter mounting plate 
(easily seen through the perforated metal 
grille), or check the system DC resistance. 
You can do this with an ohmmeter con¬ 
nected to the speaker terminals on the 
cabinet back. If it measures about 6.5ß, 
you have an older system, if closer to 5.8ß, 
the system is one of the newer ones. 

William R. Hoffman 
Reno, NV 89502 

SHORTLINE REPORT 
I have been eagerly reading Speaker Builder 
since a friend gave me a subscription three 

years ago. With back issues in hand and my 
own subscription currently running, I 
have been looking for a way to integrate 
the formidable math equations into my 
spreadsheet. However, I am not a com¬ 
puter whiz and thus was pleased to see 

Marc Bacon's offer in 4/89 supplying a pro¬ 
gram listing for Lotus 1-2-3. 
A few comments, if I may? First, thank 

you for sending the magazine in its new 
cello wrap. The copies arrive intact and 
readable, a situation not true for many of 
the periodicals I order from the US. I wish 
more publishers would follow your lead 
and protect their valuable output. You are 
to be commended. [Unfortunately new 
Postal Service regulations make the plastic 
bags too expensive to continue.—Ed.] 

Second, has anyone written to bemoan 
the insensitivity of the Shortline? I am go¬ 
ing through voice coils on the Audax 
tweeter at an alarming rate. Not withstand¬ 
ing the inefficiency of the transmission 
line, my 80W/channel does not seem 

enough. My room is not large nor are my 
volume requirements excessive. 

My system consists of the Sony TAE 88 
preamp driving a Yamaha DSP 1 with the 
Sony TAN 88 for the Shortlines, two 
modified Dynaco ST35s for the effects 

channels which are handled by the modi¬ 
fied Dalines and a pair of LS3/5As. Source 
material includes Sony's D10 portable 
compact disc, Sony's TCK 555 tape deck, 
Yamaha's PS2 linear table mounted with 
a Shinon Red moving coil and an old analog 

Kenwood tuner. 
All of this fits into a room 14 by 10 by 9 

(W/D/H) and my wife and two children do 
not permit me to play at concert hall levels. 
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As you can see by the room dimensions 
near-field conditions prevail so I should not 

be burning voice coils. Any suggestions? 
Last but not least, I have recently built a 

function generator as published by Radio 
Electronics (3/89). In the article the author 
suggests that if the generator is to be used 
for testing drivers it should be used in a low 

impedance mode. This means deleting two 
resistors in series with the sine output. The 
resistors would normally give the genera¬ 
tor a 6002 output. This generator will 
develop about 1.5V in this manner at the 
output. But R. D. Crawford says, also inSB 

4/89, your generator for impedance meas¬ 
urement should have a 6002 output imped¬ 
ance. Which is correct? 

Brent Hughes 
Edmonton, Alberta T6K 3Z2 

Canada 

John Cockroft replies: 

I am sorry you are losing so many voice coils. I know 
of two instances (prior to yours) in which the Audax 

tweeter has blown in a Shortline. I caused one to blow 
when I took the Shortline to work to demonstrate it 
in a fairly large room using only a 35W amplifier. One 
of the listeners liked loud music, so we kept turning 
things up. We experienced considerable audible dis¬ 
tortion for a while before the tweeter went, so I think 

it safe to assume the failure was due to clipping in the 
amplifier with its attendant surge of harmonics. 

The reason for the other failing isn't as clear to me. 
A reader reported the failure while listening to syn¬ 
thesizer music from CDs with a 135W amplifier. He 
didn't think the music was loud, but then he said that 

it was so clear, it could have been louder than he 
thought. 

Admittedly, the Shortline is a bit inefficient, but not 
as inefficient as you describe. (I’m referring to mine, 
not yours.) My room is about 1,440 cubic feet, very 
close to the size of yours. I don't like extremely loud 

music. I seldom play it louder than 80-86dB. Occa¬ 
sionally, I have seen 90dB peaks on my sound pres¬ 
sure meter and I'm sure I could go higher (I just don't 
want to). I designed and tested the Shortline using a 
Sony 35W/channel receiver. I replaced this with a 
Parasound 80W/channel Class A amplifier and, more 

recently, a 60W/channel Adcom GFA-535.1 also used 
an old 150W/channel Tandberg, until it finally gave 
up. The Shortline performed well on all these subse¬ 
quent amplifiers, revealing a different personality 
with each one. 

I really don't know what to say about the extreme 
inefficiency you are experiencing with your Short¬ 
lines. Did you weigh the acoustic stuffing or did you 
guess at it? If the stuffing is too dense that might ac¬ 
count for it. Perhaps it is packed too tightly just behind 
the woofer. I am not familiar with the specific equip¬ 
ment you use. 80W/channel should be quite reason¬ 

able for your small room. 
Regarding the tweeter: Perhaps there is some in¬ 

stability in your amp at high frequencies. Perhaps 
your preamp is overdriving your amp. If you have a 
neighbor with suitable equipment, try the Shortlines 
there and see whether the situation still exists. 

I have heard the Audax 1 " tweeter is a bit wimpy 
and tends to blow easily. I don’t use them anymore. 
I have a system similar to the Shortline (a bit shorter) 

¿EsX latest generation loudspeakers 
USA DIRECT FROM U.K. 

Our company has achieved world status for its innovative 
approach to loudspeaker design and over the past two years 
has probably received more unsolicited praise in the inter¬ 
national press than any other loudspeaker manufacturer. 

Our latest generation drive units and systems are now 
available DIRECT FROM U.K. 

In addition, our unique personal design service offers a 
range of performance, power and aesthetic design options 
far beyond the limitations of conventional loudspeakers. 

Before choosing your next loudspeaker please send for our 
information pack and enclose $2.00 to cover postage. 

E. J. JORDAN DESIGNS 
THE DAK, MANORBIER, DYFED SA70 8QR U.K. 
Tel. (0834) 871209 

consider the SOURCE 
Make MOUSER Electronics 

your factory-authorized source for 
passive components, semiconductors, electro¬ 

mechanical devices, wire, cable, and connectors 
from quality manufacturers like: 

AUGAT, CAROL, 
TECCOR, AMP, GE, 
& SGS-Thomson. 

And then add: 
coast-to-coast distribution, same-day shipping, toll-free 
ordering and the full support of MOUSER'S 25 years of 

proven customer service experience. 

Call today for your complimentary subscription to the 
latest 192 page MOUSER Electronics Catalog. 

dial: 1 -800-992-9943 
(Lines open 24 hours daily - 7 days per week) 

Fait Reply UD181 
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Story, with invitation 
The Story 
Discerning audiophiles know what they 

J want. If you are like me, you want to hear 
1 music, not electronics. For years, I audi-

tioned amplifiers, searching for that elusive, 
T neutral transparent, sound. 

Finally, I found it! 
2 Too bad, a complete amplifier wasn't for 
a sale. 
C So...I built one. 
I Now my system sounds superb. Superb is 
2 just another word, and you can't drive 
I speakers with words. Don’t take my word 
c for it, the sweet pure music streaming forth 
„ from my speakers says it all. 
œ It takes a lot of work and time to build a unit 
n like this. My little company, BEAR 
g Labs, will build it for you. So, you don't 
c have to build it yourself. 

I The Invitation 
s BEAR Labs is pleased to offer a select 
f number of individually hand-built audio 
I amplifiers: 
J The 
m Symphony No. 1™ 
g —MOSFET Design —Monster power supply 
* —200 Watts RMS. 8 ohms — < 0025% THD. 1kHz 
d —DC coupled, no servos —sounds great 

Y BEAR Labs will build a limited num-
* ber of units. 
$ You can audition the Symphony No. 1 in 
« your home for thirty days. Send for details 
$ of this offer. 

I Ask about optional features and finishes. 
S Call or write now, secure your reservation. 

Your inquiry is welcome. 

BEAR Labs / ? 
PO Box 144 ) n ( 
Hannacroix, NY 12087 
(518) 756-9894 laÊS 

Fast Reply »KD337 

Sound - Net 
Sound-Net is an electronic bulletin board system 
(BBS) dedicated to audio and acoustics, and is 
sponsored by the Toronto section of the Audio 
Engineering Society. 

News-. 
•Events as they happen 
•What's new in products and service 
•Schedule of upcoming events 
(Conferences, workshops) 
•Business news 

Software 
•Public domain, shareware + freeware 
•Demo's of commercial packages 

Special Interest Groups: 
Audio Electronics 
C.A.D. Acoustics 

For more information, write or call: 

SOUND-NET 
212 Fem Avenue 
Toronto, Ontario 

M6R1K4 
VOICE: 1-416-530-4423 

Fast Reply »KD230 

in which I use the Peerless K010DT 1" tweeter. I 
have never had any burnout troubles with this tweeter 
and it sounds good. 1 have used them for over ten years 
in various systems. 1 went to the Audax because Gary 
Galo spoke highly of them in one of his pieces. 
The Peerless might scare you because it doesn’t 

have a replaceable voice coil. However, their new 
catalog lists the SR 10/8 which has one. The curve, 
resonant frequency, efficiency and Rf are close. 1 
haven't tried this, but I plan to. Incidentally, I now 
use the tweeter with the polarity the same as the 
woofer instead of reversed as in the article. 

1 am really sorry you have gone to so much trou¬ 
ble to have obtained little fulfillment. Other readers 
have had better luck constructing the Shortline. One 
person has built five pairs (at last count). Friends and 
relatives seem to make off with them. 

Edward A. Yapchian (he of the five pairs) states the 
results were satisfying: "The bass is well extended, 
insofar as the program is recorded. The highs are well 
defined and the imaging is precise. I, as well as friends 
who have heard them, am amazed at the performance 
of this TL. 1 would not hesitate to compare the Short-
line with any other speaker in the $500-600 range." 
He then mentions that the only drawback is their 
relative inefficiency. He is driving them with a 20W/ 
channel receiver. 

He wrote a second letter about a week later: "My 
next step was to hook them into my friend's 200W 
power amp and really hear what they sounded like. 
To our surprise they sounded better than his $700/pair 
Bose 401 loudspeakers. We played the Shortlines very 

Why Your Magazine 
Doesn’t Arrive 

If you move and do not send us your new ad¬ 
dress in advance, your current issue is sent to 
your old address and may arrive after the 
Postal Service's six-month time limit on for¬ 
warding instructions has expired. If this hap¬ 
pens, the Postal Service sends us a notice say¬ 
ing, in effect, they have forgotten where you 
now live, along with a bill for 25c to pay for 
this information. Meanwhile, they have 
trashed your magazine. 
Since we have already paid for your de¬ 

stroyed copy, paid postage to attempt to 
deliver it to you and put a holding code in your 
computer record saying that we have no idea 
where you are, and further since we routinely 
act on the assumption that Murphy is over¬ 
active within most offices of the Postal Ser¬ 
vice, we send a first-class letter to your old ad¬ 
dress to determine whether you have, in fact, 
moved. We do this because from time to time 
some clerk mistakenly supposes a subscriber 
has moved and he or she has not. Then we 
write a nasty letter to the Postmaster sug¬ 
gesting the clerk is a vandal of sorts and how 
about paying for the magazine? So far, not one 
has sent any postage or even a repentant let¬ 
ter. Replies usually range from form to frown¬ 
ing to foaming. 
So please inform us early when you move. 

Peel off your label, put it on a postcard, write 
in your new address and send it to us. We can¬ 
not afford to send you a duplicate, unfor¬ 
tunately. If your copy becomes a Postal Ser¬ 
vice casualty, the replacement copy will 
cost $4. 

Old Colony 
Software 

Loudspeaker 
Modeling Program 

by Ralph Gonzalez 
Speaker Builder 1, 2, 3/87. LMP produces a full-range frequency 
response prediction for multi-way loudspeakers, including the ef¬ 
fect of the crossover, driver rolloffs, interdriver time delay, "dif¬ 
fraction loss," etc. This software is available at $17.50 per copy 
in four versions. The price includes author support via mail from 
Ralph Gonzalez, PO Box 54, Newark, DE 19711. 

Specify: 
Apple II, 574" SS/DD LMP 1A5 
Apple Macintosh 372 SS/DD LMP-2M3G 
IBM PC/XT/AT 574" DS/DD LMP-2B5G 
Commodore 64 574" DS/DD LMP 1C5 

LM P-3B5G This is a souped-up version of LMP providing pro¬ 
fessional-quality graphics and a fast friendly user interface. It remains 
compatible with LMP data files and is available for IBM PCs with 
CG A, EGA or Hercules graphics. $49.50 or $39.50 to upgrade 

LMP or LMPG. (Enclose original disk or sales receipt.) 

Driver Evaluation & 
Crossover Design 

by G. R. Koonce 
These programs cover driver evaluations and passive crossover 
design (SB 5/88). Disk 1 evaluates the suitability of drivers for 

closed, vented and passive radiator enclosures, and allows detailed 
designs of vented boxes. 

Disk 2, in addition to driver evaluations, allows the design of 
first-, second-, and third-order crossovers. 5VIBM: 360K, DS/DD. 
$12.50 each. 

Specify: 
Driver Evaluations DRI 1B5 
Crossover Design CRS-1B5 

Active Filter Design 
by Fernando Garcia Viesca 

This program (SB 4/88) calculates component values for Butter¬ 
worth filters in four configurations: High- and low-pass in second-
and third-order, $17.50 per copy includes author support. 

IBM 574 " 360K DS/DD ACT 1B5 

Two-Way Active 
Crossover Design 

by Gary Galo 
This program (SB 5/88) will perform the calculations for the eight 
two-way active crossover designs described by Bob Bullock using 
formulas exactly as given in the articles; plus a program to cal¬ 

culate VTH. Includes one year user support; $20 each. 

Specify 
IBM 574" 360K DS/DD TWO1B5 
IBM 372 720K DS/DD TWO 1B3 

ORDER BLANK 

Software Not Returnable for Refund 
_IBM (LMP-2B5G) $17 50 
_IBM (LMP-3B5G) $49.50 
_IBM (LMP-3B5G)' $39.50 
_IBM (DRI-1B5) $12.50 
_IBM (CRS-1B5) $12.50 
_IBM (ACT-1 B5) $17.50 
_IBM (TWO-1 B5) $20.00 
_IBM (TWO-1 B3) $20.00 
_Apple (LMP-1A5) $17.50 
_Apple (LMP-2M3G) $17.50 
_Comm. (LMP-1C5) $17.50 

‘Original LMP disk or sales receipt must be included w/order. 

OLD COLONY SOUND LAB 
PO Box 243. Peterborough. NH 03458 
(603) 924-6371 / 924-6526 9-4 Mon.-Fri. 
FAX: (603) 924-9467 
Answering machine for orders only: 
(603) 924-6371 after 4:00 p.m. and weekends 
Have all Information plus MC/VISA available 
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loud to see how they would stand up: answer, just fine. 
"Over to another system-a 130W integrated amp. 

We tied the Shortlines into the system and for the first 
seven minutes or so, the sound was clean and the im¬ 
aging excellent. People said things like, It doesn't 
sound like you're listening to a speaker.' Then the 

right side of the room collapsed." This was when the 
second Audax tweeter burned out. 

Foster L. Spain, of Atlanta, Georgia, stated: 'Tam 
completely satisfied with the sound quality and am 
quite amazed that such clean bass can come from a 
pair of Radio Shack speakers. My music is mainly 

from Telare discs and my favorites are those with 
heavy transients such as the Cincinnati Pops con¬ 
ducted by Kunzel. The Shortline did a most creditable 
job with even the heaviest and loudest passages." 

Larry Davis of Bedford, Texas, said: "I have found 
your speaker design delightful—especially on solo 

piano and guitar recordings. John Bayless' Bach on 
Abbey Road sounds wonderful. My wife loves the 
sound too, and she was the first to say the piano 
sounded as if it were in the room. I have listened to 
all sorts of music, from Verdi's Requiem to Simon and 
Garfunkel's Greatest Hits-on CD. As you said, these 
speakers are painfully accurate—especially on the 
Greatest Hits. But all that was well recorded sounds 
really fine." 

I don’t mean for this letter to sound like a testi¬ 
monial, I merely wanted to show that your problem 
isn’t a pervasive one. 

INCOMPETENTS 
GALORE 

SB 3/89 contains the potential roots of gang 
warfare... Gary Galo, in reviewing White's 

Audio Dictionary, comments on audio sales¬ 
men: "I honestly believe audio salespersons 
are the largest group of incompetents in the 
country. Most would be better off selling 
shoes." Quite apart from the slur on shoe 

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

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

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

"In fact, the Parasound C/HD-350 combines 
everything which the demanding enthusiast could wish for: 

power reserve, dynamics, good solid bass, detailed and airy 
mids and fine, expressive highs. One is quickly seduced by this 

integrated amp which disappears through the music it 
reproduces, the kind of music you write with a capital M." 

Revue du Son (France) 
June/July, 1989 

Parasound 
800 822-8802; in CA 415 397-7100 

950 Battery Street, San Francisco, CA 94111 

Fast Reply »KD322 

CRAMOLIN 
How many times have you “fixed" equipment by rocking a printed circuit 
card in its edge connector? Have you ever taken an eraser to gold plating? 
These methods don’t get at the heart of the oxide contamination problem. 
CRAMOLIN does. CRAMOLIN is a product carefully formulated to ensure 
good and lasting electrical contact in electronic equipment of all types. 
CRAMOLIN pays for itself in reduced downtime. It takes very little 
CRAMOLIN to protect every wiping contact even in a large system. If you’ve 
ever spent hours tracking down an open ground in a connector CRAMOLIN 
belongs in your toolbox. The kit comes with instructions for use, two two-
dram containers (red for old contacts and blue for new contacts), applicator 
brush and lint free cloth. Each $20.00 

Postpaid USA. Canada add $1.50 postage and $.50 for each additional item. Foreign add 
$3.00 and $1.00 for each additional item. Please remit in US funds. 

Please send me _ Cramolin Kits. Payment by: MC □ □ VISA Check □ □ MO 
_ I_ 
CARD » EXPIRE 

NAME 

STREET & NO 

CITY STATE ZIP 

Visa/MC Phone Orders: (603) 924-6371/924-6526, 9-4, M-F EST: FAX: (603) 924-9467 

OLD COLONY SOUND LAB PO Box 243, Peterborough, NH 03458-0243 
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The Cutting Wedge Acoustic foam is 
available in 2, 3, 4 and 6 inch thicknesses, 
and in colors of blue, tan, or charcoal. With 
its patented anechoic wedge design and low 
cost per unit pricing, it far outperforms all 

competitors, even at low frequencies. 

The 
Cutting Wedge 

USES: On walls and ceilings lor fine-tuning 
listening rooms; recording studios, and inside 

speaker cabinets, to name a few. 

BUILD YOUR OWN A 
INTERCONNECTS E 

We carry all the best cable and connectors TT 
by: WBT • Tiffany • Price Music Post 

full line of Esoteric & many accessories 

FREE CATALOG MPT!-> 

KRELLFIELD products 
P.O Box 8 
Endicott, NY 13760 (607)797-1829 

Fait H»plf KD362 

CAN THE AUDIOQUEST 
CD RING IMPROVE 

EVERY DISC YOU OWN? 

CD Rings mass-load the disc’s outer edge, 
providing gyroscopic stability, thus prevent¬ 
ing rotational flutter. Peripheral wave damp¬ 
ing prevents the disc from vibrating. Better 
laser tracking and reduced power supply 
modulation result in smoother, clearer 
sound in every CD player. 

25 Rings w/locator $2$ 
Postpaid USA. Canada add $1.50, other Foreign 
add $3.00 for postage. Please remit in US funds. 

OLD COLONY SOUND LAB 
PO Box 243, Peterborough, NH 03458-0243 

MC/VISA Telephone Orders: 
(603) 924-6371 or 924-6526 

salespersons (skilled footwear consultant 

operatives), he comes eyeball to eyeball with 
Dick Pierce ("Pox Humana") who is busy 
slagging off "expert" customers from the 
other side of the counter as "the crazies, the 
obnoxious and the professionally weird." 

I must admit to being on Gary's side for 

many years when I did dozens of cartoons 
for Hi-Fi News, lampooning the doubtful 
hi-fi dealer trading under the name "Rookyu 
for Hi-Fi.” Looking back, I find those years 
(1959-1965) alarmingly up-to-date. 
The oldest real-life incident I remember 

was when I was buying a loudspeaker unit, 
which the salesman held up to his ear and 
said, "Just checking the mutual inductance, 
sir...” I replied, "If if s audible, I don't want 
if ' and left. Recently, in a big hi-fi chain store 
they told me not to even consider Brand X 
amplifiers because "they're not fast enough 
for CDs." A mild protest about slew rates 
brought the classic salesman's sneer that hi-fi 
wasn't about theory, it was about listening. 

I don’t think we will ever solve this one. 
Many good hi-fi salespersons know their 

subject, and Dick Pierce appears to have 
been one. I only hope he doesn't leave his 
shop and become a reviewer. That will bring 
about an irreversible change of life. 

Alan Watling 
Colchester, CO4 3JD 
England 

Sorry. Dick left the shop years ago and did something 
far more dangerous. He became a designer.—Ed. 

DIPOLE SUBWOOFER 
continued from page 21 

SOURCES: 
Active Electronics 
PO Box 9100 
Westborough, MA 01581 
(800) 228-4834 
(TL075, RC4136) 

Digi-Key 
701 Brooks Ave. South 
PO Box 677 
Thief River Falls, MN 56701-0677 
(800) 344-4539 
(Panasonic capacitors, metal film resistors) 

Hartley Products, Inc. 
1200 N. 23rd St., Suite 105 
Wilmington, NC 28405 
(driver) 

Manufacturer's Comments 
We certainly agree with Mr. Lin's arguments 

for the use of a subwoofer and, indeed, the 

Available factory direct from: 

speakerlab 

Announcing the world premier of a land¬ 
mark speaker design which may very well 
change the music reproduction technology 
forever.. Speakerlab's Auricle RD57. 

The Speakerlab Auricle RD57 is a planar 
di-pole wide band ribbon transducer that 
represents state of the art in this type of loud¬ 
speaker. Over two years of intensive design 
efforts have resulted in a loudspeaker that 
easily out performs any and all similar sys¬ 
tems anywhere in the world. The bandwidth, 
efficiency, power handling and smoothness 
of amplitute response of the Auricle RD57 is 
vastly superiorto any other ribbon transducer 
available anywhere. 

Yet the Speakerlab Auricle RD57 is about 
half the cost of other nationally distributed 
ribbons because it is available factory direct! 

6307 Roosevelt Way NE Seattle. WA 98115 
(206) 523-2269 

Transducer type: planar dipole ribbon 
Frequency resp.: 145 Hz to 20 kHz +/- 3dB 
Impedance: 4 ohms purely resistive 
Rated Sensitivity: 90dB 1 watt/1 meter 
Dimensions: 1.25” D x 5.0” W x 57.5” H 
Max power handling: 450 watts rms 
Weight: 25 lbs 
Price: $999.00/pair 

-SPEAKERLAB'S 

Auricle 

Fait Reply »KD237 
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RAMSDELL AUDIO 
27" SUBWOOFER 

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

1000W Program 
Polypropylene cone—Double Roll Cloth Surround 

52 lbs. 
Fs 18.5Hz 
Qts .275 
Qes .293 
Qms 4.16 
No 4.0% 
Re 5.7Q 
Le 3.0mH 
Xmax ±4mm 
Vas 1720 liters 
Piston Dia. 23.3" 

NOW AVAILABLE: 27" Passive Radiator $145 
Fast Haply HKD163 

PO Box 76186 

St. Petersburg, FL 33734-6186 

(813) 823-8037 

SERIOUS INQUIRIES ONLY PLEASE 

Voice la coil 
THE NEWSLETTER FOR THE LOUDSPEAKER INDUSTRY 

Edward T. Dell—Publisher Vance Dickason—Editor 
Featuring all the news of the industry: New patents, technical 
paper reports, classified listings, new product news, industry 

surveys, market research, and much more. 

Mailed First Class on the 20th of each month 

Enter my subscription to Voice Coll 

ONE YEAR (12 issues) @ $50 □ TWO YEARS (24 issues) @ $90 □ 

I enclose □ Check/Money Order □ MasterCard □ VISA 

CARD NUMBER " EXPIRATION 

SIGNATURE 

NAME (PLEASE PRINT CLEARLY) COMPANY 

STREET & NO 

CITY STATE ZIP COUNTRY 

need for two whenever possible. Our research 

has confirmed that crossover frequencies 

above first octave of audible response do re¬ 

quire two channels to fully realize stereo im¬ 

aging, not just for tympani and organ, but for 

subharmonics of piano, guitar and so on. 

We do, however, disagree with Mr. Lin 

on the matter of Thiele/Small parameters. 

Our drivers, like the 24 ", do in fact show up 

as an anomaly for some types of normal 

measurements. 

The compliance of all moving coil drivers, 

except Hartleys, is derived from the spider 

and surround attached to the moving mass. 

The real compliance of our drivers is derived 

by the magnetic suspension inside our voice 

coil which will appear to have a high Q at 

rest, due to our ferrite magnetic suspension 

inside the windings ¡similar to an iron core 

inductor). Under voltage, this anomaly dis¬ 

appears. 
The audio measurements printed by The 

Audio Critic several years ago were not rele¬ 
vant at all. The 24" woofer was reviewed in 

a homemade box (of unknown quality) and 

was, indeed, half the cubic volume recom¬ 

mended by our factory. 
The linear excursion of our current 24" 

model is slightly more than % " peak-to-peak 

or %" for each polarity, since the voice coil 

with magnetic suspension can move the 

magnetic field with it. The 24 " woofer will ac¬ 

tually reproduce high frequencies beyond 

most ears' range, due to the natural sound 

transmission quality of our polymer mixture 

used to manufacture our cones. However, 

these upper frequencies are sufficiently down 

in dB so as not to interfere with its usual range 

of 16-150HZ. 
On phasing, older Hartleys used the 1950s 

electrical connector standard, black being 

positive. Fora number ofy ears now we have 

used the current conventional red-positive, 

black-negative. 

In conclusion, we found Mr. Lin's article 

to be very interesting and timely, since a 

number of Hartley enthusiasts have been ex¬ 

perimenting with dipole designs. 

PARADIGM 7se MOD 
continued from page 30 

other than those purely required to get the 
best possible sound from his design. For 
many listeners, the stock Paradigm 7se is 
a very solid and honest performer, out¬ 
standing in its class. However, any loud¬ 
speaker can be improved upon, and you 
can realize significant performance gains 
in this case by applying a few sound prin¬ 
ciples and a little time and money to the 
existing design. 

Continued on page 80 

PHONE (BUSINESS) 

VOICE COIL 

PO BOX 176 

PETERBOROUGH, NH 03458 

HOME 

To enter your subscription by phone: 
Call (603) 924-9464, Monday-Friday, 9-4 
Have your charge card authorization handy 
FAX: (603) 924-9467—24 hours 
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ñCDUSt3-5tuf 
A SOUND ABSORPTION MATERIAL THAT ELIMINATES 
STANDING WAVES AND REFLECTIONS WITHIN THE 

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

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

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

ATTENUATION TRAPS 

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

NO CO D OR CREDIT CARDS 

Speaker Hits 
WE ARE PROUD TO INTRODUCE THREE NEW 
SPEAKER KITS COMPLETE WITH PRECUT OAK 

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

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

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

INFORMATION ON THESE NEW KITS 

2480 Schillinger* Rd. #488 

Mobile. Alabama 36695 

(205)-633-2054 After 5 PM CST 

Fast Reply HKD73 

Put a little MAGIC 
into your life 

(and in ours too!) 

MAGIC EXPIRE 

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. 

THE PITTS 
Ken Kantor’s two articles in Audio for November and 
December 1988 not only show readers howto use a com¬ 
puter to design a two-way speaker system, but provide a 
sealed box design and a crossover as well. Old Colony 
Sound is pleased to offer a kit of drivers for Ken Kantor’s 
project: THE PITTS. 

2—Tonegen woofers (16K65) and 
2—Tonegen tweeters (94C70). . . $128.00 

postpaid in the 50 US states 
shipping weight for elsewhere is 10 lbs. 

Crossover parts are not available from Old Colony. They are available from 
Madisound and A & S Speakers. Defective units will be replaced at no charge 
if returned UPS pre-paid to Old Colony. Units damaged by accident or abuse 
will not be replaced or repaired. 

MasterCard/Vlsa Telephone orders: 
(603) 924-6371 FAX: (603) 924-9467 
Answering Machine on (603) 924-6371 after 4:00 p.m. and weekends for MC/Visa orders 

OLD COLONY SOUND LAB 
P0 Box 243 • Peterborough, NH 03458 

Continued from page 79 
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Technology Watch 
continued from page 58 

pling [Fig. 3}. The advantage, apart from cost, 
is the separation of the high voltage supply 
and the driving amplifier. A high voltage 
drive can be obtained by means of a low 

voltage signal. Suitable optocouplers are not 
listed in the patent, but you can make your 
own. 
High voltage (HV) diodes in transparent 

cases become photoconductive when illu¬ 
minated.3 If illuminated by a light emitting 

diode the HV diode becomes a variable re¬ 

sistor—the resistance depending on the 
amount of illumination. All the features in 
this patent are very innovative, but I wonder, 
with the number of amplifiers, low-pass 
filters and optocouplers, how cost effective 

is it? 
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LITTLE GRIPPER 
END SPIN OUT! 
PARTICLEBOARD HINGE SCREW 
The "Little Gripper" is the answer to your 
small fastener problems in particleboard 
and MDF With the wide spread use of these 
man made woods the right fastener that 
works each and every time is essential to 
your production requirement. 

The "Little Gripper" with it's wide spaced angled threads is 
especially designed for use with your hinge application in 
particleboard and MDF. Avoid the frustrating and time 
consuming problem of spin out, so common with sheet¬ 
metal screws in these man-made woods. USE THE RIGHT 
FASTENER—Use the "Little Gripper" by Equality Screw Co. 

call or write 
for your 
FREE 
sample 

(CUT OUT AND SEND). 

6 X V2 phillips flathead 

6 X % phillips flathead 

6 X % phillips flathead 

SPECIALIZED FASTENERS for CABINETS & COUNTERTOPS 

SCREW COMPANY INC. 
P.O. BOX 1645, EL CAJON, CA 92022 
1-800-854-2886 800-552-8844 (in california) 

Fast Reply HKD370 
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Classified Advertising 

TRADE 
AUDIO DESIGN SOFTWARE for PC and Mac 
SpeakerCAD: graphs predicted performance, calcu¬ 
lates Thiele/Small parameters, vents. Filters: calcu¬ 
lates 1 ...6th order, Bessel or Butterworth electronic 
crossovers. Crossovers: handles 1 ...4th order "All 
Pass” or “Constant-Power” passive designs, $40 
complete ATRIUM ELECTRONICS 2302 5th NE 
Salem, OR 97303, (503) 363-5143. T6/89 

WANT A CD? But no amplifier input! Unique selec¬ 
tors give the input capability you need for any audio 
accessory. Write today for details JEL, 409 Angus 
Blvd., 69B, Warner Robins, GA 31088. T6/89 

MAGNAVOX/PHILIPS CD SPECIALS: Selected 
chip sets. $80; Digital filter, $20; CDB582, $169; 
CDB583, $200; CDB586, $210; CDB490, $149; 
CDB492, $159; CDB473, $189; CDB650, $249. Laser 
Disc players, call. Isodrive, Navcom transport stabi¬ 
lizers, call. Navcom Silencers, $46. Free comprehen¬ 
sive catalog of connectors, accessories, CDs, LPs. 
DIGITAL SOUND 7634 Kolmar, Skokie, IL 60076, 
(312) 674-8024. T6/89 

MIT AUDIO CABLES, including Teflon insulated 
hookup wire for rewiring components; hi-flexibility 
tonearm sets and any custom termination; ATMA-
SPHERE OTL amplifiers; VENDETTA RESEARCH; 
SOLEN polypropylenes to 200;<FI, WONDER caps-
solder-wire; RESISTA resistors; EDISON PRICE, 
WBT, ODYSSEY, TIFFANY connectors; RAM tubes; 
ASC TUBE TRAPS; SIMPLY PHYSICS Tone Cones; 
NAVCOM isolators; FLUXBUSTERS ($150 ppd ); 
many parts & accessories. $1 catalog ($3 overseas). 
MICHAEL PERCY, Box 526, Inverness, CA 94937; 
(415) 669-7181. T6/89 

MANUFACTURERS’ OVERRUNS. Real wood wal¬ 
nut cabinets from major speaker makers. Prices 
range from $15 to $40 each. Send for complete list 
of cabinets. PHIL BAKER, 546 Boston Ave., Med¬ 
ford, MA 02155. T1/90 

AVOID STANDING WAVES with IBM software. De¬ 
termine hot spot and null locations for your listening 
room. Putting your speaker and listening postions in 
the correct spot smooths response and improves 
transient decay time. $29.95. SITTING DUCK SOFT¬ 
WARE, PO Box 130, Veneta. OR 97487, (503) 
935-3982. For IBMs/compatibles, DOS 2.11 +, 256K. 

T1/90 

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

FALCON ACOUSTICS is one of the largest inde¬ 
pendent manufacturers of crossover networks and 
speaker system accessories in the UK, supplying 
manufacturers, retailers and export. Your guarantee 
is the trust our manufacturing customers put in the 
quality and reliability of our networks. Inductors: Fer¬ 
rite (up to 200W), air-cored and transformer; Capac¬ 
itors: Reversible electrolytic 50V/100V, polyester, 
polycarbonate and polypropylene; Networks: choice 
of over 70 for different unit combinations; Com¬ 
ponents & Accessories: most except for the wood! 
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 

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

SPEAKER CABINET FRONTS custom made— 
recessed holes. Cost $5 per hole, plus material and 
shipping. Typical 12-inch 3-way front, $20; 5-inch 
2-way, $12. Send details and payment to SPEAKER 
WORLD, PO Box 14731, Fremont, CA 94539, (415) 
490-5842. T2/90 

PYLE DRIVERS! Pioneer Industrial Drivers! And 
now, the incredible 50 to 500W British McKenzie pro¬ 
fessional drivers. Lowest prices, list on request. 
Dealer inquiries? VISA/MC/DISCOVER SPEAKER 
SHOP. 318 South Wahsatch, Colorado Springs, CO 
80903, (719) 475-2545. T4/90 

APPLE MacINTOSH OWNERS! Can’t find that ar¬ 
ticle or correction? Then get the Speaker Builder In¬ 
dex on HyperCard. All articles, letters, and corrections 
cross referenced. Issues 1/80-present. Send $15 to 
DAVID BALDWIN. 1118 Foster Ave., Lake Bluff, IL 
60044. T6/89 

FOR SALE 
Two JBL LE-5 in excellent condition in original boxes. 
Make offer/trade for two KEF B110 #SP1057. Alberto 
Sarmiento, 2837 Galena Ave. , Simi Valley, CA 93065, 
(805) 581-2054. 

Fosgate model 3601 II360 degree space matrix high 
separation Dolby surround decoder. Unit has two40W 
rear channel amps built in, 3years old, mint, all original 
packing, manual, etc., $330 including UPS. Zach 
Vasilakis, 1429 Foote St., Conway, PA 15027, (412) 
869-5784 evenings. 
Pair JR 149 speakers with box, $195. Fred Masters, 
1622 Goldbach Ave., Bohemia, NY 11716, (516) 
589-4260. 

CLASSIFIED ORDER FORM 
PLEASE FILL OUT IN CLEAR BLOCK LETTERS OR TYPE. PLEASE SPELL OUT ENTIRE WORD. 

2 3 5 6 7 8 9 10 

12 13 14 15 16 18 19 20 

21 22 23 24 25 26 27 28 29 30 

31 32 33 34 35 36 37 38 39 40 

41 42 43 44 46 47 48 49 50 

If Trade please indicate # of insertions. 
Must be resubmitted for renewal. Ads cannot be taken over the phone. 

45 

□ Trade □ Private For Sale □ Private Wanted 
Private ads are on a one time insertion basis. 

Definition of a word: A series of letters with a space before and after. Please remember to include your name, address and 
telephone number when making calculations. In order for Private For Sale and Want ads to be free you must be a current 
subscriber. Please include your Magic Number. Ten dollar minimum charge for charge card orders and Trade ads. 

Any words over 50, 200 per word; Trade ads please charge 
at 550 per word and indicate number of insertions. Deduct 10% 
for a 4x contract in Audio Amateur and a 6x contract in Speaker 
Builder, deduct 5% for a 2x contract in Glass Audio. Payment 
must accompany ad. 

Please charge to my MasterCard/Visa: 

□ Check/Money Order enclosed 

NAME 

COMPANY 

CARD NUMBER EXP DATE STREET ADDRESS 

SIGNATURE CITY STATE ZIP 
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JBL Alinco Classics — 2 each LE15A, LE175DLH, 375. 
LX5. N7000. all in mint condition. The LE 15A has been 
reconditioned and regaused at the factory. Will ship in 
factory boxes. $500. Write Pete Lege. 815 S. Carr. 
Lakewood. CO 80226. 

Yamaha DSP-1 sound field processor, $595; Denon 
DP-2550 turntable with SME 3990-111 arm and Shure 
V15 cartridge, $450; dbx 124, 4 channel dbx-ll proc¬ 
essor, $200; Revox B77 open reel recorder, $990; 
Stereophile thru volume 12, #7. $450. Darroch, 1807 
ElmCrest. Arlington, TX 76102. 

ACTIVE 
ELECTRONIC 
CROSSOVERS 

MODEL 120 CABINET & NEW 120-R 
•RACK AND PANEL" DESIGNS 

Plug-in Butterworth (maximally flat) filters 
6 db.. 12 db.. or 18 db. per octave slopes, 
any specified frequency. Model 120 
instrument style case or 120-R "Rack and 
Panel" case with all terminations and 
regulated power supply. 

Made in monaural or stereo bi-amp, tri-amp. 
or quad-amp with optional level controls, 
subsonic filters supplies with or without 
bass boost, and summers for "single 
woofer" systems. Also available. 500 
Series filters, plug-in filters, regulated 
power supplies. 
New catalog and price sheet. Free! 

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

Older state-of-the-art equipment: Apt-Holman preamp, 
plenty of switching, rack-mount panel; PS Audio stereo 
amplifier, huge power supply; Technics ST-8600 AM-
FM tuner, more switching capabilities, built-in pink 
noise generator and facilities for checking multi-path; 
Tangent RS-2 speakers, 2-way, made in England, ex¬ 
cellent sounding. Will sell all for real steal of $500 or in¬ 
dividually at higher cost. Dennis Anderson, (414) 
349-3379. 

(3) SM120A Electro-Voice midrange horns, drivers not 
included, usable frequency range 300Hz/16kHz, new, 
$180 each, will take $100 each; New 1824M Electro¬ 
Voice midrange driver, $60; Hafler DH160 equalizer, 
$250, DH120, $235; Carver C9 sonic hologram 
generator, $130; Thorens TD147 turntable with Shure 
V15 V cartridge. $350. All like new with original boxes 
and instructions. Michael D. Beasley, 332 S. Calder¬ 
wood, Alcoa, TN 37701, (615) 984-0748 Mon.-Fri. 
before 5:30 pm; (615) 983-6414 afternoons and 
weekends. 

Quad ESL, bronze, mint condition, $1,075 pair. John, 
(314) 982-3580 days, (314) 645-6816 evenings. 

YOUR 50 WORDS 
in our private classified* 

ARE FREE 
OVER 50: Send money 

(20 cents/word) 

9 pair Audire modified Strathearn ribbon drivers. Full 
mods by Audire of California include re-spacing of 
magnets, thinner Mylar diaphragm, higher resistance 
aluminum traces increase power handling and raise 
sensitivity by 5dB. 1.20 impedance allows units to be 
driven direct when wired in series without the use of a 
matching transformer. Response to 120cps. 8 drivers 
used 6 months, 10 drivers never used or unpacked. 
Original cost with mods, $230 each, sell for $120 each 
or best offer. Ken Fritz. 1324HyblaRd., Richmond, VA 
23236, (800) 426-1828 weekdays; (804) 794-4107 
nights and weekends. 

Thorens TD147 turntable, Shure M97HE and manual 
—has seen very little use, $300. Ohm Walshe 2 
speakers in excellent shape, $400. Eugene Marshall, 
34-13, 80th St., Jackson Heights, NY 11372, (718) 
478-9011. 

Precision real time analyzer (Va octave) with docu¬ 
ments, rebuilt Dukane model, works perfectly; (2) JBL 
2235 woofers, never used. $175 each; (2) JBL 2202 
12-inch low/midrange drivers, used. $125 each: Sen-
core digital multimeter (used) in good shape, $50. Tim 
(402) 399-8028 days. 

Precision Fidelity C-8 hybrid-cascode tube preamp, 
$350; 50-channel programmable scanner. $175. 
Vance Hoyt (714) 242-1155. 

Harman-Kardon integrated amp; AM-FM EVmig C100 
preamp; JBL 2225J woofers, 2425J drivers; Altec 421, 
808, 511, 604 coaxials; Heath/Altec oak furniture 
cabinets, empty, for 15/16-inch woofers and 811s; 
Altec 9440A 400wpc SS amp; Technics M85 rack¬ 
mount cassette deck; Mastering Lab crossovers. 
David. (914) 688-5024. 

SONIC Mt 
FRONTIERS 

ADVANCEMENTS TOWARD 
THE MUSICAL TRUTH 

PARTS: WonderCap, Rel-Cap. ALPS WBT 
Resista. MIT. Holco. Vishay. Chateauroux. 

Tiffany & many others 

MODIFICATIONS and upgrades to classic 
and current audiophile grade components. 

MANUFACTURING of custom-made 
electronics competitive with today's 

State-of-the-art products' 

CALL or WRITE for our CATALOGUE 
181 Kenilworth Ave.. Toronto. 
Ontario. Canada. M4L 3S7 

(416)691-7877 

Transmission line bass enclosures, with 12-inch 40oz. 
magnet Madisound drivers stuffed with Dacron and 
stand, 4feethigh, 18 to 500Hz response. 100W power 
handling, color is black, homebuilt, one pair available, 
$350. Jim Thornhill, 2112 South Beacon, Muncie, IN 
47302, (317) 284-4826 anytime 

214 magazines, mostly Popular Electronics 1961-1972, 
others, best bid over $100 by January 1990; Gates tube 
broadcast mixer; 2 Rek-O-Kut 16-inch turntables; 2 
University 15-inch speakers; Presto record lathe; Jen¬ 
sen midrange horn/driver; Jensen high frequency 
horn. Best bid each or all by January 1990.122 Olivia 
Dr., Lexington. NC 27292. 

Mark Levinson ML10A, $1,850; ML9, $1,950; Cal Audio 
Lab Tercet, $600. All mint condition. JBL Signature 
10-inch LEWA, 8-inch D216, 4-inch LE511, 1-inch 
044-1 all for $200. Magneplanar Tympani IV, mint, 
$1,800; 3 pair RTR-15 electrostatics, $600. Jim, (408) 
738-0559 (CA). 

Hafler XL280 amplifier, factory assembled, very low 
hours, $425. Call Randy after 5 pm and before 9:30 pm 
EST, (717) 898-3085. 

Adcom GFA-535, little used, original box, asking, $245. 
(305) 481-9166 after 3 pm (EST). 

1 unfinished pairofJordan HRM-1 speakers. Make me 
a reasonable offer. Write: Alvin Qua, 400 N. River Rd. 
#220, W. Lafayette, IN 47906. 

Heatsinks: new, large finned, black anodized, drilled 
for (3) TO-3 transistors, like Aavid 6055.4.75"w/5.0"h/ 
2.75"d, 1,0°c/w, suitable for Chater. Borbely projects, 
etc., $5.50 each or 4/$20. Capacitors (20) Sangamo 
and GE brand, 20,000^F @ 75V, used, clean, $5 each, 
or all for $85. Randy, (518) 756-9894 (NY), 9-10 am/pm, 
leave message if no answer. 

Announcing.. . 
The newest publication from 
the folks w ho bring you 
Audio Amateur and Speaker Builder. 

Glass Audio features the best vacuum 
tube designs for audio reproduction—past 
and contemporary. The new designs take 
advantage of improved components and 
control techniques that make the end re¬ 
sults far superior to anything possible dur¬ 
ing the early days of audio’s rebirth after 
World War II. 

That’s why tubes are having such a 
renaissance of interest as a perfectionist 
approach to good sound. And that’s why 
tubes are reappearing in original equip¬ 
ment. in high end consumer and profes¬ 
sional audio systems. 

Published twice a year, Glass Audio will in¬ 
form you about new innovations in the 
field and about parts sources. We’ll also in¬ 
clude modification projects, reviews of 
technical basics and regular columns such 
as Tube Troubles, Tube Tips and much 
more. 

Subscribe today! 

GLASS AUDIO \ 

PO Box 176, Dept. SB9 
Peterborough, NH 03458 

□ Two years @$18 (SAVE $2 on 4 issues) 
□ One year @ $10 (2 issues) 
Canada add $2 per year postage 

NAME 

STREET & NO 

CITY 

STATE ZIP 

MC OR VISA NUMBER EXPIRE 

SIGNATURE 

CREDIT CARD ORDER LINES 

VOICE: (603) 924-9464: M-F. 9-4 EST 

ANSWERING MACHINE: (603) 924-9464 4 p m -8 a.m. 

FAX: (603) 924-9467-24 hours 
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Electrolytic caps: 71,000MF, 25V, $5; 15,000MF, 100V, 
$7.50; 1 O.OOOmF, 50V, $2.50. TL072 op amps, $1 /pair; 
toroidal transformer 40VcT 5 amps, $20. Harold, (301 ) 
661-1202. 

Heil air motion transformers, mint, $150; Musical Con¬ 
cepts modified Hafler 500GX with large cap mod, $650; 
Fisher X-202-Btube integrated ampand X-200-B tube 
tuner, with lots of extra vintage tubes, $200; Bob, (404) 
475-0694 before 9 pm EDT please, machine on 4th 
ring. 

Heathkit audio generator IG-5282, like new, $45. 
Stephen Morris, Rte. 4, Box 291, LaGrange, KY 40031, 
(502) 845-2322. 

Heathkit catalogs. Virtually every issue since 1957, 
some with management comments. Make offer. Also 
Heath AD-1307 control center, $15; AP-1615 preamp, 
$15; AD-1706 processor, $30. Mike Rockwell, (616) 
429-9271 after 6 pm. 

Dynaco AF-6, AM-FM tunerand PAT-5 preamplifier — 
both in good operating condition, with manuals. $40 
each including shipping. R.B. Jensen, 8 Heather Lane. 
Reading, PA 19601. 

WANTED 
Used pairs: Morel 27, 29, 30; Vifa 17WJ. 21-20; Peer¬ 
less 1732; Dynaudio 17W-75XL 40; Focal 90KF, 
120K( F) , 70K011 -DBL, also SB 80, 81,82, 83; motor 
and springs for 1974 Ariston RDIIs. M. Thompson, 
194 St. Davids Rd., St. Catharines, ONT L2T 1R4, 
(416) 227-4586. 

Wanted Dead or Alive: ST35 and ST70 for rebuilding. 
Also, sources of speaker software for PC compati¬ 
ble with Here mono display. Need used scope with 
full manuals and schematics, dual trace 10 to 20 meg. 
Alive please! Brent, #78-7604-29 Ave., Edmonton, 
AB, T6K 3Z2, Canada. 

Polydax HD100 D25A tweeter; Bose 301 woofer; pair 
Pyle WP6520. Rocky, (815) 657-8488. 

Panasonic Leaf tweeters model EAS 10TH-400A 
only; Kreil electronic crossover; any model Audire Im¬ 
age 1.2, or 3 speaker system. Ken Fritz, 1324 Hybla 
Rd., Richmond, VA 23236, (800) 426-1828 weekdays; 
(804) 794-4107 nights and weekends. 

Audiophile Accessories 
DBP-2J (5) • Switch Box $69.95 
DBP-2J (5) AU • Switch Box with Gold Jacks $89.95 

Selects among up to s inputs When used with 
DBP-6 or -6MC. allows lor selectable loading ol 
cartridges Alps level control available 

DBP-10 • Phono Alignment Protractor $24.95 
Allows adjusting the lateral (racking enor of a 
mounted cartridge to w ithin I a of a degree 
Non-technical instructions and case included 

DBP-16 • 12dB Input Attenuators (pair) $12.95 
OBP-CK • Cramolin Audio Kit (contact treatment) $19.95 
DBP-SC • Souther Record Clamp $15.00 
Other Accessories 

Gold-plated phono plugs jacks, banana plugs 
jacks, spade lugs. Y adapters, custom cables, 
many other useful accessories 

Test Compact Discs 
Vie carry almost even worthwhile test Cl) available, 
including 5 from the japan Audio Society (tone bursts 
and stereo pink noise». 2 from Pierre Verany < I 3-
octave warble tones». 3 from Denon (Anechoic 
Orchestra), and Auditory Demonstrations. 

Electronic Components 
We can create electronic crossovers from 6 to .AixlB per 
octave, custom engineered for your application. and 
36dB arc Linku itz Riles In Phase design Models for 
Snell and Magncpan speakers available. 
The renowned DB Systems preamps, power amps, 
tone controls, head amp. and phase inverter bridging 
adapter arc also available through dealers or direct 

DB Systems 
Main Street, P.O. Box 460 
Rindge Center, NH 03461 
Phone (603) 899-5121 
VISA/MasterCard accepted 

ENGINEERING 

UBL 
JBL/HARMAN MANUFACTURING, a leader in the audio elec 
Ironies industry, has an immediate opening for a: 

MECHANICAL ENGINEER¬ 
COILWINDING 
Mechanical Engineer writh coilwrinding and supervisory expe¬ 
rience to lead our multi-skilled team. We need someone with 
3-5 years experience in the transducer precision coilwinding 
field. 

We offer a convenient centralized location, excellent compen¬ 
sation package and an attractive benefit program. 

If you want a challenging career in a state-of-the-art company, 
send your resume with salary history to: 

JBL/Harman Manufacturing 
Attn: Personnel LAT-DW 
Dept. LAT 10/15 
8500 Balboa Blvd. 
Northridge, CA 91329 
Equal Opportunity Employer MFHV 

Between one and four Jordan 50mm modules. Please 
call Tom Oausner at (516) 825-2038 after 7 pm, or 
(516) 568-9356 anytime. 

Swan IV parts; sell/trade pair Dynaudio 50W34 12" 
woofers. Les Winter, 201 E. 17th St., 11G, New York, 
NY 10003, (212) 673-8248. 

Would like to correspond with anyone who has up¬ 
graded or is considering improving Klipsch Cornwall 
II speakers. Also, I’d appreciate any comments from 
people who have used "Acoustical Magic.” Behzad 
Shahraray, 194 Sherwood Dr., Freehold. NJ 07728, 
(201) 431-0771. 

Plans for Speakerlab’s original SK, circa 1976-77, 
willing to pay for quality copying and postage. Also, 
new or used Klipschorn or Speakerlab SK midrange 
horns or equivalent. Peter Groth, 384 Trestle Lane, 
Clinton Corners, NY 12514. 

Old Klipsch catalogs, components; Audio Engineer¬ 
ingvolumes 1-5; Diaphragm for International Projec¬ 
tor LU-1000 high frequency driver; JBL 12-inch cir¬ 
cular perforated plate horn/lens; early Polaroid 
polarizing film ads, literature; book, The Throne of 
Merlin, by R.C. Schaller; High Fidelity volumes 1-5. 
D.R. Schaller, 6704 Schroeder Rd., Suite 6, Madison, 
Wl 53711. 

Distortion analyzers, THD and IM. State make, 
model, condition and price. Kenneth P. Miller, Rt. 2, 
Box 134, Mexico, MO 65265, (314) 581-5413. 

Dynaco power amplifier and other Dynaco equip¬ 
ment; Phoenix System’s Audio Test Set TS-1. Please 
state condition. Lubos R. Palounek, 4804 Poland 
Place, Raleigh, NC 27609-5630, (919) 782-1839. 

Altec 515, 416, 411 woofers; Altec high frequency 
horn tweeters; 811 horn; 1500/1600Hz crossovers; 
large furniture finish equipment cabinet(s) for heavy 
rack mounted equipment. David Rubenstein, 4 Inger¬ 
soll Rd., Mt. Tremper, NY 12457, (914) 688-5024. 

CLUBS 
CONNECTICUT AUDIO SOCIETY is an active and 
growing club with activities covering many facets of 
audio—including construction, subjective testing, and 
tours of local manufacturers. New members are always 
welcome. For a copy of our current newsletter and an 
invitation to our next meeting, write to Richard Thomp¬ 
son, 129 Newgate Rd., E. Granby, CT 06026, (203) 
653-7873. 

ESL DIY'ERS: A new electrostatic loudspeaker do-it-
yourself group is now forming. Our purpose is to share 
valuable theory, how-to. and parts source information 
for building our own state-of-the-art electrostatic loud¬ 
speakers. For further information, please write (SASE 
please) to: Neil Shattles, 829 Glasgow Dr., Lilburn, GA 
30247. 

THE ATLANTA AUDIO SOCIETY aclub for men and 
women interested in high quality home audio/video 
systems and recordings. Monthly meetings are con¬ 
ducted where special programs and guest speakers 
are often featured. Guests have been: Jack Renner, 
Richard Vandersteen, William Conrad, William John¬ 
son, Louis Lane, John Cooledge and others. Monthly 
newsletter. For information call Chuck Bruce, (404) 
876-5659 or write Atlanta Audio Society, PO Box 361, 
Marietta, GA 30061. 

AUDIOPHILES IN THE DAYTON/SPRINGFIELD, 
OHIO AREA: We are forming an audio club. Please 
contact me if you’re interested in construction, modifi¬ 
cations, testing, recording or just plain listening to 
music. Ken Beers, 462 Blose St., Tremont City, OH 
45372,(513) 969-8402. 

THE HI-FI CLUB of Cape Town, South Africa, sends 
a monthly newsletter to its members and worldwide 
subscribers. To receive an evaluation copy of our cur¬ 
rent newsletter, write to: PO Box 18262, Wynberg 7824, 
South Africa. We’ll be very pleased to hear from you. 

In 1988, Madisound Speaker 
processed 20,000 

DYNAUDIO 
MB QUART 
AUDAX 
PEERLESS 
SOLEN 
ETON 

Components 
orders. 

VIFA 
FOCAL 
PHILIPS 
EUROPA 
MOREL 
KEF 

MadLsoiind Speiker Components 
«60» University f/reen 

Box 4283 Madison WI 53711 
Phone: 608-831-3433 
Fax: 6O8-831-377I 

PERFECT LAY 
SIDEWINDER 
ELECTROVOICE 
SLEDGEHAMMER 

Doesn't your hobby deserve 
these .fine product lines? 

NEW JERSEY AUDIO SOCIETY meets monthly. Em¬ 
phasis is on construction and modification of elec¬ 
tronics and speakers. Dues include monthly newslet-
terwith high-end news, construction articles, analysis 
of commercial circuits, etc. Meetings are devoted to 
listening to records and CDs, comparing and A-B-ing 
equipment. New members welcome. Contact Bill Don-
nally, (201) 334-9412 or Bob Young, 116 Cleveland 
Ave.. Colonia, NJ 07067, (201 ) 381-6269. 

ORGAN MUSIC ENTHUSIASTS: If live recordings of 
fine Theatre Organ Music are your thing, SFORZAN¬ 
DO has room for a few new members. We lend you the 
music on cassettes. All operation is via the mail. SFOR¬ 
ZANDO, c/o E.A. Rawlings, 5411 Bocage St.. Mon¬ 
treal, Canada H4J 1A2. 

PACIFIC NORTHWEST AUDIO SOCIETY (PAS) 
consists of 60 audio enthusiasts meeting monthly, sec¬ 
ond Wednesdays, 7:30 to 9:30 p.m. at 4545 Island 
Crest Way, Mercer Island, Washington. Be our guest, 
write Box 435, Mercer Island. WA 98040 or call Bob 
McDonald, (206) 232-8130. 

PIEDMONT AUDIO SOCIETY—Starting an audio 
club in the Raleigh-Durham-Chapel Hill area of North 
Carolina. Interested in designing, building, and modi¬ 
fying speakers and electronics (solid state and tube). 
Beginners and old hands both welcome. Kevin Carter, 
9009 Langwood Dr., Raleigh, NC 27612, (919) 870-
5528 
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MERRILL MODIFICATIONS 
For the AR turntables 

Call 
UNDERGROUND SOUND 

2125 CENTRAL AVE., MEMPHIS, TN 38104 
(901) 272-1275 

THE CATSKILL AND ADIRONDACK AUDIO 
SOCIETY invites you to our informal monthly meeting. 
Join our friendly group as we discuss life, the universe 
and everything. The meetings usually feature a “show 
and tell” of members'projects and free-wheeling open 
dialogs on the subjects of your choice. No matter what 
your level of interest, experience, or preferences are, 
you are welcome to join in, or sit back and observe. 
Meetings are generally held on the second Wednesday 
of the month, in the evenings. We have been meeting 
at Rensselaer Polytechnic Institute in Troy. NY, to¬ 
gether with the RPI Audio Club. Contact CAAS at 756-
9894 (leave message) or RPI Audio Club at 276-5810, 
or write CAAS, PO Box 144, Hannacroix, NY 12087. 
See you there! 

THE COLORADO AUDIO SOCIETY is a group of 
audio enthusiasts dedicated to the pursuit of music and 
audiophile arts in the Rocky Mountain region. We of¬ 
fer a comprehensive annual journal, five bimonthly 
newsletters, plus participation in meetings and lec¬ 
tures. For more information, send SASE to: CAS. 4506 
Osceola St., Denver. CO 80212, or call Art Tedeschi, 
(303) 477-5223. 

gages or other securities 

I certify that the statements made by me above are correct 

Edward T. Dell. Jr. 
and complete 
Publication No 01997920 

STATEMENT OF OWNERSHIP. MANAGEMENT AND CIR¬ 
CULATION. (Required by 39 U S C 3685 ) Date of Filing. Sept 
30.1989 Title of Publication: SPEAKER BUILDER Frequency 
of issue. Six times a year. 

Annual subscription pnce $20. Location of the headquarters 
or general business offices of the publishers: 305 Union St 
Peterborough. NH 03458 Publisher Edward T Dell. Jr., PO 
Box 494, Peterborough. NH 03458. Managing Editor Steve 
Jewett Owner Edward T Dell. Jr., PO Box 494, Peterborough, 
NH 03458 Known bondholders, mortgagees, and other security 
holders owning 1 percent or more of total amount of bonds, mort-

Single issue 
nearest to 
filing date 

12.028 
130 

8.394 
8.524 
105 

8.629 
3.399 

0 
12.028 

preceding 12 
months 
12.108 

130 
8.389 
8519 

91 
8.610 
3.498 

0 
12.108 

None 
Average # copies 
each issue during 

AUDIO SOCIETY OF MINNESOTA. Audiophiles, 
music lovers, scratch builders, record collectors, tube 
freaks, digital freaks —we’ve got ’em all! Monthly meet¬ 
ing, tours, audiophile concerts, special guests, etc. 
Now in our 12th consecutive year! Write ASM, PO Box 
32293, Fridley, MN 55432. 

THE WESTERN NEW YORK Audio Society (WNY 
Audio Society) is an active and growing audio club 
located in the Buffalo area. We issue a quarterly news¬ 
letter and hold meetings the first Tuesday of every 
month. Our meetings have attracted many local and 
distant manufacturers of audio related equipment. We 
are involved in all facets of audio—from building to pur¬ 
chasing at discount prices. For a copy of our current 
newsletter and information regarding our society, 
please write to M.A. Monaco, WNY Audio Society, PO 
Box 312, N. Tonawanda, NY 14120. 

DYNAUDIO MOREL FOCAL ECLIPSE 
2442 28th St., S.W., Suite D, Wyoming, Ml 49509 

Total # copies printed 
Newsdealer sales 
Mail subscriptions 
Total paid circulation 
Free distribution complimentary 
Total distribution 
Office use. leftover 
Return from news agents 
Total 

(616)534-9121 

Meniscus 
HIGH FIDELITY SPEAKER COMPONENTS 

THE INLAND EMPIRE AUDIO SOCIETY (Soon to 
become the Southern California Audio Society— 
SCAS) is now inviting audiophiles from all areas of 
Southern California and abroad to join our serious pur¬ 
suit for that elusive sonic truth through our meetings 
and the IE AS' official speaker. The Reference newslet¬ 
ter. For information write or call: Frank Manrique. Presi¬ 
dent. 1219 Fulbright Ave.. Redlands. CA 92373, (714) 
793-9209 

MEMPHIS AREA AUDIO SOCIETY being formed 
Serious audiophiles contact J.J. McBride, 8182 Wind 
Valley Cove, Memphis, TN 38125, (901) 756-6831. 

WANTED 

AUDIO CLUB 
MEMBERS 

(Good singing voice not required) 

Learn about the latest equip¬ 
ment. techniques and record¬ 
ings through group meetings, 
tours and newsletters. Ask 
questions. Share viewpoints 
and experiences. Have fun! 

If there's no club in your area. 
Why not start one? Our club 
ads are free up to 75 words 
($.20 per word thereafter). 
Copy must be provided by a 
designated officer of the club 
or society who will keep it 
current. 

SOUTHEASTERN MICHIGAN WOOFER AND 
TWEETER MARCHING SOCIETY (SMWTMS). 
Detroit area audio construction club. Meetings every 
two months featuring serious lectures, design analy¬ 
ses, digital audio, AB listening tests, equipment clinics, 
recording studio visits, and audio fun. The club journal 
is LC, The SMWTMS Network. Corresponding mem¬ 
ber’s subscription available. Call (313) 477-6502 (days) 
or write David Carlstrom, SMWTMS, PO Box 721464, 
Berkley. Ml 48072-0464. 

THOSE INTERESTED IN AUDIO and speaker build¬ 
ing in the Knoxville-East Tennessee area please con¬ 
tact Bob Wright, 7344 Toxaway Dr., Knoxville. TN 
37909-2452, (615) 691-1668 after 6 p.m. 

TUBE AUDIO ENTHUSIASTS. Northern California 
club meets every other month. For next meeting an¬ 
nouncement send a self-addressed, stamped #10 
envelope to Tim Eding, PO Box 611 662. San Jose, CA 
95161. 

WANT TO START OR JOIN CLUB IN CENTRAL IL¬ 
LINOIS (Peoria, Bloomington, Champaign, Kankakee 
area)? Speaker building and audio in general. Trade in¬ 
fo and parts. (81 5) 657-8488 evenings or weekends. 

WASHINGTON AREA AUDIO SOCIETY (N. VA, MD 
and DC) is looking for sincere audiophiles who are 
eager to devote their time and get involved with the 
direction of the society and the publication of a monthly 
newsletter. Please contact: Horacio J. Vignale, 3730 
Gunston Road, Alexandria, VA 22302. 

Advertising Index 
FAST REPLY PAGE 
NO. NO. 

KD572 A&S SPEAKERS.47 
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KD123 AUDIO CONTROL .64 
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KD337 BEAR LABS .76 
KD247 BENCHMARK MEDIA.64 
KD333 BIG COVE RESEARCH .70 
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Pox Humana 
When the Mercury Plummets 

By Dick Pierce 

Back in the days of my retail experience, 
we reviewed and sold some radically 
strange equipment. Most we simply re¬ 
jected as too weird, unreliable, or imprac¬ 
tical. 
One moderately weird device was made 

by a tiny Irish company called Keith 
Monks Audio Limited. The product was 
the infamous KMAL Uni-pivot Tonearm. 
A uni-pivot tonearm has a single bearing 
upon which the arm sits, and around 
which it moves horizontally and vertically. 

Because of this single point of contact, 
kinematics dictates that the arm must be 
able to tip from side to side, as well. No 
matter, we simply make sure that the cen¬ 
ter of gravity (CG) is directly under the 
pivot at zero balance with the arm hori¬ 
zontal, and then apply tracking force by 
shifting the CG forward an appropriate 
amount. The stated advantage of a uni¬ 
pivot is significantly reduced friction, com¬ 
pared to arms with more bearings. 

Keith Monks went several steps beyond , 
pursuing non-friction. They decided to 
eliminate tonearm wires, presuming the 
applied torque of the wires being twisted 
about was a nasty thing. What did they do? 
Well, they simply replaced four wires 

with four mercury baths in a nylon cup 

underneath the pivot, each having a stain¬ 
less-steel contact at the bottom connected 
to the tonearm leads. In the arm itself, there 
were four pins: two made of stainless steel, 
and the other two made of a somewhat con¬ 
ventional iron alloy. Because the particular 

stainless alloy was nonmagnetic, a magnet 
in the base of the tonearm could provide 
the needed (but nonadjustable) anti-skat -
ing force. 
We had several doubts about the long¬ 

term reliability and safety (exposed mer¬ 

cury and all that) of the arm, but a long 
discussion with my physical chemist 
father (Ph.D.) revealed that a thin film of 
oil on the surface would reduce the corro¬ 
sion and oxidation, as well as all but elimi¬ 
nate hazards from evaporated mercury 

(it turns out that the vapor pressure of mer¬ 
cury at room temperature is low enough 
anyway, but the extra margin was reas¬ 
suring). 

The tonearm performed quite well. Sure, 
it was difficult to set up, and yeah, it went 
out of adjustment a lot, and okay, it took a 
limited range of cartridges—but for the 
type of cartridge it was designed for (low-
mass, high-compliance) there was nothing 

else around that these things could be used 
in and track properly. Sonic results were 
very impressive. We had no doubt the arm 
and a good cartridge could track coarse 
sandpaper, if required. 
Things went fine until one day Keith 

Monks tired of making tonearms. He sold 
the manufacturing rights to a company 

called Audio and Design. The new tone¬ 
arms looked the same, save the change of 
the pin from steel to brass, and the mercury 
supplied looked simply awful, but a local 
trip to a chemical supply house yielded 
enough mercury for 1,000 tonearms for 

about $30. (A&Dwould sell usa 10ml vial 
for $12—what a deal.) 
Everything was quiet until customers 

started bringing back their arms with one 
channel or another missing. They com¬ 
plained that the channel just disappeared 

while they were listening. Inspecting the 
arms revealed that the pins appeared to be 
broken off, but customers universally 
denied breaking the pins. We were mysti¬ 
fied. We replaced the pins and sent the 
customers on their way, but they would 

return in a month or two, with the same 

complaint. (Funny, it was always the same 
customers.) 

After trying to figure out what was go¬ 
ing on, I called my father. He listened to 
the problem and the design changes, and 
started laughing. "The jerks,” he said, 
'1 Don ' t they know copper is soluble in mer¬ 
cury?" 

Well, since brass is an alloy of copper and 
zinc, the copper simply dissolved in the 
mercury, leaving behind a flimsy matrix of 

zinc, which fell apart. 
Things got worse. It turns out that A&D 

had also replaced the steel contacts in the 
bottoms of the mercury cups with brass. 
People were now complaining that not 
only were they out one or both channels, 

but also mercury was running all over their 
living rooms. One person's power ampli¬ 
fier even blew up after the mercury started 
dripping on it from the turntable on the 
shelf above. People were upset that their 
kids often found the stray beads of metal 
before they did. Of course, the specter of 
health hazards loomed again. 

I called the A&D importer (Gary Warzin 
of Audiophile Imports, yes, the Linn im¬ 
porter), and he denied all knowledge of it. 
He even stated that he checked the story 
about the solubility of copper in mercury 
and declared it to be absolute hogwash. 
How could anything be soluble in a metal? 
(He neglected that many alloys are nothing 
more than a solution of one metal in 
another. The fact the service bulletins for 
the KMAL and the A&D arm both stated all 
connections must be made with silver 
solder, because the mercury would dis¬ 
solve the lead in conventional solder, 
belied his stand.) As for the health hazard— 
he said swordfish do just fine with high 

levels of mercury. 
Unfortunately for him, and fortunately 

for the rest of the universe, the physical 
laws are not subject to the whims of in¬ 
dividuals. We began machining our own 
steel pins to replace the brass ones as they 

wore out (vanished?). The effort became so 
cumbersome we finally discontinued sell¬ 
ing the arm altogether. 

A story later circulated that the chief of 
A&D, to prove how safe mercury really 
was, swallowed a small test tube of pure 

mercury at the Chicago CES, then looked 
around at the incredulous crowd and said, 
"See?" 
Lewis Carroll and the Mad Hatter would 

have loved it. 
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and 
MDM 85 (with enclosure) 

range 

0 160mm 

5.0 

108 mm 

Moving Mass including Air Load 7.0 grams 
63.50 cm' Area 0 88mm 

Specifications given are as after 24 hours of running. 

63mm/seu 

’nd 

Lmi 60dB 

Morel operate a policy of continuous product design improvement, consequent^ 
Fast Reply HKD I 

Specification 

It incorporates the renowned 
double magnet and Hexatech 

Morel 
voice 

Effective Dome 
Dome Material 
Nett Weight 

The MDM 85 is a mid range 75mm 
soft dome unit of extremely high 

With an output level of 96dB 
distortion in the area of 400-800Hz is 
slightly over 1% falling to 0.015% 
from 1Khz. 

Variations to specification for MDM 85NE 
(without enclosure) 

standard, both from a design 
technical viewpoint. 

The Thiele small parameters are given 
for both types under specifications. 
The contribution of this unit to a 
suitably designed system will be 
evident in the clarity and detail given 
in the 500 5000Hz region. 

There are two different types 
available, one with a rear enclosure 
and one without (MDM 85NE). 
The type with the rear enclosure can 
be fitted into a cabinet as an integral 
unit. 

300W 
1500W 

75mm (3" ) 

The MDM 85NE without the rear 
enclosure can only be fitted into a 
system having a separate housing to 
enclose the unit. A volume of 0.7 
litre is recommended for this housing, 
which is essential to prevent inter¬ 
reaction with the bass unit 
compressions and expansions. This 
housing must be filled full with 
damping material, such as fibreglass 
or rock wool. 

coil techniques, and results in a unit 
of above average sensitivity with 
extremely low distortion and high 
power handling capability. 

for 96 dB SPL 
Voice Coil Inductance @ 1 Khz 
Air Gap Width 
Air Gap Height 
Voice Coil Height 
Flux Density 
Force Factor (BXL) 
Rdc 
Rmec 
Qms 
Qes 
Q/T 
Vas 

Nominal Power Handling Din 
Transient Power 10ms 
Voice Coil Diameter 

morel (u.k.) Itd. 
11 Foxtail Road, 
Nacton Rd. (Ransomes) 
Industrial Estate. 
Ipswich, IP3 9RT 
England 
Tel: (0473) 719212 
Telex :987601 Morel G. 

morel 
acoustics usa 
414 Harvard Street 
Brookline, MA 02146 
Tel: (617) 277-6663 
Telex: 6502499475 

Voice Coil Former 
Frequency Response 
Resonant Frequency 
Sensitivity 
Nominal Impedance 
Harmonic Distortion 
for 96 dB SPL 
Intermodulation Distortion 

Overall Dimensions 
Frequency Response 
Resonant Frequency 
Rmec 
Qms 
Qes 
Q/T 
Vas 
Nett Weight 

Chemically Treated Fabric 
1.25 kg 

Hexatech Aluminium 
Aluminium 

300 5000 Hz 

<0.25% 
0.2mh 

1.05mm 
3.0mm 
6.0mm 

1.0T 
4.6 WB/M 
5.2 ohms 

37.90 
0.29 
2.66 
0.20 

0.33 litre 

250 Hz 
92 dB (1W/1M) 

8 ohms 

39.3 
0.1 
18 
0.1 

0.7 lit 
1.05 I 

Overall Dimensions 0 - 160mm x 113mm 

»> 
morel 

0 160mmx60mi 
250 5000 F 

10 Ohni> 
223 

MDM 85 da 
£HÏ=«L 
1 METRE ~ L 
IN 
Anechoic 
chamber 
mic. Bak i 
4133 L 


