


Good News 

If you are searching for sophisticated 
loudspeaker design, INFINITY SYSTEMS 
has a speaker just for you. The Reference 
Standard (RS) IIA accurately reproduces 
complex and demanding musical pas¬ 
sages with three EMIT® tweeters, three 
newly developed EMIM® midrange 
drivers and two 10-inch polypropylene 
woofers. 
The EMIT (Electromagnetic Induction 

Tweeter) is an ultra-thin, ultra-low-mass 
planar diaphragm driven by magnets of 
rare-earth samarium cobalt, several 
times more powerful than ferrite. This 
driver will reproduce up to 32kHz with 
transparent and exact detailing. 
The EMIM (Electromagnetic Induction 

Midrange driver) is constructed of a 
highly damped low-mass diaphragm that 
is suspended in an enormous magnetic 
force-field. It delivers midrange frequen¬ 
cies with clarity, precise definition and 
accurate transient response. 
The RSIIA's bass response, reaching 

down to 25Hz, is clean and crisp, utiliz¬ 
ing acoustically inert polypropylene 
10-inch woofer cones. The system in¬ 
cludes an electronic control module for 
optimizing bass frequencies and phase 
response. Retail price is $2,800 a pair. 
Write to Infinity Systems, Dept. S33, 

7930 Deering Ave., Canoga Park, CA 
91304. 

MONSTER CABLE has begun shipping its 
Interlink high-resolution "bandwidth-
balanced" cable for audio component 
systems. Introduced at last winter's CES, 
the cable is designed to increase clarity, 
dynamic range and imaging, while 
lowering distortion in the musical repro¬ 
duction chain. 
This new technology features a bal¬ 

anced line configuration of two identical 
litz wires inside a densely braided copper 
shield. The litz wire conductors incorpo¬ 
rate a unique multiple-gauge construc¬ 
tion that fine tunes audio signals for 
accurate response throughout the audi¬ 
ble range. Since both sides of the 
waveform see the same impedance, vari¬ 
ations in frequency response, phase 
disturbances and transient blur are vir¬ 
tually eliminated. 

Price is $50 per meter pair. The cable is 
also available in custom lengths. Contact 
Monster Cable at Dept. S33, 101 Town¬ 
send Street, San Francisco, CA 94107. 

The PS-30 is a new three-piece loud¬ 
speaker system from DESIGN ACOUSTICS. 
Similar in concept to the company's 
DA-30, this system includes many im¬ 
provements. Its higher efficiency (90dB 
SPL per 1W at 1 meter) allows you to play 
it at room-filling SPLs with only 15W, 

while its nominal 8-ohm impedance 
allows it to work well with inexpensive 
low-powered amps. 
To provide a more accurate image of 

the soundstage, the new system offers 
mirror-image asymmetrical driver place¬ 
ment. An improved mid-woofer/tweeter 
combination in the PS-5 satellites offers 
smoother output and better power¬ 
handling capacity, and its variable 
tweeter adjustment makes it adaptable to 
room acoustics. An Optimized Decade 
Crossover System is effective at 140Hz 
and 2.2kHz. Complete system price is 
$695. 
Design Acoustics is a division of Audio 

Technica, Dept. S33, 1221 Commerce 
Drive, Stow, OH 44224. 

ACOUSTIC RESEARCH is ready to hit the 
road with two new car speaker systems. 
The ARICS is a two-way, 5%-inch, 
surface-mount system housed in a high-
temperature, glass-fibre-impregnated, 
plastic mounting plate. A black steel 
grille "hood" also rides atop AR's 
%-inch, magnetic, fluid-injected dome 
tweeter. The driver features a 12dB/ 
octave crossover slope, a 100W power 
rating and a 514-inch fully waterproofed 
woofer. It costs $129.99. 
The single-driver AR3CS is a 4-inch, 

dual-cone, full-range, surface-mount 
system. Like the ARICS, it offers a high-
temperature housing and includes rear 
water shields. Suggested retail price is 
$64.99. 
For more information, write to Tele¬ 

dyne Acoustic Research, Dept. S33, 10 
American Drive, Norwood, MA 02062. 
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B&W’s DM17 Limited compact speaker 
joins the company's two new digital 
monitors as the most recent additions to 
its products on the American market. 
The DM17 Limited is made for small lis¬ 
tening rooms. Its two-driver system is ar¬ 
ranged with the top-mounted treble unit 
time-aligned in relation to the bass/ 
midrange driver. This combination com¬ 
plements the fourth-order crossover net¬ 
work to produce coherent, symmetrical 
sound. Performance is improved by a 
resonance-free cabinet and an automatic 
protection circuit. The DM17 Limited 
costs $395 per speaker. 

The DM110 and DM220 digital moni¬ 
tors feature high sensitivity (not less than 
90dB, 1W at 1 meter); a broad, extended 
and linear frequency response; and a 
dramatic production cost reduction. The 
DM110 is a two-way system that lists for 
$149 each, while the DM220 offers three-
way sound for $249 each. 
For information on B&W products in 

the Americas, contact Anglo American 
Audio, Dept. S33, 1200 Markham Rd., 
No. 506, Scarborough, Ontario, Canada 
M1H 3C3. 

The CD Series speaker systems represent 
ELECTRO-VOICE'S new entry into the 
high-fidelity market. The three-way, 
time-coherent systems feature flat fre¬ 
quency response from 40Hz to 30kHz 
and a unique design called Controlled 
Directionality. This design evenly 
distributes the critical portion of the 
audio spectrum over a 100 percent area, 
horizontally and vertically. The speakers 
deliver 92dB from 1W, measured at 1 
meter, and can handle up to 400W. Nomi¬ 
nal impedance is 6 ohms, while cross¬ 
overs are at 1.5 and 8kHz. 
Two models are available. The type 35i 

has a removable grille; a tilt-down, 
brushed-brass time panel; adjustments 
for presence and brilliance; and the 
Automatic Power Sentinel, which warns 
of impending overloads. It costs $750 per 
speaker. The type 35 is a more basic 
model, with a permanently affixed grille 
and no speaker adjustments or Power 
Sentinel circuitry. It costs $550 per 
speaker. 
For more information, contact Electro¬ 

Voice Inc., Dept. S33, 600 Cecil Street, 
Buchanan, MI 49107. 

POLYPROPYLENE 
DUAL VOICE COIL 
SUBWOOFERS 

Sherman Research Dual Voice Coil 
Subwoofers allow you to input both 
right and left channels to one speaker, 
giving tremendous bass from one 
relatively small cabinet. Both the 8" and 
12" make incredible car stereo sub¬ 
woofers. 

8" Specifications: 
Impedance: 4 ohms/voice coil 
Qt: .3 Fs; 30Hz Vas; 2.17 cu. ft. 
1 cubic foot vented enclosure yields 
F3: 40Hz and less than ,1dB ripple 
12" Specifications: 
Impedance: 4 ohms/voice coil 
Qt: .48 Fs; 19Hz Vas; 7.9 cu. ft. 
5 cubic foot sealed enclosure yields 
F3: 26Hz; Resonance: 30Hz. 
Cabinet plans, matching crossovers, 
and additional specifications are 
available. 
Distributed by: 

Soundbox 
7057 Rt. 38 

Pensauken, NJ 08110 
(609) 662-4530 
SRC Audio 

3238 Towerwood Dr. 
Dallas. TX 75234 
(214) 243-4145 
(800) 221-0251 

SOUNobox 
SPEAKER KITS & PARTS 

-IN STOCK-

SHERMAN 
RESEARCH 
• polypropylene 

subwoofers (dual v.c.) 
• steel-lam coils 
• crossovers 

Catalog $2.00 

SOUNdboX 
841A s. American st., Dept. SB 

Philadelphia, pa 19147 
(609)662-4530 (215)389-3658 
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Order Your Speakers 

'orders only 

Call or write for free catalog: 
SRC Audio • Dept. SB 
3238 Towerwood Dr. 
Dallas, Texas 75234 

(214) 243-4145 
COD orders accepted 
Minimum order $25.00 

Audax (Polydax) • Peerless • JBL 
Electrovoice • JVC • Motorola 
Sherman Research • Panasonic 

The best selection at the best prices. All new 1983 
catalog featuring polypropylene woofers and sub¬ 
woofers, ribbon tweeters, complete technical 
specifications and hundreds of hard-to-find 
accessories. 

TOLL-FREE 
(800) 221-0251* 
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About This Issue 
When Contributing Editor Bruce 
Edgar goes globe-trotting, he car¬ 
ries his notepad and cassette re¬ 
corder with him. His interview 
with KEF s Raymond Cooke, be¬ 
ginning on page 6, is one of the 
more informative we have had the 
pleasure of publishing. It is also en¬ 
couraging to observe that a man of 
Cooke's candor, energy and intelli¬ 
gence is currently president of the 
Audio Engineering Society. 
A major series by Contributing 

Editor G. R. Koonce begins in this 
issue (p. 12). For all those speaker 
builders who want to move more 
deeply into electronic construction 
as a means to build speaker sys¬ 
tems based on more precise design 
data, Editor Koonce offers a whole 
series of devices that should fill the 
bill elegantly and inexpensively. If 
you have wanted a quick way to 
evaluate a set of drivers and 
estimate what size and shape of 
box you will need to house them, 
Thomas L. Clarke's handy nomo¬ 
grams (p. 26) might be just what 
you are looking for. Robert Carl-
berg’s Odyssey is missing from 
this issue, but will return next 
time. 
Andrew Keller's account of his 

update for a pair of venerable Ad¬ 
vents and Tom Nousaine's pointer 
on dustless varnishing are our 
Tools, Tips & Techniques features 
this time. Note our "Thin Bin" call 
for more submissions to that de¬ 
partment. A kit review of Acousti¬ 
cal Physics Laboratories' first prod¬ 
uct, a two-way, closed-box device 
with many interesting features, 
begins on page 34. 
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Editorial 

Face to Face 
The development and growth of any human endeavor 
depends on interaction of minds and hearts. Publishing 
is one means of interchange. But that method is slow 
and lacks the immediacy, spontaneity and quick cumu¬ 
lative gains that are possible when we can plan, re¬ 
search and execute a project face to face. 

My first editorial in Audio Amateur suggested audio 
clubs as a means to intensify, accelerate and enrich the 
pursuit of high-quality sound reproduction. Clubs have 
been slow in developing but are apparently now begin¬ 
ning to take hold and are forming at a faster rate than 
ever before. 
The contributions of several clubs that have actively 

pursued important projects and published the results of 
those projects is invaluable. The work of the Boston 
Audio Society and the Southeastern Michigan Woofer 
and Tweeter Marching Society come to mind immedi¬ 
ately. Such undertakings require exceptional skills and 
investments of large amounts of time, usually by a few 
dedicated group leaders. Large clubs are hard work. 
The smaller groups that dot the country, however, 

provide an excellent forum, usually monthly, for the in¬ 
terchange of knowledge and production of modest 
newsletters to spread club news—to members and to 
other clubs. Clubs offer members opportunities to share 
instrumentation that might be too expensive for most 
members to afford individually. Clubs are usually able 
to borrow such equipment from local manufacturers for 
a weekend clinic that tests members' audio gear. Manu¬ 
facturers are apparently finding it worth their while to 
travel the distances necessary to appear on club pro¬ 
grams to discuss their particular approach to audio re¬ 
production. Clubs are able to test and evaluate a wide 
variety of equipment, thus giving members more ex¬ 
perience with a range of gear than they might have as 
individuals. 
Since the founding of Speaker Builder, I have been 

continually amazed and delighted to discover that 
speaker builders are a special and unique breed of 
audiophile. They have turned up as authors from all 
points of the compass, each with a favorite way of turn¬ 
ing those electronic impulses back into alternate com¬ 
pressions and rarefactions of air in a real room. The in¬ 
tensity of the speaker builder's interest is, I believe, a 
strong argument for local, intensive and regular face-to-
face interchanges between speaker enthusiasts. Such 
meetings could provide interchanges of information, in¬ 
sight, skills and enthusiasm. 
The "club" as a formal undertaking might, in the case 

of speaker builders, be more than is necessary. Small 
groups meeting informally could pursue a project or a 
group of projects that might be executed more easily by 
a group than by individuals working alone. 

Six projects dropped into a pot could be cooperatively 
undertaken at one member's woodworking shop, at 
another's for finishing cabinets and at yet another's 
electronic workbench for crossovers and wire fabrica¬ 
tion. One member might offer a series of seminars on 
electrostatic panel construction, then loan his jigs to 
other members who could build their own. 

I can imagine a club making the necessary jigs and cir¬ 
cuit board patterns to construct clones of the Quad 63 
system. I also wonder why a group could not make the 
requisite patterns to replicate the Magneplanar 
speakers. Ken Rauen' s excellent series on the Heil air 
motion transformers coupled to horns (SB 3/82, 4/82) 
would be far less work for a group of audiophiles who 
could produce a number of finished units together in 
less time than one amateur working alone. 
Group action tends to spread skills. Neophytes learn 

from the experienced—and nothing is better than 
hands-on knowledge. The group can and usually does 
function as an evangelizing force. It can spread con¬ 
fidence to the uncertain and enlarge the hobby. And the 
size of the hobby has a clear relationship to how varied 
our choices of materials and our sources of supply 
become. 
Groups with enough size and common interest might 

well use the club's group purchasing power to enjoy 
significant savings. Many audio clubs are taking advan¬ 
tage of that power in a number of ingenious ways. 

Our classified ad columns have been open to audio 
clubs since this magazine's inception. Those of you who 
might feel the urge to meet with others in your area are 
invited to use the club classifieds. We will be happy to 
cooperate with established groups to put them in touch 
with all subscribers of this magazine in their region. 
Audio club members might want to gather formal or 

informal subsections of the club for special-interest 
meetings on loudspeakers in general or some particular 
type of speaker. For example, our club classifieds cur¬ 
rently list a club dedicated entirely to the Quad elec¬ 
trostatics. 
Interchange enriches. Personal interchange among 

the like-minded enriches even more deeply. Perhaps 
speaker builders in your town are looking for you—or 
are just waiting to be found. □ 
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AN INTERVIEW 
WITH RAYMOND COOKE 

BY BRUCE EDGAR 
Contributing Editor 

Most speaker builders are familiar 
with the KEF driver line, but few 

people in the US know the story of why 
and how KEF started and has continued 
to flourish. In this time of change in the 
audio marketplace, KEF’s maintenance 
of high-quality standards is a tribute to 
the leadership of its managing director, 
Raymond Cooke. 
I recently spent a day visiting Cooke 

and his staff at the KEF factory in the 
village of Tovil |England), about 40 miles 
south of London. I came away from the 
visit with a new-found appreciation of 
KEF's success in integrating enclosures, 
drivers and crossovers and of Cooke's in¬ 
fluence on this process. 

Speaker Builder (SB): How did you 
become interested in audio? 

Raymond Cooke (RC): At age 8, 1 took 
up the violin, joined an orchestra and 
started to learn music. But I did it purely 
mechanically. Three or four years later, 
through my father's record collection 
and his big horn gramophone, I suddenly 
became aware of orchestral color. I think 
the first trigger was a recording of the 
"Waltz of the Flowers" from the Nut¬ 
cracker Suite made by Stokowski and the 
Philadelphia Orchestra in the early '30s. 
With that recording and a number of 
other things, I became interested in 
music and gramophones and began to 
collect second-hand records. 
Then a young chum of mine started to 

mess about with electrical reproduction. 
I found an old pickup at home and hooked 
it up to a radio. With the improved 
reproduction, I became interested in 
loudspeakers and the whole business of 
designing amplifiers. 

SB: What was your first job? 
RC: I first went to work at 15 as an 

analytical chemist for the London North¬ 
eastern Railroad. From there I went into 
the Navy. They had no use for chemists 
in the Navy, so they put me through a 
radio and radar course, and I became a 
technician. I rode out World War II in the 
Mediterranean Fleet and subsequently 
in the Indian Ocean Fleet as a radar tech¬ 
nician. I was attached to a US-built air¬ 
craft carrier in the Royal Navy. 
During the long waits between battles 

at sea, I did a lot of reading in the ship's 
library, which had been stocked in the 
US, and came in contact with American 
music and culture. I also began to design 
and build amplifiers using bits of cir¬ 
cuitry out of these books. During that 
time I built a direct-coupled amplifier, 
doing away with the capacitor coupling 
between stages. When I came home, I 
had all this experience in music, 
amplifiers and loudspeakers. I started to 
take quite an intelligent interest in it. 

SB: What did you do after the Navy? 
RD: After the war I went back to my old 
employer, the London Northeastern, as a 
scientist and worked on chemistry and 
metallurgy. But electronics still appealed 
to me because I could develop and build 
a circuit—and it would work. Also, I 
could look at a circuit and predict cur¬ 
rent flow and voltages. I really think that 
I was persuaded by Kirchoff's law. 
Chemistry always remained obscure to 
me. So I applied for a government grant 
to go to the University at the age of 21 or 
22. 

SB: What course of study did you take at the 
University? 

RC: I really wanted to pursue electronics 
and radio, but the nearest to it was elec¬ 
trical engineering. I had to study rotating 
machinery, but I managed to work in a 
few light current subjects. In my free 
afternoons, I used the telecommunica¬ 
tions laboratory, where they had wave 
analyzers and signal generators, to ex¬ 
periment on pickups, amplifiers and the 
like. 
I needed a good loudspeaker, so I used 

part of my war gratuity (bonus money) to 
buy one from Sound Sales in Surrey, a 
small company that made amplifiers, 
transformers and loudspeakers. It was in 
a reflex box and had a dual suspension, a 
spider for the outer rim of the cone and a 
spider on the inside of the cone. The 
voice coil was wound in the Voigt man¬ 
ner, with one layer on the inside and one 
on the outside of the former. It was 
crudely built, but it had real bass-
something few loudspeakers had at that 
time. 

SB: Is this when you really got serious about 
loudspeaker research? 
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FIGURE I: Cooke’s collection of English ribbon horn tweeters includes, from left to right, the Quad 
Comer Ribbon, EMI ribbon, Kelly ribbon and Decca ribbon. 

RC: Yes. I wanted to find otit how this 
speaker worked—why the reflex action 
was beneficial. Hardly anything was 
published on it, and most of that was in 
magazines of doubtful repute. Electronics 
had published one article from the US on 
reflex boxes. 1 As it turned out, that 
magazine was quite a mine of informa¬ 
tion and gave me my first ideas about im¬ 
pulse testing. 
In those days it was quite radical to 

think that you could test an acoustical 
transducer in a live room. Eventually, a 
friend and I used an FM probe to 
measure the acceleration and velocity of 
the moving surface. By painting some 
graphite on the diaphragm, we were able 
to get direct readings of the cone velocity 
and displacement. 

At that time Briggs had just published a 
book on loudspeakers.2 As I was reading 
his chapter on vented enclosures and 
looking at the FM probe results, I 
thought that he had correctly observed 
what happens in a reflex box, but that he 
had made a wrong assumption about the 
cause. He had attributed all the aspects 
to resonances in the air, and he hadn't 
understood that the diaphragm had a life 
of its own, doing things that were 
characteristic of moving systems. 
In those days we had a society in 

England called the British Sound Record¬ 
ing Association (BSRA). I remember go¬ 
ing to a lecture on loudspeakers by Peter 
Walker where he demonstrated his cor¬ 
ner ribbon loudspeaker. (See Fig. I.) The 
BSRA conceived what must have been 
the first exhibition and convention on 
audio subjects. From 1947 on, they held 
an annual weekend meeting at a London 
hotel. In a continuous series of demon¬ 
strations, each manufacturer had 20 
minutes to move his equipment into 
position, give a little talk and demon¬ 
strate his products. 

SB: Is this where you met Briggs? 
RC: Yes, Wharfedale was exhibiting a 
small display at one of these meetings. 
Briggs was giving one of his delightful 
demonstrations, and afterward I but¬ 
tonholed him. "I have been reading your 
book on loudspeakers, but I think you 
have made some mistakes in the conclu¬ 
sions on how reflex enclosures work," I 
said. "Oh, we better have a cup of tea," 
he replied. 
So we went up to the terrace for a cup 

of tea, and I showed him my work. He 
made it pretty clear that he did not un¬ 
derstand the point right away, but that he 
was in consultation on a weekly basis 
with a Mr. Price at the technical college 
in Bradford. He begged me to borrow the 
papers to show Mr. Price. Returning 
them the next week, he said that he'd 

found the work quite illuminating and 
helpful. 
A few weeks later he wrote and said 

that his publishers had told him that the 
stocks of his book were nearly exhausted 
and that they had decided to do a reprint. 
"In view of what you have said about 
vented enclosures, it is clear that parts of 
the book ought to be revised," he said. 
"Would you be willing to do a revision?" 
Well, I was a poor student at the time, 

so I jumped at the chance, which was a 
challenge and a welcome source of in¬ 
come. From that time on I became a con¬ 
sultant to Wharfedale. Whenever mat¬ 
ters of a technical nature arose, Gilbert 
Briggs sought my collaboration. He 
wrote three books345 in the '50s on 
which he sought my cooperation either 
in revising some of the chapters or acting 
as a technical editor. 

SB: Where did you go after graduation from 
the university? 
RC: I eventually took a job with 
Mullards, a division of Philips, as a pro¬ 
duction engineer for CR tubes for TV. TV 
had been my other love since I was 10 or 
11. I had read all the books on TV and 
had made TV sets. After about three 
years there, a friend gave me a newspa¬ 
per cutting that showed a job opening at 
the BBC designs department. I applied 
for it and got it. This was my first contact 
with professional audio. 
In Britain, we have what I call the 

"musicality brigade," which is populat¬ 
ed by people who do not understand the 
scientific principles behind audio. They 
believe that it has some element of 

witchcraft that they hope will always be 
inexplicable. I was probably in the 
tweaky black magic stage, but going to 
the BBC made me grow up and get rid of 
all the black magic. 

SB: What did you do at the BBC? 
RC: I worked in the recording designs 
department and dealt with the design 
and manufacture of disk and tape record¬ 
ing equipment. I was quartered at Maida 
Vale, where the main music studios are. 
Next door was the BBC transcription ser¬ 
vice. They were running Voigt horns as 
monitoring loudspeakers at that time. 
(See SB 4/81, p. 14.) 

SB: Was that your first acquaintance with 
Voigt homs? 
RC: No, my first acquaintance with 
them was in the late '40s through a friend 
named George Wise, who did quite a bit 
of work for Voigt in the '30s and ran a 
Voigt horn in his house for many years. 
Later I was introduced to Voigt by 
Harold Leak, who at that time was mak¬ 
ing a copy of the Voigt pickup under 
license from Voigt. 

SB: What did you think of Voigt's impact on 
audio in England? 
RC: He was a good public relations man. 
It was quite evident in the '30s, apart 
from the slight abrasiveness that some¬ 
times afflicted things at the edges, that he 
was able to attract and hold attention and 
to put his point over in an interesting 
way. When he toured the country to give 
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equipment demonstrations, he must 
have been one of the first people to 
recognize the importance of getting peo¬ 
ple's interest at the grassroots level. 
These are lessons that people have had to 
relearn 30 to 40 years later. 

SB: Back to your career, how did you join 
Briggs at Wharfedale in a permanent posi¬ 
tion? 
RC: One day in 1955, Briggs invited me 
to visit the factory. During the visit, he 
said, "I think it would be good if you 
came to work here." He sketched out a 
proposal that took a long time to work 
through, but eventually I came to work 
at Wharfedale as technical manager. 

SB: What were your achievements at 
Wharfedale? 
RC: There were two tangible results. 
The first is that I could be credited with 
putting Wharfedale onto a scientific foot¬ 
ing. Up to that time, nobody in the com¬ 
pany had scientific training. Particularly 
on the production side, nobody knew 
how to analyze rejects and jig a product 
for production. Briggs was an intuitive 
scientist: he took to it from the music 
side. He started Wharfedale because he 
loved music, but he wasn't a trained 
scientist or engineer, although he was the 
best PR man in the world. 

SB: With the exception of Voigt? 
RC: Well, Voigt's PR was not as commer¬ 
cial as Briggs'. Briggs will always remain 
in the audio memory for that. Briggs 
followed Voigt's lead. Voigt was in¬ 
strumental in grabbing hold of the pub¬ 
lic's imagination. Briggs went farther 
because he had this nice balance of com¬ 
mercial acumen and a wonderful per¬ 
sonality. He attracted a much wider au¬ 
dience at a much more comfortable level 
than Voigt. 

It was through Briggs that I received a 
good start in domestic audio, and I learned 
much from him. But nobody in the com¬ 
pany could take the business much far¬ 
ther. Everything was done in a haphaz¬ 
ard way because it was really a cottage 
industry that was growing up. I think I 
Cem be credited with having put down 
the basis of an engineering approach 
with everything jigged up and working 
in a scientific fashion. 

SB: What was the second achievement? 
RC: That was in regard to products. I 
straightened out all the enclosure prin¬ 
ciples. Instead of designing the enclo¬ 
sures haphazardly and evaluating them 
by aural methods, I was able to calculate 
beforehand the performance we were 

FIGURE 2: KEF can control the weight of this 

plastic diaphragm to within +10 milligrams. 

likely to get and what sort of perfor¬ 
mance we wanted. Then I would calcu¬ 
late the enclosure size that would give it 
at the low-frequency end. We had a 
whole series of models that were prop¬ 
erly designed and damped to bring about 
the intended purpose. 
I also invented the acoustic filter, 

which was a way of dividing the box into 
manageable sections to avoid standing 
waves, so you did not have to line the box 
with expensive material. I did much in 
profiling the fronts of the enclosures to 
minimize diffraction effects. We have 
continued this work at KEF. 
I designed many new high-frequency 

units. Curiously enough, before I went to 
Wharfedale, I had a design for a P/z-inch-
diameter dome tweeter. Nobody at 
Wharfedale took the slightest interest in 
it. They thought it would be too expen¬ 
sive to make. I actually designed it as a 
hobby while I was at the BBC. The de¬ 
sign remained in the drawer from the 
early '50s until I came to KEF. When I 
started KEF, we began to make that unit, 
which is called the T-52. We are still mak¬ 
ing it, and it forms the high-frequency 
end of the Model 105. 

SB: What does KEF stand for? 
RC: It stands for Kent Engineering Foun¬ 
dry. A company here in the '20s made 
nonferrous metal parts for military 
tanks. It was called the Kent Foundry. 
Then a father of a friend of mine came 
down here in the early part of World War 
II and took over the company. After the 
war he made a spraying machine for or¬ 
chards. The company thrived on that 
type of machinery for years, and the 
name was changed to Kent Engineering 

Foundry because they were doing more 
than foundry work. 
I got to know these people, and we 

started KEF Electronics together in 1961. 
I rented a small hut on the grounds, and 
eventually the electronics and the loud¬ 
speaker side grew until it took over the 
whole site and plant. The engineering 
company was sold off in sections to peo¬ 
ple in the area. 

SB: Why did you decide to leave Briggs and 
Wharfedale and start KEF? 
RC: During the six years I spent at 
Wharfedale, Gilbert Briggs and I had an 
exceedingly happy and fruitful relation¬ 
ship, but he was not inclined to see the 
need for radical changes in the stagnant 
Wharfedale product line. When I be¬ 
came convinced that it was necessary to 
get away from paper diaphragms to 
make better and more consistent speak¬ 
ers, the only course open to me was to 
leave Wharfedale and start my own 
business. 
No doubt my departure was a con¬ 

siderable shock to Briggs, but it was the 
right thing to do, especially after Rank 
bought out Wharfedale in 1959.1 have no 
regrets, and in subsequent years Briggs 
and I became firm friends again. I be¬ 
lieve he came to see why I had to move 
on and do new things. 

SB: Why did you think that plastic dia¬ 
phragms should replace paper diaphragms? 
RC: Because plastic diaphragms are 
more controllable and predictable. I 
always like to work with things that I can 
control: I don't like any situation where 
God has too much say. The idea of chop¬ 
ping down trees, pulping them up, 
spreading them down on a mesh, drying 
it with a gas stove and hoping for the best 
never appealed to me much. 

It might be interesting for you to know 
that you are sitting in the village of Tovil 
where the first felted loudspeaker cones 
were made. When Voigt started to make 
loudspeakers, the only way he could 
make a cone was to take a flat sheet of 
drawing paper, fold it into a cone and 
seam it. As we know from our research¬ 
ers at KEF, that is absolutely the wrong 
way to make a cone because the essence 
of a diaphragm is that it must be ab¬ 
solutely symmetrical. It must be ab¬ 
solutely concentric in every regard. (See 
Fig- 2.] 

SB: Why? 
RC: As soon as you have any eccentrici¬ 
ty, it predisposes the vibrational mode of 
the diaphragm at virtually all frequen¬ 
cies. It then makes the performance of 
the diaphragm—and hence the loud-
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speaker—completely unpredictable 
because the influence of the eccen¬ 
tricities is overriding. It is rather like try¬ 
ing to make a window that specifies 
proper thermal insulation and then 
through manufacture introduce an 
uncontrollable leak, which destroys the 
thermal properties. 
It was actually a firm called Barchem 

Green, which was an expert in making 
filter paper for chemistry purposes, that 
suddenly hit upon the idea that it was 
just as easy to make a conical shell by the 
felting process as it was to make a flat 
sheet. They developed the scheme and 
the tools for it. For some years through 
the '30s they produced hundreds of 
thousands of cones in a factory just down 
the road from us. 

SB: What was your first product for KEF? 
RC: The first was the KI slimline.6 It had 
a strut in the back, which allowed the 
cabinet to stand upright or be tilted back 
to use what we now know as the listen¬ 
ing window. It included a woofer with a 
diaphragm that was 18 by 14 inches. It 
was called the B1814 and was a polysty¬ 
rene diaphragm, which was flock sprayed 
on the front to damp it and was suspend¬ 
ed by a silicon rubber-impregnated tex¬ 
tile roll surround. An elliptical midrange 
unit provided a better distribution pat¬ 
tern in the horizontal pattern in the 
horizontal plane. It had a foil-stressed 
diaphragm—i.e., a polystyrene shell with 
foil on each side—and a foam surround. 
The tweeter was the T-52 unit I mention¬ 
ed before. It had a Mylar diaphragm with 
a copper voice coil cemented directly to 
it. That was the start. (See Fig. 3.) 

SB: Was the KI a closed or vented box? 
RC: It was halfway in between. It used 
an acoustic filter and a concave plate of 
perforated steel covered with felt to 
reduce the flow resistance on the back. 
This was intended to have a cardioid 
distribution at low frequencies, working 
as does a line source loudspeaker with an 
acoustic filter open back. 

SB: Was this acoustic filter running along 
the lines of the acoustic resistance unit 
¡ARU) marketed by Goodmans? 
RC: No, ours was somewhat different in 
concept. The ARU, invented by Ted Jor¬ 
dan, was a combination of a vent and a 
resistance in parallel with it. Ours was 
just a resistance. 

SB: Do you consider that the KI had a good 
response compared to today's standards? 
RC: No. Since we first came out with the 
KI, we have learned a great deal about 

FIGURE J: The KI Slimline was KEF’s first 

loudspeaker product 

diaphragm behavior and, I think more 
importantly, about how loudspeakers 
behave in an array. 

There are really two parts to the opera¬ 
tion of a loudspeaker. One is how you 
design it, and the other is knowing the 
critical elements in the design so that you 
can control the response and the perfor¬ 
mance in manufacture. You want to 
maintain the standards for which you are 
aiming within close limits. This is impor¬ 
tant because too much of the loud¬ 
speaker business is like a Stradivarius 
violin. Reputations were built on a dozen 
samples, and the desirable features of 
those samples never got into the 
mainstream of production models, 
which the consumer actually buys. 

SB: What is your design philosophy? 
RC: I started the company making 
loudspeakers with particular materials. I 
think time has proved that this was the 
way to go because we have succeeded in 
maintaining our reputation over 20 years 
using essentially the same driver de¬ 
signs. Other manufacturers have come 
into the loudspeaker business using the 
same technology. For instance, the 
Japanese have just "reinvented" the flat-
fronted speaker. Several years ago I 
remember going to an audio fair in Tokyo 
and seeing a display by a small Japanese 
company. Two or three loudspeakers 
were exact copies of the B1814 driver in 

the KI slimline. There was nothing 
wrong with that, though, because the de¬ 
signs were not patented. 

SB: Do you have patents on any of your 
products? 
RC: We have patents on a number of 
features of our products, for instance the 
optical line-up device in the Model 105. 
But you can’t patent the use of materials. 

SB: What materials do you use in your 
diaphragms? 
RC: We started to use Mylar in 
diaphragms in 1961, and a few years 
later we started to make diaphragms 
from Bextrene, a mixture of rigid 
polystyrene and rubber. Those technolo¬ 
gies have since been taken up by other 
people. Many firms are now making con¬ 
ical loudspeakers with plastic dia¬ 
phragms and dome tweeters using 
Mylar. 

I'd like to go back to my first statement 
about consistency in materials. Although 
this was basically correct, what we 
weren't good at then was knowing how to 
design crossovers and what influence 
that had on phasing and the ultimate 
marriage of the inputs of separate 
drivers. □ 

Next time, Mr. Cooke will explain how 
his design philosophy changed to incor¬ 
porate his discoveries about crossover 
design and its implications for sound 
reproduction. 
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The ACOUSTIC IMAGE™ 
Model II Loudspeaker System Kits 
The ACOUSTIC IMAGE “ Model II is a state of the art, two-way 
loudspeaker system which, although available as a factory 
assembled system, allows special savings to kit builders. The 
Model II Loudspeaker Kit is available either as a Basic Kit or as 
a Complete Kit. The Basic Model II Kit includes all woofers, 
tweeters, pre-wired crossover networks, enclosure damping 
materials, grill cloth, mounting hardware, casters, enclosure 
plans, and instructions. The Basic Model II Kit is recommended 
for those who, with the help of a local cabinet shop or with their 
own tools, are able to construct, from plans, their own loud¬ 
speaker cabinets. For those who do not want to get involved in 
cabinet construction, the Complete Model II Kit includes every¬ 
thing in the Basic Model II Kit plus finished walnut cabinetry 
and grills — only a screwdriver is needed for assembly. Both 
the Basic and Complete versions of the Model II Kit are pre¬ 
wired, pre-tested and are easy to assemble with no soldering 
required. A30 day return policy and a 5 year limited warranty is 
in effect for both the kit versions of the Model 11 and the Factory 
Assembled Model II. 

Driver Design 
The Model II obtains accurate high speed reproduction of bass 
and midrange acoustical information by incorporating low-
mass polypropylene cone materials in a long excursion ten-
inch driver. This low mass design allows the cone to respond to 
the input musical signals with extreme speed and accuracy. 
The result is clean, tight bass reproduction and a precise, 
ultra-smooth midrange response. Optimized electromagnetic 
damping, rubber damping of the cone suspension, and the use 
of a rigid castdriver frame effectively eliminates both transient 
distortion and tonal coloration from entering the reproduction 
process. 
The ten-inch driver's low moving mass and resultant high 
speed response time allow, through complementary crossover 
design and time domain corrections, a seamless transition to 
the high speed response characteristics of the tweeter. The 
tweeter, a one-inch soft dome design, is mounted in free air on 
top of the speaker enclosure. This mounting configuration 
minimizes diffraction and baffle propagation effects and 
allows the tweeter to be positioned for correct time domain 
alignment. The tweeter is specially designed for a very fast, 
smooth, ring-free response from 3.5 kHz to 22kHz. 

A gradual slope crossover design tailored to the transfer func¬ 
tion of each Model II driver results in seamless, whole system 
accuracy for reproducing the full musical spectrum. The 
crossover components have been carefully selected for their 
musical accuracy, dynamic linearity, and freedom from distor¬ 
tion. 

Time Domain Imaging and Transient Accuracy 
Time domain accuracy is required for high resolution 
reproduction of the complex and intricate transient signal 
structures of which music is composed. Time domain accuracy 
is also critically relied upon by the hearing process to correctly 
position and dimensionalize spatial information contained in 
musical recordings. Acoustical Physics Laboratories, by ana¬ 
lytically optimizing the system's acoustical-electro-mechan¬ 
ical parameters, has determined the parameter alignment 
which provides the most accurate time domain response in 
reproducing transient signals. This design approach not only 
insures that time arrival information between drivers is 
aligned, but also insures that the time domain response with 
each driver's range and the system as a whole is correct. 
Because the Fourier Transform mathematically relates time 
and frequency domains, optimizing the time domain accuracy 
of transient signals imposes accurate frequency and phase 
response on the system. The loudspeaker system, at this level 
of accuracy, presents the listener with an unperturbed acoustic 
analogue of the input musical waveform. The result is an unre¬ 
strained realism in resolving musical detail and an ability to 
precisely image a three dimensional musical soundstage. 

Acoustical Physics Laboratories 
Acoustical Physics Laboratories is solely dedicated to achiev¬ 
ing uncompromising accuracy in reproducing the full realism 
of musical performances. Our tools in the loudspeaker design 
process are the most advanced FFT (Fast Fourier Transform) 
digital analysis techniques and computer design optimizing 
programs; however, the absolute criterion used is the listening 
experience, comparing live music to reproduced music. 

Specificatons for the ACOUSTIC IMAGE " Model II 
Frequency Response Impedance 
28 Hz to 22 kHz ± 2 db (FFT) 8 ohms 

Amplifier Power Recommendations 
40 to 150 watts per channel 
Driver Complement 
Long excursion, polypropylene 10-inch driver. Soft dome 
1-inch tweeter mounted in free air and time domain corrected 
Crossover 
non-saturating inductors and metal film capacitors in a 3.5 
kHz gradual slope design matched to the transfer function of 
each driver 
Enclosure 
High density, nonresonant, multi-fiber construction finished 
in hand-rubbed walnut veneer 
13 w X 3416 "h X 13% d 
Warranty 
Limited 5 year parts and labor 

Ordering Information 
Basic Model II Kit $225/pair 
includes all drivers, pre-wired crossovers, hardware, grill 
cloth, damping materials, enclosure plans, and instructions 
Complete Model II Kit $400/pair 
includes all components in the Basic Kit plus finished walnut 
cabinetry and grills 
Factory Assembled Model II $600/pair 
All orders must be accompanied by money order, cashier's 
check, or personal check made payable to Acoustical Physics 
Laboratories. ForC.O.D. shipments, a payment of 25% down is 
required. Shipments are made on a freight collect basis so that 
shipping charges are paid when the order is delivered. A 30 day 
money back return policy and a five year limited warranty is in 
effect on all orders for the ACOUSTIC IMAGE ” Model II. 

Specifications subject to change without notice. 

ACOUSTICAL PHYSICS LABORATORIES Doraville', Georgia 30340 



BUILD YOUR OWN VOLTMETER 
PART I IN A SERIES ON MODULAR TEST INSTRUMENTS 

BY G. R. KOONCE 
Contributing Editor 

The work of Thiele, Small, Keele 
and others allows speaker 

builders to delve deeply into the 
scientific design of speaker systems. 
To apply this work successfully, how¬ 
ever, you need to measure driver 
parameters and evaluate the finished 
speaker. Like most hobbyists work¬ 
ing with speakers, I owned basic test 
gear, such as an oscillocope, a fre¬ 
quency counter, an AC VTVM and an 
oscillator. But I wanted more con¬ 
venience and, in some cases, more 
accuracy or extended capability than 
was possible with this equipment. 
Since my occupation is circuit 

design, I decided to design and build 
test equipment that would facilitate 
speaker building, particularly Thiele/ 
Small (T/S) alignments. For all the 
speaker craftsmen who feel uncom¬ 
fortable with electronics and circuit 
building, this will be a fairly painless 
way to gain some practical knowl¬ 
edge, while building some useful test 
gear. This series of articles will show 
you how to build the following units: 
• Dual Wattmeter—actually mea¬ 
sures V2/R directly, which is exactly 
what you want. R is selectable from 4 
to 16Õ. Full-scale power ranges are 
IW, 10W and 100W, with two differ¬ 
ent response-time constants provided. 
• Speaker Impedance Meter-
measures magnitude and phase angle 
of driver impedance for T/S parame¬ 
ters and crossover design. 
• Dual Relative SPL Meter—con¬ 
tains two microphone-driven volt¬ 
meters with a phase meter between 
channels. Full-scale range for each 
channel is switchable over a 40dB 
range. Phase range is + 180°. 
• Two-Way Adjustable Cross¬ 
over-consists of active 12dB/octave 
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A. SYMBOLS 

DIODE OR 
RECTIFIER ZENER MOV 

NON¬ 
POLARIZED POLARIZED 

CAPACITORS 

B. INPUT /OUTPUT 
LEADS TO BOARD 

LAYOUT 

Cl /Al 
SCHEMATIC 

C. DIODE POLARITY ON ACTUAL COPPER 

D POLARIZED CAPACITORS LAYOUT 

E. IC PIN NUMBERS 

PIN I 

INDICATES ROOM AVAILABLE 
FOR SOCKET 

MAY NOT BE 
ROOM FOR 
SOCKET 

F. TEST POINTS - (TP-Q INDICATES A GROUND TEST POINT) 

SCHEMATIC LAYOUT IMPLEMENTATION 

R2 TP-2 
TYPE 2 -vw-cj 

FIGURE l-l: Symbols used on schematics and layouts. 



Butterworth high and low-pass filters 
that can be tuned together over the 
100Hz to 8kHz range. Each output 
has calibrated attenuation. 
• Warble Tone Modulator—con¬ 
verts a function generator into a war¬ 
ble tone generator suitable for speak¬ 
er testing. The function generator 
used determines the frequency range 
limits. The warble rate is adjustable, 
and the warble width is variable from 
unison to one octave. 
More detailed specifications and 

optional features will appear in the 
construction sections. These are not 
intended for the electronics novice 
who requires step-by-step instruc¬ 
tions such as those found in most kits. 
If you feel comfortable with projects 
described in SB and TAA, however, 
you should enjoy constructing these 
devices. 

MODULAR BOARDS. The usual 
approach to circuit board layout is to 
arrange all the components as effi¬ 

ciently as possible in the space pro¬ 
vided. My approach, however, is to 
separate the circuits into smaller 
modules that you can connect to form 
a functioning device. In this way, you 
can reassemble them to form various 
pieces of test gear. 

I don't use all the standard sche¬ 
matic symbols because they aren't 
always clear enough. Figure 1-1 ex¬ 
plains my variants on these symbols. 
Wherever possible, I try to show 
polarities and other essential infor¬ 
mation in the schematic, layout and 
even the actual copper. I built test 
points into the circuits, which are 
buffered with a 18OÍ2 resistor to pre¬ 
vent test equipment from affecting 
circuit operation. 
My labeling for board grounding 

needs some clarification. When I first 
started doing my boards, I used "G” 
to mark the ground copper. Soon I 
had pages of rub-on transfers with no 
"G's" left. So I started using other let¬ 
ters, such as "Q, N, and O" for 

G. JUMPERS-ALL BARE 
WIRES UNLESS 
SPECIFICALLY NOTED 

IMPLEMENTATION 

RIGHT DOWN BOARD 

COPPER 

H VOLTAGE REGULATOR 
POSITION- COMPONENT 
SIDE (TOP) VIEWS 

TO-92 PACKAGE SHOWN CLEARLY 
ON LAYOUT FOR 
78L B 79L REGS 

TO-22O REGULATORS 7800 a 7900 SERIES 
METAL SIDE OF REGULATOR — 

J. TRANSISTOR POSITION¬ 
COMPONENT SIDE 
(TOP) VIEWS 

TO-92 STYLE E- EMITTER 
B-BASE 
C-COLLECTOR 

K.CIRCUIT BOARD 
MOUNTING 

STAND-UP MOUNTING 
VIA ANGLE BRACKETS 

L. MULTITURN TRIM POT-MOUNTING PROVIDED ON BOARD FOR THREE DIFFERENT SIZE/ 
LEAD CONFIGURATIONS. ONLY DRILL HOLES NEEDED. BOTTOM (COPPER SIDE) VIEWS 
SHOWN 

ground. To avoid confusion, I always 
use the same letter on the schematic 
and stuffing guide. 
My parts lists reflect my habit of 

building things from readily avail¬ 
able parts. For standard parts such as 
carbon resistors, the lists show each 
component I actually used and, in 
parentheses, the true stress on the 
part, so you can substitute other 
values. For more unusual parts, I pro¬ 
vide even more detailed information, 
especially regarding shapes and sizes 
that will fit on the board, as well as 
electrical values. See Fig. 1-2 to see 
how this might appear on a layout. In 
Fig. I-2a, C3, a stand-up mylar or 
axial-lead tubular capacitor, is 
mounted upright. In Fig. I-2b, Cl 
could be a stand-up electrolytic or 
mylar. Table 1-1 shows how these 
parts might appear in a parts list. This 
approach allows you to identify alter¬ 
nates that will fit the circuit board 
easily. 

Full-size negatives for all the circuit 
boards will appear in this series. I 
normally use ‘/i6-inch-thick, one-
ounce copper, paper-based phenolic 
boards, which are of sufficient quali¬ 
ty. You could use glass mat polyester 
or glass epoxy. My boards might ap¬ 
pear strange at first, but I try to use as 
much copper as possible. You pay for 
all the copper on the blank, and etch¬ 
ing it away costs money, so why not 
use it? Putting more copper into the 
power and ground distributions 
allows you to drill new holes for com¬ 
ponents with lead spacings different 
from the specified parts. 

VOLTMETER BOARD. The volt¬ 
meter (VM) full wave rectifies 
sinusoidal signals and averages them 
to provide a DC output voltage equal 
to the RMS AC input voltage. Since 
this is basically an average-reading 
function, any non-sinusoidal inputs 
must be corrected. A discussion of 
the full-wave rectifier-averager cir¬ 
cuit shown in Fig. I-3a appears in Na¬ 
tional Semiconductor's literature. 1,2

It operates as follows. The second 
stage, A2, is an inverting averager 
with two inputs via R3 and R4. With 
negative-going inputs, the first stage, 
Al, is clamped by diode DI so that it 
does not contribute. Thus A2 aver¬ 
ages the half-cycle contribution via 
R3, causing V™, to go positive. With 
positive-going inputs, Al is a unity 
gain inverting amplifier, so A2 sees 
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TYPE C- ROUND STAND-UP PART 

2 IS 
OMITTED 

TYPE D-RECTANGULAR 
STAND-UP PART 

•- 3- • 

2 

t I 
1 

OR OVAL 

FIGURE 1-2: How parts might appear in a 

layout In Fig. l-2a, C3 represents a stand-up 

mylar or axial-lead tubular capacitor, mounted 

upright Type A shows an axial part lying down, 

while Type B shows it standing up. Figure l-2b 

shows Cl, a stand-up electrolytic or mylar 

capacitor. Type C is a round stand-up part, 

whereas Type D is a rectangular or oval stand-up 
part. 

the positive input via R3, but also a 
negative input current of double 
magnitude via R4, its value being half 
that of R3. Thus Vou, continues mov¬ 
ing toward positive and will go to the 
full-wave average of the input sinu¬ 
soid. The Al stage must slew quickly 
to prevent excess distortion as the in¬ 
put sinusoid goes through zero. This 

TABLE l-l 

SAMPLE PARTS LIST 

Dimensions (in inches) 

Component Type 1 2 3 

Cl C 0.5 - 0.1 or 0.3 

or D 0.3 1.2 0.2-1.0 

C3 B 0.3 - 0.4 

or D 0.3 1.0 0.40.8 

FIGURE l-Ja: Basic full-wave rectifier-averager circuit 

FIGURE l-3b: Basic meter overload protection circuit 

sets the frequency-response limit of 
this circuit. 
Figure I-3b shows how drives a 

meter and how comparator stage A3 
protects the meter from overload. I 
made Ra fairly small and set Rx to 
give full-scale meter deflection at 
full-scale Vou„ which is 4V DC for the 
VM board. When the signal exceeds 
the preset Vo„„ the comparator A3 
turns on, clamping the meter back on 
scale and lighting the LED to indicate 
overload. 

CONSTRUCTION. Comparing the 
VM schematic in Fig. 1-4 (see Fig. 1-5 
for the circuit board and Fig. 1-6 for 
the stuffing guide) with National 
Semiconductor's published circuit 
reveals an important difference. 
Compensating capacitor C2 returns 
to the opposite end of D2 because, as 
I and several others have found out 
through experience, their schematic 
has an error. Use the hookup in Fig. 

1-4 to avoid oscillations at the input's 
center line crossings. I used two 
resistors to implement each 20kQ 
resistor because while the absolute 
values are not critical, the ratios need 
to be accurate. 
Various approaches are possible. 

You could buy a handful of 10k, 1 
percent resistors (RN60 or smaller) 
and use them for R2, R3, R4, R5, R6, 
R7 and Rll, omitting RIO. Or you 
could buy 20k, 1 percent resistors, 
put them in R2, R4, R6, RIO and Rll, 
and jumper out R3, R5 and R7. If you 
use a precision resistor for RIO, it 
must be RN55 or smaller. For ac¬ 
curate operation, the following rela¬ 
tionships must be true: 

(R2 + R3) = (R4 + R5) = (R6 + R7) 
= 2[(R10xRll)/(R10 + RU)| 

and 

(R2 + R3) = 20kfl. 
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scale adjust 

METER 

LED 

FIGURE 1-4: Schematic for voltmeter (VM) board. 

ALARM 
OUTPUT 

This will prevent low-frequency loss 
due to input capacitor Cl. The input 
impedance as seen by Cl is one-half 
of (R2 + R3) , or about 10k (9.63k with 
my resistors). With Cl equal to 10/zF, 
the -3dB point due to Cl is about 
1.6Hz. At 20Hz the VM board re¬ 
sponse is down about 0.03dB. The 
voltage rating of Cl depends on what 
drives the VM board. 
A resistor in each noninverting 

amplifier lead to ground (R8 and R12) 
maintains some control of DC offset. 
The R12 value varies somewhat with 
the application of the VM board, but 
this unit drives a meter so that high 
dynamic range is not required and a 

small DC offset can be maintained 
relative to the 4V DC. 
The averager's time constant in the 

fast mode is the product of C5 and Ry, 
where Ry is the value of (R24 + P1) 
after Pl is adjusted correctly. For the 
slow mode, tie Point A to Point B. The 
time constant becomes Ry(C5 + C6). 
Tests show that the averager's time 
constant should be about 200ms for 
good VM response down to 20Hz. To 
get 4 V DC output for a 4V RMS sinu¬ 
soid input, Ry must be close in value 
to 0.707 (R2 + R3)/0.636. If (R2 + R3) 
is about 20k, Ry will be about 22.2k. 
Thus C5 should be 10/xF minimum, a 
value that works out well when using 

the VM to set continuous wave (CW) 
levels. 
A longer time constant is desirable 

when you are trying to monitor noise 
or program material and is provided 
by switching in C6. I have obtained 
good results with a time constant of 
about two seconds (C6 equals 80 to 
lOO^F with Ry about 22.2k). Remem¬ 
ber, this VM circuit is calibrated for 
sinusoid inputs, and you must make a 
correction for other shapes. For gaus-
sian noise inputs, multiply the meter 
reading by 1.13 (or add IdB) for true 
RMS value. 
Both C5 and C6 may be polar types. 

They might see slight reverse volt-
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FIGURE 1-5: Circuit board for voltmeter (VM) (No. 244). Also power supply boards 246X (positive) and 246Y (negative). 

ages, but diode D3 limits this to one 
diode drop. The parts list in Table 1-2 
indicates tantalums (which is what I 
had on hand) for Cl, C5 and C6. 
Aluminum electrolytics should work 
just as well, although I haven't tested 
them myself, îf you do use tantalums, 
be sure they are solid or foil types, as 
the wet anode types do not like even 
intermittent reverse voltages. 

In the meter driving and protection 
circuit, D3 limits the meter reverse 
inputs to less than one-quarter scale 
during turn-on and off. R16 provides 
better damping on the meter for sud¬ 
den signal changes. Some meters 
need a lowered source impedance to 
provide acceptable damping. You can 
trade off R16 against ( R15 + P2) to get 
the best damping. 

-I5V GROUND GROUND 
IN 

FIGURE 1-4: Stuffing guide for voltmeter (VM) board (No. 244). 

R17 and R18 (along with C7, which 
I have not needed to date) provide 
hystersis to the comparator for clean 
switching. R17 tends to reverse-bias 
the overload LED (Point C to Point 
D), so D4 prevents this. D5 enables a 
remote alarm output. The board is in 
overload if Point E goes below 2V. 
Since Point E is designed to sink only 
2.5mA, do not permit it to go above 
12V when not in overload. Later in 
the series, I will describe a circuit 
that reads this alarm point. 
The VM board has three trimpots: 

Pl to set averager gain, P2 to set 
meter gain, and P3 to set the overload 
limit. Clearly, you could use fixed 
resistors in place of Pl or P2, but I 
used variable types to retain flexibili¬ 
ty. The board has no input protection 
because it will always be driven by a 
buffer with a + 15V maximum out¬ 
put. Both 301A op amps are driven 
through about 20kA, so they are well 
buffered. If you connect equipment 
that will cause the VM board to see 
very high input overloads, add the 
appropriate protection. 
The VM board works with a wide 

range of meters. I used taut-band 
1mA movements with internal resis¬ 
tance at about 33ÍL The board drives 
any meter that takes less than 5mA 
and has a terminal voltage of less 
than 3V at full scale. Initially, omit 
R16. When you know the full-scale 
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current (I/3) for your meter and its in¬ 
ternal resistance (Rm), the following 
relationship holds: 

4 V = I/3( 150 + Rm + Rx) 

where I/3 is in amperes and 
resistances are in ohms. Rx equals 
R15 plus the value of P2 at final full-
scale setting. Once you have com¬ 
puted Rx, make P2 about 0.2(Rx + 
Rm) to allow about +10 percent ad¬ 
justment, and make R15 equal [Rx-
1/?(P2)]. You might get a negative R15 
if Rm is high. In this case, just omit 
(short out) R15. If the meter strikes 
the pins when large inputs are ap¬ 

TABLE 1-2 
PARTS LIST FOR 

VOLTMETER BOARD (NO. 246) 

RI 470k, I4W (0.6mW) 

R2.R4.R6 12.Ik, 1 % RN60 (9.4mW)” 

R3.R5.R7 7.15k, 1% RN60(5.6mW)" 

RIO 270k, I4W (l.lmW)" 

RII 10k, 1 % RN60 (29mW)" 

R8 15k,'AW (=0) 

R9, RI3, R22, R23 1800, AW" 

RI2 6.8k, AW (=0) 

RI4 1500, /¡W (140mW) 

RI5 3k, 5%, AW (function of 

meter)'* 

RI6 Ik, AW (function of meter)'* 

RI7,20 10k, AW(29mW) 

RI8 220k, AW (0.8mW) 

RI9 Ik, AW(=0) 

R2I 3.3k, 5%, AW (4.1 mW) 

R24 20k, 5%, AW(l4mW) 

PI 5k multiturn trimpot (2.3mW)"' 

P2 Ik multiturn trimpot (function of 

meter)'*' 

P3 2k multiturn trimpot (2.5mW)"‘ 

DI D5 IN914 diodes (17V, 25mA) 

Cl' lOgF, 30V N.P. tantalum" 

C2‘ lOpF NPO disk ceramic or dipped 

mica (17V) 

C3* lOOpF dipped mica (17V) 

C4‘ 33pF dipped mica (17V) 

C5* lOgF, 25V tantalum—foil (17V for¬ 

ward, IV reverse) 

C6' lOOgF, 25V tantalum—dipped solid 

(17V forward. IV reverse) 

C7' not used 

C8,' C9‘ lOgF, 25V electrolytic (17V) 

CI0-CI3' 0.1 gF, 25V disk ceramic (17V) 

XI, X2 LM-30IA op amps, mini dip 

X3 LM-3II compantor, mini dip 

' See Table 1-3. 

' ' See text. 

'"See text, Fig. 1-1 (Part L) for sizes. 

plied or removed suddenly in the fast 
mode, try adding R16. If it starts to 
approach Rm, revise R15 or P2. 
The meter scale depends on the in¬ 

tended use. For a typical AC VTVM 
application, the scale would look like 
Fig. 1-7. The meters I used are no 
longer available and were nonlinear, 
so don't try to make your scales di¬ 
rectly from Fig. 1-7. The top scale on 
any meter is 1.0, so making this scale 
is easy (if the meter is linear). Each 10 
percent deflection is 0.1V (2 percent 
is 0.02V, and so on). The bottom scale 
is "offset" lOdB, so full scale is really 
3.162V and equals 100 percent 
deflection. On this scale IV equals 
31.6 percent deflection, 2V equals 
63.25 percent, and 3V equals 94.87 
percent, while each 0.1V mark is an 
added 3.16 percent deflection. 
Once you find how many degrees 

of arc your meter swings from zero to 
full and that it is linear, multiply the 
degrees by these percentage values to 
find degrees of deflection for each 
scale. I make my meter scales with 
black rub-on lettering and heavy 
white paper. Then I reproduce them 
on a copy machine, which makes ac¬ 
curate copies on card stock, and glue 
the copies over the original meter 
scale. 
The overload LED between Points 

VOLTS 

FIGURE 1-7: Meter scale for voltmeter (VM). 

-VIN-VOLTS RMS (SINUSOID)-» 

FIGURE 1-8: The results of linearity tests of a 
voltmeter (VM) board. 

FIGURE 1-9: Frequency response of voltmeter (VM) board. 
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M1 —MOV General Electric V130LA10A 
T1 —Transformer; 40V CT @ 'AA fully enclosed 

FIGURE 1-10: Block diagram of basic power supply approach. 

C and D also provides meter protec¬ 
tion. If it fails, replace it immediately. 
Use red LEDs because they have the 
lowest voltage drop. Assuming a drop 
of 1.6V, the LED would see a current 
of about 10mA at slight overloads and 
25mA at the maximum current set by 
the short circuit current limit of X2, 
the 301A averager. At 25mA and 
under worst case conditions, the out¬ 
put of X3, the 311 comparator, could 
rise to 0.5V with another worst case 
IV across D4. This means that an 
LED drop exceeding 2V would allow 
the meter to go above full scale with 
the overload clamp on. This has 
never happened in practice. 

TESTING AND CALIBRATION. 
Connect the VM board to the + 15V 
power supplies, but do not connect 
the meter and overload LED. Also 
leave Points A to B open for quick 
response. Set P2 to full resistance and 
apply power. The DC voltage at Test 
Point TP2 should be below + 50mV 
with no input signal and rise as a 
1kHz sinusoid is applied. At 4V RMS, 
set Pl to give 4V DC at TP2. This 
assumes your DC voltmeter has a 
high resistance compared to the 1 80ß 
resistor buffering the test point. Now 
touch the meter connections across 
Points M and Q (M is positive). The 
meter should move upscale, but not 

FIGURE l-ll: Dissipation in voltage regulator, 
with Vhv fixed it 26V. 

to full. If all is well, connect the 
meter, and with the 4V still at TP2, 
set P2 for full scale on the meter. Now 
go to TP3 and set the voltage to 4. IV 
with P3. The board must not be in 
overload when you make this adjust¬ 
ment. 

Install the overload LED (Point C is 
positive). If the meter reading drops, 
reduce the AC input and bring it back 

LOFTECH TS-1 AUDIO TEST SET 

$299.00 
• Audio Oscillator 
• Decibel (dB) Meter 
• Frequency Counter 

203 6434484 

PHOENIX SYSTEMS, Inc. 
91 ELM STREET MANCHESTER, CT 06040 

PERFORMANCE CHARACTERISTIC 

Frequency range 
Level accuracy 
Harmonic distortion 
Maximum output level 
Output impedance 

Meter Range 
Accuracy 
0" ref adjustment range 
Input impedance 

Frequency range 
Accuracy 
Input level 
Input impedance 

MANUFACTURER S SPEC Audio Oscillator Section 

15 Hz to 30 kHz 
♦ 0.25 dB 
0.25% 
+ 18 dBV 
50 ohms, unbalanced 

Decibel Meter 
-50 to +24 dB (re: 0.775 V) 
within 0/0.25 dB 
-10 to +8 dBV 
> 100 K ohms 

Frequency Counter 
1 Hz to 99.99 kHz 
♦1 count 
-40 dB to +24 dB (re: 0.775 V) 
100 K ohms 



TABLE 1-3 TABLE 1-4 

PARTS SIZES FOR VM BOARD (NO. 246) PARTS LIST FOR 

Dimensions' (in inches) TO-92 REGULATOR SUPPLIES” 

Component Type' 1 2 3 Standan1 pam

Cl A 03maX 10 12 DI,D2 IN4004 (15mA, 65V) 
02 D 0.15 0.45 0.25 R| I0O, kiW (do not change) 

C3 D 0.15 0.45 0.25 R2' dissipation limit register (see text) 

C4 n 0.15 0.45 0.25 Cl * lOOgF, 35V electrolytic (32V) 
, C2‘ O.33gF, 100V (0.33 gF minimum, 

C5 A 0.3 max 1.0 max 1.0, 1.1, 1.2 32V) 

C6 A 0.3 max 1.0 max 0.9, l.l C3' O.lgF, 100V (0.1 gF minimum, 

or D 0.3 max 0.5 0.25,0.3 17V) 

C7 A 0.15 0.45 0.25 C4' 3.3gF, 50V electrolytic (IgF 

CR C9 C 0 25 0 1 minimum, 32V) 
L U7;> “ UJ C5' IgF, 50V electrolytic (IgF 

CI0-CI3 D 0.1 0.5 0.42 minimum, 17V) 

' Refer to text and Fig. 1-2. X3 78LI5 or 78LI5A -1- regulator, 

TO-92 case 

79LI5 or 79LI5A — regulator, 

TO-92 case 

clip-on sink, like thermalloy 6024 

IN4004 (depends on application) 

for use with non-center-tapped 

transformers 

!4W resistor, minimum load if 

desired 

' See Table 1-5. 

FIGURE I-I2at Schematic of 78LIS low-power positive regulator. * * 78LI5 + 15V power supply (246X board) 

79LI5 — 15V power supply (246Y board) 

up. Slowly raise the input past 4V 
RMS. The overload comparator 
should trip at about 2.5 percent 
overload (4.1V input) and light the 
LED, then recover around 97 percent 
of full scale (3.9V) as you reduce the 
input. You can adjust the overload 
with P3. 

FIGURE I-I2b: Schematic of 79LI5 low-power negative regulator. 

FIGURE I-I3a: Stuffing guide for 78L series low-power positive regulator. See Fig. 1-5 for board pat¬ 

tem (No. 246X). 

TYPICAL PERFORMANCE. Us¬ 
ing the parts values of Table 1-2, one 
of two boards operating at + 15V 
with no input had a measured DC off¬ 
set of -l.lmV. The other was 
+ 13.7mV. This offset is a function of 
the individual ICs, and my results are 
typical of what you should get. The 
DC current drain per board should be 
about as follows: 
• + 15V 

FIGURE I-I3b: Stuffing guide for 79L series low-power negative regulator. See Fig. 1-5 for board pat¬ 

tern (No. 244Y). 

No Input—7 to 8mA 
Heavy Overload—25 to 35mA 
• - 15V 
No Input—6 to 6.5mA 
Heavy Overload—4.5 to 6mA. 
Figure 1-8 charts the results of 

linearity tests on a VM board at 20Hz, 
1kHz and 20kHz. Over this frequen¬ 
cy range, linearity is good, 26dB 
down from 4V RMS. Since meter 
driving requires only 10 to 12dB, the 
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TABLE 1-5 TABLE 1-6 

PARTS SIZES FOR PARTS LIST FOR

TO-92 REGULATOR SUPPLIES TO-220 REGULATOR SUPPLIES** 

Dimensions- (in inches) Standard Parts 

Component Type - 1 2 3 DI.D2 IN4004 (70mA. 65V) 

R2 B 0.25 max - 0.25 R4-R5 4.7Í2, /¡W (do not change) 
R6‘ or R6A- dissipation limit resistor (see text) 

C C 0.5 max — 0.1,0.2,03 r ,. r ... c 7C,, , , A-»« 
C6 or C6A 470gF, 35V electrolytic (32V) 

C2 C 0.3 max - 0.1 C7- 0.33/tF, 100V (0.33gF minimum, 

or D 0.3 max 0.5 0. 1, 0.2, 0.3, 0.4 32V) 

C3 C 0.25 max — 0.1 C8‘ 0.1 gF, 100V (O.I^F minimum, 

or D 0.25 max 0.5 0.1,0.2 0.3,0.4 17V) 

C4 B 0.2 max - 0.15,0.2 C9’ 3.3/xF, 50V electrolytic (2.2gF 

or C 0.4 max - 0.1,0.15,0.2 r|_. ?? F
CIO IgF, 50V electrolytic (IgF 

C5 B 0.2 max — 0.2 minimum, 17V) 

orC 0.25 max - 0.1,0.2 X l 7815 + regulator, TO-220 case 

X2 7915 — regulator, TO-220 case 
' Refer to text and Fig. 1-2. 

Optional Parts 

indicated performance is fine. This is 
one of those unusual circuits that 
falters in the highs for low rather 
than high signal levels. It has a slew 
rate problem in the first stage: the 
signal must "jump" two diode drops 
quickly as the input goes through 
zero. The lower the signal, the larger 
the error produced by this slew rate 
limited portion. To improve the low-
level dynamic range or frequency 
response, choose a faster op amp for 
the first stage. 
The expanded scale linear plots of 

the averager output at TP2 in Fig. 1-9 
show the frequency response at full 
scale and at 12dB down. The meter 
follows this voltage except at very 
low frequencies in the fast mode 
where the needle starts to wiggle. In 
the slow mode the averager prevents 
this. Although the curves in Fig. 1-9 
were taken in the fast mode, the per¬ 
formance is nearly identical in the 
slow mode. The slight peaking in the 
full-scale response at high frequen¬ 
cies has occurred on all VM boards I 
have tested. Over the 12dB range re¬ 
quired to drive the meter, response is 
flat from 7Hz to 90kHz + 0.25dB and 
is well within ± IdB for 5Hz to 
100kHz. Performance in the audio 
range for sinusoidal signals is, there¬ 
fore, quite good. 

I offer no data for noise-like inputs 
because I do not have the necessary 
equipment. I would expect some 
nonlinearity at maximum input, 
however, with signals having a crest 
factor (peak-to-RMS ratio) of more 
than about lOdB. This is due to 
limiting in the VM board's first stage. 

In Part II, I will show a way to gain 
some improvement here. 

POWER SUPPLIES. For large proj¬ 
ects I provide the power supply out¬ 
put voltage with some form of over¬ 
voltage (OV) protection and a power 
supply monitor. In the event of a 
voltage regulator failure, the OV cir¬ 
cuit protects the load, and the moni¬ 
tor alerts the operator to the problem. 
With small projects, the size and cost 
are prohibitive. I try to make the 
power supply as reliable as possible 
by: 
1. Providing transient voltage protec¬ 
tion on the input. 
2. Derating diodes in voltage and cur¬ 
rent capability (both steady state and 
transient). 

D3, D4 IN4004 (depends on application) 

for use with non-center-tapped 

transformers 

R3 resistor, minimum load if 

desired 

Heatsink The following sinks have been 

used on the boards. I have listed 

them in ascending order of ther¬ 

mal resistance (best one first)— 

Thermalloy 6030, 1 6025, 6045. 

* See Table 1-7. 

"7815 + 15V power supply (249Y or 249Z board) 

7915 — 15V power supply (249F or 249X board) 

'Thermalloy catalogs show that they have moved the 

mounting tabs on the 6030 sink. The boards are marked 

for the early sinks, and you may have trouble drilling 

holes in the boards for the newer sinks. For information, 

contact Thermalloy Inc., 2021 West Valley View Lane, 

Dallas, Texas 75234. 

TABLE 1-7 

PARTS SIZES FOR 

TO-220 REGULATOR SUPPLIES 

Dimensions - (in inches) 

Component Type - 1 2 3 

R6 or R6A A 0.4 max 1.9 max 1.0-2.0 

C6 C 0.8 max - 0.1,0.2,03 

C6A A 0.9 max 2.2 max 0.8-2.6 

or C 0.8 max — 0.1,0.2,03 

C7 D 0.2 0.5 0.2,0.4 

C7A D 0.2 0.7 03-0.6 

C8 C 0.25 max - 0.1,0.2 

or D 0.2 0.5 0.1-0.4 

C9 C 0.25 max — 0.1 

or D 0.2 0.5 0.2,0.4 

CIO B 0.25 max - 0.2 

or C 0.3 max — 0.1, 0.15,0.2,0.25 

‘ Refer to text and Figure 1-2. 
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FIGURE I-I4a: Schematic of 7815 positive regulator (both configurations). 

FIGURE I-I4b: Schematic for 7915 negative regulator (both configurations). 

FIGURE I-I5a: Stuffing guide for 7800 positive regulator. See Fig. 17 for board pattern (No. 249Z). 

FIGURE I-15b: Stuffing guide for 7900 positive regulator. See Fig. 17 for board pattern (No. 249F). 

3. Derating regulators for current and 
power dissipation (again steady state 
and transient—as when you acciden¬ 
tally short the output). 
The basic circuit I used on all the 

test equipment in this series is in Fig. 

I-10. The input fuse is a 3AG 1A 
"fast" fuse and the MOV (GE's trade 
designation for its metal oxide 
varistor) is a GE V130LA10A. The 
transformer, Tl, is a fully enclosed 
40V, center-tapped at 250mA unit. 

Unfortunately, this transformer is no 
longer available. See the editor's note 
at the end of the article for possible 
substitutes. 
Tl really drives two supplies, 

+ 15V, but only one appears in Fig. 
I-10 for clarity. It uses full-wave rec¬ 
tification, with Ra included to limit 
surge current at turn-on. Rb limits 
regulator dissipation, steady state 
and transient, and its size depends on 
the current the maximum load will 
draw. The voltage across capacitor C 
(V ftv) has to be reasonably high to 
allow for line-voltage variations and 
loss across Rb. Figure 1-11 illustrates 
the advantages of having Rb on a 
200mA maximum load-regulated 
output in a hypothetical example 
where is considered "fixed" at 
26V. 
Even more impressive are the 

benefits that occur if the regulator 
output is shorted. While all the regu¬ 
lators used have internal current 
limiting and thermal shutdown, they 
will last longer if they do not have to 
dissipate large powers until their pro¬ 
tection devices actuate. 
No diode protects the regulator if 
Vo„, exceeds V,„ by more than two 
diode drops. This can occur if the out¬ 
put decoupling capacity approaches 
l.OOOgF. No unit in this series re¬ 
quires high decoupling capacity, but 
if you use the power supply boards in 
a project where this might happen, 
you should tack in a reverse-biased 
diode (IN4004, for example) from V,„ 
to Vou, across each regulator. 

I will use four different fixed regu¬ 
lator families in this series. The 
79LXX series negative and 78LXX 
series positive regulators (in TO92 
cases) are rated at 100mA, but I use 
them only up to 25mA. For 25mA to 
125mA loads, I use the 79XX nega¬ 
tive regulator series and the 78XX 
positives (in T0220 cases), which are 
rated at 1 to 1.5A. 
For the 78L15 ( + 15V) and 79L15 

(-15V) supplies, see Figs. 1-12 and 
1-13 and Tables 1-4 and 1-5. With non¬ 
center-tapped transformers, four rec¬ 
tified diodes appear in each circuit. 
When using center-tapped trans¬ 
formers, as I did, omit D3 and D4. 
Remember that to run a positive and 
a negative power supply from the 
same winding, you must use the 
center-tapped type. Even though the 
TO92 regulators are highly derated, I 
use a clip-on heatsink. 
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Old Colony Presents 
FALL SPECIALS 
SBK-C1A JUNG ELECTRONIC CROSSOVER Only 324.75 per card! 

This versatile circuit began as a two channel 30Hz, 18dB/octave infrasonic filter. But you can adapt 
one of them for use as a single channel two-way electronic crossover simply by changing the values of 
a few resistors and capacitors. For three-way operation, add another card and change the parts values 
to move the crossover points to the appropriate frequencies. For further information on sub-woofer 
and 3-way crossovers, see SB 3/82, or 7zL4 4/75. Please specify one crossover point for each two-way 
crossover from the following frequencies: 60, 120, 250, 500, Ik, 2k, 5k or 10k. 

Based on a simple op amp design, the crossovers typically have a frequency response of ± 0.2dB 
30Hz-160kHz. Output impedance is 10Í2 non-inverted, input impedance is 50kfi. Power supply 
needed should provide + 15V DC @ 10mA per card. 

NEGLEX 2477 SPEAKER CABLE Only 32.00 per foot! 

Actual size 

a 

If you have a personal stereo tape player or FM tuner, you will 
appreciate the sound quality and comfort of these earphones. So 
small and light they fit into the outer ear without a bulky head-
band, they sound considerably better than the headphones 
usually supplied with personal stereos. The bass is deep and 
strong, highs clear, and midrange smooth, with crisp, clean 
detail. Samarium cobalt magnets provide light weight—just 18 
grams—and high efficiency. An extra pair of foam earpads is in¬ 
cluded. Because of their good sound and extreme comfort (they 

seem to melt away after a few seconds, leaving just the music), 
many people like to use them with their home systems as well 
(you’ll need a mini to standard phone plug adaptor). 

tance, and eddy current effects. In the audio frequency range, 
impedance is virtually flat (see Nelson Pass’ article on speaker 
cables in SB 2/80 for a discussion of these effects). Small im¬ 
provements in low bass, extreme highs, imaging, depth, distor¬ 
tion, and amplifier damping all add up to audibly better sound 
and greater listening enjoyment—just one more way to remove 
some of the haze which prevents your system from sounding as 
clear as it should. 

For less than the price differential between standard and fancy 
finishes on a pair of speakers, you can make a significant im¬ 
provement in the actual sound of your system. This high defini¬ 
tion Neglex cable is a coaxial configuration using Mogami 
OFHC wire and copolymer insulation. Termination kits pro¬ 
vide two short lengths of OFHC wire, two spade lugs and an in¬ 
sulating sleeve (one kit required for each end of cable). 

The cable has extremely low capacitance, impedance, induc-

ULTRAMINIATURE EARPHONES Only SI9 50! 

KM-9 WILLIAMSON RECORD CLEANING SYSTEM Only ss.50! 

Developed by Reg Williamson, this two step system removes static charges 
from records virtually forever, and removes deep-down dirt thoroughly and 
safely. Static charges (as high as several kilovolts) lock dirt on the record and 
create annoying pops as the stylus traces over charged areas. The surfactant 
neutralizes those charges by supplying molecules with cationic ends to cap¬ 
ture the negative ions. 

The cleaning solution dissolves the dirt and holds it in a clear film when it 
dries. Simply peel the film away and the record is cleaner than when it left the 
pressing plant. 

You supply distilled water, glycerin, isopropyl alcohol, an applicator and 
buffer pad. We supply ¡4 oz of de-static liquid (1000 treatments), and 4 oz of 
deep cleaner (80 disks). Regrettably, due to Postal Regulations, this cannot 
be shipped outside the US. 

Old Colony Sound Lab, PO Box 243, Peterborough, NH 03458 USA ORDER FORM 
Qty. Price 
_Jung Crossover Cards $24.75 each.. 
_Ft. Neglex Speaker Cable $2.00/ft.. 
_Termination Kits $.75 each.. 
_Ultramicro Earphones $19.50 each.. 
_Williamson Record Care Kit $8.50 each.. 
_Destatic Refill oz) $4.50 each.. 
_Deep Cleaner Refill (4 oz) $4.00 each.. 

Total amount enclosed:_ 

For full kit listing, send stamped, self-addressed envelope to: 

Form of Payment: □ Check □ Money Order □ MC or Visa 
Card #_ Exp. Date_ 

Name _ 

Add ress _ 

City _ State _ Zip _ 

Phone Orders: (603) 924-6371 (MC or Visa only) 9-4 EST M-F 
Old Colony Sound, PO Box 243, Peterborough, NH 03458. 



♦OUT 

GROUND 

FIGURE 1-16: Stuffing guides for power supply boards. See Fig. 17 for board patterns (Nos. 249, 249Y 

and 249X). 

FIGURE 1-17: Circuit boards for No. 249Z (Fig. 15a), No. 249F (Fig. 15b) and Nos. 249, 249Y and 249X 

(Fig. 16). 

For the 7815 (+ 15V) and 7915 
(- 15V) power supplies, see Figs. 1-14 
through 1-16 and Tables 1-6 and 1-7. 
For all the units covered in this series, 
the 7815 regulator is built on the No. 
249Z board (Figs. I-14a and I-15a], 
which mounts all the components. 
Also, the 7915 regulator is built en¬ 
tirely on the No. 249F board (Figs. 
I-14b and I-15b}. 
You might have other applications 

for these TO220 style regulators 
where filter capacitor C6 or limit 
resistor R6 might get too big or too 
hot to put with the voltage 
regulator. For these applications, 
put R6A and C6A on the No. 249 
board and the remaining circuitry 
on the No. 249Y board for a positive 
regulator or on the No. 249X board 
for a negative regulator. The com¬ 
ponents division is indicated on the 
schematics (Figs. I-14a and I-14b} 
when this construction is used. 
The calculation for the current 

limit resistor's value (R2 of Fig. 1-12, 
R6 of Fig. 1-14, and called Rb in 
general) is shown in Fig. 1-18. This is 
based on tests of power supply cir¬ 
cuits using the transformer in Fig. 
1-10 and the same values for Dl, D2, 
RI, R4, R5, Cl and C6 in Tables 1-4 
and 1-6, with a nominal line voltage of 
115 to 117V. Any changes in parts 
will affect the equations shown for 
Vy. I sometimes take unregulated 
voltage off the power supply to light 
indicators or operate relays, and this 
is represented in the model as load Iz. 

Figure 1-18 shows a positive power 
supply, but all voltages and currents 
reverse on a negative power supply, 
so the same equations hold. The 
value of Rb is the maximum you 
should use so that at 10 percent low-
line voltage and maximum load cur¬ 
rent, you still get at least 17.5V into 
the regulator. Note that 17.5V 
minimum is too low in a worst case 
with 78L15 and 79L15 regulators, 
which are specified to have a wide 
output voltage range. You should use 
a lower value of Rb and must correct 
even more if your normal line voltage 
is consistently below 115V. Then you 
can calculate the dissipation in Rb at 
maximum load current. If you short 
out the regulator, however, this dissi¬ 
pation can go way up. At least if this 
resistor fails, the power supply shuts 
down rather than going to full output. 
Trying to find the maximum dissi¬ 

pation in the regulator with varying 

24 Speaker Builder I 3/83 



load current is a difficult calculation 
that I never bothered to solve. I have 
programmed the regulator on a calcu¬ 
lator so that it lists the regulator's 
dissipation at various fractions of 
maximum load current. I simply scan 
this list to find regulator dissipation at 
any value of load current. 

I offer no performance test data for 
the power supplies because the regu¬ 
lator manufacturers supply it on their 
data sheets, but remember that Rb 
will degrade the line and load regula¬ 
tion values somewhat. The 78L15 
and 79L15 come in 10 and 5 percent 
versions. The 10 percent version 
could have values between 13.5 and 
16.5V, while the 78L15A and 79L15A 
tighten this up to 14.25 to 15.75V. In 
my experience, the units are closer to 
15V than the above seems to indicate. 
In any critical application, I test and 
select particular regulators for op¬ 
timum performance. 

I designed these power supplies for 
inputs of 115V AC + 10 percent. With 
low load currents (low drop across 
Rb), AC line inputs of more than 

140V would exceed the regulator 
maximum input voltage. Such high 
voltage will also cause trouble with 
the 130V AC MOV across the input 
and take the main filter capacitor (Cl 
or C6) to its limit. 

1 did some thermal calculations on 
the regulator designs, based on 10 
percent high-line voltage, 15V regula¬ 
tor outputs and with no heatsinks. 
The TO92s, designed for a maximum 
load current of 25mA, showed 
345mW maximum dissipation and a 
62°C rise from ambient to junction. 
The TO225s, designed for a max¬ 
imum of 125mA, showed 1.2W max¬ 
imum dissipation and a 76°C rise. 
Operation of these maximum power 
designs at ambients up to 45°C 
( 113°F) results in junction tempera¬ 
tures of less than 125°C, a safe 
operating level ensuring long life. 
Heatsinks on the regulators, along 
with lower operating currents and 
line voltages, add an even greater 
margin of safety. 

All four regulator series are avail-
Continued on page 42 

• All voltages in volts, all currents in 
milliamps 

• lx = lr+ IL 

• ly = lx + Iz 

• For 7815 & 7915 regulators: 

Vy = Vo - (-^) ” 
ly.o 

0 s ly < 150mA 

• For 78L15 & 79L15 regulators: 

Vy = Vo - (-^)' 

0<ly<30mA 

• For 115V AC line Vo = 28.7V; at 10% 
high line Vo„ = 31.6V; at 10% low line 
Vo£ = 26.1V 

• At 10% low line and maintaining 17.5V 
minimum to regulator: 

_. Vy£ -17.5(1000) maximum Rb = —-5- L
(IU. + lr) 

Vy£ at Vo£ & maximum ly 
IL» = maximum load current (mA) 
lr (regulator quiescent current) = 6mA 
for 78L & 79L 
lr = 8mA for 78 & 79 

• Dissipation (PRb—in watts) in Rb com¬ 
puted above: 
PRb = 1 x10-« Rb(IL„+lr)2
(Dissipation will rise if load is short cir¬ 
cuited.) 

• Dissipation (PR—in watts) in regulator 
(looking for maximum) 

PR = [Vy„-Rb(—)](—) 1000 1000 

- VL(——) 
1000 

Vy„ = Vy at Vo„ and minimum value of 
Iz 

FIGURE I-18: Calculation of Rb (in ohms) for a positive power supply. 

6000.6 
phase correct 

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

Your speakers need the very best 
crossovers possible to achieve 
their true potential. This means: 
• Low DCR inductors 
• Mylar capacitors for highs 
• Steel core inductors for lows 
• Heavy copper clad P C. boards 
• Phase & Amplitude correct 
design 

Distributed by: 
Sound Box 
7057 Rt. 38 

Pensauken, NJ 08110 
(609) 662-4530 
SRC Audio 

3238 Towerwood Dr. 
Dallas, TX 75234 
(214) 243-4145 
(800) 221-0251 
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THIELE-SMALL NOMOGRAMS 
HOW TO SIMPLIFY PARAMETER MEASUREMENT 

BY THOMAS L. CLARKE 

The theory of speaker design de¬ 
veloped by Thiele1 and Small2 

depends on knowledge of the three 
small-signal parameters for drivers— 
Qr, f, and VAS. Knowledge of a 
driver's damping factor, resonance 
frequency, and equivalent acoustic 
volume are all you need to design a 
matching enclosure. 

In his article, Small discussed the’ 
procedure for measuring these 
parameters using only a signal 
generator, a voltmeter, and a test 
volume. Bullock3 and others have 
elaborated on this procedure. 
Reducing the raw measurement to 

driver parameters, however, in¬ 
volves some fairly complicated 
algebra and can become tiresome 
when you are measuring a number 
of drivers. The nomograms pre¬ 
sented here reduce this algebra to 
simple graphs and permit you to 
determine the driver parameters 
rapidly. An additional nomogram 
helps you to find the driver sensitivi¬ 
ty, or efficiency, from the three 
small-signal parameters. 
You do not usually calculate the 

driver sensitivity, but it is a useful 
guide when you are choosing a set of 
drivers to operate together in a 
multiple-way system. While you can 
pad down a tweeter to match a less 
sensitive woofer, it is difficult and 
wasteful of power to pad down a 
woofer to match a less sensitive 
tweeter. 

I have also included design graphs 
and nomograms to help you design 
an enclosure for a given driver. For 
the highest accuracy, you should use 
Bullock's tables.4 Nevertheless, the 
graphs presented here permit you to 
complete a design rapidly so that 
you can easily assess the feasibility 
of using a given driver in a particular 

enclosure. The design graphs are 
basically the same as those in theo¬ 
retical design articles, but I have 
redrawn them to make them easier 
to use. 

One of these nomograms relates 
driver parameters and enclosure 
type to maximum sound pressure 
level and electrical power input. The 
relationship is necessarily approx-

REFERENCE VOLTAGE 

I TEST VOLTAGE 

RESONANCE VOLTAGE 

VOLTAGE RATIO 

TEST FREQUENCY/RESONANCE FREQUENCY 

DRIVER Q 

NOMOGRAM I: Finding the Driver Q is simply a matter of plotting your measurements of driver impedance. 
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imate, as I have assumed a typical 
relationship between system cutoff 
frequency and driver displacement 
volume for each enclosure type. 
(Small explains the basis of these 
assumptions in his papers.) The 
power-handling capability that you 
can estimate from this nomogram, 
however, will be a useful guide to 
the capabilities of a given driver. 
1 have used an example driver to 

illustrate how you would use this set 
of nomograms to measure driver pa¬ 
rameters and design an enclosure. 
As a matter of style, any quantity 
that you enter onto or read from a 
nomogram axis will appear in italics 
in the text, e.g., Driver Q. In addi¬ 
tion, I have included a new type of 
loudspeaker enclosure, the aug¬ 
mented passive-radiator system, 
which I invented.5 A theoretical 
analysis of this system appears in 
JAESF For a description of how I 
constructed an augmented passive¬ 
radiator enclosure designed with 

these nomograms and the example 
driver, see my article in CQ.7

PARAMETER MEASUREMENT. 
This is the classic test setup. A 
voltmeter measures the voltage that 
a large resistor produces across the 
driver terminals in series with a vari¬ 
able frequency sine wave generator. 
You should, of course, mount the 
driver clear of obstructions unless 
you have deliberately mounted it in 
a test enclosure volume. For best 
results, use a precision voltmeter. 
Also, since the driver acts as a 
microphone, conduct the test in a 
quiet location. 
The series resistor must be as large 

as possible, but still be consistent 
with good voltage readings. Make 
low resistance connections to the 
driver, preferably with solder. For 
the highest degree of accuracy, use 
W. J. J. Hoge's method8 for measur¬ 
ing Q. Unfortunately, reducing 

RESONANCE FREQUENCY 

TEST (DRIVER) MASS 

REFERENCE LINE 

DRIVER DIAMETER 

CONSTRUCTION POINT 

TEST FREQUENCY/RESONANCE FREQUENCY 

DRIVER VOLUME 

NOMOGRAM 2: You can determine the Driver Volume and Driver Mass by using a test volume or weighing a test 
mass with the driver cone. Either method requires that you plot your measurements of frequency shift to deter¬ 
mine these volumes. 

Hoge’s method to a nomogram is not 
easy. 
Begin by finding the Resonance 

Frequency, the frequency at which 
the voltage across the driver peaks at 
the Resonance Voltage. For the exam¬ 
ple driver, the values were 23 volt¬ 
age units at 70Hz. (The type of volt¬ 
age units does not matter, just be 
consistent.) Next, tune the oscillator 
away from resonance to find a mini¬ 
mum Reference Voltage. The sample 
driver read 2.5 voltage units. On 
Nomogram 1, join the values of the 
Resonance Voltage and Reference 
Voltage with a line to find a Test 
Voltage (7.7 voltage units) and ex¬ 
tend the line to the Voltage Ratio 
scale (9.8 for the example). 
Now tune the oscillator back 

toward resonance until you find the 
Test Frequency at which the voltage 
across the driver equals the Test 
Voltage. Divide the larger of the Test 
Frequency and the Resonance Fre¬ 
quency by the smaller, and draw a 
line from the Voltage Ratio through 
this ratio ( 1.44 in the example) on the 
Test Frequency/Resonance Frequency 
axis to the Driver Q axis. In the ex¬ 
ample, the Driver Q is 0.43. This 
value is Q,. or total driver Q, and in¬ 
cludes the effects of mechanical and 
electrical damping. 
You can follow this measurement 

procedure by tuning either up or 
down from resonance to find the Test 
Frequency. The values in either case 
should be very close. If they are not, 
then the driver is unusual, and you 
cannot expect standard speaker 
theory to work well. 
To find the remaining driver pa¬ 

rameter, Driver Volume, you can use 
one of two methods. The more accu¬ 
rate method is to use a test volume, 
but if a test volume is not available, 
you can obtain fairly good results by 
using a test mass. You should con¬ 
struct the test volume carefully and 
use a gasket on the driver so that it 
has no air leaks. 

NOMOGRAMS 2 AND 3. Both 
methods require that you connect 
the Driver Diameter (6Y2" in the ex¬ 
ample) to the Resonance Frequency in 
Nomogram 2, crossing the Reference 
Line at Point A. If you are using a test 
volume, mount the driver in the vol¬ 
ume and note the ratio of the new 
resonance frequency to the free-air 
resonance frequency, which gives 
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DRIVER Q 

’f 
REFERENCE LINE 

illktid I_I_L 
VOLTAGE RATIO 

£ 

RESONANCE FREQUENCY 

/ I REFERENCE LINE 

DRIVER VOLUME 

EFFICIENCY 

SENSITIVITY dB SPL FOR 1W @ ONE METER 

NOMOGRAM 3: To evaluate Driver Sensitivity, or Efficiency, use the values for Driver Q and Driver Volume, 
along with these two other small-signal parameters. 

you the Test Frequency/Resonance 
Frequency. Drawing a line from the 
Test Volume (1,400 cubic inches) 
through the value of the Test Fre¬ 
quency/Resonance Frequency (1.2 in 
the example) to the Driver Volume 
axis shows that the example driver 
has an equivalent acoustic volume of 
600 cubic inches. 
You can find the moving mass of 

the driver, i.e., the Driver Mass, by 
drawing a line from the Driver Vol¬ 
ume through the Construction Point to 
the Test Volume axis (570 cubic inch¬ 
es). Continuing on through the Refer¬ 
ence Line at Point A to the Test 
(Driver) Mass gives you 14 grams for 
the moving mass of the example 
driver. This value is useful in design¬ 

ing passive-radiator enclosures. 
If no test volume is available, you 

can use a test mass. This is a small 
mass (two pennies, or six grams, in 
the example), which you temporari¬ 
ly attach to the cone with modeling 
clay to lower the resonance frequen¬ 
cy. Starting at the value of the Test 
(Driver) Mass, continue through 
Point A on the Reference Line to the 
Test Volume (1,400 cubic inches). 
Continuing through the ratio of free-
air resonance frequency to weighted 
resonance frequency ( 1.2) on the Test 
Frequency/Resonance Frequency axis, 
the Driver Volume is again 600 cubic 
inches. Find the driver moving mass 
as I described above. 
You can use Nomogram 3 to evalu¬ 

ate the driver sensitivity, or efficien¬ 
cy. Join Driver Q and the Voltage 
Ratio from Nomogram 1 to find 
Point A on the Reference Line. Next, 
join the Resonance Frequency and the 
Driver Volume from Nomogram 2 to 
find Point B on the right Reference 
Line. Joining Points A and B gives 
you the value of 90dB SPL @ one 
meter for Sensitivity. Alternatively, 
the efficiency is about 0.6%. 
This nomogram will work with the 

small-signal parameters given in the 
driver catalog by using the typical 
value of ten on the Voltage Ratio axis. 
Fortunately, the final value of Sen¬ 
sitivity, or Efficiency, does not depend 
much on the Voltage Ratio. 

ENCLOSURE DESIGN. You can 
use Figures 1 and 2 to estimate the 
enclosure size and performance. Fig¬ 
ure 1 plots the values of the Cutoff 
Frequency ratio versus Driver Q and 
the Enclosure Resonance Frequency 
Ratio versus Driver Q for several 
types of enclosure. These are the en¬ 
closure types: IB—infinite baffle, 
VB—vented box, PR—passive radia¬ 
tor, and AR —augmented passive 
radiator. 
To find the system Cutoff Frequen¬ 

cy and Enclosure Resonance Frequen¬ 
cy, multiply the Driver Resonance 
Frequency by the corresponding 
values in Fig. 1. Similarly, use Fig. 2 
to obtain the Enclosure Volume by 
reading the Enclosure Volume/Driver 
Volume ratio from the graph and 
multiplying it by the Driver Volume. 
For the example driver, a vented-

box enclosure gives a Cutoff Frequen¬ 
cy of 58Hz, an Enclosure Resonance 
Frequency of 60Hz, and an enclosure 
volume of 670 cubic inches. Note 
that no Enclosure Resonance Frequen¬ 
cy is defined for the infinite baffle 
and that you can use only the 
infinite-baffle enclosure with 
drivers having Q/s higher than 0.5. 
Having chosen an enclosure type, 

you can estimate the Maximum 
Power Input and the Maximum SPL 
from Nomogram 4. Join the Driver 
Diameter to the Cutoff Frequency to 
intersect the Reference Line. Draw a 
line from the Enclosure Type through 
the reference line intersection to the 
Maximum SPL axis (109dB SPL @ 
one meter for the example driver in 
a vented box with a Cutoff Frequency 
of 58Hz). Connecting the Sensitivity 
axis with the Maximum SPL gives the 

28 Speaker Builder / 3/83 



DRIVER Q 

FIGURE I: You can estimate your enclosure's perfor¬ 
mance-Cutoff Frequency and Enclosure Resonance 
Frequency—by using the values in this graph. The 
figure illustrates the Cutoff Frequency Ratio and the 
Enclosure Resonance Frequency Ratio versus the 
Driver Q for each type of enclosure. 

FIGURE 2: To determine the Enclosure Volume, 
multiply the Driver Volume by the appropriate value 
in this graph. The values represent Enclosure 
Volume/Driver Volume versus Driver Q. 

ENCLOSURE TYPE 

REFERENCE LINE 

CUTOFF FREQUENCY 

SENSITIVITY 

I S' 

MAXIMUM SPL @ ONE METER 

S' 5 

MAXIMUM POWER INPUT 

NOMOGRAM 4: Estimating the Maximum SPL and the Power Input is a breeze once you have chosen the 
Enclosure Type and know the Cutoff Frequency and Driver Diameter. 

DRIVER DIAMETER 
\ I 

CIRCUIT 
BOARDS 

OM Colony Circuit Boards aro moda of top 

Quality opoxy glano, a a*, coppor, ro-
flotaron ootaor coatoa natatorial for Oota of 
conotructlng pro/octo which havo ap-
poarop In audio Amateur ana Spookor 
■Milder magailnaa. Tho BuUBor nonato tho 
original arricio IlnaieatoB By tho dota In 
braekota, 1.0. 3:70 for art !c loo In TAO ana 

OB 0:80 for thooo In Bpoakor BuHOor) to 
construct tho prolocto. 

C-4: ELECTRONIC CROSSOVER (DC-15R) New 2x5%" board 

takes 8 pin dips, Ten eyelets for variable components (2:721 
Each 4 50 

C-5: GLOECKLER VOLUME CONTROL (FG-1) 25 POS. wafer. 5 x 5" 
(2:721 Each S4.50 

D-1: HERMEYER ELECTROSTATIC AMPLIFIER II. (5:751 TWO Sided 
with shields and gold plated fingers. Closaoat Each $5.00 

Pair $9.00 

F-1: BILATERAL CUPPING INDICATOR. ICB-11 2x2%" (5:751 
Single channel. Each $5.00 Pair $5.00 

F-6: JUNG 50Hz FILTER/CROSSOVER (WJ 51 5x5” 14:751 High 
pass or universal filter or crossover. Each $5.50 

G-2: PETZOLD WHITE NOISE GENERATOR & PINK FILTER. (JP-1) 

2% x 5%" (5:761 Each $5.00 

H-2: JUNG SPEAKER SAVER. (WJ-4) 5% x W  (5:771 
Each $7.00 

H-5: HERMEYER ELECTROSTATIC AMP BOARDS (ESA-5) Set Of 
three boards with plug-in edges for one channel. (5:771 

set $19.00 

J-6: SCHROEDER CAPACITOR CHECKER. (CT-10) (4:78) 5’/« x 6" 

Each $7.25 

J-7: CARLSTROM/MULLER VTVM ADAPTER. (CM-1) (4:78! 
1’/« X Th" Each $4.25 
K-5: CRAWFORD WARBLER 5%x 5% (1:791 Each $5.00 

K-6: TUBE CROSSOVER. 2 x 4%" (5:791 Two needed per 2-way 

channel. Each $4.25 Four $15.00 

K-7: TUBE X-OVER POWER SUPPLY. 5 x5%" 15:79) Each $7.00 

K-12: MacARTHUR LED POWER METER. 5%x8y<" (4:79) TWO 

sided, two channel. Each $16.oo 
L-2: WHITE LED OVERLOAD & PEAK METER. 5x6" (1:80) One 

channel. Each $10.50 

L-5: WILLIAMSON BANDPASS FILTER 5%x4" (2:80) 
IRWAW479I Two channel 24dB/octave Sallen & Key circuit. 

Each $6.50 

L-6: MASTEL TONE BURST GENERATOR. 5%x6%" (2:80). 

Each $6.50 

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

SB-A1: LINKWITZ CROSSOVER BOARD ± 4:80 5% x8%" 

Each $14.00 

SB-C2: BALLARD CROSSOVER BOARD 5%x10" (5:82 & 
4:821 Each $14.00 

SB-01: NEWCOMB PEAK POWER INDICATOR >/«x2" (SB 1:851 

Each $2.50 

ORDER BLANK: 
Old Colony Sound Lob 

PO Box 245, Dept. SB, Peterborough nh 05458 
To order from Old Colony Sound, please write each board's 
number below with quantity of each and price Total the 
amounts and remit by check, money order, or MasterCard, or 

Visa/BankAmericard All prices are postpaid In the 50 states 
$10 ■lilaiM ordar oa cradit cards. Canadians please add 
10%, other countries 15% for postage. All overseas remit¬ 
tances must be in U S funds Pleas« as« clear block capitals. 

Name _ 

Street & No _ 

Town _ 

State _ ZIP_ 
No. Bds. Price 

Board no. S. 
Board No. S. 

Totals 
Hum add $1 Hnlci charpa to all chara« card ordtrs aadar $10. 
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NOMOGRAM S: Tuning a vented-box enclosure requires careful planning of Duct Size. The values given for Duct 
Size are the minimum size recommended to avoid excessive wind noise. The Maximum Duct Length scale is an 
important reference point for avoiding organ-pipe effects. The rectangular graph defines possible combinations 
of Duct Length and Duct Diameter or Area. 

Maximum Power Input. For the exam¬ 
ple driver, a vented-box or passive¬ 
radiator enclosure gives a fairly good 
power-handling capability of 28W. 
When constructing this nomogram, I 
assumed a typical maximum driver 
excursion of 6 millimeters. 

TUNING THE SYSTEM. The final 
two nomograms are useful in tuning 
the completed system. Nomogram 5 
relates the Enclosure Volume and the 
Enclosure Resonance Frequency to the 
tuning duct size for vented-box 
enclosures. Joining the Enclosure 

Resonance Frequency to the Driver 
Diameter gives you the Duct Size, 
which is the minimum duct size 
recommended. Use of a duct smaller 
than the Duct Size is likely to result 
in excessive wind noise. 
Also note the Maximum Duct 

Length scale next to the Enclosure 
Resonance Frequency axis. The duct 
should be shorter than the length op¬ 
posite the Enclosure Resonance Fre¬ 
quency to avoid organ-pipe effects. 
Join the Enclosure Volume to the 

Enclosure Resonance Frequency and 
continue the line to the left side of 

NOMOGRAM NOTE 
You will no doubt want to use the ac¬ 
companying nomograms more than 
once. The obvious answer is to 
photocopy them, but be warned that 
almost all photocopiers have parallax 
error, which distorts one or both 
dimensions. To check this, measure 
the copy and the original. If the copier 
extends or contracts either, your 
results will be inaccurate. 
We suggest you use drafting overlay 

paper for pencil-drawn calculations 
or place several colored acetate strips 
on each chart to find the significant 
intersections and record them. The 
magazine's reproductions are ac¬ 
curate reproductions of the author's 
originals. Note, however, that the 
results derived from them are likely 
to be no more accurate than + 5%. 

-Ed. 

the rectangular graph. Continuing 
horizontally across the graph defines 
a line of possible combinations of 
Duct Length and Duct Diameter or 
Duct Area. If you choose a Diameter 
or Area for a potential duct, you can 
read off its length by continuing the 
intersection of the curved line with 
the horizontal line down to the Duct 
Length axis at the bottom of the 
graph. For the design example, a 
duct with an inside diameter of 2" is 
larger than the minimum and gives a 
length of 5.3/ which is shorter than 
the 20-inch maximum. 
The final nomogram relates the 

Driver Mass to the Passive-Radiator 
Mass for conventional and augment¬ 
ed passive-radiator enclosures. For¬ 
tunately, the ratio of the driver mov¬ 
ing mass to the passive-radiator 
moving mass is nearly a constant, in¬ 
dependent of driver Qr, making this 
nomogram possible. Joining the 
Driver Diameter to the Radiator 
Diameter (ö'/z and 8" in the example), 
gives an intersection at Point A on 
the Reference Line. You then deter¬ 
mine the Mass by joining the Driver 
Mass to the Radiator Mass axis 
through Point A on the Reference 
Line. You will not know the moving 
mass of a commercial passive radia¬ 
tor, but the results of Nomogram 6 
can still serve as a guide when you 
are adding mass to tune the system. 
If you are constructing an aug¬ 

mented passive-radiator system by 
gluing bare cones directly to the 
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NOMOGRAM 5: Tuning a xented-box enclosure requires careful planning of Duct Size. The ralues given for Duct 
Size are the minimum size recommended to avoid excessive wind noise. The Maximum Duct Length scale is an 
important reference point for avoiding organ-pipe effects. The rectangular graph defines possible combinations 

of Duct Length and Duct Diameter or Area. 

Maximum Power Input. For the exam¬ 
ple driver, a vented-box or passive¬ 
radiator enclosure gives a fairly good 
power-handling capability of 28W. 
When constructing this nomogram, I 
assumed a typical maximum driver 
excursion of 6 millimeters. 

TUNING THE SYSTEM The final 
two nomograms are useful in tuning 
the completed system. Nomogram 5 
relates the Enclosure Volume and the 
Enclosure Resonance Frequency to the 
tuning duct size for vented-box 
enclosures. Joining the Enclosure 

Resonance Frequency to the Driver 
Diameter gives you the Duct Size. 
which is the minimum duct size 
recommended. Use of a duct smaller 
than the Duct Size is likely to result 
in excessive wind noise. 
Also note the Maximum Duct 

Length scale next to the Enclosure 
Resonance Frequency axis. The duct 
should be shorter than the length op¬ 
posite the Enclosure Resonance Fre¬ 
quency to avoid organ-pipe effects. 
Join the Enclosure Volume to the 

Enclosure Resonance Frequency and 
continue the line to the left side of 

NOMOGRAM NOTE 
You will no doubt want to use the ac¬ 
companying nomograms more than 
once. The obvious answer is to 
photocopy them, but be warned that 
almost all photocopiers have parallax 
error, which distorts one or both 
dimensions. To check this, measure 
the copy and the original. If the copie; 
extends or contracts either, your 
results will be inaccurate. 
We suggest you use drafting overlay-

paper for pencil-drawn calculations 
or place several colored acetate strips 
on each chart to find the significant 
intersections and record them. The 
magazine's reproductions are ac¬ 
curate reproductions of the author s 
originals. Note, however, thaï the 
results derived from them are likely 
to be no more accurate than + 5%. 

-Ed 

the rectangular graph. Continuing 
horizontally across the graph defines 
a line of possible combinations of 
Duct Length and Duct Diameter or 
Duct Area. If you choose a Diameter 
or Area for a potential duct, you can 
read off its length by continuing the 
intersection of the curved line with 
the horizontal line down to the Duct 
Length axis at the bottom of the 
graph. For the design example a 
duct with an inside diameter of 2" is 
larger than the minimum and gives a 
length of 5.3" which is shorter than 
the 20-inch maximum. 
The final nomogram relates the 

Driver Mass to the Passive-Radiator 
Mass for conventional and augment¬ 
ed passive-radiator enclosures. For¬ 
tunately, the ratio of the driver mov¬ 
ing mass to the passive-radiator 
moving mass is nearly a constant, in¬ 
dependent of driver Qr, making this 
nomogram possible. Joining the 
Driver Diameter to the Radiator 
Diameter (6‘/2 and 8" in the example), 
gives an intersection at Point A on 
the Reference Line. You then deter¬ 
mine the Mass by joining the Driver 
Mass to the Radiator Mass axis 
through Point A on the Reference 
Line. You will not know the moving 
mass of a commercial passive radia¬ 
tor. but the results of Nomogram 6 
can still serve as a guide when you 
are adding mass to tune the system. 

If you are constructing an aug¬ 
mented passive-radiator system by 
gluing bare cones directly to the 
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NOMOGRAM 5: Tuning 1 <ented-box enclosure requires careful planning of Duct Site. The «alues given for Duct 
Site are the minimum site recommended to avoid excessive wind noise. The Maximum Duct uength scale is an 
important reference point for avoiding organ-pipe effects. The rectangular graph defines possible combinations 

of Duct Length and Duct Diameter or Area. 

Maximum Power Input. For the exam¬ 
ple driver, a vented-box or passive¬ 
radiator enclosure gives a fairly good 
power-handling capability of 28W. 
When constructing this nomogram, I 
assumed a typical maximum driver 
excursion of 6 millimeters. 

TUNING THE SYSTEM The final 
two nomograms are useful in tuning 
the completed system Nomogram 5 
relates the Enclosure Volume and the 
Enclosure Resonance Frequency to the 
tuning duct size for vented-box 
enclosures. Joining the Enclosure 

Resonance Frequency to the Driver 
Diameter gives you.the Duct Size, 
which is the minimum duct size 
recommended. Use of a duct smaller 
than the Duct Size is likely to result 
in excessive wind noise. 
Also note the Maximum Duct 

Length scale next to the Enclosure 
Resonance Frequency axis. The duct 
should be shorter than the length op¬ 
posite the Enclosure Resonance Fre¬ 
quency to avoid organ-pipe effects. 
Join the Enclosure Volume to the 

Enclosure Resonance Frequency and 
continue the line to the left side of 

NOMOGRAM NOTE 
You will no doubt want to use the ac¬ 
companying nomograms more than 
once. The obvious answer is to 
photocopy them, but be warned that 
almost all photocopiers have parallax 
error, which distorts one or both 
dimensions. To check this, measure 
the copy and the original. It the copier 
extends or contracts either, your 
results will be inaccurate. 
We suggest you use drafting overlay-

paper for pencil-drawn calculations 
or place several colored acetate strips 
on each chart to find the significant 
intersections and record them. The 
magazine's reproductions are ac¬ 
curate reproductions of the author s 
originais. Note, however, that the 
results derived from them are likely 
to be no more accurate than +5%. 

-Ed. 

the rectangular graph. Continuing 
horizontally across the graph defines 
a line of possible combinations of 
Duct Length and Duct Diameter or 
Duct Area. If you choose a Diameter 
or Area for a potential duct, you can 
read off its length by continuing the 
intersection of the curved line with 
the horizontal line down to the Duct 
Length axis at the bottom of the 
graph. For the design example, a 
duct with an inside diameter of 2" is 
larger than the minimum and gives a 
length of 5.3',' which is shorter than 
the 20-inch maximum. 
The final nomogram relates the 

Driver Moss to the Passive-Radiator 
Mass for conventional and augment¬ 
ed passive-radiator enclosures. For¬ 
tunately, the ratio of the driver mov¬ 
ing mass to the passive-radiator 
moving mass is nearly a constant in¬ 
dependent of driver Qr, making this 
nomogram possible. Joining the 
Driver Diameter to the Radiator 
Diameter and 8" in the example], 
gives an intersection at Point A on 
the Reference Line. You then deter¬ 
mine the Mass by joining the Driver 
Mass to the Radiator Mass axis 
through Point A on the Reference 
Line. You will not know the moving 
mass of a commercial passive radia¬ 
tor, but the results of Nomogram 6 
can still serve as a guide when you 
are adding mass to tune the system. 
If you are constructing an aug¬ 

mented passive-radiator system by 
gluing bare cones directly to the 
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DRIVER MASS 
I 
I 
I 

DRIVER DIAMETER' 

REFERENCE LINE 

RADIATOR DIAMETER 
I 

PASSIVE-RADIATOR MASS 

AUGMENTED RADIATOR MASS 

NOMOGRAM 6: To find the Radiator Mass for passive-radiator or augmented passive-radiator enclosures, use 
your values for Driver Mass, Driver Diameter, and Radiator Diameter. 

enclosure, you can weigh the cones 
before mounting and determine the 
added mass necessary to tune the 
system by subtracting the weight 
from the nomogram value. 
These procedures should permit 

you to determine driver parameters 
rapidly and to design the matching 
enclosures. So, clean out your junk 
box and measure all those old speak¬ 
ers. Then design enclosures for them 
or use the parameters published in 
your favorite speaker catalog to find 
the best driver for your next system. 

□ 
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Took, Tips & Techniques 

Geritol for Advents_ 

I had long wanted to improve my old 
Large Advent speakers. I found the op¬ 
portunity at a garage sale last summer in 
a pair of beat-up Advents. Now I could 
have the Double Advents that sounded 
so good at my dealer's several years ago. 
But like many older Advents, the tweet¬ 
ers were gone (in this case, not just with 
open voice coils, but gone). 
Although Advent's sales literature 

does not specify the crossover point, I 
knew it was relatively low. I found it by 
measuring the voltage at each speaker as 
I drove the Advent with a constant volt¬ 
age at a few frequencies in the octaves 
where the crossover point would likely 
be, eventually finding it at 1.3kHz. To do 
this I temporarily connected fine wires to 
the woofer and brought them out 
through the sealing compound around 
the rim of the woofer. I covered the hole 
for the tweeter and connected a tem¬ 
porary tweeter externally for a load. The 
crossover point does not change whether 
the tweeter level switch is set at "nor¬ 
mal,” "increase” or "decrease.” 
Not many tweeters go low enough to 

cross over at 1.3kHz. Replacement Ad¬ 
vent tweeters cost about $39, so I looked 
for an economical substitute that would 
fit. I tried a Polydax 25mm dome 
tweeter, but it had insufficient mid¬ 
range. The region between 1 and 2kHz 
(where the ear is most sensitive) is 
critical for music reproduction. 

At my age my hearing in the last octave 
is not so good, so I decided to trade off 
high frequency response for better mid¬ 
range output. Thus a midrange or 
midrange-tweeter seemed to be the best 
choice. I studied the spec sheets of 
several makes of speakers, including fine 
candidates by Polydax, SEAS and 
Philips. The Polydax HD-13D37 had 
about the right specs, but was a little too 
costly. About this time I saw a midrange 
soft dome speaker in a Radio Shack flyer. 
It has a voice coil diameter of about 

41mm, and its other specs indicated that 
it should reproduce an adequate sound 
pressure level about one octave below 
the crossover point of the Advent. High-
end response is 5dB down at 12kHz. I 
went to the local Radio Shack store and 
bought a Realistic 40-1281 midrange 
with the understanding that I could bring 
it back if it proved unsatisfactory. 

I temporarily wired it in and found that 
it sounded quite nice compared to the 

Thin Bin 
Mother Hubbard’s cupboard was 
no doubt in worse condition than 
our file folders for SB's "Tools, 
Tips & Techniques" feature, but 
we’re about to get the "impending 
famine' ' warning light on our com¬ 
puter. 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 $20 and up, depending on 
length of copy and quality and 
number of photos. 

original Advent tweeter. I have the two 
pairs of Advents wired together with a 
switch so I can compare them. When I 
use this Double Advent system, the bass 
improves considerably, and the RS 
drivers smooth out the midrange 
response, while the remaining Advent 
tweeters provide good highs. 
The only disadvantage to using the RS 

speaker is that the original tweeter hole 
in the Advent's baffle board must be en¬ 
larged. An easy way to fit the Realistic 
speaker in the Advent's baffle is to make 
a circular cardboard template represent¬ 
ing the clearance required for the 
speaker's magnet. Trace the two small 
crescents on the Advent's baffle board. 
Cover the woofer, lay the speaker on its 

back, and put a rag or some paper in the 
tweeter hole to catch sawdust. Cut out 
the crescents with a saber saw. 
Place the speaker in the baffle and lo¬ 

cate the mounting holes, which will be 
close to the cutout. (Note that I found the 
Advent's tweeter wired in reverse polar¬ 
ity—i.e., opposite of the color-coding 
standard.) Put closed-pore sealing foam 
or a sealant such as RTV silicone rubber 
on the back of the speaker flange. Secure 
the speaker with small screws (I recom¬ 
mend number 6 or 4 self-taping screws). 
Screw the speaker down gradually and 
evenly. 

I have been living with this solution for 
several months, and it sounds like a good, 
cost-effective solution for Large Advent 
tweeter replacement. 

Andrew D. Keller 
Longmont, CO 80501 

Dust Defeat_ 

Have you ever noticed that your var¬ 
nished surfaces often feel slightly gritty? 
The cause is often minute dust particles, 
which settle on the finish while it dries. 
This problem occurs no matter how 
quickly the finish dries or how dust-free 
the room is. 

Fortunately, the cure is easy. Carefully 
sand each coat of finish with 600-grit wet 
or dry sandpaper. Gently wipe the surface 
—you want to polish out the dust, not 
remove the varnish. Sand the first coat 
when it is dry, then use water as a lubri¬ 
cant on subsequent coats. This technique 
is appropriate with varnish, polyure¬ 
thane or tung oil finishes. 
Some books recommend fine steel 

wool as an alternative to sandpaper, but I 
find that the wool strands are worse than 
the dust. Try my method—it really works 
and is easy to do. 

Tom Nousaine 
Wixom, MI 48096 
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OLD COLONY’S 

Book Service 
Box 243 Peterborough NH 03458 

HOWARD W. SAMS PENGUINS DOVER BOOKS McGRAW-HILL 
S-5 AUDIO CYCLOPEDIA, [2nd 
Ed.) by Dr. Howard M. Tremaine. 
Twenty-five sections covering 
everything from basic theory to sol¬ 
id state. A complete audio reference 
library in itself, the most compre¬ 
hensive and authoritative work on 
audio available. Covers every 
aspect of the audio art—from the 
basic principles of sound to the lat¬ 
est in solid-state equipment. 3,650 
entries, 1,760pp., hardbound. 

Each $44.95 

S-ll HOW TO BUILD SPEAK¬ 
ER ENCLOSURES, by Alexis Bad-
maieff and Don Davis. The "whys" 
and "hows'of speaker enclosures. 
Drawings and instructions cover in¬ 
finite baffle, bass reflex, and horn 
types plus combinations. 144pp., 
softbound. Each $6.95 

S-19 SOUND SYSTEM ENGIN¬ 
EERING by Don and Carolyn Davis. 
A thorough introduction to sound 
systems for halls, studios, outdoor 
locations and much else. 245pp. 
Hardbound, 8‘/2Xl 1. Each $21.95 

SCELBI 
★ ★★★ CLOSEOUT ★★★★ 
SC-2 UNDERSTANDING MI¬ 
CROCOMPUTERS AND SMALL 
COMPUTER SYSTEMS by Nat 
Wadsworth. A clear, comprehen¬ 
sive introduction to microcomput¬ 
ers with excellent images for visual¬ 
izing what a computer does and 
how it does it. Includes a compre¬ 
hensive glossary and a good chapter 
on how to choose a system. 306 pp., 
5‘/2x8‘/2, paperbound. Each $6.50 

TAB BOOKS 

T 4 DESIGNING, TESTING 
AND BUILDING YOUR OWN 
SPEAKER SYSTEM by David 
Weems. A cookbook approach to 
speaker design with some 10 tests 
for performance. Individual drivers 
are specified for actual building 
projects. Weems likes closed box 
and reflex enclosures but is skep¬ 
tical of transmission lines. Includes 
a BASIC program for Thiele/Small 
parameters. 192pp. Softbound. 

Each $8.95 

P-1 THE NEW PENGUIN 
STEREO RECORD & CASSETTE 
GUIDE by Edward Greenfield, 
Robert Layton and Ivan March. 
Drawing on profound technical 
knowledge and on vast musical 
and historical learning, this newly 
revised and updated guide to 
recorded classical music deals with 
over four thousand discs, giving 
details of title, performers, record 
number, label and price range. 
977pp., softbound. Each $12.95 

P 2 A NEW DICTIONARY OF 
ELECTRONICS by E.C. Young. 
This remarkably compact reference 
covers electronics from A-Battery 
to Z-parameters with succinct, con¬ 
cise definitions and illustrations. A 
quick reference completely revised 
and updated with lots of added 
charts and reference data. 618pp., 
softbound. Each $5.95 

P-3 A NEW DICTIONARY OF 
MUSIC [Third Ed., 1973; first 
pub. 1958) by Arthur Jacobs Alpha¬ 
betically arranged entries covering 
composers, individual musical 
works, orchestras, performers, con¬ 
ductors, musical instruments, and 
technical terms. 458pp., softbound. 

Each $4.95 

P-8 INTRODUCING MUSIC by 
Otto Karolyi. Even if you've listened 
to music for years, you may be sur¬ 
prised at how little you know about 
its fundamentals. A beautifully 
basic and spare introduction to the 
grammar and vocabulary of mu¬ 
sic-enough to understand the lan¬ 
guage without speaking it. It will 
deepen almost any non-musician 
music lover's pleasure in listening. 
174pp., softbound. Each $3.95 

WILEY BOOKS 

W-l HIGH PERFORMANCE 
LOUDSPEAKERS (2nd ED.), by 
Martin Colloms. Highly praised 
sourcebook on loudspeaker theory 
and construction by a top-notch 
English authority. 245pp. Hard¬ 
bound. Each $29.95 

D I REPRODUCTION OF 
SOUND by Edgar Villchur. An 
elegantly simple 92-page paper¬ 
bound primer on the subject by 
the man who invented the book¬ 
shelf speaker. Loan or give it to 
friends who want to build a 
system as good as yours. 

Each $2.50 

D-3 MUSIC, PHYSICS AND 
ENGINEERING by Harry F. Ol¬ 
son. A thorough introduction to 
the physical characteristics of 
sound and the relationship of 
sound to musical instruments by 
the former head of staff at RCA's 
lab for acoustical and electro¬ 
mechanical research at Prince¬ 
ton, NJ. A classic by one of the 
giants in the audio field. Good, 
easy to read chapters on 
acoustics, mikes and recording, 
recording and playback systems, 
as well as an electronic music 
chapter. 2nd. Ed. (1967) 460pp., 
softbound. Each $6.50 

Old Colony Sound Lab 
P0 Box 243 
Peterborough NH 
03458 
To order from Old Col¬ 
ony Sound, please write 
each book's number be¬ 
low with quantity of each 
and price. Total the 
amounts and remit by 
check, money order, or 
MasterCard, or Visa/ 
BankAmericard. Please 
add 50<t for postage on 
the first book; 25c per ad¬ 
ditional book. $10 mini¬ 
mum order on credit cards. 
Canadians please add 
10% for postage. All 
remittances must be in 
U.S. funds. Please use 
clear block capitals. 

MH-l HANDBOOK FOR ELEC 
TRONICS ENGINEERING TECH 
NICIANS by M. Kaufman andA.H. 
Seidman. A comprehensive com¬ 
pendium of electronic facts. Com¬ 
ponent selection, circuit analysis, 
power supplies, IC uses and char¬ 
acteristics, op amps, transistors, 
batteries and tubes. A one-volume 
encyclopedia on how components 
work and how to choose the best of 
them for your application intelli¬ 
gently. 740pp., softbound. 

Each $32.90 

MH 2 HOW TO MAKE 
PRINTED CIRCUIT BOARDS by 
Joel Goldberg. All the topics on mak¬ 
ing your own circuit boards are 
covered both in theory and in prac¬ 
tical advice: design and layout, art¬ 
work preparation, photo layout, 
silk screening, and etching. 

Each $6.50 
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Kit Report 
Acoustic Image 

Model II ' 

Acoustical Physics Laboratories (3877 
Foxford Drive, Doraville, GA 30340) is 
offering a new two-way, floor-standing 
loudspeaker system, the Acoustic Image 
Model II, in three forms. All parts 
necessary to build the units, except the 
cabinets and grille frames, are supplied 
in the Basic Model II Kit at $225 per pair. 
The Complete Model II kit, at $400 per 
pair, includes everything needed to 
assemble the two units in about two 
hours. The factory-assembled Model II is 
priced at $600. Shipping in all cases is 
freight collect, except the basic kit can 
probably be shipped UPS by special ar¬ 
rangement with the manufacturer. Ship¬ 
ping charges for the complete kit pair 
from the Atlanta area to our office in 
New Hampshire were $43. 
Each speaker cabinet comes packed in 

its own box, carefully braced against 
shock or puncture damage. The drivers, 
mounting screws, gasket material and 
casters are shipped in a separate box. The 
crossovers {Fig. I) come pre-mounted in 
the cabinet on %-inch-thick chipboard 
panels. The standard five-way binding 
post terminals are nickel plate and will 
accept banana plugs or No. 18 wire com¬ 
fortably. Larger wire sizes might be more 
difficult to insert in the cross-holes. I 
used No. 14 stranded wire with special 
spade lugs. 
The terminals are recessed into a 

SYz-inch square hole in the back panel. 
The crossover components are con¬ 
nected directly to the input terminals as 
well as to tie lugs mounted next to them. 
Number 18 stranded wire with easy-con-
nect Stak-on connectors is supplied, 
making connection to the drivers quite 
simple. The tweeter wires are fed 
through a small hole in the top of the bass 
cabinet, which is fully sealed with epoxy, 
making it airtight. 
Pilot holes are pre-drilled for the 

tweeter mounting bracket, allowing you 
to locate the tweeter face exactly for 
proper time alignment with the woofer. 
The ‘/z-inch adhesive foam gasket materi¬ 
al supplied is easy to place under the 
tweeter bracket. 

You must drill pilot holes Vie-inch in 
diameter to mount the low-frequency 
driver. This is easily done by placing the 
driver in the opening and marking the 
locations. After removing the driver and 
drilling the holes, it is quite simple to 
peel the backing from the gasket foam 
and press it into place around the edge of 
the mounting hole. The foam has an 
"easy" tack, so you can apply, lift and 
relocate it with no difficulty. It is possi¬ 
ble, by taking care, to put the material in 
place without stretching it. This is impor¬ 
tant if the seal of the driver is to be of 
equal thickness around its entire cir¬ 
cumference. In this way, the seal is com¬ 
plete—quite important in closed-box 
systems. The mounting screws have a 
"fast" thread and are easy to drive and 
remove with either a phillips or standard 
blade screwdriver. 
One detail that surprised me in the 

cabinet construction was the absence of 
a recess, which would have positioned 
the woofer-mounting ring flush with the 
cabinet's front panel. By now, we all 
know about the effects of diffraction. It 
would probably also have been a good 
idea to locate both drivers slightly to the 
left or right of the cabinet's center line to 
minimize the cabinet reflections' diffrac¬ 
tion content. 
The four handsome casters are easy to 

mount, and they raise the cabinet's bot¬ 
tom 2^ inches from the floor. Making 
the units easy to move is obviously con¬ 
venient, but those of us who live in old 
houses (with sloping floors) would have 
liked two of each four to be locking 
types. 

Handsome Grille Work 
Physically, the two enclosures and their 
associated grilles are quite handsome. 
They stand 37‘/z inches high, which 
places the midpoint between the two 
drivers at ear level when the listener is 
seated. The front and back panels are 
painted matte black, while the top and 
sides are finished in a warm matte 
walnut veneer. The front and top grilles, 
which are covered in carefully stretched 

PHOTO I: Acoustical Physics Laboratories' 

Acoustic Image Model II, with and without 

grille frames in place. 

Manufacturer’s Specifications 

Type: Closed-Box Woofer 

Open-Back Tweeter 

Frequency Range: 28Hz to 22kHz, ±2dB (Fast 

Fourier Transformer) 

Recommended Amp Power: 40 to l50W/channel 

Bass Enclosure: 2.18 cubic feet 

Bass Driver: 10" polypropylene, SEAS P25REX H283 

Treble: I" soft dome, time corrected 

Crossover: Passive, 3.5kHz, 6dB/octave 

Impedance: 8Q 

black cloth, are especially attractive. I 
could detect no difference in sound with 
the front grille removed or snapped into 
place on its four plastic snap-in mounts. 
The top grille is an elaborate frame and 
beautifully finished. All the outer edges 
of the grille frames (except the top and 
bottom of the bass grille) are rounded for 
a particularly attractive overall effect. 
I comment here on the appearance of 

the grilles because of my earlier ex¬ 
perience with a similar stretch grille ma¬ 
terial, which I mounted on plywood 
frames supplied in the SEAS 603-CK 
speaker kits (SB 3/80, p. 34). Stretching it 
evenly and with straight "grain" is no 
easy task. I commend Acoustical Physics 
Labs workers for their obvious care and 
skill. 
The cabinets supplied for this report 

are solid, well made and have tight, well-
glued corner joints without inner 
reinforcing corner cleats. Such construc-
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tion techniques are easy with large 
woodworking machinery. Assembly was 
so easy I think the majority of neophytes 
could put it together successfully. 

If you like the less-expensive, do-it-
yourself Basic Kit at $225, you will 
receive everything you need to build the 
pair except the lumber—drivers, pre¬ 
mounted crossovers, casters, screws, 
fiberglass, grille cloth and exceptionally 
complete instructions. Indeed, the in¬ 
structions are unusually helpful, with 
many practical suggestions about con¬ 
struction methods and sources of tools 
and materials. The enclosure is a simple 
box that should be easy to duplicate. (See 
Figs. 2 and 3.] A single sheet of particle 
board should be plenty for two 
enclosures, and a local lumberyard could 
easily cut the parts. The woofer hole is 
the only complex cutting job, since all 
the box joints can be butted together, 
glued and screwed with added 1-inch 
cleats at each junction. 
The manufacturer goes into great 

detail about building the boxes and even 
greater detail about making the grilles, 
even explaining how to stretch the cloth 
over the frames. The handy nylon 
fasteners for mounting the frames (male) 
and the cabinets (female) are supplied 
with the kit. The tweeter grille cover is a 
bit tricky to make, but not too daunting. 
It is made of %-inch plywood or dense 
particle board and is a box with four 
sides and a top (13 x 13 13/i6 x 5 inches 
high), having large cutouts in the three 
sides and top (see Fig. 3). 
Skilled builders will want to improve 

the cabinetry by recessing the woofer so 
it mounts flush, altering the tweeter 
mounting location accordingly to pre¬ 
serve the time alignment. They will also 
find ways to round or angle the inner 
edges of the grille frames to diminish the 

c 
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AMPLIFIER 5|| (IRON) s' I0W 

FIGURE I: The crossover is specifically de¬ 

signed to account for the response, suspension 

and time alignment between the two drivers. 

You may parallel the optional I0Í2, I0W series 

resistor with the low-frequency, low-pass, iron-

cored inductor to increase the relative level of 
the mid frequencies. 

effects of diffraction. Purists will use the 
same size wire from the crossovers to the 
drivers as they use between their ampli¬ 
fiers and the speaker's terminals. 
The crossover is, according to the 

manufacturer, constructed with "non¬ 
saturating inductors and metal film 
capacitors." The capacitors are not elec¬ 
trolytics and appear to be either poly¬ 
ester or some better dielectric. The slope 
is a 6dB/octave type using a minimum of 
components. Bill Morrison, of Acoustical 
Physics, called me after the test pair of 
Model II kits had arrived to say that some 
of his listening panel had suggested that 
the crossover needed to be slightly 

altered in the midrange by approximate¬ 
ly + 2.5dB to help balance the bottom 
end of the response. 

I added the optional 10ß, 10W resistors 
across the 2.5mH iron-cored series in¬ 
ductors for the bass drivers, shown as 
dotted lines in Fig. 1 . To evaluate the ef¬ 
fect of the added resistor, I also drilled a 
small hole in the top of the cabinets and 
brought out a pair of wires to an SPST 
switch, since Morrison seemed uncon¬ 
vinced of the need for the change. 

Listening Tests 
I have listened to all sorts of program ma¬ 
terial on the speakers over a six-week 

FIGURE 2: Front and top dimensions of the Acoustic Image Model II cabinet. 
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Old Colony’s 

BARGAIN 
BASEMENT 
BONANZA 

A once-in-a-lifetime purchase allows Old 
Colony to offer readers some unusual value 
in electronic parts. All are brand new de¬ 
vices. Quantities are strictly limited and are 
offered on a first-come, first-served basis. 

TRANSISTORS 
BT-40361 TO 5 NPN Ea. $ .80 
BT-40406 TO 5 PNP Ea. $ .90 

QUALITY CAPACITORS 
BC-1 TRW, 5^F/200V ±20% Polypropylene 
units. 1 % X %" Pair $19.00 
BC-3 Sangamo 5700/1F @ 30VDC Electrolytic 
Low ESR. Insulated can. Pair $16.50 

UNUSED SURPLUS 
BC-4 1500/1F/80V Mallory Electrolytic. 

Ea. $2.50 
BC-5 2500/<F/80VDC, 105V Surge Electroly¬ 
tic. Ea. $3.50 

MARSH MOVING COIL 
PRE-PREAMP SURPLUS 

BC-7 2/íF 50V Metallized Polycar¬ 
bonate Ea. $3.00 
BC-8 10/iF 50V Metallized Polycar¬ 
bonate Ea. $9.00 

Send all orders to 
OLD COLONY SOUND LAB 

BOX 243 PETERBOROUGH NH 03458 
M/C or VISA Charge Orders: (603) 924-6371—9-4 M-F. 

LINE GARBAGE 
It can penetrate your hi-fi system’s power 
supplies—even through the power trans¬ 
formers, diodes and filter capacitors. If you 
think our air, water and earth are polluted, 
have a look with an oscilloscope at what is 
riding in on your power line sometime. 
General Electric's V130LA10A Metal Oxide 

Varistor filters out all line spikes above ap¬ 
proximately 180V and can handle current up to 
10A. Just solder one of these across the 110V 
primary of each of your power supplies (in 
your computer, too), and you can be certain 
that your system will not be polluted or en¬ 
dangered by line garbage. 

_ Quantity No. SDV130 
Each $2.00 Four or more $1.60 
We also offer a conveniently packaged, 
grounded plug-in version of this device: 
_ Quantity No. MSK400 
Each $10.50 Three or more $9.00 
Form of Payment: 

□ Check □ Money Order □ MC or Visa 

Card #_ Exp. Date_ 

Name_ 

Add ress_ 

City_ S täte_ Z i p_ 

Send all orders to 
OLD COLONY SOUND LAB 
BOX 243 PETERBOROUGH NH 03458 

MC or VISA Charge Orders (603) 924-6371 9-4 M-F 

Kit Report 

period and during some extended ses¬ 
sions listening to the effect of the added 
resistor. My test material included 
master tapes, FM live broadcasts and 
other sources. I used several preamps (all 
solid state) and several power amps rang¬ 
ing from 30 to 100W, class A and AB. The 
resistor change tends to brighten the 
midrange and gives the system what is, 
to my ears, a more natural sound, with a 
less "tubby" bass. Voices, particularly, 
sound more natural. On some material, 
however, the boost is too much, and the 
effect has a hard edge that is unpleasant. 

I began to think that perhaps a 59 
resistor might be a better answer than 
the 109 one suggested. It might be that 
end-users of the system will want to ex¬ 
periment with this proposed "balancing 
adjustment" by trying a variety of 
resistor values to match room conditions 
or associated equipment. 

The Acoustic Image Model Ils are ex¬ 
ceptionally clean and well imaged. Their 
depth definition is average to good, and 
left-to-right location of instruments is ex¬ 
cellent and very stable. The bass sur¬ 
prised me. It is solid and below what I ex¬ 
pected that size driver/box combination 
to produce. I detected no significant 
overhang on drums and other percus¬ 
sion. Strings are lifelike and not at all 
wire-like or edgy. I was able to listen for 

Continued on page 42 

SIDE VIEW OF WOOFER 
GRILLE AND ENCLOSURE 

30" 

FIGURE 3: Side dimensions of the woofer cabinet and the top grille frame. 
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KP-4C SUPER CLEAN HEADPHONE AMP 
Two Channels for only $128! 

• Designed by Jim Boak 

• Can be optimized for either electrostatic or dynamic 

phones 

• Direct coupled, using a 540 op amp 

• Class A operation 

• Low noise and distortion 

• High slew rate 

• Extended overload capacity gives you a clean, wide open 

tube-like sound 

• Well regulated power supply, independent for each channel 

The headphone output on most amps usually is a large 

resistor in series with the output to knock the level down to 

what is suitable for driving headphones. The resistor 

reduces the amp's damping ability, leaving your headphone 

drivers less tightly controlled. You will also suffer the distor¬ 

tions produced by the resistor’s particular nonlinearities. To 

solve these problems, Jim Boak has designed a high perfor¬ 

mance amp specifically for headphones. Built around the 

powerful 540 op amp, it features a circuit modification. 

derived from Walt 

Jung’s work, which 

gives the op amp a 

highly linear transfer 

characteristic. The re¬ 

sulting distortion 

curve has that gentle 

rise associated with 

good tube amps, and a 

clean, wide open 

sound quality you will 

enjoy thoroughly every time you listen on headphones. To 

top it off. Boak gave it excellent power supply regulation. 

Each channel has independent power supplies using three-

terminal regulators to deliver stable voltages across the en¬ 

tire audio range. The amp may be configured for driving 

either electrostatic or dynamic headphones, and parts for 

both are included. 

KP-9 TANGENTIAL TRACKING TONE ARM 
Only $160! 

Here's your oppor¬ 

tunity to own a tan¬ 

gential tracking tone 

arm—and have the fun 

of building it yourself. 

Rod Cooper's ingeni¬ 

ously simple design 

elegantly achieves the 

benefits long attri¬ 

buted to tangential 

arms. The kit has been 

sold in England for several years and has been praised for 

its high quality. The metal parts are precision-machined for a 

solid, tight-fitting assembly. Mount it on your choice of turn¬ 

tables, and you will have an outstanding piece of equipment 

which you can use and enjoy every day, for many years of 

listening enjoyment. 

• Improved tracking ability lowers distortion 

• Maintains tangency ± 0.2° 

• Low mass (10g) tracking arm of rigid Dural 

• Servo controlled, with opto-electronic feedback 

• Low friction gimbal suspension 

SBK-C2 PH ASE-ALIGNED ELECTRONIC CROSSOVER 
Two channels for only $134 

One of the problems introduced by crossovers is the 

phase delay they cause. Over the years, many attempts to 

minimize this problem have been made. Bob Ballard's solu¬ 

tion starts with a simple method of measuring the drivers' 

phase relationships in the air. Then he shows you how to 

build a crossover with phase adjusting circuits and tells you 

how to put your system in alignment, from the preamp out¬ 

puts to the sound in the air. 

• Three-way active crossover 

• Phase shifting circuits to fine tune your system 

• Easy method to measure actual acoustic phase relation¬ 

ships among drivers 

• Op amp filters simplify design 

• Rumble filter built in 

METAL FILM RESISTORS 
10C each in quantities less than 100, 8<t each for 100 or more 

• Tolerance: less than 1% 

• Maximum Power: 0.35W @ 70°C derated linearly to OW 

Old Colony is closing out its entire stock of Draloric metal 

film resistors. Take advantage of this opportunity to stock 

up at bargain prices. These precision audio grade resistors 

are made by Telefunken to exacting standards. They have 

tight specs at a high level of performance with long term 

reliability and stability—all to assure you of high fidelity in 

the audio equipment you build. 

• Extremely low noise: 

less than .05 microV/V to 10k 

less than 1 microV/V to 100k 

less than 25 microV/V to 1 Meg 

• Temperature Coefficient: 50 ppm/C° 

@ 165°C 

• Maximum Voltage: 250V 

• Copper leads coated with eutectic solder 

All standard E24 values are available except: 47.5, 121, 

274, 2.21k, 3.92k, 4.75k, 8.25k, 12.1k, 18.2k, 22.1k. 24.3k, 

39.2k, 43.2k, 47.5k, 56.2k, 82.5k, 1 50k, and 825k. 

Minimum Order: 1O per value. 
Old Colony will continue to stock metal film resistors in all stan¬ 
dard E24 values, but take advantage of these special closeout 
prices on the Dralorics while supplies last. 

ORDER FORM Old Colony Sound Lab, P.O.Box 243, Peterborough, NH 03458 usa 
Qty. Price 
_KP-4C Boak Headphone Amp Kit $ 1 20 (two channels). . _ 
_KP-9 Cooper Tangential Tracking Tone Arm Kit $ 1 60 ea . _ 
_SBK-C2 Ballard Phase Correcting Crossover Kits $ 1 34 ea_ 
Metal Film Resistors—Minimum Order 10 per value— 1 OC each (2096 off for 
10O or more) 
Value_ Qty._|| Value_ Qty._|| Value_ Qty._ 
Value_ Qty._11 Value_ Qty._11 Value_ Qty_ 

Total for resistors_ 

Form of Payment: □ Check □ Money Order □ MC or Visa 
Card #_ Exp. Date_ 

Name_ 

Address _ 

City_State_ Zip_ 

Phone Orders: (603) 924-637 1 (MC or Visa only) 9-4 EST 
For full kit listing, send stamped, self-addressed envelope 

to: Old Colony Sound, PO Box 243, Peterborough, NH 03458 

Total amount enclosed:_ 



SB Mailbox 

CORRECTION: 
CARLBERG 
ODYSSEY_ 
Three errors crept into Part IV of "A 
Speaker Builder's Odyssey” (SB 2/83, p. 
24) during the editing process. In the first 
paragraph, the last sentence should read, 
"...JBL uses the 124A in the 4315 Studio 
Monitors, in a cabinet that is simply 
terrible for them.” On page 25, in the 
second complete paragraph, the first sen¬ 
tence should read, "I was not surprised 
to find the Full-Range Panels....” Finally, 
on page 25, in the middle of the last para¬ 
graph, the sentence should read, "They 
turned out to be serviceable units, not 
nearly as good as the JBL's (at $100 
more)....” 

OUT OF 
THE CLOSET 
This letter was inspired by your editorial 
in the 4/82 issue. Entitled "The Catalog 
Connection,” it had the demeanor of a 
gentle lecture (appropriately so) and 
nudged me into examining the apathy 
behind at least one "invisible” hobbyist 
—myself. 
In the days before SB, I consumed 

catalogs voraciously, looking for the odd 
bits of technical information that would 
comprise the parts of the huge, but 
ultimately solvable, puzzle known as 
speaker design. Without shame, I admit 
to having crucified my brain on the ar¬ 
ticles in JAES's Loudspeakers: An An¬ 
thology and having pored over 
Tremaine's Audio Cyclopedia, Boyce's 
Hi-Fi Stereo Handbook, and all the stuff 
put out by Howard W. Sams, Philips, 
Weems, Snyder and others. None of that 
material made me an audio engineer, but 
I did get a good, intermediate-level grasp 
of the elements of enclosure design. 
In general, most of that material was 

theoretical, but SB exposed me to the ap¬ 
plication of theory as it relates to the real 

world. This information, unfortunately, 
cuts both ways. On the positive side, a 
hobbyist can gain the knowledge that 
enables him or her to translate the 
abstract formulas and procedures into a 
functioning sound system. On the nega¬ 
tive side, SB often leaves many of its 
readers dangling in one extremely im¬ 
portant area—test equipment. 
You can divide the process of speaker 

building into three areas—theory; the 
mechanical, acoustical and electrical 
properties of the driver; and enclosure 
construction. In the three years I have 

LETTER WRITERS AHOY . . . 
We need your cooperation in the mat¬ 
ter of your welcome letters to authors 
and other readers. Please enclose a 
stamped and addressed envelope if 
you expect a reply. If the author/ 
reader lives outside the USA, please 
include two International Postal Re¬ 
ply coupons (available at your post 
office) instead of stamps on your en¬ 
velope. 
In questioning authors, please 

leave room in your letter for replies 
which should relate to the article, be 
framed clearly, and written legibly. 
Please do not ask for design advice or 
for equipment evaluations. 

Letters to authors or other readers 
cannot be acknowledged, unfortu¬ 
nately. Any letter which does not 
comply with the requests above will 
not be answered. 

A signal generator, frequency counter, 
oscilloscope, and VTVM or digital multi¬ 
meter are as critical to this hobby as are 
a table saw, glue, clamps and screws. At 
one time I maintained a selection of cur¬ 
rent catalogs from about a dozen com¬ 
panies. I can't begin to count the times I 
have come across drivers with 
parameters that would have yielded a 
nice alignment in a box perfect for that 
little spot in the den. Then, while 
reaching for my checkbook, it occurs to 
me that the drivers will not meet the 
published specs. Being unable to deter¬ 
mine the accurate values of Fs, Vas , Q¡ 
and Q^, I put the checkbook back into 
the desk. 
Design theory and enclosure construc¬ 

tion techniques abound in SB, but any 
discussion of driver parameters seems to 
assume that the reader owns test equip¬ 
ment and knows how to use it. Applying 
the spirit of SB's article on table-saw 
basics (1/82, p. 25) to test equipment 
could be a real boon. Such an article 
would not only encourage uninitiated 
enthusiasts, but might also attract adver¬ 
tisers. That, in turn, might ultimately 
result in the surfacing of some more "in¬ 
visible” hobbyists. 
Who knows? I might get up to running 

an active inventory of a dozen catalogs 
once again. 

Glenn B. Reynolds 
York, ME 03909 

Reader Reynolds will doubtless rejoice with 
us as we launch Contributing Editor 
Koonce's series of six instrumentation ar¬ 
ticles for speaker builders. See page 
12.—Ed. 

been reading SB, one thing has become 
clear: the Thiele/Small parameters are 
critical for contemporary loudspeaker 
design. It is also clear that the manufac¬ 
turer's specification sheets are not likely 
to reflect the true parameters of any 
given driver. Plainly, the builder must 
have some means of ascertaining ac¬ 
curate specifications, and I think SB 
overlooks this process. 

ON THE HORN 
A lot of ''science” is undoubtedly in¬ 
volved in speaker building, but one must 
not risk following the formula and losing 
the music. 

Robert Feeser's extensive replies to my 
comments on horns ¡SB 3/81, p. 41) and 
Bruce Edgar's article on his horn project 
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/SB 2/81, p. 9) indicate that both are 
strong proponents of this cabinet style. I 
find it fascinating to read the thoughts of 
those who have reached opposite conclu¬ 
sions to my own, if only to try to find the 
chinks in the armor of their arguments. I 
believe I have found a few. 
By "following his formulas," Mr. 

Feeser's nose has led him to overlook 
some much larger considerations. For in¬ 
stance, he quotes distortion figures for 
the throats of some common horns, then 
goes on to say that direct radiators have 
inherently greater distortions. This may 
indeed be true, due to the smaller size 
and shorter excursions of horn-loaded 
diaphragms. But I believe that the horn 
itself, after the throat, instills its own col¬ 
orations. With direct radiators, at least 
you are dealing with only one source of 
distortion, the accuracy with which the 
driver translates alternating current to 
alternating sound pressure levels (SPLs). 
With horns you have the additional dis¬ 
tortion of the resonances in the horn 
itself, and the sum often seems to be 
greater. 
It is ironic that Mr. Feeser's letters 

have run concurrently with the Paul 
Voigt interview, which devotes so much 
space to Voigt's attempts to remove the 
colorations in horns. 
Second, Mr. Feeser attributes greater 

"transient response and dynamic range” 
to horns. This may appear to be the case 
from Mr. Feeser's experience, probably 
due to the admittedly higher SPLs from a 
given input. But I believe he will find 
that the horn's acoustic load (which he 
mentions later) can limit the transients 
and the dynamics (the two are closely 
related). Horns themselves can actually 
be overdriven, causing clipping, or se¬ 
vere transient limiting. Any perceived 
improvement in dynamic range prob¬ 
ably comes from operating the amplifier 
at a lower level, with appropriately 
greater headroom. It has nothing to do, 
however, with anything inherent in the 
speaker design. 
Third, I think that Mr. Feeser makes a 

serious error when he says "these factors 
(dynamic range, transient response and 
distortion) are related to the total loud¬ 
speaker size, and the best direct-radiator 
systems are now getting large enough 
that bass horns are becoming competi¬ 
tive in size." Any first-year engineering 
student can tell you that the relationship 
between driver size and these three pa¬ 
rameters is inverse, not direct as Mr. 
Feeser implies. Larger drivers are cer¬ 
tainly not cleaner, only louder. The flux 
of the magnet, the area of the voice coil 
and their relation to the size and weight 
of the cone determine the response. He 
makes the same argument himself when 
discussing the lower throat distortions of 
horns, so I can only attribute this error to 
a slip of attention. 

Similarly, any horn capable of covering 
40 octaves would be a phenomenon. 
Four was probably the intended figure. 
Last, Mr. Feeser equates the require¬ 

ments of a horn driver to those of an 
acoustic suspension driver, concluding 
that both require loose suspensions and 
long excursions. For precisely the reasons 
I have already mentioned (overdriving 
the horn itself) I think it is not a good 
idea. Particularly for the high SPL public 
address application for which it was de¬ 
signed, Bruce Edgar's choice of a guitar 
speaker is an intelligent one. Equating an 
acoustic suspension speaker, which has 
a totally sealed back loading, with a horn 
driver, which has a limited but not sealed 
front loading, seems a bit out of place. 
Most horn enthusiasts would prefer a 
bass-reflex woofer, which is designed for 
limited back loading. 

Robert Carlberg 
Seattle, WA 98116 

Mr. Feeser replies: 

QI: Have you followed the formula and 
lost the music? 
Al: lam a musician, and I frequently at¬ 

tend live concerts. Since I have been design¬ 
ing loudspeaker systems as a hobby for a 
long time, I have done a lot of thoughtful 
comparative listening to both live and 
reproduced music. 
As for using formulas, once I have con¬ 

vinced myself that a mathematical expres¬ 
sion is a useful approximation of what really 
happens in a loudspeaker, I use it. A for¬ 
mula often offers insight into why things 
happen and what to do to improve them. 

Q2: Doesn't a horn introduce coloration 
of its own? 
A2: Horns can introduce several poten¬ 

tial problems, including the following: 
• Reflections between the horn's mouth and 
throat can cause large frequency response 
peaks and valleys. 

STEREOPHILE-THE LITTLE MAGAZINE THAT COULD-SINCE 1962 

All it took was a little organizational help, and J. Gordon 
Holt (the original undergrounder) is now cranking out his 
unique brand of audio observation, iconoclasm and keen 
insight at an unprecedented rate. It's our Twentieth An-

Subscription Rates - IO issues 1st class Mail S24. 
3rd class Mail $20. 

Simply send check and address to 
Stereophile 
P.O. Box 1948, Santa Fe, NM 87501. 

All subscriptions commence with Issue V-l 
(March, 1982) unless otherwise specified. 

Dealers Take Note: With our current frequen¬ 
cy of publication and low rates we may be 
ideal for your products. We offer both space 
ads and classified ads with lead times (until ac¬ 
tual mailing) of 3 to 6 weeks. Our commercial 
classified ad rate is 409 per word; half and full 
page ad rates upon request 
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NEW OFFERINGS 
from 

OLD COLONY 
ROBERT M. BULLOCK’S 

THIELE/SMALL PROGRAMS 
(SB 1/83, pp. 15-20) 

for 
HEWLETT-PACKARD 

HP-67 
and 

TEXAS INSTRUMENTS 
TI-58 

Programmable calculator 
Mag. Cards. 

HP: PR-1.$4.00 ea. 
Tl: PR-2.$4.00 ea 
CIRCUIT BOARD 
Newcomb: Passive Power 
Indicator 
SB-D1 ckt. board, ea. $2.50 
SBK-D1 kit, one channel Passive 
Power Indicator [Sß 1Z83] with R1 
resistors included for 5, 25, 50 
and 100 watts @ 80 plus red and 
green LED’s. $6.00 ea. 

Important facts 
about 

INDUCTORS 
The most important parts of your 
crossover are the inductors. Their quali¬ 
ty can mean the difference between 
strong, clean bass and weak, distorted 
bass. A quality inductor means: low DC 
resistance, no saturation (a cause of 
distortion) and exact tolerances. Unfor¬ 
tunately, this usually means outrageous 
prices and inductors the size of Volks¬ 
wagens. Sherman Research induc¬ 
tors offer a low cost/no compromise 
solution to the inductor dilemma. For 
high inductance values use steel lami¬ 
nation core inductors with ultra-low 
DCR, low hysteresis, and no saturation 
up to 1000+ watts. For lower values, 
use Sherman Research air core induct¬ 
ors that feature nylon bobbins and high 
temperature SNSR wire. 
For more information, contact: Sherman 
Research, 14105 Inwood Rd , Dallas, 
TX 75234, or these distributors: 

Soundbox 
7057 Rt. 38 

Pensauken, NJ 08110 
(609) 662-4530 
SRC Audio 

3238 Towerwood Dr. 
Dallas. TX 75234 
(800) 221-0251 

'öooooöbo^ 5N302 (-1 

T120FC (-) 

SELFS A AIR 
0 FIL d 13/10 mm 

FOCAL incorporates new drive units fitted with two concentric but separate voice 
cods They have been specially designed for a specific application Both voice coils 
work in different frequency ranges, one operates over the full range of the unit whilst 
the other only operates over the lower bass range, being rolled off at higher fre¬ 
quencies In this way. it is now possible to modify the lower midrange and bass levels 
as required and adjust the frequency response in an area not previously possible 
The voice coils work together in the lower bass range but have different roll-off fre¬ 
quencies using two cross-over sections This design increases the total efficiency 
and simplifies the crossover networks As it is not necessary to use many elements 
to obtain a linear response, the phase shift is reduced and the bass performance 
is quite outstanding for small units 

FOCAL has developed a new synthetic isotropic material for loudspeaker cones. 
NEOFLEX, which combines at last, both rigidity and lightness NEOFLEX gives ex¬ 
cellent dispersion patterns, very linear response curves and gradual roll-off slopes 
at high frequencies without any peaking Good sensitivity (much better than Bex-
trene and slightly higher than polypropylene), low colouration and extended bass 
response enable NEOFLEX units to be used with low rated power amplifiers, whilst 
excellent power handling is available due to the good thermal resistance and high 
moulding temperature of the NEOFLEX and the high temperature capability of the 
voice coils 

Distributed in the United States by: 

Madisound Speaker Components 
8982 TABLE BLUFF ROAD BOX 4283 MADISON. WISCONSIN 53711 

(608) 767-2673 

_ 8ÄF 

IMI 

SB 

• Various problems arise whenever a horn 
is bent or folded. 
• The directional characteristics of bass 
horns are different (often narrower) from 
those for direct radiators. That is not neces¬ 
sarily better or worse, just different. 
• The horn walls may vibrate, just as the 
sides of a direct radiator's enclosure do. 
• The design of a good bass horn is much 
more complicated and much less well 
documented than the design of direct-
radiator loudspeakers. 

Yes, a horn can introduce colorations of 
its own, if you aren't careful. You can, 
however, control all these sources of colora¬ 
tion. 
My experience with bass horns is this: 

because the cone motion required to pro¬ 
duce a given sound pressure level (SPL) at a 
low frequency is smaller, a bass horn pro¬ 
duces less distortion. You must, however, 
consider many more factors when designing 
a bass horn. The trick is to solve all these 
problems. If you succeed, the reward is low 
distortion. 

Q3a: Aren't you confusing "dynamic 
range" with "higher SPLs from a given elec¬ 
trical input"? 
A3a: The horn's improvement in dynamic 

range is unrelated to amplifier headroom or 
any other consideration having to do with 
the amplifiers. Instead, the cone of a direct 
radiator moves much farther than the cone 
of a horn driver to produce the same SPL at 
low frequencies. Thus, in the low bass area, 
which requires large driver motions, the 
horn can produce higher sound pressure 
levels before displacement-induced distor¬ 
tions become objectionable. 

Q3b: Aren't horns themselves capable of 
being overdriven? 
A3b: Any acoustic driver can be over¬ 

driven, but a horn will produce 10 to 20dB 
higher sound levels than a direct radiator 
will before it is overdriven. 

Q4: Isn't it true that dynamic-range tran¬ 
sient response and distortion are inversely 
related to driver size? 
A4: No. Refer to the papers by Small, 

Thiele and others. 

Q5: Aren't larger drivers only louder, not 
cleaner? 
A5: For bass drivers operating at the low 

end of their frequency range, larger drivers 
are certainly not louder because their in¬ 
creased mass reduces their sensitivity. But 
they often are cleaner at the same sound 
level because less cone motion is required. 

40 Speaker Builder / 3/83 



Because they are cleaner, however, larger 
drivers can produce higher SPLs than 
smaller drivers at low frequencies. You can 
do this by turning up the level or volume con¬ 
trol on the amplifier before it begins sound¬ 
ing bad, and that might make you think it is 
louder. 

Q6: Isn't frequency response determined 
by the magnet flux and voice-coil area in 
relation to the size and weight of the cone? 
A6: I don't think the low-frequency 

response is related to the "area" of the voice 
coil. All the other factors mentioned are in¬ 
volved, but so are factors such as enclosure 
design, suspension stiffness, the suspension's 
mechanical damping, voice-coil resistance, 
the length of the wire in the voice coil and 
the moving mass of the diaphragm. 

Q7: Didn't you mean to refer to a fre¬ 
quency range of four octaves instead of 40? 
A7: Yes, four octaves is correct. 

Q8: Why did you equate the requirements 
of a horn driver with those of an acoustic 
suspension driver? 
A8: I didn't. You must consider several 

factors, including the following: 
• You must specify a lot more in a driver 
than just its suspension stiffness and excur¬ 
sion capability. 
• Large excursion capability is not required 
in a horn driver, although it is important in a 
direct radiator. Horn loading drastically 
reduces the cone motion required. 
• The moving-mass requirements for 
acoustic-suspension and horn drivers are 
different. In an acoustic-suspension woofer 
a large moving mass is desirable because it 
lowers the low-frequency cutoff of the 
system. It also reduces the system 's sensitivi¬ 
ty, but that is usually acceptable. For a horn 
driver, however, I recommended that you 
"get the lowest moving mass possible. ..." 

Q9: Don't most horn enthusiasts prefer a 
bass reflex woofer? 
A9: Perhaps the point here is that in com¬ 

mercial loudspeakers you are more likely to 
see a horn tweeter than a horn midrange 
and least likely to come across a horn 
woofer. In one of its catalogs, Speakerlab 
sums up the prevalent feeling among "horn 
enthusiasts": well-designed horns sound 
better, but they are large and expensive. 
Because horn tweeters are reasonably small 
and inexpensive, you get the most improve¬ 
ment for your money ify ou use a horn tweet¬ 
er with a direct-radiator woofer and mid¬ 
range. If you can afford a somewhat larger 
enclosure and a substantial increase in cost, 
use a midrange horn, too. If size and ex¬ 
pense are no object, however, and if you 
want great sound, then use a full-range horn 
system with a bass horn, a midrange horn 
and a horn tweeter. 
My opinion differs from Speakerlab's. 

Many direct-radiator midranges and tweet-

• COMPLETE LINES IN STOCK 
• DOME & RIBBON TWEETERS, 
DOME MIDRANGES, AND BEX-
TRENE & POLYPROPYLENE 
DRIVERS 

• KITS AVAILABLE 
• EXTENSIVE LIBRARY OF PLANS 
• FREE TECHNICAL AND DESIGN 
ASSISTANCE 

Speaker Supply Co 
Post Office Box 48362 
Atlanta, Georgia 30362 
404/455-0572 

POLYDAX - SEAS - PHILIPS 
PEERLESS - AUDAX 

AM PE REX - EV - MOTOROLA 

Also available with: 

Advanced flat honeycomb bass drivers, fast leaf tweeters 

Recommendation for true State of the Art system, 
offering savings with no quality sacrificed 

EXCLUSIVE NORTH AMERICAN IMPORTER 

VARIS AUDIO 
CALL (201) 671-3074 
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SB Mailbox 
ers are now very good, but I think the bass 
horn improves the sound most. The best 
direct-radiator woofers I have heard don't 
even come close to a good bass horn. Their 
muddiness is immediately noticeable in 
comparison to a horn, even at moderate 
sound levels. 

that is central and perpendicular to the two 
drivers under test. Wire the drivers in 
parallel and in phase to your generator. 
With the generator set at the desired 
crossover frequency, vary the distance be¬ 
tween one driver and the microphone until 
you get a peaking of the output where the 
signals are exactly in phase. This is the op¬ 
timum spacing you should use for the for¬ 
ward or rearward positioning of your 
drivers. If possible, perform this test outside, 
free from extraneous noises and any nearby 
reflecting surfaces. □ 

DYNAUDIO 
DESIGN_ 
I have a few questions concerning 
Michael Boulais' s Dynaudio two-way 
speaker system (SB 1/83, p. 7). First, did 
he use paper or polypropylene woofers? 
Second, do the two kinds of woofers pro¬ 
duce any audible difference in a speaker 
system? Finally, where should 1 put the 
midrange if I decide to make this a three-
way system? 

Kenneth K. Choy 
San Francisco, CA 94122 

Mr. Boulais replies: 

When I built the Dynaudio speakers, only 
the paper-plastiflex cone version was 
available. Dynaudio has since come out 
with a replacement, which is often called 
polypropylene, but is actually a polysulfate 
version designated the 21W54MPS. I have 
not yet tried the polysulfate units, but I am 
told that they are lower in distortion, almost 
to the vanishing point. I wouldn't hesitate to 
try them. 
As to where you should place the D-52 

midrange should you go three-way, I would 
move the 21W54 down to make room for the 
midrange, which would go directly below 
and as close as practical to the tweeter, with 
some overlapping of their flanges if possible. 
You must determine the forward-rearward 
speaker positioning {acoustical phasing/ 
before you can locate the optimum speaker 
placement on the cabinet face. The flanges 
cannot overlap if the speakers must lie in ex¬ 
actly the same plane. 
For proper phasing of tweeter-midrange 

or midrange-woofer, place a microphone 
connected to a preamp and voltmeter ap¬ 
proximately 2 feet in front of and on a line 

SHY AUTHORS 
SEND YOUR LETTER TO 
THEM VIA US—with your 
STAMPED ENVELOPE 

IS WHAT REPLACING A 
LOST MAGAZINE COSTS 

us. It will cost you }2.00 if you don’t 
NOTIFY US OF YOUR CHANGE OF ADDRESS IN 
TIME. If we update our files early, it 
SAVES US THE BOTHER OF HAVING TO RE¬ 
MAIL THE MAGAZINE, CHARGE YOU THE 
$2.00 FEE AND LOSE MONEY ON THE DEAL. 
We’ll all be much happier if you tell 
US PROMPTLY WHEN YOU’RE MOVING AND 
WHERE YOU’RE MOVING TO AND FROM. 
Thanks for your ccxiperation. bb^mb 

Kit Report Continued from page 36 

long periods without fatigue. The high 
end is a pleasure and sweetly natural. 
1 am not generally impressed with 

piston high-end transducers, having 
most of my life listened to systems with 
electrostatic drivers in the top end. I will 
confess, however, to hearing a certain 
patina of richness here that I do not hear 
with my drier-sounding Janszens. It 
would be fun to try this system biamped 
with electronic crossovers. I would like 
to compare the two approaches just to 
satisfy my curiosity. Perhaps another 
day. 
To sum up, the Acoustic Image Model 

II is an exceptionally well-conceived first 
product from a new company located 
near Atlanta and obviously benefiting 
from the influence of the speaker 
research work going on at Georgia Tech. 
The Model II is an excellent buy for the 
money. Indeed, it carries a five-year 
limited warranty and an unusual 30-day 
return policy. 

Aesthetically, the units are a pleasure, 
both to look at and for listening. As a 
possible construction project, the builder 
will get the help he or she needs, and the 
result should be musically and fiscally 
satisfying. 

Edward T. Dell 
Editor/Publisher 

TEST INSTRUMENTS 
Continued from page 25 

able in numerous output voltages 
other than + 15V. You can adapt the 
circuit boards and techniques pre¬ 
sented here to power supply regula¬ 
tors for other projects. 

Editor's Note 
Author Koonce used a special 
transformer that was available for many 
years from a supplier, but is now no 
longer available. This transformer was 
rated at 40V CT at 250mA, totally 
shielded. An unshielded equivalent is 
Triad's F-91X at 300mA. This multipur¬ 
pose unit, while unshielded, is very flexi¬ 
ble and will produce voltages ranging 
from 7 to 30V not center-tapped and 14 
to 40V center-tapped by appropriate 
connection of primary and secondary 
leads. This unit is available from Old 
Colony at $7.50 each. For those who 
want the best, the Avel-Lindberg 
toroidal unit is rated at 40V CT at 
340mA. The toroid types have low hum 
fields, are easily mounted and are very 
efficient. They are, however, quite ex¬ 
pensive. 

By fabricating a steel shield plate and 
careful transformer orientation for 
lowest hum, any 40V CT transformer of 
reasonable quality will probably work in 
this series of devices. The voltage/cur-
rent pair is very popular and should be 
easy to find. 
Although the current ratings of the 

Triad and Avel-Lindberg units are 
higher than that used by Koonce, the 
regulators and associated circuitry 
should be able to handle the 
variables.—Ed. 

Next time, Mr. Koonce will discuss us¬ 
ing the voltmeter and power supply 
boards to build a dual channel watt¬ 
meter. 

REFERENCES 
1. National Semiconductors, Applica¬ 

tion Note AN-20, "An Application Guide 
for Operational Amplifiers,” February 
1969. 
2. Dobkin, R. C., "Precision AC/DC 

Converters," National Semiconductors, 
LB-8, August 1969. 
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KP-J BUILD YOUR OWN MOSFET STEREO AMP 
for only $219! 

• 6oW into a ohms 
• O.OO2O/O THD 
• Slew rate 4oV/micro sec (without LP filter) 
• Rise time 2 micro sec (with LP filter) 
• Audio grade resistors and capacitors 
• Designed by Erno Borbely 
The soft clipping characteristics of tubes, combined with the clarity, 

precision and long term stability of solid state are the MOSFET’s prime 

benefits. Fast rise time means excellent transient response, giving your 
system that sharp, well-defined sound you've always wanted. These high 

performance output devices also pass phase information easily, projecting 

a stereo image with striking breadth and depth. Top it all off with ultra-low 

distortion and you have a stellar performer. 

The kit uses precision i<v0 metal film 

resistors and audio grade capacitors 

throughout. You will need to provide the case, 

chassis, line cord, and a small handwound 

“L” choke, but we supply the circuit boards, 

electronic parts, heat sinks, and power supply 

with transformer. For best results use OFHC 

wiring and Old Colony gold plated connectors. 

Leave behind the harshness of bipolar tran¬ 

sistor amps and enjoy your favorite music 

reproduced with exceptional purity. Build this 

60W amplifier yourself and have the satisfac¬ 
tion of owning better-sounding audio equip¬ 

ment than you can buy off the shelf. 

KP-6 make an outstanding mike preamp 
for only 

• Distortion less than o.o4»/o
• Output noise less than 6odB 
• Flat frequency response zoHz-zokHz (or can be tailored for your 

own needs) 
• Fred Gloeckler’s new revision of Advent's classic design 
Now you can make clean recordings using this quiet, low-distortion mike 

preamp. Most tape decks have relatively cheap, noisy mike preamps 

because few people ever use them, so it's a good place for manufacturers to 

cut costs. If you’ve never used your mike inputs, or if you’ve never made a 

live recording, you're missing half the fun ofowninga tape recorder. And if 

you've been discouraged by the poor sound quality you get with mikes 

compared to line level inputs, this outstanding mike preamp is just what 

you need to enjoy the full benefits of owning a tape deck. 

Why bother with live recording? Besides, I don't know any musicians 

$54-50 
worth recording, you say. The fact is, you will gain a much deeper insight 

into your system by doing some live recording. To experiment with mike 

placement and to solve some of the problems of hall acoustics will provide 

you with a level of understanding which will increase your enjoyment of 

your system and record collection many times over. And many young musi¬ 

cians in local schools and churches are eager and willing to let you record 

them, just for the fun of hearing themselves on tape. 

The kit includes audio grade capacitors and resistors, circuit board, and 

input transformers. You provide the case, chassis, appropriate input/out-

put connectors, and power supply (which could be two 9V batteries, or if 

you have an Advent 201, use its built-in <aV output). 

Construct this updated version of Advent's mike preamp and not only 

save money, but enjoy the full potential of your tape deck, while learning 

about recorded sound. You will hear your system with new ears after a few 

recording sessions. 

..' 

Lloss super cables 
7=2534 Cable 6oc/foot 
ni Neglex 2534 audio grade cable 

• Use Neglex »mm gold connectors (Old Colony 
phono plugs are not large enough for Neglex cable) 

• OFHC (oxygen free high conductivity) fine strand¬ 
ed copper 

• Super flexible—drawn and annealed by Mogami 
• Polyethylene insulation 
• Two twisted pairs, plus spiral electrostatic shield 
• Low capacitance between conductors 
• Improved imaging, less fog, better highs 

LO\ 
• Negi 

KH-s MORREY SUPER BUFFER 
only $14 (two channels) 

• Inexpensive system upgrade 
• Removes hidden distortion 
• Isolates your tape monitor circuits 
What kind of load does your preamp really see? Even with its power off, 

some of your tape deck's input circuitry can present a distortion-producing 

load. This distortion, along with tuner signals, often leaks through the tape 

monitor switch. The Morrey Super Buffer cleans up your system and im¬ 

proves its sound quality by isolating your tape monitor circuit or other im¬ 

pedance matching problems from the rest of your system. 

ORDER FORM 

Old Colony Sound Lab 

P.O. BOX 24J 

Peterborough, NH 0345a USA 

Name_ 
Address_ 

Form of Payment 

□ Check C Money Order 

□ MC or Visa 

Card i_ 

Exp. Date_ 

City _ State _ Zip_ 

Qty. Price 

_ KP-3 Borbely 6oW MOSFET Amp Kit $219 each. . 

_ KP-« Mike Preamp kit $54.50 each. . 

_ KH-a Morrey Super Buffer $14.00 each. . 

_ ft. Mogami Neglex »2554 Black cable 6oc/fl. . 

_ ft. Mogami Neglex »2554 Blue cable 6oc/ft. . 

_ Neglex 1550B Gold Over Brass amm Phono Plugs $3.25 each. . 

Total _ 

Phone Orders: («03) 924-6371 (MC or Visa only) 9-4 EST 

For full kit listing, send stamped, self-addressed envelope to: Old Colony 

Sound, PO Box 243, Peterborough, NH 0345a. 



Classified Advertising 

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

TRADE CLASSIFIED ADVERTISING 
RATES: 35 cents per word including 
name, address and zip code—prepaid 
only. 10% discount for four insertions. 
Speaker Builder cannot accept responsi¬ 
bility for the claims of either the buyer or 
the seller. 

TRADE 
GOLD LION, “INDIA,” and Telefunken tubes. 
Cramolin. Furman Sound. Hartley. Kimber 
Kable. Precision Fidelity. Sheffield. Sonex. 
Sony. V.P.I. Visa, MasterCard, and American 
Express. SOUND SERVICES, 2030 NW Mar¬ 
shall St., Apt. 201, Portland, OR 97209, (503) 
227-5641. T3/83 

WONDER-CAP’ and other fine capacitors for 
the audiophile at reasonable prices. Write for 
FREE info PRECISION AUDIO SUPPLY, PO 
Box 96, Downey, CA 90241. T3/83 

AUDIO CONCEPTS: Strathearn full range rib¬ 
bons, AC acoustic foam, Technics ribbons, 
polypropylene caps, oak-walnut enclosures 
. 1—2.5ft3, Shadow Engineering electronic 
kits, Falcon and AC speaker kits. Moving coils 
from Audax, Dalesford, Dynaudio, Kef, Peer¬ 
less, etc. Much more. Informed, helpful ser¬ 
vice. Fast delivery at guaranteed lowest 
prices. Demos by appointment. MC/Visa phone 
(608) 788-0366 9:00-5:00 CST M-F. Cata¬ 
logue $1.00, 1919 S. 19th St., LaCrosse, Wl 
54601. 3/83 

WE ARE ONE OF the largest independent 
manufacturers of crossover networks and 
speaker system accessories in the U.K., sup¬ 
plying manufacturers, retailers and export. We 
have a growing number of outlets in the U.S.A, 
and Canada. Your guarantee is the trust our 
manufacturing customers put in the quality and 
reliability of our networks. If you have supply 
problems, please send for details: $2 bill Air, 
$1 bill Surface, to our mail order retail outlet: 
FALCON ELECTRONICS, Tabor House, Nor¬ 
wich Road, Mulbarton, Norfolk, England. T2/84 

GOLD PLATED BANANAS DBP-9AU, eight 
solderless (set screw) plugs for up to 12 gauge 
wire, $14.95. DBP-9H, four red and four black 
bakelite plug handles, $5.50. DBP-9J, 5-way 
dual binding post rated 30A at 1,000V, gold 
plated hardware included, package of two, 
$15.95. DBP-8, 12 gauge speaker wire, 
$45.95 for 100 feet. NEW: DBP-14, Gold 
Plated Spade Lugs solder or crimp, takes 
10-12 gauge, $5.95 per 8 pack. Include $2.50 
handling charge for orders under $45. DB 
SYSTEMS, Main St., Rindge, NH 03461. 

T3/83 

OPEN REEL TAPES from studio masters. 
Philips, Argo, Telefunken, Vanguard, Unicorn. 
Catalog $1.00 BARCLAY-CROCKER. Room 
1470-L, 11 Broadway, New York, NY 10004. 

TTF 

ESL TRANSFORMERS, $42. Mylar 48" x 30! 
$10. 12" Dynaudio woofers for T.L., $99. Post 
Paid. SANDERS SYSTEMS, 1578 Austin St.. 
Atwater, CA 95301. T4/83 

Jhe Speaker 

One S.E. 47th. 
Portland , Oregon 97215 

Specialty Loudspeaker Services 
Computerized Lab Providing: 

Acoustical, Parameter/Systems Analysis 
Precision Air Coils, 1% tol. 

Catalog $1.00 

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

RAW DRIVERS, ACCESSORIES, and lotsa 
help! Catalog 25c MENISCUS SYSTEMS, 

3275 Gladiola, Wyoming, Ml 49509. T3/83 

CABLE TV CONVERTERS & DESCRAM¬ 
BLERS. Plans and parts. Build or buy. For 
more information send $2 to C 4 D ELEC¬ 
TRONICS INC., PO Box 21, Jenison, Ml 
49428. T3/84 

KEF, POLYDAX, DALESFORD—$46 80 pair 
for US manufactured equivalent 8" (1Vi VC-20 
oz.) with SOTA copolymer cone and rubber 
surround. Immediate delivery. Distributors, 
OEM's pricing available, inquiries invited. 
SEYMOUR SOUND SYSTEMS, 705 N 
Bowser, Suite 103, Richardson, Texas 75081, 
(214)644-7206. T3/83 

LONG HAIR WOOL carded, cleaned for stuff¬ 
ing speakers. $12.50/lb. including shipping. 
J. EBBERT, 431 Old Eagle School Rd., Straf¬ 
ford, PA 19087, (215)687-3609. TTF 

SAVE 50%. Build your own speaker system. 
Write: McGEE RADIO ELECTRONICS, 1901 
McGee Street, Kansas City, MO 64108. T4/83 

The NEW 
Speakerlab K, 

16’ of exponential bass bom 
folded into a 4 high enclosure 
for awesome impact and dynamic 
range, high efficiency and power 
handling We updated a time-
honored design with a 15" 
woofer, 7" midrange, and horn 
tweeter for a digital-ready 
speaker for the 80 s. Leam more 
in our FREE 32-page catalog 
(Allow 4 - 6 weeks for delivery 
Send S1.25 for faster, I st class ) 

spoakcrlab 
1 Dept. SB33, 735 N Northlake Way 

Seattle, Washington 98103 

LOWER DIFFRACTION EFFECTS—black, 
woven rings. All sizes, specify I D. & O.D. 
$5/pr. includes postage. D. Jensen, 12655 W. 
Brookview Dr. Circle, Grass Valley, CA 95945. 

T3/83 

ATTENTION! We now manufacture a 
polypropylene-butyl 10 " woofer designed for 
the critical speaker builder. Send 25c for 
more information and our 1983 catalog. 
MENISCUS SYSTEMS. Dept B, 3275 Gladi¬ 
ola, Wyoming, Ml 49509. T1 /84 

J.B.L. USED SPEAKER SYSTEMS and com¬ 
ponents bought, sold and traded. 
1-313-229-5191 or 5115 Red Fox, Brighton. 
Ml 48116. T1/84 
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AEOLIAN LOUDSPEAKERS LTD. offers the 
most advanced drive units in the world: from 
England, the high power, wide dispersion 
SHACKMAN ELECTROSTATIC, and a high 
power modified JORDAN 50mm MODULE. 
From France, the next step beyond Bextrene 
or polypropylene, the Neoflex cone, dual voice 
coil bass/mids from FOCAL open totally new 
design areas. Plus, an incredible concave 
tweeter. Available only from AEOLIAN 

LOUDSPEAKERS LTD., Box 1005, W 
Newbury, MA 01985, (617) 363-5495. 

T3/83 

TRUCKLOAD sale, Ampex high quality open 
reel tape. 1800' or 2400' on 7" reels. Used 
once. Case of 40, $45 postage paid. Cas¬ 
settes, 1014" reels and test equipment 
available. MasterCard/Visa accepted. 
VALTECH ELECTRONICS, Box 6 SB, 
Richboro, PA 18954, (215) 322-4866. T1 /84 

KEEP THOSE LINE SPIKES out of your audio 
system. RCA’s new, handy plug-in contains 
GE s 15A/115V spike suppressing metal oxide 
varactor to keep destructive spikes and light¬ 
ning surges from damaging your valuable 
equipment. Send $11.00 for postpaid ship¬ 
ment to OLD COLONY. Box 243C, Peter¬ 
borough, NH 03458 T5/83 

CORNING METAL FILM RESISTORS. 
Precision value, % W ±1 % low noise, thermal¬ 
ly stable resistors. All standard E24 values 
from 1011 to IMegSi. Prices 25 cents each, 
$1.80 for 10 of the same value, $7.50 for 50 of 
one value. Enjoy the benefits of cleaner, 
quieter sound, tighter equalization and better 
balance between channels which these audio 
grade parts can bring to your equipment. Send 
stamped self addressed envelope for order 
form and complete list of available values to 
OLD COLONY PARTS, Dept SB. PO Box 
243, Peterborough, NH 03458. 

STEREO SPEAKERS, KITS, COMPO¬ 
NENTS. Mylar Film capacitors, crossovers, 
coils, cabinets. Polypropylene woofers, mid¬ 
ranges. Dome and ribbon tweeters. Discount 
prices. Catalog $1 00 SPEAKER COMPO¬ 
NENTS, Box 297, Marlborough, CT 06447. 

T3/83 

Madisound 
Speaker 
Components 

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

Audax, Dynaudio, KEF, 
Philips Loudspeakers 

TESLA TWEETER: At last, a very efficient 8 
ohm 40W round horn tweeter Designed and 
produced by TESLA ELECTRIC COMPANY. 
None finer for under $40.00. Free brochure, 
1029 Maries Drive. Santa Ana. CA 92706 

T4/83 

STURDY GOLD PLATED PHONO JACK. Im¬ 
proved rear mount design attaches easier and 
holds more securely than standard phono 
jacks. Gold plated brass jack and ground flag 
with mounting hardware. $1.75 each. Match¬ 
ing shielded gold-on-brass phono plugs, $2.00 
each. Minimum order $10.00. For flyer and 
order form, send self addressed stamped 
envelope to OLD COLONY PARTS, PO Box 
243, Peterborough, NH 03458. 

SAINT LOUIS AUDIO SOCIETY meets 
monthly for discussion and equipment audi¬ 
tion. For information sheet send a stamped, 
self-addressed envelope to SLAS, 7435 Cor¬ 
nell, Saint Louis, MO 63130. 

SERIOUS AUDIOPHILES interested in a cen¬ 
tral Colorado group (Denver, Boulder, Ft. Col¬ 
lins, Greeley area) contact James S. Upton, 
2631 17th Ave., Greeley, CO 80631. 

D B SYSTEMS 
(603) 899-5I2I 
Main Street 
Rindge Ctr„ NH 0346I 

Custom made DB-3 ACTIVE CROSSOVERS are available 
in 2-Way and 3-Way with 6. 12, 18 and 24 dB per octave 
slopes. TH D less than 0.0008%, five year warranty. Send for 
our free literature on crossover applications. 

SPEAKER GASKETS: Finest quality 
neoprene for air-tight seals. Size & price each: 
314" Dome Tweeter $1.30. 2x6" Horn 
Tweeter $1.40. Midrange and Woofers 5"-
$1.50, 514"-$1.60, 614"-$1.70, 6x9"-$1.80, 
8"-$1.90, 10"-$2.00, 12"-$2.25, 15"-2.50. 
Send payment with order to TESLA ELEC¬ 
TRIC COMPANY, 1029 Maries Drive, Santa 
Ana, CA 92706. T4/83 

GOLD PLATED phono jacks $1.20, plugs 90c 
ea., $1.00 handling. Also custom 1% capaci¬ 
tors, 0.5% resistors. Details SASE. REFER¬ 
ENCE AUDIO, Box 368M, Rindge, NH 
03461. T4/83 

BUILD WITH THE BEST! ElectroVoice 
speaker components and our engineering 
staff. Free catalog packed with information and 
great deals! Try our consult by mail plan. S&S 
ELECTRONICS, 1005 Market St. #207, San 
Francisco, CA 94103, (415) 864-8205. Visa. 
MasterCard. T4/83 

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

CONNECTICUT AUDIO SOCIETY WANTED. 
Serious audiophiles in Conn., or Putnam or Dut¬ 
chess Co., NY, contact John J. McBride, 33 
Perry Dr., New Milford, CT 06776, (203) 
355-2032. 

THE VANCOUVER AUDIO SOCIETY pub¬ 
lishes a monthly newsletter with technical ar¬ 
ticles, humor and news of interest to those 
who share our disease. We have 50 members 
and meet twice every month. Dues are 
$15/year which includes 12 newsletters ($15 
US outside Canada). Call (604) 874-3225 or 
write Dave Mann, VAS, Box 4265, Vancouver, 
BC, Canada V6B 3Z7. We would like to be put 
on your mailing list. 

THE AUDIO SOCIETY OF HONOLULU cor¬ 
dially invites you to attend one of our monthly 
meetings and meet others like yourself who are 
interested in the how’s and why's of audio. 
Each meeting consists of a lively discussion 
topic and equipment demonstrations. For infor¬ 
mation on meeting dates and location contact 
Bob Keaulani at 1902 South King Street, 
Honolulu, HI 96826, (808) 941-1060. 

SOUTHEASTERN MICHIGAN WOOFER 
AND TWEETER MARCHING SOCIETY 
(SMWTMS). Detroit area audio construction 
club. Meetings every two months featuring 
serious lectures, recording studio visits, 
design analyses, digital audio, AB listening 
tests, equipment clinics, annual picnic and 
audio fun. Club publication, LC, The SMWTMS 
Network, journals the club's activities and 
members' thoughts on audio. To join or 
subscribe call (313) 544-8453 or write 
SMWTMS, PO Box 1464, Berkley, Ml 
48072-0464. 

THE COLORADO AUDIO SOCIETY is a group 
of audio enthusiasts dedicated to the pursuit of 
music and audiophile arts in the Rocky Moun¬ 
tain region. We offer a comprehensive quarter¬ 
ly journal plus participation in meetings and lec¬ 
tures. Membership fee is $10 per year. For 
more information, send SASE to: CAS, 4506 
Osceola St., Denver, CO 80212 

THE NEW YORK AUDIO SOCIETY meets 
monthly with prominent guest speakers, 
discussions and demonstrations of the latest 
equipment. Its $20 annual membership dues 
include a subscription to S/N, the society’s 
quarterly publication. For a free invitation to 
our next meeting, call (212) 544-1222, (212) 
289-2788 or (201 ) 647-2788 or write us at PO 
Box 125, Whitestone, NY 11357. 

QUAD OWNERS CLUB. We have joined 
together to share information, set up modifica¬ 
tions and make the best speaker better. 
Special research projects and tests. For infor¬ 
mation write: Quad Owners Club, 33 No. River¬ 
side Ave., Croton-on-Hudson, NY 10520. 

SARASOTA AUDIOPHILES interested in 
forming a club—write: Mark Woodruff. 5700 N 
Tamiami, Box 539, Sarasota, FL 33580. 
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MINNESOTA AUDIO SOCIETY. Monthly pro¬ 
grams, newsletter, special events, yearly 
equipment sale. Write: PO Box 3341, Traffic 
Station, Minneapolis, MN 55402. 

A CLUB FOR FM AND TV DXers, offering 
antenna, equipment and technique discus¬ 
sions. plus updates from FCC on new station 
data. Monthly publication “VHF—UHF 
Digest.” Annual convention in August. For 
more info: Worldwide TV-FM DX Association, 
PO Box 97, Calumet City, IL 60409. 

PACIFIC NORTHWEST AUDIO SOCIETY 
(PAS) consists of 50 audio enthusiasts 
meeting monthly, second Wednesdays, 7:30 
to 9:30 PM at 4545 Island Crest Way, Mercer 
Island, WA. Be our guest, write Box 435 
Mercer Island, WA 98040 or call Bob 
McDonald (206) 232-8130. 

THE BOSTON AUDIO SOCIETY INVITES 
you to join and receive the monthly B.A.S. 
SPEAKER with reviews, debates, scientific 
analyses, summaries of lectures by major 
engineers. The BAS was the first to publish in¬ 
fo on TIM, effects of capacitors, tonearm 
damping, tuner IM distortion, Holman's and 
Carver's designs, etc. Sample issue $1, 
subscription, $16/yr. P.O. Box 7, Boston, MA 
02215. 

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

FREE 1982 CATALOG 
1001 Bargains—Speakers—Parts—Tubes—High 

Fidelity Components—Recorder Changers—Tape 
Recorders—Kits—Everything in Electronics. Write: 

McGEE RADIO COMPANY 
PE, IKI McGee Street Kansas City, Missouri HIM 

AUDIOPHILES INTERESTED IN FORMING 
an audio club in the Washington, D C. area 
please contact: Joseph Kmetz, 9861 
Goodluck Rd., Apt. #10, Lanham, Maryland 
20706 or call days (301) 794-7296, eves. 
(301) 585-3186. 

PRIVATE 
FOR SALE 

KEF 105.2 speakers, excellent condition, 
$1400/pair plus shipping. Heath AA 1640 
power amp, 200W/channel, excellent condi¬ 
tion, $325. Rick Bremer, 16 Ardmoor Dr., 
Hampton, VA 23666. 

Infinity 1RS style EMIT tweeters for use in 
QRS-1D reference system and other similar 
speakers, $17.50 each. Michael Marks, 3745 
Grubb Lane, Richmond, VA 23234, (804) 
743-0097. 

Regulated ± 120V DC supplies, 20mA only, 13 
cu. in. 1 '/a " X 2'/a " X 314 ", 5 terminals potted, 
use for pre-regulators, $20 each ppd. 0-500V 
DC meter included. Trade for Jordan mod, 
Japanese pressings, etc. V. Vogt, 6812 Rose¬ 
mont Dr., Mclean, VA 22101. 

POLYPROPYLENE 
MYLAR CAPS and 
AIR-CORE COILS 

made to order 
CHOUDHRY ELECTRONICS 

PO Box 1743 
Santa Monica, CA 90406 

(213) 450-5113 

PAS-3X, just acquired at garage sale for $20, 
will pass on at cost, has typical Dyna chassis 
rust and scratches on face plate top. runs. 
Fred Burgess, RR 3, Box 486-B, Gaylord, Ml 
49735.(517)732-1684. 

Genrad acoustic test system. 1521-B chart 
recorder, 1304-B audio oscillator, 1564-A 
sound analyzer. Includes chains, paper, pens, 
link units, manuals, etc., like new $1500. B&K 
4134 microphone, 2619 FET preamp, 2801 
power supply, like new $950. Roger Russell, 7 
Normandy Court, Binghamton, NY 13903 
(607) 723-1526 eves. 

Panasonic leaf tweeters mod by New York 
Acoustics, new $120 pair, asking $80: 70, ex¬ 
cellent. Never used still in boxes, Audax HD-
98D25A-1 " dome, $15 pair; Audax HD 
13D37-114" dome, $25 pair; Audax HD 
17B25J2C12 6" Bextrene, $25 pair. All 80 
speakers: JVC ribbon HSW-1101-01 A, $25 
pair; Speakerlab 1N806P woofer-mid polypro¬ 
pylene 8 " cone, $35 pair. Buyer pays shipping. 
David M. Landrie, 1309 E. 61st, Tacoma, WA 
98404, (206) 472-9930. 

Klipschorn, one woofer horn only, with Dayton-
Wright 75Hz mixed-bass stereo electronic 
crossover and D-W subwoofer 50W amp, 
$875. Also, Beyer DT48SN (world's best???) 
headphone, normal stereo plug, 3 kinds of ear 
cups included, $85. Ben Barkow, 24 Pinewood 
Ave., Toronto, Ontario, Canada, M6C 2V1, 
(416) 653-9326. 

New Jordan modules with manual, $140 pair; 
new Dalesford D30/110S with spec sheet 
(more lucid than KEF B110s), $60 pair; Power¬ 
mate 6A, 12V DC highly regulated computer 
grade power supply with enclosure, $35. Call 
Wayne Robertson, (617) 593-5937 between 8 
and 10PM EST. 

Altec 800Hz crossovers, 4 @ $30 each. L. 
Cartwright, 2723 Darlington Rd., Beaver Falls. 
PA 15010. 

Heath IM5248 intermodulation distortion 
analyzer, residual .006%, $100 or best offer. 
Heath 240W audio load, $20 or best offer. 
Fulton Gold 57" (2 guage silver plated) with 
banana plugs, $15. Mark, (503) 620-4783. 

PRIVATE 
WANTED 

Janszen (or similar RTR) 130 series (130 
through 138 inclusive) top end array or the top 
end out of a full range box. Fred Burgess, RR 3. 
Box 486-B, Gaylord, Ml 49735, (517) 
732-1684 

Infinity RSII owners. I would like to com¬ 
municate with you on your experience and 
modifications of these speakers. Please write 
to Robert Williams, Giesseu, MILCOM, CCC, 
GSN Germany, APO New York 09169. 

Pre-recorded reel-to-reel tapes, classic or 
popular, 2 or 4 track made in the 50s and 60s. 
Also want early RCA stereo albums with 
numbers below 2800. Bill Watkins, 1019 E. 
Center St., Kingsport, TN 37660, (615) 
246-3701 before 5:30PM EST. 

Subwoofer enclosure parameters for Dynaudio 
30W54 12" woofer wanted. Prefer TL or 
vented. Rick Bremer, 16 Ardmoor Dr., Hamp¬ 
ton, VA 23666. 

One 18" X 14" KEF woofer (model No. 
unknown) for ADC-18 or 16 loudspeaker 
system (produced in mid-1960s), or one com¬ 
plete ADC-18 or ADC-16. Thomas L. Larson, 
52 Lafayette Mills Rd., Englishtown, NJ 
07726, or (201) 834-3933 work; (201) 
780-4597 home. 

Service manual or good copy of same for TEAC 
A4010SL reel-to-reel tape recorder. Phil Ad-
deo, 620 E. 3rd Ave., Roselle, NJ 07203, 
(201) 241-8259 after 6:00PM. 
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TEST RECORDS 
PERFORMANCE TESTS WITHOUT INSTRUMENTS 
CBS LABORATORIES' STR PROFESSIONAL TEST RECORDS 

For over ten years, the original series of these high-precision test 
records set a standard for the audio industry. The new series sets an even 
higher standard. It's been revised, recut and expanded. 
The new series consists of eight records for professionals and one for 

non-professional audiophiles. 
Each record contains a complete series of easy-to-use tests to help you 

rapidly and accurately evaluate components and systems. Even one of 
these records can eliminate the need for costly, additional equipment. 
Each will find productive use and save you hours in the laboratory, on the 
production line and in field testing. 
TAKE A LOOK AT WHAT THIS ESSENTIAL TESTING SERIES CONTAINS: 

STR 101 SEVEN STEPS TO BETTER LISTENING. For only $6.98, you can improve 
your system with CBS Laboratories' "Seven Steps to Better Listening." This high-precision 

test record enables you to make sure that your equipment functions properly ... to tune 

your system to your ears and your room acoustics. Included is a detailed 16-page booklet by 

Audio's Edward Tatnall Canby explaining how to use the record to improve your system's 
performance. With the record you can perform the following "ears alone” tests: left-right 

identification, phasing, loudspeaker balance, tone control setting, alternate phasing, buzz 

and rattle elimination, lateral tracking, and vertical tracking. 

STR 100 STEREOPHONIC FREQUENCY TEST RECORD. Designed for the evaluation 
of pickups and systems. Provides a constant amplitude characteristic below 500Hz and a 

constant velocity characteristic above 500Hz. Tests include: Sweep Frequency-with the 

sweep rate synchronized for use with a graphic level recorder; Spot Frequency—with voice 

announcements; Channel Separation; Wavelength Loss and Stylus Wear-to pinpoint over¬ 

size or worn-out styll, and excessive pickup tracking force; Compliance; Phasing; Vertical 

and Lateral Tracking: Tone Arm Resonance-to check system performance at low and 

subaudible frequencies and thus reveal undamped resonance which may cause equipment 

overloading. 

STR 130 RIAA FREQUENCY RESPONSE TEST RECORD. Provides RIAA frequency 
characteristics for the calibration of professional recording equipment and for testing the 

response of professional and consumer record reproduction equipment. This record is 

suitable for use with a graphic level recorder to provide permanent, visible records for 

precise evaluation. Spot frequency bands for use without automatic equipment are included. 

STR 140 RIAA PINK NOISE ACOUSTICAL TEST RECORD. Designed for acoustical 
testing of systems and loudspeakers and for psychoacoustic tests on reproduction equip¬ 

ment. With the STR 140 it becomes possible to test loudspeakers in the room in which they 

will be used. Spot frequency tones with voice announcements facilitate the testing pro¬ 

cedure. Continuous glide-tones in '/i-octave bands cover the frequency range from 30 to 

15,000Hz and are synchronized with a graphic level recorder. 

STR 151 BROADCAST TEST RECORD. Developed especially to meet the needs of 
broadcast engineers, audiophiles, and other professionals seeking a convenient signal 

source for the testing and adjustment of all audio equipment. Tests include: phonograph 

pickup response and separation, speed accuracy at 33‘/i and 45 rpm, wow and flutter, rum¬ 

ble and hum detection, ballistic test of VU meters and many others. 

STR 112 SQUARE WAVE, TRACKING AND INTERMODULATION TEST RECORD. 
Enables detailed study of tracking capabilities of stereophonic phonograph pickups. The 

square wave modulation allows a rapid appraisal of stylus-tip mass, damping, and tracking. 

Low frequency compliance and tracking are determined by means of 300Hz bands of pro¬ 

gressively increasing amplitude. Intermodulation distortion measurements are made possi¬ 

ble by graduated 200Hz intermodulation test bands. The STR 112 has been cut with vertical 

angle approximately 15° which is representative of current recording practice. 

STR 120 WIDE RANGE PICKUP RESPONSE TEST RECORD. Makes possible the 
measurement of pickup response at frequencies far beyond the audible range, where 

elusive distortion elements can cause audible distortion. The low-frequency range includes 

glide-tones at twice normal level for the detection and elimination of arm resonance, 

loudspeaker cone and cabinet rattles. Other tests include: silent grooves for measuring rum¬ 

ble and surface noise characteristics; and standard level bands at OdB for overall system S/N 

measurements. This record is suitable for use with a graphic level recorder to provide per¬ 

manent, visible records for precise evaluation. 

STR 170 FREQUENCY RESPONSE 318 MICROSECOND TEST RECORD. Provides 
pickup designers and recording studios with a high-level, easily-equalized signal for fre¬ 

quency response and channel separation measurements. The STR 170 employs a 318 

microsecond characteristic corresponding to the “test” or "flat” mode common to most 

disc recording equipment. Constant amplitude recording is employed in the region below 

500Hz with constant velocity recording in the region above. The transition is smooth, in 

contrast with the STR 100 which employs a sharp breakpoint at 500Hz. The record is 

suitable for use with a graphic level recorder to provide permanent, visible records for 

precise evaluation. 

SQT 1100 QUADRAPHONIC TEST RECORD. Designed for calibration, verification, 
and adjustment of SQ® decoding equipment. The record provides test bands for pickup 

measurements, for adjustment of decoder electronics and for channel identification and 

balance. Each band is described in terms of recorded characteristics and its intended use. 

SQ is a Trademark of CBS Inc. 

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

Expiration Date_ 

Name_ 

Street _ 

City_ State_ Zip _ 
Phone Orders (VISA/MC only) 

(603) 924-6371 M-F EST 

Quantities are limited. Be sure to order enough for many years of use. 

Send me the following test records: 

_copies (STR 101) Seven Steps to Better Listening at $6.98 ea. 
_copies (STR 100) Stereophonic Frequency at $10. ea. 
_copies (STR 112) Sq. Wave, Tracking and Intermodulation $15. ea. 
_copies (STR 120) Wide Range Pickup Response at $15 ea. 
_ copies (STR 130) RIAA Frequency Response at $15 ea. 
_copies 
_copies 
_copies 
_copies 

(STR 140) RIAA Pink Noise Acoustical at $15 ea. 
(STR 151) Broadcast Test at $15 ea. 
(STR 170) 318 Microsecond Frequency Response $15 ea. 
(SQT 1100) Quadraphonic Test at $15 ea. 



WHY WE'RE OFFERING YOU A $299 EQUALIZER FOR $129. 

Our neighbors here in Lynnwood make some 
of the finest equalizers and analyzers in the 
world: Audio Control Corporation. 

But once in a while the engineering depart¬ 
ment gets the best of the marketing depart¬ 
ment and a product emerges that's too esot¬ 
eric for the rank and file consumer. 

THE SUPER-SPEC C-25 WITH 
PINK NOISE GENERATOR. 

A few years ago, when Audio Control s C-22 
Octave Equalizer was beginning to really 
take off, the engineering department said, 
"Why don't we make a version with even 
better specs and add a laboratory-grade pink 
noise generator for the experimenter? " 
Sounded ike a great idea. .009% THD, 102dB 
signal-to noise, pink noise generator ± 5dB 
20-20kHz. So they did it 

C-25 Specifications: 

DISTORTION (at I volt from 20Hz to 20kHz) less then 009%. FREQUENCY RESPONSE: From 3Hz to 
100kHz. plus or minus IdB HUM AND NOISE: (10kHz band-width): minus 96dB re I volt, minus 102dB re 2 volts. 
MAXIMUM INPUT: Z volts MAXIMUM OUTPUT: 7 volts INPUT IMPEDANCE: lOOKohms OUTPUT IM¬ 
PEDANCE: 680 ohms CONTROL CENTERS: 32.60. 120. 480. 960. 1920, 3840, 7680, 15.5kHz. CONTROL 
BANDWrTH: Q 2 5 CONTROL RANGE: Plus or minus l5dB SUBSONIC FILTER: J8dB per octave Tchebychev alignment SUBSONIC ROLLOFF: Minus IdB at 25Hz, minus 3dB at 20Hz, minus 21 dB at 10Hz. 
SIZE: 19” (48.2cm) W, 3.5" (8.9cm) H. 6.5" (16.5cm) D. (standard EIA rack mount). WEIGHT: 6.75 pounds (3 2kg) PINK NOISE GENERATORS: F IdB 20-20kHz BACK ELECTRET MICROPHONE: ± I 5 dB20-20kHz WARRANTY: 2 years 

Unfortunately, the vast majority of dealers 
just didn't understand the whole point and 
Audio Control ended up with a pile of superb 
equalizers. They languished until we noticed 
them on the back shelf and made Audio Con¬ 
trol a deal they couldn't refuse. 

THEIR LOSS IS YOUR GAIN. 

We're not talking about a cheapo imported 
knock-off here. Audio Control lavished the 
best components and design into the C-25. 

Fiberglass boards. Precision resistors and 
capacitors. Silky-smooth pots and superb 
specs. Frankly, there's probably $129 worth 
of materials in each C-25. 

LAB-GRADE PINK NOISE GENERATOR. 

Anybody who reads this publication knows 
how useful pink noise is in evaluating and 
adjusting speakers. Even if you don't have a 
measurement instrument, pink noise lets you 
do considerable adjustment by ear. In conjuc-
tion with a handheld spectrum analyzer it 

opens up a whole world of interactive EQ 
testing. 

When we got the shipment of C-25's from 
Audio Control, Accessoterica benchtested 
it's pink noise generator against a B & K 
Model 1405 Noise Generator. The Audio 
Control C-25 was more accurate. 

So even if you just use the C-25 as a pink 
noise generator, it's a great buy. 

TWO SPECIAL CIRCUITS FOR 
HOME HI-FI. 

Audio Control is a great believer in solving 
real-world audio problems. So they added an 
18dB/octave Tchebychev subsonic filter 
circuit and a Rumble Reduction circuit to the 
C-25. 

Subsonic filter is down 1 dB at 25 Hz, down 
3dB at 20 Hz and down 21 dB at 10 Hz. If you 
bought or built vented or transmission line 
speakers, you know how important a circuit 
like this is, especially if you like a healthy 
40Hz boost in your program material the 
way we do. 

The Rumble Reduction circuit mono's bass 
below 200Hz to combat rumble, mechanical 

THE $549 0101 FOR $2991 

We also grabbed up a few packaged C-101 
Octave Equalizers with 101 -LED Realtime 
Spectrum Analyzer, measurement micro¬ 
phone pink noise generator. All units are 
100% guaranteed, electronically and 
cosmetically. They're not repairs, but demo 
units returned by dealers. Some man¬ 
ufacturer's would just sell them back as 
new, but Audio Control made a deal with 
Accessoterica to clear them out at cost. You 
couldn't do better if you bought a brand 
new C-101 at retail. Same features and 
specs as the C-25 with 10-band Spectrum 
Analyzer with 2 & 4dB range, slow and fast 
decay, SPL mode and microphone on 20-ft 
cord with ± . 1 5dB 20-20K specs A steal, 
while they last at S299. Full 2-year war¬ 
ranty from the factory. 

VERY LIMITED SUPPLY. 

Order your C-25 right now since we have a 
very finite supply. Order it toll-free with a 
bankcard and get it within seven days. Mail 
us a money order for two-week service or a 
personal check (which we have to let clear) 
for three to four week delivery. WE PAY 
FREIGHT via U.P.S. on all ordersl Whether 
you need a pink noise generator, a great 
octave EQ or just a sharp subsonic filter, 
$ 129 is a superb deal on a great unit. 

feedback, warped records and resonances 
Vertical groove components are effectively 
cancelled without losing stereo spearation. I 
you don't agree with this approach, the 
circuit comes out with the touch of a button 

PAIRED SUDERS FOR EASY ADJUSTS 

Audio Control is the only company that put 
left and right channels next to each other 
Doesn't seem like much until you start adjust 
ing an equalizer frequently. As you probably 
know, a difference of as little as 3dB in the 
midrange bands can smear sound imaging. (/ 
lot of bias against equalizers stems from thi; 
adjustment problem which is solved simply 
by putting left and right controls near eact 
other so you don't have to build two curves.) 

THE RIGHT STUFF. 

Of course, the C-25 has an extra tape 
monitor loop, a program switch for compari¬ 
son (especially useful in conjuction with the 
pink noise generator and your trusty ear for 
quick speakers EQ's), and an EQ-tape circuit 
which lets you equalize tapes without 
repatching C-25. It's packaged in a standard 
19" rackmount chassis with RCA-type inputs 
and outputs on the back-including two for 
the pink noise generator. We even talked a 
pile of C-22 manuals out of Audio Control, 
although you 're on your own concerning the 
pink noise generator. But then you wouldn't 
be reading this page if we didn't think you'll 
know what to do with pink noise. 

1-800-328-5727 EXT 175 
TOLL-FREE ON ALL BANKCARD ORDERS 

12902 99 CumM, KM 98204 (206) 625-9041 aside* 1-800-328-5757 nd. 175 




