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Introducing
Pioneer LaserDisc.

The biggest innovation

in television

since television.



+41411,

Imagine you could sit down
in front of your TV set and see
virtually any movie or concert
you wanted to see when you
wanted to see it.

Imagine you could actually
see and hear concerts on your
TV in stereo. The best stereo
you'w ever heard. Or cut to
your favorite scene in a movie
a: will. Or study sports in
slow motion, even one frame
a: a time. Imagine a machine
that could teach your
caildren at their own rate.

You now have just an
idea of Pioneer LaserDisc.
A remarkable innovation
that puts both picture and
sound on a record. And
plays them both by means
of a laser beam onto your
TV and through your hi-fi.

(The player hooks up to your TV
with just one wire. And when it's
not in use, your TV plays the
way it normally plays.)

The laser picture quality is
exceptional. As good as the best
broadcast reception you've ever
seen. And laser sound is better
than the best conventional audio
recordings you've ever heard.
And since nothing touches the
disc but a laser beam, the disc
never wears out. The quality

is forever.49~
all it does,,® !á surprisingly, the® suggested retailá---

price of the player
is only $749 # (just
$50 more with¡¡¡ remote control).
And you can own
a disc of a great
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movie or concert forever for
the cost of taking your family
to the movies.

There are a few hundred
different discs to choose from
right now. And more and more
are coming out every day.
Someday, virtually anything
that entertains anyone will be
on the disc.

Nothing we say here will
fully prepare you for the magic
of Pioneer LaserDisc. You sim-
ply have to see it.

For a personal demonstration
from the dealer nearest you
call us at 800-621-5199 toll free.
(In Illinois 800-972-5855.)

I Neeinfrip`MriV1
CD PIONEER

Enter No. 20 on Reader Service Card

'Suggested retail price, actual price set by dealer.
rc> 1980 U.S. Pioneer Electronics Corp.



The Right Touch
Is a Discwasher
SC -2 Stylus
Care System.

The SC -2 is a three -
function system which safely
removes microscopic stylus
contaminations that cause
record abrasion.

SC -2 Fluid enhances and
speeds cleaning and yet pro-
tects diamond adhesives,
cartridge mounting polymers
and fine -metal cantilevers
against the corrosive effects
of many other "cleaners".

The Discwasher SC -2
System. Stylus care with
which your cartridge and
records can live.

discwasher
PRODUCTS TO CARE FOR YOUR MUSIC
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LUX AMPLIFIERS ARE WHAT MAKES

LUX CASSETTE DECKS BETTER.

Lux decks start with ha a centu plifier expe
because while the record and playback heads are the senses of
a deck, the recording amplifier is the heart.

Only DC amplification provides low inherent distortion, wide
dynamic bandwidth and the headroom to take advantage of
metal tape. Then Lux adds the features essential for total
performance.

Look at Lux's K-8 and K-15. Wherever possible, mechanical
operations are replaced by electronics. Both decks have full IC
logic controlled solenoid operation so any function, in any order,
is a finger -stroke away.

Meters have been replaced by instant -response fluorescent
peak level indicators with a special, 3dB added scale for metal
tape. The electronic digital tape counter is precise, easy to read,
and shows tape motion as well.

Bias and equalization settings are provided for all tapes, and
variable bias control lets you add the final adjustment for your
ears only. Other features include automatic play/rewind/repeat
functions complete with memory. And Dolby* NR, of course.

eBoth units are exquisite examples of mechanical, electronic
rid human engineering in sleek, contemporary rosewood
abinets.
ophistication ... and then some
Lux's K-15 goes even further, with DC playback amplification
well for even lower distortion. And, Dolby'HX, a new circuit

offering at least 10dB additional headroom in the record mode.
Dolby HX works with the Dolby NR circuitry, monitoring the

signal beiic recorded. The HX system is automatic, continuous
variation of bias and equalization in response to signal content,
particularly at the high frequencies.

Tape saturation is reduced, and while Dolby NR gives you less
noise, Do by HX gives you more signal. The improvement is
significan. and very noticeable when played back on any
machine will Dolby NR. Dolby HX works with any tape ... and
makes it better.

Lux K -I: 2 -heads; DC servo motor drive. Frequency response
20-20,000 Hz, metal tape. S/N ratio 65dB, metal tape, Dolby on.
Wow & Flitter 0.055% WRMS.

Lux K-'5 3 -heads; 2 DC servo motors; dual -capstan closed
loop system. Frequency response 30-20,000 Hz (±3dB), metal
tape; S/N ratio 69dB, metal tape, Dolby on. Wow & Flutter
0.04% WRMS.

Other exceptional decks in the Lux line range in price from
$299 to $1935 and include the 5K50 professional deck with 3
heads, 3 motors and dual DC amplification; K-12, 2 -head, 2 -
motor deck with dual DC amps. K -5A with 2 heads and Lux
bridge mctcr drive; K-1, 2 -head, servo motor drive. All are met
compatible and have Dolby NR.

The Luz cassette deck ... better because it's built with the Lux
Amplifier.

'Dolby is a registered trademark of Dolby Laboratories.

Ultimate Fidelity Stereo Components

LUX Audio of America, Ltd.
Reflecting Tomorrow's Technology in Today's System

160 Dupont Street, Plainview. NY 11803 (516) 349-7070  West Coast Office: 11200 Chandler Blvd.. North Hollywood.
CA 91603 1213) 980-7641  Canada: Lux Audio of Canada. Ltd . Scarborough. Ontario fM11B 2T9



WE DON'T FIGHT
YOUR SYSTEM.

WE JOIN IT.

Steremote brings total
entertainment into every
room of your home.

Until now you could listen to
music in only one or two rooms at a
time. Now you can enjoy music
throughout the house. Steremote in-
tegrates all your existing components
(including your speakers), giving you
remote control over them from any-
where in your home. It's control at a
touch. From any room. The kind of
control you've never had before. All
through the portable Steremote con-
trol unit that plugs into any AC outlet.
If your system is good
enough for you, it's perfect
for Steremote.

Your system may consist of just a
receiver and turntable. Or it may in-
clude a cassette recorder, open reel,
TV and video deck. By joining them
with Steremote you'll be entertained
in more ways than you've ever thought
possible. One touch lets you play
records, tapes, even change FM sta-
tions. You can also take in a video

performance. With Steremote control,
you can switch rooms and change
music. Keep different tunes for differ-
ent rooms. Or fill the house with one
beautiful performance. The Steremote
choice is limitless.

modules make
a Steremote?

You decide. Steremote offers you
a selection of modules (six shown),
each with a specific remote control
capability. By combining them you can
control every component in your

system. You can record, play back,
walk around, lay back. Change rooms
and moods at will. For more flexibility
just add a module and you can expand
your musical environment to as many
as nine rooms. Basically, it will be your
system. Plus Steremote. Plus a lot
of fun.

How to join.
Call any of the better high fidelity
stores in your area. They'll
help you select the Ste remote
modules best suited to your
needs and show you how to in-

stall them in minutes. Call now.
Don't fight it. Join it.

YOUR SYSTEM PLUS

STEREMOTE

Audio
Eugene

Editor
Pitts III

Assistant Editor
Kay Blumenthal

Editorial Assistant
Deirdre Frank
Art Director

Cathy Cacchione
Production Manager
Carolynn F. Sumner

Associate Editors:
Edward Tatnall Canby, Bert Whyte

Senior Editors:
Richard C. Heyser, B. V. Pisha

Howard A. Roberson
Features Editor:

Gary Stock

Contributing Editors/Artist:
Tom Bingham, Herman Burstein,

Ted Costa, John Diliberto,
Leonard Feldman, Joseph Giovanelli,

Edward M. Long, C. G. McProud,
Jon Sank, Donald Spoto,

Michael Tearson, George W. Tillett,
Ion Tiven

Publisher
Jay L. Butler

AUDIO (1SSN0004-752K) is published monthly by
CBS Publications, The Consumer Publishing Division
of CBS Inc., 1515 Broadway, New York, N.Y. 10036.
Robert I. Krefting, President
George H. Allen, Senior Vice President/Magazines
Francis P. Pandolfi, Vice President and Group Publisher
Michael
Leon Rosenfield, Circulation Marketing Director
William Ganz, Advertising Marketing Director
john I. Miller, Business Manager
Marlene tensen, Group Business Manager
Karen L. Rosen, Production Director

ADVERTISING SALES
Audio, 1515 Broadway, New York, N.Y. 10036
lay L. Butler, Publisher
Telephone (212) 975-7247
Stephen W. Witthoft, Eastern Adv. Mgr.
Telephone (212) 975-7654

West Coast Sales Office.
Audio, 3807 Wilshire Blvd., Suite 1201
Los Angeles, Calif. 90010.
lay Martin, Western Adv. Mgr.
Telephone (213) 487-5880.

Midwest Sales Office:
Audio, 303 E. Ohio St., Suite 2001
Chicago, III. 60611
Peter C. Cosyns, Midwestern Adv. Mgr.
Telephone (312) 280-0309

Classified Advertising:
Audio, 1515 Broadway, New York, N.Y. 10036
Catherine M. Paduano, Classified Adv. Mgr.
Telephone (212) 975-7530

England: The Paul Singer -Lawrence Media Group,
54 Burton Court, London SW 3 SY4, England.
Telephone, 01-730-3592

M981, CBS Publications, The Consumer Publishing
Division of CBS Inc. All rights reserved.

Dewey Decimal Number 621.381 or 778.5
Editorial Contributions are welcomed but should be
accompanied by return postage. Submissions will be
handled with reasonable care, but the publisher as-
sumes no responsibility for safety or return of manu-
scripts, photographs, or artwork.
Printed in U.S.A. at Columbus, Ohio. Controlled cir-
culation postage paid at Columbus, Ohio and New
York, N. Y.

U.S. Subscription Rates: 1 year $13.94, 2 years $22.94,
3 years $29.94.
Other Countries: Add $6.00 per year.
Back issues, when available, $5.00 postpaid.

Audio Publishing, Editorial and Advertising Produc-
tion offices, 1515 Broadway, New York, N.Y. 10036.
Audio Subscription Offices, P.O. Box 8167, 1 Fawcett
Place, Greenwich, Conn. 06830

Postmaster. Send Form 3579 to above address.

Steremote Inc.. 1845 Utica Avenue, Brooklyn. N.Y 11234

212-241-3500
Enter No. 28 on Reader Service Card

4 AUDIO  FEBRUARY 1981



The continuing story
of TDK sound achievement.

You are looking at the moment
of truth. If every other part in a
TDK cassette has played íts role
perfectly, the tape will move be-
tween the pressure pad and the
recording head with remarkable
precision. There will be no fluc-
tuation. High frequencies won't
be lost. Hiss and
distortion won't
enter in. Music will
be reproduced
unfailingly.

Part Seven, the
TDK dual spring
pressure pad, is an
innovation. Its double "Y" struc-
ture distributes pressure evenly
on the total pad surface, allowing
full tape -to -head contact. Total
sound. In designing it, TDK engi-
neers used a metal alloy of nickel,
copper, and zinc which has a per-
fect balance of resiliency and
strength. Then they searched for
the perfect pad. They found
urethane has a tendency to stick,
slip and tilt in the direction of tape
travel. Tape loses contact at the
dead center of the head core.
Sound is lost. Felt also has its
problems. It often causes rough

TDK dual spring pressure pad
and tape in cassette.

output in the high frequencies.
The TDK pad is made from a spe-
cial mix of organic fiber, cut to
exact dimensions. Tape contact is
always at an optimum, prevent-
ing high frequency dropouts and
excess friction.

Having gone to such lengths for
perfection, our engineers
avoided one last slip up.
The anchor. The TDK dual
spring pressure
pad is precisely
positioned in an in-
terlocking pin sys-
tem. It can spring

back and forth but never
move laterally. The last
threat to sound at that point
was stray magnetism. TDK
stopped that by placing an
extra -thick metal shield
behind the pad assembly.
Now nothing can stand in
the way of perfectly re-
corded music. You can see
Part Seven and the other
TDK parts perform through
the shell of the classic TDK
MA -R cassette. It set new
standards in reliability and
metal sound.

Enter No. 29 on Reader Service Card

TDK continues to set the stan-
dards with every cassette.
In high, normal, and metal bias.
In every type of machine. And
it's all based on a simple philos-
ophy. Perfection is the outcome
of many elements interacting
perfectly. TDK achieves a higher
standard of musical perfor-
mance for one unvarying rea-
son. Music is the sum of its parts.

TDK.
The Amazing Music Machine.

© 1980 TDK Electronics Corp., Garden City, N.Y. 11530



The Sansui
Super Feedforward System:

The End of Distortion
Disputes.

Fa:- years, arguments over the causes,
and even the significance, of distortion
hare been raging among engineers and
audiophiles the world over: Is the low
distortion class -A amp the only practical
alternative to the class -B amp even though
it is costly and woefully inefficient? Are
the new crop of "non -switching" quasi -
class -A amps the answer to the class
straggle between A and B? Is TIM a legiti-
mate, audible threat to musical accuracy
and is this distortion as harmful as har-

monic distortion? Do high-speed devices
really take care of switching distortion?
And on and on.

At Sansui, with one bold engineering
move, we've simply made all of these argu-
ments academic. We've virtually eliminated
all distortions. Not just TIM or switching
distortion (the goals of many so-called
"breakthrough" designs from other ccm-
panies.) The method we have used is the
Sansui Super Feedforward System. And
the results are truly uncanny.



Sansui's revolutionary Super Feedforward
System virtually eliminates all types of
distortion.
The Sansui Super Feedforward System has eradi-
cated all types of distortion. Gone are harmonic,
intermodulation, crossover, switching, TIM (Tran-
sient Intermodulation) and envelope distortions.
With them are gone other, unknown and not yet
quantifiable types of distortion (TIM at one time
was considered to be of this type). Switching and
crossover distortion generated by the in -out
switching operation of the power transistors is
suppressed the moment it is generated. TIM distor-
tion is not produced since the Super Feedforward
System responds faithfully to the never -repeating,
rapidly changing waveforms of real music. And
the Super Feedforward System totally eliminates
distortion at all frequencies, not just selected
frequencies as a negative feedback circuit does.
It suffers no instability or oscillation. But most
importantly, it eliminates all distortion of both a
static and transient nature.

Super Feedforward System:
How does it work?
The feedforward circuit theory is not new. In fact
it predates the negative feedback circuit that is
found in nearly all audio amplifiers on the market
today including direct -coupled and "non -switching"
types. But feedforward had never been practically
applied to an audio amplifier until now.

Fig. 1 Sansui Super Feedforward System

Sansui's Super Feedforward System is actually a
hybrid of both negative feedback and feedforward,
as conceptualized in Fig. 1. Distortion, generated
by power amp stage A2, is returned to the input
through the NFB loop (b) and added, out of phase,
to amp stage AI. The out -of -phase distortion is

amplified by Al and added to A2. This effectively
cancels most distortion. This is where the feed -
forward circuit comes into play. Like the NFB
circuit, the feedforward circuit also uses out -of -phase
distortion as an error -correction signal, but it
bypasses power amp stage A2 and sends the dis-
tortion component to error correction amp A3 from
which it is routed to the output of A2 to cancel any
distortion that may have been generated in A2 and
any distortion overlooked by the NFB loop.

IMPROVEMENT IN DISTORTIONThe concept is simple
but effectiveness is 100%,
as Fig. 2 shows. In fact,
the Super Feedforward
System is so effective
that it even eliminates
artificially -injected
distortion completely

MOO e.,.
Fig. 2 (Photo 2).

Photo I Output/Distortion Waveforms Photo 2

Even artificially -injected distortion (center trace in
Photo 1) is eliminated; no distortion appears at
output (Photo 2).

The AU -D11 and AU-D9-the most perfect
amps around
When presented at the Audio Engineering Society
Conventions in Los Angeles and London, the
logic of Sansui's Super Feedforward System was
quickly perceived by the engineers in attendance.

And now the theory has become reality. In the
AU -D 11 and AU -D9, Sansui has added the Super
Feedforward System to Sansui's highly acclaimed
DD/DC design to create amplifiers that are virtu-
ally free of any kinds of distortion. Stated simply,
whether you're a firm believer in the advantages
of "non -switching" over "high-speed" amp tech-
nology, or vice -versa, you get all the advantages
of both, with Sansui's new Super Feedforward
System. You just can't go wrong.

Sansui continues to be the industry pacesetter
in advanced technology. The name to remember is
Sansui and the amps to hear are the AU -D11 and
the AU -D9.

Sansui_
SANSUI ELECTRIC CO., LTD. 14-1 Izumi 2-chome, Suginami-ku, Tokyo 168, Japan.

Enter No. 22 on Reader Service Card
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etc.Edward Tatnall Canby

Late last fall I was down for two and
a half bytes, going on three, with a
most unpleasant disease called digi-
talis. Really stopped me cold. It is an
infection of the bronchi, formerly
known as bronchitis, but that was long
ago. I knew I had it because it came
over me within minutes of the close of
Session E of the New York AES Con-
vention, the one entitled Microproces-
sor Applications in Audio. My head at
that point was al-
ready swimming and
my tubes a'grumble,
but I stopped out-
side to talk to Edgar
Villchur (he de-
signed the original
line of AR speakers),
who was comforta-
bly ensconced on a
couch. He opined
that computers
didn't much like
him. And I could
definitely sympa-
thize.

Does anybody un-
der 25 realize what it
is like to be an im-
portant, even a dis-
tinguished senior
audio engineer,
trained in the old or
pre -computer age
and faced with this
incredible new
world - not merely
the new physical
technology of audio
but, far more impor-
tant, the new ways
of thinking? Here is one of the biggest,
fastest, most total revolutions in sci-
ence since the beginning, as startling
as the electrical revolution itself in its
early phases -a "fluid" that defied all
known physical laws - or even the
flat earth grown round as a ball, an in-
conceivable idea, an unbelievable
thought a few centuries further back.
It's not "space age technology" that
matters now. It is space age thinking,
a wholly new language and never
newer than in audio. If you are not
easily fluent in these modes, your
space age equipment might as well
not exist, chips, bytes and all.

Compared to it, the changeover a
generation back from vacuum tubes to

transistors was a mere nothing, though
plenty of enthusiasts for build -it -your-
self tube equipment gave up on the
spot, as I well know. My neighbor can
make any old tube radio or amp work
in minutes, but he will not even look
at a transistor. Nevertheless, the im-
portant engineers of the vacuum tube
era, though they may have had to do a
bit of heavy homework, mostly found
the basic thinking of the transistor cir-

cuit and the circuit board not enor-
mously different from the old. The
transistor was a sensation but it still
did more or less the same things, in-
cluding its basic role as a controllable
electrical valve, as per the standard
British term. The technology was radi-
cally new but not really the basic
thinking. The engineer could pick up a
lot of new terms, PNP, NPN and the
like (and recognize relationships to
the old), then relatively soon acquire
the practical know-how to design and
build important audio equipment, in
spite of the startling disappearance of
the entire body of vacuum tube tech-
nology that had been exclusive in all
forms of audio for some half century.

Now, one must learn to think anew,
and to speak and to write. There is a
new logic. AND/OR. NAND/NOR.
There are dozens of new terms which
represent new concepts, totally new to
audio. Especially, there are the new
miracles of "feedback" control (quotes
are mine - the term is old-fashioned)
and the incredibly ingenious redun-
dancies of that increasingly major pro-
cedure, digital error correcting. It

seems to be basic to
practically every-
thing in audio that
records (stores),
plays back (reads) or
transmits, whether
by electrons - and
holes - laser pits,
magnetic domains
or maybe plain old-
fashioned inco-
herent light.

It is characteristic
of such revolutions
in thinking that
youth instantly
springs up and is

fluent, whereas mid-
dle age struggles
manfully and the
elderly flounder. Or
simply ignore. This
last is a well-earned
privilege for those
who have spent life-
times of work in our
field.

But what of those
who are in the
midst, who have
reached high places

and were never more active? A brand-
new language of engineering at age 40
or 50? One in a hundred takes to it like
the proverbial fish - it can happen.
The oldest full-time computer man I

know, in charge of all operations for a
major soap company, is, I figure, 54.
He used to formulate soap. A chemist.
The rest of us must struggle. It's like
the immigrant older generation, which
always speaks a new language with an
accent.

There is one way to cope, of course,
and that is to surround oneself with
young assistants who are naturally
fluent in the new language, comple-
menting virtues of long-time practical-
ity found in the senior engineer. The

8 Illustration: Leo Pando AUDIO  FEBRUARY 1981



The moving coil replacement
from Stanton Magnetics...
the revolutionary 98OLZS!

Now from the company to whom the professionals
look for setting standards in audio equipment comes
a spectacular new cartridge concept. A low imped-
ance pickup that offers all the advantages of a mov-
ing magnet cartridge without the disadvantages of
the moving coil pickup. At the same time it offers
exceedingly fast rise time - less than 10 micro sec-
onds-resulting in dramatic new crispness in sound
reproduction-a new "openness" surpassing that of
even the best of moving coil designs. The 980LZS
incorporates very low dynamic tip mass (0.2 mg.)
with extremely high compliance for superb tracking.
It tracks the most demanding of the new so called
"test" digitally mastered and direct cut recordings
with ease and smoothness at 1 gram .

The 98OLZS features the famous StereohedronTM
stylus and a lightweight samarium cobalt super
magnet. The output can be connected either into the
moving coil input of a modern receiver's preamps or
can be used with a prepreamp, whose output is fed
into the conventional phono input.

For "moving coil" audiophiles the 98OLZS offers a
new standard of consistency and reliability while
maintaining all the sound characteristics even the
most critical moving coil advocates demand. For
moving magnet advocates the 98OLZS provides one
more level of sound experience while maintaining all

the great sound characteristics of cleanliness and
frequency response long associated with fine mov-
ing magnet assemblies.

From Stanton ...The Choice of The Professionals.
For further information write to: Stanton Magnetics,

Terminal Drive, Plainview, N.Y. 11803.

HORIZONTAL SCALE 10 MICRO SECONDS PER DIVISION

«1.444......

Actual unretouched oscilloscope photograph showing
rise time of 98OLZS using CBS STR112 record.

STNTOfl
THE CHOICE OF THE PROFESSIONALS

Enter No. 19 on Reader Service Card



Digitally mastered and audio-
phile recordings have added
an exciting new dimension to
the state of the audio art.
Sonus cartridges are excep-
tionally well -suited to realize
the full sonic potential of
these new recording tech-
niques.

This is especially true of the
new Sonus Dimension 5. Its
unique phase -coherent, inte-
grated, stylus construction
enhances still further the
exceptional purity and integ-
rity of reproduction found
throughout the Sonus range
of high compliance cartridges.

We believe upgrading your
system by replacing your
present cartridge with a
Sonus will provide the great-
est improvement in sound
quality per dollar.

The finer your records the
greater the difference a Sonus
will make.

BONUS_
Sonic Research, Inc., 27 Sugar Hollow Rd
Danbury, CT 06810 (203) 792-8822

older man himself is unlikely to think
as fast and as easily as his juniors, but
if he is good, he can kibitz with them
and get from them what is needed:
Splendid things are coming out of this
kind of teamwork right now, from
those older engineers who are able to
take advantage of opportunity in cor-
porate and in human terms. A very
workable "field" in the middle of the
generation gap.

Anyhow ... I was drawn to AES Ses-
sion E by the very first item on the
agenda, which struck me as astonish-
ing. It was an account of a "recorder"
or, rather, a simulation of a recorder,
which was no recorder at all but sim-
ply a computer. "A microprocessor -
based formatter and controller has
been used to make this computer pe-
ripheral look like an audio tape recor-
der."

Now we all remember the Link
Trainer for aircraft, around WW II, one
of the first complete simulations of a
plane in actual flight, and we have
perhaps had painful experiences, as
kids, with driver education simulators,
a later refinement. There are now vast
quantities of "models" set up for prod-
ucts that do not yet exist. In our own
field, simulation is one of the more
prominent techniques taken over by
the computer and its methodology. It
has enormous importance in
loudspeaker design, again before the
fact, before there is a speaker in hand,
mainly because loudspeaker motion is
so incredibly complex as to be unpre-
dictable except by the hunch of gen-
ius. Elsewhere the same - everything
gets simulated before it is built. That's
what we mean now by engineering
design.

But here we had something more.
First, just a matter of detail. This simu-
lating computer didn't actually look
like any tape recorder. But it did what
tape recorders do these days. Digital
ones, of course. "The microprocessor
effectively serves as a special-purpose
[computer] operating system to inter-
face user functions." Does it! The
thing will go fast forward and rewind,
it has play and record, just like the real
recorders, though nothing of the sort
actually occurs. Just a "model" simula-
tion. Moreover, it accomplishes one of
the toughest things in digital recording
- it has built-in error correction. But
the most unexpected feature, for me,
was that this exalted simulation also
has built-in digital editing.

Well, natch, if it's that kind of a
computer it can insert and retrieve and
open up spaces between, and so on.
Routine. But if you have been follow-
ing the progress of "real" digital edit-
ing on actual digital audio tapes, to
the tune of many thousands of extra -

bucks (some small record companies
just don't edit their digital), then you
might have been unprepared, as I was,
for this casual parameter. Built-in edit-
ing! Amazing, really.

But there was another shock and a
titillation in store for me that really did
it. Suddenly, halfway through the
presentation, it dawned on me that
this "simulation" was no mere model
- it was an actual RECORDER. It flies,
just like the real ones.

I got so involved at that point, I now
can't read my own notes, but as I re-
member, the thing is a disc -type ma-
chine - NOT our audio discs but
those utterly different ones with con-
centric circles of information and no
spirals at all, magnetic heads to match,
and "cylinders" - another new use of
an old word - which, I gather, are the
vertically stacked arrays of these cir-
cles, one above the other and coordi-
nated. Beyond this, I dare not go but
anyone can see that this is no audio
disc recording system, digital or other.
Not only does the machine simulate
all the required functions of a tape re-
corder but it can "store" two LP sides'
worth and more of super -high quality
audio signal, correctible, editable, at
any time, and playbackable - retriev-
able or readable, as you wish. So the
thing IS a recorder. Ampex, are you lis-
tening?

Then there was another one, E-7
(after which I left), a recording system
called Alpha Syntauri: Keyboard -based
digital Playing and Recording with a
Microcomputer Interface. It works
with Apple II (but, alas, not with the
new Apple Ill). This was not exactly a
recorder in the normal audio sense; it
was much nearer to what we used to
call a synthesizer. It produced a lot of
computer -like noises as the operator
played on the little keyboard, and
when she stopped, which was often -
did IT stop? Not a bit. It just went right
on producing its little music.

This really had me confused; this
wasn't record and playback, it was
both at once and sort of indistinguish-
able. Definitely a new experience,
though I did not think that Beethoven
would roll over in his grave very soon.
Tinkle, tinkle. But the extremely youthful
audience was fascinated, even so.

I would guess that the average age
of that audience was around 24, and
that includes my own age, which
tipped the scales noticeably upward,
but let that pass. The lecturers were,
by and large, maybe five years older, if
that. I did detect a few senior and mid-
dle aged citizens, two of whom were
sound asleep, also exactly two impor-
tant audio faces of the older genera-
tion whose names I knew. I do not
really believe that the rest of the hun-
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The new Celestion ULTRA Tweeter,' vibrating at 
3kHz in perfect piston motion. Frozen in time by Celestion 's 

unique laser interferometer. 
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Perfection. 
The sight, and more important, the sound of it. 
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dreds of AES engineers from age 40 up
know all this stuff by heart. I was
surprised that more weren't on hand.
As they say, this is where the action is.

I skipped some of the other lectures
- absolutely beyond my capabilities.
But it was all of a sort. Microcomputer
control of a wide array of audio func-
tions, in the same style of approach. A
Microcomputer Program for Transfer -
Function Analysis: Magnitude, Phase,
Angle and Group Delay. Simple: this
BASIC program models audio filters or
system functions - designs them, as I

would put it. It also uses Apple II.
Then there was Computer Remote
Control of Audio -Processing Equip-
ment. This uses the IEEE -488 Standard
Interface, so we can make any old
thing run remotely. Really basic, all
right. There was another computer in-
terface, EUBUS, for a cassette system
- will they leave nothing alone?

I have to conclude with a side excur-
sion on a favorite topic, showmanship.
As an old-time show person myself,
thousands of broadcasts, edited tapes,
hundreds of live choral concerts (with
spoken comment by ETC) and a few
multimedia orgies, I always note the
presentation technique - for every
lecture is a show, if you mean maxi-
mum communication at the moment.

Richard Factor, the young fellow
who chaired Session E, was excellent,
easygoing, informal and informative,
and his mike technique was impecca-
ble - how I wish all audio people
knew that little skill! They walk away
and they mumble. Or they drop their
lavaliers on the table, as one did this
time. WHAM! Ouch! That remarkable
Alpha -S mock -recorder that really re-
cords was presented by a very serious
German (a substitute?) who proceed-
ed to block his projected da:a for the
entire time, so we had a splendid view
of the left half of dozens of graphs and
pictures. (When he turned to the
screen, the shadow went away.) Silly
mistake. There was a ten-minute break
before the Alpha-Syntauri team went
into action (see above) and emcee
Factor explained that there was a li'l
trouble with the machinery. After that,
we reassembled to find the jolliest to-
tal chaos you've ever seen and heard.
TV monitors all over the room, show-
ing fancy colored bars - but no
sound. Then a variety of squawks and
grunts and blasts, and the TV suddenly
went dead as the sound came on. TV
back again but instead of bars it began
to grow monstrous mushrooms, bush-
els of them. More mushrooms - then
suddenly, bars again but with ghosts

to the right. Much banter back and
forth among the operators, front and
rear - the action seemed to be at
both ends of the room. TV off, sound
on. TV on, sound out. Suddenly,
CLEAR TV and the audience almost
shouted. It was fun! After 25 minutes
we got underway, and nobody minded
a bit.

You lecturers, (a) get things RIGHT
beforehand and (b) when the gremlins
strike, don't panic! Just be affable. It's
not easy, but it helps. I tip my ancient
hat to Richard Factor and his team.

Main lecturer for this Alpha Syntauri
was Ellen V.B. Lapham, age not stated.
Ellen was excellent. She got over a
maximum of info in spite of all the
electronic casualties en route and I felt
rewarded. But when she brought on
her friend Laurie Spiegel to help with
some of the musico-computer aspects,
I groaned. Laurie is a respected figure
in this new music and she was to be
the final lecturer. She was nice, friend-
ly, but all buts, ifs, ers, and no mike
technique. I couldn't get a word she
said or make any sense, as I had with
Ellen. So, regretfully, I skipped Laurie's
lecture on Macro Music from Micros,
which looked to be quite important,
and went home to nurse my blossom-
ing digitalis. LEI

Perfect your reality.
It's pretty annoying to listen to music under
imperfect conditions. Speaker colorations, in-
ferior program source quality, and poor room
acoustics can distort the sound and obscure
your favorite parts. If you demand perfection,
you need MXR's Stereo Fifteen Band
graphic equalizer.
With two channels, each having fifteen fre-
quency bands spaced 2/3 octave apart,
MXR's Stereo Fifteen Band graphic equalizer
provides precision control over your
stereo system. The Stereo
Fifteen Band graphic

si 

equalizer enables you to modify tonal
qualities, roll off noise, and let important
passages in the music come through loud
and clear.
MXR Innovations, Inc., 740 Driving Park Ave.,
Rochester, N.Y., 14613, (716) 254-2910

MXR Consumer
Products Group
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When you listen
to this latest Telarc
release you hear music,
not just technology...
the performance, not
just engineering. The
ambience is real, not
"sweetened in the mix."
Picked up by just three
transformerless micro-

STRAVINSKY

THE RITE OF SPRING

LORIN MAAZEL
THE CLEVELAND ORC-ESTRA

phones critically positioned in
Severance Hall. Then fed directly to
the unique Soundstream digital
recorder.

After editing of the digital signal,
mastering was accomplished with
state-of-the-art electronics and cutting
equipment. And the final discs

TELARC
IIIII¡

p
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were produced with
uncommon care to
the highest industry
standards.

But our goal is
not to create a tech-
nical wonder, it is to
exactly replicate a
significant musical
experience. We meas-

ure our success not in dB's or %THD,
but against aesthetic values. In
how well we serve the genius of
Igor Stravinsky and the interpretive
skills of Lorin Maazel and the
Cleveland Orchestra.

We urge you to listen. Through
the recording to the music.

Enjoy the Growing Collection of TELARC Digital Recordings Today
ATLANTA SYMPHONY ORCHESTRA & CHORUS
Robert Shaw, Conductor

Stravinsky: Firebird
Borodin: Polovetsian Dances, Overture TEL 10039
Boito: Prologue to Mefistofele, John Cheek, Bass
Verdi: Te Deum TEL 10045

CINCINNATI SYMPHONY ORCHESTRA
Erich Kunzel, Conductor

Tchaikovsky: "11812" Overture, Capriccio Italien,
"Cossack Dance" TEL 10041

CLEVELAND ORCHESTRA
Lorin Maazel, Conductor

Tchaikovsky: Symphony No. 4 TEL 10047
Moussorgsky: Pictures at an Exhibition;
Night on Bald Mountain TEL 10042

Stravinsky: The Rite of Spring TEL 10054

CLEVELAND SYMPHONIC WINDS
Frederick Fennell, Conductor

Hoist, Handel, Bach band music TEL 5038
Sousa, Barber, Strauss: Marches TEL 10043
Arnaud, Vaughan Williams, Grainger
band music TEL 10050

MALCOLM FRAGER
Bosendorfer Imperial Concert Grand Piano

Chopin: Ab Major Polonaise, Andante Spianato,
Grand Polonaise 'Ludovic" Variations,
Mazurkas, etc. 'TEL 10040

MEL LEWIS & THE JAZZ ORCHESTRA
Naturally: compos tionsand arrangements by

Thad Jones TEL

LORIN MAAZEL, Violin
ISRAELA MARGALIT, Piano
Cleveland Orchestra String Quartet

Chausson: Concerto for Piano, Violin & String
Quartet, Op21 TEL 10048

Available at most Audio-Technica dealers and wherever audiophile recordings are sold.
Or write today for our current StandarDisc catalog of digital, direct -to -disc, and advanced analog recordings.

AUDIO-TECHNICA U.S., INC., 1221 Commerce Drive, Stow, Ohio 44224.

MICHAEL MURRAY
The Great Organ at Methuen

J. S. Bach: Fantasia & Fugue in G Minor, Toccata
in F Major, Passacaglia & Fugue in C Minor,
Vater unser in Himmelreich Alle Menschen
mussen sterben TEL 10049

PHILADELPHIA ORCHESTRA
Eugene Ormandy, Conductor
Michael Murray, Organ

Saint-Saéns: Symphony No. 3 "Organ" TEL 10051

ST. LOUIS SYMPHONY ORCHESTRA
Leonard Slatkin, Conductor

Bizet: Carmen Suite
Grieg: Peer Gynt Suite TEL 10048
Ravel: Bolero, Pavanne pour une Infante defunte,

Daphnis et Chloe, Suite 2 TEL 10052
Dvorak: Symphony No. 9 (New World) TEL 10053

audiotechnicao



Le Cube.

The ALLISON: SIX' is our smallest loud-
speaker system. It is an 11 -inch cube in-
corporating the Allison® Room -Matched®
design principle.
While compact, the model Six is not a
"mini" system in any sense. Its low -
frequency output is fiat to below 50 Hz
with reasonable system efficiency. The
highest audible frequencies are repro-
duced smoothly and dispersed uniformly
by the same convex -diaphragm tweeter
used in the most expensive Allison
models. Allison Sixes are accurate, full -
range loudspeaker systems, without
allowance for size or price.
Revue du Son, in a feature review, * said
"La 'petite' Allison Six est une grande
enceinte [loudspeaker]."
If the reviewer is correct in his judgment,
you can now buy a pair of great loud-
speaker systems for about $250. And you
won't have to move out any furniture to
make room for them.
Full -range performance is possible from
loudspeakers that can be used as bookends
on an open shelf. The Allison Six costs
from $125 to $131, depending on ship-
ping distance.
Descriptive literature, including
complete specifications, is available
on request.
For literature and information call
(800) 225-4791 [in MA (617) 237-2670]
or send coupon.
Revue du Son. N. 1', N,ember. 19741

ALLISON
ACOUSTICS
Seven Tech Circle/Natick, MA 01760,U.S.A.

Name

Address

City State Zip

Joseph Giovanelli

Channel Separation
Of Phono Cartridges

Q. Because 1 have been a profes-
sional musician for 25 years, I am sen-
sitive to acoustic properties. Hence, I
find it necessary to periodically up-
grade my music system.

Upgrading a system can be a series
of pleasurable experiences. The limit-
ing factor in this upgrading process,
however, seems to be the relatively
low channel separation in phonograph
cartridges. - George Edmond, Jr.,

Montclair, N.J.
A. I'do not think that you should be

overly concerned with stereo channel
separation in phonograph cartridges,
or in other components for that mat-
ter. It has been proven that most lis-
teners cannot detect any improvement
in stereo imaging with channel separa-
tions greater than 12 dB. Certainly 20
to 30 dB of channel separation should
not cause any degradation of stereo
imaging to even the most discerning
listener.

Inasmuch as you are a musician, I

am sure you have noticed that sounds
which are heard by one ear are, to
some extent, heard by the other one.
The musicians in a combo or band are
just too close to one another to have it
any other way.

You can see from this simple exam-
ple that channel separation in a live
situation is not great; even so, the ster-
eo effect is present, enhancing your
enjoyment while you are playing.

The rather close spacing between
our ears is yet another example of the
fact that channel separation is not as
important as one might think.

Further Notes on
Multiple Speaker Systems

Q. I have had trouble obtaining
multi -strand wire larger than 16 -gauge,
needed because I have 60 to 70 foot
cable runs. Is single -strand wire just as
good?

Is this a case where very high ampli-
fier damping could be a help?

Aside from damping, is there any
loss of speaker quality by connecting
speakers in series? - James Smith,
West Palm Beach, Fla.

A. Single -strand wire will work just
as well as the multi -strand wire will. It
is, however, more difficult to handle
- especially when attempting to con -

14

nect it directly to the amplifier or to
the loudspeaker terminals. It may be
necessary, therefore, to splice a short
length of multi -strand wire to this sin-
gle, main cable. Because this stranded
wire is only a short length, 16 -gauge
wire may be used with no degradation
in performance.

Many electrical stores will sell No. 14
gauge stranded wire in the form of zip
cord. It is often possible to connect
such wire directly to the terminals of
loudspeakers and amplifiers. If even
heavier gauge wire is required, No. 12
or even No. 16 gauge solid wire can be
used. As has been said, however, a
short length of cable must be added to
this so that the cable can be success-
fully connected to the terminals of the
equipment.

High amounts of amplifier damping
will be of little help in situations of the
kind we are discussing. The d.c. resist-
ance of the interconnecting cable, the
voice -coils of the individual speakers,
and of the crossover inductors will be
so high as to prevent the damping in
the power amplifier from having very
much effect.

The decreased damping created by
the hookup of loudspeakers in series
can, with some loudspeaker systems,
produce bass which is not "tight." In
addition, the speaker cones can make
very wide excursions in the presence
of turntable rumble or acoustic feed-
back. It may be best, therefore, to use
a subsonic filter when using series -
connected loudspeakers.

Other than those sonic changes
from reduced damping, there should
be no other audible effects because of
the series -parallel speaker connections
we have discussed.

Equalizers and Tone Controls
Q. When an equalizer is connected

to a receiver, do the tone controls on
the receiver still operate? - John
Kogler, New York, N.Y.

A. We generally interpose an equal-
izer between the tape out jacks and
the tape monitor jacks. Therefore, just
as the tone control still operates when

If you have a problem or question about audio,
write to Mr. Joseph Giovanelli at AUDIO Maga-
zine, 1515 Broadway, New York, N.Y. 10036. All
letters are answered. Please enclose a stamped,
self-addressed envelope.
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a tape machine is wired into these
jacks, it also works when an equalizer
is used. An amplifier does not have
any way of knowing whether its pro-
gram source is being supplied by an
equalizer, dynamic range expander, or
tape machine. Therefore, all controls
will operate normally regardless of
what is connected to their tape moni-
tor circuits.

Explain Your Principles,
Mr. Speaker

Q. I'm interested in an explanation
of how the different types of

loudspeakers function: Cone speakers,
panels, electrostatics and dome and
horn -types -Carl Joachim, Brooklyn,
N.Y.

A. Most speakers, whether dome,
panel or cone, work in the same way,
employing a voice -coil which is fed by
a program source and positioned in a
magnetic field. The coil is alternately
attracted or repelled by this magnetic
field depending on the instantaneous
polarity of the voltage of the program
source. The amplitude of that voltage
will determine the amount of attrac-
tion or repulsion. Because this voice -

The Polks "At their prise,
they are simply a steal!"

Audiogram

Incredible Sound/Affordable Price "Our advice is not to
buy speakers until you've heard the Polks." Musician Magazine

Reviewers and Critics Agree
Polk speakers will give you the highest
sound quality and the most listening
pleasure for your money. They will de-
liver amazingly life -like, boxless, three
dimensional sound with breathtaking
clarity and detail in your listening room
from your hifi system.

"Polk Speakers (are) so vastly
superior to the competition...a re-
markably well integrated and coherent
sound that adapts itself ideally to all
kinds of music...the kind of open, un-
colored, perfectly imaged sound we
thought began at twice the price...
Sound quite magnificent with a
good mid -powered popular brand
receiver...They make the popular
speakers in their price range seem
dim, colored, boxy and just plain in-
sufficient." Musician Magazine

Better sound in your home - Polk
Audio loudspeakers will give you more
listening pleasure and greater long term
satisfaction from your music, your rec-
ords and your hifi system. They offer the
best sound for the money available on
the market and are affordably priced
from less than $125 each to less than
$400 each. Simply use the free
reader service card to receive de-
tailed information, copies of the expert's
rave reviews and the location nearest
you for auditioning the incredible,
affordable Polks.
Polk Audio, Inc. 1205 S. Carey St.,
Balto., Md. 21230

polk
Monitor Series Loudspeakers

Incredible Sound/Affordable Price

coil is attached to some kind of dia-
phragm, dome -shaped, cone -shaped
or just a flat panel, the diaphragm
must move because it is driven by the
moving voice -coil. The moving dia-
phragm is in contact with the sur-
rounding air, causing it, in turn, to
move - thereby generating sound
waves.

When ceramic material is flexed, a
voltage appears across its two faces.
This principle serves as the basis for
the well-known ceramic phonograph
pickup and for ceramic microphones.
When a voltage is impressed across
the two faces of a ceramic element,
the element flexes. If this flexing ele-
ment is attached to a diaphragm, the
result is a speaker or perhaps a head-
phone. Speakers operating with this
principle have been used mainly as
tweeter elements, especially in equip-
ment used by musicians for live per-
formances. The flexing of ceramic ma-
terial in the presence of voltage is
known as the piezoelectric effect.

The principles upon which electro-
static speakers operate are based on
phenomena which we notice almost
daily but think little about. To illus-
trate: Run a comb through your hair
on a cold, dry day. The comb can take
on an electrical charge which will en-
able it to attract small pieces of paper
and the like. This same idea is the basis
of operation of electrostatic speakers.
The "comb" on an electrostatic speak-
er is actually a plate with holes in it.
High voltage is impressed on this
plate, which serves to attract a very
thin, light diaphragm. This high volt-
age, however, is designed so that it
will vary in accordance with the signal
feeding the device. This means that
the attraction of the diaphragm will
vary, enabling the diaphragm to be
pulled toward or away from the plate.

This is an oversimplification of the
principle. Actually, there are two
charged plates, with the diaphragm
suspended between them. The design
of the system is such that the plates
are alternately charged, but in such a
manner that one plate tends to repel
the diaphragm while the other one at-
tracts it. When the polarity of the volt-
age reverses, the plate which once at-
tracted the diaphragm now repels it,
and the plate which once repelled the
diaphragm now attracts it. This bal-
anced approach makes for symmetri-
cal behavior of the system.

The horn system consists of a driver
coupled into the narrow opening of a
horn. (This driver is generally a con-
ventional, cone -type loudspeaker.)
The horn serves as a means of cou-
pling the cone motion to the sur-
rounding air in a more efficient man-
ner. The horn does not contain any
electrical components.
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Test labs now use
an extraordinary new instrument to

evaluate record playback performance.
A warped record.

Magazine test reports are usua_ly

based on measurements made with
professio-.al equi-ornent and under
iceal labcratory conditions NJae of

which ma:ches tie real -life si:iat on

y 3U face at home
Virtual y all reccrds manufa_turec

today are warped. And even recuads
that are slightly warped can r lake
conventional tonearm and carr age
combinations (typically 18 grame
e'fective mass) distort badly aid even
leave the record grcove.

The tes: labs know this, of course.
which is why they tried some:Fing
different with DLal's 8 -gram - iltra

Low Mass toneaun and cartrdge
s,'stem. They added an inno iLce
test instrument to t_neir scopes and

meters.
A badly warped record.
The results of this new best are nct

reported as percentages, dec bds or
ether technical jargon, but in :l:ar
and unmistakable language:

"Navigating the worst warps we

could find, the Cual/Ortofon
combination proved very agi.e
indeed, with nary a mistrack. '

High Fidelity
.. tracked the most severe -.y

warped records in our collectic
Lsually so well that we hearc n .thing
wrong." Stereo Review

"Even a severe warp that would
rormally throw the pickup ink- the

Enter No. 19 on Reacer Service Card

air -".ill usual y give no more than a
sligrirt 'Iiiump' . . and rest warps
are trcetectable by ear"
Pop.i!ar Llectrant:s

"The Dual takes deac a m at the

fierd o= disc -eproduction-the
warped record-and response to

recorc warps practically rs eliminated
at he s:urce " .tereo

One est lab, after making the usual
measurements, chose t3 just listen to
mus_c es reprocuced b- :A.M.

"The -.-e is no way measurements, or
me -e words, can describe the acoustic
presence of t Ms record }layer... highs
are crystallirte, with a purity we
haven't heard before. The bass is so
clean that one can hear rew sounds
from recordss, such as the harmonic
vibratic n of unplayed 4 -rings on the
doable Sass... 3verall definition and
transie-t response were zutstanding."
HiFi'Ste-eo Boyes' Guid°

You too can hear the cifference
ULM makes. V sit your kcal Dual
dealer and be sure to bring your own

"test irstrurrert." Especially one that

seems _nplaiably warped.
UM
A major breakthrough in record

playbar< technology.
Write for cur brochure describing

all rune Dual ULM turntables. Prices
sta-t at ess than $190. -J:rited Audio,
120 So. Columt us Ave , Mt. Vernon,

Mr 10553.



Ie have
proven that very

narrow response peaks
are audible.

Janszen. He then begat-not necessar-
ily in correct sequence-the KLH
Model 9, the Acoustech units, and he
has recently gotten involved with
Dennesen. All this history aside, one
major problem with electrostatic
loudspeakers is that in order to get
reasonable efficiency, you have to op-
erate the speaker very close to the
breakdown field intensity that exists in
air. In the process, too, you become a
dust collector. When the air is not ter-
ribly clean, as in New York City, you
have to periodically send your speak-
ers out for professional cleaning.
Audio: What about if you place them
in an envelope of high -dielectric
strength gas, like Dayton -Wright in
Canada has done?

DvR's Latest:
The Analog Bass
Computer

Daniel von Recklinghausen's
most recent major technical project
was the KLH series of Computer
Controlled Loudspeakers, intro-
duced at the June, 1979 Consumer
Electronics Show. They are interest-
ing not only on purely technical
grounds, but also for the intriguing-
ly different assumptions used as the
basis of their design, and for their
significance to KLH in the tnarket-
ing context. Plagued by heightened
competitiveness from European
and Japanese loudspeaker makers,
KLH has suffered from anemic sales
throughout the '70s; the Computer
Controlled Speaker concept is their
long -researched effort to re-estab-
lish a strong position in the
loudspeaker field.

Detailed in a paper presented by
von Recklinghausen at the 65th Au-
dio Engineering Society Convention
(available as Preprint 1617 from the
Society), the Analog Bass Computer
concept is comprised of three basic
elements: A variable gain equalizer
with equalization slopes that are
also dynamically variable, a thresh-
old circuit to determine the levels
at which gain and slopes are al-
tered, and a transducer analog cir-
cuit that examines the power am-
plifier signal returning from the
loudspeaker for evidence of ther-
mal overload or mechanical fatigue.
The analog bass computer is in es-
sence, therefore, an equalizer that
changes its equalization curve con-
tinuously over a wide range of lev-
els to protect the loudspeaker from
damage that might result if a simple
bass -boost circuit were used. The
loudspeakers themselves - there
are three units in the series - are
vented designs developed in accor-
dance with the now -classic Thiele/
Small speaker alignments (see
"A.N. Thiele: Sage of Vented Speak-
ers" by Ray J. Newman, Audio,
Aug., 1975, p. 30). But while Richard
Small's elaboration of Thiele's

"speakers as filters" thesis discusses
system types where bass boost and
system roll -off are achieved with a
relatively simple electrical equaliz-
er, von Recklinghausen's version
uses a dynamic equalizer that
changes parameters as it goes along
- altering the amount of bass
boost by more than 30 dB, depend-
ing on signal level, and removing
the bass boost entirely during very
high-level passages. As shown in
the family of curves, which apply to
the smallest system in the series,
the speaker's -3 dB limit may be as
low as 40 Hz at moderate signal lev-
els or may be as high as 160 Hz at
peak levels.

10

30
20 100
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400

The big question, of course, is
whether a loudspeaker that uses
dynamic compression of the bass
signal to protect itself and to re-
duce low -frequency distortion is

going to sound realistic playing
back wide -range musical material.
KLH President Denis Wratten notes
that "I would rather listen to some
subtle alteration of the deep -bass
dynamics than hear the speaker
choke up completely on high-level
bass passages." Many speaker de-
signers agree that this is the way to
build a truly wideband small speak-
er, though the proof is naturally in
the listening; meanwhile, DvR is at
work on new projects. G.S.
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"Do Amplifiers Really Sound
Different?" With this article, Peter
Moncrief, physicist, audiophile
and editor of International Audio
Review, entered what he called
"the great amplifier debate." Mr.
Moncrief's answer was an
unqualified 'yes." Ian G. Masters,
of Audio Scene Canada
magazine, explored the same
subject and came to substantially
different conclusions. The
intensity of the debate suggests
that the differences - if any - are
small.

No such debate rages with
respect to loudspeakers. Critics
agree "Speakers do make a

The speakers
make the difference.
difference." And few
loudspeakers make as big a
sonic difference as ESS
loudspeaker systems
incorporating the revolutionary
Heil air -motion transformerTM
(U.S. Patent no. 3,832,499).

The superiority of a
loudspeaker cannot be
explained in a few words. But it
can be experienced in a few
minutes.
Last year, in a demonstration of
the superiority of its speakers to
untrained listeners, ESS ran direct
comparisons between ESS
speakers and those of its leading

competitors. In 42 out of 43 blind
listening tests conducted under
the supervision of an independent
national testing laboratory,
students attending U.C.L.A., the
University of Wisconsin and
Georgia Tech judged ESS
speakers sJperior to those of JBL,
Bose, AR, Pioneer, Advent,
Cerwin-Vega and Infinity -
sometimes by margins of 3 to 1
over far mere expensive
competitive models.
This year, ESS has developed an
even more simple test that
dramatically proves ESS's
superiority in transient response
and dynamic linearity". TM

Demonstration clinics will be
conducted at participating ESS
dealers throughout the country.

Don't miss this exciting
demonstration. See your ESS
dealer, or write to ESS for more
information.

sound as clear as light

9613 Oates Drive
Sacramento, CA 95827 U.S.A.



DvR: It's a reasonable approach. In
fact, it's an approach that dates back.
to Van der Graaf and his electrostatic
accelerators. But it's also expensive
and prone to leakage. Not exactly a
broad -appeal consumer item.
Audio: What about piezoelectric plas-
tics in large -sheet form?
DvR: Piezoelectric plastics in large -
sheet form work on basically the same
principle as ceramics. Due to the inter-
nal electric field of the material, and
the externally applied electrical field
of the signal from the amplifier, one

side of the piezoelectric material ex-
pands while the other one contracts,
causing the whole surface to bend.
That bending is used in a sort of sec-
ondary way as a sound transducer. The
approach has virtues. Where it lacks
virtue is in its necessity to convert this
bending motion-really a form of
flapping-into a uniform acoustic out-
put. You end up with a transducer that
in its most practical form is perhaps a
cylinder. And, as a cylinder, you end
up with a transducer that does not ra-
diate uniformly over its circumference.

best seller.
Versas the best.

Bose 301
$260.00 per pair

Micro -Acoustics FRM-3ax
$299.00 per pair

Tweeter

Tweeter
mounting

High freq.
dispersion
control

Bass enclos.
volume
Bass
loading

Cabinet
panel
thickness

Dimensions

Weight
Warranty
Mfr's.
sugg. list

Bose
301**

Micro -Acoustics
FRM-3ax

One, fixed. One, rotatable,
rim -damped.

Attached directly Isolated from
to baffle. baffle by damped

suspension and
separate compart-
ment.

Rotatable rectan- Rotatable Vari-
gular plate with Axis'" tweeter
control, mounted with five -position
in front of fixed detented control.
tweeter.

929 cubic inches. 1210 cubic inches.

Single ducted
port directly
under tweeter.
'/z" throughout.

17"W x 10916"H
x95 re"D-
15!/z lbs.

5 years (full).
$260.00 per pair.

Twin -ducted port
positioned on oppo-
site sides of woofer.
1" front panel;
1/4" sides and rear;
'/z" tweeter
compartment.
21'5'[6"Wx
12513"H x 99/16"D.

241 lbs.

10 years (full).
$299.00 per pair.*

*Slightly higher West of Mississippi
**latest Model

IPSO. Micro -Acoustics Corporation.
Complete FRM 3ax specifications are available in

Micro Acoustics literature No L-1114.

Comparison photo is unretouched.

Compare these two speakers, and
you'd probably expect the one on the
left-with the lower price-to be the
better seller. You'd be right ... but is it
the better value? Before you decide,
consider how much more a little more
money will buy:

Compare bass. The new FRM-3ax
uses a twin -ducted enclosure with thicker
cabinet panels and larger cubic volume,
for rich, full bass.

Compare highs. The new
FRM-3ax's unique Vari-Axis' control
system, damped isolated tweeter
suspension and rim -damped cone give
lifelike highs.

Compare warranties. The new
FRM-3ax is warrantied twice as long.

The Micro -Acoustics new
FRM-3ax. When you compare, there's
really no comparison.

Micro -Acoustics Corporation, 8
Westchester Plaza, Elmsford, N.Y. 10523,
(914) 592-7627. In Canada, H. Roy Gray
Ltd., Markham, Ont.

iii a
Micro-Fcoustics

Quality worth a 10 -year warranty.' m

You must support the piezoelectric
sheet in some way, and the supports
do not move.
Audio: What about other variations on
the flat -sheet principle?
DvR: There are moving conductors,
ribbons; there are flat sheets with con-
ductors zigzagging across their backs.
For both, you need substantial and ex-
pensive supporting magnet structures.
Another practical point here relates to
the scientific law prescribing that cur-
rent, direction of motion, and direc-
tion of magnetic force in a magnetic
transducer of any kind are all mutually
perpendicular. Now your motion
should be in and out, which means
that both the motion and the electrical
current flow must be within the plane
of the radiating surface. Then you
must create a magnetic field perpen-
dicular to those two, and here is where
the difficulties come. It's very hard to
get a high -intensity magnetic field in
this plane, because you are really
trying to create sound with the stray
energy in an air gap. The larger your air
gap, the more losses and the lower the
intensity you have. Result: An ex-
tremely expensive and inefficient mag-
netic system, no matter what you do.

You can put the radiating surface
between two magnetic structures and
operate it as a push-pull device. But
you also have a cage of some kind in
front of the radiating surface-a cavity
resonator-and this will affect fre-
quency response. You may be able to
use these resonances positively, for in-
stance, to augment the very high fre-
quency output by placing the cavity
resonances in the high frequencies,
but they remain resonances and there-
fore a source of coloration.
Audio: If you had to predict future
trends in speaker design over the next
ten years, what would you project as
the most promising approaches? Do
you, for instance, see integration of
the loudspeaker and the amplifier
being a natural approach in the '80s, as
a great many engineers do?
DvR: Integration is one thing that will
look good. The use of more reproduci-
ble materials as radiating surfaces is

another clear trend-away from paper
and other fibers and into plastics-
whose time is coming. We've seen the
light here at KLH, and others will as
well, eventually. Paper cones, as used
in speakers, have the undeniable ad-
vantage of having a very low velocity
of sound in the material, coupled with
a reasonable amount of mechanical
damping. But cones are just paper fi-
bers, and 'anything that involves fibers
always involves some black magic, as
well as some degree of inconsistency
from one cone to the next. A

Enter No. 32'on Reader Service Card
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Here's how to make a standard $5 tape
outperform a $10 metal tape.
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The hk400XM with frequency response from 15-20kHz ± 3dB.

Record a stan-
dard $5 tape on one
of the new Harman
Kardon High Technol-
ogy cassette decks with
Dolby HX*. And a $10 metal
tape on a conventional deck. Any
conventional deck.

Now compare.
The Harman Kardon deck with

Dolby HX will give you substan-
tially better performance from the
standard tape. More dynamic head-
room. And better signal-to-noise
ratio.

Yet the recording made on our
Harman Kardon High Technology
deck costs about half as much.
Which can save you a small fortune
if you plan a tape library of any size.

Of course our new High Technol-
ogy decks are metal capable, too.
So you can use Dolby HX and metal
tape for performance that can't be
topped by anything less than a pro-
fessional quality open reel deck.

But Dolby HX is only part of the
performance story.

Our heads cost more.
And they deliver more.

The heads used in a cassette deck
probably dictate the performance
you'll get more than any other sin-
gle component. That's why at Har-
man Kardon, we spent a lot more

time and money on our
head designs and mate-
rials. We started with Su-
per Sendust Alloy, the cost-

liest and most advanced
material available. In manufac-

turing, we machine our head gaps to
incredibly precise tolerances, and
align them with equal care. Ob-
viously, this process takes more
time and costs more money. But it
results in frequency response un-
heard of in a single speed cassette
deck at any price.

Even our most economical deck,
for instance, gives you ruler -flat
frequency response from 15 Hz to
an incredible 19,000 Hz from a con-
ventional tape. You also get features
like Dolby NR, a front panel bias
fine trim, MPX filter and memory.

As you move on up the line, the
specs just get better. And so do the
features. Like the world's first head-
room safety indicator to prevent
tape saturation far more accurately
than any peak level indicators.
You'll also find built-in Dolby and
bias test tones. Normal and slow
meter ballistics. A fader control.
Plus our exclusive Auto Program
Search System that scans a tape auto-
matically, sampling the beginning
of each cut until you've located
the one you want.

Yet the new Harman Kardon High

Technology cassette decks do share
one thing in common with the con-
ventional decks.

A conventional price tag.
So before you settle for a deck

that will set you back $10 or more
every time you want a quality re-
cording, audition the new Harman
Kardon Decks with Dolby HX.

For the location of the Harman
Kardon dealer nearest you, call toll -
free: 1-800-528-6050, ext. 870.
`Dolby and the double -D symbol are trademarks of Dolby
Laboratories. Dolby HX is a standard feature on all Harman
Kardon High Technology decks except the ZOOM.
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The hklOOM with frequency response from
15-19kHz ± 3dB.
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The hk200XM with frequency response from
15-19kHz ± 3dB.

i
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The hk300XM with frequency response from
15-20kHz ± 3dB.

harman 1 kardon
240 Crossways Park West, Woodbury, NY 11797
In Canada, E.S. Gould Marketing, Montreal.
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Record Care, Part 2: A Record Life Study

How long will your phonograph records last?
How many times can you safely play records without degrading sound quality?
Using quality playback equipment, the factors of Record Longevity are twofold and

closely interrelated: the record must be kept free of contamination, and the stylus must be
kept clean during playback.

Scanning electron microscopy clearly shows the need and contribution of both record
cleaning and stylus care.

Exhaustive research shows that with proper record/stylus care, an entire "life span" of
200 play events will not damage record surface quality or fidelity (Most albums are played a
total of 50 times or less.)

200 Plays Without Record Cleaning

Pit from dust abrasion.
Ground -in microdust.

Prominent dust abrasion

Prominent stylus path from
abrasive -coated diamond

face.
Vinyl particles welded by

contaminated upper area of
stylus.

200 Plays With Record and Stylus Care

Results of D4 Record Care:

Clean central radius due to
capillary attraction of D4 Fluid

into D4 pad fabric.

Microdust-free stylus path
due to exclusive D4 "spiral

fiber" particle holding.

No wall -slurry of "lubricant"
products.

200 Plays Without Stylus Care

Results of SC -2 Stylus Care

Reduced wall abrasion due to
uncontaminated diamond

face.

Cleaned stylus leaves no
welded -in particles.

There is no substitúte for the
valid research you get with
Discwasher products. Ask for
them where better dealers take
interest in a longer "life span" for
you.

discwasher
PRODUCTS TO CARE FOR YOUR MUSIC

Discwasher, Inc., 1407 N. Providence Rd., Columbia, MO 65201
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Gerald Stanley
Research and Resources Manager
Crown International
Elkhart, Indiana

ne of the major problems of solid-state
amplifier design has been the protec-

\.. tion of the power -handling output semi-

conductors. Amplifier output stages
generally experience the greatest stress of any part
cf the design and at the same time represent the
section of the amplifier most likely to employ new
semiconductor technology or new design ideas. This
combination of stress and relatively new hardware
has produced more than one product that per-
formed faultlessly on the test bench but defaulted
in regular use. This has been especially true in the
professional sound market where the performance
demands are sustained at a higher level and operat-

ing conditions are less forgiving of any design
shortcoming.

The last ten years have seen various designs in-
tended to solve the fundamental problem, excessive
localized heat in the output transistors. This leads to

a regenerative destruction mechanism known as
second -breakdown. Power transistors have been
placed in parallel or in series to spread the dissipa-
tion over more devices, and various forms of voltage
and current limiting have been added to the mix to
limit the possibility of damage. In some cases, all
protection attempts have been abandoned except
for relatively slow and indiscriminate circuit break-
ers or fuses. The idea was to save cost and reduce

distortion resulting from operation of limiting cir-
cuits. An analogy might be drawn between this ap-
proach and that of selling a car with no brakes be-
cause of the expense and waste of energy that re-
sults from an adequate braking system.



The function of the protection system is to prevent total
distortion, that is, amplifier failure. The most popular design
is the V -I (voltage -current) limiter and its many variants. Such
a design is shown in Fig. 1. In order to understand the kinds
of problems faced by designers, it is worth a look at the V -I
limiter to understand its strengths and weaknesses.

Such limiters were first developed to protect series -regula-
tor power supplies and soon thereafter were used in ampli-
fiers. They all use the resulting summation of a signal propor-
tional to Vce (the output transistors' collector -to -emitter
voltage) and a signal proportional to lc (the output transis-
tors' collector current) to limit the drive signal to the output
devices. Either signal may be constructed with a nonlinear
network, such as a resistor -diode network, to improve the fit
of the allowed locus of stress to the transistor ratings as re-
vealed by a safe -operating -area or SOA plot. Such an SOA
plot is shown in Fig. 2 for a single transistor of the type being
considered.

As shown, the SOA is valid only for a rectangular pulse of
the noted duration and if the case temperature is held at a
constant 25 degrees centigrade. A typical protection area for
the circuit of Fig. 1 is drawn in dotted lines in Fig. 2. Since it is
unlikely that a heat sink can be devised that will maintain the
case temperature at 25 degrees under all conditions, it is gen-
erally decided to derate the limiter design. The derating pro-
cess takes into consideration the maximum possible case
temperature as bounded by a thermally activated cutout
switch. Since the indicated circuit does not respond directly
to Vce but rather indirectly by assuming a nominal supply
voltage (not necessarily disregarding regulation), it will also
be necessary to consider maximum line voltage effects when
choosing the derating for the limiter design. (The latter effect
may be eliminated by using a different Vce sensing network
and/or altering the control topology of the circuit, but the
possibility is not shown in Fig. 1, which is the most typical
circuit.)

The circuit also does not fully appreciate the history of the
signal and, as such, cannot take advantage of the shorter
time interval pulse boundaries of the SOA surface shown as a
family of curves in Fig. 2. This constitutes the greatest defi-
ciency of the V -I limiter because it does not allow the maxi-
mum possible output from the output devices at all times. If
the V -I limiter is designed around one of the shorter -time
interval boundaries, the amplifier will surely fail in use since
long time interval stresses routinely occur when overload or
low -frequency inputs are present. The use of transformer or
auto -transformer coupling to loads can exacerbate such trou-
ble, as can ultrasonic system oscillations.

The typical extension made to the V -I limiter involves the
use of a capacitor as a simple lowpass filter of the signal
which controls the limiter. Cl of Fig. 1 is such a capacitor.
This presumes that the thermal circuit of the output devices
can be modeled as a single RC circuit, as is shown in many
elementary texts on semiconductor device heat sinking. A
little examination of real -world data quickly reveals this as-
sumption to be false. Figure 3 is a curve showing the relation
of thermal resistance to pulse length for the case of a rec-
tangular pulse of power. The plot of a simple RC network is
shown (dotted line) for comparison. The more proper electri-
cal circuit for simulation of thermal impedance would be

Fig. 1 - Typical V -I limiter circuit.
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0.1

-Vcc

CASE TEMPERATURE (TC) 25°C
(CURVES MUST BE DERATED LINEARLY
WITH INCREASE IN TEMPERATURE)

AIC MAX. (PULSED) ,
PULSE OPERATION*

IC MAX. (CONTINUOUS) ,' A a *O4i NORMALIZED
-20.O POWER
MULTIPLIER
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Fig. 2 -A typical SOA plot.
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Without it,an amplifier simply
isn't good enough for the Purist.

While everyone else was bogged down in
the same old concept, Kenwood's engineers
were busy developing a totally new way to
look at amplifier performance.

DRIVE
SIGMA

Traditionally, audio engineers have tended
to approach amplifier design from the same
misconception: that an amplifier and speaker

should function as separate entities; when in
reality they function together.

After years of extensive research, our

engineers have solved the problem with
a radical departure in amplifier design. It's
incorporated for the first time in our new
KA-1000 Purist Amplifier.

Kenwood's exclusive patented SIGMA
DRIVE ignores traditional amplifier -speaker

relationships by extending the KA-1000's
negative feedback loop past the output ter-

minals, all the way to the speaker terminals.
SIGMA DRIVE ties a speaker's behavior

directly to the amplifier's performance,
which produces an unprecedented damp-
ing factor in excess of 600 at the speaker
terminals and literally forces a speaker to
behave in perfect sync with the amplifier.

Just as impressive are the other Kenwood
advanced audio technologies which helped

pave the way for SIGMA
DRIVE.

For instance, an exclu-
sive non-magnetic chassis.
Dual power supplies, totally
separate from the main
chassis to further minimize
magnetic interference.

And DC amplification for
crystal clear onal response down to 0Hz.
Plus a built- n preamp for moving coil
cartridges.

We've also included our famous HI-

i-Tita DRIVE

OFF 4 9
A1,0

SPEEDTM circuitry, which allows the KA-1000
to react much faster to dynamic music
changes. And an ingenious touch -sensor

volume control that
increases to any
preset volume level

or fades to silence.
Of course,

there's even more
to the KA-1000 than we can possibly men-
tion in this limited space. For the complete
story, visit your nearest Kenwood Audio
Purist Dealer. And find out for yourself why
anything less simply isn't for the Purist.

Enter No. 12 on Reader Service Card

Significant specifications measured at speaker
terminals: 100 watts per channel, minimum RMS
into 8 ohms from 20Hz to 20kHz with less than
0.005% total harmonic distortion. Transient Re-
sponse: Rise Time 0.9 microsecond; Slew Rate
±120 volts per microsecond. Phono SIN: MM
93dB; MC 67d8. Special 10 meter speaker
cables included.

APdo
KEN WDDD
Not all Kenwood dealers carry these products. For the Audio Purist dealer
nearest you, write Kenwood, PO. Box 6213, Carson, CA 90749.



either an RC low-pass ladder network or its series RC equiva-
lent as shown in Figs. 4A and 4B respectively.

The use of Cl also assumes that the control signal charging
C1 is a signal representative of the power stress on the semi-
conductor device which is, of course, a function not of the
sums of voltage and current but the product of voltage and
current. The control signal, if properly constructed, must in-
corporate a multiplier!

In essence, if a protection circuit is to allow a maximum of
instantaneous unlimited output (certainly of critical impor-
tance when music signals make up the primary signal
source), it must take into consideration the complexities of
the actual time -temperature behavior of the semiconductor
junction. While the V -I limiter may be further elaborated to
increase its conformity to these goals, it is cumbersome at
best to proceed along these lines. As an additional considera-
tion, temperature dependence of the heat sink must also be
fully integrated with the circuit function, if the last safely
available output watt is to be obtained. A worthy objective
from many a user's point of view would be to eliminate total
shut -down in the case of high sink temperatures, in favor of
automatically derated output.

Assuming that semiconductor devices are available for use
that are not prematurely derated by high voltage to values of
power dissipation less than those obtainable at low values of
Vice, an ideal protection system might appear as diagrammed
in Fig. 5.

The topologies of some output stages are shown in Figs.
6A -6C. Figure 6A is the most common, the "totem -pole" out-
put stage. Figure 6B is the full bridge which is used in high -
reliability very -high -power designs, such as our Crown Mod-
el M-600. Resembling 6A, Fig. 6C is a variant of the totem -
pole which is proposed for reasons which will become obvi-
ous. The relationship of 6C to 6B is that it constitutes the
"lower -half" (left-hand side in 6B) of the full bridge as op-
posed to the "upper -half" (right-hand side in 6B) that consti-
tutes Fig. 6A.

Two protection systems (per channel) must be fabricated
in an actual power amplifier since there is a minimum of two
such power stages that require protection. This poses some
practical problems regarding complexity which can not only
make the cost prohibitive but may also damage the unit's
reliability due to the greatly increased parts count. If this
system were deployed in the typical design, it would most
readily be done by sensing the output current common to
the output terminal of the topology shown in Fig. 6A. This
would require the addition of supplies common to the out-
put terminal if we wish to allow the use of IC op -amps in the
construction of the protection systems.

Since the control of the output stage may be accomplished
by low -voltage drive circuitry which is common to ground,
the topology of Fig. 6C is much to be desired for the imple-
mentation of the desired protection system. As such, not only
may the same supplies that drive the voltage amplifiers be
used to power the protection circuitry, but also the circuitry
may be easily observed for trouble -shooting and the high -
voltage output circuitry may be driven by low -voltage drive
amplifiers. In what may come as a surprising result, the na-
ture of the output open -loop impedance and gain is not
materially altered by this change since both topologies are
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Fig. 5 - Proposed protection system.
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Only Custom -
Tailored Sound meets
your taping needs.

If tape is the only sound that's right for you, to
maximize your taping requirements, an ADC
Sound Shaper® Two MK III frequency equalizer
is a must.

When they designed the Sound Shaper Two,
they had you in mind. Because, aside from
being a superb all-around equalizer, it lets you
work with tape the way you want. For example,
now you have two-way tape -dubbing capability,
a feature many receivers don't offer. You can
"custom -tailor" a record and then record it the
way you would have engineered it. And that
includes your golden oldies because, with the
Sound Shaper Two, you can virtually eliminate
the surface noise which has accumulated

A D C
A BSR COMPANY
BSR (USA) Ltd., Blauvelt, NY 10913.
BSR (Canada) Ltd., Rexdale. Ontario.

over the years.
The entire ADC Sound Shaper line is

impressive. The basic Sound Shaper One is a
great introduction to frequency equalizers. And
the top -of -the -line Sound Shaper Three, the
Paragraphic" equalizer, combines the ease
and control of a graphic equalizer with the
precision and versatility of a parametric. And, all
Sound Shaper equalizers, except the Sound
Shaper One, feature LED -lit slide controls,
allowing for visual plotting of the equalization
curve.

With the Sound Shaper Two MK Ill, you can
appreciate the difference custom-tailored sound
makes-over and over again.

Custom -Tailored Sound

®Sound Shaper is a registered trademark of Audio Dynamics Corporation.

Enter No. 2 on Reader Service Card



typically driven by a current source and degenerated by an
input capacitance which connects the output stage input to
the d.c. supplies of the output stages. The construction of a
special set of low -voltage common -to -ground supplies for
the controlling circuitry is also useful when the addition of
signal -processing add-on accessories are required.

The fact that the main power supplies cannot be common
in a two -channel amplifier using the output circuit of Fig. 6C
does not pose a serious problem. In an amplifier large
enough for such a protective system to offer cost benefits,
the weight of the power supply should be well distributed,
and in fact the use of two main power transformers is cost
effective in terms of chassis structure costs.

The design of the junction -temperature -simulation protec-
tion circuitry poses major problems, primarily in acquiring
device thermal parameters which are not found on data
sheets. To make matters worse, it is not enough to have typi-
cal data since the worst case must be covered. Ideally one
could calculate the thermal impedance vs. time from a few
physical device parameters. This proves to be easier said than
done, for variables such as imperfect conformity between
device package and mounting surface are not readily ana-
lyzed.

The method used to observe the needed thermal charac-
teristics called for observation of the temperature dependent
voltage (Vcb) of the forward -biased collector -base junction
during the cool -down phase following the application of a
controlled pulse of power. The heat sink used was fully and
accurately represented with all associated heat sources and
temperature sensors exactly as they were to be deployed in
the final amplifier. The use of the cool -down phase, rather
than the heat -up phase, for analysis is dictated by the practi-
cal constraints of data availability. Cool -down is equivalent
to the input of a step of negative power.

The capabilities for thermal analysis were incorporated into
a third -generation nondestructive power transistor SOA ana-
lyzer, which upon command will produce the needed power
stimulus and cool -down temperature data. Such a custom
analyzer was developed after considerable experience in us-
ing units of earlier design for 100 percent quality control test-
ing of all output devices used in our amplifiers.

The temperature data must be gathered over a large range
of time intervals with rapid sampling being required immedi-
ately at the close of the power cycle, and infrequent sam-
pling being required after a number of seconds have elapsed.
The use of sampling intervals that are nearly uniformly
spaced on a logarithmic time scale represents a reasonable
tactic for optimizing the amount of data needed to character-
ize a given transistor. Such a data gathering strategy requires
the use of a computer -driven data acquisition system if the
data is to be gathered in one pass. Since a large number of
transistors is to be tested, this is mandatory.

The heat -sink temperature vs. time is also digitized and
used to deduce the thermal circuit that lies between the
heat -sink temperature sensor and the transistor junctions by
differencing the junction and sink temperatures. The ana-
lyzer auto -zeroed itself at the start of each test to remove
device -to -device differences in the 25 -degree value of Vcb.

The data gathered from each device was captured in re-
cords in the computer's disc data files for reduction at a later

INPUT

VOLTAGE

Fig. 6A - Totem pole output stage.

E.IN

Fig. 6B - Full bridge output stage, as in Crown M-600.

E IN
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NEW HIGHS. The 500ID defines hard -to -get high frequen-
cies because it comes with a cantilever that doesn't easily dis-
tort them.

It's boron -vapor hardened to track under "G" -forces that
would buckle ordinary cantilevers.

NEW FIDELITY. In addition to hearing more highs you're
going to hear less noise from a 500íD.

There's nothing complex about the benefits of Samarium -
Cobalt magnets. They are simply less massive and higher in
output than conventional ones.

So, if we had to give a reason for our signal-to-noise ratio
being better than most, it's because the materials we use are
better than most.

NEW TECHNOLOGY. Because the 500ID features Empire's
inertially damped tuned stylus system, its performance is con-
sistent-even when the capacitance varies from one system to
the next.

Which means, the performance we monitor in our lab is the
performance you're likely to hear at home.

NEW
365 days longer than

SECURITY. Empire's two-year limited warranty is
the one-year limited warranty offered by

many other manufacturers.

An extra year in no uncertain terms.
NEW SOUND. The Empire 500ID. You're an arm's length

away from a new listening experience.

Enter No. 7 on Reader Service Card

EVERYONE WHO WANTS
THEIR OLD SYSTEM TO SOUND LIKE NEW,

RAISE YOUR ARM.

There's a new sound
waiting in your system.
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date. This allows any desired algorithm for determining
worst -case behavior or studies of the statistics of thermal im-
pedance to be made as desired.

The method chosen for worst -case study of the data re-
quired the construction of a pseudo -device that represented
the hottest temperatures seen at any given instant in time.
This did not necessarily result in just one device governing
the worst -case model. The computer proceeded to find the
characteristic values of the RCs used in the model of Fig. 4B.
This task is only suitable for a computer algorithm as no di-
rect solution method is known for determining the coeffi-
cients, much less for hand calculation (which would take
many man-years).

It was found that a three RC network gave an excellent fit
to the data with an accuracy greater than the components to
be used would actually produce. There was therefore no ad-
vantage in using four or more RC sections to simulate the
junction behavior.

The resulting circuitry of the protection system is a two -
quadrant multiplier which computes the product of lc and
Vice and is implemented with a monolithic transistor pair and
op -amp current mirror. The single -ended output of the mir-
ror is mixed with the output of a temperature -sensitive IC
whose current output is proportional to absolute tempera -
tu re.

The protection circuit's temperature computer is com-
posed of an inverting IC op -amp with the determined RC
impedance analog networks in the feedback loop. The virtual
ground input receives the instantaneous power signal from
the multiplier as well as the signal from the thermal sensor.
As configured, a single quad -pack op -amp suffices to con-
struct the protection circuit along with two monolithic dual
transistors and two IC heat -sink temperature sensors. Since
the output stage is built with one heat -sink module per out-
put stage half, no interstage interaction interferes with the
analysis. The circuit design is such that the protection circuit
saturates at low junction temperatures, i.e. below 25 degrees
centigrade. This is in conformity with the device power derat-
ing being confined to the region of 25 to 200 degrees.

Another parameter which must be honored on the transis-
tor's data sheet is the maximum d.c. collector current. To this
end, a conventional diode drive -limiting network is em-
ployed. Failure to honor this specification will result in em-
itter lead -bond failure. Limiting collector current implicitly
prevents exceeding the maximum d.c. base current. The in-
stantaneous limiting of collector current also prevents any
possibility of large amounts of dissipation occurring in very
short time intervals (microseconds) which would not be ac-
curately analyzed by the simulator, thus assuring the validity
of the simulation.

Views of the two amplifiers incorporating this design are
shown. Both amplifiers share the following features. The rear
panel has slide switches for engaging low -frequency protec-
tion to protect drivers from inadvertent d.c. or subsonic ex-
posure. The detection of d.c. will then result in disabling of
the main power supplies via relay control. This is a much
more reliable system than a relay disconnect of the load
which may not successfully break an inductive circuit having
d.c. excitation. (The relay may weld with the arc!)

The front panel display of the PSA-2 contains seven LEDs.

INPUT

VOLTAGE

Fig. 6C - Modified totem pole.

OUTPUT

Fig. 6D - The composite transistors, marked with an
asterisk in Figs. 6A -6C, use any combination of the
above.
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THE
3D ACOUSTICS

3 PIECE
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At These Finer
Audio Salons:
ALASKA

ANCHORAGE: Shimek's Audio (907) 277.2823

ARIZONA
TEMPE: The Listening Post (602) 967-1250

ARKANSAS
LITTLE ROCK: Project One Stereo (501) 661.1440

CALIFORNIA
ALBANY: Stereo Image (415) 658-7837
ARCADIA: Audio Concepts 1213) 445.0710
BREA: Sound Cellar 1714)990.3982
CHICO: HCM Audio (916)343.0558
CONCORD: Sound Distinction (415) 676-5544
ENCINO: Sound Factor (2131 501-3548
GARDENA: Reference Audio (213) 321-8445
GOLETA: House of Audio 1805) 964-1983
HUNTINGTON BEACH: Havens & Hardesty (7141 897-0166
MONTEREY PARK: Gene Rubin Audio (213) 571-1299
PASADENA: Accurate Audio (213) 792-4444
SAN DIEGO: Audio Directions 1714) 278-3310
SAN FRANCISCO: Audio Excellence (415) 433-1335
SAN JOSE: Garland Audio (408) 244.6724
SANTA BARBARA: House of Audio 1805) 682-8055
SANTA CRUZ: Water Street Stereo (408) 427-1604
SANTA MONICA: Accurate Audio (2131 399-4434
STUDIO CITY: Accurate Audio 1213) 766-7478
TORRANCE: Dimensions in Stereo (213) 542-8521
VENTURA: House of HiFi (8051 648-7151
WESTMINSTER: Audio Today (714) 893-8835

COLORADO
FORT COLLINS: Audio Alternatives 1303) 221-1496

CONNECTICUT
GROTON: Stereo lab 12031 441-9802
NEW LONDON: Stereo Lab 12031 447-9802
OLD GREENWICH: Audiocom (203) 637-3621

FLORIDA
FORT LAUDERDALE: Audio Insight (305) 491-7677

GEORGIA
ATLANTA: Stereo Designs (4041 955-2533
MARTINEZ: The Stereo Shop (404) 863.9143

HAWAII
HONOLULU: Audio Reference Systems (808) 988-3305

IDAHO
BOISE: The Stereo Shoppe 1208) 344-7603
LEWISTON: Audio Recorder Center (2081 743-4141
TWIN FALLS: The Stereo Shoppe (208) 734-9636

><
ILLINOIS

CHAMPAIGN: Audio Limited (2171 359-3774
DECATUR: J. R. Lloyd (217) 422-4455

SCHAUMBERG: The Stereo Studio (312) 894-8602
SIDNEY: August Systems 1217) 688-2222

LOUISIANA
LAFAYETTE. Audio Systems (318) 984-1807
NEW ORLEANS: Wilson Audio (504) 866-3457

MAINE
AUGUSTA: New England Music Co (2071 622-3978
LEWISTON. New England Music Co (2071 783D835
PORTLAND: New England Music Co 12071 772-2869

MASSACHUSETTS
WELLESLEY: The Music Box (617) 235-5100

MICHIGAN
ANN ARBOR: Absolute Sound (313) 662-2026
DETROIT: Absolute Sound (313) 527-2244
E. LANSING: Absolute Sound (517) 351-9300
GRAND HAVEN: Tri-City Sound (616) 846-5140
MIDLAND: Sound Decisions 1517) 631-3781
ROYAL OAK: Absolute Sound (3131 549-7550

MISSOURI
COLUMBIA: Johnston Audio 13141443-8754

NEBRASKA
LINCOLN: Sound Environments (4021 423.8736

NEW HAMPSHIRE
PORTSMOUTH: The Soundsmith 1603) 436-0123

NEW JERSEY
OUNELLEN: Personalized Audio (2011752.3883
E. HANOVER: Prof'I Audio Consultants (2011887.7550
MILBURN: Audio Advocate (2011467.8988
MONTCLAIR: CSA Audio Design (201) 744-0600
MORRISTOWN: Sight & Sound (201) 267-6700
NEW BRUNSWICK: HiFi Haven 1201) 249-5188

NEW YORK
BINGHAMTON: JSG Audio 1607) 798-0786
BUFFALO: The Speaker Shop (7161837.1557
COMMACK: Audio Source (516)499-7680
HI CKSV I L LE: Oesignatron (516) 822-5277
ITHACA: Stellar Stereo (607) 272-2644
N.Y.C.: American Audiophile (212) 751-9733

Sound by Singer (212) 683-0925
ROCHESTER: Gala Sound (7161 461-3000
SCHENECTADY: Progressive Audio (518) 370-4348

NEW YORK rconesm,eoi
SETAUKET: Designatron 1516) 751-0253
VALLEY STREAM: American Audiophile (516) 561-7114
WAPPINGER FALLS: Sound (9141

NORTH CAROLINA
CHAPEL HILL: Audio Works (919) 942-8763
CHARLOTTE: Audio Salon (7041 377-6590
GREENSBORO: Atkinson Electronics (919) 274-0065
JACKSONVILLE: Sound Source 1919) 353.8197
RALEIGH: Audio Advice (919)872.5432

OHIO
COLUMBUS: The Speaker Company (6141299.0565
HURON: Audio Connection (419) 433-6069

OKLAHOMA
OKLAHOMA CITY: Audiophile Systems (405) 751-2532

OREGON
BEAVERTON: Hawthorne Stereo West (503) 292-4401
CORVALLIS: Toad Hall Stereo 1503)752-5601
EUGENE: Toad Hall Stereo 15031 485-1262
PORTLAND: Gilbert Audio 1503) 232-5552

Hawthorne Stereo (503) 234-9375
PENNSYLVANIA

PHILADELPHIA: Chestnut Hill Audio 1215) 923-3035
PITTSBURGH: Opus One (412) 281-3969

SOUTH CAROLINA
CHARLESTON: Sun of Sunloft 19121 556.8623
GREENVILLE: Music Machine (8031 232-8171
HILTON HEAD: The Gramophone1803) 785-7100
SPARTANBURG: Audio Master (803) 573-9397
WEST COLUMBIA: Upstairs Audio 1803) 791-1885

TENNESSEE
JOHNSON CITY: Sound Concepts (6151 929-1122
MEMPHIS: A. D. Studio Sound 1901) 795-3963
NASHVILLE: HiFi Corner (615) 383-6600

VIRGINIA
ROANOKE: Audiotronics 17031982.3619
VIRGINIA BEACH: Digital Sound 1804) 424-5850

WASHINGTON
SEATTLE: Definitive Audio (2061 524-6633
SPOKANE: Hsl's Stereo (509) 747-4268

WISCONSIN
MILWAUKEE: Audio Emporium (414) 354-5082
OSHKOSH: Audiophile Specialists (4141 426.1100

3D /cosi CS
CONTROLLED DISPERSION LOUDSPEAKERS

5 Sunrise Plaza
Valley Stream, NY 11581

(516)-561-7555

Enter No. 5 on Reader Service Card



An orange power indicator with channel independent yellow
main power supply standby indicators shows if the supplies
have been disabled. The supplies may be disabled for several
causes such as turn -on delay, low -frequency output load
protection, or transformer overheating. Two green LEDs indi-
cate the presence of reasonable signal levels short of over-
load. Upon overload of any form - clipping, slew -induced,
or protection circuit induced - the Crown -developed IOC
indicators (red LEDs) will light rather than the green signal
LED in the overdriven channel.

The front panel display of the SA -2 has two 15 LED (green)
Jacob's ladder type displays in place of the two green signal -
present LEDs of the PSA-2 display. One LED on each display
indicates the current value of the peak signal, which another
indicates the recent largest peak value of the signal for that
channel. This display may be optionally ordered on the PSA-
2 amplifier.

The incorporation of modern data gathering and numerical
methods have made possible the design of power amplifier

Fig. 8 - Two Crown amplifiers, PSA-2 and SA -2,
which incorporate the protection system.
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protection circuitry that was previously impractical. Such de-
signs are capable of withstanding torture tests (which repre-
sent real -world stress conditions), with a high degree of con-
fidence of survival. This has been achieved with a subse-
quent enlargement in the undistorted audio output as com-
pared with previous means of reliable protection.

To make maximum use of the concept, a new variant of
the "totem -pole" output stage was deployed with consider-
able improvement in the observability of the amplifier out-
put stage parameters. In short, a new generation of "solid"
solid-state amplifiers has arrived that contains four analog
computers which are the stepchildren of a digital computer's
analysis of the output transistors. A

Fig. 7 - Schematic of the actual protection system.
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High -Fidelity Performance At Half -Speed!
Skeptical?

So were the experts until they tested the Nakamichi 680ZX!
"....almost perfectly flat response out to 15 kHz....few cassette decks
could match this at regular speed, much less at half -speed!"
(Stereo Review, August 1980)
"....comparable to the very best (full -speed) decks....After putting an
entire 'Carmen' onto a single C-90, we glanced at our collection of
fractured acts....with rueful eyes" (High Fidelity, May 1980)
"....excellent performance..." (Audio, September 1980)

And At Standard Speed....
"....simply superb....cannot be surpassed..." (High Fidelity, May 1980)
"....all responses....extend to 24 kHz or more...:' (Audio, September 1980)
"....one might almost as well buy a ruler to draw 'curves'.." (Stereo Review,
August 1980)

With Exclusive Nakamichi Features Such As
Auto Azimuth Alignment that has "....a capability to handle any skew
ever observed" (Audio, September 1980)
Fluorescent Metering that is "....unequivocally the most useful display
available...:' (High Fidelity, May 1980)
And a Random Access Music Memory (RAMM) that is "....uncommonly
adept...:' (High Fidelity, May 1980)
Experience the "....truly revolutionary development in cassette
recording" (Stereo Review, August 1980)

rkNakamichi
The Nakamichi 680ZX. Now at your Nakamichi dealer.

Complete reprints of these reviews are available at your Nakamichi dealer, or write to:
Nakamichi U.S.A. Corporation, 1101 Colorado Avenue, Santa Monica, CA 90401.
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Don & Carolyn Davis

As we travel about the United States
conducting our Syn-Aud-Con semi-
nars, it is our pleasure to seek out
sellers of used and old books. During
our fall, 1978 tour of the eastern Unit-
ed States, we spent several days in the
Williamsburg, Va., area between class-
es. Poking about, we made our usual
inquiry regarding, among other sub-
jects, books on acoustics. The book-
seller replied, "Well, just one, and it is
an old one."

What was brought out for our in-
spection was a vellum bound, first edi-
tion dated 1657 and entitled Magiae
Universalis. The author, Kasper Schott
(Latinized into Gaspare P. Schotto in
the frontispiece - before the advent
of the metric system, academia used
Latin to protect scientific data from the
great unwashed). The publisher was
Herbipoli.

40

ACOUSTICS
CIRCA 1657
Explorations
Into Our
Acoustic I leritage

The Renaissance period saw a

flowering of publications, as the grow-
ing body of knowledge of mechanics
was applied to acoustics. The works of
Bacon, Galileo, Leonardo Da Vinci,
Tychobrahe, Kepler, Stevinus, et al.
soon led to the infancy of experimen-
tal acoustics.

Schott, a contemporary of Mer-
senne, Kircher, Von Guericke, Hooke,
Boyle, Moreland, and Porta among
others, was a Jesuit professor of phys-
ics at Wurzburg (1608-1666). Uniquely
illustrated, his book is a combination
of scientific insight, superstition, and
sheer nonsense, as are many present-
day textbooks on the same subjects. It
helps to understand the contributions
of such a book when our perspective
is placed nearer the time period it rep-
resents.

The Arabs for centuries after the be-
ginning of the Christian era preserved
the fragments of the earlier Alexandri-
an science. During the post -Crusade
period, the center of instrument mak-
ing, primarily astronomical instru-
ments, shifted from the Arabian areas
to Nuremburg, beginning about 1400
A.D. By the middle of the 16th centu-
ry, precise engraving on brass was well
advanced, due in part to the interest in
book printing.
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This precision led to improved gears.
Gears opened the door to wonderful
automata and gadgets such as the
Strasbourg clock of 1354. This device
included a mechanical rooster which
flapped its wings, stretched its metal
feathers, opened its beak, and crowed
every day at noon. The year 1642 saw
Pascal invent and build what is often
called the first real calculating ma-
chine.

Marin Mersenne published his Tra-
ite de L'Harmonie Universelle in 1627
in which he described the measure-
ment of the velocity of sound - in
"pied de roy" - the royal foot (1 toise
= 6 paris or pied de roy). Before em-
ploying a pendulum, Mersenne found
that the human pulse was more reli-

able as a timer than
was respiration.
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