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AND SO IS THE FIGHT
ABOUT TUNERS.

At one time the struggle between amplifiers was won by the amp that had the
most muscle. And the tuner that brought in the most stations also brought in the
most acclaim.

Today, there's one series of amplifiers whose technology has put it in a class by
itself. And now, with Pioneer's new TX 9800 tuner it's met its match.

While other tuners offer features that just sound great, every feature in
Pioneer's TX 9800 helps to produce great sound.

Unlike ordinary tuners that are content with ordinary circuitry, the TX 9800 has
a new Quadrature Discriminator Transformer that works with Pioneer's exclusive
PA 3001-A integrated circuit to reduce distortion to 0.05% at l KHz and raise the
signal-to-noise ratio to 83 dB. Whew!

Many of today's tuners use sophisticated low pass filters to remove the 19 KHz
pilot signal that's present in every stereo broadcast. But while they're effective in
removing the pilot signal, they're also effective in removing some of the music.

The TX 9800 has Automatic Pilot Cancel-
ling Circuitry that makes sure every part of the
music is heard all of the time. And that distor-
tion is veritably unheard of.

The crowning achievement of most tuners
today is the sensitivity of their front end. And
though it's much to their credit to bring in weak
stations, it means nothing unless they can do it
without spurious noise or other interference.

The TX 9800's front end has three dual
gate MOSFET's that work with our five gang
variable capacitator to give you an FM sensitiv-

INSTANTANEOUS FLUROSCAN METERING ity of 8.8 dBf. And also make sure that your
THAT LETS YOU WATCH EVERY PERFORMANCE favorite music is not disturbed by what's play -

WHILE YOU HEAR IT. ing elsewhere on the dial.
And while most tuners today give you one band width for all FM stations, the

TX 9800 gives you two. For both AM and FM. A wide band that lets you bring in
strong stations loud and clear. And a narrow one that finds even the weakest
station on a crowded dial and brings it in without any interference.

All told, these scientific innovations sound mighty impressive. But they
wouldn't sound like much without an even more impressive tuning system.

The TX 9800 has a specially designed Quartz Sampling Lock Tuning System,
that fortunately, is a lot easier to operate than pronounce.

Simply rotate the tuning dial to your desired station. When the station is tuned
exactly right a "tune" light comes on. By releasing the tuning dial you automatically
lock onto that broadcast. And automatically eliminate FM drift.

By now, it must be obvious that the same thinking that went into Pioneer's new
amplifiers has also gone into their new line of tuners. CD PIONEER'

So just as Pioneer ended the class struggle between amps, We bring back alive.
®1978 U.S. Pioneer Electronics Corp.they won the fight between tuners. With a technical knockout. High Eidei Components,85 Oxlurd

Drive, Moonachie Ni.. 07079.

SIGNAL STRENGTH AND CENTER TUNING METERS
FOR A DRIFT -FREE PERFORMANCE.
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THE STRUGGLE
BETWEEN THE CLASSES

IS OVER.
For years people have clashed over which amplifiers are best. Class Aor Class B.
Expensive Non -switching Class A amplifiers are known to offer the lowest levels

of distortion. At the same time, they also offer the highest operating temperatures.
And while Switching Class B amplifiers increase efficiency, they also increase

distortion.
So if you're not paying through thé nose for a heat -producing Class A amplifier,

you'll be paying through the ear for a distortion -producing Class B.
At Pioneer, we believe most

of today's Class A and Class B
amplifiers are pretty much in the
same class. The class below
Pioneer's SA 9800.

Pioneer's Non -switching SA
9800 offers the efficiency found
in the finest Class B amplifiers.
With a distortion level found in

'the finest Class A. An unheard of 0.005% at 10-20,000 hertz.
And while you're certain to find conventional power transistors in most conven-

tional amplifiers, you won't find them in the SA 9800. You'll find specially developed
RET (Ring Emitter Transistors) transistors that greatly increase frequency response. So
instead of getting distortion at high frequencies, you get clean clear sound. Nothing
more. Nothing less.

Instead of slow -to -react VU meters that give you average readings or more
sophisticated LED's that give you limited resolution, the SA 9800 offers a Fluroscan
metering system that is so fast and so precise it instantaneously follows every peak in
the power to make sure you're never bothered by overload or clipping distortion.

And while most amplifiers try to impress you with all the things they do, the SA
9800 can even impress you with the one thing it simply doesn't do. It doesn't add
anything to the sound it reproduces. An impressive 110dB S/N ratio is proof of it.

While these features alone are enough to outclass most popular amplifiers, the
SA 9800 also offers features like DC phono and equalizer sections and DC flat and
power amps that eliminate phase and transient distortion. Cartridge load selectors
that let you get the most out of every cartridge. And independent left and right channel
power supplies.

Obviously, it took revolutionary technology to build the SA 9800. But the same
technology and skillful engineering that went into the SA 9800
also goes into every amplifier in Pioneer's new series. pIVEFJZAt Pioneer, we're certain that others will soon be entering the We bring it back alive.class of 9800. And though they all may be built along similar

lines, ©1978U S Pioneer Electronics Corp,

in terms of value Pioneer will always be in a class by itself. High Fidelity Components,
85 Oxford Drive, Moonachie, N.I.07074.

CLASS A AMPLIFIER. CLASS B AMPLIF ER.
LEAST DISTORTION MOST DISTORTION

BUT MOST HEAT. BUT LESS HEAT.
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SA -9800.
LESS D STORTION, LESS

HEAT, AND MORE POWER.



WHAT
PRODUCT

1. Prevents
"record chatter"
on your turntable?

2. Looks
unimpressive?

3. Is very thin
and gray?

4. Is more anti -static
than similar
products*?
`according to tests by the
Swedish National Test Institute.

ANSWER

by
Discwasher°

(A turntable ma: for overlay or
replacement on your existing
equipment.)

works;
costs only $7.95;
and never wears out.

Give -'STAT-II
a spin.

At Discwasher dealers
nationwide.

Adiscwasher; inc.
1407 N. Providena Re.
Columbia, Missouri 65201
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Introducing
the new
Dual 839
cassette deck.

The new Dual 839 is so different
from all other cassette decks that,
rather than list its many features,
we'll guide you through them as if
the 839 were in front of you.

First, the 839 is bi-directional in
record and playback. This doubles
the length of every cassette.

You'll notice there's no door
between you and the cassette
compartment. Insert a cassette and
it will lock in precise alignment.
That's Dual's Direct Load and Lock
system. (A subtle but important
touch; any slack in the tape is
immediately taken up.)

Follow us carefully on this next
one. Even when the tape is in
motion, you can pull it out and
replace it with another ... and
the previous mode resumes
automatically. Useful? When the
tape nears the end at a crucial
moment, you can have a new tape
in place without missing a beat.

The 839 is just as innovative in
playback. If a tape made on another

Consider
what it
would be like
to own one.

deck is too sharp or too flat, no
problem. Playback pitch can be
varied over an 8 percent range.

And previously recorded tapes
with clicks, pops and disc jockey
interruptions can be cleaned up
electronically-smoothly and
permanently. Dual's fade/edit
control lets you do that with
complete confidence, because it
functions in playback.

Back to recording. The peak -level
LED indicators react faster than
any other metering system. And
more accurately, because they're
equalized. They read the full
processed signal-including the
high frequency boost other decks
add but only Dual reads. No more
risk of overloading a tape into
distortion.

There's still more. Much more.
Full metal record and playback.
6 -way bias/equalization. Two -motor,
twin -capstan drive system.
Computer logic solenoid -activated
controls. Switchable multiplex
filter. Switchable limiter. Line/mic
mixing. Two-way memory stop
with automatic replay. Headphone
level controls. And operation by
external timer or optional wireless
remote control.
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What about the 839's audible
performance? The specifications
can give you a hint. Wow and
flutter ± 0.03 percent WRMS.
Frequency response from 20 to 20
kHz, ± 3 dB. Signal-to-noise better
than 69 dB.

Of course, there's a price for all
the 839 offers: $850. If that seems to
be more deck than you really need,
there are three other new Dual
cassette decks. They start at $330,
and they all feature the Direct Load
and Lock system, DC servo motors,
twin -belt drive systems, tape -
motion sensor/protectors and
equalized meters.

For complete details on all four
Dual cassette decks, please write
to us directly: United Audio,
120 South Columbus Avenue.
Mt.Vernon, NY 10553.

Dual



THE EQUALIZER
THAT HAS NO EQUAL.

If you think that all stereo equalizers are created equal, you proba-
bly haven't heard Pioneer's new SG -9800. Because while most equal-
izers are not built to handle extended frequency response, sharp tran-
sients and high stewing rates, Pioneer's SG -9800 is. The SG -9800 has
low -noise -±1% metal -film resistors for more precise equalization. And
low -error ±2% polypropylene capacitors for superior audio characteris-
tics. And instead of wires, the SG -9800 has a computer -designed circuit
board that eliminates distortion caused by wiring in the signal path. The
result is an unheard of distortion level of .006%. Which just goes to prove
that some equalizers are more equal than others.
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S`(STEM ENHANCERS
®1980 U.S. Pioneer Electronics Corp., 85 Oxford Drive, Moonachie, N.I. 07074

ID r) PIONEER®
We bring it back alive.
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Nikko Audio's ND -790.
Anything less is just a cassette deck.

Nikko's first stereo cassette
deck, the ND -790, is built in the
tradition of all Nikko products-
with "one -of -a -kind' excellence
and superior features.

Metal tape capability, switchable
VU or peak reading dual vertical
LED indicators and cue -and -review
features, place the ND -790 far
ahead of other decks in its price
range.

Additional features include
Dolby® noise reduction circuitry,
pilot signal cancellation switch,
bias and fine bias EQ adjustment
(for various tape configurations)
and memory rewind.

Operating functions are just as
complete: Fast forward, fast
rewind, play, stop and mic/line

record. There are even inputs for
two mics and a headphone output
for monitoring.

For a touch of elegance and
utility, the black matte finish
ND -790 can be rack mounted (kit
optional).

The ND -790 is what you would
expect from Nikko Audio:
Exceptional performance and
specifications at a moderate price.

Your Nikko dealer will show you
why this beauty is really the best.

Nikko Audio
16270 Raymer St., Van Nuys, CA 91406 (213) 988-0105
320 Oser Ave., Hauppauge, N.Y. 11787 (516) 231-8181
In Canada: Audio Specialists, Inc. © 1980 Nikko Audio
Dolby is a registered trademark of Dolby Laboratories, Inc.
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For those who appreciate simple virtuosity
The 480 Series

480
The 2 -Head Model 480-

fully metal -compatible
:hanks to our special,

narrjw-gap, Sendust R/P
head and exclusive Direct -

Flux erase head. Wide-
rarge, peak -responding

meters, professional sliding
record -level controls, Dolby,

and iefeatable MPX filter,
of colrsel Even an optional

remote control.

482
For those who demand

of --tape monitoring,' the
482-a 3 -Head deck

similar to the 481 but with
two complete sets of

elactronics and Double -
Dolby so you can hear
exactly what has been
recorded as it is being

recorded.

r tiNekam[h 482 O,screle Hod Cassette Dech

With the 480 Series, Nakamichi again offers
a more affordable cassette recorder-a deck
that is simpler to operate, but that sacrifices
neither Nakamichi sound nor Nakamichi
excellence. The secret is simple. The Asym-
metrical, Diffused -Resonance Transport-
shared by all three models and closely akin
to that of the highly acclaimed 582-is a
3 -motor, dual -capstan drive so unique in its
simplicity and elegance that it can be manu-
factured with virtually zero defects. Each
480 -Series deck is factory calibrated to yield
optimum performarce with three types of
tape-ferric, chrome -equivalent, and metal.
Use products of equivalent quality, and you
can experience Nakamichi sound and Naka-
michi specifications-response to 20 kHz-
in your home.

Nakamichi

Oe . a. « ao . Or lo ,.,.

481
Step up to the 481, a
3 -Head deck utilizing
Nakamichi's exclusive
Crystal loy" cores

and "Discrete -Head"
technology. All the
features of the 480 plus
the greater dynamic range
of a discrete 3 -Head
format.

The 480 -Series starts at under $500. For more information, write to Nakamichi U.S.A. Corp., -101 Colorado Avenue, Santa Monica, CA 90401.

Enter No. 20 on Reader Service Card



The
Evolution of
Excellence
In 1976 Pickering launched a new
modern high fidelity era by intro-
ducing the first of a new genera-
tion of phono cartridges, the
Pickering XSV/3000, acclaimed
a top performer by critics and
reviewers worldwide. Now
Pickering takes the Stereo-
hedron" Series one step be-
yond excellence with the new
XSV/4000. A lightweight, high
energy, samarium cobalt magnet
and shapec-for-sound Stereo-
hedron Stylus tip are major inno-
vations that eclipse previous
performance standards in four
crucial areas. Improved tracking
ability. Expanded frequency
response range. Wider channel
separation. And featherlight
treatment of the record groove.

XS, 4000.....the nex gen
of , cl.

For further information write to:
Pickering & Co. Inc.. Sunnyside Blvd.,
Plainview, N.Y. 11803

,C.<EANG b CO NC

PICKERING

Herman Burstein

Precise Gausstimates
Q. 1 am puzzled and disappointed

about the use of some pocket magne-
tometers I read about in Audio quite
some time ago (early 1972). I pur-
chased the R.B. Annis Co. Model 20
magnetometer which deflects full
scale in a 10 -Gauss field, having been
led to expect residual magnetism on
the order of 2 to 5 Gauss in the heads
and guides of my tape deck. Unable to
get any reading, I then purchased
Annis' more sensitive Model 25, which
deflects full scale in a 2 -Gauss field.
Again needle deflection was minimal,
about 0.2 Gauss using the clip -on
probe, even when the deck had been
used for 15 hours since the last demag-
netization. Thinking that possibly
mine is an exceptionally "clean" deck,
I tried measuring the residual magne-
tism in a friend's deck (different
make), but I got equally low readings.
I have reason to believe that both
magnetometers are working properly,
since the more sensitive model clearly
registers the earth's magnetic field of
about 0.2 Gauss horizontal and about
0.5 Gauss vertical; also, both meters in-
dicate a field strength of about 0.2
Gauss at the tip of one of my screw-
drivers. I have been careful with both
meters to ovoid overdriving them with
any strong magnetic field.

As far as I can tell, there are no con-
ditions under which my tape deck has
residual magnetism of even 0.25
Gauss, which is less than that of the
earth's field. Finally, I have never
heard the effects of failure to demag-
netize the heads. Thus, after years of
scrupulous demagnetization every
four hours, I am forced to the conclu-
sion that demagnetization has been a
waste of time. I will appreciate any en-
lightenment you can give me.-Mark
Cannelora, Santa Cruz, Calif.

A. I have not encountered a defini-
tive study of the problem of magnet-
ization in tape machines. The one who
suggested that this may be a greater
problem than most persons realize is
Bert Whyte, Associate Editor of Audio.
What I know is principally what I have
heard from others, including manufac-
turers of tape machines, principally
home machines. It is quite possible

that in better grade machines, such as
those owned by you and your friend,
adequate precautions have been taken
against magnetization, and that ma-
chines of lesser quality face problems
such as described by Mr. Whyte.

In my own case, my experience was
much like yours - virtually no differ-
ence in magnetometer reading before
and after magnetization; I used two
different demagnetizers, one substan-
tially more powerful than the other.
Yet manufacturers do constantly warn
us (with an occasional exception)
about the buildup of magnetism in the
heads and guides. Should this happen,
there is no question that the result
would be an appreciable increase in
noise and loss of high frequencies.
Therefore, the advice to demagnetize
periodically seems to be a precaution
against something that might happen
but often doesn't. Since there is no
harm in demagnetizing, nothing much
seems lost by taking the precaution.
Incidentally, the usual prescription is
to demagnetize after every eight, not
four, hours of use.

Ferrite or Wrong?
Q. I own two tape decks, and in

both cases the playback head wears
rapidly. Is it possible to use ferrite
heads as replacements? A local repair-
man told me that the switch to the fer-
rite heads could not be made. I am not
convinced at all.-Helmut Kranz,
Philadelphia, Pa.

A. I know of no reason why you
couldn't use long -life ferrite heads as a
replacement. It would be necessary to
obtain a head with the required me-
chanical features for mounting on
your deck. In addition, the new record
head must have electromagnetic prop-
erties similar to your old one to elimi-
nate or reduce the need for changes in
bias current and audio drive current.
You should be able to get additional
useful information from a maker of re-
placement heads, such as Nortronics.Q

If you have a problem or question on tape re-
cording, write to Mr. Herman Burstein at AUDIO,
1515 Broadway, New York, N.Y. 10036. All letters
are answered. Please enclose a stamped, self-ad-
dressed envelope.

"for those who can hear the difference"
Enter No. 34 on Reader Service Card
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maxell

maxell a, G90
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Today's hottest recording group.
Latest sales figures show that Every hype of Maxell tape, from

Maxell is the fastest -growing brand LN to UD-XL is designed to give you
of recording tape in the country the widest frequency response, the
today. highest possible signal-to-noise ratio

It's not surprising. and the lowest distortion.

maxe11111111111111111

So no matter which tape you
play in the group, you're assured of a
great solo performance.

Pick up a few and put together a
group of your own.
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ud
etc.Edward Tatnall Canby

Inevitably some press events come
at the worst possible time for those of
us with regular deadlines, but this one
just had to be attended. Both Bert
Whyte and myself, representing this
magazine, were on the spot to hear
Bell Labs present an astonishing col-
lection of early test hi-fi discs, gold -
sputtered masters, no less, made in
1931 and 1932 in-believe it or not-
both mono and disc stereo-and
housed in the Rodgers and Hammer-
stein Archives of Recorded Sound in
New York, a division of the New York
Public Library. The discs were of music
played by the Philadelphia Orchestra
under Leopold
Stokowski, record-
ed in the Academy
of Music in Phila-
delphia during
both rehearsals
and actual con-
certs.

Stokowski - at
the very top of his
career! And disc
stereo in 1932?
This just had to be
heard. Those pro-
verbial wild horses
could not keep us
away. And mind
you, this was when
Bell Labs was lead-
ing everybody in
the new electrical
recording, every
aspect, from disc
movies (Vitaphone
331/2 rpm)-and even stereo, it now
turns out. I have been fascinated his-
torically by early stereo recordings
from around 1952 or so, and the Bell
Labs recordings were 20 years before-
more than 25 years before the earliest
commercial stereo discs of 1958.

Alas, it is my duty to report on this
epochal sound demonstration. I don't
know Bert's reaction, but as for me, I

was disappointed. The records were
fine, as I found out later. But the
demo, as put on by the very outfit that
practically determined the course of
our history, was more than ineffec-
tive-it was downright misleading.
After so much speechmaking, and
such a buildup, I suspect many in the
small audience went away muttering

cutters to sound.
discs, 16 inches at

so that's the best they could do? Even
with a charitable allowance for the
"crudity" of such early experiments,
the average and uninformed music lis-
tener and, especially, the hi-fi man
would rightly have gone away unim-
pressed, at least by the sound itself,
gold -sputtered or no. "Well, waddya
expect? Not bad, considering. Forty-
nine years! Back in the Stone Age of
electrical recording. Frankly, though, I

wouldn't want the stuff around my hi-
fi system."

After two minutes of actual demo, I
decided I would reserve all judgment
on the recordings until I got to my

own objective home listening grounds
and could play the derived LP of
Stokowski samples that had been pre-
pared. From Bell Labs, in that extraor-
dinarily progressive era, these record-
ings simply had to be better than
what we heard. So let me tell you, first,
what seemed to be wrong with that
demo. And let the climax of this arti-
cle, as at the demo itself, be the re-
cordings.

I suppose we can't expect eminent
scientists to be dramatists. There, we
surely can be charitable and under-
standing. The speeches at this presen-
tation went on and on, from the Chair-
man of the Board on down and, on the
part of the Library, the honorable and
venerable David Hall, well known to
all of us for writing about and pro-
ducing records. But the best speech,

the most unassuming as well as in-
formative, was that of the man who
actually made the recordings, who was
called back to supervise the restora-
tion of the collection - Arthur C.
Keller. Now that was a bit of drama!
And nicely underplayed - he gave us
a fine sense of the reality of that occa-
sion, when Bell Labs was lucky enough
to get, so to speak, the use of the Phil-
ly Orchestra as an experimental sound
source to check out all sorts of newly
developed audio gear, including the
stereo process on disc. Keller did not
declaim and boast; he was modest.
Yes, the mikes were special calibration

jobs, the Western
Electric WE 640
(another arm of
Ma Bell), which, he
thought, were
omnis - but some
discussion revealed
that perhaps there
was indeed a slight
directionality to
these micro-
phones, which
could account for
some of the rather
dead and close
sound in the re-
cords. Yes, he
thought that might
be true. Good little
discussion.

David Hall's re-
marks about his Li-

brary were to the point; prior to the
Rodgers and Hammerstein Archives,
the New York Public Library had
nowhere to house its increasing acqui-
sitions of recorded material. So true!
When the "Music Division" of the Li-
brary was located in the big main
building at 42nd Street and Fifth Ave-
nue, all the records were "stored,"
hopefully for future cataloging. Do I
remember! Years ago, Philip Miller of
the Library took me down in some
sub -basement to see for myself. It
wasn't his fault; there were no funds. I
was aghast. Hundreds of unopened
boxes, just as they had come in from
the record companies each month,
year after year, for decades. Not a box
even sampled, let alone cataloged. All
that was changed when the Rodgers
and Hammerstein opened up in Lin -
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Tomorrow is here early.
Now, a line of audio components which is truly

ahead of its time. Introducing the SAE TWO R6 and
P.9 Receivers, matching T7 Tuner and A7 Integrated
Amplifier, and C4 Cassette Deck-a collection of
engineering masterpieces meticulously blending
unique features with impressive specifications.

SAE TWO Receivers and Tuners have a Quartz -Lock
reference of the type used by radio stations in beaming
their signal. This system actually locks in the station,
eliminates drift, lowers distortion and provides perfor-
mance limited solely by the station's broadcast quality.

The R9 Receiver features a Digitally Synthesized
touch tuning section, first developed for the space
program, which precisely advances the tuner to every

CC assigned position with pinpoint accuracy.
Additional features include Digital Readout of the

exact station frequency taking the guess work out of
finding your favorite stations. And, a massless multi-
functional Bar Graph Display which responds instantly

and accurately, providing information on signal strength,
multipath and power output.

All SAE TWO Receivers and Integrateds feature a
Single -Strata Voltage Amplifier which utilizes the hybrid
technique of selecting active components from the same
production batch and mounting them on a uniform
thermal base. The result is superior thermal tracking
and gain linearity, unobtainable in conventional designs.

The new C4 Cassette Deck has Metal Tape capa-
bility, the latest breakthrough in recording technology.
It provides greater high end response with lower
distortion. And, with the tape deck's adjustable bias
feature you can optimize its performance with any
brand of tape available now... or in the future.

Unique features? Yes! Impressive specifications?
You Bet!

SAE TWO-see tomorrow's line of components
today at your SAE dealer.

w=
For the latest information, fast, write:
SAE TWO, P.O. Box 60271, Terminal

Annex, Los Angeles, CA 90060.
In Canada, The Pringle Group,

30 Scarsdale Rd., Don Mills,
Ontario, Canada M3B 2R7.



Stokowski (left) and Harvey Fletcher,
Bell's Director of Physical Research,
during playback at Constitution Hall.

coin Center, with funds to do the job.
So the Stokowski recordings are in-
deed going to a splendid home with
all the correct "archival" facilities.

You get the idea. Speeches, on and
on. I did not hear one mutter of "Let's
hear the MUSIC!" from the well-bred
audience on hand. So finally, the big
anticlimax.

Demos Are Delicate
I have attended a thousand public

playings of recorded music in large
spaces, and put on a few of my own. I
tend to fear the worst and am often
justified. Under the best of circum-
stances, this is never an easy proposi-
tion. And, unfortunately, many other-
wise excellent engineers and execu-
tives are thoroughly unaware that
there are problems involved - and of-
ten good solutions, given the right
planning. Most seem to think that all
you do is to get hold of an amplifier,
er, some amplifier or other, and a cou-
ple of good loudspeakers - i.e. good
for the home living room - and just
play what you have to play. After all,
the sound is already there in the re-
cording, isn't it? Not true! A very large
part of it is in the playback.

One look at this Bell Labs setup and
I began to have my doubts. A small
modern auditorium, very wide and
shallow, with a large stage up front.
And totally dead. Excellent for speech!
The Chairman of Bell Labs spoke into
his microphone at the rostrum but the

mike was dead. No matter. Every word
was clear, even at conversational level.
Others didn't bother, and just talked
from their chairs. You could hear. But
what sort of an auditorium was this for
musical reproduction? With so much
sound absorbing, you might just as
well be out of doors in some wide-
open space. Some of us would have
taken one look and sent out for lots
more amplifiers, preferably disco.

On the very wide stage, two tiny
speakers were set up, far, far apart.
Squat bookshelf type, big enough in
the living room but awfully diminutive
in this much larger space. In front of
them was the forward rostrum, plus ta-
bles, chairs, what -not, extensively laid
out between the speakers, and neatly
blocking one or the other for many lis-
teners, including myself. I was in the
center but could not see the right-
hand speaker. Nor hear it, thanks to
sound absorption. The audio source in
this case was a tape, seven-inch reel.
That part of the gear was properly set
up against the back wall and out of
the way, though it would have been
better still down on the floor or out of
sight entirely.

So the music at last began. Such a
muffled sound! And not nearly loud
enough. That is, for an auditorium of
this size and a large symphony orches-
tra playing very powerful music. More-
over, it seemed to be astonishingly dis-
torted. There was strain and stridency,
coming out of the general muffled ef-
fect, at every climax. Too much - it
just couldn't be. Bell Labs gave us to
understand, remember, that these
were remarkable examples of early
wide -range recording, and Bell Labs
surely knows.

Distorted Perspective
If you are going to reproduce the

Philadelphia Orchestra on a stage
large enough to hold most of that or-
chestra in person (though things might
be a bit crowded), then you must pro-
vide some illusion of size and power.
This was NOT a home living room. But
you must also understand that in a
dead space - as in the great outdoors
- and at a high volume, too, any dis-
tortion that is present will seem worse
than it is. A sad fact of our listening
nature. (Conversely, good indoor play-
back acoustics make distortion seem
less, as with a small radio playing in
the kitchen or the bathroom.) So, with
those relatively small speakers, so very
widely spaced apart, we were doomed
before we started. Especially in mono.
Most of the more than a hundred
Stokowski excerpts in this collection
(out of some 6,000 discs stored by Bell
Labs all these years) are, of course, in
mono.

In that space, the mono recordings
became a point source, or rather, two
point sources, whichever one was
nearest you. We older souls can, on
occasion, readjust our ears to the
mono situation we used to know so
well. But younger people of the stereo
age would find this sort of point pro-
jection of a mono original particularly
difficult. Reflection, diffusion of the
sound is one helpful answer. There
was none. Result? Artificiality and a
seeming heightening of distortion. Not
a good listening experience.

Was the distortion actually in the re-
cording?The more I listened, the more
I felt that it could not be. An excerpt
from Wagner's Tristan began; as the
strings soared up, ever louder, the stri-
dency was dreadful. Strings, of course,
always show up distortion of the com-
mon harmonic sort, as who doesn't re-
member. (In older times we were mer-
cifully spared, thanks to the prevailing
cut-off somewhere around 4 kHz.) Of
the audio elements involved here,
began to suspect the speakers, which
would be overdriven, most likely, be-
fore the amps reached their own stage
of acute distress. Look! This was a
"small" auditorium, granted, but even
so its cubic volume (clumsy term for
rounded internal spaces) was enor-
mously greater than any imaginable
living room. And well padded, too.
SOMEBODY should have realized,
ahead of time, I say. But is Bell Labs
(and Rodgers and Hammerstein Ar-
chives) really aware of all that goes on
in the outside world - say, the sort of
sound we now get in the disco biz? I

suspect not.
Could be wrong - I'd like to see the

Chairman of the B. in a disco and, in
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A Telarc Digftal
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Tchaikovsky "1812" Overture; Capriccio Italien; Cossack Dance from Mazeppa
Erich Kunzel conducting the Cincinnati Symphony Orchestra

CI

It's stirring, familiar music.
. Superbly played by the Cincinnati

Symphony under the sensitive baton of
Erich Kunzel. And captured with all its
warmth and emotion in the 100 -year -old
Cincinnati Music Hall. But what of the
huge bells? And what of the fabled
cannon? They are there-literally in
full force-providing dramatic proof of
the superiority of digital mastering of
the untapped capabilities of today's
disc recording.
Not For Every System

We'll be perfectly frank: not every sys-
tem-even some of the finest-will be
able to successfully track the remarkable
grooves on this record. And even if your
cartridge and tone arm can track the
record, the full impact of the sound may
escape you unless you own an outstand-
ing amplifier and speaker system. In
short, this record will challenge every
part of your system in every respect.

Most difficult to track and reproduce is
the authentic 19th century cannon whose
initial "crack" as the powder is ignited is

This 12x enlargement
shows the incredible
groove modulations
during the cannon shots
...probably the most
demanding low fre-
quency signals ever cut
on disc.

followed by pressure waves as low as 6 Hz
which can easily be seen on the finished
disc. Even with maximum recommended
tracking force, many tone arm/cartridge
combinations may be incapable of follow-
ing these remarkable groove excursions*.
And the "boom" is well below the useful
range of all but the most sophisticated
speaker systems, coupled to amplifiers
with generous reserves of power.

At the other end of the scale, the tumul-
tuous bells provide a challenge to high
frequency tracking and a stringent test of
the mid -range and tweeter components.
Add the full resources of the Cincinnati
Symphony-captured as only the Sound -
stream digital system and Telarc
microphone technique can-and the

result is a record which will challenge
your ideas about equipment performance
and the limits of disc recording
capabilities.

This landmark recording is just one of
several new digitally -mastered Telarc
releases. Available at most Audio-
Technica dealers and wherever audio-
phile recordings are sold. If not available
locally, write us today for our current
StandarDisc catalog of digital, direct -to -
disc, and advanced analog recordings.
AUDIO-TECHNICA U.S., INC., 33 Shia-
wassee Ave., Fairlawn, Ohio 44313.
Dept. 40A

*If your cartridge/tone arm combina-
tion Ls unable to track this spectacular
recording, your Audio-Technica dealer can
recommend several A -T cartridges and
tone arms capable of meeting the rigors of
this advanced digital recording technique.

audio-technica
ADD THESE EXCITING TELARC DIGITAL RECORDINGS

TO YOUR COLLECTION
TCHAIKOVSKY Symphony No. 4,
Lorin Maazel, Cleveland
Symphony TEL -10047

MOUSSORGSKY Pictures at an
Exhibition/Night on Bald Mountain
Lorin Maazel, Cleveland
Symphony TEL -10042

'Or( YvtrM MrAm
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drLdibilto
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ORaLION 0'.D..
PEONO

AUDIOTECHNICA PROFESSIONAL AND HOME PRODUCTS FOR BETTER SOUND
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Bell Labs' Development Group c. 1930
included (clockwise from left) P.B.
Flanders, J.P. Maxfield, A.C. Keller,
H.C. Harrison, and D.G. Blattner.

fact, wouldn't put it past him. Amiable
soul. So it was a matter of not putting
two and two together? I do not know
where the "blame" could be placed, if
anywhere. And after I had heard the
records at home (the LP of excerpts) I

felt extremely charitable. So the demo
fizzled! Not so the recordings. Which
is what matters.

Why were these extraordinary musi-
cal examples of Stokowski at work in
his prime ignored for a half century,
almost? Simple enough. They were not
made as musical projects but simply as
informal behind -the -scenes tests of
equipment, thanks to Stokowski's
well-known great interest in anything
to do with recording. It was a superb
chance to produce a real sonic work-
out for developmental material - no
more. It was luck, indeed, that the
fragmentary sonic results were saved
at all, once they had done their work.
The gold sputtering technique was a
recent Bell Labs improvement at the
time, replacing noisy graphite as a

base for plating; also the use of vinyl
plastic. The discs are preserved in the
form of golden platters, 12 -inch, with
the characteristic wide center holes of
an intermediate "generation" in the
pressing process. Apparently they are
not suitable for use in the present day
pressing cycle, but a way to transfer
them to tape was quickly found and
clearly must have given impetus to the
whole restoration project - if I am

right, the ingenious new Stanton/Pick-
ering forked stylus that will play a
"negative" groove, i.e. a ridge. Marvel-
ous idea!

Right here, our demonstration left a
lot of questions hanging. Does this im-
ply that the old gold sputtered masters
are negatives, with raised ridges? No-
body said. I didn't get close enough to
see.

WE 640 mikes, slightly directional -
but what cutters (and how many)?
Again, nobody said and I'd like to
know. Surely they were advanced
magnetic. What cutting medium?
Was it still wax? Nobody said in so
many words. If wax, then these re-
maining masters were definitely not
wax, as could easily be seen - are
they sputtered vinyl or metal with
some coating? Nobody said. Anyhow
it seems apparent that these golden
masters are not the original cuts. Or so
I began to think. Well, it wasn't exactly
a technically minded audience.

Why sputter them - for nondistri-
bution? If I had more time I could find
out.

Answers At Home
Well, I went home and in due time

found that the sound was indeed a lot
better than it had seemed at the demo.
Home sound for a reviewer represents
neutrality out of long familiarization;
one hears "through" it into the record-
ed sound itself.

For mono, after a bit of listening via
one speaker, I set up an enhancement:
QS decode (throws a lot into the back
speakers of a surround system) and
maximum Advent SoundSpace delay,

which if I am right does synthesize
useful sidewise random cross -relations
between two channels, in this case
identical mono. What I heard was a
good and realistic space, a sonic "box"
which was long but narrow (it did
have some width, at least), like a

squashed concert hall. Not bad for the
music and it brought out its best sonic
qualities, which was my intent. Some
distortion, yes. Characteristic strained
sounds at higher levels, typical of
much earlier electrical recording. But
not bad - not nearly as unpleasant as
at the demo. The quiet passages were
lovely, clear and wide range. Some-
thing, for December of 1931! There is a
complete Roman Carnival Overture
and an Invitation to the Waltz which,
judging by the lengths, were taped to-
gether from two 78 -rpm sides each.
(They didn't say.) Wonderful fiery per-
formances, especially the extraordi-
nary Berlioz Carnival, if with some dis-
tracting vagaries in the levels here and
there. Gain riding? The rest is in hap-
hazard, incomplete fragments though
most of Moussorgsky's Pictures (Ravel)
is there, a mix of mono and stereo.

Ah stereo! Bell Labs says its disc ster-
eo grew out of a curious double -band
experiment whereby filters sent lows
into one disc cutter and highs into an-
other on the same record, the two
played back (in sync!) for a wide tonal
range otherwise impossible with avail-
able amps. So they say. It was this sys-
tem, later consolidated into a single
groove via a lateral -vertical cutter
(Keller again) that was adapted to ster-
eo. But how? Didn't say. Was this a
fake stereo of sorts, highs to the right,
lows to the left? Or did they somehow
shift over to two full -range bands,
after all? There were some two -band
stereo cuts, two pickups, among the
Stokowski segments. Also, clearly, sin-
gle -groove cuts, lateral/vertical: The
excerpts on our LP all run typically
around 3:30 to 3:50, one 78 -rpm side-
ONE groove.

Well, my ears say it was the real
thing, however they did it. Lovely spa-
tial presence, even startling. Excellent
sonic quality, too, comparable to the
mono. Some fluttery instability of im-
age, a bit of "hole -in -the -middle,"
characteristic of early stereo - and
lots of separation. Especially in
Gnomes (Pictures) when suddenly
the violins take off and fly across stage,
left to right, then straight back. Some-
body fiddling with the 1932 controls.

Final note: Those violins did not
change in sound as they flew from one
side to the other. This could only be
real, honest stereo. Stereo as of 1932
and fi as of 1931 - I heard it myself.
That's what I wanted to know. A
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JIWA
AIWA AD -M700 3 -HEAD METAL TAPE

COMPATIBLE CASSETTE DECKS
we'll go head to head with anyone

Aiwa's AD -M700 cassette decks in contemporary -
styled silver or in a black rack -mount handle cabinets
have a 3 -head Double Dolby* NR configuration. So do
some high-priced decks. What the high-priced decks
don't have is Aiwa's unique V -cut head geometry to
cancel out low -frequency contour effect, i.e., get rid of
the roughness. While the record and playback heads
are placed in single housing, they are completely
separate, allowing each head to have the ideal gap
width for its specific purpose. This provides low noise
recordings with extended frequency response.

To match this supreme head -system performance,
we've used a 2 -motor tape transport for dependability
and smoothness as well as a phenomenal 0.04% Wow
and Flutter WRMS.
Enter No. 1 on Reader Service Card

Upgrade

Finally, to make the most of Aiwa's superb heads
and transport system, we've put in a continuous
variable bias adjust control for the optimum flat
response regardless of what-or whose-tape you use,
including metal particle tape.

All of this gives you terrific sound with a frequency
response of 20-19,000Hz with metal tape; S/N ratio of
65dB (Dolby* on, FeCr tape). Then we added these fine
touches for convenience and versatility...feather-touch
logic controls, continuous repeat and memory replay,
5 -point multi -color peak reading LEDs, REC/MUTE
edit replay and a host of other high-priced features that
come with any Aiwa cassette deck. Look for Aiwa's
AD -M700Ú in silver; AD-M700BU in rack -mounting
black. We've used our heads. For you.
*Dolby is a trademark of Dolby Laboratories, Inc.

WA
AMERICA, INC.
35 Oxford Drive

Moonachie, New Jersey 07074
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An incredible sound experience
awaits you. An experience that
technology alone finds hard to
explain. You'll hear music of such
stunning purity and sensual rich-
ness, that you'll wonder how any
audio system could make that much
of a difference.

The Onkyo CP-1030F
That's the secret of Onkyo. The

unique ability to take you several
steps beyond pure technology ... to
a world of more exciting sound. And
we provide it in all our components
... beginning with turntables.

The Onkyo CP-1030F Fully -
Automatic Turntable is an outstand-
ing example. It takes far greater
advantage of today's most sensitive
high -compliance cartridges ..
providing more precise record
groove tracking, while silencing out
vibrations from record warp, the
turntable motors, even sound

The Onkyo TA -2080
waves produced by your speakers.

The CP-1030F is rich with im-
portant new concepts ... a low
mass, straight line carbon -fiber
tonearm... infrared sensors for
smoother automatic tonearm con-
trol ... Quartz -locked direct -drive
accuracy ... and a new triple -
insulated suspension. All combine
to produce purer sound. And the
CP-1030F is just one of five ad-
vanced new turntables from Onkyo.

In stereo cassette tape decks
too, Onkyo achieves more perfect
sound. The Onkyo TA -2080, for
example, provides a computerized

control system called "Accu-Bias"
... which automatically assures that
every recording you make is supe-
rior, including new metal tapes.

Every tape has a different bias
setting requirement ... even two
tapes of the same formulation from
the same manufacturer. "Accu-
Bias" automatically senses each
tape's unique bias needs, then
makes the precise system adjust-
ments to provide it. Brighter, cleaner
high notes are the reward.

The Onkyo TA -2080 also pro-
vides a rich and important array of
other high performance features.
3 -Heads with a 2-motor/2 capstan
drive system ... a Dolby* noise re-
duction system with switchable
MPX filter and two channel calibra-
tion controls ... both VU meters and
10 -step LED peak indicators. And
the TA -2080 is just one of four Onkyo
cassette tape decks.

Onkyo integrated stereo ampli-
fiers provide an extraordinary... and
unique ... sound experience. Their
special Super -Servo circuitry totally
eliminates the sonic "ghost signals"
common to DC power amplifiers. As
a result, each instrument and voice
sounds purer and more individually
real ... regardless of volume level.
You'll experience-perhaps for the
first time-stereo with a fully dis-
cernible third -dimension.

There are three Onkyo integrated
stereo amplifiers to select from.
All with Super -Servo, LED peak
power indicators, and other ad-
vanced features. A companion
series of three Onkyo stereo tuners
is also available.

Of all our components, the
most widely known are our stereo
receivers. And with good reason.
Their FM sections are clearly supe-
rior ... picking up weak stations
noiselessly and strong stations
without distortion. And Onkyo was
the first to revolutionize receiver
design with Quartz -Locked
FM tuning and the unique

The Onkyo A-7090

"Human Touch Sensor" control.
In all, there are 6 Onkyo AM/FM

stereo receivers ... with the in-
credibly advanced TX -8500 MK -II
paramount among them. With 160
Watts per channel**... digital FM
frequency display ... a memory to
preset up to seven FM stations ...

The Onkyo TX -8500 MKII
and a built-in Dolby* FM circuit
the Onkyo TX -8500 MK -II is one of
the most advanced receivers ever
conceived. And it's just one of 6
Onkyo receivers to pick from.

In speaker systems, few are as
innovative, accurate and impres-
sive as the Onkyo F-5000 3 -way,
Phase Aligned Array© Speaker
System. The F-5000 delivers more
exciting sound ... with precise
three-dimensional imaging.

Speaker alignment is one of the
reasons. Even more significant is
the unique Onkyo planar woofer,

The Onkyo F-5000
planar midrange, and Direct Drive
Membrane® Tweeter.

Gone are the sound interfer-
ence patterns and phase cancella-
tions that cone shaped speakers
always provide. Instead is a listen-
ing experience with the same
true frequency relationships of the
performance.
 Experience "the secret of Onkyo"
now, at your Onkyo dealer. Hear
audio components so advanced,
they transcend mere technology.
Onkyo USA Corporation
42-07 20th Ave., Long Island City
N.Y. 11105 (212) 728-4639

*TM of Dolby Laboratories "' Min. RMS at 8 ohms both channels driven from 20 to 20,000 Hz with no more than 0.05% total harmonic distortion.



Bert Whyte theBehindscnes

The 1980 Winter CES in Las Vegas
was widely anticipated as a barometer
of the audio industry. After what could
charitably be called a lean year in 1979,
manufacturers and dealers alike were
anxious to get a reading on the pros-
pects for 1980. The first day of the
show seemed encouraging - good at-
tendance, a definite undercurrent of
optimism, and apparent enthusiasm
for some of the new product offerings.
Alas, by the next morning the barom-
eter was falling, and there was a perva-
sive gloom as it became apparent that
many key dealers, especially those
from the East, were "no-shows." Quite
a few of the manufacturers I spoke to
were openly disappointed with the
show and weren't sanguine about the
financial state of the industry. One
speaker manufacturer bitterly com-
mented to me that after all his trouble
and the expense of exhibiting, he had
opened up exactly one new account.

I am not trying to be Pollyanna, and
though the audio industry is most cer-
tainly depressed, I don't think it is real-
ly quite as bad as many would have
you believe. For one thing, I think
many industry people are still in a

state of shock after finally realizing
that the audio industry is indeed un-
dergoing a traumatic recession for the
first time in its existence. I'm not trying
to give a phony, hyped -up pep talk or
any of that "buckle down Winsocki"
jazz, but in spite of the industry's very
real problems, this is still a very viable

business. The great preponderance of
American households do not yet have
a single piece of audio equipment -
surely an untapped market that needs
a concentrated effort and a different
approach. Certainly in all the burgeon-
ing new technologies, there are oppor-
tunities for the creative mind. I think
too that we have come dangerously
close to saturation in many of the trad-
itional areas of audio commerce. It is
time for new directions and also time
we took a long hard look at ourselves,
friends.

Perhaps one of the reasons for the
down -in -the -mouth attitude at the
show was the oft -repeated observation
that there wasn't much really new or
exciting. While generally true, there
were some interesting items worth
more than a casual look. This time
around, with no apologies, I am not
even going to attempt a semi -catalog
survey of what is new in the various
component categories. One is simply
overwhelmed by the sheer numbers of
what is available. Thus, I shall limit my
observations to what I thought was
important, useful, and contributory to
the enjoyment of music.

PZM Mikes
Crown International, heretofore

known for their high -quality ampli-
fiers, preamps, etc. has begun pro-
ducing a very unusual microphone,
the PZM, or "pressure zone micro-
phone." Originally developed by Ed

Long (of "time align" fame), one of
this magazine's Contributing Editors,
and his associate, Ron Wickersham,
the PZM operation is based on the
principle that, within a few millimeters
of a rigid surface, the incident and re-
flected sound waves from a pair of
equal level signals add coherently.
Very close to a boundary, such as a
floor, the signals are still in phase after
being stopped and reflected by the
boundary. This creates a pressure zone
right at the surface of the boundary,
where the instantaneous pressure is

uniform, and response is not a func-
tion of the angle of incidence. In his
original experiments, Long used a half -
inch Bruel and Kjaer microphone,
placed so that its diaphragm was with-
in a few hundredths of an inch and
parallel to a stage floor (rigid bounda-
ry) and not facing the sound source;
ordinarily the mike diaphragm would
be vertical or nearly so. He found that
a PZM maintains a flat response and
does so for all the angles of incidence
in the hemisphere surrounding it. The
sound is cleaner and truer because the
signal is free of anomalies caused by
the phase cancellation of direct -with -
reflected sound.

Crown has an exclusive license to
build the PZM microphone based on
Long's research. The firm's general
purpose model is a 5 X 6 inch, 1/a -inch
thick aluminum plate, with the XLR
mike connector mounted on it. The
finely machined microphone can-
tilever features an approximately %-
inch electret mike capsule mounted
on it so that its diaphragm is parallel to
and about 1/12,000 inch above the
plate. Standard power supply is a com-
bination transformer, battery, and
phantom power supply contained in
an approximately three-inch metal
cube. With the elimination of phase -
cancelling and comb -filtering effects,
the PZM is very accurate with a

smooth, wide frequency response. The
design lends itself to simple miking
techniques, and the PZM can handle
sound levels of more than 150 dB. It
can even be placed inside a kick drum!
Best of all, the Crown PZM will be
priced around $375.00, including pow-
er supply. It gives a whole new dimen-
sion to miking techniques, and much
work has been done with concert re-
cordings.

Dennesen Electrostatics exhibited

we
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KEF Model 304 KEF Model 303
on optional stand ULS II on optional stand ULS I

Enter No. 14 on Reader Service Card

Elegant, Efficient,
Effective.

The traditional KEF accuracy in
music reproduction now combined
with a higher level of efficiency

Whether for use with amplifiers up to 100
watts or music centers as small as 10 watts,
the two new KEF speakers-Model 303
and Model 304-can achieve surprisingly
loud volume levels without any sacrifice
of the tonal quality for which KEF is
world-famous.
Visit your authorized KEF dealer for a
thorough demonstration.
For his name and product information
write to: KEF Electronics, Ltd., c/o Intratec,
P.O. Box 17414, Dulles International Airport,
Washington, DC 20041.
In Canada: Smyth Sound Equipment, Ltd.,
Quebec J4H 3V7.

The
Speaker
Engineers



The King of
Valves

iM

Genuine Gold Lion valves -hand
built, utilising advanced pumping
techniques and individually tested
to a tight specification-are your
answer to the high quality sound
demands made by musicians and
listeners alike.

Gold Lion KT77's and KT88's
covering 30-200 watts, are now
available from M-OV along with
data and distribution details. Find
out all about the King of Quality-
from M-OV.

Trade Mark of M-OV Audio Valves.

MOV
A MEMBER OF THE GEC GROUP

5117

THE M -O VALVE CO. LTD., HAMMERSMITH, LONDON W6 7PE, ENGLAND.
TELEPHONE: 01-6033431. TELEX: 23435. GRAMS: THERMIONIC LONDON.
Distributed in the USA by: EEV INC., 7 WESTCHESTER PLAZA, ELMSFORD,
N.Y. 10523. TELEPHONE: 914 592 6050. TELEX: 710 567 121 5.
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The Audio Critic
most respected
and most hated.

Some audio reviews churn out test
data like frequency response and harmonic
distortion, long proven to correlate quite
poorly with listening quality. Others intone
with mystically closed eyes that the highs
are whitish and the upper midrange
insufficiently liquid. The Audio Critic, on
the other hand, goes for jugular -vein
laboratory measurements like ringing in
loudspeaker diaphragms and hard-nosed
listening evaluations such as clear/unclear
against a known reference standard.

This kind of realism both in the labo-
ratory and the listening room has earned
the unstinting respect of some of the top
technologists and academicians of the
audio world, not to mention the confidence
of many thousands of audio consumers
who have better systems as a result. It has
also created a fulminating, scratch -your -
eyes -out hatred among the charlatans.
witch doctors and know-nothings of high -
end audio-as expected.

The Audio Critic prints absolutely no
commercial advertising. Eight issues have
been published so far; the recommended
retroactive starter issue for new sub-
scribers is the sixth, which is a cumulative
reference work with over 150 reviews.

Send $30 for 6 consecutive issues by
first-class mail (no Canadian dollars, $6
extra for overseas airmail) to The Audio
Critic, Box 392, Bronxville, NY 10708.
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Goodbye to "snap, crackle and pop'
Scotch DustGuard mat suppresses
static, helps keep record surface
dust -free, in use. You get better per-
formance, longer -lasting records. Your
record collection needs DustGuard
for true, pure sound. At local record
and hi-fi stores.

Scotch o Record Care. The truth comes out

3M
Enter No. 17 on Reader Service Card

some unique designs in several prod-
uct categories. The most intriguing was
their DEI linear tracking, air bearing
tonearm. On a superbly machined
brass support base is a slide track
drilled with a series of tiny inlet holes.
This is connected via flexible tubing to
a special low -noise air pump. Riding
on the slide is an extremely light-
weight plastic "saddle," and mounted
on the saddle is an ultra -thin carbon
fiber arm. The air pump maintains a
positive pressure through the outlet
holes of the slide bar, and the plastic
saddle and arm carrier thus ride on a
frictionless air bearing. The pump is
capable of handling most cartridge
weights, and there are several inter-
changeable arms of different mass. It is
uncanny to gently touch the support
saddle and "feel" the action of the air
bearing. Tracking abilities are phe-
nomenal with this kind of setup. For
cartridges of very high compliance,
this is an arm that will finally do them
justice. The $1,000.00 price includes
the air pump. Also shown by Den-
nesen was their DEI turntable isolation
base. This features special pneumatic
dampers with a fundamental reso-
nance of 3.2 Hz, and it is claimed to
virtually eliminate acoustic feedback.
Most turntable bases can be fitted to
the unit, which costs $325.00.

Preamps and Discs
Charlie Woods, the genial head of

Audionics of Oregon, was proudly
showing the production versions of his
Space and Image Composer, with its
Tate system SQ decoder and syn-
thesizer. As you might expect, most
people are using the unit for its syn-
thesizer functions, finding out what
interesting out of phase information is
lurking in the grooves of their favorite
records. With four matched ADS
speakers the sound was great with in-
teresting interchannel dynamics and,
with some recordings, an impressive
panorama and proscenium effect. Also
demonstrated was the RS -One, Au-
dionics' new Class A preamplifier. Es-
sentially a purist design, with a com-
puter -designed RIAA section claimed
to be flat within 0.2 dB, the unit also
features the same unique axial tilt cir-
cuit as on the image composer. This
enables ±7 degrees of electronic cor-
rection of the mechanical misalign-
ment of the stylus in the groove.

By now, most of you are aware of
the dbx-encoded discs and their com-
panion Model 21 disc decoder. The
reasons for their design were the ex-
tension of usable dynamic range and
the virtual elimination of surface
noises. I have tried the system at
home, and in general it works quite
well. However, it is a system that is
source limited: It is only as quiet and
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THE PHASE 8000 15 AS CLOSE
TO PERFECTAS YOU CAN GET

SIGNAL/NO SE: -78dB.
WOW - FLUTTER 0.013°ió.

-RACKING ERROR: 0.
SKATING FORCE: 0.

No c ther turntab a can match bell -use 8000,
bemuse no other turntable has st.ch advanced

rotors. You cast buy a guide- turntable.
Or one with as low -wow & flutter.

Or one tha= t adcs better.
Tie Phase 80(*C's tangential tacking tone

arm keeps the styltts,n perfect 90° tangent with
the grooves. It's the same me, to master disc mas cut, so the

motion of your stylus is identical t r the cutterhead stylus. There's
absolutely, no tracking distortion. Nc crosstalk.

No skating force that :a -i actually re -cut Jon. grooves.

MEW LINEAR MOTOR ELIMINATES
MECHANICAL LINKAGE

Other nirufacturers have tied to move
tangeutis_ tone arms with wirm gears.

3e_ts_ Rollers. AL wit .he same
sad rí11: Medtatiatl connections
pass an the noise ar_d '.ibra=ion of the motor.

TheP.iase 80(0 hives this problem with an
irger'lous Linear Motu. The tone arm base is a
pc -inane -8y magtetrec armtture that glides
akw glide bars -ton. electro -magnetic coils.
Pty aim moves ly di ect induction - not mech
an cat cc rnectirz So there's virtually no noise.

Inside the tone arm, an cpto-electronic
dtec orcell senses the slightest tracking error,

and instantly sends ro -reefing sigeals to keep the arm on track

SEW QUAR-LPLL DIREC7 DRIVE
Our iew slotless. .:oreless Stalieliargir_g Rctor DC motor

iirt.u:dl 7 eliminates "Otter woble:' Coidt start/stop.
"'peed ceviation s liver tian 0.002%

If you want to hear a these te} h ica. advan_ages
ttansla_ed into tnusica_ improvements, contact your
ruse linear auia lealeL

Phase Linear L'orporatic n, 20121 -48th Ave. ti , Lvnnwotxl, VA 98036
Enter No. 23 on Reader Service Card
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displays only as much dynamic range
as the master tape from which it was
encoded. Jerry Ruzicka, the dbx vice
president who is the guiding light be-
hind this project, got the bright idea
that if he could find a source of digital
masters, encoding them onto dbx discs
would really give an honest -to -God 85
to 90 dB of dynamic range. And all this
without recourse to an actual digital
record playback system - a sort of
sonic "have your cake and eat it, too."
Well, Jerry found M&K RealTime Re-
cords ready to cooperate. Previously,
they have been known for their excel-
lent direct -to -disc recordings. They re-
cently hied themselves to Vienna,
where they used a Sony 1600 digital

recorder to make a series of recordings
with the refugee orchestra, The Phil -
harmonica Hungarica. Understandably
they concentrated on old warhorses
like Tchaikovsky's Romeo and Juliet
and Nutcracker suites, The Sorcerer's
Apprentice, Espana, and The William
Tell Overture, with six albums in all. At
the CES demonstration, I wasn't too
happy with the sound of the playback
system, but there was no question that
the vaunted 90 dB of dynamic range
had indeed been captured on the
discs. (As I related in my recent col-
umn on dynamic range, there are
going to be some merry old speaker
blow-ups with these recordings!)

Holding forth at the Showboat Ho -

the ULTIMATE EQUALIZER

MADE IN

U.S.A $499
Moda, AE 7400-H.
InciudIng Case

ANALYZER/EQUALIZER
AE2420.R

GUARANTEED to improve -and enhance -
any fine stereo component system!

The Patent -Pending DIFFERENTIAL COMPARATOR cir-
cuitry of the "SCAN-ALYZER"/EQUALIZER IS THE KEY
TO HIGH PRECISION ACCURATE EQ analysis. The basic
simplicity of the DIFFERENTIAL COMPARATOR cir-
cuitry makes it possible for even a novice to accurately
EQ his room and his system, yet that same circuitry is so
highly accurate it can actually be used for 0.1 dB labora-
tory measurements in EQ analysis. This combination of

5 EQUALIZERS
from S249 to S550

eP221eS11 $770

r...«
-. - -

i-iiTl !~ i1Ei
a

equalizer and analyzer creates a functional component
that should be an integral part of every high quality home
stereo system. The "SCAN-ALYZER"IEQUALIZER with
Its accompanying COMPUTONE CHARTS, can be used
in a home stereo system for so many important functions
we can't begin to list them here. See your nearest Sound -
craftsmen dealer, or circle Reader Card, for complete
information.

3 STATE-OF-THE-ART 3 CLASS H 250w AMPS
PREAMPS, S399 to S699 from S649 to S949

FREE! 16 -page Full -Color Brochure

WHYS and HOWS OF EQUALIZATION
Includes TEST REPORTS, complete specifications. Class
"H" amplifier ENGINEERING REPORT, HI COMPARISON
CHART, and the "WHY'S & HOW'S" of equalization-an
easy -to -understand explanation of the relationship of

acoustics to your environment. Also contains many unique IDEAS on "How the Soundcraftsmen
Equalizer can measurably enhance our listening pleasures:' How typical room problems can be

eliminated by Equalization;' and a 10 -POINT "DO-IT-YOURSELF" EO evaluation checklist so
you can FIND OUT FOR YOURSELF WHAT EO CAN DO FOR YOU!

SEND $6.00 FOR EQUALIZER -EVALUATION KIT. 1.12" LP TEST RECORD. 1 SET OF CHARTS. 1 CONNECTOR, 1 INSTRUCTION FOLDER

Made in U.S.A. by SOUNDCRAFTSMEN INC.  2200 South Ritchey  Santa Ana, CA 92705 U.S.A.

Enter No. 35 on Reader Service Card

tel was John Dunlavy of Audio Stand-
ards Corp. As I have said before, he is
one of the few people in this industry
who truly deserve the "genius" label.
John has done it again. His new Model
FP -3A preamplifier is one of the most
advanced designs extant, with specs
which are sure to be challenged by
many who won't believe them. The
preamp is an entirely FET design, using
no inverse feedback loops. All stages
have slew rates exceeding 500 volts per
microsecond. Square wave distortion
is not measurable at 10 volts, peak to
peak, nor is TIM at the same levels.
THD and IM distortion are less than
0.01 percent at 10 volts, p -p. Noise is
within 3 dB of thermal agitation - in
other words, near the theoretical limit
of the laws of nature! All these are
claims, but John was equipped as usu-
al with his imposing array of test
equipment, including HP spectrum
analyzers, and proved many specifica-
tions on the spot. How did the preamp
sound? Sensational, but then it was
being played through John's new
speaker system, so I'll have to wait to
hear this preamp with a variety of sys-
tems I'm familiar with before I can
make an assessment of the unit itself.

As to John's DDRL-3, Dual Directivi-
ty Reference Loudspeakers, this im-
pressive system will likely find a home
only where the "man wears the
pants." There are rectangular cabinets
housing 15 -inch woofers, one on the
bottom, one on the top. In between
them is a cylindrical unit containing six
midranges and three tweeters. That's
for each side! The speakers stand al-
most seven feet high, so you see what
I mean about their probable owner-
ship. They feature a switchable pattern
of either directional or omnidirection-
al; I liked the omni better. The speak-
ers are time and phase coherent, and
John states they will handle one
kilowatt on short duration musical
peaks. He also claims distortion is less
than 0.3 percent THD at 90 dB SPL at
one meter for any frequency from 30
Hz to 20 kHz. I didn't have a chance to
listen as much as I would have liked,
but on some really high -quality re-
cordings, the sound was truly impres-
sive for smoothness, imaging, really
solid bass, and "non-sizzly" top end.
Further judgment must come with ex-
tended listening, which I hope will oc-
cur within a few months. All in all, two
very impressive products, appealing to
the advanced audiophile who can af-
ford $1,800.00 for the preamp and
$3,000.00 a pair for the speakers.

Next month I'll cover some of the
other notable components from the
Winter CES and report on a visit with
Gene Czerwinski, the "high priest of
dynamic range" at Cerwin-Vega. 4
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TOMORROW'S TECHNOLOGY IM TODAY'S RECEIVERS
Lux remains in the forefront of product development because we

refuse to rest on past achievements. For Lux, today's best is just not
good enough for tomorrow's audiophile listener!

Excellent examples of this Lux philosophy in action are found in
the Lux Tuner -Amplifier R series: the R-1030, R-1040, R-1050, R-1070
and the fantastic top -of -the -line R -1120A. Rated at 120 watts per
channel from 20 to 20,000 Hz, both channels driven into 8 -ohm
loads, the R -1120A has no more than 0.02% IM or harmonic
distortion.

Check the typical advanced technological features incorporated
into the R -1120A, such as:

 The emitter ballast driver and triple diffusion planar type power
transistors, radically new semi -conductors serving the realtime
processed DC amplifier section, with high frequency cutoff reaching
200 MHz; a perfect complement to the triple diffusion planar output
transistors with their 60 MHz high frequency cutoff.

 The MC head amp employing specially selected FETs in a new
complementary input circuit configuration inherently resistant to
extreme and internal electrical noise sources. This exclusive circuit
automatically adjusts its gain according to the impedance of the
phono cartridge used.

 The exclusive CLL (closed -loop lock) tuner system which
precisely adjusts all stages of the FM section-from front end to the
detector-for optimum reception of the tuned frequency. An

improvement over the best of the conventional tuner technology, the
quartz locked synthesizer system, the CLL tuner system's accuracy
is used to trigger Lux's innovative Accutouch :uning mechanism
which produces a momentary electro -mechanical tuning knob lock at
the point of exact station tune -in.

The sophistication of the internal circuitry of the R -1120A has
been realized in scaled -down form it other less expensive tuner -
amplifiers of Lux's R series. And the elegant styling and osewood
finished cabinetry maintained througnout the line.

The receiver designs of tomorrow can be seen at your
Lux dealer today.

R-1030

R10Q10

R-1050

R-1070

LUX AUD O OF AMERICA, LTD.
East Coast: 160 )upon? St., Plainview, New York 11803 (212) 895-0164

West Coast: 11200 Chancier Blvd., N. Hollywood, CA 91603 (213) 985-4500
In Canada Lux Audio of Canada, Ltd., Ontario
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Empire's EDR.9
The Phono Cartridge
Designed for Today's

Audiophile Recordings

Direct -to -Disc and digital re-
cording have added a fantastic new
dimension to the listening experi-
ence. Greater dynamic range, detail,
stereo imaging, lower distortion and
increased signal-to-noise ratio are
just a few of the phrases used to de-
scribe the advantages of these new
technologies.

In order to capture all the bene-
fits of these recordings, you should
have a phono cartridge specifically
designed to reproduce every bit of
information with utmost precision
and clarity and the least amount of
record wear.

The Empire EDR.9 is that car-
tridge. Although just recently intro-
duced, it is already being hailed as
a breakthrough by audiophiles, not
only in the U.S., but in such foreign
markets as Japan, Germany, Eng-
land, France, Switzerland and
Sweden.

At $200, the EDR.9 is expensive,
but then again, so are your records.

For more detailed information
and test reports, write to:,

Empire Scientific Corporation
1055 Stewart Avenue

Garden City, New York 11530

ENPIFE
BANFF 1.4.1.1 0Inn,f 17.1,E PaSY

v.cc,é.cne.vsc
EINIFE EAPIFE15.0.11£

Audioclinic
Joseph Giovanelli

Designing an Infinite Baffle
Speaker System

Q. 1 intend to build a 9.5 -cubic ft.,
infinite -baffle enclosure, employing a
12 -in. woofer, an 8 -in. midrange, and a
3 -in. tweeter. I will use crossover
points at 800 and 5,000 Hz.

I have a friend who has this identical
setup, and 1 like the tight, gutty sound
his system produces. I feel, however,
that some male voices sound slightly
"honky."

My friend, not being an engineer
and unable to obtain the necessary in-
formation, took pot luck with a sepa-
rate compartment which he built
around the midrange and tweeter
speakers. This compartment measures
approximately 20 x 7 inches, with a
partition separating the two compart-
ments. No absorbent material is used
in the tweeter side, and only two walls
of the midrange side are lined with Ya -
in. thick material.

The rest of the enclosure is ade-
quately lined with 3 -in. thick absorb-
ent material. I believe that the
"honky" sound might be caused either
by insufficient space in the midrange
compartment or by improper or inade-
quate use of absorbent material.

Should more absorbent material be
used? If so, on how many walls?

- Name withheld.
A. There can be a number of causes

for the "honky" sound you have men-
tioned. Such a sound is probably the
result of some kind of peak in the re-
sponse. A term such as "honky," how-
ever, is vague, so there isn't much clue
as to where the peak may be occur-
ring. It may be the result of cone
breakup in either the woofer or the
midrange speakers. It also could be the
result of a lack of absorbent material in
the midrange compartment of the en-
closure. This lack of insulation may be
more of a problem if the midrange
compartment is rectangular in shape.
The more a compartment approaches
such a rectangular shape, the more
likely it will be for a resonant frequen-
cy to occur directly as a result of the
shape of the compartment - an organ
pipe effect.

It may not even be necessary to sub-
divide your speaker enclosure, espe-
cially in those cases where the mid-
range and tweeters are of the "sealed -
back" design. Even if such a design is
not employed, if the cones are rela-
tively stiff, they will not be affected

significantly by the excursions of the
woofer cone.

Assuming, however, that it is neces-
sary to retain the midrange compart-
ment, I suggest that you do not parti-
tion it to provide a tweeter compart-
ment. Further, I suggest that you use
some sound -absorbent material on all
four walls, the exact amount of which
will depend upon the acoustical re-
sults you hear.

The "honky" or "chesty" sound of
which you speak may be the result of
the woofer having a resonant frequen-
cy which falls within the mid -bass por-
tion of the audio range, say 90 Hz.
There may be no cure for this unless
you are willing to try some mass load-
ing of the cone. This means putting
some clay, or other substance which
can be readily removed, in the center
of the dust cover. Sometimes it is a
good idea to spread out the added
mass over more of the cover which
helps reduce cone breakup as well as
lower the resonant frequency of the
woofer. Mortight or similar material
works well for this application.

If woofer resonance is not the prob-
lem, it is likely that the cabinet itself
contributes to the sound. Perhaps
there is not enough bracing on the
back panel or even the baffle. These
panels should be very solid. If they vi-
brate, they will add sound of their
own.

If the cabinet is not the problem,
chances are that the sound -absorbent
material is either inadequate or insuffi-
ciently applied. Be certain that the ma-
terial used is intended for the absorp-
tion of sound. A lot of experimenting
must also be done to insure that you
have used the right amount.

Sometimes a boomy quality can be
the result of a simple thing like using a
wire gauge which is too small. This will
reduce the damping and, in turn, will
exaggerate any resonant peaks that the
woofer may have.

Even though it does not relate to the
problem as you have stated it, I must
mention this: Many of the woofers
available today have such low, free -air
resonances that their cone motions
cannot be controlled in cabinets of
9.5 -cubic ft. volume. The result could
be premature bottoming of the voice -
coil on strong bass passages. A

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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And here's why.
The Jensen R430 AM/FM

Stereo/Cassette Car Stereo
Receiver is our top -of -the -line.
Our best. And for a lot of very
good reasons.

Its functions.
Advanced functions that

really make a
difference in
your music.

Functions
like Dolby®
Noise Reduc-
tion for clearer
reproduction of
Dolby -encoded
cassettes and
FM broadcasts.

And a function like Loud-
ness Compensation of +6dB
at 100 Hz to improve bass at
low volumes.

Interstation FM Muting
lets you tune out annoying be-
tween -station noise when tun-
ing. While an FM Local/Distant
switch allows you to optimize
the receiver's sensitivity for
strong or weak signals.

The R430 even offers
separate bass and treble
controls.

Bi-Amplification.
It's a function worth know-

ing about. Because of the real
difference it can make in your
music.

The Bi-Amplification func-

tion of the Jensen R430 uses a
low level passive crossover to
split the audio signal into low-

and high -frequency bands. The
low frequency signals are then
sent to one set of amps. And
the high signals are sent to an-
other set of amps.

From
these amps,
the high sig-
nals are fed
to one set
of speakers.
And the low
signals are
routed to an-
other set of
speakers. A

much more effective use of
power.

But what does bi-ampli-
fication mean? It means the
R430 will provide lower dis-
tortion... and higher listening
levels ... with a given power
input. No small feat.

It gives you a second, com-
pletely different way of listen-
ing to your music. With the op-
tion right at youz fingertip.

A separate power amp.
Actually four OTL amps;

two for each channel. This
trunk -mounted unit accom-
panies the R430 to deliver a
Continuous Average Power
Output of 30 watts per channel.
Plenty of low -distortion power,

excellent heat dissipation, an
ideally suited component to
handle the R430's bi-amp mode.

More features.
Electronic feather -touch

switches command a whole
array of functions.

LED indicators glow when
they're engaged.

And a unique Automatic
Tape Alarm helps prevent
damage that causes wow and
flutter. If a cassette remains
engaged when the ignition is
turned off, lights flash and
speakers beep, reminding you
to remove it.

Respectable specs.
Great sounding music is

the result of great specs. And
with specs like the R430's you
can imagine why we're so proud
of its sound.

Total Harmonic Distortion
is 0.4% at 52 watts; lkHz. The
Frequency Response measures
out at 30 to 18,000 Hz (-3dB).
And the Weighted FM Signal/
Noise Ratio (less Dolby) is
68dB.

Is it any wonder why we
say the R430 Receiver is our
best?

ENSEN
SOUND LABORATORIES

AN ESMARK COMPANY

®"Dolby" and "Dolby System" are trademarks of
Dolby Laboratories, Inc.
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0= It sounds
á like music..co

Interface:C Series II
0 is the fulfillment of

our six -year asso-
ciation with optimally
vented speakers based
on the theories of

® A.N.Thiele-speaker
designs first introduced
by Electro -Voice in 1973:
The Interface:C offers
you a unique combination0 of high efficiency and
high power capacity-the
only way to accurately
reproduce the 120+ dB
peak sound pressure
levels found in some
types of live music.

The SuperpomeTM
tweeter, an E -V exclusive,
and the VMRTM vented

MS=midrange driver, the first
to apply optimally vented
design to mid frequen-

hacies, ensure your music
is reproduced without
the coloration normally
found in other high -
efficiency drivers. An
honest 30 Hz low end
totally eliminates the
need for expensive sub -
woofer assemblies.

owWhen you spend $1,000
for a speaker system.
get your money's worth.
Audition the Interface:C
Series II at your nearest
Interface dealer. If you
want a speaker that
sounds like music, the
Interface:C Series II is
the one you'll buy

Ey BeciroVoice
a quiten company

600 Cecil Street. Buchanan, Michigan 49107

Dear.
Mike on Music Mountain
Dear Editor:

I want to congratulate Ed Canby for
his marvelous detective work and nos-
talgic reporting of the Music Mountain
concert and its recording techniques
(Audio, November, 1979). I'm in a

unique position to tell Ed and the Au-
dio audience exactly how astute were
his guesses about the miking and mix-
ing techniques, for, you see, I am the
recording engineer for Music Moun-
tain.

By the by, Ed, it is a bit frustrating
for me to be reading about myself in
such an indirect way. I really would
like to have met you, for I feel that I

know you already through your writ-
ings. So, Ed Canby is invited to the
Green Room any time next season at
beautiful Music Mountain for the be-
hind -the -scenes meeting that didn't
quite occur this past year.

Well, did E.T.C. guess correctly what
types of mikes were used at Music
Mountain and how they were used?
Not to keep you in suspense, the an-
swer is, essentially, yes. That well -hid-
den and spaced rear pair of mikes are
not omnis as surmised, but cardioids,
pointed somewhat to help minimize
the effect of the distracting audience
noise that Ed describes so well. The
object of these mikes is to capture the
hall ambience. If the audience were
not present, I would most certainly
choose omnis for that role and hang
them in the same "ideal" spot. For-
tunately, there is enough random re-
verberation in that part of the hall to
permit the use of the cardioids, which
favor the musical ambience and lower
the direct sound of the crowd 3 to 6 dB
below that which omnis would have
picked up.

The close, front pair are two mikes
close to each other, as Ed saw. But
(from his vantage point) he must have
mistaken the cross bar of the stereo
bar mike holder for one of the micro-
phones, for he surmised that the mikes
were an M -S matrix. In fact, they are a
crossed pair of cardioids at about 110
degrees (not 90 degrees) to each other,
and with the capsules close together.
This is a sort of a cross between X -Y
and O.R.T.F. techniques and works
best at this distance from the quartet.

On home speakers optimally set up,
the result will be a naturally appearing
left -to -right image as if you were sit -

26

ting in Ed Canby's ideal Music Moun-
tain seat. By the way, if the setup were
M -S matrix, the mikes would be at 90
degrees and one would be a cardioid
facing front, the other a figure eight
facing sideways, not an omni.

If (and I hope) Ed comes backstage
later this year, then maybe we will dis-
cuss the custom mixing, taping, and
monitoring equipment used to record
Music Mountain. But at this time I've
got to get back to preparing the tapes
for 1979-80 broadcast. This year the
concerts will be broadcast on the East-
ern Public Radio Network, in the Mid-
west and West on a selected network,
and in New York City on WNCN-FM.
like to think that this method of re-
cording Music Mountain closely repro-
duces the musical balance and acous-
tic ambience that a visitor to a concert
in Gordon Hall receives.

Bob Katz
New York City

Rating the Ratings
Dear Editor:

Last August I was given a promo-
tional copy of Sparks' latest album,
No. 1 in Heaven, along with assurance
that I could turn it into an art project
or something if I didn't like it. I had to
agree with Jon Tiven's D+ perform-
ance rating in November's Column.

This week, a friend brought over The
Eagles' The Long Run for me to audi-
tion, and Jon Tiven is (nearly) right
again. I do, however, view his F+ rat-
ing as too severe. On the basis that the
Eagles at least managed to produce
what appears to be music on the al-
bum, consistency in rating would
seem to indicate some increment
above that accorded to Sparks' elec-
tronic noise.

Frank Stephans
Durham, N.C.

Errata: Tonearm Geometry
In the January, 1980, article "Tone -

arm Geometry and Setup Demysti-
fied," equation 4 (page 77) should
read as follows:
Mounting center =

L' + r; - 2 Lr, cos (90-a) 

Equation 6 (page 78) of this article
should be:
Angular error =

90 -OA -arc cos [R'+LZRLL OH)2
J
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fact:
five new Shure Cartridges
feature the technological
breakthroughs of the V15 Type IV

Plus
Unprecedented
stylus protection

the M97 Era IV Series
phono cartridges

Model

M97HE

Stylus
Configuration
Nude
Hyperelliptical

Tip
Tracking
Force Applications
3/a to 11/2

grams

M97ED Nude Biradial
(Elliptical)

3/a to 11/2

grams

M97GD Nude Spherical 3/a to 11/2

grams

Highest fidelity
where light
tracking forces
are essential.

M97EJ Biradial 11/2 to
(Elliptical) grams

M97B Spherical 1Y2to3
grams

Where slightly
heavier tracking
forces are
required.

78 rpm Stylus Biradial
for all M97's (Elliptical)

11/2to3
grams

For 78 rpm
records.

Shure has written a new chapter in the history of affordable
hi-fi by making the space-age technological breakthroughs
of the incomparable V15 Type IV available in a complete line
of high-performance, moderately -priced cartridges: the
M97 Era IV Series Phono Cartridges, available with five
different interchangeable stylus configurations to fit every
system and every budget.

The critically acclaimed V15 Type IV is the cartridge that
astonished audiophiles with such vanguard features as the
Dynamic Stabilizer-which simultaneously overcomes
record -warp caused problems, provides electrostatic
neutralization of the record surface, and effectively removes
dust and lint from the record-and, the unique telescoped
stylus assembly which results in lower effective stylus mass
and dramatically improved trackability.

Each of these features ...and more ... has been
incorporated in the five cartridges in the M97 Series-there
is even an M97 cartridge that offers the low distortion
Hyperelliptical stylus! What's more, every M97 cartridge
features a unique lateral deflection assembly, called the
SIDE -GUARD, which responds to side thrusts on the stylus
by withdrawing the entire stylus shank and tip safely into the
stylus housing before it can bend.

NEW! M97 Series Era IV Phono Cartridges...
Five new invitations to the new era in hi-fi.

S H --I lJ R
Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204 In Canada: A. C. Simmonds & Sons Limited

Outside the U.S. or Canada, write to Shure Brothers Inc., Attn: Dept. J6 for information on your local Shure distributor.

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
Enter No. 31 on Reader Service Card



TRENDS
FOR THE FUTURE

Gaining insight into a huge, tumul-
tuous event like the Consumer Elec-
tronics Show while actually there is a
bit like trying to analyze the suspen-
sion system of a truck as it runs you
over. Too much happens too fast. It is
only in the recovery room, surrounded
by relative calm, that one begins to
put things in order. Now, a couple of
weeks after this year's show, surround-
ed by the 36 pounds of paper - press
releases, brochures, white papers, and
notes - which I brought back, the di-
verse, occasionally contradictory
movements of this fascinating busi-
ness are a bit clearer, and some judg-
ments can be made as to where we are
headed, audio -wise, in the '80s.

The receivers of the '80s will proba-
bly look quite different from their
predecessors and use different circuit
design approaches as well. As typified
by two new Sony receivers, the STR-
V45 and STR-V55, introduced at the
January show, and by earlier receiver
introductions from Toshiba, Sansui,
and SAE, digital station read-out with
frequency synthesis may soon replace
the conventional capacitor tuning sys-
tem and the slide -rule dial found in
most receivers today. Aside from their
obvious convenience, frequency -syn-
thesizing tuner sections often have
lower distortion than conventional
tuners because they eliminate mistun-
ing and thermally induced drift. They
can also easily accommodate mi-
croprocessor -based station -memory
systems and station sampling func-
tions that play a few seconds of each
of several stations when activated
(both are found in the Sony receivers).
Moderately priced receivers may retain
conventional FM front -ends but ac-
quire digital read-out as a cosmetic ad-
dition, in the opinion of some observ-
ers, a few of whom see the majority of
mainstream receivers taking on digital
read-out within the next two years.

At the same time, many receivers
and integrated amplifiers may acquire
pulse or switching power supplies,
which have much less bulk than con-
ventional supplies. This in turn could
reduce the profile of most receivers to
a fraction of current size, rendering

Gary Stock

most '80s receivers slimline units (at
least by contemporary standards). As
seen in some of the current mid -priced
Yamaha and Lux receivers, as well as in
top -of -the -line units from most other
receiver suppliers, moving -coil pre -
preamplifier stages are increasingly
common and will probably show up in
most of the mainstream receivers of
this decade as well. Gone forever,
more than likely, will be the slide -rule
dial, needle -type FM tuning meters,
and suitcase -like bulk of today's
receivers. All of the aforementioned
developments, by the way, will be
helped along by the increasing avail-
ability of large-scale integrated circuits
incorporating whole microprocessors,
switching supply regulators, pre -
preamplifiers, digital display sections,
and other complete stages.

Tonearms and Turntables
Four new turntables and arms using

the radial -tracking principle were
demonstrated at the January show,
bringing to more than a dozen the to-
tal number of such units offered cur-
rently. Technics introduced their in-
triguingly compact SL -10, about the
length and width of a record jacket,
which employs a short servo -con-
trolled arm assembly mounted in the
dust cover, along with an integral
Technics moving -coil cartridge. Ac-
cording to Technics spokesmen, it may
be the first of an entire line of straight-
line tracking tables from that compa-
ny. Yamaha showed a second proto-
type version of the radial -tracking
turntable they demonstrated in Japan
last year; it is a servo -controlled full-
length arm, driven by a worm gear, in-
tegrated with a quartz -locked direct -
drive platter system, and it's excep-
tionally handsome to boot. It may be-
come Yamaha's top -of -the -line
turntable next year. ReVox debuted a
less expensive version of their widely
acclaimed 8790 radial tracking turn-
table, the new unit to be called the
B795. It has precisely the same "Lina-
track" over -the -disc swing -out arm as-
sembly found on the B790, with a sim-
plified direct -drive motor system. And
finally, Dennesen demonstrated their

separate straight-line tracking arm, the
ACLT-1, which is floated by com-
pressed air and therefore requires no
elaborate servo -correction systems.

These introductions, coupled with
the earlier debuts of radial tracking
units from Aiwa, Goldmund (France),
Phase Linear, and Harman-Kardon,
point to a renaissance for the princi-
ple, which enjoyed a brief popularity
in the mid -'60s and then entered a
long Dark Age. A number of factors
have contributed to this. Improve-
ments in disc software and in the re-
mainder of the playback chain have
proven the once -disputed sonic ad-
vantages of the radial -tracking con-
cept. Far Eastern manufacturers have
just about exhausted the sales advan-
tages of promoting direct -drive and
phase -locked -loop drive systems and
may see the radial -arm principle as
"The Next Big Thing" in turntable mar-
keting because of its cosmetic attrac-
tiveness and distinctiveness. The fact
that several large Japanese firms have
chosen this time to introduce radial -
tracking tables as their top -of -the -line
units supports this concept, particular-
ly given the monolithic character of
product development in that nation.
(Lux and Mitsubishi are reputed to
have straight-line units nearing the
market, too). And, according to at least
one source, research into radial -track-
ing systems for video disc players has
been spun off into the analog record -
playing field. Whatever the cause, the
straight-line tracking trend appears to
be taking hold; although the first gen-
eration units are expensive, it is likely
that prices will fall to mainstream lev-
els as production economies and com-
petition take effect, in much the same
pattern that characterized direct -drive
turntable prices over the past several
years. Thus, the last major evolution-
ary step of the phonograph before the
age of the digital disc begins will prob-
ably be to the radial arm.

The Video Disc
To the surprise of many industry ob-

servers, there were two production
model video disc players at the Janu-
ary show. One was Magnavox's Mag-
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navision player, which has been avail-
able in limited quantities for about a
year. But a video disc unit from Pio-
neer, slated for introduction in early
1980, was also present. Pioneer has
been manufacturing for some time an
optical player for industrial use, as part
of a joint venture with MCA, but the
consumer model player had not been
expected to be publicly shown to large
groups for another several months.

The Pioneer consumer unit, like its
industrial cousin and like the Magna-
vox unit, uses the Philips/MCA format,
a 12 -inch silvery disc, spinning at 1800
rpm, whose patterned surface is read
by a miniature, low -power laser ele-
ment. As such, it has all the virtues of
that format. The Pioneer unit is amaz-
ingly versatile because of its slow- and
fast -motion, frame -indexing, and
freeze-frame capabilities, and it's also
completely free from disc or stylus
wear. In addition, it has some features
the Magnavox player does not -a full
function remote -control system and,
more important, an optional digital
audio disc adaptor for playback of di-
gital music -only discs (this adaptor
will not be immediately available,
however). The Pioneer player is also
fairly expensive by comparison with
the stylus -type players that will be in-
troduced in the next 18 months by
RCA, Matsushita, and JVC (see "RCA
Shows SelectaVision," March, 1980 Au-
dio), which are all expected to cost
about $500 for the basic unit. Accord-
ing to company representatives, the Pi-
oneer unit will have a price "under a
thousand dollars," although how
much under is not yet known.

The global corporate politics of the
video disc race are incredibly complex
and constantly changing, so it is diffi-
cult to draw any firm conclusions from
the Pioneer showing and announce-
ments. It is felt in many quarters that
the introduction of the Pioneer unit
will improve the chances of the Phi-
lips/MCA format of being eventually
adopted worldwide, and some also
feel that its introduction could serve as
the "icebreaker" that would propel
other companies that have demon-
strated prototype optical players, such
as Mitsubishi and Sony, into the mar-
ketplace with Philips/MCA systems.
But it is still too early in the game to
do more than guess at who will ulti-
mately set the video disc (and digital
audio disc) standard. All that is clear
on the subject is that 1980 will be an
eventful year.

Ambience Synthesis
Ambience synthesis or time -delay

systems are unquestionably one of the
growth categories of the audio indus-
try; three more new examples of the

genre were introduced at the January
show, as well as production models of
one long-awaited prototype design.
Koss made its first venture into high-
fidelity electronics with the K/4DS, a
digital time -delay system with built-in
rear -channel amplifiers that has a

number of distinctive control features,
including extensive facilities for ambi-
ence -augmented headphone listening.
The Koss unit is also notable for its
simplification of control settings: Ini-
tial delay times and recirculation den-
sities are selected by picking one of
four master acoustic settings - audi-
torium, concert hall, theater, or club.
Audio Pulse introduced its sleekly
styled Model 1000 "third generation"
time -delay unit, a digital system that
includes a dynamic range expander
and separate continuously variable de-
lay and ambience controls. Bose dem-
onstrated its Spatial Expander, a

charge -coupled, time -delay device de-
signed to be used with the Bose Spa-
tial Control Receiver (which contains
the rear -channel amplifiers), Bose 901
front speakers, and Bose rear -channel
speakers. It is a single -delay system,
with reverberation. Carver Corpora-
tion, whose C-4000 preamplifier creat-
ed such a stir at last January's show,
was finally showing and shipping pro-
duction units of that model. In addi-
tion to its "Sonic Holography" circui-
try, which is said to more accurately
localize instruments and other sounds
in space, the Carver unit includes an
ambience synthesis system with 35 -
and 50 -millisecond initial delays, varia-
ble reverberation density, and two
built-in 25 -watt rear -channel ampli-
fiers.

The continued interest in ambience
synthesis systems, and in devices like
the Carver unit's Sonic Holography cir-
cuit, point up the fundamental fasci-
nation American audiophiles have
with reproducing the acoustic and
spatial settings of musical performanc-
es, as well as the inadequacy of most
simple two -channel music systems in
this regard. Few who have heard a
properly set-up time -delay system
question the validity of the principle
or the sensory loss that comes from
turning the secondary channels off.
Now, five years or so after the final
collapse of quadraphony, the growing
popularity of ambience -synthesis sys-
tems is clear evidence that audio buffs
do not object to four loudspeakers in
one room, to the reproduction of a ful-
ly three-dimensional sonic image, or
even to the substantial expense en-
tailed in these. Rather, their rejection
of four -channel sound was a rejection
of questionable musical values - the
surround sound, middle -of -the -or-
chestra effect - and the difficulties

illtintash
"A Technological
Masterpiece..."

McIntosh C 32

"More Than a Preamplifier"

McIntosh has received peerless ac-

claim from prominent product
testing laboratories and outstand-
ing international recognition! You
can learn why the "more than a
preamplifier" C 32 has been

selected for these unique honors.

Send us your name and address
and we'll send you the complete
product reviews and data on all

McIntosh products, copies of the
international awards, and a North
American FM directory. You will
understand why McIntosh product
research and development always
has the appearance and tech-

nological look to the future.

Keep up to date.
Send now = - -

McIntosh Laboratory Inc.
Box 96 East Side Station
Binghamton, NY 13904

Name

Address

City State Zip

If you are in a hurry for your catalog please
send the coupon to McIntosh. For non -rush
service send the Reader Service Card to the
magazine.
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associated with lack of standardization
and proper set-up of the systems, as
well as the varying abilities of the dif-
ferent generations of decoders and de-
modulators. It appears here that
manufacturer interest is following con-
sumer interest, so that in the '80s we
may well see a resurgence of multi-
channel sound.

Loudspeakers
Although no single speaker at the

January CES stood out as an earth-
shaking new development, there were
a number of innovative new
loudspeakers shown and several clear-
ly identifiable trends. The ranks of the
three-piece satellite type were expand-
ed by a new three-piece four-way sys-
tem from ReVox, called the Triton, by
new minispeakers from C?rwin-Vega,
Mesa, Design Acoustics, and Technics,
and by new subwoofers from
Intersearch, Cizek, and Ohm among
others. The satellite system appears to
be enjoying steadily increased popu-
larity, as well as a new measure of ac-
ceptance from hard-core audiophiles
who once dismissed the principle out
of hand. It is just possible that this
could become one of the dominant
speaker formats of the '80s, as pres-
sures for living space increase and a
growing number of newly awakened
music listeners are exposed to its de-
cor -related attractions.

Exotic materials and principles also
left théir mark on this year's crop of
speakers. Phase Linear demonstrated
three new speakers, two with ribbon
tweeters and beryllium midrange
domes, and one with a boronized
dome midrange and tweeter. Wharfe-
dale showed their new TSR (Total
Sound Recall) series, which employs
some drivers made of a chalk -filled
polypropylene compound called Min-
eral Filled Homopolymer. Dayton
Wright demonstrated an improved
electrostatic speaker using their gas -
filled cell principle and a new piezo-
electric super tweeter; the unit is

called the XG-10. Infinity showed
three new moderately priced speakers,
the RS., RSb and Reference Studio
Monitor, all with polypropylene bass
driver cones and EMIT planar -dynamic
treble units. Both the range of synthet-
ic materials and alloys available to the
speaker engineer, and the research
and production facilities necessary to
make full use of them, have expanded
substantially in the past couple of
years, particularly in the Far East, and
substantial advancements in the price/
performance ratio of loudspeakers are
likely to result. In particular, wide -
range ribbon and planar -dynamic sys-
tems, which enjoy most of the advan-
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tages of conventional electrostatics
without their drawbacks and high cost,
are showing up in greater numbers
and may, like the satellite system, be
among the stronger speaker formats of
the coming decade.

Digital Recording
The establishment of an Electronics

Industries Association of Japan techni-
cal standard for home digital recording
equipment, which defines 44.056 kHz
as the sampling frequency and a 14 -bit
linear system as the bit format, has
brought a number of new PCM adap-
tors for video cassette recorders onto
the scene. Five were present at the
January show, including units from
Sharp, Toshiba, Sanyo, Technics, and a
new EIAJ-compatible Sony unit, the
PCM-10. All of the units have signal-
to-noise ratios of approximately 85 dB,
harmonic distortion under 0.05 per-
cent, and frequency response flat from
20 to 20,000 Hz, ±1 dB or better. They
also incorporate peak program meters
to monitor input levels (most digital
recorders hard -clip when overdriven),
and dual microphone preamplifiers.

For those with the working capital
- the adaptors are generally in the
range of $4,000, and the recorders an-
other $1,500 or so - these devices will
put digital recording capabilities into
the home and enable amateur recor-
dists to make demo tapes with per-
formance quality superior to that of
most studios. The sophistication of the
recordings will be limited, due to the
limited number of channels and the
absence of overdubbing facilities, but
the sound will be superb. Whether
that means that the VCR/adaptor
combination will have any major im-
pact on the high-fidelity industry, par-
ticularly with digital discs and metal -
particle cassette decks here or soon to
arrive, is a difficult question to answer.
Some limited -scale prerecorded soft-
ware programs for the machines have
been initiated, but the prices will
probably always be considerably high-
er than for a disc or analog tape. And,
with a couple of exceptions, the semi-
pro recording area has found that lack
of versatility limits the utility of VCR/
PCM combinations, so very few demo
tapes or album master tapes have been
made utilizing such equipment. It may
be that the PCM adaptor will have a
Kerensky-like role during the transi-
tion from analog to digital eras - one
of easing the changeover without a
permanent place in the new order. On
the other hand, compact VCR/PCM
systems may become the new versions
of the Nagra, two -channel recorders
intended primarily to preserve live
musical events. Only time will tell. ,A
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The clarity of Class A sound and the high efficiency
of Class A/B power.

JVC engineers, among the most innovative in the world, have achieved a techno-
logical breakthrough. Now the clean, clear, less distorted sound of Class A amplifica-
tion is available with the high efficiency of Class A/B type amplification. That means
no excessive heavy power supplies, and minimal heat build-up.

Traditionally, the Class A/B amplifier has been predominant, simply because it is
three times more efficient than the Class A type. However, the Class A/B amplifier
achieves that efficiency by permitting its power output transistors to switch on and
off, leading to switching and crossover distortion, and producing substantially
reduced high fidelity performance. On the other hand, engineers knew that while
Class A amps had the advantage of cleaner, less distorted output than Class A/ B, they
produce enormous amounts of heat and require extremely heavy power supplies.

Innovative engineering by JVC solved those problems, by introducing TheSuperA
Amp. A classic, no compromise amp. THD is as low as 0.005% and linearity is higher
than with conventional Class A/B power amps. And at the same time the efficiency of
the Super A amp is equal to that of Class A/B amps, even with high power output.
The transient response, slew rate and rise time are all greatly improved. And there is
no TIM (Transient Intermodulation), or crossover distortion.

A -X9 Integrated Amplifier.

100 W RMS/ Chan. thru 8 ohms 20-20 kHz less than 0.005%
THD: MC & MM phono sections dual tape & phono inputs.
Speaker outputs. Not shown: A -X5 Integrated amplifier
70 RMS/than. thru 8 ohms 20-20 kHz less than 0.005%
THD: MC & MM phono sections dual tape & phono inputs.
Speaker outputs.

Conventional Class-A/B AMP

The jagged line at center of the graph
indicates the amp is generating switch-
ing and crossover distortion as its
output transistors switch on and off.
These are displeasing types of distor-
tion, because they contain many odd
and high -order harmonics.

NC's Extraordinary Super -A Amp

The center line in the above graph
represents waveform distortion. which
is at a minimum. This indicates that
the amp is generating very little dis-
tortion, containing very few odd -order
harmonics, resulting in smooth re-
production and velvety sound.

Jvc®
US JVC CORP

For more information, write: US JVC Corp., 58-75 Queens Midtcwn Expressway, Maspeth, NY 11378.
Enter No. 13 on Reader Service Card



Nadine Amadio

The high fashion world of hi-fi-
or a closer look at the "Sin" pickup arm

The average hi-fi enthusiast is rela-
tively sane, indeed he displays an
above average insight into audio tech-
nicalities. Nevertheless, there is a

streak of wild romanticism in his
make-up that paves the way for high -
fashion in hi-fi.

A classic example is the remarkable
elevation to superstar status of the
Italian -made pickup arm, the Prendi-
su-Braccio Peccato or, as it has come
to be known in good plain English,
"The Sin" pickup.

Does the name have a poetic ring?
Does it have vaguely erotic connota-
tions? Would Rossini have included it
among his "Sins?" Has there been
some heavy underground publicity or
is it just some quirk of chance that has
transformed a pleasantly average piece
of equipment into an audio prize?

Surely there must have been some
organized promotion of one sort or
another in the centers of "sound" in-
fluence to achieve a result as totally
irrelevant, but as tyrannically "in," as
this year's trend in long or short hair.

I remember once, during a particular
period when I was dabbling in philo-
sophical and mythological encapsula -
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tion, I christened a well-known New
York hi-fi salesman as "The Cortlandt
Street Oracle."

This, of course, was in no way in-
tended to be derogatory to that gen-
tleman's commendable habit of selling
stock in the most persuasive fashion,
nor of his ability to expound on the
virtues or virtuosity of his more spec-
tacular equipment. It was rather the
large and ardent clientele waiting, pal-
pitating for every crumb of informa-
tion falling oracularly from his lips that
inspired his rechristening.

These same eager clients carried his
prophetic words to the farthermost
corners of this far-flung continent.
Were these, like Henry V, the makers
of fashion?

However, back to the cannonized
"Sin" pickup. Let us look at this four -
star fashion fetish in the cold light of a
Borgia morning.

Our aim is not to reduce a nice
clean-cut, Italian boy -next-door pick-
up to a social outcast, but rather to
look beneath the bright stainless steel
smile and trendy wrappings and see if
there is any real muscle there. Any to-
nal biceps on the arm, as it were.

Maybe it's not the product that's at
fault but the image making. Inflation is
a problem in any form and inflation
calls for a little iconoclasm, as our Lat-
in friend will surely agree. Of course,
in the old days, we had more subtle
and, one might say, more tasteful
methods of dealing with little Italian
upstarts. Forgive the outburst, but my
country's honor is at stake!

Many aspects of the "Sin" arm are
undeniably attractive - high mass is
(ironically perhaps) ideal for the "Sin"
moving -coil cartridge. If one intends
to "sin," one usually does not wish to
be lightweight about it.

Nevertheless, the resonances that
become apparent when the 'Sin" is ex-
cited cannot be excused. If you peer
closely at your bass speaker, you will
find it pumping in and out distractedly
in phase with the low -frequency oscil-
lations introduced by the Peccato
pickup. All I can say is "Quel Dom-
mage!" or better still, "Che Peccato!"

And I must warn that under the sun-
ny, virile Italian charms of your "Sin"
arm, there lurks an ill-tempered and
moody despot. Does high -fashion hi-fi
cater to masochists, or does the en-
thusiast delight in inconsistent and
willful behavior from his equipment?

You'll find the "Sin" difficult to set
up correctly, and if you so much as al-
ter the tracking weight by an eyelash,
you will have to completely readjust
the bias and anything else you can
think of.

So don't expect your "Sin" to warble
along as sweetly as any Caruso or any
well -paid Venetian gondolier. Expect
problems, even if they are fashionable
problems.

Of course, if you don't have "ears"
or if you don't like being the odd man
out or if you are ashamed to admit you
don't have any vices - not even one
"Sin" - then go ahead and buy one. Q
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Why we created
our own

total system.
We imply had to.
Because no chain is
strwt 'erthanits vcpak-
ost link. And no music
system is better than
t l w distortion or noise
coming from any of its
components.

We wanted to make sure
that when you choose
one Revox you get all
that it has to offer.

The total Revox system
delivers virtually dis-
tortion -free music from
every source and in any
mode-music reproduc-
tion so true that it is un-
matched by any other
system available today.

Revox
Audio -Rack

All the components in the Revox system are de-
signed to meet the professional quality standards
that have been set by the Revox B77 open reel
recorder with its ingenious logic control system.
The B750 integrated amplifier, for example, is re-
nowned for its fast transient response to all musical
signals and for its low TIM. It is paired with the
incredible B760 digital synthesizer FM tuner with
the unusual capability of programming 15 stations
which you can recall at the push of a button. The
B790 direct drive, quartz controlled turntable re-
duces tracking distortion to an absolute minimum
using a revolutionary new system called Linatrack.

For an unmatched musical experience, listen
to our matched components at your

franchised Revox dealer.
Or write to us

for details.

EMU oJE.? R E'VOX
Studer Revox America, Inc.

1819 Broadway, Nashville, TN. 37203 (615) 329-9576
Offices: Los Angeles (213) 780-4234 / New York (212) 255-4462

In Canada: Studer Revox Canada, Ltd.



Harman Kardon introduces low negative feedback design.
High Technology Separates with low THD and inaudible TIM-
for incredibly clean, open sound.

For the last few years, audio
manufacturers have been rushing
to bring you newer, lower THD
(Total Harmonic Distortion)
levels in their amplifier sections.
And every year, they've accom-
plished this objective the simplest
way they could. By adding more
and more negative feedback, a
form of electronic compensation
that feeds the amplified music
signal back through the circuit.

Unfortunately, this univer-
sal "cure" for THD-high nega-
tive feedback, typically 60-80
dB-creates a new form of dis-
tortion. It's called Transient
Intermodulation Distortion, or
TIM. And it's much more au-
dible than THD. TIM causes
music to become harsh, metallic
and grating. And the spatial rela-
tionship of the instruments to
become vague, smearing the
image.

At Harman Kardon, our
new 700 series amp and preamp
give you low THD figures, too.
But we did it the right way-by
properly designing the amplifica-
tion circuitry to deliver low THD
even before we apply negative
feedback. That keeps our nega-
tive feedback at just 17 dB. And
our TIM level at just .007%.
Well below the audible threshold.

The result is pure, clear,
transparent sound and stereo
imaging that places instruments
and vocals precisely.

Beyond TIM.
Of course all the Harman

Kardon components incorporate
our traditional ultrawideband
design, which provides fast tran-
sient response and phase linear-
ity. We also use discrete compo-
nents instead of integrated
circuits, because ICs create their
own IC distortion.

But beyond these major
design considerations, we've
also paid attention to all the
small details.

In the hk725 preamplifier,
for instance, we used fixed resis-
tor pushbuttons for tone controls.
They introduce less distortion
than rotary knobs. We also incor-
porated DC coupled FET front
ends in both our 8 -stage phono
section and our high level stage.
Again, less distortion, and im-
proved signal-to-noise ratio.

On the hk770 power am-
plifier, we used two separate
toroidal power supplies, which
eliminate cross -talk and hum.
And DC coupling which pro-
vides tighter, more articulate bass.

u
Performance matched
separates.

Once we designed the heart
of our new 700 series High Tech-
nology Separates, we addressed
the remaining components just
as carefully.

The hk715 digital quartz -
locked tuner gives you a full
complement of features. It locks
in to the channel center every
time. And stays there, drift -free.
It also has a memory subsystem
that lets you store up to 8 stations
and recall them instantly at the
touch of a button.

We designed a linear phase
analog tuner as well. The hk710.
With an improved version of the
phase -locked circuitry we intro-
duced to the industry nearly 10
years ago. It remains the indus-
try standard today for quality
tuners.

The first cassette deck
with Dolby* HX.

In 1970 Harman Kardon
introduced the first cassette deck
with Dolby NR. In 1980, we're
bringing you the first cassette
deck with the new Dolby HX
headroom extension circuitry.
The hk705. With the Dolby HX
headroom extension circuitry,
you get an added 10 dB of high
frequency headroom, as well as
a 68 dB signal-to-noise ratio.
That's comparable to open reel
decks that cost twice as much.
And thanks to Dolby HX and
metal tape capabilities, the 705
provides an impressive frequency
response of 20-19,000 Hz (±3dB).

Once we fin-
ished the inside of our
components, we went
to work on the out-
side. To bring you
a striking system of

modular separates. Each measur-
ing a compact 15" wide x 3" high.

These performance matched
separates stack beautifully. They
give you a noticeably cleaner,
clearer, less distorted sound than
any system anywhere near
the price.

We suggest you audition
them. But only if you're serious.

Once you hear the differ-
ence, you'll never be satisfied
with anything less.

(For the location of
the Harman Kardon dealer
nearest you, call toll -free
800-528-6050, ext. 870.)
."Dolby" and the double -D symbol are trademarks of
Dolby Laboratories.

harman 1 kardon
55 Ames Court, Plainview, NY 11803.
In Canada, E.S. Gould Marketing, Montreal.



Now there are two approaches
to low THD.
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BUILD A
DOUBLE BARRELED
AMPLIFIER
Part I

W. Marshall Leach, Jr.

Introduction
Everyone who enjoys building audio gear has probably giv-

en thought to constructing a high -power amplifier which will
drive even the most inefficient loudspeakers to super loud
levels. When it comes to power, most people agree that the
higher the power reserve in an amplifier, the better the
sound. There is a simple and logical reason for this. Audio
signals can have very high peak power levels that run 10 to 20
times the average power level. Thus the peak power output
capability of the amplifier becomes an important considera-
tion if it is not to clip on peaks. As an example, let us consid-
er an amplifier rated at 100 watts average power. (This is
erroneously 'called "watts rms." The abbreviation "rms"
stands for "root mean square" and is correctly used only in
the specification of the amplitude of a.c. voltages or currents,
e.g. volts rms or amperes rms, but not watts rms.) Because the
power rating is measured with a sine -wave signal which has a
peak -to -average power' ratio of only 2, it follows that the
peak power capability of our 100 -watt amplifier is 200 watts.
With audio signals having a peak -to -average power ratio of
10 to 20, the amplifier could be operated at an average power
level of 10 to 20 watts if it is not to clip on peaks. With a

Associate Prof., Georgia Institute of Technology,
School of Electrical Engineering,

Atlanta, Georgia 30332.

typical loudspeaker efficiency of 0.5 percent, only 50 to 100
milliwatts of undistorted acoustic power could be obtained.
This corresponds to a sound pressure level in the reverberant
field of a normal listening room of 99 to 102 dB. Should this
be insufficient or if the amplifier is to be used in large rooms
or outdoors, a higher power rating will be required.

How much power is enough? This is a question which will
certainly receive many answers, depending on who is asked.
Someone with efficient loudspeakers who listens to quiet
chamber music may say 10 watts. The audiophile with the
latest inefficient loudspeakers who likes to demonstrate
them at ear-splitting levels with the newest direct -to -disc re-
cording may say the sky's the limit. However, most people
probably consider a power rating of 250 watts per channel to
be an adequate rating for a so-called high -power amplifier.
From the standpoint of circuit design, 250 watts represents a
power level which is about the maximum that can be
achieved without compromises in the design, exorbitant
costs, or both. The only method that can be used to increase
the power rating of an amplifier is to increase the peak -volt-
age swing capability of its output signal. This can be done by
designing it with a higher voltage power supply, strapping it,
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or by adding a transformer between the amplifier and the
load which steps up the output voltage. To increase the pow-
er supply voltage can require circuit design compromises
such as the use of a quasi -complementary output stage
rather than a fully complementary one. Strapping and a
stepup transformer are also design compromises. Both effec-
tively reduce the load impedance seen by the amplifier
which can cause overload or excessive triggering of the am-
plifier protection circuit. Also, the transformer is incompati-
ble with a direct coupled design, and it can .cause intolerable
phase shifts and distortion at very low frequencies.

Transistors are inherently low -voltage, high -current devic-
es. Therefore, reliable circuit designs require that the voltage
across transistors be held to a value that is low enough to
permit them to safely deliver the load currents required for
the maximum desired output power. This is especially impor-
tant when reactive loads such as electrostatic loudspeakers or
highly inductive crossover networks must be driven. Thus,
there is a basic conflict between the requirement for a reli-

AUDIO  April 1980

able design and the desire to increase the power rating by
increasing the power -supply voltage. Fortunately, both of
these objectives can be achieved by connecting transistor
pairs in series, where normally only a single transistor would
be used, so that each in the pair shares only one-half the
total voltage that a single transistor would be required to
drop. With this technique of using series -connected transis-
tors, a power rating of 250 watts can easily be achieved with-
out design compromises.

Dynamic distortions such as transient intermodulation dis-
tortion (TIM) and slewing induced distortion (SID) are im-
portant considerations in any design. Both are primarily a
result of an insufficiently high -frequency overload margin in
the critical low-level input stages combined with an overdose
of lag compensation in the following stages that determine
the gain -bandwidth product of the amplifier. Therefore,
large -signal bandwidth and open -loop linearity become im-
portant design considerations in any amplifier if dynamic dis-
tortions are to be eliminated. The techniques for minimizing
both dynamic distortions and static distortions (e.g. total har-
monic distortion and intermodulation distortion) can be con-
flicting (1). A proper design should consider all distortion
mechanisms equally without optimizing the circuit to specifi-
cally minimize any one at the expense of the other. For -
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tunately, this is possible if the amplifier is designed to reject
supersonic and inaudible input signals that can overload the
critical low-level input stages and if sufficient local negative
feedback is used in each stage to eliminate the need for ex-
cessive lag compensation for stability and freedom from os-
cillations.

Oscillation problems can certainly be one of the most per-
plexing problems that can plague a negative feedback circuit,
particularly for the home builder. Therefore, frequency sta-
bility is a primary consideration in any amplifier design, and
it, too, can require compromises in other design objectives.
For example, an amplifier with two stages of voltage gain is
probably the best-known circuit configuration. By operating
both stages at a maximum gain, static distortions in the
closed -loop amplifier can be minimized because this maxim-
izes the negative feedback. However, when the gain of any
stage is increased, its bandwidth is automatically reduced
since the gain -bandwidth product of any stage is fixed by the
particular transistor used in that stage. This decreased
bandwidth can cause excessive phase shifts at high frequen-
cies, requiring an overdose of lag compensation to prevent
oscillations. The excessive lag compensation increases the
amplifier susceptibility to dynamic distortions. In addition,
the slewing rate can be degraded to an unacceptable level.

A good overall amplifier design philosophy is to use two
stages of voltage gain followed by a current gain stage that is
operated with a voltage gain of unity. The current gain stage
is the power output stage which supplies all load current to
the loudspeakers. Because high -current transistors have a
lower gain -bandwidth product than low -current transistors,
it is logical to operate the output stage at unity voltage gain
so that it will have a maximum bandwidth. In this way, phase
shifts in the output stage can be minimized, thereby reduc-
ing the amount of lag compensation required for stability.
There are two commonly used ways to realize a unity -gain
output stage. The first is to operate both the driver and the
output transistors in the common -collector of emitter -fol-
lower configuration. This results in the highest gain -
bandwidth product in the output stage. The second method
is to operate the driver transistors in the common -collector
configuration and the output transistors in the common -em-
itter configuration. In this case, the emitters of the driver
transistors and the collectors of the output transistors are
connected to the loudspeaker output, and the bases of the
output transistors are driven from the collectors of the driver
transistors. Because this connection forms a negative feed-
back path from the collectors of the output transistors back
into the emitters of the driver transistors, a large reduction of
static distortions in the output stage can be realized. It is felt,
however, that the first connection results in a more stable
and better sounding amplifier. This is because the output
transistors in the second connection are operated in their
slowest configuration. The driver transistors are forced to

supply a higher and higher share of the load current as the
frequency is increased, which in turn causes the high -fre-
quency output impedance of the amplifier to increase, re-
sulting in a reduced high -frequency damping factor. In addi-
tion, the feedback loops formed by the driver and output
transistors involve 100 percent voltage feedback around a
very high gain loop, and this makes such an output stage
susceptible to oscillations which can be load -dependent and
may not show up under normal testing. Although the first
connection exhibits a higher static distortion, this can be
overcome by operating the output stage at a higher bias cur-
rent which causes the amplifier to operate Class -A over a
larger signal swing.

The second stage of voltage gain drives the output stage.
For a unity -gain output stage, this second stage must put out
a signal equal in voltage amplitude to the loudspeaker out-
put signal. Thus, it should be operated at a high gain in order
to minimize the signal level that is required to drive it. When
this is done, it follows that this stage will have the lowest
bandwidth of any stage in the amplifier because of the limi-
tations imposed by a fixed gain -bandwidth product. There-
fore, it is this stage which determines the dominant pole in
the amplifier and the stage which should be lag -compensat-
ed for frequency stability and freedom from oscillations.

The input stage to the amplifier also deserves special con-
sideration. This stage must have two signal inputs, one to
which the amplifier input signal is applied and the other to
which the feedback signal is applied. The output signal from
the input stage must be proportional to the difference be-
tween these two signals. A differential amplifier is a logical
choice for this circuit. The design of the differential amplifier
is very important, for it is this stage that primarily determines
the susceptibility of the amplifier to dynamic distortions.
First, it must have a bandwidth that is very much greater than
that of the second stage to minimize the amount of lag com-
pensation required for stability. This is achieved by operating
the stage at a low gain and by lead compensating it for in-
creased bandwidth. Second, it must have a sufficient bias
current in order to drive the high -frequency capacitive input
impedance of the second stage. If this bias current is insuffi-
cient, the slewing rate of the amplifier will be degraded.
Third, the input stage should be designed so that it rejects
any supersonic and inaudible input signals that lie outside
the large -signal bandwidth of the second stage [2]. If these
design objectives are properly achieved, the amplifier will be
essentially free of dynamic distortion mechanisms: It cannot
slew or produce transient intermodulation distortion before
it clips.

The circuit architecture or topology is important in any
power amplifier. To minimize static distortions, a fully com-
plementary design is important. This is especially true for the
critical output stage which must supply the full load current
to the loudspeakers. A complementary circuit theoretically
cancels the predominant even -order nonlinearities of the ac-
tive devices, leaving only the odd -order nonlinearities to be
cancelled by the negative feedback. To minimize these be-
fore overall negative feedback is applied to the circuit, it is
important to use local negative feedback in each internal
stage. In this way, the open -loop distortion can be made
sufficiently low so that the overall negative feedback is not
so high that an overdose of lag compensation is necessary for
stability. With a careful balance between local feedback and
overall feedback, it is possible to achieve a higher overall
feedback ratio at high frequencies because of the reduced
need for lag compensation, which reduces both static and
dynamic distortions.

This article describes an amplifier which has been designed
with these objectives and considerations in mind. The circuit
has been designed so that transient intra-loop signal over -
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Two of the most important new words in tape recording
Problem:

Traditionally, tape recorder electronics have had insuffi-
cient headroom to fully exploit the greater performance
capability of the new high coercivity tapes, such as metal
tape. The goal of Tandberg engineers was to improve the
headroom of tape recorder electronics by 18-20 dB so it can
be used with metal tape.
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Cause:
In conventional recording systems the summation of

record & bias current in the record head is done through pas-
sive components, leading to compromise solutions which
have their distinct and pronounced weaknesses-primarily a
limited headroom for the signal.::: Conventional vs. ACtIUNEA e$dr¢om :::
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Solution:
Tandberg engineers developed & patented a new record-

ing technology without these compromise solutions (See
curves above). In the new ACTILINEAR system, featured in
our TD 20A open reel and TCD 340A & TCD 440A cassette
recorders, the passive components have been replaced with
an active Transconductance amplifier. Among the benefits of
this new recording system are:

 Up to 20 dB more headroom.
 Less Intermodulation due to Slew Rate limitation.
 Improved electrical separation and less interference be-

tween bias oscillator and record amplifier.
 No obsolescence factor-usable with any type of tape

available now or in the years to come.
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Problem:
High frequency limitations inherent in the cassette (i.e.,

low speed) medium. Tandberg engineers have developed
an exclusive, Patent -pending circuit that is not just a techni-
cal refinement, but a fundamentally new approach to the
matter.

Whereas ACTILINEAR overcomes the limitations of elec-
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ronics at any speed, DYNEQ overcomes tape limitations at
ow speeds.

High frequency saturation (overload) is of particular impor-
tance with today's new direct -to -disc and digitally -mastered
recordings as they deliver more energy in the high frequency
range than ever before.
Cause:

The high frequency overload-i.e., "the cassette sound"
-of which tape recording purists complain is not simply a
question of reaching a point where the tape can hold no more
signal. At high frequencies, excessive input levels not only
produce enormous amounts of distortion, but actually lower
the signal level played back from the tape. In other words,
once you have reached the saturation point on the tape, the
more signal you try to put in, the less you actually get out.
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Solution:
If, just at the point where high frequency saturation (over-

load) begins to occur, you could automatically lower the
amount of record treble boost supplied by the equalization
circuit, you could increase the high frequency output of which
the tape is capable, and drastically lower high frequency dis-
tortion (See curves above). In brief, this is precisely what
Tandberg's exclusive new dynamic equalization circuit does.

Yet another benefit is that the DYNEQ circuit, featured exc-
lusively in Tandberg's TCD 440A cassette deck, not only
gives improved performance with the new metal particle
cassettes, but also delivers a significant improvement in per-
formance with today's better premium tapes.
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Perhaps the most important word in tape recording.
Tandberg of America, Inc., Labriola Court, Armonk, NY 10504.
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load cannot occur, even with ultra -fast square -wave signals
applied to the input. Because no internal stage is subject to
transient overload problems, the amplifier is theoretically
free of TIM distortion and it cannot slew. When properly
constructed, the amplifier can be used with the finest associ-
ated equipment. It is highly stable with reactive loudspeaker
loads such as electrostatic loudspeakers. Because it is capable
of delivering large high -frequency transient current demands
to the loudspeaker, its sound is clean and free from the so-
called "transistor sound," even with music which contains
loud high -frequency material and percussive sounds. In the
critical midrange region, the feedback ratio is sufficiently
high so that the midrange retrieval and definition are primari-
ly determined by the source material. Although the circuit is
d.c.-coupled from input to output, its low -frequency re-
sponse is rolled off below 0.3 Hz. This low -frequency roll -off
is accomplished by the feedback circuit rather than with a
coupling capacitor in the forward signal path. By rolling off
the d.c. response of the amplifier, the loudspeaker is protect-
ed from d.c. offset voltages and currents which could result
from temperature effects or from a d.c. offset at the output of
the preamplifier. However, the 0.3 -Hz roll -off frequency is
sufficiently low so that the phase shift at 20 Hz and higher is
negligible [3].

Circuit Description
The complete circuit diagram of the amplifier is shown in

Fig. 1. The circuit is a fully complementary design which is
direct -coupled from its input to output to ensure full repro-
duction of even the lowest bass frequencies without phase
shift distortion. A fully complementary circuit means that
there is a pnp transitor for each npn transistor and vice versa.
Although expensive, this approach assures low static distor-
tion performance [1] [4] [5], especially for a single or domi-
nant pole design that does not use maximum negative feed-
back, which is the present case.

The input stage consists of transistors Q1 through Q6. Q1
through Q4 are connected as a complementary differential
amplifier. (As far as the author can determine, the use of the
complementary differential amplifier in power amplifiers was
pioneered independently in the late 1960s and early 1970s by
John Curl, Bascom King, and Daniel Meyer [6].) To reduce
the voltage across the transistors in the differential amplifiers
to about one-half the power supply voltage, transistors Q5
and Q6 are added to the circuit and are connected in a com-
mon base configuration. By connecting the input transistors
in series in this manner, each transistor in the input stage has
a voltage across it that is no more than about one-half the
power supply voltage. The bias current in the input stage is
set at 4 mA by resistors R13 and R14. A constant current
source in place of these resistors was not used to set this bias
current because only the common -mode rejection ratio of
the differential amplifiers would be improved. This is mean-
ingless when it is not required to drive the differential ampli-
fiers in the differential mode, as would be the case when
driving an amplifier from a 600 -ohm balanced line.

The addition of Q5 and Q6 to the input stage converts the
differential amplifiers to what is called a cascode amplifier
[7]. Transistor Q5 in cascode with Q1 acts like a single com-
mon -emitter transistor which has almost negligible internal
feedback and a very small output conductance. Similarly, Q6
is in cascode with Q3. The gain of the input stage is set by
the emitter degeneration resistors R9 through R12 and the
collector resistors R15 and R16. It is approximately 6 dB. Ca-
pacitors C4 and C5 lead compensate this stage by cancelling
a pole in its transfer function at 20 MHz.

The connection of capacitors Cl, C2, and C3 and resistors
R3 and R4 to the input stage forms a second -order active
low-pass filter [2] to protect the amplifier from inaudible and

unintentional ultrasonic signals such as bias signals from a
tape recorder, multiplex subcarrier signals from an FM tuner,
or oscillations from a defective preamplifier. The upper -3 dB
frequency of this filter is about 40 kHz. Above this frequency,
it rolls off at 12 dB per octave. The filter alignment is the
linear phase Bessel alignment, and it exhibits less than 0.11
degrees of phase shift distortion at 20 kHz. Rather than being
a separate outboard active filter preceding the power ampli-
fier, this filter is an integral part of the amplifier input stage
itself. In addition to protection from possible damaging ultra-
sonic signals, the Bessel filter performs the important func-
tion of suppressing those mechanisms which cause dynamic
distortions such as TIM and SID. With the filter, it is impossi-
ble for the amplifier to slew before it clips [3]. In addition,
intra-loop current overshoots in the differential amplifiers are
suppressed to a level much lower than that at which TIM and
SID would occur. Thus, the amplifier is essentially free of
dynamic distortion mechanisms.

The second stage of voltage gain consists of transistors Q9
through Q12. To the author's knowledge, this is the first am-
plifier circuit to employ this particular cascode configuration.
Transistors Q9 and Q10 act as complementary common -em-
itter amplifiers. Local negative feedbeck for intra-loop lineari-
ty is provided by the emitter -degeneration resistors R22
through R25. The collector output signals from Q9 and Q10,
respectively, are connected to the emitter inputs of Q11 and
Q12, respectively. Because Q11 and Q12 act as common -base
amplifiers in the forward loop signal path, the addition of
these two transistors to the circuit converts the second stage
of the amplifier to a complementary cascode amplifier. How-
ever, unlike ordinary cascode amplifiers, the bases of Q11
and Q12 are not maintained at constant voltages. Instead,
negative feedback signals derived from the output stage are
fed back into the bases of Q11 and Q12 to cause these
transistors to act as dynamically varying collector loads for
Q9 and Q10. (The operation of this stage will be further ex-
plained after the output stage is described.)

Transistor Q13 is connected as a temperature compensated
constant voltage source which regulates the bias current in
the output transistors. Negative thermal feedback is provided
by diodes D3 through D6 for thermal stability of the output
stage. Mounted on the main heat sinks with the output
transistors, these diodes sense the heat sink temperature to
maintain constant quiescent bias current in these transistors
when the heat sinks heat up under load. There are two main
heat sinks, and two of the bias diodes are mounted in series
on each. Potentiometer R28 is used to adjust the bias for
minimum distortion.

The signal is coupled from the collectors of transistors Q11
and Q12 to the bases of the main output transistors by the
Class -A discrete Darlington driver stage formed by transistors
Q16 through Q19. The advantages of this Darlington driver
configuration have been discussed in [4]. In brief, the very
high input impedance to the drivers presents a load im-
pedance to transistors Q11 and Q12 that is essentially inde-
pendent of the loudspeaker load impedance. This makes it
possible to operate the second stage at a very high gain in
order to minimize static distortions in the amplifier. The ex-
tremely low output impedance of the Darlington drivers
makes it possible to bias the output transistors for zero cross-
over distortion in the Class AB mode. Thus, biasing the am-
plifier in the inefficient Class A mode or the use of feedback
to dynamically vary the bias voltage for a quasi -Class A mode
of operation will result in no improvement in performance.
The reason for this is that the output impedance of the driver
stage is low enough so that the output transistors operate at
their maximum bandwidth, which is equal to their gain -

bandwidth product. Because this is greater than the unity -
gain loop bandwidth of the amplifier, the speed of the ampli-
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fier is not set by the speed of the output transistors but by
the stages that drive it.

The main output transistors in the output stage are transis-
tors Q20 through Q23, which are operated in the emitter -
follower or common -collector configuration for maximum
bandwidth. They are biased in the Class AB mode for mini-
mum distortion and minimum power dissipation. In the Class
AB mode, all output transistors are conducting during no or
small -signal inputs. However, as the input signal dynamically
increases, two of the output transistors will progressively
conduct more and the other two will progressively conduct
less during any half cycle of the input signal until the latter
two transistors cut off. During the signal transition through
the zero signal or crossover region, all output transistors are
conducting and the amplifier operates Class A. This elimi-
nates all traces of the spike in the distortion waveform
caused by crossover distortion.

The collector voltage across each output transistor is varied
dynamically with the output signal to'reduce the voltage
across these transistors to one-half the voltage each would
'have to drop in a conventional design. This greatly improves
the reliability of the output stage because high -power
transistors can reliably deliver high load currents only at low
collector to emitter voltage. This dynamic variation of the
voltage is accomplished by transistors Q24 through Q31,
which operate in the Class A mode. Because resistors R52 and
R53 are equal, the voltage at the base of transistor Q28 is
equal to the loudspeaker output voltage plus one-half the
difference between the positive power supply voltage and
the loudspeaker output voltage. Similarly, because R54 and
R55 are equal, the voltage at the base of Q29 is equal to the
loudspeaker output voltage plus one-half the difference be-
tween the negative power supply voltage and the loudspeak-
er output voltage. If the relatively small base -to -emitter volt-
age drops for transistors Q24 through Q31 are neglected, it
follows that the voltage at the collectors of Q16, Q18, Q20,
and Q21 is forced to vary so that it is always approximately
halfway between the loudspeaker output voltage and the
positive power supply voltage. Similarly, the collector voltage
for transistors Q17, Q19, Q22, and Q23 is dynamically varied
so that it is halfway between the loudspeaker output voltage
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and the negative power supply voltage. Thus, for the 85 -volt
positive and negative power supplies, the output transistors
can never have more than 85 volts across them. This is 55
volts less than the rated open base breakdown voltage of 140
volts for these transistors. The output stage is therefore oper-
ated conservatively to prevent the transistors from operating
outside their safe operating area. To the author's knowledge,
such a technique for dynamically varying the collector volt-
age of the output transistors in a power amplifier was first
published in 1974 by James Bongiorno [8].

There have been other methods described recently for
varying the supply voltages to the output stage in power
amplifiers that involve diode or -gates which abruptly switch
in which the output signal level exceeds the threshold of the
or -gate, e.g. the so-called Class G circuits which typically use
a poorly regulated high voltage power supply to provide
transient peaks. Although these circuits are more efficient
and thus can be designed with lighter heat sinks and
transformers, the present technique is much preferred be-
cause it dynamically varies the collector supply voltages to
the output transistors so that these voltages linearly track the
output signal. Although this is a more expensive approach, it
circumvents the problem of switching distortion which can
be caused by the higher voltage power supplies switching in
on high power peaks.

The dynamically varying collector voltages for transistors
Q16 through Q23 are fed back to the bases of transistors Q11
and Q12 in the second stage of voltage gain. Because the
base -to -emitter voltage drops for Q11 and Q12 are small, it
follows that the voltage across Q9 and Q10 is approximately
one-half of what the voltage would be in a conventional
design. The other one-half is dropped by Q11 and Q12. The
bases of Q11 and Q12 are the signal inputs to an internal
negative feedback loop that encircles the output stage. This
is a unique feature of the amplifier which greatly reduces
static distortions produced in the output stage. Thus, the
feedback signal to the differential amplifiers contains fewer
distortion components, permitting the differential amplifiers
to be operated at a lower gain for lower dynamic distortions,
greater frequency stability, and a higher slew rate.

The protection circuit consists of transistors Q7, Q8, Q14,
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